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ABSTRACT
On-farm demonstration of improved emmer wheat varieties was conducted in Sinana and
Goba districts of Bale Zone. The main objective of the study was to demonstrate and
evaluate recently released Haydaro variety along with standard check. The demonstration
was under taken on single plot of 10 m x 10 m area for each variety with the spacing of 20
cm between rows and recommended seed rate of 150 kg ha-1 and fertilizer rate of 100 qt ha-1
NPS. Mini-field day involving different stakeholders was organized at each respective site.
Yield data per plot was recorded and analysed using descriptive statistics, while farmers’
preference to the demonstrated varieties was identified using focused group discussion and
summarized using pair wise and simple ranking methods. The demonstration result
revealed that Haydaro variety performed better than the standard check of Sinana 01 variety
with an average yield of 33.5 qt ha-1, while that of the standard check was 27.2 qt ha-1.
Haydaro variety had 23.16% yield advantage over the standard check. The farmers in all
districts selected this variety. Thus, Haydaro variety was recommended for further scaling
up in the selected area.
Keywords: Demonstration, Emmer wheat, Haydaro, Farmers’ preference
Oromiya Agricultural Research Institute (OARI), Sinana Agricultural Research Center (SARC), P.O.Box -208, Bale-Robe, Ethiopia
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Introduction
Emmer wheat, Triticum dicoccum (Schubler) was
first domesticated in the Near East (Charmet,
2011). Emmer is an ancient wheat crop which 20
years ago was considered an underutilized or
neglected crop and which it seemed was probably
going to be completely abandoned because of its
low productivity and threshing and other agro
technical problems (Mulatu et al., 2017). It is a
member of the wheat family of annual grasses. It
is grown on a limited scale, comprises about 7%
of Ethiopia’s entire wheat production, produced
mostly in the highlands of Bale, Arsi, Shewa,
Hararghe, Wello, Gojjam and Gonder (BOSTID,
1996). In Ethiopia, emmer wheat is locally known
as ‘Hayisa or Matajabo’ in Afan Oromo and ‘Ajja’
in Amharic.
It is used in various ways in the farming
community. Some are ground into flour and
baked into special bread (Kita); crushed and
cooked with milk or water to make porridge, and
some are mixed with boiling water and butter to

produce gruel (BOSTID, 1996). Traditionally, it
become more demanding for its high quality of
food products (the human diet) and is believed
that broken bones heal faster when emmer is
consumed in the form of porridge. Due to
emmer's high protein content and smooth and
easily digestible starch, infants and nursing
mothers especially favor the gruel. Thus, it is
recommended for mothers as special diet in
maintaining their health and strength after
childbirth (Tesemma and Belay, 1991). It has also
attractive market price.
In the country, emmer wheat production is very
low as compared to other crop and has been
replaced by tetraploid and hexaploid free
threshing wheat (BOSTID, 1996). This is due to
lack of improved variety; threshability problem,
low cultural practices, and other biotic and
abiotic factors. Developing disease tolerant, high
yielding, quality and stable variety/varieties are
very important. Consequently, Haydaro variety
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has recently released by SARC and it has 18-46 qt
ha-1 of yield potential. Thus, this activity was
initiated to demonstrate, evaluate and validate
improved emmer wheat varieties with the
participation of farmers and other stakeholders
for sustainable production and productivity.
Objectives of the study
 To evaluate the yield performance of emmer
wheat varieties under farmers’ condition in
Bale zone;
 To create awareness on the importance of
emmer wheat varieties among farmers,
DAs, SMSs and other participant
stakeholders;
 To collect farmers’ feedbacks on emmer
wheat varieties for further development of
emmer wheat technologies;

Methodology

on simple plot design of 10 m x 10 m area for
each variety with full packages. In addition, twice
hand weeding was done on time. SARC was the
source of all agricultural inputs. Hosting farmers
provided their land. Farm preparations were
carried out by trial/hosting farmers, whereas
land leveling, planting, first and second weeding,
follow up and visit, harvesting, threshing were
handled and managed by SARC.
Data collection
Both qualitative and quantitative data were
collected using appropriate data collection
methods such as direct field observation/
measurements, key informant interview and
focused group discussion (FGD). Yield data per
plot in all locations were recorded. Farmers’
preference to the demonstrated varieties was
identified.
Data analysis

Description of the study area
The activity was conducted in Goba and Sinana
districts of Bale zone, Oromiya National Regional
State (ONRS), Ethiopia. Bale zone is among the
20 administrative zones located in southeastern
parts of Oromiya, Ethiopia.

Descriptive statistics was used to analyze the
yield data. Pair wise ranking and simple matrix
ranking were used to compare traits of
demonstrated varieties.

Results and Discussion

Site and farmers selection

Training

On-farm demonstration of improved emmer
wheat varieties was conducted in Goba and
Sinana districts of Bale zone. Purposive sampling
methods were employed to select the districts
based on the potential of the crop. Two PAs from
each district were selected based on accessibility
or vicinity to the road. Similarly, one trial farmer
from each PA of Goba district and two trial
farmers from each PA of Sinana district were
used to carry out the demonstration process
considering each farmer’s field as replication of
the trial.

Training was given to farmers, DAs, and
agricultural experts on emmer wheat crop
production
techniques
and
management
packages, agro-chemical applications and safety
precautions. Stakeholders such as zone and
district level agriculture development office, Zone
and district level cooperative promotion offices,
zone and district level agricultural inputs
regulations and quarantine experts were invited
and participated during consultation meeting and
training.

Materials used and field design

The yields of demonstrated varieties of emmer
wheat obtained from Goba and Sinana were
summarized in the table below.

Improved emmer wheat variety (Haydaro) was
demonstrated and compared with standard check
Sinana 01. The demonstration was under taken

Yield performance of demonstrated varieties

Table 1. Yield Performance of demonstrated varieties.
No

Variety

1
2

Haydaro
Sinana 01

Yield obtained (qt ha-1)
Goba
25.50
23.00

Sinana
41.50
31.40

As shown in the above table, the new variety of
emmer wheat (Haydaro) has better performance
than the standard check Sinana 01. It gave higher
yield than the standard check. The average yield
of Haydaro and Sinana 01 is 33.50 qt ha-1 and
27.20 qt ha-1, respectively. It is above average
Int. J. Agril. Res. Innov. Tech. 12(1): 1-3, June 2022

Mean
35.50
27.20

Yield advantage
standard check

over

23.16%
-

when released which was 30.24 qt ha-1 (Mulatu et
al., 2017). This shows it performed better.
Haydaro has 23.16% yield advantage over Sinana
01. The cost benefit analysis also reveals that,
Haydaro has higher benefit cost ratio (1.69) than
Sinana 01 (1.28).
2

Gadissa et al. (2022)

On-farm demonstration of improved emmer wheat varieties in Ethiopia

Table 2. Cost-Benefit Analysis of the demonstrated varieties.
No
1
2
3
4
5
6
7
8

Variables

Haydaro
33.50
1100
36850
9860
8000
17860
18990
1.06

Yield obtained (qt ha-1)
Sale price (ETB qt-1)
Gross returns (Price X Qt) TR
Total variable costs TVC (ETB ha-1)
Fixed cost (FC)
Total cost (TC)
Net return (GR-TC)
Benefit cost ratio (NR/TVC)

Farmers’ preference of variety traits were
identified and presented by pair wise ranking.
Accordingly, yield, tillering capacity, crop stand,

Varieties

Sinana 01
27.20
1100
29920
9680
8000
17680
12240
0.69

frost tolerance and disease tolerance were the top
five-priority concern trait of emmer wheat
varieties given by farmers.

Table 3. Pair wise ranking result to rank variety traits in order of importance.
No

Variety
traits

1
2
3
4
5
6
7
8
9
10

A
B
C
D
E
F
G
H
I
J

A

A
A
A
A
A
A
A
A
A

B

B
B
B
B
B
B
B
J

C

D
E
F
C
H
C
J

D

D
D
D
D
D
D

E

E
E
H
E
J

F

F
H
F
F

G

H
I
J

H

H
J

I

J

J

Frequency

Rank

9
7
2
7
4
4
0
5
1
6

1st
2nd
8th
2nd
6th
6th
10th
5th
9th
4th

A= Yield, B= Tiller, C= Crop stand, D= Lodging resistance, E= Seed/spike, F= Early maturity, G= Seed size, H=
Disease tolerance, I= Seed color, J= Frost tolerance.

Table 4. Rank of the varieties based on farmers’ selection criteria.
No
1

Varieties
Haydaro

Rank
1st

2

Sinana 01

2nd

Reasons
High yielder, higher number of tiller, more tolerant to disease,
good crop stand, more resistant to lodge, seed/spike, early
mature, bigger seed size, good seed color, more tolerant to
frost
Low yielder, poor crop stand, less number of seed/spike, late
mature, smaller seed size, less tolerant to disease, poor seed
color, less resistant to lodge, less tolerant to frost

Conclusions and Recommendations
On-farm demonstration and evaluation of emmer
wheat varieties was carried out on representative
trial farmers’ fields. Improved variety viz.
Haydaro was demonstrated along with Sinana 01
variety, which is the standard check. Accordingly,
Haydaro gave higher yield than Sinana 01 variety.
Moreover, Haydaro was selected by participant
farmers in all districts due to high yielder, higher
number of tiller, more tolerant to disease, good
crop stand, more resistant to lodge, seed/spike
and early mature, bigger seed size and good seed
color, more tolerant to frost. Based on these facts,
Haydaro variety was recommended for further
scaling up in the area it was selected and similar
agro ecology.
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ABSTRACT
On-farm demonstration of improved field pea varieties was conducted in Goba, Sinana and
Agarfa districts of Bale zone. The main objective of the study was to demonstrate and
evaluate recently released Hortu variety along with standard check. The demonstration was
under taken on single plot of 10m x 10m area for each variety with row planting,
recommended seed rate of 75 kg ha-1 and fertilizer rate of 100 kg ha-1 NPS. Mini-field day
involving different stakeholders was organized at each respective site. Yield data per plot
was recorded and analysed using descriptive statistics, while farmers’ preference to the
demonstrated varieties was identified using focused group discussion and summarized using
pair wise ranking methods. The demonstration result revealed that Hortu variety performed
better than the standard check Harena variety with an average yield of 36.30 qt ha-1 and
31.42 qt ha-1, respectively. Hortu variety had 15.53% yield advantage over the standard
check. Furthermore, farmers selected this variety. Thus, Hortu variety was recommended
for further scaling up.
Keywords: Demonstration, Farmers’ preference, Field pea, Hortu, Selection criteria
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Introduction
Field pea is the most important high land pulse,
which is mainly used for human consumption in
Ethiopia. It is widely grown in the Highlands and
performs well at an altitude of 1800-3000 meter
above sea level. In addition, the crop also better
adapted under low rainfall environments as
compared to other pulses such as Faba bean,
lentil, and chickpea. Field pea has moisture
requirements similar to those of cereal grains.
However, field peas have lower tolerance to saline
and waterlogged soil conditions than cereal
grains (Mohammed et al., 2016). Among the
pulse crops produced in Bale zone, 9,562.24
hectare of land was covered by field pea with
average productivity of 20.15 quintal per hectare
(CSA, 2017).
It contains high levels of amino acids, lysine and
tryptophan, which are relatively low in cereals. It
also contains approximately 21-25% protein and
rich in carbohydrates. Moreover, it plays a
significant role in soil fertility restoration as a
suitable rotation crop that fixes atmospheric
nitrogen. It is used as source of protein and
income for the poor farmers (Telaye et al., 1994).

However, local varieties are becoming low
yielding and less profitable to subsistence
farmers. The reduction in yield is due to pests like
pea weevil and pea aphid; diseases like Ascochyta
blight and powdery mildew, poor management
practices and climatic changes (Fikere et al.,
2010). By considering this prevailing problem,
researchers from Sinana Agricultural Research
Center had made significant efforts by releasing
high yielding and disease tolerant variety namely
Hortu with yield potential of 42.04 quintal per
hectare. The yield advantage of Hortu over Urji
(standard check) and local check is 26.28% and
43.1%, respectively. However, target beneficiaries
did not evaluate this variety, since it was released.
Participatory technology evaluation under
farmer’s management condition may have many
advantages, such as increased and stable crop
productivity, faster release and adoption of
varieties, better understanding farmers’ criteria
for variety selection, enhanced biodiversity,
increased cost effectiveness, facilitated farmers
learning and empowerment (Sperling et al.,
2001). The two-way feedback between farmers
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and researchers is indeed vital component of high
yielder and disease and pest resistant varietal
development process (Getachew et al., 2008).
Hence, participatory on farm demonstration of
these varieties under farmers’ condition and
enhancing farmers to select variety/varieties of
their interest to their locality is a vital task.
Objectives
 To evaluate the yield performance of field
pea varieties under farmers’ condition in Bale
zone;
 To create awareness on the importance of
field pea varieties among farmers, DAs, SMSs
and other participant stakeholders;
 To collect farmers’ feedbacks on field pea
varieties for further development of field pea
technologies;

Methodology

simple plot design of 10m x 10m area for each
variety with full recommendation packages. In
addition, twice hand weeding was done on time.
SARC was the source of all agricultural inputs.
Hosting farmers provided their land. Land
preparations were carried out by trial/hosting
farmers, whereas land leveling, planting, first and
second weeding, follow up and visit, harvesting,
threshing were handled and managed by SARC.
Data collection
Data were collected using direct field
observation/measurements,
key
informant
interview and focused group discussion (FGD).
Yield data per plot in all locations were recorded.
Farmers’ preference to the demonstrated
varieties was identified.
Data analysis
Descriptive statistics was used to analyze the
yield data. Pair wise ranking was used to compare
traits of demonstrated varieties.

Description of the study area
The activity was conducted in Goba, Sinana and
Agarfa districts of Bale zone, Oromiya National
Regional State (ONRS), Ethiopia. Bale zone is
among the 20 administrative zones located in
southeastern parts of Oromiya, Ethiopia.
Site and farmers selection
Purposive sampling methods were employed to
select the districts based on the potential of the
crop. Two PAs from Goba and Agarfa and three
PAs from Sinana were selected based on
accessibility or vicinity to the road. Similarly, one
trial farmer from each PA was used to carry out
the demonstration process considering each
farmer’s field as replication of the trial.
Materials used and Field design
Improved field pea variety (Hortu) was
demonstrated and compared with standard check
Harena. The demonstration was under taken on

Results and Discussion
Training
Training was given to farmers, DAs, and
agricultural experts on field pea crop production
techniques and management packages, agrochemical applications and safety precautions.
Stakeholders such as zone and district level
agriculture development office, Zone and district
level cooperative promotion offices, zone and
district level agricultural inputs regulations and
quarantine experts were invited and participated
during consultation meeting and training.
Yield performance of demonstrated varieties

The mean yield of demonstrated varieties of field
pea collected from all sites were summarized in
the following chart.

Table 1. Yield performance of the demonstrated varieties.
No
1
2

Variety
Hortu
Harena

Yield obtained (Qt ha-1)
Goba

Sinana

Agarfa

Mean

30.98
24.82

40.53
33.90

37.40
35.50

36.30
31.42

The demonstration result revealed that, the new
variety (Hortu) performed better than the
standard check (Harena variety) all over the
demonstration sites. It gave higher yield at all
locations. The mean yield of Hortu variety was
30.98 qt ha-1, 40.53 qt ha-1, and 37.40 qt ha-1 at
Goba, Sinana and Agarfa, respectively with all
over mean yield of 36.30 qt ha-1. Similarly, the
mean yield of Harena variety was 24.82 qt ha-1,
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Yield advantage
standard check

over

15.53%
-

33.90 qt ha-1 and 35.50 qt ha-1 at Goba, Sinana
and Agarfa, respectively with all over mean yield
of 31.42 qt ha-1 (Chart 1). The yield advantage of
Hortu over Harena is 15.53%. The cost benefit
ratio analysis also showed that (Table 1), Hortu
variety (2.01) had higher cost benefit ratio (1.64).
This means, Hortu variety is more profitable than
Harena variety.
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Table 1. Cost-Benefit analysis of the demonstrated varieties.
No
1
2
3
4
5
6
7
8

Variables

Varieties
Hortu
36.30
1600
58080
11290
8000
19290
38790
2.01

Yield obtained (qt ha-1)
Sale price (ETB/qt)
Gross returns (Price X Qt) TR
Total variable costs TVC (ETB/ha)
Fixed cost (FC)
Total cost (TC)
Net return (GR-TC)
Benefit cost ratio (NR/TVC)

Harena
31.42
1600
50272
11030
8000
19030
31242
1.64

Table 2. Result of Independent sample t test.
Test for Equality of
Variances
F
Sig.
Equal variances
assumed

0.235

0.653

t-test for Equality of Means
T

df

-1.125

4

The independent sample t-test revealed that,
there was no statistically significant difference
between the mean yield of Hortu and Harena
varieties. However, there was a mean difference
of 4.9 qt ha-1 between both varieties (Table 2).

Mean
Difference
-4.9

Std. Error
Difference
4.35

enhancing them to reflect their preference to
varietal attributes by setting their own varietal
selection criteria.
Pair wise ranking was used to identify farmers’
preference of variety traits. Accordingly, yield,
disease tolerance, number of branches/plant,
pod/plant and early maturity were the top five
priority concern given by farmers (Table 3).

Farmers’ preference to demonstrated varieties

The
farmers’
preferences
demonstrated varieties were

Sig. (2tailed)
0.324

toward
the
assessed by

Table 3. Pair wise ranking result to rank variety traits in order of importance.
No

A

1
2
3
4
5
6
7
8
9

Variety
traits
A
B
C
D
E
F
G
H
I

B

C

D

E

F

G

H

B
A
A
A
A
A
A
A

B
B
E
B
B
B
B

D
E
C
C
C
C

D
D
D
D
D

E
E
E
E

F
F
F

H
I

I

10

J

J

J

J

J

J

J

J

J

I

J

J

Frequency Rank
7
7
4
6
6
3
0
1
2

2nd
2nd
6th
4th
4th
7th
10th
9th
8th

9

1st

A= Disease tolerance, B= Number of branches, C= Seed/pod, D= Pod/plant, E= Early maturity, F= Uniformity
of maturity, G= Stem strength, H= Seed color, I=Plumpness, J= Yield.

Table 4. Rank of the varieties based on farmers’ selection criteria.
No
1

Varieties

Rank

Harena

2nd

Hortu

1st

2

Reasons
Low yielder, lower number of branches, seed/pod (4-8),
pod/plant(28), late mature, non-uniformity of maturity, less
tolerant to disease
High yielder, higher number of branches(7), early mature,
tolerant to disease, good seed color , number of pod/plant (56),
seed/pod(4-8), uniformity of maturity, resistant to water lodging
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Varieties were ranked based on the farmers’
preference criteria. Their preference criteria were
almost similar in all locations.

Conclusions and Recommendations
On-farm demonstration and evaluation of field
pea varieties was carried out on seven (7)
representative trial farmers’ fields. Improved
variety viz. Hortu was demonstrated along with
Harena variety, which is the standard check.
Accordingly, Hortu gave higher yield than
Harena variety.
Moreover, Hortu was selected by participant
farmers in all districts due to it is high yielder,
higher number of branches (7), early mature,
tolerant to disease, good seed color , number of
pod plant-1 (56), seed pod-1 (4-8), uniformity of
maturity, resistant to water lodging. Based on
these facts, Hortu variety was recommended for
further scaling up.
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ABSTRACT
On-farm demonstration of improved faba bean varieties was conducted in Adaba and
Dodola districts of West Arsi Zone and Sinana, Goba and Agarfa of Bale Zone. The main
objective of the study was to demonstrate and evaluate recently released Aloshe variety
along with standard check. The demonstration was under taken on single plot of 10m x 10m
area for each variety with the spacing of 40 cm between rows and recommended seed rate of
180 kg ha-1 and fertilizer rate of 100 qt ha-1 NPS. Mini-field day involving different
stakeholders was organized at each respective site. Yield data per plot was recorded and
analysed using descriptive statistics, while farmers’ preference to the demonstrated varieties
was identified using focused group discussion and summarized using pair wise and simple
ranking methods. The demonstration result revealed that Aloshe variety performed better
than the standard check of Mosisa variety with an average yield of 35.97 qt ha-1, while that of
the standard check was 28.50 qt ha-1. Aloshe variety had 26.21% yield advantage over the
standard check. This variety was selected by farmers in Adaba, Dodola and Agarfa. Thus,
Aloshe variety was recommended for further scaling up in the area it was selected.
Keywords: Demonstration, Farmers’ preference, Faba bean, Aloshe, Selection criteria
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Introduction
Faba bean, Vicia faba L. is mainly grown in the
highlands (1800-3000 m.a.s.l) of Ethiopia
(Yohannes, 2000). It is a valuable crop used as
the cheap source of protein in most Ethiopian
diet. It also plays a significant role in soil fertility
restoration and in export market (Endale et al.,
2014). Faba bean production ranks the 1st among
pulse crops in area and volume of production in
the country. From 1,598,806.51 hectares of land
allocated for pulse in 2017-2018 production
season, faba bean covered 437,106.04 hectares of
land from which 9,217,615.35 quintals of grain
was produced with the productivity of 21.09 qt
ha-1 (CSA, 2018).
In Bale, 15,347.32 ha of land was covered by faba
bean and 372,559.31 quintals of grain was
produced with the productivity of 24.28 qt ha-1
(CSA, 2017). Faba bean has ecological and
economic importance and used for food (rich in
protein), income source and foreign currency
(attractive market price), soil fertility restoration
(NP) and food security. Bale and West Arsi
Zones are characterized by integrated (mixed)
farming systems in which most of the crop areas
were under cereal based mono-cropping (Bekele,

2011). Crop diversification can be a means to stay
in sustainable crop production in the study zones.
Faba bean are the best break crops for wheat
production. Bread wheat grown after these crops
gave higher grain yield than after cereal crops
with a yield advantage of 15% (SARC, 2014).
Developing high yielding, disease tolerant and
stable varieties that can meet increasing food
demand of the growing human population,
improve the income and livelihood of farmers are
very important. Consequently, Aloshe variety has
recently released by SARC with yield potential of
35-50 qt ha-1. The yield advantage of Aloshe over
standard and local checks is 20.39 % and 35.08%,
respectively.
The two-way feedback between farmers and
researchers is indeed vital component of high
yielder and disease and pest resistant varietal
development process (Getachew et al., 2008).
Thus, undertaking participatory demonstration,
evaluation, validation and dissemination of
improved faba bean varieties with the
participation of farmers and other stakeholders
for sustainable production and productivity is
paramount.
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Objectives




To evaluate the yield performance of faba
bean varieties under farmers’ condition
in Bale and West Arsi zones.
To create awareness on the importance of
faba bean varieties among farmers, DAs,
SMSs and other participant stakeholders.
To collect farmers’ feedbacks on faba
bean varieties for further development of
faba bean technologies.

Methodology
Description of the study area
The research was carried out at Adaba and
Dodola districts of West Arsi Zone and Goba,
Sinana and Agarfa districts of Bale zone, Oromiya
National Regional State (ONRS), Ethiopia. Bale
and west Arsi zones are among the 20
Administrative zones located in south eastern
parts of Oromiya, Ethiopia.
Site and farmers selection
On-farm demonstration of improved faba bean
varieties was carried out at Adaba and Dodola
districts of West Arsi Zone and Goba, Sinana and
Agarfa districts of Bale zone. Purposive sampling
methods were employed to select the districts
based on the potential of the crop. One PA from
Adaba, two PAs from Dodola, Goba, Agarfa and
Sinana were selected based on accessibility or
vicinity to the road. Similarly, two-trial farmer
from each PA of Adaba and Dodola districts and
one trial farmer from each PA of Goba, Sinana
and Agarfa districts were used to carry out the
demonstration process considering each farmer’s
field as replication of the trial. The activity was
done on a total of 12 trial farmers.

variety. Full packages were applied. In addition,
twice hand weeding was done on time.
SARC was the source of all agricultural inputs.
Farm preparations were carried out by
trial/hosting farmers, whereas land leveling,
planting, first and second weeding, follow up and
visit, harvesting, threshing were handled and
managed by SARC.
Data collection
Both qualitative and quantitative data were
collected using appropriate data collection
methods such as direct field observation/
measurements, key informant interview and
focused group discussion (FGD). Yield data per
plot in all locations were recorded. Farmers’
preference to the demonstrated varieties was
identified.
Data analysis
Descriptive statistics was used to analyze the
yield data. Pair wise ranking and simple matrix
ranking were used to compare traits of
demonstrated varieties.

Results and Discussion
Training
Training was given to farmers, DAs, and
agricultural experts on faba bean crop production
techniques and management packages, agrochemical applications and safety precautions.
Stakeholders such as zone and district level
agriculture development office, zone and district
level cooperative promotion offices, zone and
district level agricultural inputs regulations and
quarantine experts were invited and participated
during consultation meeting and training.

Materials used and field design

Yield performance of demonstrated varieties

Improved faba bean variety (Aloshe) was
demonstrated and compared with standard check
Mosisa. The demonstration was under taken on
simple plot design of 10 m x 10 m area for each

The mean yield obtained from Adaba, Dodola,
Goba, Sinana and Agarfa were summarized in the
chart below.

Table 1. Yield Performance of demonstrated varieties.
No

Variety

1
2

Aloshe
Mosisa

Dodola

Yield obtained (Qt ha-1)
Adaba
Goba
Sinana
Agarfa

Mean

Yield advantage over
standard check

35.50
30.50

34.00
29.50

35.97
28.50

26.21%
-

40.68
27.75

36.85
26.14

The newly released faba bean variety Aloshe
performed better than the standard check Mosisa
all over the locations. It is the high yielder at all
demonstration sites. Aloshe variety gave a mean
yield of 35.50 qt ha-1, 34.00 qt ha-1, 40.68 qt ha-1,
36.85 qt ha-1 and 32.80 qt ha-1 at Dodola, Adaba,
Goba, Sinana and Agarfa districts, respectively
with overall mean yield of 35.97 qt ha-1. Similarly,
Mosisa variety gave a mean yield of 30.50 qt ha-1,
29.50 qt ha-1, 27.75 qt ha-1, 26.14 qt ha-1 and
28.60 qt ha-1 at Dodola, Adaba, Goba, Sinana and

32.80
28.60

Agarfa districts, respectively with overall mean
yield of 28.50 qt ha-1. The yield performance at all
sites is much greater than average production of
Oromiya region, which is 22.70 qt ha-1 (CSA,
2017). It also has 26.21% yield advantage over the
standard check. The cost benefit ratio reveals that
the new variety has higher net profit (1.94) than
the standard check (1.38). This shows that, this
improved variety can improve farmer’s
productivity than the existing varieties.
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Table 2. Cost-Benefit analysis of the demonstrated varieties.
No
1
2
3
4
5
6
7
8

Variables

Varieties
Aloshe
35.97
1800
64746
14030
8000
22030
42716
1.94

Yield obtained (qt ha-1)
Sale price (ETB/qt)
Gross returns (Price X Qt) TR
Total variable costs TVC (ETB ha-1)
Fixed cost (FC)
Total cost (TC)
Net return (GR-TC)
Benefit cost ratio (NR/TVC)

Mosisa
28.50
1800
51300
13540
8000
21540
29760
1.38

Table 3. Result of independent sample t-test.
Test for Equality of
Variances
F
Sig.
Equal variances
assumed

1.285

0.290

t-test for Equality of Means
T

df

4.808

8

Farmers’ preference of variety traits were
identified and presented by pair wise ranking.
Accordingly, yield, early maturity, drought
tolerance, adaptability to the environment and
disease tolerance were the top five-priority

Sig. (2tailed)
0.001

Mean
Difference
7.47

Std. Error
Difference
1.55

concern given by farmers (Table 3). As shown
above (Table 3), there was statistically significant
difference between the yield of Aloshe and
Mosisa varieties. There was also a mean
difference of 7.47 qt ha-1 between both varieties.

Table 4. Pair wise ranking result to rank variety traits in order of importance.
No
1
2
3
4
5
6
7
8
9
10
11

Variety
traits
A
B
C
D
E
F
G
H
I
J
K

A
A
A
A
E
A
A
A
I
J
K

B

B
D
E
B
B
B
I
J
K

C

C
E
C
C
C
I
J
K

D

E
D
D
D
I
J
K

E

E
E
E
I
J
K

F

F
F
I
J
K

G

H
I
J
K

H

I
J
K

I

J
K

J

K

K

Freque
ncy
6
4
4
4
7
2
0
1
8
9
10

Rank
5th
6th
6th
6th
4th
9th
11th
10th
3rd
2nd
1st

A= Disease tolerance, B= Pod/plant, C= Seed/plant, D= Tiller, E= Adaptability, F= Seed size, G= Plant height,
H= Marketability, I= Drought tolerance, J= Early maturity, K= Yield.

Table 4. Rank of the varieties based on farmers’ selection criteria.
No
1

Varieties
Aloshe

Rank
1st

2

Mosisa

2nd

Reasons
High yielder, pod plant-1 (30), seed plant-1 (59),
more tolerant to disease, tiller (3-4), more adaptable
to the environment, more adaptable to the soil, big
seed size, good plant height, more marketable, more
resistant to drought
Low yielder, pod plant-1 (20), seed plant-1 (46), less
tolerant to disease, tiller (3-4), less adaptable to the
environment, less adaptable to the soil, small seed
size, shorter plant height, less marketable, less
resistant to drought
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Table 5. Rank of the varieties based on farmers’ selection criteria at Sinana district.
No
1

Varieties
Aloshe

Rank
2nd

2

Mosisa

1st

Reasons
Late
mature,
tiller
(3-4),
plant
height
(long),moderate tolerant to frost, seed pod-1, pod
plant-1, tiller (3-5), but more tolerant to disease
Early mature, good plant height (medium height),
seed pod-1 (2-4), pod plant-1 (15-28), tiller (3-6)

Conclusions and Recommendations
On-farm demonstration and evaluation of faba
bean varieties was carried out on twelve (12)
representative trial farmers’ fields. Improved
variety viz. Aloshe was demonstrated along with
Mosisa variety, which is the standard check.
Accordingly, Aloshe gave higher yield than
Mosisa variety.
Moreover, Aloshe was selected by participant
farmers in Adaba, Dodola, Goba and Agarfa due
to high yielder, pod plant-1 (30), seed plant-1
(59), more tolerant to disease, tiller (3-4), more
adaptable to the environment, more adaptable to
the soil, big seed size, good plant height, more
marketable, more resistant to drought. Similarly,
farmers selected Mosisa variety in Sinana district
due to early mature, good plant height (medium
height), seed pod-1 (2-4), pod plant-1 (15-28), tiller
(3-6). Based on these facts, Aloshe variety was
recommended for further scaling up in the area it
was selected.
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ABSTRACT
The study was conducted for the assessment of marketing system of summer tomato in
Jashore. Summer tomato had high demand and high value crop in summer season among
the consumers. Data were collected from 30 randomly selected tomato farmers and 60
traders from different market of Jashore district of Bangladesh during July-October, 2019.
Farmer, faria, bepari, wholesaler, commission agents and retailer were involved in
marketing of summer tomato. Marketing cost of farmar, faria, bepari, wholesaler, retailer
(urban) and retailer (rural) were 430.00, 691.00, 2184.00, 2443.00, 1857.00 and 1074.00
Tk ton-1, respectively. Net margin or profit of the faria, bepari, wholesaler and retailer were
1300.00, 817.00, 557.00 and 2143.00 Tk ton-1, respectively. There were seven marketing
channel exist in tomato marketing. Total marketing cost of all intermediaries was 7604.00
Tk ton-1 and net margin was 4826.00 Tk ton-1. Marketing efficiency was 2.25. Price spread
between consumer paid and producer received was 8000.00 Tk ton-1. On the other hand,
producer share was 78 percent. Spoilage and damage, transportation and packaging were
the main marketing problem of summer tomato.
Keywords: Marketing system, Marketing margin, Marketing channel, Summer tomato, Bangladesh
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Introduction
Bangladesh is an agro-based country where
agriculture is considered as backbone of her
economy. Agriculture plays a vital role through
employment generation, poverty alleviation, food
security, enhance standard of living by increasing
income level of rural population. Many
developing countries like Bangladesh benefited
from the green revolution in cereal production in
the past but were not able to substantially reduce
poverty and malnutrition. Vegetable production
can help farmers to generate income, which
eventually alleviate poverty. Among the
vegetables, tomato is one of the most important
vegetables in terms of acreage, production, yield,
commercial use and consumption. In Bangladesh
1.27% area cultivated summer vegetable and
among total vegetable 6.52 % land was under
tomato cultivation (BBS, 2019). Summer
vegetables are pumpkin, brinjal, lady’s finger,
ridge gourd, bitter gourd, arum, ash gourd,
cucumber, long bean, Indian spinach, snake
gourd, sponge gourd, green papaya, and green
banana. Area and production of vegetables in the
country are increasing substantially in recent
years (Hasan et al., 2020). Tomato mainly winter
vegetable but now a days it cultivated at summer
and rainy season. Tomato cultivation was risk
averse and most of the farmer facing in risk in

cultivating tomato specially summer tomato
(Mitra and Sharmin, 2019). Cultivating summer
tomato in Bangladesh considered as a profitable
enterprise in which farmers can augmented with
the existing cropping pattern with small amount
of land (Rahman and Acharjee, 2020).
Bangladesh Agricultural Research Institute
(BARI) had developed some hybrid tomato
varieties for summer season. Although tomato
plants can grow under a wide range of climatic
conditions, they are extremely sensitive to hot
and wet growing conditions, the weather which
prevails in the summer to rainy season in
Bangladesh. However, limited efforts have been
given so far to overcome the high temperature
barrier preventing fruit set in summer-rainy (hothumid) season. Its demand for both domestic and
foreign markets has increased manifold due to its
excellent nutritional and processing qualities
(Hossain et al., 1999). Considering the growing
demand and importance of tomato, Bangladesh
Agricultural Research Institute (BARI) has taken
initiative to develop off-season summer and rainy
season tomatoes. Among the summer tomato
varieties BARI hybrid tomato-4 cultivated
seventy-five percent farmers in Jashore district,
which was profitable crops (Hajong et al., 2018).
Among the vegetables grown in summer and
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rainy season summer tomato was profitable than
panikachu (aroid) (Hajong et al., 2015) and bitter
gourd (Hajong et al., 2020) which were
demandable vegetables in summer and rainy
season.
Marketing is necessary for transaction the
product from producer to consumer. In
marketing system, their involved different
intermediaries and value added in different level.
An efficient marketing system is essential for
sustained agricultural development. It affects
both producers’ income (through prices received
by the producers for their products) and
consumers’ welfare (through prices consumers
pay for agricultural commodities). There are
several factors, which influence the efficiency of
tomato marketing including perishability,
seasonality, quality, prices and location of the
products. So that it effect on the prices of tomato.
Almost 90% of the total fresh tomatoes are
supplied to city/district wholesale markets and
the rest 10% of the produce is consumed locally
(Uddin, 2010). Production influenced by many
post-harvest issue such as storage, price
fluctuation, demand etc. which done by
marketing facilitator. A well-developed supply
system is helpful to reduce the post-harvest loss
of vegetable (Akter et al., 2022). In that case, it
needs to assess the marketing system, marketing
channel, marketing cost and margin, prices
spread in different level and marketing
constraints and their solution of summer tomato
at different level. Based on problem
confrontation index farmer seems that tomato
had low market price (Haque et al., 2019) but in
case of summer tomato it had high demand and
high price. Very little research was taken on
summer tomato at farm level but not on
marketing system. Karim et al. (2009) studied on
the profitability of BARI hybrid summer tomato
cultivation at Jashore district. Hajong et al.
(2018) stated that there had no marketing
problem at farm level due to high demand of
summer tomato. However, marketing system of
all intermediaries need to study. Keeping all
these factors in consideration the present study
was undertaken to provide information through
fulfillment of the following objectives:
(i) To examine the nature of marketing system
and marketing channel of summer tomato.
(ii) To estimate the marketing cost, margin and
marketing efficiency at different levels of
intermediaries.
(iii) To identify the marketing problems and
their solution.

Methodology
Sample size and sampling technique
The present study was conducted at three
upazilla namely Bagherpara, Jashore sadar and
Jhikorgacha upazilla of Jashore district. The
study area was purposively selected considering
the higher concentration of summer tomato
cultivation during summer season. The study was
carried out by using formal survey method. A
total of 30 farmers out of which 10 from each
upazila was randomly selected for interview. For
the marketing information, 60 traders selected of
which 20 from each upazila from different
market of Jashore district. Necessary information
regarding this study was collected based on
marketing costs, price, marketing margin etc.
Method of data collection
Data were collected through pre-designed
interview schedule during the period of JulyOctober, 2019. Field investigators under the
direct supervision of the researcher collected field
level data using pre-tested interview schedule.
Although some of the selected farmers continued
to harvest the crop up to November but
marketing information were taken up to last week
of October considering summer period.
Marketing data were collected from different
market in the summer season when the products
available at the market for collect information
and observe properly.
Analytical techniques
The marketing margins and net margins of
intermediaries were estimated by using the
following formula:
i) Gross marketing margin (Tk ton-1) = Sale price
(Tk ton-1) - purchase price (Tk ton-1)
ii) Net margin (Tk ton-1) = Gross marketing
margin (Tk ton-1) - marketing cost (Tk ton-1)
In the present study, the efficiency of marketing
was investigated by examining price spread,
producers share and marketing efficiency. The
methods for studying these estimates are given in
the following:
Price spread = Price paid by the consumers –
Price received by the producer
Producer share (%) = (Price received by the
producer/ Price paid by the consumers) *100
In the present study, marketing efficiency were
estimated,
ME= [FP/(MC+MM)]
Where,
ME = Marketing efficiency
FP = Net price received by farmers
MC = Total marketing cost
MM = Total net marketing
intermediaries.
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Results and Discussion
The results were presented and discussed below
regarding marketing related information of
summer tomato in the study areas specifically.
Marketing channel
Marketing channel is the alternative root of
products flow from producers to consumers.
Market chain analysis aims to provide
information on profitability for the various agents
along the market chain. Market value chain
describes the range of activities, which are
required to bring a product or services from

conception, different phases of production,
delivery to final consumers and final disposal
after use (Kaplinsky and Morris, 2000). The
producer and market actors benefited monetarily
in the production and marketing system of
vegetables are well-managed (Rayhan et al.,
2019). In the tomato, marketing channel there
involved different market actors, such as farmer,
faria, bepari, wholesaler, commission agent,
retailer and finally consumer. There were seven
marketing channel found in the tomato
marketing. Among them channel II was the
largest marketing channel.

The following major marketing channels were found in the study areas:
Channel I: Farmer > Faria > Bepari > Wholesaler > Retailer(urban) > Consumer
Channel II: Farmer > Faria > Bepari > Commission agents > Retailer(urban) > Consumer
Channel III: Farmer > Bepari >Wholesaler > Retailer(urban) > Consumer
Channel IV: Farmer > Faria > Bepari> Retailer(urban) > Consumer
Channel V: Farmer > Bepari > Retailer(urban) > Consumer
Channel VI: Farmer > Retailer(rural) > Consumer
Channel VII: Farmer > Consumer
Marketing cost of different actors
involved
in
the
summer
tomato
marketing
The cost of marketing represents the cost of
performing the various marketing functions and
operations by various agencies involved in the
marketing process. In other words, the costs
items, which were needed to move the product
from producers to consumers, were ordinarily
known as marketing cost. Tomato value chain
actors are input suppliers, tomato producers,
collectors, small traders, big traders, processors
and consumers (Sarma and Ali, 2019).

Marketing cost of tomato farmer
Farmer was the first actor involved in the
marketing channel. However, he was not the
intermediaries. He sold his product at the market
and involved in the total system. In many cases
farmer directly did not sold his product to the
consumer. He sold grossly his product to the
traders at local market. Sometimes traders
bought tomato from farmer's field by his own cost
as summer tomato was high value crops.
Transportation, market toll, sweeper and
personal cost were the main cost involved in the
marketing of a farmer. Total marketing cost of
farmer was 430.00 Tk ton-1. Among the cost item,
transportation cost is the highest and its 69.77
percent (Table 1).

Table 1. Marketing cost of farmer.
Marketing cost
Transportation
Market toll
Sweeper
Personal cost
Total
Source: Field survey, 2019.
Marketing cost of summer tomato by faria

Faria was the first actor involved in the
marketing intermediaries directly. They bought
the products from farmer fields and sometimes
from local market and sold to the paiker
(wholesaler). Marketing cost of local traders
(Faria)
for
tomato
marketing
were

Unit price (Tk ton-1)
300.00
40.00
26.00
64.00
430.00

Percentage of cost
69.77
9.30
6.05
14.88
100.00

transportation, loading and unloading, market
toll, possession rent, personal expenses and
mobile cost. Total marketing cost of faria was
691.00 Tk ton-1 (Table 2). Among the cost item,
transportation cost was the highest and its 46.31
percent.
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Table 2. Marketing cost of local traders (faria).
Marketing cost
Transportation
Loading and unloading
Market toll
Rent
Personal expenses
Telephone/mobile
Total

Cost (Tk ton-1)
320.00
130.00
78.00
102.00
36.00
25.00
691.00

Percentage of cost
46.31
18.81
11.29
14.76
5.21
3.62
100.00

Source: Field survey, 2019.

Marketing cost of Bepari
Bepari was another and important market actor
involved in the summer tomato marketing
system. Bepari bought the products from local
traders and sold it to aratdar and or wholesaler.
Marketing cost of bepari for tomato marketing
was transportation, loading and unloading,
market toll, possession rent, personal expenses,

mobile cost, packaging, spoilage and damage,
commission, electricity and subscription. Total
marketing cost of bepari was 2184.00 Tk ton-1
(Table 3). Among the cost item, transportation
cost is the highest and its 52.67 percent. Bepari
bear transport cost because they transact
products from one place to far away another
place.

Table 3.Marketing cost of Bepari.
Marketing cost
Transportation
Loading and unloading
Market toll
Rent
Personal expenses
Telephone/mobile
Packaging
Spoilage and damage
Electricity
Subscription
Total
Source: Field survey, 2019.

Marketing cost of wholesaler/aratdar
Wholesaler and/or aratdar were the large
intermediaries who were act as a medium or
linkage of intercity transaction of products.
Wholesaler bought the products from local
market and sold it to aratdar to big city specially
capital city or other city corporation wholesale
market. Aratdar especially local aratdar act as a
commission agent. They sold their productions
by a fixed amount of commission (Tk. 2.00 kg-1)
to wholesaler. Far away, wholesaler bought their

Cost (Tk ton-1)
1150.00
153.00
89.00
142.30
134.80
44.80
175.00
222.00
3.20
69.40
2184.00

Percentage of cost
52.67
7.01
4.08
6.52
6.17
2.05
8.01
10.17
0.15
3.18
100.00

required products from aratdar over mobile
phone with fixed amount of commission.
Marketing cost of wholesaler/aratdar were
loading and unloading, weight loss, shop rent,
donation, salary and wages, mobile cost, personal
expenses and commission were the major cost
item of the wholesaler. Total marketing cost of
wholesaler was 2443.00 Tk ton-1 (Table 4).
Among the cost item commission was the highest
and its 81.88 percent.

Table 4. Marketing cost of wholesaler/aratdar.
Marketing cost item
Loading unloading
Weight loss
Shop rent
Donation
Salary and wages
Mobile cost
Personal expenses
Commission
Total cost

Cost (Tk ton-1)
135.00
80.00
67.50
5.00
126.20
6.50
22.50
2000.00
2443.00

Percent of cost
5.53
3.28
2.76
0.20
5.17
0.27
0.92
81.88
100.00

Source: Field survey, 2019.
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Marketing cost of retailer
Retailer was the last market intermediaries who
were directly sold the products to the consumer.
Retailer was the last intermediaries involved at
the marketing system of summer tomato.
Consumers buy directly from this retailer.
Therefore, its price was the highest price of the
product. Transportation, loading and unloading,
electricity, possession rent, personal expenses,
telephone/mobile cost, shopping bag, spoilage
and damage were the main cost of a retailer.
Total marketing costs of urban and rural retailer

were 1857.00 and 1074.00 Tk ton-1, respectively.
Marketing cost among rural and urban retailer
were vary in different item and cases because its
placement and other function. Among the cost
item, transportation cost was the highest for the
urban retailer as it was 34.20 percent whereas
rural retailer transportation cost thirteen percent.
Among the cost item spoilage and damage was
the highest for the rural retailer as it was 33.54
and 32.32 percent for urban retailer.

Table 5. Marketing cost of Retailer.
Marketing cost
Transportation
Loading and unloading
Electricity
Rent
Personal expenses
Telephone/mobile
Shopping bag
Spoilage and damage
Total

Rural retailer
Cost (Tk ton-1)
% of cost
140.00
13.04
140.00
13.04
6.50
0.61
84.00
7.82
23.20
2.16
5.80
0.54
314.00
29.25
360.00
33.54
1074.00
100.00

Urban retailer
Cost (Tk ton-1)
635.00
160.00
8.80
100.00
32.50
6.00
314.40
600.00
1857.00

% of cost
34.20
8.62
0.47
5.39
1.75
0.32
16.93
32.32
100.00

Source: Field survey, 2019.

Marketing margin of summer tomato
Marketing margin is the difference between the
price paid by the consumer and price received by
the producers. Marketing margin has two
components- marketing cost and net margin or
profit. In broad sense, marketing margin is the
difference between what the consumer pays and
what does the producer receive. It is the price of
all utility adding activities and functions that are
performed by the intermediaries. Net margin or
profit of the faria, bepari, wholesaler and retailer
were 1309.00, 817.00, 557.00 and 2143.00 Tk
ton-1, respectively (Table 6). Net margin was the
highest for the retailer (Rahman and Neena,
2018), but retailer total transaction in daily basis

was fewer amounts than other intermediaries.
Total marketing cost of all intermediaries was
7604.00 Tk ton-1 and net margin was 4826.00 Tk
ton-1. Marketing efficiency was 2.25 that means
farmer get good price. Price spread was 8000.00
Tk ton-1 that means the difference between
consumer price paid for the summer tomato and
the producer received the price to sale the
summer tomato. It was huge gap between price
paid by consumer and producer received from
seller. In another case, producer share was 78
percent that means 78 percent of the price
received by the producer, which indicate its
profitable crops.

Table 6. Marketing margin (Tk ton-1).
Types of
Sales price
intermediaries
Farmer
28000.00
Faria
30000.00
Bepari
33000.00
Wholesaler
36000.00
Retailer
40000.00
Total
Marketing efficiency
Price spread (Tk ton-1)
Producer share (%)

Purchase
price
28000.00
30000.00
33000.00
36000.00

Marketing
margin
2000.00
3000.00
3000.00
4000.00

Marketing
cost
430.00
691.00
2183.50
2442.70
1856.70
7603.90

Net margin
1309.00
816.50
557.30
2143.30
4826.10
2.25
8000.00
78%

Source: Field survey, 2019.
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Constraints on summer tomato marketing

However, there were no marketing problem at
farm level though there was some problem faced
by the traders. Summer tomato had high demand
and high value crops in summer season among
the consumers. Due to summer season crops it
was perishable crops and traders faced that it
easily perished and cracking when transport from
one place to another. Spoilage and damage of
products was the top most marketing problem.
Summer tomato transport on plastic crate due to
its perishable nature. So that it effect on
transport cost and packaging cost, which was
another marketing problem. However, it is noted
that packaging in plastic crate reduced the
mechanical damage by seventy nine percent over
the jute sack packaging (Rahman et al., 2019). At
earlier harvest time, its price remains high and
decrease at later, but it had no price instability.
Summer tomato did not required storage because
its high demands.

Conclusion
The study was conducted for the assessment of
marketing system of summer tomato in Jashore
district which was most concentrated area of
summer tomato. Farmer, faria, bepari,
wholesaler, commission agents and retailer were
involved in marketing of summer tomato. There
were seven marketing channel exist in the
summer tomato marketing. It had highly
demandable crop that it can used as a vegetable
at the summer and rainy season. Perishability,
spoilage and damage, transportation and
packaging were the main marketing problem of
summer tomato. Though there had some
marketing problem, summer tomato was a
profitable crop among the traders due to its high
demand to consumers at summer and rainy
season.
Acknowledgement
This research was taken on the annual research
programme of Bangladesh Agricultural Research
Institute (BARI). Authors thank to all Farmers,
market stakeholders, Scientific Assistant (SA),
Sub Assistant Agriculture Officer (SAAO),
colleague, Computer operator and Support staff
for their continue support.

References
Akter, K., Sabur, S.A., Ame, A.S. and Islam, M.M.
2022. Postharvest losses along the supply
chain of potato in Bangladesh: A micro-level
study. European J. Agric. Food Sci. 4(2): 6772. http://dx.doi.org/10.24018/ejfood.2022.4.2.451
BBS. 2019. Yearbook of Agricultural Statistics,
Bangladesh Bureau of Statistics. Statistics
and Informatics Division (SID), Ministry of
Planning, Government of the People’s
Republic
of
Bangladesh.
p.35.
http://www.bbs.gov.bd/site/page/3e838eb6
-30a2-4709-be85-40484b0c16c6/Hajong, P., Mondal, S., Saha, D., Ishtiaque, S.
and Paul, S.K. 2015. An economic study on
panikachu production in Jessore district. J.
Sylhet Agril. Univ. 2(1): 137-141.
Hajong, P., Rahman, M.S., Islam, M.A. and
Biswas, G.C. 2020. Study of pesticide use on
bitter gourd production at Jashore district.
Int. J. Agril. Res. Innov. Tech. 10(2): 110115. https://doi.org/10.3329/ijarit.v10i2.51584

Hajong, P., Sikder, B., Mondal, S. and Islam, M.
2018. Adoption and profitability of summer
tomato cultivation in Jashore district of
Bangladesh. Bangladesh J. Agril. Res.
43(4): 575-585.
https://doi.org/10.3329/bjar.v43i4.39154
Haque, M.R., Ray, J. and Mannan, M.A. 2019.
Present scenario and problem confrontation
of Tomato (Solanum lycopersicum L.)
growers in Khulna district. South Asian J.
Agric. 7(1&2): 51-55.
Hasan, M.R., Islam, M.A., Kameyama, H. and
Bai, H. 2020. Profitability and technical
efficiency of vegetable production in
Bangladesh. J. Bangladesh Agril. Univ.
18(4): 1042–1053.
https://doi.org/10.5455/JBAU.8013
Hossain, M.A., Goffer, M.A., Chowdhury, J.C.S.,
Rahman, M.S. and Hossain, M.I. 1999. A
study on postharvest practices and loss of
tomato in some selected areas of
Bangladesh. Bangladesh J. Agril. Res.
24(2): 299.
Kaplinsky, R. and Morris, M. 2000. A handbook
for value chain research. 113p.
Karim, M., Rahman, M. and Alam, M. 2009.
Profitability of Summer BARI hybrid tomato
cultivation in Jessore district of Bangladesh.
J. Agric. Rural Dev. 7(1): 73-79.
https://doi.org/10.3329/jard.v7i1.4424
Mitra, S. and Sharmin, S. 2019. Risk attitudes
and financial profitability of tomato farmers
- a study in Bangladesh. J. Agril. Sci. Sri
Lanka. 14(3): 207-217.
http://doi.org/10.4038/jas.v14i3.8604
Rahman M.M. and Neena S.B. 2018. The
marketing system of agricultural products in
Bangladesh: a case study from Sylhet
district. Bangladesh J. Pub. Admin. 26(2):
61-78.
Rahman, M., Islam, M., Begum, M. and Arfin, S.
2019. Technical and economic feasibility of
improved
postharvest
management
practices in enhancing the eggplant value
chain of Bangladesh. Int. J. Agril. Res.
Innov. Tech. 9(2): 35-41.
https://doi.org/10.3329/ijarit.v9i2.45408
Rahman, M.S. and Acharjee, D.C. 2020. Impact
of off-season summer tomato cultivation on
income and food security of the growers. In:
I.O. Amao and I.B. Adeoye (Eds.),
Agricultural
Economics.
IntechOpen
Limited, London, UK.
http://dx.doi.org/10.5772/intechopen.93674
Rayhan, S.J., Islam, M.J., Kazal, M.M.H. and
Kamruzzaman, M. 2019. Market integration
and seasonal price variation of high-value
vegetable crops in Chittagong hill districts of
Bangladesh. Int. J. Sust. Agric. Res. 6(3):
150-165.
http://dx.doi.org/10.18488/journal.70.2019.6
3.150.165
Sarma, P.K. and Ali, M.H. 2019. Value chain
analysis of tomato: a case study in Jessore
district of Bangladesh. Int. J. Sci. Res. 8(2):
924-932.
https://www.ijsr.net/search_index_results_
paperid.php?id=ART20194747
Uddin M.J. 2010. Fresh produce tomato value
chain in Bangladesh. An unpublished thesis.
Dept. FPM, BAU, Mymensingh. pp. XXXI.

Int. J. Agril. Res. Innov. Tech. 12(1): 12-17, June 2022

17

ISSN: 2224-0616
Int. J. Agril. Res. Innov. Tech. 12(1): 18-23, June 2022
Available online at https://ijarit.webs.com
DOI: https://doi.org/10.3329/ijarit.v12i1.61026
https://www.banglajol.info/index.php/IJARIT

Response of potato (Solanum tuberosum L.) to the combined application of
organic and inorganic fertilizers at Chena district, South Western Ethiopia
Konjit Abreham *, Ute Guja

, Tatek Mekuria

and Henok Tsegaye

Received 12 December 2021, Revised 15 April 2022, Accepted 25 June 2022, Published online 30 June 2022

ABSTRACT
Low level or no use of organic and inorganic fertilizers and serious imbalances soil nutrients,
depressed potato yields and pose accelerated mining of native soil nutrients. Present onfarm studies was undertaken to observe the combined effects of FYM and compost along
with inorganic fertilizers, particularly NPSB on potato production. The experiment
comprised of seven treatments: No fertilizer, recommended NP (115 kg N and 92 kg ha-1
P2O5), NPSB (115 kg N and 92 kg P2O5, 6.5 kg S. and 0.71 kg B ha-1), 10 tone FYM ha-1, 10
tone compost ha-1, 5 tone FYM + 50% NPSB (57.5 kg N and 92 kg P 2O5 ha-1), and 5 tone
compost + 50% NPSB ha-1 were arranged in RCBD with three replications. The yield and
yield components were collected and subjected to mean separation and economic analysis.
The analysis of variance indicated that either applied organic and inorganic fertilizers
combined or alone significantly (p ≤ 0.05) improved potato yield at Chena. Full dose of each
FYM and compost, recommended NP rate and NPSB gave similar potato yield. The highest
average marketable and total fresh potato tuber yield (27.44, 27.92 t ha -1, respectively) were
recorded by combined application of 5 t FYM ha-1 with 50% NPSB (115 kg N and 92 kg P2O5,
6.5 kg S. and 0.71 kg B ha-1) which is economically acceptable with MRR (1239.7%), whereas
the lowest tuber yield (14.45 t ha-1) was obtained from unfertilized plot. Hence, combined
application of 50% FYM and 50% NPSB proved best potato yield in the study area.
Keywords: Potato, Manure, NPSB, NP, Tuber yield
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Introduction
Potato (Solanum tuberosum L.) is world’s third
most important food crop after wheat and rice
(Birch et al., 2012). It is the most widely grown
tuber crop in the high and mid altitude areas of
Ethiopia (Berga et al., 2009). Although the crop
was mainly produced in Europe and North
America, it has become an increasingly important
food security crop in many developing countries
(Birch et al., 2012). For instance, the area under
potato increased from 62,000 ha to 296,578 ha
and production increased from 500,000 tons to
3.6 million tons from 2006 to 2016, respectively
in Ethiopia (CSA, 2016). It regarded as a highpotential food security crop due to its ability to
provide a high quality yield per unit input within
a short cycle (Balemi, 2012). The major causes of
low yields are unavailability and high prices of
quality seed tubers, lack of improved varieties,
poor soil fertility, and low market value at the
time of harvesting, diseases, and postharvest
losses (Tsegaw, 2006). Of this Low inherent soil,
fertility associated with soil acidity coupled with
inadequate use of organic and inorganic

fertilizers by smallholder farmers has caused low
potato productivity in Africa (ATA, 2014). Thus,
external supply of inorganic and organic fertilizer
inputs is necessary to increase productivity of
major food crops and enhance soil fertility in
Ethiopia (Wakene et al., 2005).
Judicious combination of organic and inorganic
sources of nutrients might be helpful to obtain a
good economic return with good soil health for
the subsequent crop (Gruhn et al., 2000). Several
researchers reported higher crop yield due to the
application of organic manure along with
inorganic fertilizers as compared to sole
application of either sources (Alam et al., 2007;
Daniel et al., 2008; Yang et al., 2015). Shiferaw
(2014) observed that combined application of 5
tones FYM with NPK mineral fertilizer increased
potato yield by 567% over control at chencha
acidic soil. Daniel et al. (2008) also evidenced
that application of mineral fertilizers and FYM
increased tuber yield by 43-45.3%.
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Farmers in the Study areas use traditional soil
fertility
improvement
practice
such
as
intercropping, composting and sole inorganic
fertilizer application in unmanageable way, and
integrated application of organic and mineral
fertilizers is not common. Therefore, this study
was initiated to evaluate the effects of sole and
integrated applications of mineral fertilizers and
farmyard manure on yield, yield components and
economic return of potato by smallholder farmers
in acid soils of Chena district south west Ethiopia.

Materials and Methods
Description of the experimental area
On-farm experiment was conducted for two years
(2016-17 and 2017-18) during the Belg season at
Kutashoray Kebele, Chena woreda, Kefa Zone,
Southern Ethiopia. The study area lies between
7°16'03" N latitude and 36°55'91" E longitude.
The experimental site is located at about 510 km
away from Addis Ababa; the capital city of
Ethiopia along the southwest and about 70 km
from the Zonal town of Bonga at an elevation of
1913 meters above sea level. The area received
average annual minimum and maximum rainfall
1379-1889 mm in a bimodal pattern. The mean
monthly temperature ranges from 14-28ºC
(Belay and Yericho, 2015). The study area has
predominantly Nitosols, with a textural class of
clay loam (FAO, 1998). Major crops grown in the
study area include enset (Enset ventricosum),
potato (Solanum tuberosum), maize (Zea mays),
wheat (Triticum aestivum), cabbage (Brassica
oleracea), carrot (Daucus carota), and Ethiopian
cabbage (Brassica carinata). Potato
is
extensively grown tuber in the study area.
Topographically, the area consists of gently
undulating plain with average slope gradient of
5%.
Experimental details and treatment set-ups

The field experiment was laid out in a
Randomized Complete Block Design (RCBD)
with seven treatments (Table 2). Each treatment
was replicated three times and the experiment
was conducted for two consecutive years 2016-17.
The experiment had seven treatments including:
Control (no inputs), RNP (115 N and 92 P2O5 kg
ha-1), NPSB (115N, 92 P2O5, 17 S, and 1.7 B), 10
tons FYM, 10 tons compost, 50% NPSB plus 5
tons FYM, and 50% NPSB plus 5 tons compost.
Compost/FYM was prepared in pit three months
before planting of test crop using standard
compost preparation. Recommended NP rates
were included as separate treatments for making
comparisons with NPSB blend. Plot size used was
3 m x 3 m (9 m2) and the spacing between plants
and rows was 30 and 75 cm, respectively. FYM
and compost were distributed to experiment

plots one month before potato planting. TSP,
NPSB and urea were used as fertilizer sources.
Urea was applied in split: half at planting and the
remaining half at about 35 days after planting.
Potato variety ‘’Gudane’’ was used as test crop
which is released by Holeta Agricultural Research
Centre in 2006 (MoANR, 2016). First earthingup or hilling and weeding followed immediately
after urea application. The second weeding and
hilling were done 8 weeks after planting. The
remaining all management practices were done
as per the recommendation.
Data collection
Before the start of the field experiment, twenty
surface soil samples (0-30 cm) were taken
randomly (following zig-zag way) from the
experimental field. The soil samples were
composited, air-dried and ground to pass 2 mm
sieve and 0.5 mm sieve (for total N) for analyses
of the soil physico-chemical properties (Table 1).
The analysis was done following the procedures
in laboratory manual prepared by Sahlemedhin
and Taye (2000). Agronomic data both yield and
yield component related parameters on plot and
plant bases were collected. Five randomly
selected representative potato plant samples were
used to take a measurement on plant height,
number of plants hill-1, number of tuber hill-1,
except marketable and total fresh tuber yield and
then subjected to analysis of variance.
Partial budget analysis
Partial budget analysis was also carried out to
evaluate the feasibility of fertilizer treatments for
potato production. Potato tuber yield was valued
at an average open market value of the local
market price of Birr 600 per 100 kg whereas
average price of urea, NPS and NPSB were Birr
10.00, 11.12 and 12.00 per kg, respectively. The
costs of other production practices like, weeding
were assumed to remain the same among the
treatments. The tuber yield was down adjusted to
reflect the situation in actual production by
farmers (CIMMYT, 1988).
Statistical analysis
The collected data were subjected to statistical
analysis. Analysis of variance (ANOVA) was
carried out using the General Linear Model of the
SAS Version 9.3 procedure using statistical
software programs (SAS, 2011). Significant
difference between and among treatment means
were assessed using the least significant
difference (LSD) at 0.05 level of probability
(Gomez and Gomez, 1984).
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Results and Discussion
Physico-chemical properties of soil before
planting
The pre-planting soil analysis indicated that the
soil of the study site was Clay loam in textural
class with 25.83, 39.17 and 35% sand, silt and
clay particles in proportion, respectively. It is
very strongly acidic in reaction in accordance
with Tadese (1991) rating, which indicates a
negative impact on the availability of most
essential nutrients. The organic matter content of
the soil was 5.41%, which could be rated as very
high according to Hazelton and Murphy (2007).

In highly acidic soils, microbial activity is low,
slowing down the decomposition rate and results
in accumulation of organic matter. On the other
hand, the total N (0.26%) and available P (7.43
mg kg-1) contents of the soil were high and low
respectively in accordance with ratings by
Landon (2014). The considerably low available P
implies that P could be a limiting nutrient for
crop production in the study area, and hence
external application of P is required for optimum
plant growth. The CEC of study soil was also
rated as low in accordance with Landon (2014).

Table 1. Selected physico-chemical properties of the study area soil before planting.
Material
Surface soil
(0-30 cm)

Physico-chemical properties
pH-H2O OM (%) TN Ava. P (mg
CEC
Clay Silt (%)
(1:2.5)
(%)
kg-1)
(cmol (+) kg-1) (%)
4.72
5.41 0.26
7.43
5.81
35.00 39.17

Yield and yield components of potato as
influenced by integrated application of
organic and inorganic fertilizer
The two years combined analysis of variance
indicated that statistically significant differences
(P<0.05) were observed between treatments of
all tested parameters (Table 2) and there is no
treatment difference between two growing

Sand
(%)
25.83

Textural
Class
Clay loam

seasons. Application of either combined or sole
sources of organic and inorganic fertilizers
significantly improved marketable and total tuber
yield compared to the control. However, there
was no significant yield difference between the
recommended NP and NPSB indicating that
inclusion of S and B had no effect on potato in the
study area.

Table 2. Combined mean tuber yield and yield components of potato as influenced by integrated and
sole application of compost/FYM with inorganic fertilizer at Chena district.
Treatments
1. Control (No fertilizer)
2. Recommended NP (115 N,92 P2O5)
3. 115 N, 90kg P2O5,17 kg S, 1.7 kg B
4. 10 t FYM ha-1
5. 10 t compost ha-1
6. 50% T3 + 5 t FYM ha-1
7. 50% T3 + 5 t compost ha-1
Mean
CV %
LSD 0.05%)

PH (cm)
33.0d
39.2bc
39.7bc
38.6c
43.6a
42.4ab
38.16c
39.2
7.6
3.5

PPH
3.5c
4.7ab
5.1ab
4.1bc
5.3a
5.8a
5.0ab
4.8
20.2
1.1

TPH
8.2b
9.4ab
9.5ab
9.5ab
10.6a
9.7ab
11.0a
9.7
18.0
2.0

MY (ton ha-1)
14.13c
22.07b
22.427b
23.99ab
23.62ab
27.44a
22.19b
22.27
18.30
4.59

TY (ton ha-1)
14.54c
22.57b
22.81b
24.47ab
23.95ab
27.92a
22.40b
22.67
17.30
4.61

N.B: LSD (0.05%): least significant difference at 5% level; CV: coefficient of Variation; PH: plant height; PPH:
number of plant per hill; TPH: number of tuber per hill; MY: marketable yield; TY: total yield; Means in a
column followed by the same letters are not significantly different at 5% level of Significance.

Sole applications of 10 t FYM and compost ha-1
gave slightly higher tuber yield than sole
inorganic fertilizer sources (NPSB) though not
statistically significant. This result is in contrast
with the reported results of Alam et al. (2007),
who reported that inorganic fertilizers gave
higher crop yields than organic sources. These
increased yields in organic fertilizer could be
attributed to provide different macro and
micronutrients, and in part to improved soil

conditions and water holding capacity. The
highest mean marketable (27.45 t ha-1) and total
fresh tuber (27.92 t ha-1) potato yields were
recorded by combined application of 5 t FYM and
50% recommended NPSB (57.25 N, 46 P2O%, 8.5
S and 0.85 B) though not significantly different
from that of sole organic sources treatments.
The yield increment could be due to the supply of
macro and micronutrients from the inorganic and
organic fertilizer sources as well as improvement
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of soil properties by FYM and compost
application (Pervez et al., 2000). The tuber yield
in different treatment ranged from 14.54 to 27.92
t ha-1. The maximum increase in tuber yield
(94%) and highest mean marketable (27.45 t ha-1)
and total fresh tuber (27.92 t ha-1) potato yields
were recorded by combined application of 5 t
FYM and 50% recommended NPSB (57.25 N, 46
P2O%, 8.5 S and 0.85 B) though not significantly
different from that treatments received 10 t ha-1
sole FYM and compost. Several authors (Tsegaye
et al., 2020; Shiferaw, 2014; Eghball et al., 2004)
reported similar results. Pervez et al. (2000),
proved increased potato yield by combined
application of farmyard manure and higher doses
of potassium in Pakistan and Shiferaw (2014),
shown significantly higher potato yield by
combined application of farmyard manure and
NPK. Furthermore, an experiment was conducted
at Arbegona district indicated yield of Potato
increased due to the integrated application of
FYM and Blended fertilizer in combination
(Tsegaye et al., 2020). FYM application either
combined or alone gave greater marketable and
total potato yield than compost. The control plot
gave the lowest total fresh and marketable potato
tuber yield. Plant height and plant per hill were
different among most of treatments. Tubers per
hill differ only between 10 t compost and control
treatments. Again, combined application of FYM

with NPSB gave significantly higher marketable
and total fresh potato tuber yield than that of
combined application of compost with NPSB.
Potato tuber yield increased by 56.2 to 94.2
percent by application of fertilizers, which
suggests that all percent increments by
application of fertilizers are appreciably high and
the maximum increase in tuber yield (94%) was
observed by application of 5 t FYM ha-1 with 50%
NPSB (Table 2).
Partial economic analysis
Partial budget analysis was carried out to
determine the net benefit and marginal rate of
return obtained from the application of different
organic and inorganic fertilizer rates. Partial
budget analysis results also indicated that
application of 5 t FYM ha-1 with 50% NPSB (57.25
N, 46 P2O5%, 8.5 S and 0.85 B) gave higher net
benefit and acceptable %MRR compared to
control and application of sole 10 t FYM ha-1.
Thus, it could be recommended that farmers at
the study area and others with similar agroecology could apply 5 t FYM ha-1 with 50% NPSB
(125 NBSB+ 76 Kg urea top-dressed) for
optimum potato production. Farmers can also
use 10 t ha-1 FYM as an option in the absence of
NPSB to obtain modest potato yield if ample
amount of cattle are available in the area.

Table 3. Partial budget and dominance analyses for organic-inorganic fertilizers effect on potato at
Chena district.
No. Treatments
1
4
6
2
5
7
3

No fertilizer
10 t ha-1 FYM
5 t ha-1 FYM +
50% of NPSB
115 N, 92 P2O5
10 t ha-1 compost
5 t ha-1 compost +
50% of NPSB
250 kg NPSB +
152kg

AY (t ha-1)
14.13
23.99
27.44

Adj-Y
t ha-1
12.72
21.59
24.70

Revenue
(ETB ha-1)
76302.0
129551.4
148197.6

IC
AC
TVC
NB
% MRR
(ETB ha-1) (ETB ha-1 (ETB ha-1) (ETB ha-1)
0.0
0.0
0.0
76302.0
1200.0
1750.0
2950.0 126601.4 1705.1
3466.8
875.0
4341.8 143855.8 1239.7

22.06
23.62
22.19

19.86
21.26
19.97

119151.0
127548.0
119842.2

5317.0
1200.0
3466.8

0.0
4330.0
2165.0

5317.0
5530.0
5631.8

113028.5
122018.0
114210.4

D
D
D

22.42

20.18

121051.8

5733.6

0.0

5733.6

115318.2

D

Note: AY: Average yield; Adj-Y: Adjusted yield; IC: Input cost; AC: Application cost; TVC: Total variable cost;
NB: Net benefit; MRR: Marginal rate of return; FYM: Farm yard manure.

Table 4. Analysis of net benefit and MRR % on application of organic and inorganic fertilizer on potato
after removal of dominated treatments.
No.

Treatments

1
4
6

No fertilizer
10 t ha-1 FYM
5 t FYM ha-1 + 50% of NPSB

Average
yield
t ha-1
14.13
23.99
27.44

Adjyield
t ha-1
12.72
21.59
24.70
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Gross benefit
(ETB)

TVC

NB (ETB)

% MRR

76302.0
129551.4
148197.6

0.0
2950.0
4341.8

76302.0
126601.4
143855.8

1705.1
1239.7
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Conclusion and Recommendation
An integrated approach that combines a sensitive
appreciation of the properties of different soil
types combined with the effective use of manures,
compost, crop residues and fertilizers has the
best chance of arresting and reversing soil
fertility decline. Current study results show that
significant increase in marketable and total fresh
tuber potato yields increase from 100% organic
(FYM and compost) and inorganic (NP and
NPSB) fertilization alone. Potato tuber yield
increased by 56.2 to 94.2 percent by application
of fertilizers, the highest percent increments by
combined application of 5 t FYM ha-1 with 50%
NPSB blend. This result suggests that all percent
increments by application of fertilizers are
appreciably high. Growth and development of
tubers was affected with organic and inorganic
fertilizers application either alone or in
combination and the response was better by the
application organic source alone than inorganic
sources alone. The highest potato yield response
was observed when 50% FYM (5 t ha-1) along with
50% NPSB (125 Kg NPSB+ 76 Kg urea topdressed) was applied. It is also economical
beneficiary with the acceptable MRR (1239.7%).
Hence, it is recommended that FYM along with
NPSB should be applied to produce potato at
Chena and similar agro-ecologies. More
verification and demonstration studies are
needed to establish reliable recommendations for
wider use.
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ABSTRACT
This study aimed at analyzing technical efficiency and its determinants among tobacco
producers in Uganda. To achieve this, primary data were drawn from 200 tobacco farmers
using semi-structured questionnaires. In order to determine the technical efficiency and its
determinants, Data envelopment analysis and Tobit regression model were used for the
analysis respectively. From the results, we observed that the mean TE was 49%, implying
that the farmers were 51% inefficient. Furthermore, input prices, land size, farmers’ age,
farm income and farm location were found to be the determinants of technical efficiency.
This study recommended that the government should subsidize farm inputs as well as
training the farmers on input combinations in order to increase technical efficiency level.
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Introduction
Worldwide, tobacco (Nicotiana tabacum) is
grown by 65% of the countries (ASH, 2009). In
Uganda, tobacco is an annual crop mostly grown
between the months of January to September.
Generally, it does well in regions with high
rainfall and soils with good water holding
capacity. As such, the major tobacco producing
districts include: Kiryandongo, Arua, Masindi,
Kanungu, Koboko and Hoima districts. In these
districts, there are three common varieties of
tobacco grown by smallholder farmers. These
include the flue-cured Virginia, dark-fire cured
tobacco and the burley tobacco. The burley and
dark- fire cured tobacco varieties perform well in
areas with high rainfall and structured silt loam
soils while the flue cured Virginia does well in
regions with 800F during the day and 600F at
night
(Karemani
and
Nuwaha,
2019).
Incidentally, Kiryandongo district has high
rainfall and well-structured silt loamy soils and
thus, a possible reason for widespread
dependence on dark-fired cured tobacco variety
(Karemani and Nuwaha, 2019).
Tobacco is one of the lucrative cash crops which
has the potential to yield more revenues to the
small holder farmers and improve their living
standards (Keyser, 2002). However, its
production yield is still low. This is evident from
the unstable production pattern observed from

the years 1995 to 2012 (WHO, 2015). Its yield per
hectare increased from the years 1995 to 2005.
However, from the year 2005 onwards, tobacco’s
yield has been fluctuating, attributed to farm
resource misallocation leading to varied levels of
inefficiencies. It is either the farmers are underallocating or over-allocating their farm inputs.
Allocating insufficient resources would lead to
low production per unit area while overallocation would result into input slacks, which is
a waste. The commonality of the two scenarios is
that they all result into some levels of technical
inefficiencies.
In agriculture, technically efficiency refers to
farm inputs combinations in order to achieve a
desired quantity of output by the farmers (Okello
et al., 2019). According to Farrell (1957), farmers
achieve 100% efficiency in production when they
operate at the production frontier. However,
previous studies have shown that operating at the
production frontier alone is not enough measure
for achieving full efficiency. As such, full
efficiency in agricultural production is attained
when farmers allocate their resources (input
bundles) in such a way that they operate at the
production frontier with zero input slacks. This
implies that all the farm resources are utilized
without wastages; a situation which is not
common among smallholder farmers.
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Past studies on technical efficiency in agriculture
reported that farmers fail to attain full technical
efficiency. For instance, Zamanian et al. (2013)
applied data envelopment analysis and stochastic
frontier analysis to determine technical efficiency
among the MENA countries. They found out that
farmers were 74.4% technically efficient. As a
result, they concluded that farmers are inefficient
in allocating their farm resources. This was not in
odds with the findings by Tipi et al. (2009), who
reported that farmers were 92% technically
efficient and that the determinants of technical
efficiency
include
farmers’
age,
group
membership, non-farm income, land size and
number of plots.
Abdulai et al. (2018) conducted a study on maize
farming technical efficiency in Ghana using
input-oriented data envelopment analysis. Their
findings revealed that farmers were 77%
technically efficient. In addition to this, they
found out that majority of the maize farmers were
exhibiting increasing returns to scale. In
addition, their study found out that access to
agricultural extension had a positive relationship
with technical efficiency while level of education
and agricultural mechanization had no significant
relationship with technical efficiency.

Multistage and simple random sampling
techniques were used. First, Kiryandongo and
Kigumba sub-counties were purposively sampled
based on the fact that these two sub-counties
have the high numbers of tobacco farmers
(UBOS, 2018). Secondly, in Kiryandongo subcounty; Kichwabugingo and Kyankende perishes
were purposively selected while in Kigumba subcounty; Kigumba I and Kiigya sub-counties were
also purposively selected. A list of all tobacco
farmers was obtained from the district
production officer to help access the farmers
easily. To avoid, bias in the study participation,
simple random sampling was then used to obtain
a total sample of 200 farmers.
Data analysis
Data envelopment analysis
Data envelopment analysis (DEA) proposed by
Salisu and Jiya (2016) was used to determine
technical efficiency in the first step. Specifically,
this study used input orientation under variable
returns to scale DEA which is specified below
(Tipi et al., 2009; Yilmaz and Yurdusev, 2011):
Min θ,λ

θ
Subject to

Materials and Methods
Study area
This study was done in Kiryandongo district. This
district is located 220 km away from Kampala
towards the mid-western part of Uganda. It
covers a total of 3,621 square kilometers with a
total population of 266,197 persons, of which
50.3% are males (UBOS, 2018). It was
purposively selected among other tobacco
growing districts because it has high numbers of
tobacco farmers. The favorable climatic
conditions and high rainfall especially in August
makes farming the major economic activity in
this district (UBOS, 2018).
Data sources and sampling techniques
Structured questionnaires were used to collect
data from 200 active tobacco farmers on a crosssectional survey. The questionnaire was divided
into three parts, the first part covered sociodemographic characteristics such as age, gender,
farm size, access to credit, extension, group
membership, household size among others; the
second part covered resource allocation such as
land allocated tobacco, seeds quantity, labour
cost, fertilizers among others. Finally, the last
part covered output variables such as quantity
harvested, distance to the output market,
transportation costs, and output prices among
others.

− yi + Yλ ≥ 0
θxi − Xλ ≥ 0
N1′ = 1
λ =0
where, i = 1, 2,2,3 … … i

Where, N1′ represents a convexity constant, λ
represents the N × 1 vector of constant,
X represents the input matrix, Y represents the
output matrix, yi represents a vector (k ×1)
output and xi represents a vector (k ×1) input.
The number of farmers is defined as 𝑖 for this
study. For every decision-making unit, there was
N inputs (N= 4, i.e., land, fertilizers, labour cost
and seeds) and M outputs (M= 1, Tobacco yield).
The value θ represents the technical efficiency
score ranging from 0 to 1. According to Farrell
(1957), if the value of θ is 1, it implies full
efficiency.
Tobit regression model
The goal of the second stage was to explain the
determinants of technical efficiency. Having
obtained technical efficiency scores ranging from
0 to 1 from the DEA in step one above, previous
studies have found out that Tobit regression
model has the ability to handle this kind of
distribution (Tipi et al., 2010). As such, the
second analysis of this study employed Tobit
regression model to identify the determinants of
technical efficiency. The efficiency scores
obtained previously were then regressed as the
dependent variable against the factors presumed
to be affecting technical efficiency.
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Tobin (1958) presented that Tobit regression
model is specified as:

Socio-demographic characteristics of the
farmers

Yi = βXi + Ɛi

Table 1 presents the socio-demographic
characteristics of the farmers. The mean age was
41 years old with 16.26 years of engagement in
tobacco production. The average household size
was 8 household members implying that most of
the farm labour came from the family. Farmers
depended on an average of 4.08 acres of which
52% of the land was allocated to tobacco
production while the rest were allocated to maize,
cassava and sweet potatoes. This land allocation
implies that in as much as farmers cultivate
tobacco as a cash crop, they also acknowledge
that they should produce food crops for
household food security. On tobacco output, the
farmers harvested an average of 4,121.50
kilograms of tobacco leaves making them to earn
a gross income of 4,702,672.70 (1,333 USD)
Ugandan shillings per season.

Yi = Yi ∗ if Yi ∗ > 0
Yi = 0, if Y ∗ ≤ 0
Y ∗ = β0 + β1 (X1 ) + Ɛ1
Where,
Yi ∗ is the dependent variable (technical
efficiency), taking the numerical values ranging
from 0 to 1, β0 is the coefficient of intercept, β1
represents the Regression coefficients, Xi are the
regressors such as age, gender, farm size, farm
income, farm location, use of hired labour, input
prices, education level and distance to the nearest
market while Ɛ𝑖 represents the stochastic error
term assumed to be normally distributed.

Results and Discussion
Table 1. Socio-demographic characteristics of the farmers.
Characteristic(s)

Mean

Age (years)
Educational level (years)
Household size
Farm size (acres)
Farming experience (years)
Distance to the nearest market
Land allocated to Tobacco (Acres)
Tobacco yield (Kilograms)
Tobacco output price (Ugx)
Gender (Male)
Access to credit
Access to extension
Group membership

41.05
6.28
7.50
4.08
16.26
3.05
2.12
1,141.01
4,121.50

Description of the variables used in
efficiency analysis
Table 2 presents the descriptive statistics for the
variables used in efficiency analysis. The output
used in this study was tobacco yield, which
measured in kilograms. The average yield was

Standard
deviation (SD)
13.45
4.68
3.40
1.74
10.82
1.80
1.11
1,106.43
1,276.50

Minimum

Maximum

18.00
0.00
1.00
0.50
1.00
0.00
0.25
100.00
1,000.00
152(0.76)
148(0.74)
172(0.86)
162(0.81)

87.00
28.00
20.00
10.00
48.00
12.00
8.00
7,000.00
7,200.00

1,141 kilograms of tobacco. For the inputs, this
study considered land, cost of hiring farm labour,
seeds and fertilizers. Land was measured in acres,
labour cost in Ugandan shillings while the unit of
measurement for seeds and fertilizers was in
kilograms.

Table 2. Descriptive statistics for the inputs and outputs.
Variables
Output
Tobacco yield
Inputs
Land
Labour cost
Seeds
Fertilizers

Unit

Mean

Standard deviation

Minimum

Maximum

Kilograms

1,141.01

1,106.43

100.00

7,000.00

Acres
Ugx
Kilograms
Kilograms

2.12
35,830.00
4.50
281.00

1.11
28,738.80
2.45
158.50

0.25
5,000.00
1.00
50.00

8.00
250,000.00
20.00
750.00
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Technical efficiency
The results depicted in Table 3 confirmed that
indeed tobacco farmers were technically
inefficient. Specifically, the farmers were 49%
technically efficient. This implies that up to 51%
of the inputs were wasted. Strikingly, 69% of the
farmers were producing below the 50% of the
overall technical efficiency while only a quarter of
the farmers attained the full technical efficiency.
Based on the overall technical efficiency, farmers
could reduce their inputs by 51% and would still
attain the same quantity level. Many studies have

confirmed some levels of technical inefficiency
among small holder farmers. As such, the
findings of this study is in agreement with the
findings reported by Abdulai et al. (2018) who
reported that maize farmers in Ghana were 77%
technically
efficient
due
to
resource
misallocation. Other studies which have reported
varied levels of technical inefficiencies among
smallholder farmers include; Bojnec et al. (2014);
Madau (2012); Tipi et al. (2009). Zamanian et al.
(2013).

Table 3. Distribution of technical efficiency scores.
Technical efficiency levels
≤ 0.50
0.51 – 0.60
0.61 – 0.70
0.71 – 0.80
0.81 – 0.90
≥ 0.91
Mean TE

Number of farmers
138
13
11
05
06
27

Technical efficiency determinants
The results showed that the model was adequate
to present the determinants of technical
efficiency. For instance, the model was significant
at 1% level of significance, the pseudo-R square
was 43.33% while the log likelihood ration value
stood at -34.67 (Table 4).
Table 4 presents the results on the technical
efficiency determinants. Based on the results,
input prices had a negative but statistically
significant (P<0.01) relationship with technical
efficiency, an increase in input price by one unit
would decrease technical efficiency by 19.66%.
This was because the prices of seeds, fertilizers
and pesticides were too high during the planting
season than the harvesting season as this study
was done during the planting season. The high
cost of inputs was attributed by the high demand
during the harvesting season. This conforms to
the findings reported by Briner and Finger
(2013).
There was a positive and statistically significant
(P<0.05) association between farm income and
technical efficiency. An increase in farm income
by one unit would increase technical efficiency by
6.7%. This can be explained by the fact that when
farm income increases farmers are more likely to
get the capital for purchasing more inputs
includes hiring enough labour, use of certified
seeds and fertilizers for their farms making them
more technically efficient. Additionally, more
farm income would make the farmers to
massively invest and enjoy the economies of scale
which further increases technical efficiency. This
is in line with the finding reported by Dogba et al.
(2021).

Percentage
69.00
6.50
5.50
2.50
3.00
13.50

Cumulative percentage
69.00
75.50
81.00
83.50
86.50
100.00
0.49

The results further showed that land size had a
negative and statistically significant (P<0.01)
influence on technical efficiency. An increase in
land size by one unit would result into a decrease
in technical efficiency by 5.6%. This implies that
small farms were more technically efficient than
large farms. The negative association between
land size and technical efficiency was attributed
by farm labour use. Tobacco is a labor-intensive
crop, from production to harvesting high labour
is needed. However, farmers mainly depended on
family labour. This was because majority of them
could not hire labour for their farms due to
financial constraints. In the long run, small farms
would use the available family labour efficiently
than those with large farms. Similar findings
were also reported by Okello et al. (2019).
The positive and statistically significant (p<0.10)
association between age and technical efficiency
can be attributed to the fact that as farmers
become older, they gain more years of farming
experience. As a result, they are able to
incorporate better cropping systems, better
agricultural technologies, certified seeds and
good agronomic practices, which increase
technical efficiency. Additionally, older farmers
are able to vary different farm input bundles in
such a way that they attain the increasing returns
to scale while maintaining production at stage
two. This, in the long run, helps them to increase
technical efficiency. This is in line with the
findings by Weldegebriel (2014).
There was a positive and statistically significant
(0.01) influence of farm location on technical
efficiency. In this study, Kigumba and
Kiryandongo sub-counties were considered for
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data collection. Farmers in Kiryandongo subcounty were more technically efficient than their
counterparts in Kigumba. One of the major
factors, which may have contributed to this, was
the fact that Kiryandongo sub-county is the
headquarters of Kiryandongo district. As such, it
attracts
more
agricultural
consultancies,

trainings financial assistance to farmers, farm
inputs, agricultural workshops that teach on
inputs combination that maximizes farm yield
making them technically efficient. This is in line
with the findings by Okello et al. (2019), Adhikari
et al. (2021) and Tsoho et al. (2012).

Table 4. Determinants of technical efficiency.
Variables
Input prices
Distance to the nearest market
Education level
Use of hired labour
Farm income
Land size
Age
Farm location (Kiryandongo)
Gender (Male)
Constant
LR chi2(13)
Pseudo R2
Log likelihood
Prob>Chi2
N

Coefficient
-0.196
0.029
0.004
-0.096
0.067
-0.056
0.109
0.097
0.047
1.996

Standard errors
0.035
0.039
0.003
0.098
0.027
0.018
0.062
0.037
0.043
0.597
53.26
0.4344
-34.67
0.0000
200

P>t
0.000***
0.449
0.234
0.327
0.014**
0.003***
0.079*
0.009***
0.274
0.001***

*, ** and *** represents statistical significance at 10%, 5% and 1%, respectively.

Conclusion and Recommendation
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ABSTRACT
A field experiment was carried out during the 2017-18 cropping season at Jinka Agricultural
Research Center on station, South Omo zone, Southern Ethiopia, to determine suitable
legumes in cassava legume intercropping on yield and land use efficiency of both crops. The
experiment consisted of 7 treatments (cassava with haricot bean, cowpea, and pigeon pea as
intercrop compared with cassava, haricot bean, cowpea and pigeon pea as sole) laid in RCBD
in three replications. Statistical analysis showed that, intercropping cassava with haricot
bean, cowpea and pigeon pea resulted in 54, 56 and 21% greater land use efficiency than for
either crop grown alone. The highest MAI was obtained by growing cassava with haricot
bean (18310.8) followed by cassava with cowpea (14524.4) whereas relatively the lowest was
cassava with pigeon pea (6005.6). Based on the present finding, intercropping of cassava
with haricot bean had more economic advantage (52219.8 Ebirr) than the other crop
combination or grown alone. Therefore, intercropping cassava with grain legumes such as
haricot bean and cowpea is important to cassava farmers since it would provide additional
crop yield during the early cassava growth stage with the same piece of land and more
profitable related to cost benefit. Therefore, use of cassava intercropping with haricot bean
can be recommended for cassava producing farmers at Jinka and its vicinity.
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Introduction
Cassava (Manihot esculenta Crantz) is cultivated
mainly for its starchy roots and the most
important food staple in the tropics, where it is
the fourth most important energy source (Alves,
2002). It is generally cultivated by small scale
farmers as a subsistence crop in a diverse range
of agricultural and food systems (Alves, 2002).
The success of cassava in Africa, as food security
crop, is largely because of its ability and capacity
to yield well in drought prone, marginal
wasteland under poor management where other
crops would fail. Cassava is a tropical root crop,
requiring at least 8 months of warm weather to
produce a crop. It is traditionally grown in a
savanna climate, but can be grown in extremes of
rainfall. In moist areas, it does not tolerate
flooding. In droughty areas, it loses its leaves to
conserve moisture, producing new leaves when
rains resume. It takes 18 or more months to
produce a crop under adverse conditions such as
cool or dry weather. Cassava does not tolerate

freezing conditions. It tolerates a wide range of
soil pH 4.0 to 8.0 and is most productive in full
sun.
In Ethiopia, cassava grows in some areas of
Southern regions. According to Feleke (1997),
cassava was introduced to drought prone areas of
Southern part of the country such as Amaro,
Gamogofa, Sidama, Wolaita, Gedeo and Konso
primarily to fill food gap for subsistence farmers
due to failure of other crops as result of drought.
In these areas, farmers usually grow cassava in
small irregular scattered plots either sole or
intercropped mainly with taro, enset, maize,
haricot bean and sweet potato (Eyasu, 1997). The
average total coverage and production of cassava
per annum in Southern region is 4942 ha and
53036.2 tones, respectively (SNNPR, 2000).
Intercropping is the practice of growing two or
more crops simultaneously in the same piece of
land (Geiler et al., 1991; Willey, 1979). The
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system has been shown not only to be more
efficient than sole cropping (Remison, 1978;
Willey, 1979) but also to improve the overall
ecology (Adelana, 1984). Smallholder farmers in
developing countries mostly practice it. It is a
common feature of production in Nigeria
(Fawusi, 1985; Muoneke and Asiegbu, 1997).
Legumes/cassava mixed cropping pattern is
widely practiced by farmers in South Ari woreda,
South Omo, Southern Nations Nationalities and
Peoples Region of Ethiopia. The crops are grown
in mixture without proper arrangements to
utilize growth resource.
Limited availability of additional land for crop
production, decreased soil fertility and declining
yield for major food crops have been cited as the
major concerns for agriculture’s ability to provide
nourishment for the increasing population
(Sinclair and Gardner, 1998). An advantage
commonly claimed for intercropping systems is
that, they offer greater yield stability than sole
cropping (Mead and Willey, 1980). The system of
intercropping is largely practiced in various ways
based on the extent of spatial arrangement of the
crops on the field. For subsistence farmers,
greater stability in the production of food crops in
inter-cropping
systems
is
particularly
meaningful, since this characteristic of the
production system tends to better insure their
sustainability and substantially reduces the risk
of total crop loss.
Cassava is a long duration crop that takes more
than 9 months for harvest. It is planted at intra
and inters row spacing of 100-100 cm and takes
more than 3 to 4 months to develop enough
canopies. The available sunlight, water and
nutrients between rows can be profitably utilized
for short duration intercrops. The main objective
of this study was to determine cassava legume
intercropping advantage on yield and yield
components of the component crops at Jinka on
station.

Materials and Methods
Description of the study area
This experiment was conducted at Jinka
Agricultural Research Center on station during
2017-18 cropping season. Jinka Agricultural
Research Center in the South Omo zone, located
about 750 km from the capital city of the country,
Addis Ababa, and 530 km from SNNPRS capital
city, Hawassa, It lies at 50 47' 3'' N and 360 33' 25''
E at an altitude of 1418 masl. The study area has a
mean annual rainfall and temperature of 1274
mm and 21.1℃, respectively.

Experimental treatments and procedures
Field experiment conducted using 7 treatments
and laid in randomized complete block design in
3 replications. The treatments involved were
cassava with haricot bean, cowpea, and pigeon
pea as intercrop compared with cassava, haricot
bean, cowpea and pigeon pea as sole.
The study used cassava [(Manihot esculenta
Crantz) cultivar Qulle] and three legume varieties
including haricot bean (Hawassa dume), cowpea
(black eye bean), and pigeon pea (local). Cassava
planted using 1 m × 1 m of inter and intra row
spacing and two rows of 50 cm apart were left
made between the two cassava rows to plant
legumes. Seeds of legumes (haricot bean, cowpea
and pigeon pea) placed at intra row spacing of 10,
10 and 15 cm, respectively.
Agronomic data collection and measurement

Data of each crop were taken from each plot.
Root yield of cassava were weighed using spring
balance after harvest, and grain yield of legumes
was also weighed using ordinary balance. The
collected data were subjected to ANOVA using
SAS computer software (SAS Institute, 2000)
Land use efficiency was determined by
calculating land equivalent ratio (LER) using
(Mead and Willey, 1980). Land equivalent ratio
of cassava is calculated as intercrop yield of
cassava/pure stand yield of cassava and that of
legumes is calculated as intercrop yield of
legumes/pure stand yield of legumes. The overall
LER is simply the sum of LER of cassava and
LER of legumes. The competitive value is
determined by calculating the ratio of the
individual LER’s of the two crops.
LER= Yab/Yaa + Yba/Ybb
Where,
Yab = Intercrop yield of crop “a”
Yba = Intercrop yield of crop “b”
Yaa = Pure stand crop yield of “a”
Ybb = Pure stand crop yield of “b”
LER= 1: no advantage of intercrop
LER<1: intercropping reduce total yield
LER>1: intercropping increase land productivity
than sole cropping.
Finally, the monetary advantage index (MAI) was
calculated since none of the above competition
indices provides any information on the
economic advantage of the intercropping system.
The calculation of MAI was as follows:
MAI = (value of combined intercrops) (LER-1)/LER
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Results and Discussion
Effect of intercropped grain legumes with
cassava on yield of legumes
The yield of haricot bean, cowpea and pigeon pea
were reduced by 605.24, 183.69 and 602.6 kg ha1, respectively when intercropped with cassava
(Table 1). This could probable be due to shading

effect of these legumes by cassava which resulted
in the reduction of photosynthesis which
invariably affected the yield of legumes. This
result is in line with the finding of Legese and
Gobeze (2013). They observed that, the yield of
cowpea was not favored by intercropping with
cassava.

Table 1. Effect of intercropped grain legumes with cassava on yield of legumes (kg ha-1).
Treatments
Haricot bean
Cowpea
Pigeon pea

Sole yield
2584.04
1210.49
2070.60

Effect of intercropped grain legumes with
cassava on root yield plant-1, root yield
total biomass of cassava
There was no significant effect of intercropping
on root yield plant-1 of cassava plant (Table 2).
Cassava yield was significantly influenced by

Intercrop yield
1978.80
1026.80
1468.00
cropping system. The highest root yield was
obtained by sole cropping system 30.46 t ha-1.
The root yield of cassava is higher when
intercropped with haricot bean 23.60 t ha-1
followed by that of cowpea 21.84 t ha-1 and pigeon
pea 15.24 t ha-1 (Table 2).

Table 2. Effect of intercropped grain legumes with cassava on yield and yield components of cassava.
Treatments
Sole cassava
Cassava + Haricot bean
Cassava + Cowpea
Cassava + Pigeon pea
LCD 5%
CV (%)

RYPP (kg plant-1)
6.21
5.90
5.17
4.20
NS
4.6

RY (t ha-1)
30.46a
23.60b
21.84b
15.24c
6.21
21.3

TBM (t ha-1)
82.46a
58.57b
44.64c
36.21d
8.12
37.5

Mean values within column followed the same letters are not significantly different (P < 0.05), RYPP=Root
yield plant-1, RY=Root yield, TBM=Total biomass.

Land Equivalent Ratio (LER) and
Monetary Advantage Index (MAI) of
intercropped grain legumes with cassava
The land equivalent ratio (LER) was greater when
cassava intercropped with legumes. The highest
LER was obtained by growing cassava with
cowpea (1.56) followed by cassava with haricot
bean (1.54) whereas relatively the lowest was
cassava with pigeon pea (1.21).

The highest MAI was obtained by growing
cassava with haricot bean (18310.8) followed by
cassava with cowpea (14524.4) whereas relatively
the lowest was cassava with pigeon pea (6005.6).
Intercropping of cassava with haricot bean was
more economic advantage (52219.8 Ebirr) than
the other crop combination or grown alone
(Table 3).

Table 3. Land Equivalent Ratio (LER) Monetary Advantage Index (MAI) of intercropped cassava with
legumes.
Treatments
Sole cassava
Sole haricot bean
Sole cowpea
Sole pigeon pea
Cassava + Haricot bean
Cassava + Cowpea
Cassava + pigeon pea

C RY (t ha-1)
30.46
23.60
21.84
15.24

LGY (kg ha-1)
2584.04
1210.49
2070.60
1978.80
1026.80
1468.00

LER
1.54
1.56
1.21

MAI
18310.8
14524.4
6005.6

Value ha-1 (Eth. Birr)
40,690.00
21,964.34
9,078.67
16,564.80
52,219.80
40,461.00
34604.00

CRY=cassava root yield, LGY=legumes grain yield and LER=land equivalent ratio Monetary Advantage Index (MAI)

Intercropping cassava with haricot bean, cowpea
and pigeon pea, reduces cassava yield by 6.86,
8.62 and 15.22 t ha-1, respectively. However,
intercropping cassava with haricot bean, cowpea
and pigeon pea resulted in 54, 56 and 21% greater
land use efficiency than for either crop grown

alone. This result is in line with the findings of
(Mason et al., 1986). They found out that
intercropping cassava with cowpea reduces
cassava yield by 14 to 24%. Mason and Lehiner
(1988) also reported that, intercropping cassava
with cowpea reduces cassava yield by 19 to 38%.
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However, intercropping cassava with cowpea
resulted in 20 to 100% greater land use efficiency
than for either crop grown alone (Leihner, 1983).
This finding supports the result of this study. The
land use efficiency improved by 56% when
cassava intercropping with cowpea and that of
haricot bean by 54% indicated that, the actual
productivity was higher than the expected when
cassava was intercropped with legumes. This
result is in line with the finding of Okoli (1996).
He found out that, cassava cowpea intercropping
system increased land use efficiency by 9 to 40%.
The same result was reported by Mason et al.
(1986). They reported that, cassava/legume
intercropping system resulted in greater land use
efficiency.
Based on the present finding, the land use
efficiency improved by 56% when cassava
intercropping with cowpea and that of haricot
bean was by 54% and the lowest was with pigeon
pea and is by 21% which indicated that the
intercropping productivity was higher than sole
when cassava was intercropped with legumes.
The highest MAI was obtained by growing
cassava with haricot bean (18310.8) followed by
cassava with cowpea (14524.4) whereas relatively
the lowest was cassava with pigeon pea (6005.6).
Intercropping of cassava with haricot bean more
economic advantage (52219.8 Ebirr) than the
other crop combination or grown alone.

Conclusion and Recommendation
Intercropping cassava with legumes is important
to cassava farmers since it would provide
additional crop yield during the early cassava
growth stage with the same piece of land and
more profitable related to cost benefit. Obtaining
additional food grain is an attractive option for
the farmers having land shortage to plant cassava
and legume separately. The benefit of obtaining
additional legume grain would have positive
advantage on food security and land use
efficiency.
Therefore, use of
haricot bean intercropping
with cassava can be recommended for cassava
producing farmers at Jinka and its vicinity.
However, since, this study was based on only one
location; it requires further study by considering
other factors.
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ABSTRACT
A field experiment was carried out for two successive cropping seasons in 2017 and 2018 at
Shama Bulket, Semen Ari Woreda, South Omo Zone, Southern Ethiopia, to determine
optimum seed rate and inter-row spacing for food barley production. The experiment
involved a factorial combination of three seed rates (80, 100 and 120 kg ha -1) and three
inter-row spacing (20, 30 and 40 cm). The experiment was conducted using a randomized
complete block design with three replications. The results indicated the treatments had
significant effect in all parameters except plant height and spike length. Based on the result
of this study, use of 30 cm inter-row spacing and 120 kg ha-1 seed rate is superior in grain
yield (4481 kg ha-1) and total biomass (14.6 t ha-1). Therefore, use of 30 cm inter row spacing
with seeding rate of 120 kg ha-1 can be recommended for food barley production at Shama
Bulket kebele and its vicinity.
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Introduction
Barley is an annual cereal crop, which belongs to
grass family Poaceae, tribe Hordeae and genus
Hordeum in which spikes have a zigzag rachis.
Ethiopia and Asia have been suggested as
probable centers of origin of barley (Martin and
Warren, 1971).
Barley is one of the most important small cereal
crops which ranks fourth after wheat, maize and
rice in the world (Onwueme and Sinha, 1991) and
third in Ethiopia both in terms of area coverage
and production after teff and maize (Alemayehu,
1994). The mean area under barley production in
Ethiopia has been estimated to be 892,500
hectares (ha) during the period 1980-1989
(Berhanu et al., 2005). Barley is the most
important food crop after teff (Eragrostisef sp.
L.) and sorghum (Sorghum bicolor L.). Barleybased human food accounts for about 90% of
grain, while the rest is used for beer making and
animal feeds (Kiros, 1993). Barley straw is used
as animal feed, thatching roofs and bedding
(Kiros, 1993). The average national yield of barley
is in the range of 0.8 to 0.9 tons ha-1 (CSA, 2002).
Farmers in Semen and Debub Ari Woredas food
barley used for human food (such as “kollo”,
“kineto” and “besso”) and animal feed (barley
straw).
Increased food barley production involves use of
different agronomic practices such as improved
variety, seed rate, spacing, fertilizer rate, and

pesticide application at the recommended rate.
When, assessing grain yield of a set of cultivars in
different width of row spacing and seed rate
changes are commonly observed in the relative
yield performance with respect to each other.
In the high land parts of Semen and Debub Ari
Woredas that are mostly under cereal cultivation,
farmers plant barley with inappropriate row
spacing or blanket recommendation. Barley
productivity in Debub Omo zone is low because
farmers have limited awareness on the
appropriate planting row spacing and improved
varieties (Biruk et al., 2018). Therefore, in order
to minimize this constraint, determination of
appropriate row spacing and seed rate trails
should be conducted. Therefore, the objective of
this study was to identify the optimum row
spacing and seed rate for food barely that would
enhance the productivity of food barley.

Materials and Methods
Description of the study area
This experiment was conducted at Shama Bulket
kebele, Semen Ari Woreda South Omo Zone for
two successive cropping seasons in 2017 and
2018. Shama Bulket is located about 840 km
from Addis Ababa, and 610 km from SNNPRS
capital city (Hawassa), in South Omo zone, which
is in the south part of the country. It lies at
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036O39’ 08” E longitude and 006O 11’ 35” N
latitude at an altitude of 2570 masl. The study
area has a mean annual rainfall and temperature
ranging from 800-1000 mm and 18-32.1℃,
respectively. The annual rainfall ranges from
1400-2300 mm. Average max and min
temperature 220C and 110C.
Experimental treatments and procedures
The experiment involved a factorial combination
of three seed rates (80, 100 and 120 kg ha-1) and
three inter row spacing (20, 30, 40 cm). The
experiment was conducted using a randomized
complete block design with three replications.
The test crop was food barley (variety called HB
1307).
The experimental field was prepared following
the conventional tillage practice before planting.
In accordance to the design, a field layout was
prepared and each treatment was assigned
randomly to experimental plots within each
block. The gross plot size was 7.2 m2 (2.40 m ×
3.00 m).
Observation and measurement
Plant height (PH): The average height of five
randomly selected plants from the net plot area of
each plot was measured in centimeters from the
ground to the top of spike.
Spike Length (SL): The spike length was
measured at maturity from five randomly
selected plants of the inner rows in centimeter
and the mean length was recorded on each plot
measuring from the base to the upper most part
of the spike excluding awns.
1000-kernel weight (g): Thousand grains
were counted after threshing randomly taken
from each plot and weights were measured with
sensitive balance.
Biomass yield (BY): Total biomass was
measured by weighing the sun dried total
aboveground plant (straw + grain) to constant
weight from the net plot area of each plot.

Statistical Analysis
The collected data were subjected to ANOVA
using SAS computer software (SAS Institute,
2000). Significance differences between and
among treatments were delineated by LSD (least
significance difference).

Results and Discussion
Response of food barley to seed rate and
inter row spacing on plant height, spike
length, grain yield, 1000-seed weight and
total bio mass
Plant height
The main effects of seed rate and inter row
spacing as well as their interactions did not affect
plant height significantly. Similar with the
present finding, Soomro et al. (2009) noted that
wheat sown at higher seeding rate (175 kg ha-1)
produced greater plant height i.e. 101.25 cm
followed by 150 kg ha-1 i.e. 99.09 cm and 125 kg
ha-1 i.e. 94.27 cm. Another research finding by
Worku (2008) also concluded that plant height
increased consistently with increasing seeding
rate from 72.7 cm at the seeding rate of 100 kg
ha-1 to 80.4 cm at the seed rate of 150 kg ha-1.
Higher seeding rate caused change in plant
height and stem thickness because of the lower
light penetration in to the plants canopy bed and
more inter specific competition to more
absorption light. These factors (higher seeding
rate and lower light penetration) increasing inter
node length, reducing stem thickness and
increasing plant height (Otteson et al., 2007).
Rahim et al. (2012) also reported that the
significant difference on plant densities of 450
and 300 plants m2 with highest and lowest plant
height, respectively. Other researchers also
reported in wheat that the height of plants grown
at the lowest seeding rate was significantly lower
than the height of plants grown at higher seeding
rates (Haile et al., 2013; Laghari et al., 2011).
Moreover, this result was in harmony with the
finding of Fani et al. (2014) who indicated that
with increasing density, plant height slightly
increases and there after decreases that could be
because restrictions on plant food sources
therefore, in treatment 150 and 200 kg ha-1,
maximum plant height was observed.

Grain yield (GY): Grain yield was measured by
taking the weight of the grains threshed from the
net plot area of each plot and converted to
kilograms.
Table 1. Effect of seed rate and inter row spacing on plant height and spike length in 2017 cropping
season.
Treatments
Seed rate (kg ha-1)
80
100
120
LCD (5%)
Inter row spacing (cm)
20
30
40
LCD (5%)
CV (%)

PH (cm)

SPL (cm)

69.47
70.50
72.37
NS

19.46
20.80
20.66
NS

72.3
70.6
69.8
NS
12.10

20.21
19.18
19.10
NS
19.30

Not significantly different (P < 0.05), PH=Plant height and SPL=Spike length.
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Spike length
The main effects of seed rate and inter row
spacing as well as their interactions did not affect
plant height significantly (Table 1). However, the
lower seeding rate and wider row spacing the
spike length was higher compared to higher
seeding rate and the higher seed rate. This might
be due to more free space between plants at the
lower seed rates and less intra-plant competition
for available resources that resulted in higher
spike length. The current result is indirectly in

agreement with the finding of Zewdie et al. (2014)
in that plant height and spike length are
negatively interrelated. Another research finding
by Gafaar (2007) stated that increasing sowing
density from 200 up to 400 grains m-2
significantly decreased spike length. Similarly,
Seleiman et al. (2010) reported that the longest
spikes were obtained from 250 and 300 grains m-2
but without significant differences between both
of them.

Table 2. Effect of seed rate and inter row spacing on plant height and spike length in 2018 cropping
season.
Treatments
Seed rate (kg ha-1)
80
100
120
LCD (5%)
Inter row spacing (cm)
20
30
40
LCD (5%)
CV (%)

PH(cm)

SPL (cm)

100.37
101.61
102.37
NS

20.26
19.86
20.36
NS

102.30
102.30
101.73
NS
19.30

20.21
20.18
20.10
NS
11.90

Not significantly different (P < 0.05), PH=Plant height and SPL=Spike length.

Grain yield
The analysis of data revealed significant
difference due to interaction effects on grain yield
in 2017 and 2018 cropping season (Table 3 & 4).
The highest mean grain yield (4481 kg ha-1) was
obtained from 30 cm inter row spacing and 120
kg ha-1 seed rate, while the lowest mean grain
yield (2811 kg ha-1) was obtained from 40 cm

inter row spacing and 80 kg ha-1 seed rate in 2018
(Table 4). Also, in 2017 cropping season the
highest mean grain yield (2835 kg ha-1) was
obtained from 30 cm inter row spacing and 120
kg ha-1 seed rate, while the lowest mean grain
yield (878 kg ha-1) was obtained from 40 cm inter
row spacing and 80 kg ha-1 seed rate (Table 3).

Table 3. Interaction effect of seed rate and inter row spacing on grain yield and total biomass in 2017
cropping season.
Treatments
20 x 80
20 x 100
20 x 120
30 x 80
30 x 100
30 x 120
40 x 80
40 x 100
40 x 120
LSD 5%
CV (%)

GY (kg ha-1 )
887.40cd
1802.00b
1372.70bc
1167.30c
1718.30b
2835.30a
878.50cd
1656.50b
2065.65b
451.10
13.01

TBM (kg ha-1 )
5581.60g
7483.70d
6897.30e
5986.70f
8056.70c
9258.30a
5217.63h
8680.30b
7702.30d
454.65
14.53

Mean values within column followed the same letters are not significantly different (P < 0.05), GY=Grain yield,
TBM=Total biomass.

Based on the present study, increasing seeding
rate results in increasing grain yield. Similar with
the present finding, Worku (2008) reported that
grain yield increased as seeding rate increased
from 50 to 150 kg ha-1. Moreover, Ali et al. (2010)
concluded that grain yield was maximum at
seeding rate of 150 kg ha-1 followed by 175 and

200 kg ha-1, which are against the seeding rate of
125 kg ha-1. The same result also reported by
Iqbal et al. (2010) who concluded that seeding
rate of 150 kg ha-1 produced significantly higher
grain yield (4120 kg ha-1) followed by 175 and 200
kg ha-1 seeding rates (3904 and 3785 kg ha-1).
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Table 4. Interaction effect of seed rate and inter row spacing on grain yield, 1000-seed weight and
total biomass in 2018 cropping season.
Treatments
20 x 80
20 x 100
20 x 120
30 x 80
30 x 100
30 x 120
40 x 80
40 x 100
40 x 120
LSD 5%
CV (%)

GY (kg ha-1 )
3218.8de
3868.4bc
3521.6cd
3609.3c
4095.57ab
4481.53a
2811.43f
3022.8ef
3570.74cd
388.74
25.9

TSW
40.83c
42.5bc
41.83bc
42.00bc
44.5b
39.6c
51.83a
49.6a
52a
2.97
12.9

TBM (t ha-1 )
9.63de
11.3bc
14.2a
10.26cd
12.46b
14.6a
7.63f
8.93ef
10.3cd
1.31
19.6

Mean values within column followed the same letters are not significantly different (P < 0.05), GY=Grain yield,
TSW=100 seed weight, TBM=Total biomass.

Thousand seed weight
The analysis of data revealed significant
difference due to interaction effects on thousand
seed weight (Table 4). The highest mean
thousand seed weight (51.83 g) was obtained
from 40 cm inter row spacing and 80 kg ha-1 seed
rate, while the lowest mean thousand seed (40.83
g) was obtained from 20 cm inter row spacing
and 80 kg ha-1 seed rate (Table 4).
The result showed that seeding rate and row
spacing had inverse relation in affecting thousand
kernels weight. The lowest kernels weight was
obtained from the highest seeding rate and this
might be due to thickening of population density,
which resulted competition among nearby plants
nutrients and moisture. Similar with the present
finding, Baloch et al. (2010) concluded that the
higher the seeding rate in bread wheat resulted in
decrease in 1000-kernels weight. Another
research finding by Hiltbrunner et al. (2005) also
noted that as seeding rate increased, 1000kernel weight decreased. Similarly, Fani et al.
(2014) showed that at high densities (250 and
300 kg ha-1) thousand seeds weight declined
whereas in low densities of 50 and 100 kg ha-1,
thousand seed weights increased..
Total biomass
The analysis of data revealed significant
difference due to interaction effects on total
biomass (Table 4). The highest mean total
biomass (14.6 t ha-1) was obtained from 30 cm
inter row spacing and 120 kg ha-1 seed rate, while
the lowest mean grain yield (7.63 t ha-1) was
obtained from 40 cm inter row spacing and 80 kg
ha-1 seed rate.
The result showed that when seeding rate
increased, the total biomass increased total
biomass. Zewdie et al. (2014) reported a positive
association between biomass yield and plant
height and thus taller plants resulted higher

biomass yield. Similar with the present finding,
Jemal et al. (2015) also reported that higher
biomass yield was recorded when seed rate
increased from 200 and 175 kg ha-1. Similarly,
Iqbal et al. (2010) found that biological yield
increased as seeding rate increased from 125 kg
ha-1 to 150 and 175 kg ha-1.

Conclusion and Recommendation
From the present study, it is possible to conclude
that both seeding rate and inter row spacing
affect yield and yield related traits of food barley.
The results indicated significant differences in all
parameters except plant height and spike length.
Based on the results, among treatments use of 30
cm inter row spacing and 120 kg ha-1 seed rate is
superior in grain yield (4481.53 kg ha-1) in 2018
and (2835 kg ha-1) in 2017 cropping season.
Therefore, this study investigated and concluded
that inter row spacing of 30 cm and seeding rate
of 120 kg ha-1 performed better and gave higher
grain yield (4481.53 kg ha-1) and (2835 kg ha-1).
However, the highest spike length and thousand
kernel weight were recorded in the lowest seeding
rate (80 kg ha-1) and the wider inter row spacing
(40 cm).
Therefore, use of 30 cm inter row spacing with
seeding rate of 120 kg ha-1 can be recommended
for food barley producing farmers at Shama
Bulket kebele and its vicinity.
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ABSTRACT
The global population is expected to increase to 9 billion by 2050, with the youth accounting
for 14 per cent of this total. While the world's youth population is expected to grow,
employment and entrepreneurial opportunities for youth, particularly those living in low
and middle-income countries remain limited, poorly remunerated and of poor quality. The
Ugandan population, in particular, is largely comprised of a high youthful population with
78 percent below the age of thirty. Evidence reveals that youth engagement in agriculture is
declining, and in recognition of the agricultural sector's potential to serve as a source of
livelihood opportunities, this study assesses the factors impeding youth engagement and the
drivers of innovation among the youth engaged in agricultural enterprises in Mid-Western
Uganda. Anchoring in the Agricultural Innovation System (AIS), cross-sectional survey and
case study research designs were employed to establish the innovativeness of youth, and the
factors impeding engagement in agricultural enterprises from the youth's perspective. A
pairwise ranking of the factors was also independently done. The findings reveal that the
significant factors restraining youth engagement in agricultural enterprises as enhancing
soil productivity, access to relevant technical knowledge and information, and access to land
for production. The major innovations for successful youth engagement in agriculture are
irrigation to reduce risks of dependence on rain, mechanization to reduce labour struggle,
and market linkages. The case studies' innovation index portrays a high potential of
innovativeness of youth to revolutionize and make agriculture gainful and attractive to the
youth.
Keywords: Agricultural Innovation System (AIS), Innovation Matrix, Innovation Index, Youth
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Introduction
Over the last decade, there has been a
groundswell of policy and research interest in
youth livelihoods (Sunberg and Hunt, 2019) and
yet the challenge of full integration of youth in
economies and production systems seems to be
growing. For decades to come, the youthful
population is envisaged to increase (UN, 2019),
which will exacerbate the challenge. There is
interest [from both government and non–
government actors] in how to engage youth in
agriculture based on the facts that agriculture is,
and will remain, a "sector of opportunity" for
youth (Kimaro et al., 2015), especially in the
LMICs.
With proactive programs, innovations, and
investment that support job growth in the food
sector, a booming youth population has the
potential to transform LMICs, making them more
prosperous, stable, and secure (Sunberg and

Hunt, 2019). According to the National Youth
Policy of Uganda, a youth is an individual
between 18 and 30 years (NYP, 2001). It is
expected that the youth will deploy their
innovative minds to embrace and harness new
agricultural production technologies to increase
productivity, and apply Information and
Communication Technology (ICT) to engage
better with market systems to transform
agriculture and food systems in general.
This study assesses the factors impeding youth
engagement, and the drivers of innovation among
the youth to gainfully engage in agricultural
enterprises in Mid-Western Uganda. Specifically,
the study identifies the challenges that constrain
youth engagement in agriculture; describes the
innovations that some youth apply to gain from
agricultural enterprises; and the drivers for their
innovativeness.
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Materials and Methods
The Agricultural Innovation System (AIS)
thinking provides a framework for understanding
the complexity of innovations in farming systems.
Klerkx et al. (2010) explain that innovations
entail alignment of tangible products or a welldefined set of practices and technologies
(hardware), new modes of thinking and
corresponding practices and learning processes
(software), and new institutions and socialorganizational
arrangements
(orgware).
Therefore, appropriate innovations need to be
situated in systematic learning and knowledge
exchange processes (Chindime et al., 2017).
Cross-sectional survey and case study research
designs were employed. A survey was used to
establish the factors impeding engagement in
agricultural enterprises from the youth's
perspective. A pairwise ranking of the factors was
independently done with 107 youth groups, while
the case study was used to understand the
innovations practiced. Quantitative data was
gathered through pairwise ranking, while
Qualitative data were gathered through key
informant interviews from the cases. Qualitative
data was collected to identify the number and
nature of innovative practices that were
successful. Based on this data, an innovation
matrix was tabulated, and the determinants for
the innovations determined. Data were also
generated to establish the innovation index,
which indicates the level of innovativeness for the
entire enterprise. Following the Oslo Manual of
innovation indicators, the following data were
collected: production, processing, and marketing.
Data analysis was performed in three successive
steps:
Step 1: Developing Innovation Matrix

The observed innovations (N1, N2 & N3) for each
case were characterized as hardware, software,
and orgware (Ariza et al., 2012). The overall
innovation (N0) is the sum of the respective
innovations in the various categories. Thus;
N0 = N1 + N2 + N3 ……

Step 2: Computation of Innovation Index (II)

Innovation Index (II) is a single number
computed to obtain the degree of innovation of
each case.
The innovations considered were of three types:
Innovation Type 1 = Production Innovations (H,
S, O), Innovation Type 2 = Processing
Innovations (H, S, O), and Innovation Type 3 =
Marketing Innovations ((H, S, O). Note: H=
Hardware (technologies and tangible products),
S= Software (knowledge, processes, training, and
learning), O= Orgware (social organization,
integrated service arrangements, advocacy,
promotions, and marketing).
Innovation Index (II) is computed by:
n
II = ∑ 1jfjk
j
Where; II = innovation index (The minimum
value of the Innovation Index is 0, for a case with
no innovations. The maximum value of
innovation index is 1 if in extreme cases where
the case implements all possible innovations), j =
jth innovation in the Innovation Matrix, n = total
number of innovations among the studied youth
cases, 1j = indicator function that points where
there are innovations or no innovations, fj =
relative frequency/ how regular the youth
practices the jth innovation, k = is the power of
the sub innovation category of the innovations
practiced. The frequency is measured in the
interval (0, 1).
Step 3: Content Analysis of the Benefits and
Determinants for Innovation

Content analysis was done for qualitative data
based on deductive approaches to identify the
broad themes that showed the determinants of
innovativeness, and the benefits obtained from
innovative practices as perceived by the youth
entrepreneurs.

Results and Discussion
The prioritized list (through pairwise ranking) of
the factors impeding youth engagement is
presented in Table 1, showing scores and ranks
for each factor.

Table 1. Factors impeding youth engagement in agriculture.
Factor

Government
Non-Government
Mean Score
Rank
Mean Score
Rank
(n= 47)
(n= 60)
Soil Exhaustion
9.72
1
10.38
1
Limited Access to Land
9.40
2
7.98
5
Insufficient Inputs
8.60
3
8.38
3
Returns on Investment
8.47
4
7.63
6
Low Prices
8.28
5
7.20
8
Risks and Uncertainties
8.26
6
6.27
11
Lack of Technical Guidance
8.15
7
8.97
2
Lack of Market
7.83
8
6.68
10
Lack of Knowledge
7.21
9
8.15
4
Insufficient Capital
7.15
10
7.33
7
Lack of Insurance
5.74
11
6.08
12
Lack of Credit
5.21
12
4.77
14
Poor Storage Facilities
4.49
13
6.97
9
Labor Intensive
4.04
14
4.78
13
Respect
2.45
15
3.42
15
*** and ** indicate statistical significance level at 1% and 10%, respectively.
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T-Statistic
1.149
-2.024**
-0.409
-1.585
-2.449**
-2.946***
1.169
-2.313**
1.659
0.308
1.807
-0.707
3.678***
1.329
1.653
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The results show that soil fertility was the most
important (ranked No. 1) factor impeding youth
engagement in agriculture for both Government
and Non-Government Organizations (NGO)
supported groups. The ranking of the factors
differed as shown in Table 1. Whereas the NGOs
supported groups valued and ranked technical
guidance as their second most important
constraint, the second most important constraint
for the Government-supported groups was access
to land. This reflects a difference in perspective
between the two groups; the Non-Government
supported
groups
depicting
a
more
entrepreneurial view where knowledge and skills
offer a more competitive edge in terms of
productivity and other processes in the value
chain, while the Government supported groups
focus more on physical constraints such as
limited access to land.
T-statistics were run to check whether the
supporting body (Government or NonGovernment) influenced the scoring. The
negative sign on some of the T Values (Table 1)
implies an inverse relationship; an increase in the
factor leads to a decrease in engaging in
agricultural enterprises. Limited access to land,
risks and uncertainties, lack of market, low prices
offered, and inadequate storage facilities were
significant. This implies that the kind of support
given to youth has a bearing on their outlook on
the impeding factors. Therefore, considering the
youth's view of what they think are the factors
impeding their engagement in agriculture before
intervention is crucial.
Table 1 further reveals that youth were impeded
by insufficiency in farming inputs due to the high
costs of farming inputs associated with poor road
networks in rural areas that tend to increase
transportation
costs.
With
increased
transportation costs, the price of inputs in rural
areas is likely to be high relative to urban areas
with better road networks.
The findings also indicate significant differences
noted in the factors impeding youth engagement
in agricultural activities. Such factors included
lack of appropriate storage facilities, low prices,
risks and uncertainties, lack of market, and low
access to land. This can be attributed to the
different modes of engagement and support
services rendered to the youth, as discussed in
the earlier sections of this chapter. In lieu of the
above, some cases of youth are engaging
innovatively, and their innovations and
innovativeness are discussed in the subsequent
sections of this paper.
Innovations deployed by some youth
Amidst the prior discussed constraints, some
youth innovate and benefit more from their
agricultural enterprises than others benefit.

These could serve as role models to inspire and
assure other youth of the possibility of decent
livelihoods from agriculture. The case studies
exhibited innovations at different nodes of the
agricultural value chain (production, processing
and marketing). These innovations are
characterized with regard to hardware, orgware,
and software (Table 2).
Production innovations comprised practices and
technologies that enhanced productivity namely:
use of improved seed, fertilizer, pesticides,
acquisition and use of machinery. Proper
application of these practices requires access to
knowledge/information, which is regarded as
part of the software element of innovation.
Processing innovations comprise all activities
that add value to what is produced, such as
sorting and grading, preservation, extraction of
juices, and packaging. Marketing innovations
comprised of the acquisition of packaging
material, possession of contracts with buyers,
means of transport available, integration of ICTs
in marketing such as online marketing.
The number of innovations (Table 2) is the total
possible number of activities the firm (case) could
have practiced. It is obtained by summing up the
total number of activities per each element of
innovation along the production, processing and
marketing nodes of the agricultural value chain.
The percentage of innovation is the extent to
which a particular firm practiced that attribute of
the innovation. The more the number of
innovations practiced, the higher the innovative
index, hence the more innovative the concerned
youth are. As indicated in Table 2, Tusubira
Enterprises exhibited the highest (58.3%)
number of attributes of innovations across the
value chain. Possession of a motorcycle and
packaging
materials
for
their
produce
contributed most to the score on the hardware
element of marketing innovations.
Level of Innovativeness
An innovation index was used to determine the
level of innovativeness of the cases. Innovation
index is measured through a weighted
combination of adopted components of
innovations: hardware, software, and orgware
investments (Renwick et al., 2014).
Case 2 had the highest (0.633) innovation index,
arising from the number of innovations
exhibited. They practiced machine-supported
irrigation to reduce dependence on rain; had
some labor saving mechanization; had exposure
and networks with people who came to train at
the firm; had stable labor (4 permanent workers)
and 12 part-time workers; they proactively sought
for knowledge through attending various training
and exposure visits to other successful farms; and
acquired a motorcycle to ease their transport.

Int. J. Agril. Res. Innov. Tech. 12(1): 39-44, June 2022

41

Loga et al. (2021)

How do youth innovate to make agriculture gainful? Challenges in Uganda

Table 2. Typology of innovations by the youth along the value chain.
Innovation
along the
Agricultural
Value Chain

Elements
Innovation

Hardware

of

Attributes of the
Innovation




Production
Innovations



Orgware




Software





Hardware
Processing
Innovations




Orgware





Software




Hardware



Marketing
Innovations


Orgware





Software





Number of
Innovations
Practiced

Acquisition of
machinery
Use of improved
seed
Use of fertilizer
Use of improved
pest management
Hiring labor –
social organization
Credit
arrangement for
access to inputs
Trainings in better
processes
Acquisition of
knowledge
Extension service
provision
Acquisition of
machinery
Acquisition of
improved storage
facilities
Value addition
Collective
processing
Integrated service
management
Integration of ICTs
Acquisition of
knowledge
Acquisition of
means of Transport
Acquisition of
packing material
Possession of
contracts with
buyers
Hiring labor for
professional
marketing
Partnership with
external actors
Monitoring quality
of produce
Use of ICTs
Input provision to
producers

4

50

75

75

2

100

50

50

100

67

33

3

0

67

0

2

50

50

0

2

50

50

50

0

100

0

67

33

0

67

33

33

58.3%

33.3%

3

2
3

3
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Case 1 had an innovation index of 0.592
attributed to creating linkages with farmers to
provide extension services, and had the
demonstration garden serve as an access point
for information and knowledge (extension
services). For all the training offered, each
individual who attended paid and seedlings were
sold at the end of the training. With such
guaranteed income, they had access to inputs on
credit, and payment would be deducted from
their revenues over an agreed period. Besides
sharing knowledge, possession of contracts with
potential buyers is an innovative way to assure
the market for one's produce.

Percentage of Innovations Practiced per
Case
Case 1
Case 2
Case 3
Art planet
Tusubir
Sunrise
a

54.2%

Case 3 had the lowest (0.383) innovation index
because they practiced the least innovations
along the nodes of the value chain. Besides
exchange visits to other successful farms within
and beyond the district, practicing integrated
pest management and acquisition of processing
knowledge, not much was done to add value to
their produce, a package for marketing or even
acquire machinery. Most of the activities within
their enterprises were done with minimal effort
to integrate new aspects compared to their
counterparts.
All the cases integrated ICTs in their marketing
systems, indicating the relevance and value of
ICTs. They mainly used mobile phones to look for
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substantial market information, especially
concerning the trending product prices, and
availability of buyers for their products. Although
all cases had access to knowledge on how to
process, processing of agricultural products
remains expensive to the youth, especially
without a credit arrangement system fueled by
the lack of collateral.

(Chindime et al., 2017; Bragdon and Smith,
2015; Läpple et al., 2015). The available avenues
for expertise knowledge acquisition were advisory
services from extension workers and training
mainly organized by Non-Government agencies.
Exchange visits and demonstration plots also
provided a platform for peer learning among the
youth.

The overall computed innovation index for the
three cases was 0.536. This performance is
considered high in agricultural value chains in
the African context. Other scholars such as
Chindime et al. (2017) found the innovation
Index to be 0.37 for Malawi Dairy farmer’s
innovation satisfactory, despite the substantial
investment made by the government of Malawi in
dairy farmers' innovations. In this context, even
the lowest index (for case No.3) of 0.383 is good,
while case No. 1 with the highest index of 0.633
could be described as highly innovative. Even in
developed industries in countries like Ireland
have been found to have an innovation index as
high as 0.64. Given the context of the cases
studied, the overall index of 0.536 is considered
high and depicts youth's potential to maneuver
the challenges to make agriculture a decent
employment.

c) Credit

Determinants for Youth Innovativeness
The study explored the factors that supported the
level of innovativeness of some youth, as
explained above. A synthesis (using content
analysis) of the determinants for innovation
among the youth revealed the key drivers to be:
partnership with other actors, access to relevant
knowledge and information, access to credit,
access to improved inputs, access to labor and
prices of agricultural products.
a) Partnerships and Networks
Partnership with other actors in this study
referred to the youth's ability to network with
other organizations or individuals that were not
directly involved in their groups. The cases where
this was displayed had a higher innovation index
than those that did not. These results correspond
well with Bragdon and Smith (2015), who
established that innovation takes place through
social interaction, and in the process, individuals
build, learn from each other and strategically
adapt to new tools and techniques to suit their
particular circumstances. Therefore, it is
important to promote and strengthen effective
networking by improving youths' network sizes,
and interactions (Meijer et al., 2014) for more
benefits among innovative youth engaged in
agricultural enterprises.
b) Knowledge
Results showed that access to expertise
knowledge contributed to youth's innovativeness.
Previous studies have shown that knowledge is
paramount and is the heart of innovation

Availability and affordability of credit increased
youth's innovativeness, although most did not
have the required collateral. One of the cases
accessed credit in kind through the acquisition of
inputs, and payment was made at the end of the
season after harvest. As expected, this increased
its innovativeness in comparison to other cases.
Affordability of credit eases financial constraints
among the youth engaged in agriculture (Shahin,
2004). These results were consistent with
Ndunda and Mungatana (2013), who found out
that increased access to credit enhanced
innovativeness.
d) Quality Inputs
All agricultural enterprises need quality inputs to
engage
in
production.
Availability
and
affordability to improved inputs contributed to
innovative
engagement
in
agricultural
enterprises. Inputs needed include improved
seed, fertilizer, pesticides, and herbicides, feeds,
among others. The cases that had access to
improved inputs had a higher innovation index.
The youth's main avenue for acquiring inputs was
through private acquisition by cash and
occasionally Government provision in kind. The
youth further pointed out the need to improve the
quality of inputs and delivery of the Government
provided inputs.
e) Labor
Availability and affordability of expertise labor
increased youth's innovativeness because most
innovations along the agricultural value chain are
intensive and require a lot of labor to be
executed. The positive effect of labor availability
and affordability is in line with general findings
in the literature (Chindime et al., 2017). Cases
that could hire more laborers had more capacity
to execute the activities in each element of the
innovations.
f) Prices
The low and often fluctuating prices offered by
buyers
negatively
affected
the
youth's
innovativeness. As the demand for agricultural
products increased, the youth were offered the
same price irrespective of quality. Price
differentiation was mainly due to the quantities
one could produce. The uniform prices offered
made the youth less innovative and focused more
on quantities produced to attain more financial
benefits.

Int. J. Agril. Res. Innov. Tech. 12(1): 39-44, June 2022

43

Loga et al. (2021)

How do youth innovate to make agriculture gainful? Challenges in Uganda

Conclusion
In conclusion, this study sought to establish the
factors impeding youth engagement in
agriculture and the innovativeness of youth
engaged in agricultural enterprises in midwestern Uganda. Based on the results discussed
above, the following conclusions are made:
 The
major
factors
impeding
youth
engagement in agricultural enterprises are
enhancing soil productivity, access to relevant
technical knowledge and information, and
access to land for production.
 Amidst numerous constraints that the youth
face to engage in gainful agricultural
enterprises, some youth innovate and are
more successful in agriculture. The major
innovations for successful youth engagement
in agriculture are irrigation to reduce risks of
dependence on rain, mechanization to reduce
labor drudgery, and market linkages. The case
studies' innovation index portrays a high
potential of innovativeness of youth to
revolutionize and make agriculture gainful
and attractive to the youth.
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ABSTRACT
Agricultural expansion is one of the main drivers of deforestation in Ethiopia. This study was
therefore carried out to examine the trade-off between forest and agricultural land uses in Guraferda
district, southwest Ethiopia. Data to estimate economic values of land use were derived from the
household surveys, key informant interviews, and focus group discussions. The household surveys
were carried out in four purposively selected kebeles. Within the selected Kebeles, a total of 186
sample households were selected randomly. In addition, this study used Remote Sensing (RS) to
detect and quantify LULC changes that occurred in the district throughout a thirty-year study period.
The study employed by Excel 2013 for solving a cost –benefit analysis and ERDAS Imagine 9.1 for
image processing. The finding revealed that an expansion of agriculture/settlement and shrinkage of
forest and shrub land over the last thirty-year. The forest and shrub land use decreased by 0.43 and
2.42% ha year-1, respectively, whereas agriculture/settlement and grassland increased by 9.1 and
0.64% ha year-1, respectively over the same period. The deforestation rate is estimated at 425 ha year-1
in the study area. Analysis of trade-off provides estimated forgone earnings of about ETB 79,138 ETB
(1665.3 USD ha-1) and ETB 258,298.10 (5,435.5 USD ha-1) from forest conservation and crop
production, respectively assuming a 20-year planning horizon and a 10% discount rate. The 425 ha of
annual deforestation entails a loss of ETB 33,633,650 (707,779 USD year-1) from forest conservation
and a gain of 109,776,692.5 ETB (2,310,115.5 USD) agricultural activity.
Keywords: ERDAS, Gain-Lose, Landsat imagery, Land use/land cover change, Trade - off
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Introduction
Global demand for agricultural products such as
food and feed is currently a major driver of
agricultural area expansion across much of the
developing
world.
Whether
these
new
agricultural lands replace forests, shrub land,
and/or grasslands greatly influences the
conservation values of expansion (Gibbs et al.,
2010).
Trade-offs
between
agricultural
expansion and nature conservation are usually
analyzed as a matter of competing uses of
ecosystem services. Ecosystems provide direct
provisioning for humans, through processes of
cultivation or extraction of food and fiber. The
Millennium Ecosystem Assessment broadly
defines ecosystem services as the benefits people

obtain from natural ecosystems (MEA, 2005).
Agricultural production is a provisioning service
(food) and nature conservation provides a mix of
all four types of ecosystem services (provisioning,
regulating, supporting, and cultural services)
(Franks et al., 2017). These services are mutually
exclusive (Tscharntke et al., 2005; Brussaard et
al., 2010).
In Ethiopia, agricultural expansion is the most
significant economic driver of deforestation
and biodiversity loss as is in most other countries
in Africa. According to Ethiopia’s forest reference
level submission to the United Nations
Framework Convention on Climate Change
(UNFCCC), 53% of the deforestation in the
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country is associated with conversion to
agriculture and grassland (FDRE, 2016). A closer
analysis of the geography of deforestation
in Ethiopia shows that the highest rates of
conversion of natural forests to other land use are
found in the southwest of the country where
there is 1.7 million ha of forest. This is mainly due
to large-scale commercial agriculture over the
period 2002–2012 (Franks et al., 2017). In
Ethiopia, between 1973 and 1999, the forest cover
change reduced to about 2.36% (Reusing,
2000). The current data on forest resources of
Ethiopia reported in (FAO, 2010), the forest
cover decreased from 15.11million ha in 1990 to
12.2
million
ha
of
forestland
in
2010. Thus, in two decades, 2.65% of forest cover
has been deforested (Moges et al., 2010).
Southwestern Ethiopia was almost completely
land-covered by montane rainforests at the
beginning of the 19th century (Chaffey, 1979;
Reusing, 1998; Reusing, 2000). In 1967 the
proportion of natural forest (35%) and wooded
grassland (30%) diminished to 7% and 6%,
respectively, in 2001 whereas 19% of the
cultivated and settlement land in 1967 increased
to 75% in 2001 (Mekuria, 2005). Large areas of
forest have been usual for tea, coffee,
soapberry, rubber tree, black pepper, and cereal
crop production investment in the region,
which has resulted in a rapid decrease of forested
land (Dereje, 2007; Tadesse and Woldemariam,
2007).
Economic studies have been conducted on the
effect of land-use change on forest ecosystem
services (Reichhuber and Requate 2012;
Rojahn’s, 2006; Sutcliffe, 2009; Sutcliffe, et al.,
2012). Studies have been conducted on trade-offs
between income and tree cover when
incorporating trees into food-crop based
agricultural systems by comparing economic
return of provisioning ecosystem services
(Rahman et.al, 2016). In addition, Silva et.al
(2016) estimate trade-off between forest and
agriculture commodity in Amazon using a
directional distance function to estimate a
production possibility frontier. This study is
different, selecting crop-dependent and forestuser groups separately, using GIS satellite image
analysis rather than secondary data, combining
economic gain of land use and image analysis to
determine trade-off. Some studies focused on
exploring impact of deforestation on biodiversity
(Kassa et al., 2017), sediment yield at southwest
Ethiopia's forest frontier (Kassa et al., 2019),
while land use/land cover change and its drivers
(Gessese, 2017). Studies investigated on the
poverty
reduction
and
tropical
forest

conservation through sustainable management of
non-timber forest products (Worku, 2014). The
local people have developed traditional forest
management practices based on customary
tenure rights and religious believes managing the
forests in order to meet their needs for a variety
of timber and non-timber forest products for
household use and their income generation
(Zewdie, 2007). However, the current land use/
land cover change that has resulted in
deforestation is caused by agricultural expansion
in the usage of open farmlands, settlement, and
investment in commercial farming (Mekuria,
2005; Dereje, 2007).
In Guraferda district, the benefits/gain derived
from agriculture is in contrast to the forest
provisioning ecosystem services benefits that
provides to humans. This the expansion of
agricultural land due to the rapidly growing
domestic food demand and large-scale plantation
of coffee, rubber, black pepper, and cereal crop at
the expense of the natural forest (Kassa et al.,
2017). This implies serious trade-offs between
agricultural
land-use
objectives
(food
production), which certainly leads to a negative
change in forest land-use objectives (forest
conservation) in the area. However, have either
been less frequently studied or completely
overlooked trade-offs i.e. gain from the expansion
of agricultural land and loss of benefits from the
forest due to agricultural expansion in a form of
deforestation in Gurafeda. Therefore, the present
study aims at analyzing trend of land use/land
cover change and issues associated with gain
from the expansion of agricultural land and loss
of benefits from the forest due to agricultural
expansion in a form of deforestation in Guraferda
district, southwest Ethiopia.

Methodology
Description of study area
The study was conducted in Guraferda District in
southwestern part of Ethiopia, in Bench Sheko
administrative zone of Southern Nations,
Nationalities, and Peoples' Region. Located 635
Km Southwest of Addis Ababa, the capital of
Ethiopia and 42 Km away from Mizan-Teferi city
(Fig. 1). Geographically, it is positioned between
6°29’5” to 7°13’20” N and 34°55’59” to 35°26’13”
E. The agro-climatic zones of study area were
lowland and midland, which constitute 78.25%
and 21.75%, respectively. The altitude ranges
from 700 to 1995 meters above sea level (Belay,
2009). The mean annual rainfall is between 1500
and 2400 mm. The average monthly temperature
of the district is 29.5oC.
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Fig. 1. Study area map.
Sampling techniques
Guraferda district was selected purposely because
of high conversion of forest to alternative land
use, particularly to agriculture. Two kebeles1
(Kuja and Otuwa) where people’s livelihood
dominantly depends on crop production and two
kebeles (Dankila and Bazuka) where there are
forest users that economically depend on forest
products were selected to analyze the trade-off
between land uses. A simple random sampling
technique was used to select respondent
households from selected kebeles. A total of 186
households was selected randomly. The total
sample size was distributed to each sample kebele
based on the proportion of total number of
households in each selected kebeles.
Data collection
Household
surveys,
key
informant
interviews and focus group discussions
Primary data were collected from field using GPS
measurement, household surveys, key informant
interviews and focus group discussions. The
secondary data were collected from satellite
images, relevant published material (books,
articles and review papers) and unpublished
materials (District land administration, Forest
and Environmental and agricultural offices). The
survey was conducted in the agricultural
dependent sites (Kuja and Otuwa) mainly on crop
1The

smallest administrative unit of Ethiopia similar to
a ward, a neighborhood or a localized and delimited
group of people.

production and forest user groups’ (Dankila and
Bazuka). The widely applied guideline of the
Poverty and Environment Network (PEN-CIFOR)
was applied for the definition of income in the
household surveys. Accordingly, household
income is the return to the labour and capital
owned, used in own production and incomegenerating activities, or sold in a market
(https://www.cifor.org/publications/pdf_files/p
osters/6553-infographic.pdf). All price and
product quantities for sold and consumed
products were obtained from the respondents'
individual reports. The field data collection was
done
from
March-May
2020
using
questionnaires.
Twenty key informants’ interviews were
conducted in all selected kebeles. In forest user
the key informants who are native community indepth interviews were carried to get clear data on
existing LU/LC type, the historical trend of
LU/LC, type of forest product, and changes in
forest use over time. In agricultural dependent
areas, detailed interviews were carried about the
current land use, crop production and input used
for crop production.
Four group discussions were undertaken (two
forest user groups and two crop producer groups
(one at each selected kebeles). They were selected
purposively
based
on
knowledge
on
environmental and social settings of the study
area. As well as individual who have good
experience in crop production and forest
products were selected to discuss on specific
issues related to the purpose of study by forming
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8-10
of
participants
with
homogenous
composition and member sharing similar
background and experience on the subject in
study. In forest user groups, the focus issues of
discussion were the type of benefits derived from
the forest, household dependence on forest, cause
of forest loss, LULC type and the trend of LULC
were discussed within the group. The main
discussions points in agricultural dependent
kebeles, were about the livelihood of agricultural
dependent people, major crop type, payment of
wages, inputs of production and crop
productivity in the study area.
Satellite images

States Geological Survey (USGS) website,
https://earthexplorer.usgs.gov, for analyzing and
detecting the trends of land use and land cover
(LULC) changes in the study area. These periods
include the major political and social changes
that occurred in the study area in the recent past.
These are the 1990/91 collapse of the Derg
regime, the major resettlement program
organized by the FDRE government in 2000, and
the occurrence of large-scale agricultural
investments in 2010. Finally, in order to identify
the current LULC changes, preferred to use
image of the 2021 as a reference. To reduce the
effect of cloud cover and seasonal variation, the
dry season was selected to acquire satellite
images so that a clear image can be obtained for
the study area (Table 1).

Secondary data of remotely sensed Landsat
Thematic Mapper (TM) and Operational Land
Imager (OLI) images of 1990, 2000, 2010, and
2021 have been downloaded from the United
Table 1. Descriptions of the Landsat images used for the land cover classification.
Satellite/ Sensor

Landsat-5/ TM

Landsat-8/ OLI

Path/ Row
170/055
170/056
171/055
170/055
171/055
170/055
171/055
170/055
171/055

Acquisition date
(yyyy/mm/dd)
1990/03/03
1990/12/16
1990/11/21
2000/03/14
2000/03/21
2010/02/06
2010/01/28
2021/03/08
2021/01/10

Data analysis
Land use change analysis
The multi-dated Landsat images were imported
into the ERDAS Imagine 9.1 software to evaluate
the change between the land use and land cover.
The pre-processing on the raw image was carried
out which consider band selection and stacking,
image mosaicking, enhancement, clipping of the
imageries, image classification, and accuracy
assessment were performed. The Landsat images
are already corrected of the geometric and
radiometric errors.
The second step is the processing. In this step,
the pre-processed images were classified in to
land use and land cover classes to forming
thematic layers. For doing this, supervised
classification technique was used to categorizing
the image pixels into identified map classes,
namely, agriculture/settlement, natural forest,
shrubs, grass, and plantation coffee. Based on
district
land
administrative
office,
key
informants, and site visit, different land cover
classes were identified on the ground and
compared with the image data so that the image
pixels are categorized accordingly.
In the third step, the post-processing steps were
applied on the processed images. This involves
ground truth data collection and accuracy

Spatial resolution (m)
30
30
30
30
30
30
30
30
30

assessment processes. A ground truth points, 41
from agriculture/settlement, 50 from forest, 48
from plantation coffee, 36 from grassland and 30
from shrub land were collected from the field
using (GPS). The ground truth data were
distributed randomly for each image under study.
For the years 1990, 2000, and 2010, the data was
interpreted on the original images of the
respective years, using Google earth, and
interviewing of KI during the field visit. For 2021,
GPS navigation system in combination with KI
was carried out to find the locations of the points
within the study area and recording of the LULC
types found on the locations. These reference
data were then cross-tabulated with the
classification maps to determine and quantify the
amount of errors made during the image
classification. The rate of land cover change was
calculated for the four periods from 1990-2000,
2000-2010, 2010-2021 and 1990-2021 using
following formula:
𝑟=

𝑄2 −𝑄1
𝑡

Where,
𝑟 is rate of change,
𝑄2 is recent year LULC in hectare
𝑄1 is initial year LULC in hectare,
𝑡 is interval year between initial and recent year,
respectively.
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Economic analysis
Monetary valuation methods analyze trade-offs
by comparing economic gains to ecological goals
as net present values based on cost-benefit
valuations/analyzes (Chen et al., 2016).
Economics analysis is one tool for measuring the
value of the trade-offs (Godsey, 2000). To
estimate trade-offs between competing land uses,
all direct benefits and costs were quantified
across the production 2019/2020 years. To
compare economic gain of land-use conversion
from forest to new land use, which was estimated
from crop production and household loss by
means of deforestation, estimates were obtained
from forest data collected by the household
survey. Measuring the costs and benefits of nonextractive and preservation values is difficult
(Sutcliffe, 2009). Therefore, the focus of the
study was on the direct use value of forest
products. Many crops and forest products are
sustainably harvested every year and thus
provide a stream of benefits into the future. In
order to capture the total net present value of
these products over a long period of time, it is
necessary to discount the future net income.
Therefore, 20 years period was assumed for
analysis of land use with 10% discount rate. This
rate was sourced from the Ministry of Finance
and Economic Development (MoFED) and it has
been used in other national economic valuations
(WFP, 2005; Reichhuber and Requate, 2012).
The NPV of land use was calculated using the
following formula:

𝑁𝑃𝑉 = ∑𝑛𝑡=0

𝐵𝑡 −𝐶𝑡
(1+𝑟)𝑡

Where: NPV is the present value of all benefits,
discounted at the appropriate discount rate,
minus the present value of all costs discounted at
the same rate. Bt is benefits flow at time t, Ct is
costs of production at time t, t is a year, and r is
the discount rate.

Results and Discussion
Land use /land cover change detection
The land use/ land cover change analysis was
conducted for four periods (1990, 2000, 2010
and 2021). In the district, five major land
uses/land cover classes were identified, namely:
agriculture/settlement, forestland, shrub land,
grazing land and plantation coffee (Table 2).
Land-use/land-cover patterns in the study area
have indicated a significant change between the
1990 and 2021 periods (Fig. 2). In comparison,
the area of forest and shrub land showed a
decreasing
trend
whereas
agricultural
land/settlement and plantation coffee has shown
increasing trend, respectively. On the other hand,
grassland showed a fluctuating trend between the
study periods. The error matrix overall accuracy
and kappa statistics were used to explain the
classification accuracy. Therefore, an overall
accuracy of 87.32%, 84.88%, 84.88% and 86.34%
was achieved for the Landsat TM of 1990, 2000,
2010 and OLI 2021 with kappa statistics of
0.809, 0.774, 0.789 and 0.814, respectively.

Fig. 2. Land use/cover maps of Guraferda district 1990, 2000, 2010 and 2021.
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As shown in Table 3, between 1990 and 2000,
there was an increment in grassland and
agricultural land/settlement while forest and
shrub land declined in the study area. Within this
period interval, agricultural land/settlement
increased at the higher rate of 229.05 ha or 8.9%
per year followed by grassland 1,632 ha or 2% per
year. For the same period, natural forest and
shrub lands were decreasing at a rate of -448 ha
or -0.44% per year and -1413 ha or-2.24% per
year, respectively.
In the period between 2000 and 2010, the land
under forest and shrub land show decreasing
trend of 0.12% and 0.86%, respectively, while
agriculture/settlement increased by 13.8%.
However, grassland showed a reversed trend
from the first period decreased by 1.13% per year.

Within this period, plantation coffee land use/
land cover system emerged and increased at a
rate of 10% per year (Table 3).
The result for the period 2010-2021 indicated
that the land under agriculture/settlement and
plantation coffee increased by a high rate of
1,054.5 ha (5.1%) and 459.4 ha (7.6%),
respectively followed by a slow increment rate of
grassland 849.4 ha (1.0%). On the other hand,
shrub land and forestland continued with a
decrement, which declined by 1,675 ha (4.0%)
and 757.1 ha (0.73%), respectively (Table 3). This
implies that shrub land has a higher rate of
decline, shrub land was originally forestland
degraded to shrub land, and then people easily
convert it to agriculture.

Table 2. Areas of LULC types in Guraferda district (1990-2021).
Years
LULC
Classes
Agriculture/
settlement
Forest
Shrubs
Grass
Plantation
Coffee
Total

1990
Area (ha)

%

2000
Area (ha)

%

2010
Area (ha)

%

2021
Area (ha)

%

1590.66

0.64

3881.16

1.56

15401.07

6.18

27000.18

10.84

103693.41
70528.14
73245.33
-

41.63
28.32
29.41
-

99214.2
56396.43
89565.75
-

39.84
22.64
35.96
-

98076.24
51750.09
79965.09
3865.05

39.38
20.78
32.11
1.55

90505.35
33326.19
89308.08
8917.74

36.34
13.38
35.86
3.58

249057.54

100

249057.54

100

249057.54

100

249057.54

100

Table 3. Rate of land use/land cover change in Guraferda District.
LULC Classes
Agriculture/settlement
Forestland
Shrub land
Grassland
Plantation Coffee

1990-2000
Rate
% yr-1
-1
(ha yr )
229.05
8.90
-448.00
-0.44
-1413.00
-2.24
1,632.00
2.00
-

2000-2010
Rate
% yr-1
-1
(ha yr )
1,152.00
13.80
-113.80
-0.12
-464.60
-0.86
-960.00
-1.13
386.50
10.00

Generally the LULC image (Fig. 2) and result
(Table 3) of four periods indicate both conversion
and modification of LULC types. The area under
forest land and shrub land declined by 425 and
1200 hectare per annual, respectively, during the
period
1900–2021,
whereas
agriculture/settlement land and grazing land
expanded by 820.0 and 518.2 hectares per
annual, respectively Similarly, the newly emerged
land use cover plantation coffee showed
increased by 287.7 hectares per annum (Table 3).
Focus group discussion and key informant
conducted in the district also support this trend
showing
an
increase
in
land
under
agriculture/settlement and coffee plantation over
time at the expense of other LULC (forest, shrub,
and grazing land) in the district is increasing as
population, area under settlement are rising, and
large scale commercial investments. The main
finding in this study shows that there is a major

2010-2021
1990-2021
Rate
% yr-1
Rate
% yr-1
-1
-1
(ha yr )
(ha yr )
1,054.50
5.10
820.00
9.15
-757.10
-0.73 -425.00
-0.43
-1,675.00 -4.00 -1,200.00 -2.42
849.40
1.00
518.20
0.64
459.40
7.60
287.70
3.23

decline in forest cover particularly natural
forests. In agreement with the finding of this
research, studies conducted in central rift valley,
Ethiopia, Gebreslassie (2014) and Gessese (2017)
in southwest Ethiopia, documented a reduction
of area under forest and shrub land and
conversely increase in area under agricultural
land. Rapid reduction in woodland and forest and
increase in agriculture/settlement was also
reported by Zeleke and Hurni (2001) in the
Dembecha area of Gojjam, and Nigussie (2016) in
Bale eco-region, Ethiopia. However, this funding
opposing the study of Alemayehu (2015) who
reported expansion of forest land between 1973
and 2015 with the corresponding reduction of
cultivated land in Fagita Lekoma Woreda, Awi
Zone, Northwestern Ethiopia.
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Forest and agricultural land use trade-off
This section presents results of the trade-off
between agricultural production and forest
conservation, which consider crop production
(maize, sorghum, and rice) in agriculture land
use, timber and non-timber forest products in
forestland use. The cost-benefit analysis was
conducted based on the input used/cost and
outputs produced/benefits from land-use across
2019/2020 production years were used to
compare gain/loss situation (Table 4). The total
revenue, cost, and profit of each land use were
divided by the total land area under the
cultivation of crops and forest cover to obtain per
hectare economic value of land use in the study
area. The annual deforestation rate was 425
hectares obtained from land-use change analysis.
The households earned different revenues from
forestland use as forest provisioning services. In
the study area, households gained the highest
revenue from honey and forest coffee product.
Estimated to be 3589 ETB (75.53 USD ha-1) of
annual profit the households gain from honey.
The net present value per hectare of the forest of
the sustainable supply of honey was ETB 30,554
(643 USD ha-1) in the district using a 10%
discounting rate whereas the household lost an
amount of 12,985,577 ETB (273,265.5 USD year1) total annual value of honey services due to
deforestation of 425 hectare of forest (Table 4
and 5). Sutcliffe (2009) who conducted a costbenefit analysis of forest and agriculture land
uses in southwest Ethiopia can compare these
figures to other study. It found that 118.62 ETB
(118.62 USD ha-1) of annual profit from honey
production and the net present value of 1,076.76
ETB (119.64 USD ha-1) for honey over 20 years at
a 10% discounting rate. Which is lower than the
figures in this paper because of the current value
of honey is high at the time of this study and the
author reported that the community lost
31,135,592 ETB (655,210 USD year-1) from honey
production through deforestation with 28,916
hectare annual deforestation rates. Sutcliffe et al.
(2012) revealed that the net value of honey was
960.49 ETB (64 USD ha-1) of the forest after
deduction 40% of total cost from total production
in southwest Ethiopia. Reichhuber and Requate
(2012) also reported that the annual profit from
NTFP was 144.48 ETB (16.8 USD ha-1) and the
net present value of NTFP was 1,548 ETB (180
USD ha-1). Using 10%, discounting rate over 40
years conducted in the same land uses in Sheko
southwest Ethiopia.
Annually, the household was gaining 3492 ETB
(73.5 USD ha-1) profits from coffee inside the
forest. The net present value per hectare of the
forest coffee was 29,732.8 ETB (625.7 USD ha-1).
On another side, the local community lost
12,636,440 ETB (265,918.3 USD year-1) of the
total annual value from forest coffee due to 425

hectare of deforestation (Table 4 and 5). This
finding was much lower than the findings of
Rojahn’s (2006) which reported that the net
present value of forest coffee was 96,586 ETB
(11,231 USD year-1) at a 10% discounting rate over
24 years in southwest Ethiopia. Similarly,
Reichhuber and Requate (2012) also found that
the net present value of forest coffee was
105,530.6 ETB (1,250 USD ha-1) at 10%
discounting rate over 40 years in the montane
rain forest in Ethiopia. According to focus group
discussion and key informants, the reductions of
income from forest coffee were the decline of
forest coverage.
However, the finding was
significantly higher than the study of Sutcliffe
(2009) which found that the net present value of
forest coffee was 31.05 ETB (3.45 USD ha-1) and
also 897,842 ETB (99,760 USD year-1) as the loss
of the community from forest coffee services due
to the increasing rate of deforestation in
southwest Ethiopia.
The total economic value households gain from
spices collected from the forest was 989 ETB
(20.8 USD ha-1), and giving the net present value
of spices per hectare of the forest was 8,416 ETB
(177 USD ha-1) at a 10% discounting rate.
However, with an annual deforestation rate of
425 hectare, the households’ loss of 3,576,672
ETB (75,267 USD year-1) benefits from the spices
products (Table 4 and 5). This finding
significantly is higher than a study by Sutcliffe
(2009) because of the current market value of
was high. They found that 6.21 ETB (0.69 USD
ha-1) benefit from spices whereas the net present
value of spices including miscellaneous forest
goods was 56.34 ETB (6.26 USD ha-1) using a
10% discounting rate over 20 years, nevertheless
the community was losing 1,629,127 ETB
(181,015 USD year-1) from the forest due to
deforestation for agricultural activity in
southwest Ethiopia. Rojahn’s (2006) also found
that a very small amount of profit from spices
which is 6.02 ETB (0.7 USD ha-1), providing a net
present value of 13.65 ETB (1.6 USD ha-1) in
montane rain forest Ethiopia.
The household gained 632 ETB (13.3 USD ha-1)
annual net economic returns from fuel wood
services. The net present value per hectare of the
forest, fuel wood services was 5,377 ETB (113
USD ha-1) conversely households lose 2,285,225
ETB (48,090 USD year-1) from the forest because
of deforestation in the study area (Table 4 and 5).
The local community benefited from timber
services from the forest with an annual gain of
351 ETB (3.4 USD ha-1) profit from hectares of
forest. The net present values per hectare of the
forest of the sustainable supply of timber were
2,986 ETB (63 USD ha-1) at a 10% discounting
rate. With an average annual deforestation rate of
425 hectare, the households’ loss is 1,268,922
ETB (26,703 USD year-1) value of timber
production (Table 4 and 5).
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Table 4. Economic value of land use per hectare.
Land use
Forest land use
Forest coffee
Honey
Spice
Fuel wood
Timber
Charcoal
Total
Agriculture land use
Crop production

Revenue ha-1 (ETB)

Cost ha-1 (ETB)

Profit ha-1 (ETB)

4190.9
4306.7
1186.2
737.0
438.4
292.1
11,151.2

698.5
717.8
197.7
105.4
87.7
48.7
1,855.7

3492.4
3588.9
988.5
631.6
350.7
243.4
9,295.5

40,958.5

10,618.9

30,339.6

The local households harvest charcoal from the
forest and generate net profit 243 ETB (5.1 USD
ha-1). The net present values per hectare of forest
of the sustainable supply of charcoal were 2,072
ETB (44 USD year-1) over 20 years. The below
analysis indicated that low amount of monetary
losses in a year was recorded from charcoal
harvesting with the value of 880,685 ETB (18,533
USD year-1) (Table 4 and 5).
The total economic value of wood product (fuel
wood, timber and charcoal) were 1,226 ETB (26
USD ha-1) and net present value was 10,435 ETB
(220 USD ha-1) from the forest conservation at
10% discounting rate over 20 years. However
4,434,833 ETB (93,326 USD year-1) is the total
economic value loss to the households from the
wood product services with 425 hectare of annual
deforestation rate (Table 4 and 5). In consistent
with these findings, a study conducted in
southwest part of Ethiopia reported that net
present value of wood product was 14,949 ETB

(1,738 USD ha-1) with annual profit of 6,395 ETB
(744 USD ha-1) at 10% discounting rate over 24
years (Rojahn’s,2006). However, the finding of
the study was lower than a net present value of
101,844 ETB (2,143 USD ha-1) over 40 years
which has 6,795 ETB (143 USD ha-1) of annual
profit in southwest Ethiopia (Reichhuber and
Requate, 2012). This finding was also
significantly lower than the figure of Sutcliffe
(2009), which reported that the annual profit of
wood product was 10,890 ETB (1,210 USD ha-1)
whereas net present values per hectare of forest
of the sustainable supply of wood products were
98,874 ETB (10,986 USD ha-1) at 10%
discounting rate over 20 years over year.
According to the author, the community lost
2,859 million ETB (USD 317.7 million year-1)
from wood products due to deforestation, which
is a new land use in Baro-Akobo Basin in
southwest Ethiopia.

Table 5. Result of net present value and annual gain-lose per hectare of land use.
Land use
Forest land use

NPV
Gainlose

Agriculture
land use
Forest
Honey
Spice
Fuel wood Timber
Charcoal Total
Crop
coffee
production
29,732.8
30,554.3
8,415.7
5,377.0
2,985.7
2,072.2 79,138.0
258,298.1
12,636,440 12,985,577.5 3,576,672.5 2,285,225 1,268,922.5 880,685 33,633,650 109,776,692.5

Generally, 9,296 ETB (196 USD ha-1) total
economic values gained the forest user
households from sustainable forest conservation
mostly, from honey and forest coffee in study
area (Table 4). Using 10% discounting rate, net
benefits over 20 year can be combined into a
single aggregate figure or net present value
forestland use were 79,138 ETB (1665.3 USD ha1). Agricultural expansions were the main drivers
of forest cover changes/deforestation based on
information of focus group discussion. However,
the loss of total economic value to the local
community because of the expansion of
agriculture (425 ha year-1) into the forest is

33,633,650 ETB (707,779 USD year-1) (Table 5).
In line with Sutcliffe (2009), a study conducted in
the Baro-Akobo River Basin, southwest Ethiopia
reported that the total extractive values of forest
was 11,050 ETB (1,228 USD ha-1), which has a net
present value of 100,322 ETB (11,147 USD ha-1.
However, 28,916 hectare of annual deforestation
rate, the forest user community loss 2,901 million
ETB (USD 322 million year-1) from the forest over
20 year in southwest Ethiopia. Peter (2012) also
reported that 83 million Naria economic value
losses from the forest due to different
deforestation activities a study conducted in
Enugu State, Nigeria.
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In agricultural land use, food is the main services
in the study area. The most frequently occurring
new land use resulting from deforestation in the
district was agriculture dominated by maize,
sorghum and rice crop production. The
household gain the total net economic return
from agricultural uses were 30,340 ETB (638
USD ha-1), which has a net present value of
258,298 ETB (5,435.5 USD ha-1) over 20 years at
10% discounting rate. The crop producers gain
109,776,692.5 ETB (2,310,115.5 USD year-1) total
economic values because of agricultural
expansion (425 ha year-1). The net present value
of agricultural activities were 3.16 times more
than when compared with net present value of
forest conservation land use (Table 5). This
implies that land-use allocation of agricultural
expansion is taking place at the expense of the
loss of forest ecosystem services. Accordingly, the
gain from agricultural land use is 109,776,692.5
ETB (2,310,115.5 USD) while the resulting loss
from forestland use becomes 33,633,650 ETB
(707,779 USD) in the district.
This finding compares with the study of Sutcliffe
(2009) is higher because of higher crop yield the
use of commercial fertilizers and the current
value of the crop. The author reported that the
annual profit from crop production was 2,008
ETB (223 USD ha-1) with a net present value of
18,227 ETB (2,025 USD ha-1) over 20 years at a
10% discounting rate in Baro-Akobo River Basin,
southwest Ethiopia. However, the crop producer
community was gaining 527,040,944 ETB
(58,560,104 USD year-1) from 28,916 hectare of
annual deforestation rate in Southwest Ethiopia.
Furthermore, study of Rojahn’s (2006), who
conducted a cost– benefit analysis of agriculture
land uses dominated by maize production result,
shows that 1,013 ETB (118 USD ha-1) profit from
maize production in improved management
which has a 30,573 ETB (3,555 ha-1) net present
value over 24 years at 10% discounting rate in
southwest Montane rain forest Ethiopia.

Conclusion
Land use/land cover dynamics in southwest
Ethiopia, Guraferda district has revealed that
there was significant conversion of forest, shrub
land and grassland to agricultural use. The
proportional changes in area were determined for
the total land use/land cover types in four
different periods. The multi temporal analyses of
satellite image data clearly indicated that forest
and shrub land have decreased; in contrary
agricultural/settlement and plantation coffee
have showed a subsequent expansion in the
district. Grassland shows fluctuation trends.
These changes are driven by agricultural
expansion strategies of the government, which
support conversion of forestland to large-scale

commercial agricultural, such as coffee
plantation. On the other hand, changes was
driven by the choices of farmers, due to low
productivity of land community believe to
compensate the yield reduction right solution
were expanding their arable land by clearing
natural vegetation.
This land use land cover change resulting tradeoffs
between
forest
conservation
and
agricultural land use was evaluated by using cost
benefit analysis of their provisioning services.
The study finding show that there is present winlose situation between forest and agricultural
land uses that the local economic value of forest
provisioning services generated from the forest
conservation was 79,138 ETB (1665.3 USD ha-1)
assuming 20 year and 10% discounting rate.
However, the loss of total economic value to the
local community because of the expansion of
agriculture (425 ha year-1) into the forest is
33,633,650 ETB (707,779 USD year-1). On the
other hand, the economic value of crop
production was estimated at ETB 258,298.10
(5,435.5 USD ha-1) assuming a 20-year and 10%
discounting rate and 109,776,692.5 ETB
(2,310,115.5 USD year-1) gain from 425 hectare of
annual deforestation of agricultural activity. This
implies that land-use allocation of agricultural
expansion is taking place at the expense of the
loss of forest ecosystem services. Accordingly, the
gain from agricultural land use is 109,776,692.5
ETB (2,310,115.5 USD) while the resulting loss
from forestland use becomes 33,633,650 ETB
(707,779 USD) in the study area. Therefore,
allocation of agriculture and forestland use
should optimize trade-offs between forest
conservation and agriculture in order to
maximize food security benefits while reducing
injury to the forest ecosystem. Further research
could focus on trade-off analysis of nonextractive or indirect use values and preservation
values related to expansion of agriculture.
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ABSTRACT
This study focus on market chain actors and their functions they play in the market, to
analyze the S-C-P of live cattle in the study area. Few traders dominated the market
structure of live cattle in the study area. Degree of competition between traders varies and
the live cattle market structure varies from loose oligopoly to tight oligopoly. This shows that
in the study area few traders dominated market shares and earns abnormal profit. Entry
barriers of the market are high market distant, characterize the market of live cattle and
high transportation cost. In addition, market the structure varies for each cattle type.
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Introduction
Ethiopia is a home for livestock population in
Africa, but excluding some non-sedentary area of
country such as agro-pastoral and pastoral areas
of Afar and Somali regions, having approximately
56.87 million of chickens, 56.71 million of cattle,
29.33 million of sheep, 29.11 million of goats,
7.43 million donkeys, 2.03 million of horses, 1.16
million of camels and 0.40 million of mules
populations (CSA, 2015).
In Ethiopia, the livestock production sector has
been contributed about 19% to the total Gross
Domestic product (GDP) of the country and
earnings 16-19% of foreign exchange to the
country, in which the agricultural share of the
GDP ranging 35-49% (IGAD, 2013). Moreover,
the livestock production sector serve as source of
food, transportation, production of manure, raw
materials, investment, generating cash income
and mainly serve as social and cultural identity
for the society. Despite of these roles played by
livestock, the production and productivity of
livestock is in general is very low (Duguma et al.,
2012).
The supply of livestock originates pastoralists and
agro-pastoralists in small numbers because they
are highly dispersed and supply nonhomogenous products to the local markets. Due
to the low production and productivity of
livestock and the absence of market-oriented

livestock production systems in the areas, the
volume supplied to the market is very low. In
addition, the live animals supplied by different
producers such as pastoralist, agro-pastoralists
and farmers to the market do not meet the
quality standards and attributes required by
diverse market actors. This is due to poor
interlink age of livestock producers and other
actors in the production as well as marketing
chainto the critical support services. Among the
problems that are related to the support services
includes: absence of commercial animal health
services, lack of appropriate transportation
system, lack of sufficient air-cargo capacity, lack
of proper feeding system, and lack of improved
and highly organized fattening systems (Adina
and Elizabeth, 2006).
However, in Ethiopia there are various
alternative options initiated by different
governmental
and
non-governmental
organizations. These initiatives undertaken by
governmental
and
non-governmental
organizations
are
often
regional
and
encompassing more than one country in east
Africa and attempt to find sound solutions to
overcome production-marketing barriers. East
African countries like Ethiopia and others could
effectively use their rich livestock resources to
improve the livelihood of their populations living
in poverty (MOI, 2005).
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The marketing system and its information
provided in the pastoral and agro-pastoral areas
is out dated, unreliable and it cannot provide the
real figure of the economic contribution sector for
the national economy of the country and the
community who engaged in the sector. More over
the main problem for live cattle marketing sector
is formulation of appropriate policies and
procedures to increasing production and
marketing efficiency in the sector. To conduct
research on market chain analysis of live cattle
for the pastoralist and agro-pastoralist
community believed to enhance its production
and productivity by locating economical live
cattle marketing routes. Evidence also shows that
limited numbers of investigations have been
made on local and regional cattle markets in
pastoralist and agro-pastoral areas and the
market chain is mainly dominated by brokers at
primary, secondary and terminal markets level
(Ayele et al., 2003). Most studies of live cattle
market chain tend to focus on the market chain of
the live cattle at aggregate level than dealing the
market chain of live cattle at an individual cattle
type. Some studies have tried to link this gap by
disaggregating the live cattle into various types
and have tried to see the market chain
opportunities and problems for each type of live
cattle separately. Therefore, this study mainly
focus on market chain analysis of live cattle and
provide relevant information with respect to the
market chain of various live cattle types based on
the following general and specific objectives.
General Objective
To assess the market chain analysis of live cattle
in south omo zone of Southern Ethiopia.
Specific Objectives
 To overview structure, conduct and
performance of cattle trade.
 To sort out the major market chain actors and
their function in the market.
 To identify the major market channels of live
cattle trade in the study area.

Methodology
Description of the study area
South Omo Zone is among one of the Zones
found in SNNPRS in Ethiopia. Astronomically it
is located at 4° 27’- 6° 26’ North and 34º 57’–37º
49’ East bordering Keffa, Gofa and Gamo Zones;
Besketo and Konta special districts to the North;
Konso Zone and Derashe special districts to the
East; Borana Zone to the Southeast; Kenya to the
South; Sudan to the Southwest, Mirab Omo and
Bench Shego Zone to the west. The Zone covers
an area of 22,360.76 km2 and its altitude ranges
from 380 to 3,300 m.a.s.l. (DAO, 2003).

The study was in Bena Tsemay and South Ari
districts in South Omo Zone. Three kebeles were
selected from each district statistical criteria and
secondary data gathered from animal and fishery
as well as trade and industry office of the
districts. Bena-Tsemay and Debub Ari districts
are among the districts found in South Omo Zone
of SNNPRS. Bena-Tsemay district have a border
with Hamer district on the South, Selamago
district on the West, Debub Ari and Malle district
on the North, district on the Northeast, Konso
Zone on the East, and the Oromia Region on the
Southeast; the River Weito separates it from
Konso Zone and Oromia Region. The western
part of Bena-Tsemay is included in the Mago
National Park (Kutoya et al., 2018). The city of
the district Key is located 739 Km from Addis
Ababa the capital city of Ethiopia. The district has
a huge number of livestock populations in the
Zone, which is 490,739 cattle, 443179 goats,
174786 sheep, 94,056 poultry, 29,240 donkeys
and 249 camels, respectively. Whereas South Ari
district is among one of the ten districts in South
Omo Zone. The district is bordering with Semen
Ari district in North, Mago national park in
South, Wub Ari district in West, Malle district in
East and Baka Dawula Ari district in South East.
Gather is the city of the district, which is located
798 Km from Addis Ababa the capital city of
Ethiopia. The district has an estimated animal
population of about 202,018 cattle, 117,519
chickens, 108,167 sheep, 52,160 goats, 14,113
equines, and more than 15,000 bee families.
(Bizuayehu et al., 2016).
Source and method of data collection
This study was conducted in two districts of AGP
II supporting such as South Ari and Bena-tsemay
of South Omo Zone. The study both secondary
and primary type of data sources. The major data
collection methods used during the study periods
includes individual household interview, FGD
and KII. Before starting household survey
preliminary assessment was held to collect basic
information about the study districts in order to
select representative kebeles and the major live
cattle marketing centers. First, the market chain
actors of live cattle operating at district level were
identified in consultation with each district
Trade, Industry Office, undertaking pre survey
field visit, and assessments. The household level
survey questionnaire was prepared and pretested for each chain actors operating in each
district starting from production up to exporting.
Sampling methods and sample size
Multistage sampling techniques were employed,
at the first stage and the study districts were
selected purposively based on AGP-2 mandated
districts of South Omo Zone. At the second stage,
the study kebeles from each district were selected
purposively in relation to their number of live
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cattle, access and supply to market. Then the
sample household respondents from each kebele
were selected proportionally to the total number
of households found in each kebele. The sample
size determination technique used for this study
was Rule of Thumb Techniques (Yount, 2006).
Finally, each respondent household was selected
by a simple random sampling method. During the
study time a total of 120 sample producer
households and 27 traders were covered. In this
study, the number of traders was based on their
availability.

Data analysis
This study uses simple descriptive statistics such
as mean and percentage and Std. deviation to
analyze data. Data was analyzed using Statistical
Software (SPSS Verstion.16). KII interviews and
observations were also used to support the
primary data gathered during the survey.

Results and Discussion
Socio-economic characteristics of sample
respondents

Table 1. Sex, educational level and marital status of sample respondents.
Variables
Sex
Educational level

Marital Status

Respondents (N=120)
116
4
42
29
35
8
5
118
2

Male
Female
Illiterate
First cycle
Primary school
Secondary school
Diploma and above
Married
Single

Percentage
96.7
3.3
35.0
24.2
29.2
6.7
5.0
98.3
1.7

Source: Survey Data Result, 2011

In the table above data were collected based on
the demographic characteristics of sample
households’ to provide information about the key
variables included in this study. The main
variables examined in this section were the
household heads’ sex, education level and marital
status. The results shows about 96.7% of sample
households were male-headed households, the
remaining 3.3% were female-headed households
in the study area. In terms of their marital status,
98.3% of sample households were get married
and only 1.7% of households were single. The
education level of the sample respondents was

believed to be one of the important features that
determine the readiness of respondents to accept
new ideas and technologies. Farmers that are
more educated were expected to adopt new
technologies immediately than less educated in
order to improve cattle production. The
education categories implies that 35.0% of the
sample households were illiterate, 24.2% first
cycle, 29.2% primary school, while 6.7% of the
respondents were attained secondary education
and the remaining 5.0% were diploma and above
diploma, respectively.

Table 2. Age category, family size and cattle ownership of sample respondents.
Variables
Age of respondents

Family size
Cattle ownership

< 25
25-35
36-45
46-55
> 55
≤5
6-10
> 10
1-10
11-20
21-30
31-40
41-50
51-60
61 and above

Respondents (N=120)
12
59
38
7
4
42
61
17
80
24
5
6
1
1
3

Percent
10.0
49.2
31.7
5.8
3.3
35.1
50.8
14.1
66.7
20.0
4.2
5.0
0.8
0.8
2.5

Source: Survey Data Result, 2011.
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As shown in table 2 above, the age of sample
households categorized into five intervals, based
on this 10% of the total respondents have the age
of < 25, and those having age between 25-35, 3645 46-55 and >55 were 49.2%, 31.7% and 5.8%,
respectively. While the age of respondents > 55
were 3.3% of the total respondents. Regarding
the family size about 35.1% of the sample
households have family size of ≤ 5 and 50.8%
have family size 6-10, while the rest 14.1% of

them have family size of > 10. According to cattle
ownership of the respondents, they were
classified into seven levels. From this levels
66.7% of respondents have cattle size between 110, 20.0% between 11-20, 4.2% between 21-30,
5% between 31-40, 0.8% were those between 4150, while 0.8% were between 51-60 and the rest
2.5% were between 61 and above.

Table 3. Socio-economic characteristics of traders.
Variables
Sex
Age
Education
level
Family size
Trading
experience

Respondents (N=27)
26
1
10
15
2
3
5
14
5
14
10
3
19
6
1
1

Male
Female
≤ 30
31-45
46 and above
Illiterate
First cycle (1-4)
Primary (5-8)
Secondary and Preparatory (9-12)
≤5
6-10
>10
1-5
6-10
11-15
16-20

Percent
96.3
3.7
37.0
55.6
7.4
11.1
18.5
51.9
18.5
51.9
37.0
11.1
70.4
22.2
3.7
3.7

Source: Survey Data Result, 2011.

In table 4 above the socio-economic profile of
cattle traders shows that 96.3% of them were
male and the other 3.7% were female. The age of
traders classified into three categories this means
≤ 30 with 37.0%, 31-45 having a 55.6% and the
final 46 and above with 7.4%, respectively. Based
on education level about 18.5% of sample traders
attained first cycle education (1-4), 51.9%
attained primary education (5-8) and 18.5%
attained secondary and preparatory education (912), respectively, while 11.1% of traders were
illiterate. This implies that education is very
important in live cattle trading, for it determines
information dissemination among the traders
themselves, to the producers and important for
early technology adoption among traders in
diverse cultural, socio-economic and biophysical
environment. According to their trading
experience about (70.4%) of the traders have a

trading experience of 1-5 years, the others 22.2%,
3.7% and 3.7% have a trading experience of 6-10,
11-15 and 16-20 years, respectively. The result
also reviles that 51.9% of traders have family size
≤ 5, 37.0% have family size of 6-10 and the others
11.1% have family size of >10, respectively.
Production of live cattle
The study was conducted in Agro-pastoral and
Agrarian areas of South Omo Zone, in which the
more of the time the livelihood of Agropastoralists depends on livestock production
whereas; the livelihood of Agrarians more of the
time depends on crop production. The type of live
cattle the respondents owned during the study
time in 2010-11 E.C. were indicated in the table
below.

Table 4. Type of Live cattle respondents owned in the year 2010-11 E.C.
Type of Cattle owned
Cow
Ox
Bull
Heifer
Calves

Minimum
1.00
1.00
1.00
1.00
1.00

Number of Cattle Owned
Maximum
50.00
20.00
20.00
15.00
5.00

Mean
5.05
3.03
3.12
2.91
2.00

Std. Deviation
7.81
3.13
2.99
2.48
1.15

Source: Survey Data Result, 2011.
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Table 4 above shows the type and number of live
cattle the producers owned in the year 2010-11
have listed according to their importance. Based
on this the producers have owned a minimum of
1.00 and a maximum of 50.00 with a mean of
5.05 and Std. Deviation ± 7.81 Cows, a minimum
of 1.00 and a maximum of 20.00 with a mean of
3.03 and Std. Deviation ± 3.13 ox’s, a minimum
of 1.00 and a maximum of 20.00 with a mean of
3.12 and Std. Deviation ± 2.99 Bulls, a minimum
of 1.00 and a maximum of 15.00 with a mean of
2.91 and Std. Deviation ± 2.48 Heifers and a
minimum of 1.00 and a maximum of 5.00 with a

mean of 2.00 and Std. Deviation ± 1.15 Calves,
respectively.
Marketing and transportation of live
cattle
Marketing
Marketing is selling, merchandising or the
exchange of live cattle for an agreed sum of
money between the seller and buyer of the live
cattle supplied to the market. The type and
amount of live cattle sold and bought in the year
2010-11 was indicated in the table below.

Table 5. Type and amount of live cattle respondents sold in the year 2010-11 E.C.
Type of live cattle sold
Cow
Ox
Bull
Heifer
Calves

Minimum
1.00
1.00
1.00
1.00
1.00

Amount of live cattle sold
Maximum
Mean
7.00
1.79
8.00
1.82
7.00
1.79
3.00
1.60
2.00
1.40

Std. Deviation
1.67
1.37
1.67
0.84
0.55

Source: Survey Data Result, 2011.

The results in the table above shows that
respondents sold a minimum of 1.00 Cow, Ox,
Bull, Heifer and Calve, respectively and a
maximum of 7.00 Cows, 8.00 Ox, 7.00 Bulls,
3.00 Heifers and 2.00 Calves with a mean of 1.79
Cows, 1.82 Ox, 1.79 Bulls, 1.60 Heifers and 1.40
Calves. From this, the Std. deviation for each live

cattle is 1.67 for Cows, 1.37 for Ox, 1.67 for Bulls,
0.84 for Heifers and 0.55 for Calves, respectively.
During the study time, a number of markets were
assessed from Bena-tsemay district; Woyito,
Aliduba and Key Afer markets and from South
Ari district Gather and Shishir. The type of cattle
marketing were shown as follows in the picture
below.

Plate 1. Pictures taken during marketing of Ox’s, Bulls and Cows.
During the study time, the markets assessed from
both districts were Woyito, Aliduba and Key Afer
from Bena-tsemay district where as Gather and
Metseri from South Ari district.

Transportation of live cattle
Traders truck the live cattle by Izuzu and
transport it to the central markets such as Addis
Ababa, Debre Zeyit and Mojo.
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Plate 2. Pictures taken during marketing of Heifers and Calves.

Plate 3. Pictures taken during trucking and exporting of live cattle.
Market structure, conduct and performance of
live cattle

Market structure of live cattle
Market structure of cattle in Bena-tsemay and
South Ari districts of South Omo Zone is
characterized by different producers and
marketing actors including pastoralists and agropastoralists, brokers, local collectors, medium
scale traders large scale traders, butchers,
exporters, local hotels and restaurants, so each
market actor has its own function. Pastoralists
and agro-pastoralists are the first marketing
actors in the chain of live cattle. The major duties
and responsibilities of live cattle producers
include supplying cattle and telling initial selling
price cattle. Brokers are actors in the market
chain of live cattle and they play a role in

facilitating of market, price-setting mechanisms,
contacting traders with producers and mainly
them acting as the delegates of traders. Trader’s
role is purchasing and providing currency, price
setting, giving final market price and controlling
the marketing process.
In the zone, formal and informal marketing
channels of live cattle were identified in the study
districts. If actors in the marketing chain pay
taxation fee for legal tax collecting organizations
in the market chain, the live cattle traveled to
other bordering zones, central markets of
Ethiopia and to outside countries are referred as
formal live cattle market channels. While live
cattle traders those who trek live cattle from the
study area to other zones and to Kenya through
Dasenech district and do not pay tax to
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government and transport through unknown
route is defined as informal live cattle market
channels. Both of the marketing channels are
dominant in relation to the actors willing and the
reasons why he/ she supply the cattle. Informal
market channels are common in the study area.

channel. Here live cattle producers sell their
products to abettors, and then the abettors resell
to festival consumers. The main purpose of live
cattle buyers in this channel is for festival
consumption. In this channel, about 5.6% of
sample respondents sell their live cattle.

Channel 1: Pastoralists/ Agro pastoralistsother Pastoralists/ Agro pastoralists: In this

Channel 6: Pastoralists/ Agro pastoralistsSmall/ Big traders-exporters: These cattle

live cattle market channel producers sell the live
cattle to producers and it is usually known for
restocking purpose and undertaken around farm
gate. The marketing system undertaken through
this channel is informal type marketing system.
The main aim of this practice is for the
replacement of the aged ones. In this channel,
about 16.2% producers marketed their cattle
through this channel. This channel mainly
comprised of calves, heifer and bulls and the
marketing system in this channel was undertake
based on friendship, kinship and neighborhood
pattern.

Channel 2: Pastoralists/ Agro pastoralistsCollectors-Small/Big traders-Exporters: This

type of channel is formal way of marketing
channel. First producers sell to collectors, then
collectors to small/big traders finally traders sell
to exporters, who export live cattle to central
markets of Ethiopia such as Addis Ababa and
Mojo. In this channel, about 19.8% of producers
marketed their cattle through this channel, which
comprised of calves, heifer and bulls.

Channel 3: Pastoralists/ Agro pastoralistsFestivals: This type of marketing channel is one

of the oldest and informal ways of marketing
channel. The category of live cattle marketed
through this channel comprised of fattened cows
and ox, slaughter and culled for aged oxen and
barren cows. In this channel, about 7.4% of
interviewed
pastoralists/agro-pastoralists
marketed their cattle. The purpose of live cattle
buyers in this channel is for festival consumption.

Channel 4: Pastoralists/ Agro pastoralistsRestaurants/ Hotels-Consumers:
In this

channel value addition were undertaken this is
due to the existence of smuggling activity and the
settlement of peoples from other areas for this
activity. The type of cattle marketed in this
channel is similar to that of channel three, that
means fattened cows and ox, slaughter and culled
for aged oxen and barren cows. Among the
interviewed respondent’s about 10% of the
sample households sell their live cattle through
this channel.

Channel 5: Pastoralists/ Agro pastoralistsAbettors-festival consumers: This marketing

channel is categorized under one of the informal

marketing channel was practiced formally by the
actors. Here, pastoralists sell their live cattle to
small/big traders, then small/big traders’ resale
the live cattle they bought to formal exporters
that come from the central markets of Ethiopia.
Through this channel, about 13% sample
households sell their live cattle. A type cattle
marketed in this channel was ox, bulls and also
sometimes cows and heifers.

Channel 7: Pastoralists/ Agro pastoralistsAbettors-Restaurants/ hotels-consumers: This

cattle market channel is mainly practiced by
pastoralists. Here, pastoralists/ agro pastoralists
sell to abettors, then abettors process it and sell
meat to restaurants/hotels, finally restaurants/
hotels sell raw meat to consumers or process it,
the consumers consume in the form of “Dulate,
Tibse and Misto.” Through this channel, about
10% pastoral/agro pastoralists sell their live
cattle.

Channel 8: Pastoralists/ Agro pastoralistsAbettors-Cooperatives-Consumers: This is one

of the market channels, where producers sell
their live cattle to abettors then abettors
slaughter it, sell meat to those cooperatives,
finally cooperative process, and sell in the form of
food to consumers. Through this marketing
channel, about 8% of the households sell their
live cattle.
Channel 9: Pastoralists/Agro pastoralistsSmall/Big
trades-AbettorsRestaurants/Hotels-Consumers: This one-way

marketing channel practiced in the study area.
Here, pastoralists/ agro pastoralists sell to
traders, traders to abettors, then abettors
slaughter it and sell meat to restaurants/hotels,
finally restaurants/ hotels sell raw meat to
consumers or process it, the consumers consume
in the form of “Dulate, Tibse and Misto.” Through
this marketing channel, about 12% pastoral/agro
pastoral households sell their live cattle.

Channel 10: Pastoralists/ Agro pastoralistsSmall/Big trades-Abettors-Ceremonials. In

this marketing channel, pastoralists/agro
pastoralists sell cattle to trades, traders sell to the
abattoirs and abattoirs then to ceremonials.
Through this channel, about 10% sample
households sell their live cattle.
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Figure 1. Map of Market chain of live cattle.
Source: Survey data result, 2011.
Degree of live cattle market concentration
The live cattle market concentration ratio in the
study area is presented and discussed below. As
indicated in table 6 below the live cattle market
concentration ratio was calculated by using two
usual known techniques. The two main known
techniques employed for estimating live cattle
market share were Concentration ratio and
Herfindahl Index. The concentration ratio
calculated by summing up the share of the top
four traders as well as HI index is the sum up of
the squares of the market share of live cattle
traders.
𝑟

(𝐶 = ∑ 𝑆𝑖)
𝑖=1

Where, C indicates the concentration ratio, Si
indicates the percent share of the top four
traders. Whereas HHI is expressed as HHI = (S1)
2 + (S2) 2 + (S3) 2+... + (Sn) 2 (where as Sn indicate
the market share of the ith firm involved in the
live cattle marketing). The value of HI index can
also be calculated by the formula indicated as
HI=sum of 1n (percent share) 2 when the product
of HHI index is less than 1,000 the market is
regarded as competitive. When HHI ranges
below 1000 it indicates that the market have low
concentration, and when it ranges between
1000–1800,
this
implies
a
moderate
concentration, when it ranges above 1800 it
implies the marketing system is highly
concentrated, while the value that is equal to
10000 indicates a monopoly marketing system
(Iveta, 2012).

Table 6. Concentration ratio and market structure for live cattle trading.
Cattle type
Calves
Heifers
Bulls
Cows
Ox

CR4
47.43
48.96
61.25
48.27
66.67

Sum of HI index
1024.38
1046.22
1643.06
1114.28
1933.08

Market Structure
Loose oligopoly
Loose oligopoly
Tight oligopoly
Loose oligopoly
Tight oligopoly

Source: Survey Data Result, 2011.

The market structure was shown according to the
type of cattle marketed between the market
agents in the market as shown in table 4 above.
The market structure for oxen and bulls in the
study area is tight oligopoly and it is a loose
oligopoly for cows, calves and heifers trade in the
area, because heifers, cows and calves more of the
time marketed among the pastoralists for
restocking and sometimes by traders in the study
area also pastoralists prefer to sell Ox’s or bulls

than cows, heifers and calves. The market
structure for oxen and bulls in the marketing of
cattle is tight oligopoly, because pastoralist is
preferred to supply bull and oxen to get cash to
fulfill their needs, which are usually more
demanded by traders and exporters. This implies
that tight oligopoly means there is a low
competition between traders and the entire
market remains a “few traders game” the profit
earned do not shared at equal ratio among the
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marketing actors. So, the concerned bodies
‘intervention should be needed to overcome such
kind of imbalance trade benefits and enhance
productivity through the formation of strong
market inter and intra linkage, focus on value
adding activities, provision of timely market
information
and
producers
‘cooperative
formation at local level.
Entry and exit conditions in the live cattle
marketing
Low quality supply of live cattle to the market
illegal and informal trading and lack of access to
credit are the main entrance and exit obstacles of
the live cattle trading. The amount of live cattle
supplied to markets during religious holidays,
festivals and wedding occasions are higher when
compared to other occasion. Therefore, illegal
trading system, lack of access to markets, low
access to infrastructures and transportation
systems, high transaction cost and high demand
for capital are among the major barriers to entry
and exit from live cattle trading.
The market conduct of live cattle
Market conduct or behavior refers to the way of
acting or controlling the marketing systems in
order to gain benefits from the market.
Furthermore,
market
conduct
includes
mechanisms such as price setting systems and
the terms of payment in the marketing system.
The market price setting mechanisms of live
cattle
Market price setting mechanisms of live cattle in
the study areas is complicated and carries out by
various marketing actors. In this study about
53.4% of pastoralists/ agro-pastoralists said that
the price of live cattle is set by producers then
brokers and traders bargain based on the price
set by the producer finally they sell to the price
they have reached an agreement. The proportion
of producers who recognized the price set by
buyers in the market is based on central market
information, brokers based on the central market
information, traders by their own and sellers by
their own respectively is 2.5, 10.0, 8.3 and 25.8%.
This implies that, the market actors have their
own level of influence in the role they played for
market price setting in various levels. It was

observed that producers set primarily the market
prices then selling takes place upon negotiation.
Terms of payment for live cattle producers

Based on this study, the terms of payment for
producers in the study area shows that the live
cattle marketing system of pastoral/agro pastoral
households have been undertaken in the form of
direct cash payment or hand-by-hand currency.
This is due to the lack of access for institutions
such as commercial bank of Ethiopia serving the
pastoralists or agro-pastoralists in the area. This
study shows that 100% of the producers sell their
cattle in the form of direct cash payment. This
implies that all of the producers in the market sell
their cattle in the form of direct cash payment.
The market performance of live cattle
The market performance of live cattle is mainly
the impact of live cattle market structure and
conduct, which was measured in terms of the
variables such as market prices, marketing costs,
and the volume of output. The market margin of
the live cattle is the market price difference
between the revenue from the final sales of live
cattle and the costs that were incurred during the
running of the marketing system operation. The
net market margin of live cattle was calculated as
the percentage over the final market price earned
by the marketing actors as his/her final net
income, once his/her all marketing costs are
deducted. It is one of the best tools to analyze
performance of live cattle marketing. Marketing
margin was calculated by using the market price
difference between the live cattle producers and
exporters or traders prices. The producers’ share
can be calculated as the ratio of live cattle
producers’ price share to traders’ price share. It is
mathematically represented as:
𝑃𝑝
𝑀𝑀
= 1−
𝑃𝑡
𝑃𝑡
Whereas Ps is the producers ‘price share, Pt is the
traders’ price share, and MM is the marketing
margin of actors. It is also possible to calculate
the live cattle gross marketing margin as follows,
which is equal to the traders Price - pastoralists
price/traders price*100 (Zekarias, 2017).
Ps =

GMM =

𝑃𝑡 − 𝑃𝑝
𝑥 100
𝑃𝑡

Table 7. Market Margin of Oxen across the marketing channels.
Market actors and
costs
Producers Price
Traders Price
Gross Margin
Marketing Cost
Net Market Margin
Producers Share

Ch 2
7,250
11,315
4065
1345
2720
64.07

Ch 4
10,345
15,650
5305
720
4585
66.10

Marketing channels for Oxen
Ch 5
Ch 6
Ch 7
Ch 8
11,420 15,345 10,412 11,280
15,965 17,870 14,817 16,162
4545
2525
4405
4882
935
1045
855
855
3610
1480
3550
4027
71.53
85.87 70.27
69.79

Ch 9
13,403
16,915
3512
855
2657
79.24

Ch 10
12,340
15,809
3469
855
2614
78.06

Source: Survey Data Result, 2011.
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The Gross Market Margin along the different
marketing channels is different according to the
participants. Ox traders in the study area get the
highest gross market margin at channels such as
channel 2, channel 4, channel 5, channel 7 and
channel 8. They get the lowest gross market
margin at channel 6, channel 9 and channel 10.

The marketing cost of live cattle traders is higher
at channel 2 and channel 6 because of the
involvement of intermeddlers and transportation
costs. The producers share is higher at channel 6,
channel 9 and channel 10 because producers
directly connected with big/small traders as
indicated in table 5 above.

Table 8. Market Margin of Bulls across the marketing channels.
Market actors
and costs
Producers Price
Traders Price
Gross Margin
Marketing Cost
Net Market Margin
Producers Share

Ch 2
6986
10503
3517
1015
2502
66.51

Ch 4
7624
11769
4145
415
3730
64.78

Marketing channels for Oxen
Ch 5
Ch 6
Ch 7
Ch 8
8261
8325
7215
7892
11991
11792 10915 11697
3730
3467
3700
3805
617
815
509
750
3113
2652
3191
3055
68. 89 70.60 66.10
67.47

Ch 9
9517
12037
2520
725
1795
79.06

Ch 10
9672
12652
2980
725
2255
76.46

Source: Survey Data Result, 2011.

The results in the table above show that, The
Gross Market Margin of different participants
along different marketing channels is different.
Bull traders get the highest gross marketing
margin at channels such as channel 2, channel 4,
channel 5, channel 6, channel 7 and channel 8.
They get the lowest gross market margin at
channel 9 and channel 10. The live cattle
marketing cost of traders is higher at channel 2
and channel 6 because of the involvement of
intermeddlers and transportation costs, which is
the same as that of Ox’s. The producers share is
higher at channel 6, channel 9 and channel 10
because producers directly connected with
big/small traders as indicated in table 6 above,
which is the same as that of Ox’s marketing
channel.
In the study area, Cows, Heifers and Calves were
traded as for a restocking purposes. Pastoralists
and Agro-pastoralists in the study area supply
their Cows, Heifers and Calves to market then sell
them to other Pastoralists or Agro-pastoralist for
the restocking, their culture also not allow to sell
this cattle types. Same times aged Cows are sold
for neighbors to celebrate festivals in the study
area.

Conclusion
South Omo Zone was endowed with huge
livestock resources in SNNPRS, especially the
pastoral and agro pastoral districts of the Zone.
These areas were majorly a source of live cattle
for exporting to the central markets of Ethiopia
and also the market needs continuous supply of
quality cattle. However, pastoralists and agropastoralists in the study area cannot continuously
supply live cattle of required quality due to
consecutive drought and traditional means
production practices due to this reasons the cattle
they supply do not fetch attractive prices.

Mostly in the zone pastoralists and agropastoralists loses their animals, either by selling
to purchase food for their households and lack of
feed for their left animals during occurrence of
droughts or due to the pastoralists, agropastoralists; poor management systems such as
feeding system, watering system, housing system
and health caring systems etc. in the study area.
In the restocking activities, the pastoralists/agopastoralists buy the local breeds from markets or
neighboring areas and keep them for a
reproduction. These problems causes’ low
production and productivity of live cattle in the
zone. So strong intervention of governmental and
non-governmental organizations were needed to
improve the production, productivity and
marketing practices of the pastoralists and agropastoralists, as well as the development of
appropriate breeding strategies were also needed.

Recommendations
It recommended that, Pastoralists and agropastoralists can shorten the marketing chain by
cutting out the intermediaries and increasing the
number of value adding activities they undertake
for themselves such as rearing, cattle fattening,
access to transportation and trading. They also
strengthen inter and intra-group formation and
linkages by organizing into cooperatives rather
than acting as an individual in the market, they
could have greater control and bargaining power
over the supply of live cattle to the markets.
Introduction
of
improved
technologies,
interventions, timely delivery of veterinary
service and cattle improvement through breeding
and an introduction of appropriate strategies to
the study area through agricultural research
centers, NGOs and concerning bodies of zonal
and district livestock and fisher resource offices,
breeding of the local cattle with the improved
once will also improve the future production and
productivity of existing local livestock.
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ABSTRACT
The nutritional and sensory characteristics of processed meat are of major concern to
consumers across the globe. This study evaluated nutritional and sensory properties of pork
sausages using pig stomach as filler meat. Pig stomach replaced lean pork at 0% (control),
25%, 50%, 75% and 100%, respectively to obtain treatments coded as T0, T25, T50, T75 and
T100, respectively. The sausages were assessed for acidity, water holding capacity, cooking
loss, proximate composition and sensory attributes. There were no significant differences
(p>0.05) in flavour of sausages in particular; and all other sensory attributes of sausages
produced with or without pig stomachs. Treatments T0, T25 and T50 were very similar in
most of the sensory properties. Both pH and water holding capacity reduced with increasing
levels of pig stomach used, and there were significant differences (p<0.05) between
treatments. The results obtained suggest that pig stomach could be used at 50% in smoked
pork sausages without adverse effects on nutritional and sensory properties.
Keywords: Nutritional property, Pig stomach, Sausage, Water holding capacity, Sensory attribute
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Introduction
Meat is the flesh of animals used as food and it is
mostly made up of skeletal muscle tissues and fat,
all of which can be described as edible tissues or
organs including liver, stomachs, kidneys, hearts
and lungs (Lawrie and Ledward, 2006).
According to Scott and Sockett (1998), meat was
typically processed to preserve it, but the act has
since evolved to the provision of highly nutritious
meat products to serve consumers readily rather
than for future use. Some methods of meat
preservation include canning, freezing and
smoking. Processing increases the life span of
meat by preventing the action of spoilage
microorganisms. Fresh meat can be processed
into several products including ‘khebab’,
meatloaf, bacon, hams and sausages of different
kinds. The manufacture of some of these meat
products may require the use of meat extenders
or fillers. Meat extenders are mostly non-meat
ingredients which when used in meat formulation
may result in increases in protein contents and,
more importantly reduce the costs of production

appreciably (FAO, 2010). Filler-meats are edible
portions of different meat animal carcasses,
which are lowly priced and may be utilized in
further processing of value-added products.
According to the FAO (2010), examples of fillermeats used as extenders in meat processing
include pork skin, chicken gizzard, kidney,
tongues, intestines, hearts and stomachs of
different meat animals. These form significant
portions of slaughter animals and according to
Ockerman and Basu (2004), they could amount
to 10% in pigs to as high as 30% in cattle.
Therefore, when such significant portions of
animal by-products are not effectively utilized,
substantial economic losses could be recorded
along the animal slaughter and processing valuechains. Toldra et al. (2012) reported that in order
to increase the economic returns from different
edible meat by-products, various processed meat
products including liver pate, liver sausage, and
blood sausage have been developed for human
consumption. However, it is important to note
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that the utilization of different meat by-products
would depend on several factors including
culture, religion, incomes and personal
preferences, in addition to information on their
nutritional benefits. Seong et al. (2014)
characterized the yields and nutritional
compositions of some edible pork by-products
and concluded that economic benefits could be
derived from their utilization in other meat
products. Pig stomachs are traditional delicacies
in some countries across the world, where they
are either processed solely or with other meat and
non-meat ingredients such as vegetables for
human consumption. The objective of this study
was to provide evidence for the suitability or
otherwise of pig stomach as filler-meat in the
production of smoked pork sausages. The specific
objectives included determination of pH and
water holding capacity, cooking loss, proximate
composition and sensory attributes of the
sausages produced with and without pig stomach.

Materials and Methods
Location of experiment and smoked pork
sausage production
This experiment was conducted at the Meat
Science and Processing Unit of the Department of
Animal Science, Kwame Nkrumah University of
Science and Technology (KNUST), Kumasi. Pork
shoulders and stomachs from the same carcasses
were obtained from the Kumasi Abattoir
Company Limited. The shoulders were deboned
and trimmed of all visible adipose tissues. Pig

stomachs were also trimmed of visible fats,
dipped in hot water at 40°C in order to remove
the mucosa lining and washed thoroughly after
which both boneless shoulder and stomachs were
frozen at -18°C overnight prior to sausage
formulations. All spices used were obtained from
the Kumasi Central Market.After frozen storage
both boneless pork shoulder and pig stomachs
were cut into smaller pieces and comminuted
separately with a mincing machine (MADO
Superwolf, Germany) with a sieve size of 15 mm.
Minced pork was allotted to five different
treatments: T0, T25, T50, T75 and T100 in which
minced pig stomach replaced minced pork at 0%,
25%, 50%, 75% and 100%, respectively. A spicemix comprising of garlic, chilli pepper and black
pepper was added to each treatment and handmixed for 10 minutes each to obtain a uniform
meat-spice mix. Each resultant mixture was
finally minced separately using a 5 mm sieve,
stuffed into natural hog casings and hand-linked
at equal lengths of 10 cm. Saw-dust obtained
from Triplochiton scleroxylon was used to
generate smoke in a traditional smoke chamber
for cold-smoking the sausages for 3.5 h after
which they were cooled for 55 min under a ceiling
fan. Three different batches were produced per
treatment, and each batch weighed 3 kg. All
treatments were packaged in polythene bags,
labelled appropriately and frozen at -18°C for
further studies. Table 1 is the ingredient
formulation used in smoked pork sausages
produced with and without pig stomach.

Table 1. Ingredients (%) used in smoked pork sausages with and without pig stomach.
Treatment
T0
T25
T50
T75
T100

Pork
86.16
62.12
38.08
14.04
0.00

Pig stomach
0.00
14.04
38.08
62.12
86.16

Water
10.00
10.00
10.00
10.00
10.00

Mix-spice
2.88
2.88
2.88
2.88
2.88

Salt
0.96
0.96
0.96
0.96
0.96

Total
100.00
100.00
100.00
100.00
100.00

Mix-spice = black pepper, red pepper, and garlic in ratios of 1:2:1, T0=0% pork stomach, T25=25% pig stomach,
T50= 50% pig stomach, T75=75% pig stomach, T100=100% pig stomach respectively in place of minced pork.

Parameters measured
Acidity (pH), water holding capacity (WHC),
cooking loss (%) and costs of production
The procedure described by Van Lack et al.
(2001) was employed to measure pH of raw
sausages using a micro pH-meter (Suntex pH
Meter SP-701, Taiwan), after calibration with
buffer solutions of pH 7.00 and pH 4.01 as
recommended by manufacturer. Water holding
capacity was determined as described by Lee et
al. (2008). Cooking loss was calculated as
difference in weight of raw and cooked sausages
expressed as a percentage of raw weight. The
costs of producing smoked pork sausages with

and without pig stomachs were computed based
on retail prices of ingredients used per kg of
sausage manufactured.
Proximate compositions
Proximate analysis of cooked sausages was
performed 24 hours after production according to
procedures prescribed by AOAC (2012) for
moisture, crude ash, fat and protein. All the
evaluations were performed in triplicate.
Sensory attributes
Three pieces of frozen sausages were randomly
selected from each treatment and thawed
overnight at 2°C. Thawed sausages were cut into
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equally sized pieces of 3 cm lengths and cooked in
a microwave oven for 2 min. Panelist were sited
in a single session and all treatment type samples
were served to each member at the same time on
disposable plates for testing. The sausages served
were coded with three-digit random numbers and
a panel of 35 members were tasked to evaluate
the following sausage attributes: appearance,
tenderness, flavor, mouthfeel, aftertaste and
overall acceptance, using a 9-point hedonic scale
(Akwetey et al., 2014). Each plate contained all
treatments at the same time, and panel members
were asked to rinse their mouths with water
before starting and between sample evaluations
in order to prevent carry-on effects of sensory
attributes from sample to sample.
Statistical analysis
The design of the study was 5 (treatment) x 3
(replication) in completely randomized design
and each experiment was repeated 3 times,
resulting in 45 experimental units. Data
generated were subjected to one-way analysis of
variance (ANOVA) using SPSS version 20.1 for
windows. Significant differences between
treatment means were determined using
Duncan’s test of homogeneity at 5%.

Results and Discussion
Acidity (pH), water holding capacity, cooking
loss (%) and costs of production
Table 2 shows results obtained for pH, WHC,
cooking loss and costs of producing smoked pork
sausages with and without using pig stomach as
filler-meat. It was observed that the pH and
water holding capacity declined significantly
(p<0.05) with increasing levels of pig stomach.
However, the differences recorded for pH and
WHC for T0, T25 and T50 were similar. The
cooking losses increased significantly (p<0.05)
with increasing use of pig stomachs, but again
losses reported for treatments T0, T25, T50 and T75
showed no significant differences (p>0.05).
Similar findings have been reported by Akwetey
et al. (2014) which is a manifestation of the direct
relationship between pH and water holding
capacity and their effects on either reducing or
increasing cooking loss in meats. Higher meat pH
generally results in increased WHC, which in turn
enables cooked products to resist weight losses
that may accompany heat-denaturation of
proteins during cooking.

Table 2. Acidity (pH), water holding capacity, cooking loss and costs of producing smoked pork
sausages with and without pig stomach.
Parameter
pH
WHC
CL
CoP

T0
6.04a
56.53a
13.88b
14.30

T25
6.21ab
55.63ab
14.11ab
13.41

Type of smoked pork sausage
T50
T75
T100
6.11ab
5.36b
5,41b
55.52ab
49.17b
45.29bc
b
ab
13.73
18.42
19.43a
12.51
10.73
9.40

P - value
0.04
0.03
˂.001

SE
0.182
2.216
1.241

abc Means in same row with different superscripts are significantly different (p<0.05), T0=0% pig stomach,
T25=25% pig stomach, T50= 50% pig stomach, T75=75% pig stomach, T100=100% pig stomach respectively in
place of minced pork. WHC = water holding capacity, CL= % cooking loss, CoP= cost of production (GHS/kg).

The results obtained for costs (GHS/kg) of
producing smoked pork sausage reduced from
GHS 14.30 (T0) to GHS 9.40 (T100), which
translated into making substantial savings of
6.22%, 12.52%, 24.97% and 34.27%, respectively
for replacing minced pork with 25%, 50%, 75%
and 100% pig stomach in the formulation of
smoked pork sausages. These savings can
possibly further translate into improved profit
margins, all things been equal, under competitive
market situations for pork sausage processors.
Proximate components of smoked pork
sausages with and without pig stomach
The percentage compositions of moisture,
protein, fat and ash in the smoked pork sausages
are shown in Table 3. The levels of moisture

recorded were ranged between 49.83% (T100) and
55.61% (T25), protein contents were between
20.34% (T100) and 23.30% (T50), fat levels were
ranged from 13.98% (T0) to 17.57% (T75) while
ash contents were between 1.13% and 1.38% for
treatments T100 and T50, respectively. Whereas
there were no significant differences (p>0.05)
observed in the contents of ash recorded,
significant differences (p<0.05) existed between
moisture, protein and fat contents of the
sausages. However, the observed differences were
not statistically different in treatments T0, T25
and T50. Similar findings were reported by
Akwetey and Domprey (2013) when chicken
gizzard was used to replace portions of pork in
the production of smoked pork sausages.
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Table 3. Proximate composition of smoked pork sausages with and without pig stomach.
Type of sausage
Moisture
54.00ab
55.61ab
54.00ab
51.03bc
49.83c
˂.001
1.065

T0
T25
T50
T75
T100
P - value
SE

Proximate composition
Crude protein
Crude fat
23.30a
13.98c
23.09a
14.57bc
22.68ab
15.01bc
22.69ab
17.57a
20.34ab
16.99a
˂.001
˂.001
0.533
0.702

Crude Ash
1.37
1.33
1.38
1.29
1.13
0.11
0.045

abcMeans

in same column with different superscripts are significantly different (p<0.05), T0=0% pig stomach,
T25=25% pig stomach, T50= 50% pig stomach, T75=75% pig stomach, T100=100% pig stomach respectively in
place of minced pork.

Sensory attributes
Results obtained after sensory evaluation of
smoked pork sausages produced using pig
stomach in place of some portions of lean pork
are reported in Table 4. A total of 35 consumer
panelists evaluated the sausages based on
appearance, pork flavour, juiciness, tenderness,
mouth feel, aftertaste and acceptability using a
scale of 1 to 9 for dislike extremely to like

extremely. Quite high mean scores were recorded
for all the sensory attributes evaluated and there
were no significant differences (p>0.05) in the
observed values. Appearance scores ranged from
6.32 (T75) to 6.87 (T25), pork flavour was scored
between 5.21 (T0) and 6.33 (T100), juiciness was
5.09 (T0) to 5.84 (T75), tenderness 5.50 (T0) to
6.34 (T75), mouth feel 5.51 (T75) to 6.00 (T0),
after-taste 5.52 (T25) to 6.11 (T0) and acceptability
ranged from 6.68 (T0) to 7.97 (T50).

Table 4. Sensory attributes and consumer acceptability of smoked pork sausages with and without
pork stomach.
Attribute
Appearance
Flavour
Juiciness
Tenderness
Mouth feel
After-taste
Acceptability

T0
6.84
5.21
5.09
5.50
6.00
6.11
6.68

T25
6.87
5.56
5.32
5.64
5.56
5.52
7.86

T50
6.84
5.40
5.72
6.04
5.63
5.58
7.97

Type of sausage
T75
6.32
5.41
5.84
6.34
5.51
5.63
6.88

T100
6.48
6.33
5.64
5.54
5.66
5.76
6.72

P - value
0.07
0.056
0.14
0.18
0.07
0.12
0.21

SE
0.113
1.015
0.138
0.163
0.086
0.105
0.059

abcMeans

in same row with different superscripts are significantly different (P<0.05), T0=0% pig stomach,
T25=25% pig stomach, T50= 50% pig stomach, T75=75% pig stomach, T100=100% pig stomach respectively in
place of minced pork. Sensory scale: 1= dislike extremely to 9= like extremely.

In particular, the acceptability scores for pork
sausages produced with 25% and 50%
substitution with pig stomach were very
encouraging. This is because the respective scores
translated to 87% and 88% of consumers’
willingness to purchase these products when
available, compared to 74% who may buy the
sausages produced without any inclusion of pig
stomach. This suggests that a mix of minced pork
and pig stomach could potentially provide better
consumer sensory acceptability effects in smoked
pork sausages.

Conclusions and Recommendations
The use of pig stomach did not affect sensory
attributes in smoked pork sausages. However,
consumers were more likely to purchase the

sausages produced with 25% -50% pig stomachs.
Producing smoked pork sausages with pig
stomachs resulted in substantial reductions in the
cost/kg of sausage. The proximate compositions
of sausages produced without pork stomach was
not different from those containing 50% pork
stomach. Thus, pig stomach could be used as
substitute for lean pork in the production of
smoked pork sausages up to 50% on weight basis
without any adverse effects on nutritional and
sensory characteristics. Further study is
recommended to assess to use of pig stomachs
and other pork by-products in the manufacture of
value added meat products in order to reduce the
costs of ingredients without affecting nutritional
and sensory attributes of such products.

Int. J. Agril. Res. Innov. Tech. 12(1): 67-71, June 2022

70

Akwetey et al. (2022)

Nutritional and sensory properties of smoked pork sausage produced with pig

References
Akwetey, W.Y. and Domprey, D.A. 2013. Chicken
gizzard as filler-meat in comminuted pork
sausages. Ghanaian J. Anim. Sci. 6(1): 106109.
Akwetey, W.Y., Oduro, I.N. and Ellis, W.O. 2014.
Whole cowpea (Vigna unguiculata) flour
(WCPF) as non-conventional extender in
meatloaf. Food Biosci. 5: 42-46.
https://doi.org/10.1016/j.fbio.2013.11.001
AOAC. 2012. Official methods of analysis, 17th Ed.
Association of Official Analytical Chemist,
Washington, DC. pp. 17-42.
FAO. 2010. Animal Production and Health,
Agriculture and Consumer Protection
Department.
Food
and
Agriculture
Organization. 312p.
Lawrie, R.A. and Ledward, D.A. 2006. Lawrie’s
Meat Science (7th Ed.). Cambridge
Woodhead Publishing Limited. pp. 279-337.
www.sciepub.com/reference/218953
Lee, M.A., Han, D.J., Jeong, J.Y., Choi, J.H.,
Choi, Y.S., Kim, H.Y., Paik, H.D. and Kim,
C.J. 2008. Effect of kimchi powder level and
drying methods on quality characteristics of

breakfast sausage. Meat Sci. 80(3): 708-714.
https://doi.org/10.1016/j.meatsci.2008.03.010

Ockerman, H.W. and Basu, L. 2004. By-products.
Encyclopedia of Meat Sciences, Amsterdam.
pp. 104-112.
Scott, E. and Sockett, P. 1998. How to prevent
food poisoning: A practical guide to safe
cooking, eating and food handling. John
Wiley & Sons Inc. USA. 226p.
Seong, P.N., Park, K.M., Cho, S.H., Kang, S.M.,
Kang, G.H., Park, B.Y., Moon, S.S. and Ba,
H.V. 2014. Characterization of edible pork
by-products by means of yield and
nutritional composition. Korean J. Food Sci.
Anim. Res. 34(3): 297-306.
https://doi.org/10.5851/kosfa.2014.34.3.297

Toldra, F., Aristoy, M.C., Mora, L. and Reig, M.
2012. Innovations in value-addition of edible
meat by-products. Meat Sci. 92(3): 290-296.
https://doi.org/10.1016/j.meatsci.2012.04.004

Van Laack, R.L., Stevens, S.G. and Stalder, K.J.
2001. The influence of ultimate pH and
intramuscular fat content on pork
tenderness and tenderization. J. Anim. Sci.
79: 392-397.

Int. J. Agril. Res. Innov. Tech. 12(1): 67-71, June 2022

https://doi.org/10.2527/2001.792392x

71

ISSN: 2224-0616
Int. J. Agril. Res. Innov. Tech. 12(1): 72-78, June 2022
Available online at https://ijarit.webs.com
DOI: https://doi.org/10.3329/ijarit.v12i1.61034
https://www.banglajol.info/index.php/IJARIT

Compost enriched with effective microorganism and bordeaux mixture
on ginger bacterial wilt (Ralstonia solanaceurum) epidemics in
southwestern, Ethiopia
Merga Jibat* and Mulukan Asfaw
Received 14 February 2022, Revised 13 May 2022, Accepted 25 June 2022, Published online 30 June 2022

ABSTRACT
Ginger is one of the most widely distributed spices grown in various cropping systems and
locations throughout the southwestern Ethiopia. Bacterial wilt, caused by Ralstonia
solanacearum, is one of the serious diseases of ginger in Ethiopia. Field experiments were
conducted during 2019 and 2020 to assess effects of soil amendments on bacterial wilt
development and epidemics at Tepi, Ethiopia. Three soil amendments practices: compost,
effective microorganisms and Bordeaux mixture alone and in integration were evaluated.
Treatments were arranged in a randomized complete block design with three replications.
Compost at the rate of 7 ton ha-1 enriched with effective and Bordeaux mixture treatment
significantly reduced ginger bacterial wilt severity, AUDPC and disease progress rate. This
treatment reduced bacterial wilt mean severity by up to 21.08% as compared to untreated
control plot. Compost at the rate of 7 ton ha-1 application also slowed down epidemic
progression of bacterial wilt and significantly reduced the disease parameters when
integrated effective microorganisms and Bordeaux mixture. The overall results indicated
that integrated compost enriched with effective microorganisms and Bordeaux mixture was
effective to slow down the epidemics of bacterial wilt and to sustain ginger production and
productivity. Hence, integrated compost enriched with effective microorganisms and
Bordeaux mixture along with other crop management systems are recommended for
improved ginger production and productivity.
Keywords: Bordeaux mixture, bacterial wilt, Compost, Effective microorganism, Epidemics, Ginger
Tepi Agricultural Research Centre, P.O. Box 34, Tepi, Ethiopia
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Introduction
Ginger (Zingiber officinale Rosc.), is an
important commercial crop grown for its
aromatic rhizomes, which are used as both spice
and medicine (Sharma et al., 2010). Ginger
rhizome is typically consumed as a fresh paste,
dried powder, slices preserved in syrup, candy,
as a beverage or as flavoring agent. India is the
largest producer of ginger in the world
accounting for about one-third of the total world
output. The crop is known to have been
introduced to Ethiopia as early as in the 13th
century (Jansen, 1981). It is cultivated in South,
Southwestern and Northwestern parts of the
country as cash crop, and is among the
important spices used in every Ethiopian kitchen
for the preparation of pepper powder, stew,
bread, and others. It has also some use in

traditional medicine for the treatment of flu
and stomachache (Girma and Digafie, 2004).
One of the most devastating plant diseases in the
tropics is bacterial wilt, caused by the bacterium
Ralstonia solanacearum. In susceptible host
plants, this pathogen disrupts water transport,
alters physiology and induces a severe, usually
fatal wilt. One plant species that is seriously
affected by bacterial wilt is ginger, and efforts to
grow ginger widely in Ethiopia have been
hampered by this disease (Habetewold et al.,
2015).
The pathogen has a very wide host range. The
very extensive host range includes several
hundred species of plants representing 44
families. Among the common hosts are chili,
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eggplant, irish potato, ginger, groundnut, tomato
and tobacco. In Ethiopia, the disease caused
losses of 51.94% (Guji et al., 2019). Habetewold
et al. (2015) reported that the disease became the
major constraint in the ginger production in
Ethiopia and cause losses up to 80-100%.
Effective Microorganisms (EM) with compost
was found effective in improving soil and plant
health there by improved the quality and
productivity of crops (APNAN, 1995; Higa and
Parr, 1994). EM may have an advantage of low
ecological pollution rather may conserve the
environment and sustainable in managing soil
borne diseases. Singh et al. (2016) indicated that
application of EM found the most effective bio
control agents; it promotes microbial activity that
suppresses R. solanacearum by competition.
Therefore, the purpose of this study is to know
effect of compost amended with Effective
Microorganisms (EM) in reducing ginger
bacterial wilt incidence and enhancing yields.
Soil amendments can improve crop production
through promoting the growth of plants and
enhance microbial activity that may suppress soil
borne diseases by completion and/or antibiosis.
According to Ayana et al. (2011), the application
of the organic amendment and compost released
biologically active substances from crop residues
and soil microorganisms such as allele-chemicals.
The application of the organic amendment and
compost released biologically active substances
from crop residues and soil microorganisms such
as allele-chemicals (Bailey and Lazarovits, 2003).
Islam and Toyota (2004) demonstrated that the
bacterial wilt of tomato was suppressed in the
poultry and farmyard manure (FYM) added soils.
Compost made from corn stalk, rice straw and
tree bark suppressed bacterial wilt caused by R.
solanacearum and gave lowest disease incidence
compared to the control plot (Masyitah, 2004).
Cow manure fertilization household compost
suppressed R. solanacearum in most soils with a
clear shift in rhizosphere bacterial community.
Silicon
amendment
significantly
reduced
bacterial wilt incidence expressed as area under
the disease progress curve for tomato genotypes
L390 (susceptible) by 26.8% and King Kong2
(moderately resistant) by 56.1% compared to
non-treated plants grown in hydroponic culture
(Ayana et al., 2011). Therefore, these fertilizer
soil amendments may have efficacy not only in
respect to increase of crop yield but also in
respect to its direct effects on plant pathogens
and /or indirect stimulation of soil suppressions.
Apart from all efforts to manage bacterial wilt in
different parts of the world, ginger bacterial wilt
is still highly distributed and severe in
Southwestern areas of the country, and farmers

in these areas considered the disease as a major
production constraint, which limits the
production as well as quality of rhizome. Thus,
the use of integration of compost enriched with
effective microorganisms and Bordeaux mixture
could be alternative options at the disposal of
growers in managing ginger bacterial wilt.
However, there is very little or no information
and research done so far on the effects of soil
amendments with compost enriched effective
microorganisms and Bordeaux mixture to control
the disease in Ethiopia. Therefore, this study was
designed to determine the effect of compost
enriched with effective microorganism and
Bordeaux mixture on the epidemics of ginger
bacterial wilt in Southwestern, Ethiopia.

Materials and Methods
Experimental sites
The experiment was conducted at Tepi
Agricultural Research Centre (TARC), Ethiopia
during 2019 and 2020 main cropping season.
TARC is located in Yeki district, Southern
Nations Nationalities and Peoples' Regional
State, which is 600 km away from southwest of
the capital, Addis Ababa. It is found between
35o08’ longitude and 7o08’ latitude and at an
altitude of 1200 m.a.s.l. The average maximum
and minimum temperatures are 15 and 30oC,
respectively. It receives an average annual rainfall
of 1630 mm (Guji et al., 2019).
Experimental materials and treatments
Boziab (37/79) variety of ginger released by Tepi
Agricultural Research Center was used for all
treatments including the control. Compost soil
amendments @ 3, 5, and 7 ton ha-1 before
planting was evaluated for their response to
bacterial wilt alone and integration with effective
microorganism and Bordeaux mixture. Compost
enriched with effective microorganism and
Bordeaux mixture was applied as cultural
management practice to reduce pathogen inocula
and prevent disease epidemics.
After compost was prepared by enriched with
effective microorganism (EM) and alone, the plot
to be amended was thoroughly cultivated mixed
with compost integrated EM and Bordeaux
mixture for one month before planting. The first
soil amendment was done at one month before
the time of planting with compost enriched with
EM and Bordeaux mixture @ 3, 5, 7 tones ha-1
and un-amended plot used as control or check.
The experiment was relied entirely on natural
epidemics of bacterial wilt, because the sites are
hot spot areas of the disease and the previous
history of the field confirmed it.
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Experimental design and management
A total of 9 treatments including controls were
laid out in a randomized complete block design
in a factorial arrangement with three
replications. Planting was made on a gross plot
size of 6 m2 (2 m width and 3 m length) with six
rows of ginger and four harvestable central rows.
A recommended spacing of 0.15 m between
plants and 0.3 m between rows were used.
Spacing between plots and blocks were 0.5 and 1
m, respectively. Total area allocated for the
experiment was 30.5 m x 8.0 m (244 m2). The
four central rows were considered for data
collections. All other cultural practices for
growing ginger under field conditions were
done
uniformly following recommended
practices.
Disease Assessment
Ginger bacterial wilt incidence (number of
plants wilted) were visually assessed at 15-days
interval starting from 60 days after planting
( DAP). Plants that showed either complete or
partial wilting were all considered wilted and
staked to avoid double counting in subsequent
assessments. Wilt incidence for each treatment
was then calculated as percentage of total
number of plants emerged. Disease progress was
plotted by considering the disease incidence
against time. The area under diseases progress
curve (AUDPC) from disease incidence was
computed using the formula suggested by
Campbell and Madden (1990):
n 1
 Xi  Xi  1 
AUDPC   
ti  1  ti 
2

i 1 

Where, n is total number assessment times, ti is
time of the ith assessment in days from the first
assessment date, xi is percentage of disease
incidence at ith assessment. AUDPC was
expressed in %-days because incidence (x) was
expressed in percent and time (t) in days
(Campbell and Madden, 1990).
Data Analysis
Analysis of variance (ANOVA) was performed for
disease incidence and AUDPC to see the effect
of treatments and their interactions. Logistic, ln
[(Y/1-Y)], (Van der Plank, 1963) model was used
for estimation of disease progression parameters
from each treatment. The transformed disease
incidence data were regressed over time (DAP) to
determine the rate. The goodness of fit of the
models was tested based on the magnitude of the
coefficient of determination (R2) and residuals
(SE) obtained using the model (Campbell and
Madden, 1990). Regression was computed using
Minitab (Release 15.0 for windows®, 2007). Least
significant difference (LSD) was used for mean
separation at 5% level of significance.
Relationship of final disease incidence and
AUDPC with yield and yield components was
examined using correlation analysis. The two
years were considered as the same due to

homogeneity of variances as tested using
Bartlett’s test (Gomez and Gomez, 1984) and the
F-test was non-significant for most of the
parameters studied in each location. Thus, data
were combined for analysis.

Results and Discussion
Disease incidence
AUDPC values calculated from disease severity
assessed at different days after planting, yield and
final disease severity significantly (P<0.05)
varied between some of soil amendment bacterial
wilt management practices and the control (Table
1). AUDPC and PSI values were lower on compost
7 ton ha-1 enriched with effective microorganisms
and Bordeaux mixture treated plots than on other
treatments and control. Control plots had the
highest (2117.05%-days) AUDPC values, while
the lowest (1470%-days) AUDPC values were
calculated from compost enriched with effective
microorganism and Bordeaux mixture treated
plots. The highest yield (16.26 ton ha-1) was
obtained from the plots treated with compost
enriched with effective microorganism and
Bordeaux mixture, whereas the lowest yield (8.43
ton ha-1) was calculated from the untreated
control plots. The overall values indicated that
compost
integrated
with
effective
microorganisms and Bordeaux mixture treated
plots showed consistent in increase yield in ton
per hectare, reduction in AUDPC and PSI values
than other treatments and control. This could be
attributed to besides the suppression of the
spread of disease at field, compost also provide
nutrients and organic matter, thereby eliminating
or reducing the need for fertilizer. Compost can
also improve soil structure, which allows for
better water transmission, thereby decreasing the
potential for bacterial wilt disease development.
Compost may alter resistance of plants to
diseases. One of the beneficial properties of
compost is the microbial induced suppression of
soil borne plant pathogens and disease (Hoitink
et al., 1997). Singh et al. (2016) reported that
suppressive compost possesses a higher microbial
activity than conducive ones. They suggested that
a high microbial activity causes depletion in
essential nutrients for the survival and
multiplication of the pathogen, thus preventing
infection of the host. The beneficial microbes in
compost and other decomposing organic matter
can activate certain disease resistance systems in
plants. When a pathogen infects a plant, the plant
mobilizes certain biochemical defenses, but these
are often too late to avoid the disease. Plants
grown in compost appear to have these systems
already running and this prevents the pathogen
from causing disease. This mechanism, called
systemic acquired resistance, is somewhat
pathogen specific, but it opens the door for
enhancing disease control through common
farming practices (Hoitink et al., 1997; Baker and
Paulitz, 1996).
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Table 1. Effects of compost enriched with microorganism (EM) and Bordeaux mixture on bacterial wilt
(R. solanacearum) final disease incidence (%), yield (ton ha-1) and area under disease
progress curve (%-days) at Tepi, Ethiopia during the 2019-2020 main cropping season.
Treatments
Compost @ 3 ton ha-1
Compost @ 5 ton ha-1
Compost @ 7 ton ha-1
Sole Bordeaux mixture
Sole EM
Compost @ 3 ton ha-1 + EM + Bordeaux mixture
Compost @ 5 ton ha-1 + EM + Bordeaux mixture
Compost @ 7 ton ha-1 + EM + Bordeaux mixture
Control
LSD (5%)
CV (%)

Yield (ton ha-1)
12.33c
12.53c
13.40bc
9.83d
9.43de
13.26bc
14.13b
16.26a
8.43e
1.30
6.18

PSI (%)1
55.00cd
55.16cd
53.06de
60.00b
58.06bc
50.50ef
46.76f
42.53g
66.86a
4.10
4.37

AUDPC (%-days)2
1675.14c
1582.24cd
1540.52d
1919.94b
1964.78b
1688.35c
1495.06d
1470.00d
2117.05a
124.09
4.17

1Percent

disease incidence at 120 days after planting (DAP). 2AUDPC = standardized area under disease
progress curve of ginger bacterial wilt. Means followed by same letter(s) within a column are not significantly
different at 5% level of significance.

Disease progress rate
The disease progress rates calculated from mean
disease severity records showed variations among
some of soil amendments treatments used and
control. The lowest disease progress rates was
calculated from the plot treated with compost 7
ton ha-1 enriched with effective microorganisms
and Bordeaux mixture (0.030 units day-1), while
the highest disease progress rates was recorded
from untreated control plot ( 0.041 units day-1)
(Table 2). It was also observed that disease
progressed relatively at faster rates on sole
effective microorganisms, Bordeaux mixture and
untreated control plots. The results indicated that
the rate at which bacterial wilt progressed was
slower when compost integrated with effective
microorganisms and Bordeaux mixture to
manage the disease was applied in integration
than the untreated plots. Possibly the treatment
could enhance the health and vigor of plants that
might increase plant chances to withstand
pathogen attack and to activate the host defense
system in addition to benefits gained from the
intercrops. In agreement with this study, Neher
et al. (2014) found that compost amended soils

reduced disease severity of ear blight on brassicas
compared to the bare soil. Haggag and Saber
(2007) reported that compost teas significantly
reduced disease incidence and population counts
of alternaria blight and significantly increased the
activities of both peroxidase, β-1, 3-glucanase and
chitinase that could increase plant resistance
both under greenhouse and field planted tomato
and onion.
Sang et al. (2010) also noted a similar result
against Phytophthora capsici in pepper plants by
compost water extracts and the test again
activates expression of pathogenesis-related
genes and peroxide generation in the leaves and
lignin accumulation in the stems. In addition,
composted paper mill residuals suppressed leaf
spot of field-grown cucumber and bacterial spot
of field-grown snap bean and anthracnose in
greenhouse grown snap beans likely due to
induced systemic resistance (Stone et al., 2003).
Sang et al. (2010) showed the same result on the
suppression of Colletotrichum coccodes in pepper
leaves and C. orbiculare in cucumber leaves.

Table 2. Effect of soil solarization and botanical mulch on disease progress rate (r) and parameter
estimates of bacterial wilt (Ralstonia solanacearum) of ginger at Tepi, Ethiopia during the
2019-2020 main cropping seasons.
Treatments

Compost @ 3 ton ha-1
Compost @ 5 ton ha-1
Compost @ 7 ton ha-1
Sole Bordeaux mixture
Sole EM
Compost @ 3 ton ha-1+ EM + Bordeaux mixture
Compost @ 5 ton ha-1 + EM + Bordeaux mixture
Compost @ 7 ton ha-1 + EM + Bordeaux mixture
Control
1Disease

Disease progress rate (r) at Tepi
Disease
SE of
SE of
R2 (%) 4
progress rate rate 2
intercept 3
(unit day-1) 1
0.039
0.085
0.021
99.2
0.036
0.180
0.101
95.6
0.037
0.150
0.068
97.2
0.039
0.077
0.018
99.3
0.036
0.140
0.058
97.5
0.035
0.075
0.016
99.2
0.034
0.032
0.003
99.8
0.030
0.020
0.001
99.9
0.041
0.173
0.090
97.0

progress rate obtained from regression line of disease incidence with time of assessment (days).
error of rate. 3Standard error of parameter estimates. 4Coefficient of determination of the Logistic

2Standard

model.
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Disease progress curve
The disease progress curves of bacterial wilt
(severity versus DAP) were sketched in Figure 1.
The curves revealed that disease severity
progressed increasingly starting from the onset to
the final severity records in all treatments during
the study periods. The five disease progress
curves for each treatment also indicated that the
disease progress was not similar for each soil
amendments used. Disease severity in untreated
control plots followed relatively high progressive
curves and displayed the highest levels of
bacterial wilt severity. The sole Bordeaux mixture
and effective microorganism’s plots followed
similar curves as untreated plots but lied
intermediate between control and compost @ 5
ton ha-1 enriched with effective microorganisms
and integrated with Bordeaux mixture treated
plots with intermediate levels of bacterial wilt
severity. Whereas disease progress curves of plots
treated with compost at @ 7 ton ha-1 enriched
with effective microorganisms and integrated
with Bordeaux mixture treatments progressed

slowly and display the lowest levels of bacterial
wilt severity at different days after planting.
The disease progress curves in Figure 1 depicted
only for five treatment categories (sole effective
microorganism, sole Bordeaux mixture, compost
@ 5 ton ha-1 enriched with effective
microorganism and Bordeaux mixture, compost 7
ton/ha enriched with effective microorganism
and Bordeaux mixture and un treated control)
based on bacterial wilt severity levels for the sake
of clarity and ease graphic presentation.
Accordingly, sole effective microorganism, sole
Bordeaux mixture and compost @ 5 ton ha-1 with
Em and Bordeaux mixture is treatments lied in
between control and compost @ 7 ton ha-1
enriched with effective microorganism and
Bordeaux mixture, whereas treatments like
compost @ 3 ton ha-1, @ 5 ton ha-1, @ 7 ton ha-1
were intermediate sole effective microorganism
and compost @ 5 ton ha-1 with effective
microorganisms treatments.

Figure 1. Ginger bacterial wilt (Ralstonia solanacearum) disease progress curves as affected by
compost enriched with effective microorganism and Bordeaux mixture (sole Bordeaux mixture (BD),
sole effective microorganism (EM), compost @ 5 ton ha-1 enriched with effective microorganisms and
Bordeaux mixture (CM5+EM+BD) and compost @ 7 ton ha-1 enriched with effective microorganisms
and Bordeaux mixture (CM7+EM+BD) and control (CN) at Tepi in 2019 and 2020 main cropping
seasons.
Association of yield and disease parameters

Calculating correlation between and among final
disease incidence, AUDPC, disease progress rate,
yield and yield related components was
important since change of either of the
parameters influenced the response of the other
during
the
experiments.
For
studying
relationship between disease and yield
parameters, simple correlation analysis was used.

Different levels of associations were observed
among disease incidence, AUDPC, disease
progress rate, yield and yield related components
and presented in Tables 3.
Standardized area under disease progress curve
and final disease incidence were positively and
highly significantly (P≤0.01) correlated (r =
0.892**). This is in agreement with Binyam et al.
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(2014), the epidemiological parameters PSI and
AUDPC were highly correlated. In most cases, the
negative correlation of rhizome yield with
bacterial wilt development was found to be
stronger with AUDPC than with final disease
incidence. Yield and AUDPC were negatively and
highly significantly (P≤ 0.01) correlated (r = 0.951**). Such finding could indicate the presence
of strong negative effects of bacterial wilt on
rhizome yield of ginger. Yield and final disease

incidence (r = -0.957**). More or less similar
phenomenon was noted for the correlation
between disease parameters and yield related
components of ginger. This complies with the
findings of Guji et al. (2019) who found that
bacterial wilt severity, AUDPC and infection rates
are strongly and negatively correlated with ginger
rhizome yields.

Table 3. Coefficients of correlation (r) between yield and disease parameters on ginger at Tepi,
Ethiopia during the 2019 and 2020 main cropping season.
Parameter
RL (cm)1
RL (cm)
1
NFPR
0.975**
Yield (ton ha-1)
0.849**
PSI f (%)
-0.860**
AUDPC1
-0.736**
Dpr (units day-1) -0.922**

NFPR1
1
0.885**
-0.873**
-0.796**
-0.835 **

Yield (ton ha-1) PSI f (%)1 AUDPC1
1
-0.957**
-0.951**
-0.824**

1
0.892**
0.911**

1
0.713**

Dpr (units day-1)

1

RL= rhizome length, NFPR= no. of finger per rhizome, PSI f= final disease severity index, AUDPC = area
under disease progress curve of bacterial wilt incidence of ginger. **Level of statistical significance at P ≤ 0.01.
ns non-significant at P > 0.05.
1

Conclusion
Based on the results obtained from this study, it
can be concluded that bacterial wilt severity,
AUDPC, progress rates and curves were strongly
influenced by soil amendments with compost
enriched with effective microorganisms and
integrated with Bordeaux mixture. Soil
amendments with compost at the rate of 7 ton ha1 enriched with effective microorganisms and
Bordeaux mixture before planting highly reduced
bacterial wilt of ginger. It is therefore, promising
to amend the soil for several weeks before
planting with compost at the rate of 7 ton ha-1
along with Bordeaux mixture and other crop
management strategies to manage bacterial wilt
of ginger in the face of the current and future
climate dynamics in southwestern Ethiopia.
Further studies on integrated management of
bacterial wilt should be continued. In addition,
more efforts should be done with compost
quality, quantity and its effects on soil physicochemical properties.
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ABSTRACT
Tomato is one of the important vegetables grown all over the world for its nutritious and
economic value. Varietal improvement for high yielding, pest resistance and tolerance,
drought tolerance and processing quality traits are vital thereby to enhance production and
productivity of the crop. Due to lack of improved varieties in the study area, local
productivity of tomato is challenged and its production is very limited. Hence, identification
of improved tomato varieties that are adaptable, high yielding and disease resistant is crucial
before dissemination to boost its productivity in the study area. Therefore, this experiment
was conducted at Arba Minch to evaluate ten improved tomato varieties for yield and yield
components under irrigation condition using randomized complete block design replicated
three times. ANOVA result indicated that there is a significant variation among tested
varieties in all studied parameters. The mean total yield and number of fruits plant-1 of
tomato varieties varied from 4991.1 to 11,215 kg ha-1 and 13.33 to 36.53 fruits plant-1,
respectively. ‘Melkashola’ scored the highest marketable yield (9,438 kg ha -1) and total yield
(11,216 kg ha-1) being followed by ‘Bishola’ (8,756 kg ha-1) and ‘Melkasalsa’ (8,367 kg ha-1).
On the other hand, ‘Melkasalsa’ and ‘Miya’ with moderately high yield might also be
regarded as other potential varieties. Therefore, the first three varieties are recommended
for cultivation in the study area and similar agro-ecology.
Keywords: Evaluation, Fruit yield, Irrigation, Melkashola, Varieties
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Introduction
Tomato (Lycopersicon esculentum Mill.) belongs
to the family Solanacaea and it is the most
important vegetable crop consumed as both fresh
and processed. In terms of production, tomato
ranked second after potato, whereas as a
processing crop, it ranks first among all
vegetables (AGRISNET, 2010). Due to its
multiple uses and being nutritious (AVRDC,
2004), tomato is the most popular and widely
cultivated crop. It is grown all over the world
while China is the leading tomato producer in the
world with an annual production of 58.968
million tons (FAOSTAT, 2017).
Ethiopia has diverse agro-ecologies that allow the
country to produce different crops including
tomatoes in different cropping seasons. The
shortage of varieties and recommended

information packages, poor irrigation systems,
lack of information on soil fertility, diseases and
insect pests, high postharvest loss, lack of
awareness of existing improved technology, and
poor marketing system are the major challenges
in Ethiopian tomato production (Lemma, 2002).
However, tomato is mostly grown under
irrigation conditions in the country due to high
disease pressure in the rainy season. Oromiya
and Southern Nations, Nationalities and Peoples’
(SNNP) are the two major tomato-producing
regions of Ethiopia. According to Central
Statistical Agency (CSA) (2017) of Ethiopia, about
6298.63 ha of land were covered by tomato with
the total production of 28364.83 tons during the
2016-2017 cropping season. Gamo and Gofa
zones are among the potential areas for tomato
production in the SNNP regional state. In Gamo
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zone, small-scale farmers of the Arba Minch
Zuria and Mirab Abaya districts widely cultivate
tomato using irrigation mainly for income
generation
due
to
multiple
harvesting
opportunities that the crop has. However, the
productivity of tomato was not more than 6 ton
ha-1 both at national and regional levels in the last
five years due to many factors. The use of low
yielding tomato varieties and diseases and insect
pest occurrence are among the major factors that
affect the productivity of the crop in Arba Minch
area. These can be solved by either adopting or
generating improved crop technologies for
specific localities. Therefore, this study was
conducted to evaluate the adaptability of released
tomato varieties under irrigation conditions in
Arba Minch area, Southern Ethiopia.

Materials and Methods
Description of the study area
The experiment was conducted at Chano Mille
research site of the Arba Minch Agricultural
Research Center under irrigation conditions
during the 2017 cropping season. Geographically,
the study site is located between a latitude of 5°7'
- 6°21' and a longitude of 37°31'-37°67' at 485 km
south of Addis Ababa, the capital city of Ethiopia.
The altitude of the site is 1216 meters above sea
level. The area received an average rainfall of
752.9 mm with maximum and minimum
temperatures of 31.7 and 17.5°C, respectively, in
the cropping season (Arba Minch Meteorology
Station, 2018).

The experiment consisted of ten released tomato
varieties, namely: Chali, Bishola, Melkashola,
Melkasalsa, Cochore, Miya, Eshete, Metadel,
ARP- d2 and Fetan as treatments. The tomato
varieties used in the experiment were different in
their growth habits have distinct characters and
as a result released by Melkassa Agricultural
Research Center (MARC) for production both for
fresh and processing purposes (MoA, 2013).
Seeds of the varieties used were obtained from
MARC. Some descriptions of the varieties are
given below (Table 1).
Design and trial management
The experimental plots were laid out in
Randomized Complete Block Design (RCBD)
with three replications. Seedlings were raised in
well-prepared seedbeds, which were thoroughly
prepared, 1 m x 5 m in size, raised 15 cm from the
soil surface for each variety. Seeds were sown in
rows spaced 10cm apart and covered lightly with
fine soil before irrigation. The beds were irrigated
twice a day until germination and then once a
day. Uniform, healthy and vigor tomato seedlings
were carefully transplanted to the prepared plots
with 5 m x 3 m dimensions to accommodate 50
plants plot-1 at a recommended spacing of 100 cm
x 30 cm between row and plant, respectively.
Recommended agronomic practices such as
weeding,
cultivation,
irrigation,
fertilizer
application (100 and 200 kg ha-1 Urea and NPS,
respectively) and staking were carried out
uniformly during the growing season for all plots.
Fruits were harvested at the mature green stage.

Experimental Materials
Table 1. Description of the tomato varieties used for the experiment.
S/No
1

Variety name Year of Environmental requirements
release Altitude (m) Rain fall (mm)
Cochore
2007
800-2000
1400

Growth habit Maturity (days) Research Yield
(Q ha=1 )
Determinate
100-120
350

Utilization

2

Miya

2007

500-2000

1200

Indeterminate

82

471

Fresh

3

Fetan

2005

700-2000

1200

Determinate

78-80

454

Fresh

4

ARP d2

2012

700-2000

1400

Determinate

100-120

394

Fresh

5

Bishola

2005

700-2000

1200

Determinate

85-90

340

Fresh

6

Melkashola

1998

700-2000

1400

Determinate

100-120

430

Processing

7

Chali

2007

700-2000

1400

Determinate

110-120

300

Processing

8

Melkasalsa

1998

700-2000

1400

Determinate

100-110

320

Processing

9

Metadel

2005

700-2000

1400

Indeterminate

78-80

345

Fresh

10

Eshete

2005

700-2000

1400

Determinate

75-80

---

---

Processing

Source: Adapted from Tujuba and Ayana (2020); Balcha et al. (2015)

Data collection and analysis
Data were collected for plant height, number of
fruits plant-1, number of fruit clusters plant-1,
average fruit diameter, and average fruit weight
on the basis of five sample plants randomly taken
from the central rows while fruit yield related
data (marketable, unmarketable and total fruit

yield) were recorded on a plot basis. These data
were analyzed by using analysis of variance via
Statistical Analysis System (SAS) software
version 9.2. Least significant difference (LSD) at
5% level of significance was used for mean
separation for the treatment that had a
significant effect.
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Results and Discussion
Analysis of Variance (ANOVA)
Mean squares of the tested characters are
presented in Table 2. ANOVA revealed that
highly significant differences among the tested
varieties (P≤0.001) were observed for four
characters (number of fruits plant-1, number of

clusters plant-1, average fruit diameter and
average fruit weight) whereas highly significant
differences at (p≤0.01) were observed for
characters namely; plant height, marketable yield
and total yield. The rest showed insignificant
differences among the varieties under study.

Table 2. Analysis of variance (Mean squares) for the characters of 10 tomato varieties evaluated at
Chano Mille, Arba Minch (2017).
Source of Variation

Range of Means
Min.
Max.

Mean Squares
CV (%) GM
LSD(0.05)
Replication
Treatment
Error
(d.f=2)
(d.f=9)
(d.f=18)
Days to 50% flowering (days) 57.70
66.30
1.90ns
24.87ns
14.64
6.10
62.60
6.56
Days to 50% fruit set (days)
71.70
76.00
4.43ns
5.26ns
2.36
2.08
73.67
2.63
Days to 90% maturity (days)
93.70
99.00
0.10ns
11.64 ns
7.98
2.94
96.20
4.84
Plant height (cm)
56.30
82.40
47.03ns
153.01*
52.46
10.81
67.03
12.42
Branch number
4.30
6.20
0.60ns
0.99ns
0.55
14.44
5.14
1.27
Number of fruits plant-1 *
1.12
1.55
0.10***
0.07***
0.01
9.33
1.31
0.21
Number of clusters plant-1
4.13
8.60
9.27***
4.38***
0.96
16.61
5.90
1.68
Fruit diameter (cm)
11.53
20.80
0.12ns
28.41***
2.41
9.57
16.20
2.66
Average fruit weight (g)
45.80
142.80
43.37ns
3,023.36***
530.82
25.01
92.11
39.52
Marketable yield (Kg ha-1 )
3284.44 9437.78 48,664,439.17*** 10,940,625.56** 3,288,914.2 26.86 6750.67 3110.90
Unmarketable yield (Kg ha -1 )* 34.54
48.25
175.98
55.65
53.59
17.27
42.38
12.56
Total fruit yield (Kg ha-1 )
4991.11 11,215.56 66,570,708.00*** 12,977,877.10* 4,797,186.90 25.45 8607.42 3757.10

C.V= Coefficient of Variation, GM= Grand mean; *, ** and ***, are significant at P≤0.05, P≤0.01 and P≤0.001
respectively and ns=not significant at P>0.05.

Plant height and branches
The mean values for plant height ranged between
56.3 cm (‘Fetan’) and 82.4 cm (‘Eshete’). The
highest plant was ‘Eshete’ followed by
‘Melkashola’ and ‘Bishola’ while the shortest were
‘Fetan’, ‘Cochore’ and ‘Melkasalsa’ (Table 3).
Tallness, shortness, and other morphological
differences are varietal characteristics, which are
controlled and expressed by certain genes.
‘Melkashola’ performed to be mature earlier than
others, followed by ‘Melkasalsa’ and ‘Metadel’
whereas ARP-d2 was the late maturing one. The
maximum number of primary branches plant-1
was recorded in the varieties ‘Bishola’ (6.2),
Melkashola’ (5.67), and ‘Fetan’ (5.33) and the
minimum number of primary branches plant-1
was recorded in varieties, ‘Miya’ (4.33) and ‘ARPd2’ (4.44). These findings are in agreement with
the work of Shibiru (2016) who reported 5.67
primary branches plant-1 under field conditions.
The results are also in close conformity with the
findings of Meseret et al. (2012) who reported
that significant variations among the varieties of
tomato for the number of branches plant-1.
Number of fruit plant-1 and number of
fruit clusters plant-1
The mean values of fruit clusters plant-1 laid
between 13.33 (1.12) and 36.53 (1.55) while the
number of clusters plant-1 ranged from 4.4 to
8.27. The number of fruits plant-1 were
significantly (P<0.001) different among the

varieties (Table 3).The maximum number of
fruits plant-1 was obtained with ‘Melka shola’
[36.53(1.53)] followed by ‘Bishola [35.83(1.55)]
and the minimum number was in varieties,
‘Fetan’ [15.06 (1.17)] and ‘Metadel’ [13.33(1.12)].
On the other hand, ‘Melkasalsa’, ‘Miya’ and
‘Cochoro’ also showed the moderate fruit number
plant-1. This result agrees with Meseret et al.
(2012) who reported that ‘Fetan’ variety showed
the lowest fruit number when compared with
other treatments in their experiment. The result
showed an increasing tendency in the number of
branches plant-1 with an increase in the fruit
number. These results are also in close
conformity with the findings of Sharma and
Rastogi (1993) who reported significant
variations among cultivars of tomato for the
number of branches and fruits plant-1.
Number of clusters plant-1, number of fruits
cluster-1, and fruits plant-1 are the most important
yield attributes in tomato (Pandey et al., 2006).
Among the varieties tested, the maximum
number of clusters plant-1 (8.27) was recorded in
Bishola followed by Melkashola (7.27) and the
least number of clusters plant-1 was observed in
Fetan (4.40) followed by Eshete (4.80). This
study was in agreement with the findings of Khah
et al. (2006) and Abrar et al. (2011) who
indicated that the average number of clusters
plant-1 lay between 2.27 and 5.89.

Int. J. Agril. Res. Innov. Tech. 12(1): 79-83, June 2022

81

Fikre et al. (2022)

Evaluation of improved tomato varieties for yield and other quantitative traits in Ethiopia

Table 3. Mean performance of ten tomato varieties evaluated at Chano Mille, Arba Minch during the
2017 cropping season.
Varieties
Melkashola
Melkasalsa
Cochore
Metadel
Chali
Fetan
Bishola
Miya
Eshete
ARP-d2
LSD
CV (%)

Plant height (cm)

Branch Number

No of Fruit Clusters plant-1

No of Fruits plant-1

71.07ab
60.60bc
60.40bc
67.47bc
67.40bc
56.27c
68.93ab
67.80bc
82.40a
67.93bc
12.42
10.81

5.67ab
5.20abc
4.93abc
4.67bc
5.27abc
5.33abc
6.20a
4.33c
5.40abc
4.40bc
1.30
14.44

7.27ab
5.60bcd
6.47bc
5.13cd
5.60bcd
4.40d
8.27a
6.47bc
4.80cd
5.00cd
1.68
16.61

36.5a
28.5bc
22.1bcd
13.3e
19.5cd
15.1de
35.8b
24.7abcd
16.5cd
15.3de
2.1
9.33

Means within the same column with the same letter are not significantly different at P≤0.05.

Fruit diameter and single fruit weight
Equatorial diameters of the fruits and single fruit
weight were significantly (P<0.001) different
among the varieties (Table 4). The mean values
lay between 11.53 cm and 20.80 cm and among
the treated varieties, ‘Eshete’ (20.80) showed the
highest fruit diameter. Except for ‘Bishola’,
‘Melkashola’ & ‘Melkasalsa’, all rest varieties had
relatively maximum fruit diameter. Data in
(Table 3) revealed that the variety ‘Eshete’ with
142.80 g single fruit weight plant-1 was
significantly high yielder when compared to
‘Metadel’, ‘Cochore’ and ‘Fetan’, which gave a
remarkably good fruit weight plant-1 of 126.73 g,
107.40 g and 116.67 g, respectively. The
minimum single fruit weight plant-1 (45.80 g) was
recorded
for
‘Melkasalsa’
followed
by
‘Melkashola’ (58.00 g) and Bishola (59.63 g).
Jiregna (2013) also reported differences in fruit

weight among varieties
confirms our findings.

of

tomato,

which

Marketable Yield, Unmarketable Yield
and Total Yield
In this field study, the marketable and total fresh
fruit yield results indicated significant variations
among the varieties (at P<0.01 and P<0.05),
respectively (Table 4). The highest marketable
yield (9,438 kg ha-1) was recorded in Melkashola
followed by Bishola (8,756 kg ha-1) and
Melkasalsa (8,367 kg ha-1), respectively. The rest
varieties had higher yield ha-1 except for ‘Fetan’,
which gave the lowest marketable yield (3,284 kg
ha-1). Similar finding was reported by Shibiru
(2016) which confirms our result by recording the
highest
marketable
yield
for
avariety
‘Melkashola’.

Table 4. Mean performance of yield and yield contributing traits of ten tomato varieties tested at
Chano Mille, Arba Minch (2017).
Varieties
Melkashola
Melkasalsa
Cochore
Metadel
Chali
Fetan
Bishola
Miya
Eshete
ARP-d2
LSD
CV (%)

Fruit diameter
(cm)
13.33d
12.07d
16.60c
19.73ab
16.13c
18.00bc
11.53d
16.67c
20.80a
17.13bc
2.661
9.57

Single fruit
weight (g)
58.00de
45.80e
107.40abc
126.73ab
84.47cde
116.67abc
59.63de
85.73cd
142.80a
93.87bcd
39.522
25.01

Marketable
Yield (kg ha-1)
9438a
8367ab
6116bcd
6760abc
6518abc
3284d
8756ab
7658ab
6171bcd
4440cd
3110.900
26.86

Unmarketable
Yield (kg ha-1)
1777.8(41.57)ab
1800.9(42.34)ab
1820.0(41.43)ab
2402.2(48.15)a
2162.2(46.23)ab
1706.7(41.12)ab
2397.8(48.26)a
1475.6(37.94)ab
1806.7(42.24)ab
1217.8(34.54)b
12.558
17.27

Total Yield
(kg ha-1)
11,216a
10,168a
7936abc
9162ab
8680abc
4991c
11,153a
9133ab
7978abc
5658bc
3757.100
25.45

Within the same column with the same letter are not significantly different at P≤0.05 and figures in the
parentheses are transformed values.

Conclusions and Recommendations
Evaluation of improved tomato technologies for
adaptability, fruit yield, and yield related
parameters is very important in Arba Minch,

South Ethiopia. Arba Minch area has the
potential for the production of tomatoes since
offseason production through irrigation is easily
applicable in the area, especially Mirab Abaya
and Arba Minch Zuria districts. Therefore, an
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experiment was designed with the objective to
evaluate tomato varieties for yield and other
quantitative parameters. This investigation
allowed so infer that ‘Melkashola’ and ‘Bishola’
were the best-performing varieties under the
irrigated season in Arba Minch and hence can be
suggested
for
commercial
cultivation.
‘Melkasalsa’ and ‘Miya’ with moderately higher
yield might also be regarded as other potential
varieties. Therefore, these three varieties could be
recommended for popularization and adoption in
the study area(s) with similar agro-ecology.
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ABSTRACT
The Ethiopian government has a package of encouraging youths to participate in small
and micro agricultural enterprises by giving legal certificate for youths who were
organized in-group to start the business by providing financial supports in terms of credit.
However, youths are less willing to participate in agricultural enterprises. Even after being
organized into groups and having supports from government, some of them were not starting
the business and some were interrupting the business they have been organized. Due to these,
huge amount of money from the government, which was allocated for this purpose, is not being
used as expected. Therefore, this study was intended to assess factors affecting rural and periurban youth participation in agricultural enterprises in Bena-Tsemay and Debubi Ari woreda
of south omo zone. Two-stage sampling technique was used to select 155 sample households.
Logit model was used to analyze determinants of youth's participation in agricultural
enterprises. The result of this study indicated that 32.3% respondents were participated and
67.7% were not participated in enterprises. Econometric results revealed that variables such
as farm size, institutional capacity building, and weather road significantly affected youths’
participation in agricultural enterprises at 1% and 5% significance level. The study
recommends that the provision of land for the agricultural enterprises should consider the
size/type of the enterprises that youth are willingness to participate. The government should
specify the institution/sector to enterprise type and consideration of all-weather roads for
each enterprise type during organizing youth in different agricultural enterprises is
important.
Keywords: Agricultural enterprises, Youth participation
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Introduction
Agricultural sector has a potential of being huge
and thriving business to entrepreneurs if there is
full and active government backstopping (Silva,
2010). The sector can generate higher income if it
is also operated in the scientifically recommended
way (Man, 2007). It is known that agriculture is a
labor-intensive economic sector. Youths are also
the main suppliers of labor for agriculture in
countries like Ethiopia where most of the people
are youths; more than 80% of the people are
agrarian and most of the economy depends on
agriculture. Knowing this potential, the
government of Ethiopia provided various
agricultural enterprises for youths to participate
and play their major roles in the economy in
general and to create income for themselves in
particular. In doing that, the government is
aimed to reduce the current unemployment rate

across country in one hand and to enhance
agricultural production and productivity on the
other hand. The National Youth Policy indicated
the significance of participating youths in the
process of building a democratic system, good
governance and development endeavors, and
how they can be benefited fairly from the
outcomes.
The Ethiopian government has a package of
encouraging youths to participate in small and
micro agricultural enterprises by giving legal
backup/certificate for those youths who were
organized in-group to start the business; by
giving trainings and by providing financial
supports in terms of credit. Based on approach of
Ethiopian government, youths who want to
participate in small and micro-agricultural
enterprises are highly encouraged to be organized
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in groups and association in order to access
different supports such as technical, financial,
equipment and working place supports. However,
in most parts of the country in general and in
SNNPR in particular, youths are less willing to
participate in micro and small agricultural
enterprises. Even after being organized into groups
and associations, and having different support from
government, some of them are not totally starting
the business and some are interrupting the business
they have been organized. Due to these, huge
amount of money from the government, which was
allocated for this purpose, is not being used as
expected. The reason behind low participation of
youths, withdrawal and interruption from the
business was not studied so far in the SNNPR of
Ethiopia. Therefore, this study is intended to study
and assess factors affecting rural and peri-urban
youth participation in micro and small agricultural
enterprises in selected areas of Southern Nation
Nationalities and Peoples of Ethiopia.
Therefore, this study is aimed to identify the
different agricultural enterprises available and
the needs of youths, to identify determinants of
rural and peri-urban youths participation in
micro and small agricultural enterprises, to
analyze determinants of effectiveness of
enterprises they were participated and to identify
constraints
and
opportunities
in
their
involvement in micro and small agricultural
enterprises in the study area.

Research Methodology
Sample size determination and sampling
technique
The formula of Yamane (1967) was employed to
determine sample size for this particular study.
This is because there is homogeneity in the types
of enterprises available for youths in all woredas.
The formula of Yamane is described as follows:
n=N/ (1+N*e2)
Where, n = the sample size (155), N=total
number of youths in the woreda (156478), and e
=error term (0.08). Two-stage sampling
technique was used to select sample households
for this particular study. In the first stage, two
woreda’s (Bena-Tsemay and Debub Ari) from
each zone was selected purposively based on high
percentage of groups and associations of youths
participated in micro and small agricultural
enterprises. In the second stage, one rural and
one peri-urban kebele (Dumma, Enchet,
Ayikamer and Gazer) were selected from each
woreda based on the number of groups and
associations participated in micro and small
agricultural enterprises.
From selected kebele’s both participant and nonparticipant youths was identified. The systematic
sampling technique was employed to draw
samples from both participants and nonparticipant youths. The number of sample from
each kebele was determined based non-

proportion of youths participated in each kebele.
Accordingly, a total of 155 samples respondent
was selected and interviewed.
Type of data and method of data collection
Both primary and secondary data was collected
for this particular study. Primary data to be
collected include availability of land, access to
credit, information and perception, type of small
agricultural enterprises, early problem for
business initialization, training to enhance skill
and knowledge, product type, time of initiation
and completion, role of institution, market
access, socio-economic, political, and cultural
constraints and opportunities on participation in
micro and small agricultural enterprises was
collected. Semi-structured questionnaire and
PRA tools such as observation and FGD were
used to collect primary data for this particular
study. During FGD, a group of 8 to 12 people was
selected and the groups in FGD were youths
participated in MSE, Kebele chairpersons, youth
representatives from kebeles, youth organizers in
Woredas and Kebeles, and non-participant
youths. Two FGDs per each Woreda was
conducted at two kebele’s (Dumma and Gazer).
Secondary data was collected from different
published and unpublished sources.
Method of data analysis
Both descriptive and econometric analysis
methods were used. Descriptive statistics such as
frequency tables, percentage, standard deviations
and means were used to analyze agricultural
enterprises available and the needs of youths, and
constraints and opportunities of involvement in
micro and small agricultural enterprises in the
study area.
Econometric model (Logit model) was used to
analyze determinants of youth's participation in
agricultural enterprises and determinants of
effectiveness in enterprises they have been
involved. Effectiveness of enterprises were
measured based on their plan and achievements.
If they achieved what they planned at the
beginning, they were regarded as effective. Credit
access, level of education, market access
(distance, product demand, linkage), sex of
respondent, availability to land, access to
information,
attitude/perception
towards
participation, training to enhance skill and
knowledge, type of enterprise, payback period,
institutional factors (political and bureaucratic
issues, initial capital), and cultural and religious
taboos are supposed to be determinant factors of
youths participation in MSE and their
effectiveness.
Data analysis
Both descriptive statistics and appropriate
econometric model (Logit model) were used to
analyze the data with the help of SPSS Version 23
software.
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Results and Discussion
Descriptive analysis
Demographic characteristics of sample youth
The result in table 1 revealed that 87.7%, of
respondent youth was male. The remaining 12.3%
of respondent youth were female. In terms of
marital status, 76.1% of youth were married,
21.9% were single and 1.9 was divorced. A larger
percentage of respondents (76.2%) were married
this implies that married youths are more likely
to participate in agricultural activities than
unmarried ones. This is because married persons
have more family obligations than unmarried
persons. The educational background of the
youth is believed to be an important feature that

determines the readiness of youth to accept new
ideas and innovations. More educated youths are
expected to adopt new technologies to increase
their land and labor productivity. Based on
education categories the data indicated that
36.1% of the sample respondents were Illiterate,
37.5% attained elementary education, and 21.9%
of the respondents had high school and the
remaining 4.5% of the sample respondent’s
attained college and above. From the total
respondents 65.2% of them had their own land
and 34.8% respondents have no their own land.
As from sample respondent 60%, 39%, and 1%
acquire the land from government, as gift (from
relatives or friends) and via rent, respectively.

Table 1. Demographic characteristic of sample youth.
Attributes
Sex
Marital status
Education

Own land

Land acquired

Frequency
136
19
34
118
3
56
58
34
7
54
101
1
40
60

Male
Female
Single
Married
Divorced
Illiterate
Elementary
High school
College and above
No
Yes
Rent
Relatives or friends
Government

Percent
87.7
12.3
21.9
76.2
1.9
36.1
37.5
21.9
4.5
34.8
65.2
1.0
40.0
60.0

Source: Own survey, 2020.

As depicted in table 2, the age of the respondents
we ranged between 18.00 and 38.00 years, with a
mean of 26.29 years. The average family size of

sample farm households was estimated to be
3.84. The minimum and maximum family size
was found to be 1.00 and 13.00, respectively.

Table 2. Attributes of sample youth.
Attributes
Age (year)
Household size

N
155
155

Min
18.00
1.00

Max
38.00
13.00

Mean
26.29
3.84

Std. Dev
4.44
2.29

Source: Own survey, 2020.

Socio-economic characteristics
The results in Table 3 showed that the minimum
and maximum land holdings were found to be 0.5
timad and 12 timad, respectively. The average
income of respondent from crop production,

livestock production, off farm activates and onfarm activates are 4190.18, 5130.65, 3910 and
9965.23, birr respectively (2009-2010).

Table 3. Sources of income for youth.
Sources of income
Crop income (Birr)
Livestock income (Birr)
Off-farm income (Birr)
On-farm income (Birr)

N
84
62
3
65

Min
300
500
630
500

Max
45000
13210
10400
120000

Mean
4190.18
5130.65
3910.00
9965.23

Std. Dev
7839.3
3739.6
5620.6
16165.6

Source: own survey, 2020.
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Youths’ participation in micro and small
agricultural enterprises
The result in table 4 show that about 32.3%
participate in micro and small agricultural
enterprises, while 67.7% did not participate.
Types of enterprises under which youth organized
in groups were dairy farm (18%), small-scale
irrigation (14%), fattening of oxen (20%),
fattening of shoat (24%) and poultry (24%).
About 92% of sample respondent youth was
indicted that the enterprises that has been
incorporated in the program was participatory
where as 8% those who said did not participatory.
About 83% of sample respondent youth privilege
to choose from available bundles of enterprises,
while 17% did not choose because organizing body

chooses for them (100%). From total sample
respondent youth they choices types of
enterprises at that time is dairy farm (13.6%),
small scale irrigation (18.2%), fattening of oxen
(45.5%), fattening of shoat (18.2), and poultry
(4.5%). Kebele youth’s job opportunity experts
(96%) prepare business plan for micro and small
agricultural enterprises group and only 4%
prepared by the group. From total sample
respondent youth (67.7%), does not participate in
micro and small agricultural enterprises because
of lack of awareness or information (31.4%),
shortage or lack of land (11.4%), lack of initial
capital (33.3%), Absence of trust for group
(17.1%), work Bad administration (2.9%), and
Lack of business skills (3.8%).

Table 4. Youths’ participation in micro and small agricultural enterprises.
Participation
Participate in enterprises

Types of enterprises

Participatory decision in enterprises
Privilege to choose enterprises type
Business plan preparation
Reason of not participate

No
Yes
Dairy farm
Small scale irrigation
Fattening of oxen
Fattening of Shoat
Poultry
No
Yes
No
Yes
Group member
Youth’s job opportunity experts
Lack of awareness
Shortage of land
Lack of initial capital
Absence of trust for group work
Weak administration
Lack of business skills

Frequency
105
50
9
7
10
12
12
4
46
8
39
2
48
33
12
35
18
3
4

Percent
67.7
32.3
18.0
14.0
20.0
24.0
24.0
8.0
92.0
17.0
83.0
4.0
96.0
31.4
11.4
33.3
17.1
2.9
3.8

Source: own survey, 2020.

The result in table 5 show that in micro and small
agricultural enterprises acquire different support
from government and NGOs for their business,
like additional capital, land, agricultural inputs
and training. They acquire support from

government (81%) and from NGOs (19%), in
additional capital, land, agricultural inputs and
training, 23.8%, 9.5%, 14.5% and 52.4%,
respectively.

Table 5. Business support in micro and small agricultural enterprises.
Business support
Acquire support
Sources of support
Type of support

Yes
No
Government
NGOs
Additional capital
Land
Agricultural inputs
Training

Frequency
21
29
17
4
5
2
3
11

Percent
42
58
81.0
19.0
23.8
9.5
14.3
52.4

Source: own survey, 2020
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Access to credit service
Access to credit is one way of improving youth
production and productivity. Youth ability to
purchase inputs such as improved seed and
fertilizer is tied with access to credit. Youths with
access to credit can minimize their financial
constraints and buy inputs more readily than
those with no access to credit. The result in table
6 show that about 93.9 percent get credit while
6.1 percent of the sample households did not take
credit. The results in table 6 also show that the
credit amount depends on the enterprises type.
The criteria to get credit were kebele’s
administration card, free from any crime and
jobless. Micro finance institute and government

(youth job creation opportunity) were the
important sources of credit in study area. About
85.7% of sample respondent get credit to
purchase livestock and 14.3% get credit to
purchase agricultural input. About 73.5% of
sample respondent said that credit cost to loan is
affordable and 26.5% said expensive. From
sample respondent 93.9% said that interest rate
to get credit is affordable and 6.1% said
expensive. From the total participant 61.2%
youth said that the credit amount they received is
sufficient for their business. The payback period
depends on the enterprises type as seen table 6
below.

Table 6. Access to credit service.
Credit service
Credit get
Credit source
Credit Purpose
Cost to get loan
Payback period (in year)
Sufficient to carry out business

No
Yes
Government
Micro-finance
Agricultural inputs purchase
Livestock purchase
Expensive
Affordable
1
2
3
No
Yes

Frequency
3
47
36
13
7
42
13
36
12
10
27
19
30

Percent
6.1
93.9
73.5
26.5
14.3
85.7
26.5
73.5
24.5
20.4
55.1
38.8
61.2

Source: own survey, 2020.

Access to credit services
Access to agricultural extension services is
expected to have direct influence on the
production and marketing behavior of the
agricultural enterprises. The higher access to
extension service, the more likely that youth
adopt new technology and innovation. This study
indicates that out of the total respondents of
enterprises participate youth; about 82% had
access to extension services provided by
development agents of the kebele (government).
The remaining 18% of enterprises participant
youth responded that they did not receive any
extension services from government. The result

in table 7 show that sample respondent’s got
extension services almost all from government
(100%). The extension services providers were
office of agriculture experts, DAs and innovative
farmers. The extension service provided were
training (48.8%), technical support (4.9%) and
advisory or moral building (46.3%). According to
the participant 31.7%, 43.9%, 19.5%, and 4.9%
said that they get extension services once per
month, once in 3 month, once in 6 month, and
once in year, respectively. The frequency of
extension services provided for producing youths
is indicated in Table 7.

Table 7. Access to extension services.
Extension service
Get extension service
Extension services type
Delivers of extension services

No
Yes
Training
Technical support
Advisory or moral building
Once per month
Once in 3 months
Once in 6 months
Once in a year

Frequency
9
41
20
2
19
13
18
8
2

Percent
18.0
82.0
48.8
4.9
46.3
31.7
43.9
19.5
4.9

Source: own survey, 2020.
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Access to market
The result in table 8 show that about 92%,
respondent said that there is a market in their
locality for their product and inputs while 8%,
said that no market in their locality. About the
96% of sample respondent said that there is
demand for their products in the local market.
Also 90% of sample respondent said that there

are no any organizations or investors that
directly supply their products. The product price
was set by seller (20%), buyer (58%),
government (16%), and market (6%). 84% of
respondent youth said that price fluctuate in
different seasons. Almost all participant youth
(100%) harvest their products traditionally.

Table 8. Access to Market.
Market access
Market for inputs

No
Yes
No
Yes
No
Yes
Seller
Buyer
Government
Market
No
Yes
Traditional

Demand for products
Supply of products to organizations
Prices setting

Price fluctuation
Post-harvest handling

Frequency
4
46
2
48
45
5
10
29
8
3
8
42
50

Percent
8.0
92.0
4.0
96.0
90.0
10.0
20.0
58.0
16.0
6.0
16.0
84.0
100.0

Source: own survey, 2020

Regarding the distance taken to travel from
business center to the nearest market place
where they sold their product, farmers reported
that they had to travel an average distance of 95
Table 9. Distance to Market.
Distance to nearest
market (min)

N
49

Minimum
5.00

minutes. The maximum and minimum distances
that respondents travelled to access nearest
market centers were 240 and 5 minutes
respectively (table 9).
Maximum
240

Mean
95

Std. Deviation
74.65

Source: own survey, 2020.

Access to infrastructure
The result in table 10 show that about 92%
respondent said that there is a weather road in
their business area and 8% said did not .About
71.4% of sample respondent said that they had
access to water and 28.6% respondent said they

had no access to water. The type of water in the
business area is river (48.6%), pond (5.4%), and
pipe water (45.9%). According to the sample
respondent 54% said that there is no electricity
access in their business area.

Table 10. Access to infrastructure.
Infrastructure
Road in business area
Access to water
Type of water
Access to electricity

No
Yes
No
Yes
River
Pond
Pipe water
No
Yes

Frequency
4
46
14
35
18
2
17
27
23

Percent
8.0
92.0
28.6
71.4
48.6
5.4
45.9
54.0
46.0

Source: own survey, 2020.
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Effectiveness of enterprises
There are different small and micro agricultural
enterprises in the study area like poultry,
fattening of shoat, fattening of oxen, small-scale
irrigation and dairy farm enterprises. From the
total participant 24% was participating in poultry
and get good income but they haven’t properly
recorded income report, 24% in fattening of
shoat and 20% in fattening of oxen and have
been not getting return, 14% in small scale
irrigation and 18% dairy farm agricultural

enterprises have newly getting return during
survey time. Moreover, to know how the
enterprise are effective or not depends on getting
return from business they are participating. Most
of enterprises were not covered their initial cost
and some of them said if we finish the initial cost
we are effective. In addition, due to no consistent
cost and return records checking, they are
effective or not were calculated.

Dairy farm

Small scale irrigation

Fattening of oxen

Fattening of Shoat

Poultry

18%

24%

14%
24%

20%

Figure 1. Effectiveness of enterprises.
The result in table 11 revealed the factors of
unexpected results of micro and agricultural
enterprises were weak extensional support
(79.5%), disagreement in group members

(38.5%), credit service system (51.3%), loan
repayment interval (53.8%), payback period
(76.9%), and lack of infrastructure (61.5%).

Table 11. Benefit from enterprise.
Benefit from enterprise
Benefit from enterprise is as expected
Reason for not getting benefit as expected
Weak extension support
Disagreement in group members
Credit service system
Loan repayment intervals
Payback period
Lack of infrastructure

Frequency
39
1
8
31
24
15
19
20
18
21
9
30
15
24

No
Yes
No
Yes
no
Yes
No
Yes
No
Yes
No
Yes
No
Yes

Percent
79.5
20.5
20.5
79.5
61.5
38.5
48.7
51.3
46.2
53.8
23.1
76.9
38.5
61.5

Source: own survey, 2020
The result in table 12 show that 50% of the
sample respondent youth was attending training
on their business. About 58.3% of sample
respondent youth was attend training during
working, 25% before starting the business, and

16.7% attend after starting the business.
According to sample respondent, 86% did not
visit any other enterprise to experience sharing
and 14% visit other good performing enterprise
to experience sharing.
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Table 12. Training of respondent.
Training
Attended training
Training time
Visited other
enterprise

Frequency
25
25
6
14
5
43
7

No
Yes
Before starting the business
During working
After starting
No
Yes

Percent
50.0
50.0
24.0
56.0
20.0
86.0
14.0

Source: own survey, 2020.

As revealed in survey result 77.6% of the sample
respondent said that the enterprises on the hand
is their choice because of its profitable than
others (85.7%), it needs few capital (8.6%),
previous experience (2.9%), and no other
enterprises to choose (2.9%), and 22.4% of the
participant youth said that the enterprises on
their hand is not their interest because of lack of
privilege/ freedom to choose (50%), lack of an

enterprises they need (25%), shortage of credit
available (25%). The challenges that affect the
participant youth in the enterprises were low
productivity (86.4%), disagreement in-group
members (4.5%), fail to succeed as expected
(9.1%). According to the sample respondent,
youth there is no agricultural insurance in the
study area.

Table 13. Choose of enterprise.
Current enterprise on your hand
Preferred enterprise
Reason for preference

Reasons to be organized in the
not interested enterprise
Challenges facing because of
participating in not interested
enterprise
Agricultural risk insurance

No
Yes
No option
Profitable than others
It needs few capital
Previous experience
Lack of freedom
Lack of an enterprise we need
Shortage of credit available
Low productivity
Disagreement in group members
Fail to succeed as expected
No

Frequency
11
38
1
30
3
1
4
2
2
19
1
2
50

Percent
22.4
77.6
2.9
85.7
8.6
2.9
50.0
25.0
25.0
86.4
4.5
9.1
100

Source: own survey, 2020.

Opportunity of participation in small and
micro agricultural enterprises

formation of the group (100), Conducive
government policy for the group (80),
Ambition/eagerness of youths to work together
in the business (92), Abiding the rules and
regulations (72).

As shown in figure 14 below, the main
opportunity of participation in small and micro
agricultural
enterprises
are
almost
all
respondents were know each other before the
Table 14. Opportunity of participation in small and micro agricultural enterprises.
Opportunity of participation
Know each other before the formation of the group
Conducive government policy for the group
Ambition/eagerness of youths to work together in
the business
Abiding the rules and regulations

Yes
No
Yes
No
Yes
No
Yes

Frequency
50
10
40
4
46
14
36

Percent
100.0
20.0
80.0
8.0
92.0
28.0
72.0

Source: own survey, 2020.
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Challenges that hinder participation and
success of enterprises
According to the sample respondent there are
different challenges that hinder participation on
small and micro agricultural enterprises like

bureaucracy, weak institutional capacity, lack of
commitment by officials, delay on loan provision,
livestock and crop diseases, lack of electricity,
market linkage and low product price in the
market.

Table 15. Challenges that hinder participation and success of enterprises.
Challenges that hinder participation and success
of enterprises
Bureaucracy in
No
participation
Yes
Weak institutional
No
capacity
Yes
Lack of commitment by No
officials
Yes
Cultural or religious
No
prohibits of credit
Yes
Delay on loan
No
Yes
Livestock or crop
No
diseases
Yes
Lack/Shortage of
No
electricity
Yes
Market linkage
No
problem
Yes
Low product price t
No
Yes

Frequency

Percent

14
36
8
42
10
40
46
4
19
31
7
43
13
37
13
37
4
46

28.0
72.0
16.0
84.0
20.0
80.0
92.0
8.0
38.0
62.0
14.0
86.0
26.0
74.0
26.0
74.0
8.0
92.0

Source: own survey, 2020.
Analysis of econometric results
Econometric analysis was used to investigate
factors affecting youth participation in micro and
small agricultural enterprises. In this study the
variables that have relationship with the youth
participation in micro and small agricultural
enterprises are sex of youth, age of youth,
educational level, family size, total income,
bureaucracy, institutional capacity, land size,
marital status, weather road and credit system.
The relationships of these variables with youth
participation in micro and small agricultural
enterprises were discussed as follows. The logistic
regression model analysis result indicates that
farm size (FARSIZE) exerted positive influence
on the youth participation in micro and small
agricultural enterprises at less than 5%
significant level. If farm size can be increased by
one hectare, the probability of youth participation
in micro and small agricultural enterprises would
increase by 3.3%. This result implies that
participant with large farm size are more likely to
participate in micro and small agricultural
enterprises than those participant who have
small land size. The model result also indicated

that institutional capacity building (INETCB)
affects positively and significantly the probability
of participating in micro and small agricultural
enterprises at less than 1% significant level. This
result shows that even though there is different
institution that supports the micro and
agricultural enterprises such as woreda natural
and agricultural office, woreda livestock and
fishery office, woreda youth and sport office,
woreda food security and entrepreneurship
office, micro finance, and kebeles youth’s job
opportunity expert, the relationships between
these institutions were weak according to the
result. The result hints that as an institution gets
strong the probability of youth participation on
micro and small agricultural enterprises is
increasing by 31.3%. Weather road (WETHR) had
also a positive and significant influence on the
probability of youth participation in micro and
small agricultural enterprises at less than 1%
significant level. The result indicates that, as allweather roads is available in the area the
probability of youth participation in micro and
small agricultural enterprises increasing by
26.2%.
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Table 16. Econometric results.
Variable
SEX
EDU
AGE
HHSIZE
MSTATUS
TINCOME
FARSIZE**
DGMRRD
ICRSMF
WETHR***
INETCB***
Number of obs
Log likelihood

Coef.
-.9308776
.1958548
.1084149
-.0724319
-.2483653
8.17e-07
.2330541
.6804201
.4438642
1.910581
2.119214

dy/dx
-.1644588
.028112
.0155613
-.0103965
-.0356491
1.17e-07
.0334514
.092045
.0611374
.2619247
.3131591

=
155
LR chi2(8)
= -31.227399 Prob > chi2
Pseudo R2

Std. Err.
.11083
.04868
.01054
.0197
.11138
.00000
.01429
.08011
.06894
.09538
.08883
=
=
=

Z
-1.48
0.58
1.48
-0.53
-0.32
0.09
2.34
1.15
0.89
2.75
3.53

P>z
0.138
0.564
0.140
0.598
0.749
0.927
0.019
0.251
0.375
0.006
0.000

[ 95%
-.381681
-.067294
-.005098
-.049015
-.253957
-2.4e-06
.005447
-.064962
-.073973
.074984
.139064

C.I. ]
.052763
.123518
.036221
.028222
.182659
2.6e-06
.061456
.249052
.196248
.448865
.487254

X
.877419
.948387
26.2903
3.83871
1.8
8622.16
2.80968
.63871
.645161
.554839
.490323

132.47
0.0000
0.6796

*** Significant at 1%, ** significant at 5% and * significant at 10%

Source: own survey, 2020

Conclusion and Recommendations
This research presented important information,
justification and findings concerning youth
participation in micro and small agricultural
enterprises in the study area. Based on the main
findings of the study the following points are
made. The results of the study revealed that farm
size exerted positive and significantly influence
on the youth participation in micro and small
agricultural enterprises. The result show that
participant with large farm size are more likely to
participate in micro and small agricultural
enterprises than those participant who have
small land size. This implies that the provision of
land for the agricultural enterprises should
consider the size/type of the enterprises that
youth willingness to participate. It was found that
strong institutional capacity building affects
positively and significantly the probability of
participating in micro and small agricultural
enterprises. This result shows that even though
there is different institution that supports the
micro and agricultural enterprises such as
woreda natural and agricultural office, woreda
livestock and fishery office, woreda youth and
sport office, woreda food security and
entrepreneurship office, micro finance, and
kebele youth’s job opportunity expert, the
relationships between these institutions were
weak according to the result. That means the
enterprise to get different technical support from
this institution/sector was difficult, so the
government should specify the institution/sector
to enterprise type. Weather road had also a

positive and significant influence on the
probability of youth participation in micro and
small agricultural enterprises. The result
indicates that, as all-weather roads is available in
the area the youth participation in micro and
small agricultural enterprises become increased.
Most of the enterprises fail in case of
infrastructure, therefore, the government should
consider weather road for each enterprise type
while, organizing youth in different agricultural
enterprises.
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ABSTRACT
Plant population has a strong influence on rice yield. A field experiment was conducted
during the 2017 and 2018 main cropping seasons at Guraferda district in Bench Sheko Zone,
Southwest Ethiopia. The objective of this study was to determine the optimum plant
population and appropriate variety on grain yield and yield components of upland rice. The
experiment was carried out using RCBD with three replications. Five levels of plant
populations (60, 80, 100, 120, and 140 kg ha-1) and three levels of genotypes (Nerica-4,
Suparica-1, and Local check) were studied. The main effect of plant population and variety
had significant (p<0.05) for most of the parameters investigated. However, the interaction
effect had only statistically significant for the number of tillers, panicles, and grain yield. The
combined results showed that the maximum grain yield of 5553.3, 5491.0, 5252.5, 5047.6,
5043.1, and 4955.6 kg ha-1 were obtained at the respective treatment combinations of
Suparica-1 with 80, Suparica-1 with 100, Local check with 140, Suparica-1 with 120, and
Local check with 120 and 100 kg ha-1 plant populations. In addition to the above result, a
Partial budget analysis was also carried out to determine the economic optimum plant
population for production. Accordingly, the combination of Suparica-1 at the rate of 80 kg
ha-1 was appropriate to get a better yield and higher economic benefit. Therefore, it can be
possible to suggest the finding for wider production.
Keywords: Grain yield, Seed rate, Economic analysis
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Introduction
Rice (Oryza sativa L.) is a staple food for more
than half of the world’s population, most
importantly in developing countries (Seck et al.,
2012). More than 90% of the world’s rice is
grown and consumed in Asia where nearly 60%
of the world’s people live (GRiSP, 2013). It is the
most widely consumed food for a large part of the
world's human population. More than a billion
households in Asia, Africa, and America depend
on rice systems for their main sources of
employment and livelihoods (Seck et al., 2012;
Siwar et al., 2014). Its production is currently
extending across at least 114 countries in the
world and the second most-produced cereals in
the world after maize. Currently, it has also
become a priority commodity for food security in
Africa and has grown over 75% of the African
countries with a total production of 14 million
tons and 16 million metric tons of consumption
annually (MoARD, 2010). The world production
area in 2014 was approximately 162 million
hectares with 755 million tonnes of paddy rice
with an average yield of 4.6 tonnes per hectare5.
The productivity of the crop elsewhere in major

rice-producing countries includes 4.1 t ha-1 in
India, 5.1 t ha-1 in Indonesia, 5.8 t ha-1 in Vietnam,
7.1 t ha-1 in China, and 8.1 t ha-1 in Egypt
(FAOSTAT, 2020). China is the leading producer
of paddy rice followed by India, Bangladesh,
Indonesia, Vietnam, and Thailand which account
for 30, 24, 7, 7, 5, and 4% of the world
production, respectively (Shahbandeh, 2021). In
Africa, the largest production of paddy rice has
come from Nigeria while the highest productivity
is from Egypt.
Currently, rice is gaining the same importance as
some of the most common cereal crops for both
domestic consumption as well as market use in
Ethiopia. Despite its importance, the national
productivity of the crop is 3.0 t ha-1 (FAOSTAT,
2020), this is by far below the potential of the
crop on research plots (5.4 t ha-1) (Taddesse,
2015). Guraferda is one of the potential rice
growing areas in Ethiopia. The crop is mainly
grown in rainfed upland ecology. The crop is
mainly grown in the lowlands of Guraferda
especially at Otuwa, Kuja, Berji, Semerta, and
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Alenga areas. It plays an important role for
farmers, as food for home consumption, and a
source of income, as it is an important crop in the
local market. Rice is consumed in various ways
under Guraferda condition, which includes:
injera, dabbo, asambusa, kinche, and shorba.
Although, efforts have been made for a long
period to select the most adapted and highyielding varieties of upland rice through testing
varieties for adaptation to the new environments
little work has been done on agronomic
management practices in the area. Among the
agronomic management problems, inappropriate
use of plant population, sowing method, and
fertilizer application are the major ones. Plant
population above or below the optimum may
reduce the rice yield (Matsumot0 et al., 2017). On
the other hand, optimum plant population and
proper selection of suitable variety are the most
important production factors to obtain a higher
yield in upland rice. The present study was,
therefore, undertaken to determine the optimum
plant population and appropriate variety to get
maximum yield in upland rice.

area of the experiment was 8 m2 and from which
6 m2 was considered as a net plot. The spacing
between the replications was 1 m whereas plots
were spaced 0.5 m apart from each other.

Materials and Methods

Plant height: was determined by measuring the
length of ten randomly selected sample plants
from the ground level to the tip of the panicle in
each plot at physiological maturity.

Description of the experimental site
The field experiment was conducted at Guraferda
district. Guraferda is found in the southwestern
part of Ethiopia, in the Bench Sheko Zone of the
Southern Nations Nationalities and Peoples
Regional (SNNPR) government at about 630 km
southwest of Addis Ababa. The administrative
center of the zone is Mizan Teferi. The specific
experimental site is Otuwa farmers’ association,
located about 5 kilometers away from the town of
the district, Biftu. The study area represents the
lowland agro-ecology of the district. It is located
at 060 50’ N latitude and 350 18’ E longitude at an
elevation of 1133 meters above sea level.
Experimental materials
The two upland rice varieties and a local cultivar
were used as planting material; the improved
varieties used were NERICA-4 and Suparica-1,
which are released from Pawe Agricultural
Research Center in 2006. They were highyielding and disease-resistant varieties and well
adapted to lowland agro-ecology.
Treatments and experimental design
The treatments consisted of the combination of
five levels of plant populations (60, 80, 100, 120,
and 140 kg ha-1) and three genotypes (NERICA-4,
Suparica-1, and a local check) with a total of
fifteen treatments were used in this study. The
experiment was carried out in randomized
complete block design with the factorial
arrangement and replicated three times. The total
experimental area was divided into three
replications, each of which is further divided into
fifteen plots. Following the procedure, fifteen
treatment combinations were randomly assigned
to the fifteen plots in each block. The gross plot

Experimental field practices
The experimental field was prepared following
the standard practices for rice production before
sowing (Way and Cockrell, 2008). The field was
plowed, leveled, and rows were prepared 25 cm
apart from each other. Sowing was done by hand
drilling the seeds in rows. A field layout was
prepared following its procedure and the
treatments were randomly assigned to the
experimental plots. The total dose of phosphorus
in the form of NPS was applied at sowing and half
the rate of nitrogen fertilizer was applied after
full emergence and the remaining half of the
nitrogen rate was applied at the panicle initiation
stage. Weeding was done uniformly in all
experimental plots.
Data collection and measurements
Growth parameters

Panicle length: done by measuring the length of
the panicle from the node where the first panicle
branch emerges to the tip of the panicle and
determined from an average of ten randomly
selected plants per plot.
Yield and yield components
The number of tillers (both productive and
unproductive) per m2: The numbers of tillers
were determined by counting the tillers from an
area of 0.5 m x 0.5 m row plants by using
quadrant in each plot and then converted to
square meter area.
The number of panicles per m2: The number of
panicles was determined by counting the panicles
from an area of 0.5 m x 0.5 m row plants of each
plot and then converted to a square meter area.
The number of total spikelets panicle-1: The
number of spikelets was determined by counting
all spikelets (filled and unfilled) from ten
randomly selected panicles of ten sample plants
in each plot and averaged.
The number of filled spikelets panicle-1: The
number of spikelets was determined by counting
only filled spikelets from ten randomly selected
panicles of ten sample plants in each plot and
averaged.
Thousand-grain weight: was determined by
weighing randomly drown 1000 grains of welldeveloped, whole, or undamaged grains and then
adjusted to 14% MC.
Grain yield: grain yield was determined by
harvesting the rice crop from the net middle plot
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area of 6 m2 and threshed cleaned and weighed
using an electronic balance and then adjusted to
14% moisture content.
Statistical analysis
The collected data were subjected to factorial
analysis of variance (ANOVA) using General
Linear Model (GLM) procedures of SAS version
9.3 (SAS Institute, 2002-2010). The treatment
means of significant treatment effects were
compared using the Least Significant Difference
(LSD) test at a 5% probability level (p<0.05).
Pearson correlation analysis was carried out
using the same software to investigate
associations between grain yield and yield
components of upland rice varieties.
Partial budget analysis
A partial budget analysis was performed using
the grain yield to identify economically profitable
plant populations for the tested rice varieties. The
yield response of rice varieties to the plant
population was estimated, where the price of
seeds and costs that varied during cultivation
determined the economic feasibility of the rate
used. The yields of all treatments were adjusted
downward by 10% to reflect possible lower yields
expected by the farmers due to differences in
management factors. The price of seed was ETB
14.46 per kg, the local wage rate was ETB 50 per
person per day was considered under variable
costs. The farm gate price of grain was ETB 8.00
per kg. A gross farm gate benefit was obtained by
multiplying adjusted yield (kg ha-1) with farm
gate price (ETB kg-1); while the marginal rate of
return for each plant population treatment was
calculated as change of benefit divided by change
of cost and multiplied by 100 (CIMMYT, 1988).
However, economic recommendations were
made by arranging the interaction effect of
variety and rate of seed used in order of
increasing costs and then considering MRR
between each treatment. Finally, the treatment
with the highest net benefit and MRR was
recommended for production in the study area.
𝑀𝑅𝑅 =

Δ𝑁𝐵
∗ 100
Δ𝑇𝑉𝐶

Where, MRR = Marginal rate of return in
percentage, ΔNB = Change in net benefits, ΔTVC
= Change in total variable cost.

Results and Discussion
The main effect of plant population and variety
significantly (p<0.05) affected all the studied
parameters. However, the interaction effect was
significant only for the grain yield, number of
tillers, and number of panicles per m2.
The varieties showed significant differences in
plant height (Table 1). The local check was
produced the highest plant height of 111.2 cm,
whereas Nerica-4 produced the shortest height of
80.4 cm. The observed difference in height
between the varieties may be due to the inherent

genetic difference among tested varieties.
Rahman (Rahman, 2003) and Jisan (Jisan, 2014)
have observed a significant difference in plant
height among varieties tested in their previous
study. The tallest height was recorded at the rate
of 60 kg ha-1 (106.2 cm), whereas the shortest
height was 84.9 cm when the plant population
increased to 140 kg ha-1. The increased height in
response to the low plant population was likely
due to the low interplant competition, which
might increase the possibility to get more
nutrients in the soil, which may have promoted
vegetative growth of the rice plants. Nitrogen in
the soil may have encouraged the vegetative
growth of upland rice varieties that promoted the
growth of plants, through increasing the length as
well as the number of internodes (Turkhede and
Rajendra, 1978).
The longest panicle was recorded for local check
with a panicle length of 22 cm, whereas Suparica1 and Nerica-4 produced the shortest panicle
length of 19 cm. Among the plant populations 60,
80, and 100 kg ha-1 were showed an increased
panicle. The length of panicles was significantly
decreased with the increasing plant population.
The longest panicle was recorded at the rate of 80
kg ha-1 (21.1 cm), whereas the shortest was
recorded at the rate of 120 and 140 kg ha-1 with
the respective panicle length of 19.6 and 18.9 cm.
This is probably due to better absorption of
nitrogen at the lowest plant population due to
less competition for nutrients, and this could be
enhanced the length of panicles in rice (Manzoor
et al., 2006).
The number of spikelets per plant is an important
yield determining component in upland rice. The
analysis of variance that the main effect of seed
rate and variety had a highly significant (P<0.05)
effect on the total number of spikelets per
panicle. The result revealed that local cultivar and
Suparica-1 produced more total spikelets per
panicle with the respective number of spikelets
124.6 and 120.5. The lowest number of total
spikelets per panicle was obtained from Nerica-4
(116). Among the plant populations, the highest
number of total spikelets per panicle (142.3) were
recorded at the rate of 80 kg ha-1, whereas, the
lowest (98.5) was recorded at the highest plant
population. The higher number of spikelets per
panicle at lower plant population is might be due
to less competition of plants and the availability
of more nitrogen at lower plant density. This
result is similar to the previous findings of Baloch
et al. (2002), who reported the lowest number of
spikelets per panicle at the increasing rate of
plant population. Individual plants were better
performed at the lower plant population because
of the opportunity to acquire more solar radiation
for a better photosynthetic process (Baloch et al.,
2002).
The result revealed that local check (106) and
Suparica-1 (104) were produced more number of
filled spikelets per panicle in pooled data.
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However, the lower (94) number of filled
spikelets per panicle was obtained from Nerica-4.
On the other hand, among the plant populations,
the highest number of filled spikelets per panicle
were recorded at the rate of 80 kg ha-1, whereas,
the lowest was recorded at the rate of 140 kg ha-1.
The number of filled spikelets decreased with the
increasing plant population from 80 to 140 kg ha1 with the spikelet number from 123 to 80,
respectively. This result indicated that as the
plant population increased, the filled grains per
panicle remarkably reduced. This might be due to
the availability of more nitrogen at lower plant
density as the result of less nutrient competition.
The plants grown with a lower plant population
had more solar radiation to absorb for a better
photosynthetic process and performed better
(Baloch et al., 2002). Garba et al. (2013)
reported that the higher the plant population the
more sterility observed in rice. A similar result
was reported by Harris and Vijayaragavan (2015).
This result is consistent with the result of Oziegbe
and Faluyi (2007) who reported that the
increment in plant population did not affect
spikelet production per plant. In higher plant

density, there is competition among plants for
light and nutrients and which leads to the
reduction of yield components (Baloch et al.,
2002).
Regarding thousand seed weight, it was
significantly influenced by both varieties and
plant populations. The result indicated that the
local check was recorded the higher thousand
seed weight (37 g) followed by Suparica-1 (29.6
g). Nerica-4 was recorded the lower (26.8 g)
thousand seed weight. Among the plant
populations, the highest thousand seed weight
was recorded from the lowest plant population.
Thousand seed weight was increased when the
plant population was decreased from 140 to 60
kg ha-1 with the respective value from 26.8 to
34.8 g. The result agrees with the previous report
of Harris and Vijayaragavan (2015). The plants
grown with a lower plant population had more
solar radiation to absorb for a better
photosynthetic
process
and
assimilate
translocation to grain formation (Baloch et al.,
2002).

Table 1. Combined effect of variety and plant population on plant height, panicle length, number of
spikelet, filled spikelet and thousand seed weight at Guraferda.
Variety
NERICA-4
Suparica-1
Local
LSD (0.05)
Seed rate
60
80
100
120
140
Means
LSD (0.05)
CV (%)

Plant height
(cm)
80.4
96.5
111.2
2.8

Panicle length
(cm)
19.2
19.3
22.0
0.6

Total spikelet
m2
115.0
120.5
124.6
4.8

Filled spikelet
m2
93.8
104.0
105.5
5.4

1000 grain
weight (g)
26.8
29.6
37.3
1.1

106.2
101.3
95.7
92.1
84.9
96.0
3.6
5.7

20.8
21.1
20.4
19.6
18.9
20.2
0.8
5.6

129.1
142.3
119.6
110.7
98.5
120.0
6.2
7.7

109.3
122.6
101.9
91.6
80.0
101.1
7.0
10.3

34.8
33.2
31.8
29.6
26.8
31.2
1.4
6.5

LSD (%) = Least significant difference at P < 0.05; CV (%) = Coefficient of variation.

Tiller is one of the most important yield
components that determine rice productivity. The
interaction effect of variety and plant population
was significant for the number of tillers per
square meter (Table 2). The interaction effect
indicated that the highest number of tillers per
square meter was obtained from the interaction
of Local check at 100, 120 and 140, Suparica-1 at
80, 100 and 120 and Nerica-4 at 120 kg ha-1 plant
populations. However, the lowest tiller number
was recorded at the maximum and minimum
plant populations combined with Nerica-4 and
Suparica-1 except for the local check at the
highest rate. The number of tillers increased
when the plant population increased from 60 and
120 kg ha-1. The result showed that Nerica-4
increased the production of tillers when the plant
populations increased from 60 to 120 kg ha-1 and
declined above this rate. Suparica-1 increased the

production of tillers when the plant population
increased up to 100 kg ha-1, which is not
statistically different from the rate of 80 kg ha-1.
On the other hand, an increase above 100 kg ha-1
did not significantly affect the production of
tillers. The local check was increasing the
production of tillers when the rates increased
from the lowest to the highest plant population
but the rates starting from 100 up to 140 kg ha -1
were not significantly different. That means there
was no significant effect in tiller production when
the rate increased from 100 to 140 kg ha-1. The
production of tillers per unit area depends to a
great extent on the genetic character of the
variety and the environment where it grows
(Tyeb et al., 2013). Thus, the varieties were
continued to produce more tillers as the plant
population increased.
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Table 2. Interaction effect of variety and plant population on number of tillers m 2 combined over
years at Guraferda.
Variety
NERICA-4
Suparica-1
Local
Mean
LSD (%)
CV (%)

60
250.0
302.0
289.0
280.3

Plant population (kg ha-1)
80
100
120
305.7
315.3
367.3
370.0
389.0
369.3
340.7
352.3
375.0
338.8
352.2
370.6
74.5
19.5

140
256.0
276.7
415.3
316.0

Mean
298.9
341.4
354.5

LSD (%) = Least significant difference at P < 0.05; CV (%) = Coefficient of variation.

The number of panicles per unit area is
considered as one of the most important yield
components, which increases the rice yields
(Fageria, 2007). The interaction effect of variety
and plant population was significant for the
number of panicles per square meter (Table 3).
The interaction effect indicated that the highest
number of panicles per square meter was
recorded from Suparica-1 for combined effect at
80 and 100 kg ha-1 plant population, the local
check at 100, 120 and 140 kg ha-1 plant
population and Nerica-4 at 80 kg ha-1. On the
other hand, the lowest number of panicles was
obtained at the least plant population for all the
varieties tested and the rates above 80 kg ha-1 in
the case of Nerica-4 and Suparica-1. However,

unlike others, the number of panicles increased
for the local check when the rate increased from
60 to 140 kg ha-1. This suggests that when the
seed rate increased above 100 kg ha-1 had no
marked difference in panicle production. The
number of panicles per unit area is a key factor
that determines grain yield (Miller et al., 1991).
Optimum plant population helps plants to grow
properly by utilizing more solar radiation and
nutrients. In contrast, Wu et al. (1998) reported
an increased number of tillers plant-1 with the
decrease of plant densities in direct-seeded rice.
Merkine (2020) also reported that the elevated
plant density had no marked change in yield and
yield components of rice.

Table 3. Interaction effect of variety and plant population on number of panicles m 2 combined over
years at Guraferda.
Variety
NERICA-4
Suparica-1
Local
Mean
LSD (%)
CV (%)

60
212.7
246.7
232.3
230.6

Plant population (kg ha-1)
80
100
120
280.0
236.7
261.0
316.3
285.3
240.7
244.7
273.0
283.3
280.3
265.0
261.7
46.9
15.8

140
209.7
227.3
309.7
248.9

Mean
240.0
263.3
268.6

LSD (%) = Least significant difference at P < 0.05; CV (%) = Coefficient of variation.

The highest grain yield of the upland rice was
recorded at the plant populations starting from
80 to 120 and even at the highest rate in the case
of the local check. The yield of local cultivars was
significantly increased up to 140 kg ha-1. The
highest grain yield was produced by varieties
Suparica-1 at 80 (5555.3 kg ha-1), 100 (5491.0 kg
ha-1), 120 (5047.6 kg ha-1) kg ha-1 plant population
and local check at 100 (4955.6 kg ha-1), 120
(5043.1 kg ha-1) and 140 (5252.5 kg ha-1) kg ha-1
plant population. Suparica-1 and local cultivar at
the plant populations of 80, 100 and 120 and
100, 120 and 140 kg ha-1, respectively gave
statistically the same higher grain yield as
compared to the other treatment combinations.
However, the lowest grain yield was recorded
when Nerica-4 combined with 60 and 140 kg ha-1
plant population and the local check at 60 kg ha-1
plant population. Proper plant population is an

important factor that enables good rice yield. The
increase in plant population per unit area
increases the grain yield up to a certain limit and
above its optimum, the yield starts to decline due
to the competition between plants for natural
resources (Shahbandeh, 2021). As the seed rate
increased above 80 kg ha-1 number of filled
spikelets per plant was decreased so that, the
increased grain yield may be due to the number
of panicles per unit area. In contrast, the earlier
study indicated that the highest grain yield at 40
kg ha-1 plant population and declined when the
rate above this under irrigation (Yoseph and
Gebre, 2014). Yield is a complex trait that is
directly correlated with the number of panicles
and tillers per unit area. This result is in line with
the findings of Zeng and Shannon (2000) who
reported that increased plant population had no
change in the production of grain yield.
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Table 4. Interaction effect of variety and plant population on grain yield combined over years at
Guraferda.
Variety
NERICA-4
Suparica-1
Local
Mean
LSD (%)
CV (%)

Plant population (kg ha-1)
60
80
3267.4
4519.7
4464.7
5553.3
3583.5
4535.5
3771.87
4869.50

100
4558.8
5491.0
4955.6
5001.80
922.84
17.47

120
4334.7
5047.6
5043.1
4808.47

Mean

140
3717.8
4581.5
5252.5
4517.27

4079.68
5027.62
4674.04

LSD (%) = Least significant difference at P < 0.05; CV (%) = Coefficient of variation.

Partial budget analysis
Partial budget analysis was used in this study to
calculate the total costs that vary and net benefits
for each treatment. Based on this, the highest net
benefit (38,427 ETB ha-1) was obtained from
treatment combination of Suparica-1 at the plant
population of 80 kg ha-1 plant population while
the lowest net benefit (22,158 ETB ha-1) was
obtained from the combination of Nerica-4 at 60
kg ha-1 plant population (Table 5). The marginal
rate of return is important to compare treatments

because of economic profitability rather than only
looking at the maximum biological yield
(CIMMYT, 1988) and which helps to remove
unprofitable treatments before recommendation.
Consequently, the marginal rate of return was
done to determine the economic benefit of the
technology for the recommendation. Based on
this, the highest marginal rate of return was
recorded from the combination of Suparica-1
with 80 kg ha-1(Table 6).

Table 5. Partial budget analysis for the variety and plant population on upland rice yield.
VxSR (kg ha-1) HGY (kg ha-1)

AGY (kg ha-1)

GB (ETB ha-1)

TVC (ETB ha-1) NB (ETB ha-1)

Nx60
Nx80
Nx100
Nx120
Nx140
Sx60
Sx80
Sx100
Sx120
Sx140
Lx60
Lx80
Lx100
Lx120
Lx140

2940.66
4067.73
4102.92
3901.23
3346.02
4018.23
4997.97
4941.90
4542.84
4123.35
3225.15
4081.95
4460.04
4538.79
4727.25

23525.28
32541.84
32823.36
31209.84
26768.16
32145.84
39983.76
39535.20
36342.72
32986.80
25801.20
32655.60
35680.32
36310.32
37818.00

1367.60
1556.80
1846.00
2035.20
2324.40
1367.60
1556.80
1846.00
2035.20
2324.40
1367.60
1556.80
1846.00
2035.20
2324.40

3267.40
4519.70
4558.80
4334.70
3717.80
4464.70
5553.30
5491.00
5047.60
4581.50
3583.50
4535.50
4955.60
5043.10
5252.50

22157.68
30985.04
30977.36
29174.64
24443.76
30778.24
38426.96
37689.20
34307.52
30662.40
24433.60
31098.80
33834.32
34275.12
35493.60

VxSR = Variety by plant population; N = NERICA-4; S = Suparica-1, L = Local cultivar; HGY. = Harvest grain
yield; AGY.= Adjusted grain yield; GB = Gross benefit; TVC = Total variable cost; and NB = Net benefit

Table 6. Marginal rate of return for the variety and plant population on upland rice yield.
VxSR (kg ha-1)
Sx60
Sx80
Sx100
Sx120
Lx140

AGY (kg ha-1)
4464.7
5553.3
5491.00
5047.6
5252.5

GB (ETB ha-1)
32145.84
39983.76
39535.20
36342.72
37818.00

TVC (ETB ha-1)
1367.60
1556.80
1846.00
2035.20
2324.40

NB (ETB ha-1)
30778.24
38426.96
37689.20
34307.52
35493.60

MRR (%)
4043
D
D
D

VxSR = Variety by plant population; N = NERICA-4; S = Suparica-1, L = Local cultivar; AGY.= Adjusted grain
yield; GB = Gross benefit; TVC = Total variable cost; NB = Net benefit and MRR = Marginal rate of return

Conclusion
Appropriate plant population is one of the most
important production factors to obtain higher
economic yield. The result of this study indicated
that yield and yield components were
significantly influenced by variety and plant
population. However, the interaction effect was
only significant for the number of tillers and

panicles per meter square and grain yield. Based
on the mean value of treatments, the highest
grain yield was recorded in the combination of
Suparica-1 at 80, 100 and 120 and the Local
check at 100, 120 and 140 kg ha-1 plant
populations. However, comparing treatments
because of economic profitability growing of
Suparica-1 at the rate of 80 kg ha-1 gave better
yield and higher economic benefit than others.
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Hence, it can be possible to suggest the
technology for wider production in the location.
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ABSTRACT
Cassava is one of the most important foods security crops, especially in those regions
disposed to difficult crop environments. The crop is also grown in the southern part of
Ethiopia and plays an important role for home consumption, animal feed and source of
income for small-scale farmers. However, its productivity is still low due to the lack of
improved planting materials. Therefore, the experiment was conducted at Jinka Agricultural
Research Center’s research site during the 2018 and 2019 consecutive cropping seasons to
investigate the adaptability of improved cassava varieties and to select high-yielding
variety/varieties for the target area. Four improved cassava varieties (Hawassa-4, Kello,
Qulle and Chichu) and one local check were used as treatments and arranged in randomized
complete block design with three replications. ANOVA revealed that the interaction between
year and variety showed non-significant, whereas varieties performed significantly different
(p<0.05) for root yield and other yield-related characters considered in this study. The
higher mean value of total root yield was recorded on Hawassa-4 (56.91 ton ha-1) followed
by Kello (42.8 ton ha-1) and showed good mean performance for root yield-related
parameters than local and Qulle varieties. In general, the varieties Hawassa-4 and Kello
yielded better than local checks by 50.95% and 13.5%, respectively. Therefore, the variety
Hawassa-4 followed by Kello was identified as the highest yielding and adaptable Cassava
varieties at the midland area of South Omo Zone and similar agro-ecologies.
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Introduction
Cassava (Manihot esculenta Crantz) is a
dicotyledonous perennial shrub plant that
belongs to the family Euphorbiaceae. It is native
to Brazil and it was familiarized to Africa by the
Portuguese in the sixteen century (FAO and
IFAD, 2001; Andoh, 2010). Now it is extensively
cultivated for consumption in the tropics and
subtropics area (Burns et al., 2010). It is known
as an important food security root crop for many
African countries smallholders farmers because
of its wide adaptation to a variety of soil, climate,
drought tolerance and generally, able to grow in
difficult crop environments (FAO and IFAD,
2001; Misganaw and Bayou, 2020). In addition,
its storage root is rich in carbohydrates, calcium,
vitamin B, C, and essential minerals (Alo et al.,
2017).

The crop was believed to be exotically introduced
to Ethiopia in the middle of the nineteenth
century (Tassew, 2007) and it is currently grown
in the southern part of Ethiopia and plays an
important role for consumption, animal feed and
source of income to many rural and urban
households (Tadesse et al., 2013). In Ethiopia, its
annual average land coverage and productivity
are 195,055 hectares and 501,278.5 tons,
respectively. This indicates the average
productivity of cassava in the country is not more
than 25 tons per hectare (SNNPR, 2014), which is
too lower than the yield obtained by other
tropical countries such as Nigeria, 35 tons per
hectare per year (FAOSTAT, 2013).
Among potential production areas in southern
Ethiopia, the production of cassava in South Omo
zone is obvious. but, production and productivity
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have faced different constraints because farmers
cultivate by using local varieties which are not
only low-yielding and less nutritive but also
susceptible to diseases including insects
(Anshebo et al., 2004; Gezahegn et at., 2018). To
alleviate, these problems, different research
activities have to be conducted nationally and
improved cassava varieties were released by
Hawassa agriculture research center, but there
are limited studies related to the evaluation of
those developed varieties to find out the
suitability for different agro-ecologies. Therefore,
this study was designed to test the adaptability of
improved cassava varieties and to select the highyielding variety/varieties for the target area of
South Omo zone.

Materials and Methods
Description of the experimental site
The experiment was conducted at Jinka
Agricultural Research Center’s research site,
during the 2018 and 2019 consecutive cropping
seasons. Jinka is located in the southern part of
Ethiopia in SNNP Regional State. The
administrative center of South Omo Zone Jinka is
located 729 km southwest of Addis Ababa at a
geographical coordinate of 360 33"- 370 67"E
and 50 46"- 6057"N with an altitude of 1450
m.a.s.l. The rainfall distribution of the area is
bimodal with the main rainy season extends from
January to May and the second cropping season,
from July to October. The average annual rainfall
of the area in the last ten years was 1307.3 mm
with two seasons, while average temperatures
ranging from 21.0ºC to 28.0ºC. The soil of the
experimental site is sandy loam in texture with a
soil pH of 6.41 (Tekele and Walelign, 2014).
Treatment and Experimental Design
Four improved cassava varieties (Hawassa-04,
Kello, Qulle and Chichu) and one local check
were evaluated in this study. The experiment was
laid in Randomized Complete Block Design
(RCBD) with three replications. The total size of
each plot was 16 m2, which contains 4 meters in
width and 4 meters long. The spacing was 1 m
between plant and ridge, which contained four
rows per plot giving 10,000 plants per hectare.
Healthy stem cuttings from 12 months old
cassava measuring 30 cm were planted at
inclined of 450 orientations on well-prepared
land. The crop is grown under rain-fed
conditions. Weeding was performed five times
during the whole crop growth period. The crop
was harvested 15 months after planting.
Data Collected
Agronomic parameters such as root length, root
girth, number of roots per plant, number of

marketable roots per plant, number of
unmarketable root per plant, marketable yield,
unmarketable yield, total yield and dry matter
were recorded at the fifteenth month after
planting. Four representative plants were taken
from the harvestable row of each plot from the
respective treatments by avoiding the border.
Total root yield per hectare was calculated as:
𝑦𝑖𝑒𝑙𝑑 𝑡𝑜𝑛 ℎ𝑎−1 =
(

𝑦𝑖𝑒𝑙𝑑 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡 (𝑘𝑔)∗10000 𝑚2
16𝑚2 (𝑛𝑒𝑡 𝑝𝑙𝑜𝑡 𝑠𝑖𝑧𝑒

)/1000

For root dry matter content, a peered fresh root is
chopped into small pieces and weighted. Then, it
was put into oven-dried at 105°C for 24 hours
(Asare, 2004). After that, it was weighed again to
determine the dry weight and calculated as:
𝐷𝑀 = (

𝑑𝑟𝑦 𝑟𝑜𝑜𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
𝑓𝑟𝑒𝑎𝑠ℎ 𝑟𝑜𝑜𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)

) ∗ 100

Data analysis
The collected data were subjected to analysis of
variance (ANOVA) using the SAS computer
software version 9.00. Mean separation was
carried out to determine the significant difference
among varieties using Least Significance
Difference (LSD) test at a 5% probability level.
Over years data were combined after testing the
normality and homogeneity of collected data.

Results and Discussion
The combined analysis of variance results for the
two years’ data is summarized in Table 1.
Significant differences for all parameters except
dry matter content were observed among the
varieties. The mean square for years effect was
highly significant for the number of roots plant-1,
the number of unmarketable roots plant-1,
unmarketable root yield and dry matter content.
For variety-year interaction, the mean square was
not significant for all parameters.
Varieties had a significant (p<0.05) effect on root
length and a very highly significant (P<0.001)
effect on root diameter. The longest root was
recorded from varieties Hawasa-4 (54.5 cm)
followed by Kello (50.8 cm) and the shortest was
recorded from Chichu (41.4 cm) (Table 2). The
highest root diameter (8.85 cm) was recorded
from the variety Howassa-4 while the lowest root
diameter (5.7 cm) was recorded from the local
variety (Table 2). The main yield components
that contributed to cassava yield enhancement
were storage root size and storage root diameter
(Tadesse et al., 2018). This study was in
agreement with the findings of Gebisa and Gezu
(2017), Misganaw and Bayou (2020) who stated
that root length and diameter had significantly
(P<0.01) affected due to varietal differences.
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Significant differences (P<0.05) among the
varieties were observed for the number of roots
plant-1 and the number of marketable roots plant1. The maximum number of roots plant-1 (9.83)
and marketable root plant-1 (8.12) was recorded
from Hawassa-4 followed by Kello; Whereas the
minimum number of roots plant-1 (7.45) and the
number of marketable roots plant-1 (5.16) were
recorded from Chichu and Qulle respectively

(Table 2). The variation in the number of roots
plant-1 and marketable root plant-1 area mainly
depends on the varietal difference. The number
of roots plant-1 is one of the primary root yield
components and was expected that Hawassa-04
and Kello have a higher production potential than
the other tested varieties (Muli, 2019).

Table 1. Combined analysis of variance result of mean squares for root yield and yield components of
cassava varieties tested in 2018 and 2019.
SV
Replication
Year
Treatment
Yer*trt
Error

DF
2
1
4
4
18

RL
6.25
29.60ns
141.03*
20.77ns
46.57

RD
0.04
0.05ns
9.94***
0.13ns
0.67

NRPP
1.41
19.60*
7.78*
3.07ns
2.16

NMRPP
0.40
0.46ns
7.33**
3.51ns
1.52

NUMRP
0.30
14***
2.18*
1.28ns
0.55

MRY
57.86
165.2ns
501.5*
37.82ns
119.71

UMRY
0.28
7.803*
6.22**
2.043ns
0.99

TRY
66.32
101.2ns
444.6*
32.31ns
130.37

DM
0.54
210.67***
8.66ns
20.67**
3.71

RL= Root length, RD=Root diameter, NRPP= Number of root plant-1, NMRPP= Number of marketable root
plant-1, NUMRPP= Number of unmarketable root plant-1, MRY= Marketable root yield, UMY= Unmarketable
root yield, TY= Total root yield, DMC=Dry matter content, SV= Source of variation, DF= Degree of freedom.

The number of unmarketable roots plant-1 and
unmarketable root yield was also significantly
affected at p<0.05 and p<0.01 accordingly. The
minimum number of unmarketable root plant-1
(1.33) and unmarketable root yield (2.25 ton ha-1)
were recorded from the variety Chichu and the
maximum number of unmarketable root plant-1
(2.66) and unmarketable root yield (4.53 ton ha-1)

were observed on Kello and Qulle, respectively
(Table 2). Based on the mean result, the number
of unmarketable roots plant-1 has directly
proportional to unmarketable root yield. The
current unmarketable root yield result is in line
with Tadesse et al. (2018).

Table 2. Combined means values of root yield and yield component of cassava varieties tested at Jinka
agricultural research center research site in 2018 and 2019 cropping season.
Varieties
Hawass-4
Chichu
Local
Qulle
Kello
Mean
LSD (0.05)
CV%

Cm
RL
54.5a
41.4b
47.23ab
49.43ab
50.8a
48.67
8.27
14.02

RD
8.85a
6.86b
5.7c
5.86bc
6.17bc
6.69
0.99
12.29

NRPP
9.83a
7.45b
8.12ab
7.75b
9.79a
8.59
1.78
17.14

NMRP
8.12a
6.12bc
6.5bc
5.16c
7.12ab
6.60
1.49
18.67

NURP
1.7bc
1.33c
1.62c
2.58ab
2.66a
1.98
0.9
37.6

MRY
54.35a
37.26b
34.18b
30.48b
38.98b
39.95
13.27
28.02

Ton ha-1
UMRY
2.56bc
2.25c
3.51ab
4.53a
4.31a
3.43
1.2
28.97

TRY
56.91a
39.51b
37.70b
35.01b
43.29ab
42.39
13.85
26.82

%
DMC
43.25
44.04
43.56
42.83
45.91
43.91
Ns
4.39

*RL= Root length, ***RD=Root diameter, *NRPP= Number of root plant-1, **NMRPP= Number of marketable
root plant-1, NUMRPP= Number of unmarketable root plant-1, *MRY= Marketable root yield, UMY=
Unmarketable root yield, *TY= Total root yield, DMC=Dry matter content, CV=Coefficient of variance, LSD=
List significance difference.

The varieties had a significant (p<0.05)
difference in marketable and total root yield. The
difference in root yield might be associated with
the potential of varieties to adapt to the testing
agro-ecology. The higher marketable root yield
(54.35 ton ha-1) and total root yield (56.91 ton ha1) were recorded from Hawassa-4; whereas the
lower marketable root yield (30.48 ton ha-1) and
total root yield (35.01 ton ha-1) were recorded
from Qulle with no significant difference over the
variety local and Chichu (Table 2). In general, the
total root yield of the variety Hawassa-4 was
yielded better than the local check by 50.95%.
This result is in agreement with the findings of

Tadesse et al. (2018) who reported that Hawassa4 was high yielder than Qulle. However, these
yields were higher than the yield obtained from
the study of Misganaw and Bayou (2020) who
evaluated the performance of the same varieties
in Fafen District, Ethiopia.

Conclusion
The current result of analysis of variance
(ANOVA) showed that the interaction between
year and variety was non-significant, whereas
varieties performed significantly differently
(p<0.05) for all root yield and other characters
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except dry matter content. The higher mean value
of root length (54.5 cm), root diameter (8.85 cm),
number of roots plant-1 (9.85), number of
marketable roots plant-1 (8.12), marketable root
yield (54.35 ton ha-1) and total root yield (56.91
ton ha-1) was recorded on the variety Hawassa-4)
followed by Kello. The varieties Hawassa-4 and
Kello were yielded better than local checks by
50.95% and 13.5%, respectively. Therefore, the
variety Hawassa-04 followed by Kello was
identified as the highest yielding and adaptable
Cassava variety at the midland area of South Omo
Zone and similar agro-ecologies. In addition, it is
advisable to undertake a demonstration of these
Hawassa-4 and/or Kello varieties to improve
cassava production in the study area.
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ABSTRACT
This study was initiated to estimate households’ willingness to pay for improved water
services and identify its determinants by using the contingent valuation method in Bonga
town of Kaffa zone, Southwestern Ethiopia. A cross-sectional data from a total of 212
sampled households’ from two randomly selected kebeles of Bonga town. Contingent
valuation survey responses were analyzed through descriptive and econometric analysis
using Probit and Bivariate probit model. Double bounded dichotomous choice with openended follow-up format was used to elicit the household’s willingness to pay. The descriptive
analysis showed that out of the total 205 valid responses indicated that most households’
have perceived the problem of existing water services and were willing to pay for its
improvement. Results from the study showed that about 80.98% of the sampled households
were willing to pay the initial bid offered for an improvement in their water services scheme.
The Probit model regression result shows that the age, daily water use, satisfaction level,
fetching time, initial bid, ownership of the house, quality, family size, stay in town, and
income were important factors that influenced WTP for improved water service. The study
also shows that the maximum willingness to pay for improved water service was calculated
to be 57.62 Birr and 30.11 Birr per month from double bounded and open-ended format
respectively. The study also reveals that the aggregate welfare gains from the improvement
of water supply in the study area were calculated to be 1,176,531 and 614,810 ETB per month
from double bounded dichotomous choice and open-ended format respectively. Therefore,
the policymakers, as well as project implementers who design solutions to address the
problem of water service in the study area, should take account of these factors into their
decision.
Keywords: Bivariate probit model, Bonga town, Water scheme, Willingness to pay
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Introduction
The water of satisfactory quality is the
fundamental indicator of the health and wellbeing of a society and hence, is crucial for the
socio-economic development of a given country.
According to Okun (1988), as cited by (Dlamini,
2015), improved access to a clean and safe water
supply is closely linked to improved economic
wellbeing. Access to safe water is a prerequisite
for the realization of many human rights,
including those relating to people’s survival,
education, and standard of living (Saleamlak,
2013). Securing access to safe water for all helps
reduce diseases caused by the use of
contaminated water such as diarrhea, cholera,

guinea worm, typhoid, and deaths in society
(Hosea et al., 2021). Water is essential for
agricultural, household, industrial, tourism, and
cultural purposes and sustenance of the
ecosystem (Mark et al., 2002; Oloruntade et al.,
2012; Sriyana et al., 2020).
Unfortunately, for our planet, water supplies are
now running dry at an alarming rate. The world’s
population continues to soar but that rise in
numbers has not been matched by an
accompanying increase in supplies of fresh water.
Less than 1% of the available water on the planet
is freshwater that is used for drinking and other
activities (David, 2005). According to WHO
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(2017), about 844 million people globally lack
access to clean water supply while 2.5 billion
people have no access to adequate sanitation. In
addition to that, many people especially in
developing countries do not have access to safe
and adequate water services, which affects their
life in various ways (Mazvimavi and Mmopelwa,
2006). Due to the absence of improved water and
sanitation facilities, the rural and urban areas of
residents’ are mainly faced with poverty. It was
also estimated that 319 million people are
without access to improved water supply in subSaharan Africa (Akeju et al., 2018). Many urban
water supplies provided by public utilities are
facing an acute shortage in many low-income
countries.
Even if Ethiopia is frequently said to be the ‘water
tower of North-East Africa’ there is a pervasive
problem of safe and clean water. According to
MoWR (2003) for all the water development
activities achieved so far, the average access to a
safe water supply is 33.7% of the total population
of Ethiopia. About 93.0% of the urban
populations of Ethiopia just have access to the
minimum water requirement because the
distribution systems in various towns do not
function
properly
due
to
inadequate
arrangements for maintenance and repair (Seifu
et al., 2012). The construction or rehabilitation of
water supply systems plus the operation and
maintenance activities of those systems require
an enormous sum of money from the institutions
(Hosea et al., 2021).
Kaffa zone especially Bonga town has long been
suffering from deep-rooted safe drinking water
problems and sanitation services. Not only water
availability is scarce in existing piped water but
also supplied piped water is much damaged and
cannot be used for drinking rather than washing
clothes and other uses. It is also supplied only
twice a week to the connected households and the
water is generally unsafe. Over time, the quantity
of water supplied to the town daily is grossly
inadequate and could not solve the problem of
water shortage in the study area. For this reason,
most of the households still depend on other
water sources such as; water tankers, water
vendors, hand-dug wells, ponds, streams,
boreholes, and well for water supply (Tezera,
2008; BTWSSO, 2020).
Its quality deterioration, unreliability, and water
scarcity problems of existing water service in
private piped as well public tap water supply
system that households in the town are facing.
This is creating many challenges in health as well
as socio-economic development in the town. Due
to the intricacy, households in the town are
compelled to construct boreholes and hand-dugs
by sacrificing their huge capital to get water of
doubtful quality and the active labor force is
wasting its significant time by fetching water

from unimproved sources which have a negative
implication in the production sector and the
quality of water from those sources is also
deteriorating (Hundie and Abdisa, 2016).
To perk up this extremely low level of water
supply service and satisfy the rapidly growing
population of town; water need as well as the
required quantity and quality for the existing
population; the rehabilitation of old boreholes,
replacement
of
pipelines,
Watershed
improvement, substantial resource commitment,
the primary target of government policies, and
sustainability of existing water projects must be
maintained. As indicated by Medhin (2006) since
the piped water supply is not a natural system as
it is a manmade infrastructure, it needs a huge
amount of money and effort to make it quite
accessible in both quantity and quality.
Thus to improve the water supply situation of the
town demand-side information is highly
required, because this demand-side approach
asserts that the water utility bodies need to
understand actual household use behavior and
observed ability and willingness to pay for
improved water services and thus enables
policymakers to design appropriate water tariff
that is consistent with government policy and
enhance the long term viability of the service
(Yibeltal, 2011; Saleamlak, 2013). This research,
therefore, endeavors to estimate the Willingness
to Pay (WTP) of households for better-quality
water service provision and determine its
influencing factors by using the Contingent
Valuation Method in Bonga town, Kaffa zone,
southwestern Ethiopia.

Research Methodology
Data type, sources, survey design, and
administration
Bonga town is found in Kaffa zone, Southern
nation nationality state, Ethiopia about 105km
and 449 km far South West of Jima and Adis
Ababa, respectively. Geographically, the town is
situated at 70 16’-70 267’ N and 360 14’-360 23’ E
with an elevation of 1714 m.a.s.l and
meteorological station records show that average
annual temperature varies from 11.8-27.1°c while
annual rainfall varies between a range of 125-250
mm (KZWMED, 2020). The main source of water
for the Bonga town inhabitants is coming from
groundwater mainly from the Dincha and Sheta
watershed well fields. Water coming from the two
areas is distributed to the consumers through
2555 connections and 15 Public taps. Based on
the census conducted by the CSA (2007), a total
population of 127,842 out of which 61,965 were
male and 65,877 female with an average
population growth of the town is 4.6% and the
total number of households living in the town is
23,516.
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This study used cross-sectional data, by
employing both qualitative and quantitative types
from both primary and secondary data sources.
The primary data were collected from sampled
households in the study area through a
structured questionnaire. In addition, the
primary data were also collected through focus
group discussions (FGD) and key informant
interviews (KII). During the FGD and KII, the bid
values for improvement of water services were
determined and cross-checked with previous
studies, before fixing. Secondary data were
collected from different offices like Kaffa zone
water, mining, and energy department, Bonga
town water supply, and sewerage office, different
published and unpublished sources, and relevant
journal articles and websites. During the
interview, a double bounded dichotomous choice
elicitation method was used because of its
advantages over controlling biases that arise
during the CV study. It also minimizes nonresponses and avoids outliers, and is more
efficient. This format of elicitation makes a clear
bound on WTP for answer sequences yes-no or
no-yes, and no-no and yes-yes responses. Indeed,
it has efficiency gains because additional
questions even when they do not bound WTP
completely further constrain the part of
distribution where respondent's WTP lies (Haab
and McConnel, 2002). The study followed a
multistage sampling procedure to select the
sample households’ since it allows researchers to
make clusters and sub-clusters until the
researcher reaches the desired size or type of
group. At the first stage, the study district (town)
was selected purposively based on the problem of
access to water service. At the second stage, out
of three broad urban kebeles in the town two
kebeles, namely 01 and 03 were selected
randomly. At the third stage, the number of
sample respondents from each kebele was
selected proportionally to the total number of
households in kebele, thus, probability
proportional to size (PPS) was applied. Finally,
each sample household was selected by using
systematic simple random sampling.
For this study, the sample size was determined
from out of 17300 households of two kebeles in
the town based on the following formula of
Yamane developed by Israel (2012) at a 7% level
of precision:
𝑁

n = 1+𝑁(e)2 − − − − − − − − − −(1)
Where, n is the sample size; N is total households
and e is the level of precision with 7%. Before
implementing the final survey, pre-testing was
conducted with a random sample of 16 residents
from each kebele to determine potential bid level.
By a series, FGD, and pre-testing of draft
questioners the starting point prices that have
been identified for WTP were 8, 25, 33, and 45

Birr per month added on the water bill. Using
these initial bids, sets of bids will be determined
for follow-up questions based on whether the
response is “no” or “yes” for the initial bid. If the
respondents were willing to take the offered
initial bid, the follow-up bid was 13, 30, 40, and
54. In case of a “no” response to the initial bid,
the follow-up bid were 5, 20, 30, and 40 Birr
respectively. Given this, the actual survey was
undertaken by separating the total sampled
households randomly into four groups and there
were 53 randomly assigned households per Bid
level.
Empirical model specification and analysis

A bivariate probit model was employed to
estimate WTP for an improved water scheme
because the bivariate normal density function is
appealing in the sense that it allows for non-zero
correlation, while the logistic distribution does
not (Jeanty et al., 2007). For estimation of WTP,
the bivariate probit model was employed. The
double-bound dichotomous choice model is
depicted in the following form (Haab and
McConnel, 2002).
The jth contribution to the Likelihood function is
given as
Lj(μ/t) = Pr(μ1 + ε1j ≥ t1 , μ2 + ε2j < t2)YN * Pr(μ1 + ε1j
≥ t1 , μ2 + ε2j ≥ t2)YY * Pr(μ1 + ε1j < t1 , μ2 + ε2j <
t2)NN * Pr(μ1 + ε1j < t1 , μ2 + ε2j ≥
t2)NY……………………………………………….(2)
Where: µ = mean value for willingness to pay , YY
= yes-yes answer, NY = no-yes answer, YN = yesno, NN = no-no answer.
And the jth contribution to the bivariate probit
likelihood function becomes,
Lj(μ/t) = Φε1ε2 (d1j (( t1 - μ1)/ σ1, d2j ( t1 - μ1)/ σ1, d1j
d2j, ρ)………………………(3)
Where: Φε1ε2= Standardized bivariate normal
distribution function with zero means Y1j=1 if the
response to the first question is yes, and 0
otherwise Y2j=1 if the response to the second
question is yes, 0 otherwise
d1j = 2y 1j-1, and d 2j= 2y2j-1
ρ = correlation coefficient
σ = standard deviation of the errors.
After running a regression of the dependent
variable (yes/no indicator), on the constant
independent variable consisting of bid values, the
mean WTP is determined as follows depending
on the normality assumption of WTP distribution
(Haab and McConnel, 2002).
𝑀𝑊𝑇𝑃 = −α⁄β … … … … … … … … … … . . … … (4)
Where, MWTP is the mean willingness to pay for
improved water service, α = is the intercept of the
model, β is a slope coefficient of bid values. The
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independent variables used to compute MWTP
are the initial (bid1) and follow-up willingness to
pay values (bid2). After that, from two regression
outputs, the average value was calculated to
estimate the mean willingness to pay.

Results and Discussion
Descriptive statistics
A total of 212 sample households were
interviewed in the survey. Out of surveyed
households, 2 and 5 were reported as incomplete
responses and protest bidders respectively, and
are excluded from the discussion. Only 205
sample households are taken for the analysis of
this study.
From the sampled households, the mean age of
households was found to be 44.19 years with the
maximum and minimum years being 70 and 24,
respectively. In terms of willingness to pay, the
mean age was 51.31 and 42.57 for non-willing and
willing respectively. Results from a t-test revealed
statistical differences between the mean ages of
the two groups, willing and non-willing
respondents, as shown in Table 1. The result
shows households with relatively young age were
more willing to pay, this is because they may have
a long horizon plan and vice versa.
The results further revealed that the sampled
households had a total of 1890 family members.
This constituted a mean of 4.97 members per
household where the minimum size was 1
member and the maximum was 8 members.
Households willing to pay the initially specified
bid had a mean household size of 5.10 members,
while those not willing had a mean of 4.41. This
implies that a household with a large family size
needs more water that is enough for their family
from the improved water service. The result from
the t-statistic shows that there is a statistical

difference between the means of the two groups
as shown by the t-value -2.39 in Table 1.
As indicated in Table 1, the mean monthly
income of respondents is 2960.88 birr with the
minimum and maximum incomes at 500 and
8000 Birr, respectively. Concerning willing and
non-willing, willing respondents have on average
greater income than non-willing respondents.
From the non-willing households, the mean
income was 1826.41 birr while for those willing,
the mean income was 3227.41 birr. This shows
the greater income, the more willing to pay for
the proposed improvement water scheme. In
addition, Table 1 underpins, there is a strong
relationship between income and willingness to
take an initial bid.
The education level of the household head was
computed as the number of grades in school. A
result showed that the average grade in school by
the respondents of the sampled households to be
at 6.83 grades with willing and non-willing the
average grade is 7.58 and 3.64 respectively. This
implies more educated were relatively willing to
take an initial bid for improved water services
and there is a strong relationship between
education and willingness to pay. This result
indicates that WTP tends to increase with
increases in years of education.
Furthermore, the time taken to fetch water from
the existing source was another important
variable used in the analysis. On average, the
average time to the main water source was found
to be at 51.78 minutes, with a minimum of 5
minutes while a maximum of 90 minutes. The
average time to fetch water for willing and nonwilling households was 60.66 minutes and 13.97
minutes, respectively. The mean difference
between the two groups was statistically
significant at less than 1% probability level as
shown by the t-value -9.26 in Table 1.

Table 1. Summary of descriptive statistics for continuous explanatory variables (n=205).
Variable
Age (year)
Family size (number)
Education (year)
Live in town (year)
Monthly income (birr)
Time fetching (min)
Average daily water use
Initial bid (birr)

Non willing
Mean
Std. error
51.31
1.59
4.41
0.26
3.64
0.53
27.15
2.15
1826.40
195.87
13.97
2.12
63.69
4.12
37.77
1.64

Willing
Mean
Std. error
42.52
0.84
5.10
0.13
7.58
0.39
26.25
1.24
3227.40 133.45
60.66
2,38
59.38
1.80
25.28
1.02

t-test
4.66***
-2.39**
-4.68***
0.33
-4.80***
-9.26***
1.02
5.56***

Mean
44.19
4.97
6.83
26.42
2960.88
51.78
60.20
27.60

Source: Own Survey, 2020. *** & ** Significant at less than 1% and 5% respectively.

Households in the study area also reported their
perception regarding the quality of water they are
currently using. From total sampled households,
163 were responded the quality of existing water

service is poor were as 42 of respondents
responded the quality of water is good. From the
respondent that responded poor quality, 22.7%
were non-willing to take the initial bid and 77.3%
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were willing to take an initial bid for improved
water service. From respondents that responded
existing water service in town good were saying,
4.8% were non-willing and 95.2% were willing to
take an initial bid for improved water services. In
further questioning the households about water
quality, the Dincha water scheme was highly
contaminated with the iron rusting due to very
old pipelines, and the color of water deteriorated.
Based on chi-squared test analysis, Table 2 shows
that there is also a strong relationship between
quality of water service and willingness to take
offered initial bids.
Concerning employment status, 128 were the
households that informally employed skilled
laborer, unemployed and others were as 77
formally employed Professional. Out of
respondents who have a formal employee in the
town, 92.2% were willing to take offered initial
bids for proposed improvement of water scheme
and 7.8% were not. This implies households hired
in the formal sector have knowledge and
information about the effects of water doubtful

quality and appropriateness of improved water
resource management. Based on chi-squared test
analysis, there is also a strong relationship
between employment status and willingness to
pay for the proposed improvement of the water
scheme.
Households in the study area also reported their
awareness regarding the satisfaction of water
they are currently using. Out of the total sampled
households, 53 were satisfied with the existing
water service in the town and 152 respondents
were not satisfied. From unsatisfied households
25% were not willing to take offered initial bid
and 75% were willing were as from households
that were satisfied with existing water service, 2%
was non-willing and 98% were also willing to take
an initial bid for improved water service. Chisquared test analysis, Table 2 shows that there is
also a strong relationship between the level of
satisfaction and willingness to take offered initial
bids.

Table 2. Summary of descriptive statistics for discrete explanatory variables (n=205).
Variable

Responses

Own house

Yes
No
Total
Employed
Unemployed
Total
Yes
No
Total
Male
Female
Total
Married
Unmarried
Total
Good
Poor
Total

Employment
status
Level of
satisfaction
Gender
Marital status
Quality

No willing
No
%
27
69
12
31
39
100
6
15
33
85
39
100
1
2.6
38
97.4
39
100
17
43.6
22
56.4
39
100
34
87
5
13
39
100
2
5
37
95
39
100

Willing
No
%
131
79
35
21
166
100
71
43
95
57
166
100
52
31
114
69
166
100
72
43.4
94
56.6
166
100
136
82
30
18
166
100
40
24
126
76
166
100

Total
No
%
158
77
47
23
205
100
77
36
128
64
205
100
53
26
152
74
205
100
89
43.4
116
56.6
205
100
170
83
35
17
205
100
42
20
163
80
205
100

χ2
1.676
20.60***
13.63***
0.0006
0.615
6.975***

Source: Computed from own survey, 2020
Household’s willingness
Improved Water Services

to

pay

for

According to UNICEF/WHO (2017) on the
human right to water, people are not expected to
pay more than 3% of their household income;
this does not mean that the person should not
pay for water at all. In this wise, water cost
should be on relative terms rather than the actual
cost of producing and transporting water to
households. This however opens room for
debates and diverse interpretations of the
meaning of the human right to water (Omole and

Ndambuki, 2014). With the current situation of
water supply in the study area are deteriorated,
unreliable, and inaccessible, respondents were
asked how comfortable they were concerning
their WTP for improved water supply services.
Analysis in Table 3 shows that 80.98% of the
sampled respondents were willing to take initial
bids to improve water supply service, while
19.02% of the respondents were not willing to pay
for the service. This implies that most of the
respondents were still willing to pay for improved
water supply in the study area.
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Table 3. Distribution of amount of initial bids.
Bid1

Frequency

Percentage

8
25
33
45
Total

52
51
51
51
205

25.37
24.88
24.88
24.88
100

Willingness responses
No (%)
Yes (%)
3.85
96.15
9.80
90.20
17.65
82.35
45.10
54.90
19.02
80.98

Source: Own survey, 2020

The above table also indicated that four initial
bids provided for respondents 8 (25.37%), 25
(24.88%), 33 (24.88%) and 45 (24.88%) were
distributed among 205 respondents. In terms of
willingness to take the initial bid, households’
probability to say yes for offered bid percentage
decreases as the bid amount increases that
consistent with the law of demand.

Estimation
Covariates

of

Mean

WTP

without

One of the aims of this study is to estimate the
amount of willingness to pay. The bivariate probit
model was estimated by using response dummy
variables for two responses and with their
respective bid amounts. Table 4 shows the
bivariate probit model result of two responses of
willingness to pay questions.

Table 4. Mean willingness to pay for double bounded dichotomous responses.
Coeff.
St.Err
Z
Bid1
-0.0529281
0.0099345
-5.33
Cons
2.514826
0.356784
7.05
Response 2
Bid2
-0.0202711
0.0081788
-2.48
Cons
1.373244
0.2835177
4.84
/Anthrho
0.6836918
0.1846157
3.70
Rho
0.5939142
0.1194955
Log likelihood = -187.59587
Number of obs = 205
Prob > chi2
Wald chi2 (2) = 29.55
LR test of Rho = 0: chi2(1) = 17.5228
Prob>chi2 = 0.000
Response1

p>|Z|
0.000***
0.000***
0.013 **
0.000***
0.000
=

0.0000

Source: Own survey, 2020

In the above bi-variate probit model output, rho
is positively and significantly different from zero
at less than a 1% probability level; implying there
is a positive correlation between the two
responses. In addition to this, the correlation
coefficient of the error term is less than one
implies the random component of WTP for the
first question is not perfectly correlated with the
random component of follow-up questions.
According to the formula of Haab and McConnell
(2002) in equation (4), the estimated willingness
to pay is 57.62 ETB per month for improved
water service in the town. This double bounded
WTP ranges from 47.51 to 67.74 ETB per month.
This result is different from the open-ended

question, which has a mean WTP is 30.11 which
ranges from 0 to 55 ETB per month.
Welfare measure and aggregation of
willingness to pay
Aggregation of willingness to pay for improved
water quality service is of great importance in the
CV study. Before aggregation, protest zero
bidders should be excluded from further
estimation. Random sampling technique with
face-to-face interviews was used in this study and
protest zero responses were excluded from the
estimation of aggregate benefit for improvement
of water service in the town.

Table 5. Average and aggregate WTP of households for improving water service in town.
Total
HHs in
town

Number of
samples

Number of
HHs with
protest zero

25,216

205

7

Proportio
n
of
protest
zero
0.034

Expected
protest

HHs with
valid
responses

Mean
WTP

Total
WTP/month

856

20,419

57.62

1,176,531

Source: Own survey, 2020

Table 5 reveals aggregate willingness to pay for
improved water service. This was calculated by
multiplying the mean willingness to pay from

dichotomous choice responses result by the total
number of households with valid responses
within a town is 20,419 numbers of the
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household. Accordingly, the total willingness to
pay is 1,176,531 ETB per month whereas, from
the open-ended format, the total willingness to
pay is 614,810 birr per month. This implies the
result from dichotomous choice is greater than
the
open-ended
format.
Therefore,
by
implementing an improved water scheme the
town’s water supply enterprise not only avoids
the water supply problem and increases
households’ welfare but also increases town water
utility management and sustainability of the
service.
Determinants of Households’ WTP for
improved water service
One of the main aims of the study was to identify
determinants of WTP. A probit model was used
in the analysis where the dependent variable
(WTP) was binary taking values of 1 for “willing”
and 0 for “not willing”. Before the probit model, a
Linear Probability Model (LPM) was run using

OLS regressors. Variance Inflation Factor (VIF)
and contingency coefficients were computed to
check the existence of serious multicollinearity
problems among continuous and discrete
explanatory variables, respectively. The results
indicated
that
there
is
no
serious
multicollinearity problem among explanatory
variables and hence all the hypothesized variables
were included in the analysis.
In Table 6 below, fourteen explanatory variables
were used in the probit model to identify
determinants of WTP based on the hypothesis
made. The result of the model shows that the
probability of chi-squared distribution (147.72)
with 14 degrees of freedom. Generally, this result
from the probit model showed that the variables
used in the model, fit the model very well and
Pseudo R2 shows the high explanatory power of
covariates.

Table 6. Probit and marginal effect results for willingness to pay.
Variables
Ownership of the house
Time taken to fetch water
Quality
Level of satisfaction
Average daily water use
Sex of respondent
Age of respondent
Family size
Marital Status
Education
Stay in town
Monthly income
Employment status
Bid1
_cons
Number of ob = 205
LR chi2 (14)
= 147.72
Log likelihood = -25.89

Coef.
0.9620*
-0.8070**
1.2780***
-3.1880***
-0.0330***
-0.2160
-0.1030***
0.2610*
-0.6460
0.0995
0.0469***
0.0006***
0.1610
-0.1088***
11.5500

Std. Err.
0.5790
0.3540
0.4580
0.8009
0.0120
0.4640
0.0370
0.1390
0.5980
0.0750
0.0170
0.0002
0.9580
0.0348
3.7170

Z
P>|z|
Marginal Effects
1.66
0.097
0.0066
-2.28
0.022
-0.0019
2.79
0.005
0.0080
-3.98
0.000
-0.0408
-2.76
0.006
-0.00008
-0.47
0.642
-0.0005
-2.76
0.006
-0.0002
1.89
0.059
0.0006
-1.08
0.280
-0.0009
1.32
0.187
0.00023
2.77
0.006
0.00011
2.98
0.003
1.43e-06
0.17
0.867
0.00033
-3.12
0.002
-0.00026
3.11
0.002
Prob > chi2
= 0.0000
Pseudo R2
= 0.7404

Source: Own Survey, 2020. *, **& *** significant at less than 10%, 5% and 1%respectively.

As indicated in the above table, ownership of the
house was found to significantly affect
households’ WTP for improved water service at
less than 10% significance level. This implies that
the probability of accepting any initial bid offered
is 0.66%, more for households who own the
house they are currently living, than households
who do not own their house, keeping the effects
of other regressors constant. This positive
relationship between ownership of the house and
improved water service has concurred with the
finding of Desalegn (2012) and Yibeltal (2011).
The age of the respondent proved to hurt
households’ willingness to pay for improved
water service. As a result, table 6 shows, age was
found to be less likely and significantly affects
willingness to pay at less than 1% significance

level. The descriptive analysis result also shows
age has a significant relationship with the WTP
for improvement of water scheme. The major
reason for the negative effect of age on WTP is
that the older aged households may have a
shortened planning time horizon and reduce
WTP for future sustainable management of
improved water schemes. The marginal effect
estimates also show that keeping the influences
of other factors constant, a one-year increase in
the age of the respondents reduces the
probability of accepting the initial bid by 0.02%.
This negative relationship between age and
investment in improvement on water service is
also consistent with the finding of Fujita et al.
(2005); Giday and Zeleke (2015).
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The regression result of the model portrays there
was a positive and significant relationship
between the family size of household and
willingness to take offered initial bid at 10%
significant level. The estimated marginal effect
showed that all other factors kept constant, as the
family size increased by one, the probability of
households' WTP for the improved water service
is increased by 0.06%. Hence, the expectation of
households’ effect on WTP is consistent with the
study conducted by Akeju et al. (2018); Hundie
and Abdisa (2016). Which is it is positively and
significantly affect WTP for improved water
services.
As expected, the dummy variable representing
the quality of existing water service has a positive
sign and is statistically significant at less than 1%
significance level. One possible reason could be
those households who perceive the poor quality
and health hazards of the current water service
are more likely to pay for improved water services
than those households who do not perceive the
problem with quality and related health hazards.
The marginal effect of this variable reveals that
respondents who perceived the existing water
quality as poor have a 0.8% more probability of
paying for quality water supply compared to
respondents who did not recognize the quality of
water. This is in line with the finding of Akeju et
al. (2018) who recognized a positive relationship
between WTP and the quality of existing water
service in town.
The coefficient of average monthly income has a
positive relationship with the households’ WTP
and is highly significant at a 1% level of
significance. This tells us the reality that as the
income of households increases their demand for
potable water service increased. The regression
result portrays that as income increases by a unit;
the household increases the probability of
accepting an offered bid by 0.00014%, by keeping
other variables constant. The result is consistent
with Hensher et al. (2005); Gossaye (2007);
Zelalem and Fekadu (2012); Gidey and Zeleke
(2015) who found that when income increases the
probability of household saying yes to contribute
for improved service increases. In addition,
contrary to these findings, Adesope et al. (2010)
found out that income had no significant effect
on WTP and Chen and Chern (2004) found out
that income had a significant and negative effect
on WTP.
The regression result analysis showed that the
households’ satisfaction level with existing water
service had the expected sign and was statistically
significant at a 1% level of significance. The
model result implied that the higher the level of
satisfaction households perceives in their current
water supply to be; the less he/she becomes
willing to pay for the proposed improvement. The
marginal effect of the variable shows that those

respondents having satisfied with the existing
water supply will have a 4.08% less probability of
paying for improved water supply than those who
are not satisfied, ceteris paribus. This agrees with
Kinfe and Berhanu (2007); Giday and Zeleke
(2015); Saleamlak (2013) who recognized a
negative relationship between willingness to pay
for improved water service and level of
satisfaction.
Average daily water use is statistically significant
at less than 1% to affect the probability of
accepting the initial bid and is negatively
associated with willingness to take offered initial
bid amount. This suggests that WTP for improved
water supply decreases. This is perhaps because
the family whose use large water consumption is
highly exposed to pay for clean water supply that
makes the opportunity cost using for food and
other necessities in such families. To its marginal
effects, taking other factors constant, when the
level of average daily water use increases by a
unit, households’ willingness to take offered
initial bid decreases by 0.008%.
A respondent year of stay in the town is also
positively and significantly associated with the
likelihood of choosing improved water service at
1% level of significance.
The positive and
significant result showed that residents who
stayed in the town for long years are more aware
of the severity of the water supply problem and
thus are WTP more for improved water services.
The marginal effect estimates of Table 6 also
show that keeping the influences of other factors
constant, a one-year increase in the stay on the
town of residents, increases the probability of
accepting the initial bid by 0.011%. This finding
also concurs with Yibeltal (2011) who found that
the coefficient of stay in town has a positive
relationship with the improvement of the water
scheme.
The regression result analysis showed that the
time taken to fetch water from the existing water
source was found to be negative and significantly
affects WTP at less than a 5% significant level.
The negative sign shows that those sampled
households who were spent less time fetching
water from the source were less likely willing to
pay for provisions of improved water source than
high time spent. The further the households’ far
away from the source of water would be willing to
pay more. To its marginal effect, holding all other
factors constant, a minute decrease in the time
spent on fetching water by households decrease
the probability of WTP by 0.19 percent. This
finding is also in line with Ogunniyi et al. (2011)
who found that the coefficient of time of fetching
has a negative relation with the improvement of
the water scheme.
The coefficient for the variable bid was negative
and was significant at less than a 1% level of
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significance. This implies the households’
probability to say yes for offered initial bid
increases with a decrease in the initial bid
amount and vice versa, which is consistent with
low demand. This suggests that a one percent
increase in the initial bid will reduce the
likelihood that respondents are paying for
improved water services by 0.026%, ceteris
paribus. This was in line with the studies done on
improved water service (Gidey and Zeleke, 2015;
Bamlaku et al., 2015) that showed the negative
relationship between willingness to pay and
initial bid.

unreserved support in collecting acceptable
quality data used in the research. We are also
thankful to the respondents for sparing their
precious time and for responding positively to the
lengthy interview schedule.

Conclusion and Recommendation

Akeju, T.J., Oladehinde, G.J. and Abubakar, K.
2018. An analysis of willingness to pay
(WTP) for improved water supply in Owo
local government, Ondo State, Nigeria.
Asian Res. J. Arts Soc. Sci. 5(3): 1-15.

In most sub-Saharan Africa including Ethiopia, it
is common to have an unreliable and poor quality
of drinking water, which is mostly provided by
public utilities. At this moment, Bonga town is
one of the areas, which face unreliable and
inadequate supply of water as the existing water
supply of the town’s utility management. The
descriptive result showed that out of the total 205
valid responses, 74% of them were not satisfied
with the existing water service due to factors that
include doubtful quality, inadequate quantity,
unreliability, inefficient management of water
service, high population pressure in water point
and killing significant time in water point.
80.98% of valid respondents were WTP some
amount of birr for the proposed improved water
scheme with a mean WTP of 57.62 Birr and 30.11
Birr per monthly from the double bounded
format and open-ended format respectively.
From the estimated model, the age of the
household head, daily water use, satisfaction
level, time of fetching, and initial bid offered was
significantly and negatively affected WTP for
improved water services. In addition, ownership
of the house, quality, family size, stay in town and
monthly income was found to be positive and
significantly affect WTP for improved water
service.
Indeed, the aggregate welfare gain from
improved water service in the study area was
estimated to be 1,176,531 and 614,810 ETB from
the double bounded dichotomous choice format
and open-ended format respectively per month.
This shows that the value of improvement of
water service from open-ended format was
underestimated as compared to a double
bounded format. This implies that, in the
valuation of environmental resource services,
using a double bounded dichotomous choice
format is preferable to other elicitation methods
including open-ended format.
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ABSTRACT
Sustainable farming systems are being introduced to ensure optimum agricultural
productivity despite climate change and environmental degradation. One such sustainable
agricultural technology is conservation farming (CF). The uptake of this technology has
remained low at about 5% years after its introduction. CF has five interrelated practices but
for a variety of reasons, farmers are unable or unwilling to adopt all recommended practices.
This study studied the agronomic effects of incomplete or partial conservation practice
whereby not all the five practices are used, mimicking actual practices adopted by farmers.
A split- plot design experiment involving partial or incomplete CF mainly use of basins,
ripping were compared to conventional farming of normal ploughing (as main plots) and
three crops - cowpea, millet and sorghum (split plot) was conducted. The objective was to
determine the agronomic effects and efficacy of partial adoption of CF compared to
conventional farming system. Data were collected on vegetative and reproductive
parameters including, plant height, germination percentage, canopy density, number of
leaves, number of branches/tillers/stems, SPAD (Soil Plant Analysis Development) readings
a proxy for leaf chlorophyll content. Plants grown in basins had higher plant development
(plant height, total biomass) and higher yields compared to those on conventional methods.
This effect could be explained by better soil physical and chemical conditions in the basins
as indicated by higher SPAD readings.
Keywords: Climate change, Environment, Sustainability, Small-scale farmers
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Introduction
Agriculture is the main stay of the majority of the
rural population in developing countries such as
Zambia (Mataa, 2021). It is the source of income
and livelihood for most people (Mulenga et al.,
2020). The world’s climate is changing because of
a number of reasons largely due to increase in
greenhouse gas (GHG) emissions arising out of
anthropogenic activities. The main effect is the
emergence of extreme weather patterns
exemplified by altered rainfall patterns hence
regular occurrence of droughts, or floods. Rural
populations are affected by the change of the
climate because they are typically reliant on
farming. Many farmers in Zambia are vulnerable
because they practice rain-fed agriculture.
Climate change has disrupted food systems
endangering food security and reducing the
access to food and adequate nutrition (Godfray et
al., 2010).

Agriculture is the second major contributor to
climate change through greenhouse gas
emissions, generating about 13,427.5 m metric
ton of CO2 equivalent (Munyinda et al., 2015).
Additionally agriculture contributes to pollution
and land degradation through conventional land
preparation. In order to redress the situation
there has been initiatives to develop and
introduce agricultural systems that are
environmentally safe such as conservation
farming. Conservation farming as practiced in
Zambia is a ‘bundle’ of practices that includes dry
season land preparation of a precise grid
permanent planting basins, practicing crop
rotation for nitrogen-fixing, seeds and fertilizer
applied in the fixed planting stations, crop
residue retention and preparing the land with
minimum tillage practices (Haggblade and
Tembo, 2003). Many African countries have
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adopted conservation farming as a modified
traditional
minimum
tillage
technology
(Haggblade and Tembo, 2003; Ng’ombe et al.,
2014). Countries like Tanzania, Uganda, Nigeria,
Cameroon, and in the Sahel have adopted a
practice of hand hoe planting in basin systems.
Tanzania, Mozambique, Kenya and Namibia have
adopted ox-drawn rippers while others have
adopted minimum tillage tractor- drawn
implements supplied by conservation farming
programs (Haggblade and Tembo, 2003).

Materials and Methods

The benefits of conservation farming are diverse.
Under conservation farming system, planting on
time, improved water retention and infiltration,
good root growth, careful use of farming inputs,
and the step by step build-up of organic matter,
result in high yields. It has been reported that
farmers using conservation farming systems have
higher yields of up to 45-48% and less use of
water, fertilizer and labor inputs, which has made
farmers have more profit (Conservation Farming
Unit, 2017).

Soils and climatic factors

A number of studies have been done in Zambia to
evaluate the benefits of conservation farming
with a view of optimizing practices. Most of the
research has concentrated on comparing the
national average yields instead of comparing with
the outputs to match the farmer groups and
farming standards (Conservation farming unit,
2017; Haggblade and Tembo, 2003).
Despite the known benefits of conservation
farming, a number of features make the
technology unattractive to farmers (Munyinda et
al., 2015). These include a) CF practices like soil
ripping encourage weed development, b) Timely
planting and soil fertility management is difficult
especially for farmers without reliable access to
drought power such as oxen, c) Crop residue
retention is difficult, especially where the farming
system combines crop and animal production, d)
Crop rotation is difficult in light of the dominance
of maize cultivation and the lack of markets for
crop legumes and inadequate amounts of organic
matter available e) It is difficult to mechanize
without access to appropriate and machinery
where the cropping system is diverse (Moonga
and Moonga, 2018).
Therefore, the adoption rate among Zambian
smallholder farmers is low, despite the effort to
promote conservation farming (CF) (Munyinda et
al., 2015). Commonly, farmers adopt only one or
two of the recommended practices, a practice
termed partial or incomplete adoption. This
study sought to determine the effects or benefits
of such partial adoptions.
This study was done to determine the effects of
incomplete conservation agriculture farming
practices on the productivity of selected crops
(cowpea, sorghum, and millet).

Experimental site
The experiment was conducted at Sakala farm,
Shimabala in Chilanga, which is about 20 km
south of Lusaka located on latitude-15.65o S,
longitude-28.24 o E and altitude -1088.9 m. The
site has been under conservation farming for
more than ten years. Using such, a site ensured
that full effects of conservation practices had
been established in the soil.
According to the Zambian agro ecological
classification, the site is in Region IIa. The
following are the key geographic factors.
i. An elevation/altitude of between 900-1300
m above sea level.
ii. Rainfall of between 800-1000 mm.
iii. Average rainfall period 100-140 days.
iv. Temperature range 23 to 25°C, maximum
32°C in October and minimum 10°C in July.
Land preparation
Land was prepared according to the three tillage
practices (Ripping, Basins and Conventional
tillage). Ripping was done by using a light oxdrown ripper to rip the soil. Basins were made
using the hand hoe following the standard of the
length, depth, and width. Conventional tillage ploughing was done to maximize disturbance of
the soil through loosen and turn the soil to a
depth of about 30-40 cm.
Plant materials
Planting
materials:
cowpeas
(Vigna
unguiculata), pearl millet (Pennisetum glaucum)
and sorghum (Sorghum bicolor) were obtained
from University of Zambia (UNZA) and Golden
Valley Agricultural Research Trust.
Experimental design
The experiment was set up as a split- plot design
with four replications (Sokal and Rolfe, 1981).
Main plots- three test crops (cowpea, pearl millet
and sorghum). The Split- plot comprised the
three types of tillage practices (Ripping, Basins
and Conventional).
Data were collected on the following parameters:
i. Total biomass.
ii. Plant height.
iii. Number of leaves.
iv. Number of branches/tillers/stems.
v. SPAD - a proxy of chlorophyll content.
vi. Grain yield.
Data were collected at two phenological stages:
i. Vegetative
componentsdata
which
included, Plant height, Canopy size,
Number
of
leaves,
Number
of
Branches/Tillers/Stems, SPAD Reading.
ii. Reproductive component included, Total
biomass and grain yield.
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Data collection and analysis

Results

The data was arranged using excel spreadsheet
and subjected to statistical analysis-ANOVA.
Where significant treatment effects were
detected, means separation was done using the
least significant difference method using GenStat
statistical package 18th edition (Sokal and Rolfe,
1981; VSN, 2001).

Single factor effects
There were significant effects of tillage method,
crop type and the two treatments interacted
significantly for all measured parameters (Table
1).

Table 1. Summary of ANOVA table showing source of variation and factor significance.
Source of
variation
Rep
Tillage Method
Crop
Tillage x Crop

Df Yield
3
2
2
4

Canopy
size
56413
0.9280ns
3345571***
6.1246**
10287075*** 1.2620*
1839780*** 1.6975**

No. of
leaves
30.22ns
85.27**
163.54***
100.25***

SPAD
reading
30.9ns
910.8**
5476.0***
536.5*

Plant
height
711.4ns
14594***
4799003***
87791**

Total
biomass
18064ns
814946***
4799003***
87791**

*-Significant (p< 0.1), **-very significant (p < 0.01), ***-very highly significant differences (p < 0.001) and ns- not Significant.

Leaves per plant
Vegetative and reproductive performance is
shown in Table 2. Ripping treatment had the
highest number of leaves (12.6) followed those in
basins (10.1) and basins (9.8). There were no

significant differences in leaf number between
those under basins and conventional tillage. As
expected there were differences in leaf number
among the different crops.

Table 2. Single factor effect of tillage method and crop type on vegetative and reproductive
development.
Source of variation
Tillage
(Main)

Leaves
Plant-1

SPAD

Plant height
(cm)

Biomass
(tons ha-1)

Yield
(kg ha-1)

Basins

9.79

47.90

184.6

0.4270

665

Ripping
Conventional
tillage

12.58
10.07

32.60
30.50

144.5
162.5

0.2680
0.2910

391
404

1.86

4.27

19.03

0.0345

73.60

Cowpea

10.81

37.00

163.9

0.3290

487

Millet
Sorghum

9.31
12.32
1.59

42.00
31.00
3.90

178.8
148.9
18.03

0.1810
0.4760
0.0420

355
618
115.9

Lsd
Crop
(Split)

Lsd

SPAD readings
Plants under basins at 47.9 had significantly
higher reading compared to ripping (32.6) and
conventional tillage (30.5). Millets had higher
SAPD reading (37) followed by cowpea (37) and
sorghum (31).
Plant height
Plants under basins were significantly taller
(184.6 cm), followed by those under conventional
planting, with the lowest plant height recorded
under ripping (144.5 cm)
Biomass
The highest biomass was recorded under basins
(748 g plant-1), which was almost twice that of

ripping (470 g plant-1). Ripping was intermediate
(509 g plant-1).
Grain yield
The highest grain yield was recorded in basins
(665 kg ha-1), followed by conventional (404 kg
ha-1) and ripping (391 kg ha-1). The difference
between conventional planting and ripping was
not significant.
Two factor effects of the tillage system
and crop types
The interactive effects of tillage system and crop
type are shown in Table 3.
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Table 3. Two- factor effect of tillage method and crop type on vegetative and reproductive
development in crops grown under different tillage systems.
Source of
variation
Crop x TMz

Leaves
plant-1

SPAD

Plant height
(cm)

Biomass
(tons ha-1)

Yield
(tons ha -1)

B x Cy
BxM
BxS

9.79
9.67
9.92

47.9
60.2
35.6

184.6
197.8
171.5

0.427
0.254
0.611

665
549
781

RxC
RxM
RxS

12.58
8.73
16.44

30.5
32.4
28.7

144.5
161.1
127.8

0.268
0.161
0.129

391
314
469

CV x C
CV x M
CV x S

10.07
9.52
10.61

32.6
36.2
29.0

162.5
177.4
147.5

0.291
0.129
0.161

403
203
604

2.67

6.40

29. 25

0.007

171.84

Lsd
z
y

Tillage method.
B -Basins, R- ripping; CV- conservation farming; C- cowpea; M- millet and S- sorghum

Effect on the number of leaves
Generally, the highest number of leaves was in
the ripping treatment, with ripping under
sorghum being the highest (16.4) followed by
ripping in cowpea. Millet under ripping was
lowest at 8.7 leaves.
Effects of cultivation methods on SPAD
reading among different crops
Basin treatment for all the crops had highest
SPAD reading especially under millet (60.2),
followed by cowpea under basins (47.9). The
lowest readings were recorded were recorded in
sorghum under conventional tillage (Table 3).
Effect of tillage practices on plant height
in different crops
The tallest plants were millet under basins (197.8
cm) and cowpea under basins (basins. Sorghum
under ripping (127.8 cm) and sorghum under
conventional were lowest (147.5 cm).
Effect of tillage practices and crop type on
with total biomass
Biomass was highly influenced by tillage method,
and the differences were significant for the
different crops (Table 3). Basins produced plants
with highest biomass (0.43 ton ha-1) compared to
0.27 ton ha-1 and 0.29 ton ha-1 for ripping and
conventional land preparation, respectively.
Interaction between tillage practices and
crop type on yield
Highest grain yield occurred in sorghum under
basins (781 kg ha-1) and cowpea under basins
(665 kg ha-1). The lowest was in millets in
conventional (203 kg ha-1) and cowpea under
conventional (403 kg ha-1).

Discussion
Ravages of climate change have affected Zambia
like other countries. Climate change is

manifested by phenomena such as increase in
frequency and severity of droughts, occasional
dry spells and high environmental temperatures
(Mulenga et al., 2020; Chompolola and Kaonga,
2016). To reduce food insecurity resulting from
impacts of these phenomena on agriculture,
many African governments are promoting
sustainable agricultural practices such as
conservation farming (CF) practices (Muoni et
al., 2019). A study conducted in Zambia,
Zimbabwe and South Africa, indicated that the
introduction of conservation farming to smallscale farmers improved crop productivity and
raised the standard of living and ability of the
vulnerable population gain food security.
Our study showed that tillage system has
significant effects on plant development and crop
yield. Basins appeared to exert significant
benefits on crop development and ultimately
increased yield. It is postulated that this was due
to improved soil effects such as water and
nutrient retention (Mataa et al., 2018). This
suggestion is supported by the significantly
higher SPAD readings that indicated higher
chlorophyll content. Higher leaf chlorophyll
content could have been due to higher soil
nitrogen, soil water and thus increased
photosynthetic rate. However, we did not
determine water retention. SPAD reading of 35 is
generally recognized as lower minimum
threshold or critical value in rice, maize, and
sorghum. When the value falls below 35, the
crops suffer from nitrogen deficiency and the
yields will decline if N fertilizer is not added. In
this experiment, SPAD reading has shown
accuracy in predicting crop performance vis a vis
chlorophyll and N levels and probably basin
crops did not require addition of N fertilizers.
Overall, there were no significant differences in
most parameters between conventional tillage
and ripping. Possibly these two practices exert
similar effects on the soil. Additionally, there is
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need to analyze the economic returns because
ripping is less demanding in terms of labour and
since only a small area of land is disturbed. It can
therefore, be considered to exert less impact on
soil structure. Sustainable Agriculture focuses on
conserving productive capacity of land,
minimizing energy and resources use and
optimizing the rate of turnover and recycling of
organic matter and nutrients.
Typically, Conservation farming has five
component technologies that should be practiced
simultaneously (Kassam and Friedrich, 2011).
These are: Retention of biomass (no burning) of
at least 30% of crop residue; Land tillage of only
10 to 15% of the surface area without soil
inversion; Land preparation immediately after
harvest to break the hard pan; Precise and
permanent grid of planting stations, furrows,
pits, trenches or ridges on the contour, Rotation
with nitrogen fixing legume of at least 30 % of the
cropped area; Minimum use of agro chemicalsfertilizers, pesticides. Conservation agriculture
seeks to achieve economic and sustained
production and yet preserve the resource base. It
was worthwhile noting that in this study, despite
not including all the five recommended
conservation practices, the partial or incomplete
conservation system performed better than
ripping and conventional tillage.
The results of this study that compared partial
conservation practice of ripping and basins
demonstrated the superior performance of these
partial conservation practices compared to
conventional farming. As a continuation of these
studies, we hope to compare full conservation
practices and compare this to partial
conservation practices and conventional practices
for the results to be more meaningful.
Additionally economic analysis should be
included to determine relative profitability.
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ABSTRACT
This study was carried out to find out the financial profitability and technical efficiency of
tilapia fish farmers in the selected area of Bangladesh. A total of 70 tilapia fish farmers
(large 36 farmers and small 34 farmers) were selected from major tilapia producing area at
Trishal upazila of Mymensingh district in Bangladesh. To fulfill the objectives of this study,
profitability, socioeconomic analysis, Cobb-Douglas production function and Data
Envelopment Analysis (DEA) were employed. Study revealed that gross profit margin of the
large farmers was 24.42% and small scale farmers was 23.8% indicating that farmers did not
enough well in managing their farm and farmers has less capacity to cover for operating,
financing and other cost. Break-even price for the large tilapia farmers worked out Tk. 77.33
per kg and small farmers was Tk. 81.56 per kg while break-even production for large farmers
was found 1159.64 kg per hectare. Benefit cost ratio, net profit margin were found more than
one and positive respectively, indicated that tilapia farming was commercially profitable.
Considering all selected farmers, tilapia farming found a profitable business where
undiscounted BCR for large farmers was 1.213 and a small farmer was 1.230. The mean
technical efficiency level of tilapia fish farmers was 81.8 (where allocative efficiency was 93.1
and scale efficiency was 88.2) percent, implies that by operating at full technical efficiency
levels, tilapia yield could be increased and efficient farmers found more productive than
inefficient farmers. The results of technical efficiency showed that the farmers were efficient
nevertheless, the sample farmers operated well below the production frontier and hence that
they still had a chance to achieve targeted yields. Farmer’s financial benefit can be increased
by reducing the feed price or increasing the output price.
Keywords: Benefit-cost ratio, Data Envelopment Analysis (DEA), Profitability, Technical efficiency
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Introduction
The shortage of fish in the country increased day
by day due to increase in population density. At
the same time, due to land requirement of
increased people for housing, marketing
extension, road, offices etc. the water resources
are declining every year. Fish farmers are now
heavily dependent on input oriented aquaculture
practices. Many researchers also recommended
that tilapia farming is effective in poorer
countries and it can give socio-economic
development and overall development of
Bangladesh. In recent years, tilapia farming is
facing some problems. The marginal farmers
have been replaced to the other farming instead
of tilapia farming. Some farmers have practiced
mixed culture with a small scale of tilapia in their
pond. Fish farmers are shifting from fish
cultivation to other agriculture and nonagriculture activities. This leaves the production
sector vulnerable, which requires more attention.
Now a day the production cost became high

enough compared to the market price of the
tilapia and the farmers are being discouraged to
tilapia farming. It is being envisaged that if rising
demand is not met by equally fast supply growth,
shortages of fish will cause lower fish
consumption, especially among the poor and
threaten food security (World Fish Center, 2007).
Therefore, tilapia production needs to be
increased which can be achieved by increasing
the efficiency of tilapia farmers using existing
technology and encouraging them through
profiting. New technology and scientific
management practices that promise higher
returns or lower costs are constantly being
introduced. Improvements in these technology
and production systems are all interlinked where
research can complement traditional knowledge
to improve the efficiency and productivity of
aquaculture. Moreover, the available evidence
suggests that farmers in the developing countries
fail to exploit the full potential of a technology
and/or make allocative errors (Thomas and
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Sundaresan, 2000). Thus, the measurement of
financial profitability and the technical efficiency
of tilapia is an important issue from the
standpoint of aquaculture development exercises
in developing countries like Bangladesh. It will
give pertinent use and useful information for
making sound management decisions on
resource allocations and for formulating
aquaculture policies.
Tilapia can be a promising fish for aquaculture in
suitable seasonal water bodies. Tilapia culture
has become widespread in Bangladesh in recent
years and ranked second in terms of annual fish
production of ponds. Only tilapia shares about
16.25% of the annual fish production of ponds
while major carps (Rui, Catla and Mrigal) share
about 30.06% (DoF, 2020). Recently, the low
market price had severely damaged the farming
of the exotic riverine catfish in the country.
Therefore, a large number of commercial catfish
producers have found tilapia as an alternative
species to culture in their farms to maximize
profit. Tilapia was introduced to Bangladesh by
ICLARM (International Center for Living Aquatic
Resources Management, now known as the
World Fish Center) and BFRI in 1994 (Hussain et
al., 2004; Ponzoni et al., 2010). Desiree, 2013
identified that Tilapia has great opportunities in
the export market as well as in the domestic
market. There were many economic studies on
fish farming but a limited number of studied
were done on tilapia farming in Bangladesh. The
study revealed that the profitability and farmlevel technical efficiency of tilapia farmers of
Bangladesh. The study it is was found that the
tilapia fish production is profitable business.
Studies on profitability of tilapia production at
the farm level in Bangladesh are not widely
available although results from experimental
stations are available. Most importantly, the
nature of responsiveness of the tilapia farmers to
changes in input and output prices are not known
at all. This information is important because
Bangladesh farmers not only need to be more
efficient in their production activities, but also to
be responsive to market indicators, so that the
scarce resources are utilized efficiently to
increase productivity as well as profitability in
order ensure supply to the urban market
(Rahman, 2003) and increase farmers’ welfare.
Given this backdrop, the present study
specifically addresses this critical research gap in
knowledge on the farm-level profitability and
nature of responsiveness of tilapia farmers to
input and output price changes by systematically
examining profitability and responsiveness of the
tilapia producers to market forces. Few studies
on profitability and technical efficiency in
different aquaculture farms had been conducted
but research work related to financial
profitability and technical efficiency of tilapia
farming in Bangladesh is very few.
Therefore, this study is a modest attempt to find
out whether the tilapia culture is profitable and
the farmers efficiency on production in the
selected area through the following objectives:

i. To estimate the financial profitability of
tilapia farming;
ii. To find out the factors of tilapia farming in
that selected area;
iii. To assess the efficiency of tilapia farming in
that selected area.
Data and methodology
Data or Information was collected for fulfillment
of the objectives of the study. A total 70 farmers
were selected from a field survey, which was
conducted at Trishal Upazila in Mymensingh
District. Five villages from three unions of the
Trishal Upazila were taken under the
consideration. Random sampling technique was
used to estimate the sample size. This area was
selected considering the large number of pond
farms in this area. There is an easy
communication facility, which raises the
possibility of fish production trend in this area.
The study area was not far away and thus it was
less expensive as well as easier for data collection
for the researcher.
The economic profitability analyses involved the
use of farm budget to calculate revenues (R), total
cost (TC), fixed cost (FC), total variable cost
(TVC), average variable cost (AVC), total profit
(TP), profit margin (PM), benefit-cost ratio
(BCR), break-even price (BEP), and break-even
production (BEPr), using the following formulas:
TC =∑iN= 1Qi.Pi +∑iN= 1TFC ................................... (1)
Where, Q is quantity (kg/year) of the ith variable
of ith input and P is the per unit price (Tk/kg) of
the ith variable input.
Gross return (GR) was calculated by the quantity
produced with multiplying the prevailing price of
product. The formula was used for calculating GR
as follows:
GR =∑iN= 1QaiPai +∑iN= 1QbiPbi ........................... (2)
Where, Qai is the quantity of the tilapia
(kg/hectare), Pai indicates per unit price (Tk/kg)
of tilapia, Qbi is quantity of other fish
(kg/hectare), and Pbi is per unit price (Tk/kg) of
other fish.
Gross margin (GM) is the difference between
gross return and total variable cost. The formula
was given as:
GM =∑iN= 1QaiPai +∑iN= 1QbiPbi−∑iN= 1QiPi ……..... (3)
Net return (NR) or profit means the total
monetary sales value minus total cost of
production. It estimated as:
π =∑in= 1QiPi −∑in= 1(PiQi)− ∑iN= 1TFC............................(4)

Other equations are as follows:
AVC=TVC/Q
TP = Q × (P-AVC)-FC
PM=TP/TC
BCR=R/TC
BEP=AVC+(FC/Q)
BEPr=FC/(P-TVC/Q)
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Benefit-cost ratio (BCR) is one of the most
common indicators normally used in capital
budgeting to determine the financial desirability
of an investment. Calculating a BCR helps
investors in assessing the certainty of how
promising or successful an aquaculture
enterprise might be. An investment is therefore
profitable if the BCR is greater than one. Other
important profitability indices are break-even
price and break-even production.
A combination of descriptive statistics and
economic analysis will be used to analyze the
data.
In the study area, production costs and net return
of Tilapia will be estimated as well as Benefit Cost
Ratio (BCR).
The following type of Cobb-Douglas production
function model was used for estimating the
factors of production in tilapia farming.
Ln Yi = β0+ β1lnX1i+ β2lnX2i+……………………+ βnlnXni + Vi

Where, Ln represents the natural logarithms, the
subscript i represents the ith farmer in the
sample, Y represents the yield of tilapia, Xi
represents the variable factors of production, βi
unknown parameter to be estimated, Vi assumed
to be independently and identically distributed
random errors, having N (0, σ2) distribution.
The empirical Cobb-Douglas production function
with double log forms can be expressed as:
Ln Yi = β0+ β1LnX1i+ β2LnX2i+ β3LnX3i+
β4LnX4i+ β5LnX5i+ β6LnX6i+ β7LnX7i+
β8LnX8i+ ᶯ1D1i+ ᶯ2D2i +Vi
Where, Ln= Natural logarithm
Y= Yield of tilapia of ith farm (kg/ha)
X1= Cost of pond preparation (Tk./ha)
X2= Cost of lime used for tilapia production (kg/ha)
X3= Cost of fingerlings (no./ha)
X4= Cost of feed used by the ith farm (Kg/ha)
X5= Carrying cost used by ith farm (Tk./ha)
X6= Cost of labor (no./ha)
X7= Electricity cost (Tk./ha)
X8= Education level of tilapia farmer (year of
schooling)
D1i= Dummy for received training (1= yes, 0= no)
D2i= Dummy for conduction of station (1= yes, 0= no)

β’s and ᶯ’s are unknown parameters to be
estimated, Vi assumed to be independently and
identically distributed random errors, having N
(0, σ2) distribution.
To estimate the efficiency level of the fish
farmers, the mean production function with
normal distribution of data envelopment analysis
(DEA) was employed which was found suitable
for the data set. The DEA model used to assess
technical efficiency under the Variable Returns to
Scale (VRS) assumption was developed by
Banker and Natarajan (2008) and was called the
BCC (Banker, Charnes and Cooper) model. The
use of the VRS specification permits the

calculation of technical efficiency (TE) without
the scale efficiency (SE) effects (Coelli and
Battese, 1996). As the scale efficiency can be
obtained by the ratio TE (CRS)/(TE)VRS thus the
values of efficiency under CRS and VRS are
required to calculate the scale efficiency.
The aim of this study is to analyses the
nonparametric technique used in many studies of
the agriculture sector. The econometric frontier
approach – DEA (Data Envelopment Analysis) –
allows the use of multiple inputs/outputs without
imposing any functional form on data or making
assumptions of inefficiency. Technical Efficiency
refers to the ability of a fish farmer to get the
maximum output for a given set of inputs, with
reference to a production function. Conversely,
Allocative Efficiency concerns the ability of a
tilapia farmer to use the inputs and produce
outputs in optimal proportions given their prices.
These two measures are combined to provide the
measurement of total Economic Efficiency. The
DEA model permits the measurement of both
when we have information about prices and we
want to consider a behavioral objective, such as
minimizing costs and maximizing revenues. In
the production-oriented models, DEA proposes
the identifying of inefficiency as a proportional
increase in production use. An input-oriented
model for technical inefficiency with a
proportional decrease in the use of the inputs can
be used.

Results and Discussion
For making comparison among farmers, large
and small farm size categories are identified.
Farmers having pond size less than 200 decimals
are considered as small and having pond size
more than 200 decimals are considered as large
farmers. For estimating profitability, cost items
were classified into variable cost and fixed cost.
Pond preparation, application of lime and salts,
fingerlings, feed, carrying, labor, harvesting,
electricity cost, marketing cost, medicine and
miscellaneous costs were considered as variable
cost. Variable cost varies the overall farm income.
Lease value of land and construction of water
supply and housing of the farm are fall into the
category of fixed cost.
Profitability analysis of the large tilapia
farmers
Farm profit was increased with the decreasing of
variable costs. The cost of pond preparation was
varied due to the size of a pond. It is necessary for
a farm to prepare the pond for fish culture. The
study revealed that the average cost of pond
preparation of the large farmer was Tk. 19784.06
per hectare, which was 3.85% of total variable
cost. For a better management of a farm,
appropriate preparation of a pond must be
needed before application of fingerlings to the
pond.
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Table 1. Profitability analysis of the large tilapia farmers (per hectare).
Item
Pond preparation
Lime
Salt
Fingerlings
Feed
Carrying cost
Labor
Electricity cost
Marketing cost
Medicine and miscellaneous cost
Total variable cost
Lease value of land
Construction of water supply and housing cost
Total fixed cost
Total cost
Return
Return from tilapia
Return from other fish
Total Return (TR) or Gross Return (GR)
Gross Margin (GM)
Net Return (NR)
Benefit Cost Ratio (BCR)
Gross Profit Margin (GPM)
Net Profit Margin (NPM)
Break-even Price (BEP)
Break-even Production (BEPr)

Lime varies the yield of tilapia culture. The
estimated values of lime calculated Tk. 5426.78
per hectare, which was 1.06% of total variable
costs. The study revealed that cost of lime directly
affect the tilapia production. Salt is also an
important input variable for fish culture specially
tilapia production. The estimated average cost of
salt was Tk. 3559.72, which is 0.69% of the total
variable costs. Therefore, this variable affects the
ultimate production of tilapia. Farmers used
purchased fingerlings except some large fish
farmers from the fingerlings collectors and
hatchery. There was a variation in the per unit
price of fingerlings from location to location and
time to time. Therefore, fingerling cost was
calculated based on actual price paid by farmers
in different times. The average price of fingerling
was Tk. 1 per piece and average stocking density
per hectare was about 55700. Per hectare
fingerling cost found Tk. 92468.11 which was
17.99% of average total variable cost.
Supplementary feed was applied for better
growth and survival of tilapia fingerlings. Feed
cost was varied by the seed agents or small
shopkeepers or location and volume. In the study
area, it was observed that the tilapia farm owners
used different kinds of supplementary feeds.

Values (Tk.)
19784.06
5426.78
3559.72
92468.11
307945.06
13573.22
72755.56
11023.94
2818.29
2567.28
514122.014
16840.00
11706.58
28546.58
571893.81
Values
426771.06
266701.11
693472.17
169350.16
121578.36
1.213
24.42%
17.53%
BDT 77.33 kg-1
1159.64 kg

% of total variable costs
3.85
1.06
0.69
17.99
59.90
2.64
14.15
2.14
0.55
0.50
89.90
58.99
41.01
10.10
100.00

Total cost of feed per hectare was Tk. 307945.06,
which was about 59.90% of average variable cost.
In the selected area, some large farmers were
applied feed from their home made feed for
tilapia culture instead of buying from the market
for maximizing profit. Carrying costs were varied
from location to location and time to time. The
calculated average cost for carrying of feeds was
Tk. 13573.22, which was about 2.64% of the
average variable cost of per hectare tilapia
production. Both family and hired labor were
used for the tilapia production. Most of the fish
farmers were small in size and they were used
only family labor. The prevailing wage rate in the
market for hired labor was considered as the
opportunity cost of family supplied labor. In the
study area, a man-day was considered to be 8
hours of work. For avoiding complexity, average
rate has been taken into account, thus the
average calculated wage rate was Tk. 400.00 per
man-day for tilapia farming. The average labor
cost of per hectare was found about Tk. 72755.56
and that was 14.15% of average variable cost for
tilapia production. In the harvesting period,
farmers need more extra labor for catching fish
and grading according to their size. There was
also a costs involved for harvesting of hired net
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cost. This cost was adjusted to the labor account.
In this study, electricity cost was varied due to the
depth of a pond. The calculated average values of
electricity cost in per hectare production of tilapia
was Tk. 11023.94 and it was 2.14% of total
average variable cost. Marketing cost was
involved in the selling of tilapia in the market.
The farmers who were sold their fish in the farm
gate, for whom was not included the market cost.
The average marketing cost for one hectare was
Tk. 2818.29, which was 0.55% of total average
variable cost. There was involved some
miscellaneous cost like medicine, matrix etc. in
the tilapia farming and combine tilapia culture.
The estimated per hectare miscellaneous cost was
Tk. 2567.28 which was about 0.5% of total
average variable cost. The lease value of pond was
varied due to the ownership of land, which was
actually fallow land for some farmers. For
calculating the cost of tilapia production, land
leasing cost was calculated Tk. 16840 per hectare
which was 58.99% of total fixed cost on average.
Water supplying canal was used in the tilapia
farm in order to facilitate the intake and drain
out of water when necessary. The estimated
average cost for water supply and housing
construction was about Tk. 11706.58 and it was
41.01% of total fixed cost on an average. The
study revealed that the average total variable cost
was Tk. 514122.014, which was about 89.9% of
the total cost. Therefore, the profit of tilapia
production was depended exactly on total
variable cost. In this study, total fixed cost was
Tk. 28546.58 per hectare for tilapia production,
which was 10.1% of total cost for per hectare
production of tilapia.
Seventy (70) tilapia farmers were selected in
which 36 farmers were lies in large category and
data were collected through direct interview
method. Financial profitability was analyzed from
different point of view. Benefit cost ratio and net
profit margin were found more than one and
positive respectively, indicated that the tilapia
farming was commercially profitable. From the
Table 1, the estimated total variable cost was Tk.
514122.014, total fixed cost Tk. 28546.58, and
total cost Tk. 571893.81 per hectare within the
production period. The study shows that the
estimated return from tilapia was Tk. 426771.17
per hectare within the production period. The
return from other fish which was cultured with
the combination of tilapia production was
calculated Tk. 266701.11 per hectare. Gross

margin from per hectare tilapia farming was
found Tk. 169350.16 and benefit-cost ratio
was1.213 mentioned in Table 1. It implies that by
investing Tk. 1, farm earned Tk. 1.213 indicates
that the tilapia farming was profitable. Study
revealed that gross profit margin was 24.42%,
which indicates managing cost of sales and other
expenses is 75.58%. In other words, about
24.42% of the revenue is available that earned
from total sale in the farm after covering costs.
Study also revealed that the net profit margin was
17.53%. It means, it managed to convert 17.53%
of its sale into net income of tilapia farming.
Study also found the break-even price was Tk.
77.33 per kg. At this break-even price level, farm
can cover the cost of production by selling tilapia.
The study revealed that the average weighted
price (Tk. 100.21) exceeds the break-even price
(Tk. 77.33) per kg of fish. Since per hectare of
production, gross return and per kg of price
higher than the break-even point. That’s why, the
tilapia farming was financially profitable venture
in the study area. Study also found the breakeven production was 1159.64 kg per hectare. This
break-even production was higher and farm was
profitable.
Profitability analysis of the small tilapia
farmers
The study revealed that the average cost of pond
preparation of the small farmer was Tk. 27791.82
per hectare, which was 4.51% of total variable
cost. The estimated values of lime calculated Tk.
5815.06 per hectare, which is 0.94% of total
variable costs. The estimated average cost of salt
was Tk. 3992.12, which was 0.65% of the total
variable costs. Per hectare fingerling cost of small
farmer found Tk. 112855.65, which was 18.3% of
average total variable cost. Total cost of feed per
hectare was Tk. 331710, which was about 53.79%
of average variable cost. The calculated average
cost for carrying of feeds was Tk. 18458.53, which
was about 2.99% of the average variable cost of
per hectare tilapia production. The average labor
cost of per hectare was found about Tk. 96223.53
and that was 15.6% of average variable cost for
tilapia production. The calculated average values
of electricity cost in per hectare production of
tilapia was Tk. 13369.24 and it was 2.17% of total
average variable cost. The average marketing cost
for one hectare was Tk. 2646.24, which was
0.43% of total average variable cost.
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Table 2. Profitability analyses of the small tilapia farmers (per hectare).
Item
Pond preparation
Lime
Salt
Fingerlings
Feed
Carrying cost
Labor
Electricity cost
Marketing cost
Medicine and miscellaneous cost
Total variable cost
Lease value of land
Construction of water supply and housing cost
Total fixed cost
Total cost
Return
Return from tilapia
Return from other fish
Total Return (TR) or Gross Return (GR)
Gross Margin (GM)
Net Return (NR)
Benefit Cost Ratio (BCR)
Gross Profit Margin (GPM)
Net Profit Margin (NPM)
Break-even Price (BEP)
Break-even Production (BEPr)
In this study, it was mentioned that the cost of
pond preparation of a large farmers is higher
than the small-scale tilapia farmers. Due to the
fluctuation of labor wage rate and family labor,
the cost of pond preparation was diversified. The
study revealed that the estimated per hectare
miscellaneous cost was Tk. 3842.41 which was
about 0.62% of total average variable cost. For
calculating the cost of small-scale tilapia
production, land leasing cost was calculated Tk.
16840 per hectare which was 40.91% of total
fixed cost on average. The study revealed that the
estimated average cost for water supply and
housing construction was about Tk. 24328.56
and it was 59.09% of total fixed cost on an
average. The study found that the average total
variable cost was Tk. 616704.60, which was about
93.74% of the total cost. In this study, total fixed
cost of small-scale tilapia farmer was Tk.
41168.56 per hectare for tilapia production,
which was 6.26% of total cost for per hectare
production of tilapia. Seventy tilapia farmers
were selected in which 34 farmers were lies in
small category and data were collected through
direct interview method. From the above table,
the estimated total variable cost was Tk.
616704.6, total fixed cost Tk. 41168.56, and total
cost Tk. 657873.16 per hectare within the
production period. The study revealed that the
estimated return from tilapia was Tk. 495692 per

Values (Tk.)
27791.82
5815.06
3992.12
112855.65
331710.00
18458.53
96223.53
13369.24
2646.24
3842.41
616704.60
16840.00
24328.56
41168.56
657873.16
Values
495692.00
313626.47
809318.47
192613.87
151445.31
1.23
23.8%
18.71%
BDT 81.56 kg-1
1584.63 kg

% of total variable costs
4.51
0.94
0.65
18.30
53.79
2.99
15.60
2.17
0.43
0.62
93.74
40.91
59.09
6.26
100.00

hectare. The return from other fish which was
cultured with the combination of tilapia
production was calculated Tk. 313626.47 per
hectare. Gross margin from per hectare tilapia
farming was found Tk. 192613.87 and benefitcost ratio was 1.23 mentioned in table 2. It
implies that by investing Tk. 1, farm earned Tk.
1.23 indicates that the tilapia farming was
profitable. Study revealed that gross profit
margin was 23.80% which indicates that about
23.80% of the revenue was available that earned
from total sale in the farm after covering costs.
The net profit margin was 18.71%. It means, it
managed to convert 18.71% of its sale into net
income of tilapia farming. Study also found the
break-even price was Tk. 81.56 per kg. At this
break-even price level, farm can cover the cost of
production by selling tilapia. The study revealed
that the average weighted price Tk. 102.44
exceeds the break-even price Tk. 81.56 per kg of
fish. Since per hectare of production, gross return
and per kg of price higher than the break-even
point. That’s why, the tilapia farming was
financially profitable venture in the study area.
Study also found the break-even production was
1584.63 kg per hectare. This break-even
production was higher and farm was profitable.
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Factors influencing tilapia production
The independent variables have a great influence
on the yield of tilapia production. There were
selected 8 most important variables in the CobbDouglas production function for determining the
effects of the input variables. A correlation test
was also conducted and multi co-linearity effects
of the variables were excluded from the analysis.
In table 3, the estimated values of coefficient and
related statistics was presented.
The regression coefficient of feeds positively
related to the tilapia culture. The result of
coefficient found that 0.28 at 1% level of
significant. It implied that an increase in feed use
by one percent with other factors remaining same
would increase by 0.28 percent of tilapia
production. The production of tilapia would
increase with the increased by feed used.
Similarly, the regression coefficient of labor was
significant at 1% level. The coefficient was 0.18 (p
value 0.02) indicates that an increase in labor
employment by one percent, remaining other
factors constant, would increase the tilapia
production by 0.18 percent. Electricity cost was
positively related to the tilapia production. At 1%
level of significant, the coefficient of electricity
was 0.25 having p value 0.00. These results

implied that the one percent increase in
irrigation, would occur 0.25 percent positive
changed in production of tilapia.
Lime was negatively related to the tilapia
production. The regression coefficient of lime was
significant at -0.12, indicated that an increase of
lime cost, other factors remaining constant,
would decrease the tilapia production by 0.12
percent. The cost of pond preparation was
positive and insignificant. It implied that the
production of tilapia would increase by 0.09
percent, keeping the other factors constant, if
farmers increase one percent additional cost for
tilapia production. Fingerling cost and training
was negatively related to the tilapia production
and insignificant. These results implied that the
production of tilapia would decrease. The caring
cost was positive and significant. It implied that
the production of tilapia would increase by 0.09
percent, keeping the other factors constant, if
farmers increase one percent additional carrying
cost would increase the tilapia production by 0.9
percent. Station conduction and education of the
tilapia farmer was positively related and
insignificant. So, there was no effect of the
conduction of the station for tilapia farming.

Table 3. Estimated values of coefficient, standard error and p-value of Cobb-Douglas production
function of tilapia culture.
Particulars
Intercept
Ln cost of pond preparation
Ln cost of lime
Ln cost of fingerlings
Ln cost of feed
Ln carrying cost
Ln labor cost
Ln electricity cost
Ln training
Conduct of station
Education ( year of schooling)

Coefficients
5.30
0.09
-0.12*
-0.04
0.28***
0.09*
0.18***
0.25***
-0.05
0.05
0.00

Standard Error
0.99
0.06
0.06
0.08
0.05
0.06
0.07
0.08
0.12
0.15
0.01

P-Value
0.00
0.14
0.06
0.61
0.00
0.10
0.02
0.00
0.69
0.76
0.68

Note: *** indicates at 1%, ** indicates at 5% and * indicates at 10% level of significance.

Efficiency analysis of tilapia farmer
Economic efficiency gives us this idea whether
the farm is operating on optimal condition or not.
Technical efficiency differs from 0 to 1. That
means if technical efficiency (TE) is 0 then the
farm is fully inefficient and if 1 then the farm is
fully efficient. When we consider the input
quantities with the output, we can take the
assumption of constant return to scale for
calculating technical efficiency. However, if we
take consideration about price too, we use
variable returns to scale. The technical efficiency,
allocative efficiency and cost efficiency for
individual tilapia fish farmer is discussed here.
Many studies show that the TE scores obtained
from a CRS DEA into two components. One is
scale inefficiency and other is pure technical
inefficiency. If there are two different TE scores

for a particular DMU, there is scale efficiency.
The scale efficiency can be calculated from the
difference between the VRS TE score and CRS TE
score. In that study area, most of the tilapia
farmers were in a state of technologically
inefficient in that is stated table 4. Among them,
the number of tilapia farmers whose technical
efficiency value was less than 0.7 account for
16.67% of the total number of fish farmers, the
number of tilapia farmers whose technical
efficiency value was greater than or equal to 0.7
and less than 0.8 account for 26.67% of the total
number of tilapia farmers; the number of tilapia
farmers whose technical efficiency was greater
than or equal to 0.8 and less than 0.9 account for
21.67% of the total number of tilapia farmers; the
number of tilapia farmers whose technical
efficiency value was greater than or equal to 0.9
and less than or equal to 1.0 account for 35% of
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the total number of tilapia farmers. Allocative
efficiency was 1 about 1.67% of the total farmers,
efficiency is between 0.7 to 1.0 was about 80%
farmers and below or equal to 0.7 is about
18.33% farmers. Among 70 farmers, farmer no 5

was fully costs efficient farmer which was about
1.67% of total farmers, efficiency is between 0.6
to 1.0 was about 53.33% farmers and below or
equal to 0.6 is about 45% of total farmers.

Table 4. Calculating technical efficiency, allocative efficiency and cost efficiency for individual fish
farmers.
Technical efficiency
Interval
No. of fish farmer
TE<0.7
14
0.7≤TE≤0.8
18
0.8≤TE≤0.9
15
0.9≤TE≤1.0
23
Total
70
Allocative efficiency
Interval
No. of fish farmer
0.5-0.7
10
0.7-0.8
38
0.8-0.9
16
0.9-1.0
6
Total
70
Cost efficiency
Interval
No. of fish farmer
0.40-0.60
32
0.61-0.70
24
0.71-0.80
9
0.81-1.00
15
Total
70
Mean value of technical, allocative and cost efficiency
Mean
Technical efficiency
0.818
Allocative efficiency
0.775
Cost efficiency
0.632

percentage
16.67%
26.67%
21.67%
35.00%
percentage
14.29%
54.29%
22.86%
8.57%
percentage
45.71%
34.29%
12.86%
21.43%
Mean %
81.8
77.5
63.2

Percentage of costs efficient farmer is calculated by % of farmers= (𝑁𝑜. 𝑜𝑓 𝑓𝑎𝑟𝑚𝑒𝑟𝑠 ÷ 70) × 100
Table 5. Comparison of Technical efficiency in CRS and VRS using multistage method.
Scale
Constant returns to scale (CRS)
Variable returns to scale (VRS)

Fully Technically Efficient farmers
12
47

From the above table we see, under constant
returns to scale assumption technical efficiency is
1 for 17.14% and variable returns to scale
assumption technical efficiency is 1 for 67.14%
where scale efficiency is 1 for 17.14% of the total

Percentage
17.14%
67.14%

tilapia fish farmers. But when we use constant
return to scale instead of variable returns to scale
than 12 farmers become fully efficient where
efficiency increases for 57 framers.

Table 6. Comparison of average for CRS, VRS and SE.
CRS(TE)
VRS(TE)
SE(TE)

Mean
0.818
0.931
0.882

In the above table; Mean of the Variable Returns
to Scale is highest (93.1%). The lowest mean of
the Cost Return to Scale (81.8%).

Conclusion
Tilapia fish farming among local fish farmers
with limited financial resources remains a
challenge. Most of the tilapia fish farmers face the

Mean %
81.8
93.1
88.2
challenge of unavailability of start-up capitals,
high operating cost and poor management skill.
Financial profitability and technical efficiency
analysis is an important tool necessary for
business planning, seeking financial assistance
and successful management of the fish farm.
For getting higher production it is an important
criterion, average return to each taka invest on
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production for measuring profitability of tilapia
production. On an average, benefit cost ratio was
found for the large-scale tilapia producer to be
1.213 and small-scale tilapia producer was found
to be 1.230 based on total fixed cost and variable
cost. The small-scale tilapia producers were more
profitable along with production than large-scale
tilapia producers. It indicates that overall
performance of tilapia production in the study
areas is encouraging in terms of profitability. This
difference has resulted due to the variation in
input use and poor management at farm level. To
increase tilapia yield, the existing production
practices of tilapia at farm level needs to be
identified first. Adoption of new technology and
production practices may be varied by the
farmer’s experiences on tilapia production,
education, training and proper management
skills. Variation in amounts in different factors of
production and production pattern are
responsible for yield difference among farmers
and pond utilization.

A highly significant F and R square- value also
indicated that the included variables collectively
are important for explaining the variation in
yield. Lime costs, feed costs, carrying costs, labor
costs and electricity cost are significant variable
of the study area. In times of operating a farm, to
make an optimal use of inputs for getting best
possible output is essential. Hence, economic
efficiency given us this idea whether the farm is
operating on optimal condition or not. Technical
efficiency differs from 0 to 1. That means if
technical efficiency is 0 then the farm is fully
inefficient and if 1 then the farm is fully efficient.
When we consider the input quantities with
output we can take the assumption of constant
returns to scale for calculating technical
efficiency. The average technical, allocative and
cost efficiency scores for tilapia was 81.8%, 93.1%
and 88.2% respectively. Hence, among 70
farmers, 18.33% farmers are fully technical
efficient, 18.33% farmers are fully allocative and
53.33% farmers are fully cost efficient.

Study also revealed that gross profit margin of
the large farmers was 24.42% and small scale
farmers was 23.80% indicating that farmers did
not enough well in managing their farm and
farmers has less to cover for operating, financing
and other cost. Break-even price for the large
tilapia farmers worked out Tk. 77.33 per kg and
small farmers was Tk. 81.56 per kg while breakeven production for large farmers was found
1159.64 kg per hectare. Benefit cost ratio and net
profit margin were found more than one and
positive respectively, indicated that tilapia
farming
was
commercially
profitable.
Considering all selected farmers, tilapia farming
found a profitable business where undiscounted
BCR for large farmers was 1.213 and small farmer
was 1.230. This study used the data envelopment
analysis to estimate the efficiency. The mean
technical efficiency level of tilapia fish farmers
was 81.8 where allocative efficiency was 93.1 and
scale efficiency was 88.2 percent, implies that by
operating at full technical efficiency levels, tilapia
yield could be increased and efficient farmers
found more productive than inefficient farmers
did. The results of technical efficiency showed
that the farmers were efficient nevertheless the
sample farmers operated well below the
production frontier and hence that they still had a
chance to achieve targeted yields. Farmers
financial benefit can be increased by reducing the
feed price or increasing the output price. Feed
price reduction or enhance the quality of feed
could be effective policy options for sustaining
the tilapia farming. There is necessary to have a
better farm management knowledge to maximize
profit. Financial profitability of tilapia farmer was
estimated by using their different type of input
and output variable. To determine the effect of
production inputs, 10 important variables were
included in a Cobb Douglas production function.
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ABSTRACT
Finger millet is staple food crop in drought-prone areas of the world and often considered as
a component of food security strategies in Ethiopia. However, its yield is low in South Omo
zone due to different production problems such as lack of improved varieties, lodging, and
moisture stress in dry areas. A participatory finger millet variety selection was conducted at
Kaysa, Baytesimal and Alga kebeles of Debube Ari District, South Omo Zone during the
2019-cropping season to identify high yielding finger millet variety/varieties .The field
experiments was laid out in a randomized complete block design with three replications. The
combined analysis’s of variance results revealed that there were significant (p<0.05)
differences among varieties based on the recorded parameters except the harvest index. The
maximum combined mean grain yield obtained to the varieties: Tadesse, Tesema and Kako1 were 3746.75 kg ha-1, 3691.94 kg ha-1, and 3593.42 kg ha-1, respectively. While the
minimum grain yield was recorded to variety, BKFM-0010 was 1341.18 kg ha-1. Regarding
farmers' preferences, variety Kako-1 and Tesema had higher grain yield followed by variety
Tadesse. Based on data from researchers and farmers, varieties Tadesse, Tesema, and Kako1 were the best varieties for the test agro-ecologies. Therefore; varieties; Tadesse, Tesema
and Kako-1 could be recommended and popularized for use in the test areas and similar
agro-ecologies.
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Introduction
Finger millet [Eleusine coracana (L.) Gaertn.] is
a small seeded cereal grown in low rainfall areas
of the semi-arid tropics of the world. It is a hardy
crop capable of providing reasonable grain yield
under circumstances where most crops give
negligible yield. Finger millet is a staple food crop
in drought-prone areas of the world and often
considered as a component of food security
strategies. Among millets, it ranks third in
importance after sorghum and pearl millets. Its
wide adaptability to diverse environments and
cultural conditions makes it a potential food crop
(FAOSTAT, 2015). Finger millet is a dietary
staple food crop in potentially drought-exposed
regions of the world, and it is immensely
considered as an important component in
assuring food security. The crops grain posse’s
excellent storage quality, which can be preserved
without any harm for years, confers it a perfect
food grain quality. Crop leftovers are an excellent
source of dry matter for the livestock, especially
in dry seasons. After harvesting, the crop’s

residue makes good animal feeds and consists of
up to 61% total digestible nutrients (Weir, 1996).
Finger millet straw is used for livestock feed in
many countries; however, it is mainly grown for
food (Upadhyaya et al., 2006) and for the
brewing of gluten-free beverages (Bano et al.,
2015). Finger millet grain is nutritionally rich as
it contains high levels of protein and minerals
(Upadhyaya et al., 2006). As suggested by David
et al. (2014) the proximate composition of finger
millet moisture (6.99%), ash (2.37%), crude
protein (10.28%), crude fiber (3.10%), crude lipid
(0.83%), carbohydrate (76.43%) and mineral-like
potassium (14.19 mg/g), sodium (6.86 mg/g),
copper (0.10 mg/g), calcium (1.13 mg/g),
magnesium (6.25 mg/g), zinc (0.22 mg/g),
manganese (0.32 mg/g), iron (0.11 mg/g) and
lead (0.001 mg/g). It contains an appreciable
amount of the essential amino acid methionine,
which is lacking in most food (Mamo et al.,
2018).
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Finger millet is suitable to design and develop
value-added
nutritive
food
products.
Woldemichael and Admasu (2017) reported that
germination to be effective in starch and protein
hydrolysis; while fermentation was more effective
in reducing phytate, consequently increasing
mineral bioavailability.

evaluate and select the improved finger millet
varieties, which are high yielding and farmers
preferred finger millet varieties in South Omo
Zone.

Its annual world production was about 30.5
million tons, out of these, 12.4 million tons were
produced in Africa mainly eastern and southern
African (FAOSTAT, 2015). In Ethiopia, finger
millet is the 6th important crop after tef, wheat,
maize, sorghum and barley. It comprises about
5% of the total land devoted to cereals. It is
produced on 406,592 ha of land, from which
599,963 tons are obtained at the national level
(CSA, 2008). It is mainly grown in North Gondar,
West Gojam, some parts of Tigray and West
Wollega. It is widely grown in the Amhara region,
it covers 198,835 ha of land and giving 291,775
ton in the region, which is 48.62% of the total
national production (CSA, 2008). The yields of
finger millet are low in Ethiopia due to different
production problems including lack of improved
varieties, little research emphasis given to the
crop, non-adoption of improved technologies,
poor attitude to the crop, disease like blast which
is the most serious disease, lodging and moisture
stress in dry areas, threshing, lodging and milling
problem are some the most serious production
constraints in finger millet production in
Ethiopia (Tsehaye and Kebebew, 2002;
Andualem, 2008; Molla, 2010).

The experiment was conducted during the 2019
main cropping season at Kaysa, Baytesimal, and
Alga Kebles, in South Ari District, South Omo
Zone. The altitudes, latitude and longitude of the
study area were, 1405 m.a.s.l, 5º43′46′′ N and
36º37′5′′ E for Kaysa location, 1337 m.a.s.l,
5º45′7′′ N and 36º32′44′′ E for Baytesimal
location, and 1452 m.a.s.l, 5º47′43′′ N and
36º32′38′′ E for Alga location, respectively. The
district (woreda) area had average annual rainfall
of 1343 mm and temperature ranges from 16.3ºC
to 27.7ºC, respectively.

Some varieties of finger millet were released by
the different research centers of the nation.
Farmers have no sufficient information about the
released varieties both agronomic practice and
their economic importance because the varieties
were released without the participation of
farmers and the released varieties had not yet
evaluated in the targeted area.
Participatory varietal evaluation and selection are
being conducted in many crops like rice and
barley (Ceccarelli and Grando, 2007; Fufa et al.,
2010). Research done by different researchers on
participatory variety selection of different field
crops in Ethiopia. For example, Courtois et al.
(2001) evaluated the effect of participation of
farmers by comparing only the rankings of
varieties by farmers and breeders at the same
locations and reported a strong concordance
between farmers and breeders in environments
that have been producing contrasting plant
phenotypic performance in rice. Cleveland et al.
(1999) and Danial et al. (2007) reported that
farmer’s
selection
criteria
vary
with
environmental conditions, traits of interest, ease
of cultural practice, processing, use marketability
of the product, ceremonial and religious values.
Therefore, the objectives of this study were to

Materials and Methods
Description of study site

Experimental treatments and design
Thirteen (13) finger millet varieties were included
in the study area (Tesema, Tadese, Kako-1,
Bareda, Gute, Gudetu, Addis01, BKFM-0010,
Boneya, Wama, Bako- 09, Diga-1 and Urji). Land
preparation, the experimental field was prepared
following the three (3) conventional tillage
practices before planting. The trial was laid down
in a randomized complete block design (RCBD)
with three replications. Each experimental plot
had ten rows with the spacing of 40 cm between
each rows and the plot size had four-meter
length and five-meter width spaced at one meter
with a gross area of 20 m2. In accordance with the
design, a field layout was prepared and each
treatment
was
assigned
randomly
to
experimental plots within each blocks and
replications. Seed rate, the seed was applied at
the recommended seed rate of 10 kg ha-1. Sowing,
sowing season was from early March to mid of
April months in belg season in mid land altitude
areas. Sowing was done in row sowing by the
method of hand drilling
manually
in a
recommended seed rate of 10 kg ha-1 with the
spacing of 40 cm between rows and made
tinning between plants with the spacing of 10
cm at the time of first weeding time. Fertilizer
rate, fertilizer was applied at the rate of 100 kg
ha-1 NPSB and 100 kg urea, respectively. NPSB
fertilizer was applied at the time of planting and
urea fertilizer was applied in spilt form, half at
the time of planting and half at the time of
tillering stages. Weeding was done by hand
weeding as manually. The first hand weeding
was done after the emergence of the plant from
twenty (20) up to twenty five (25) days after
planting and thinning was done plant to plant
with a distance of ten centimeter (10 cm). The
second hand weeding practice was done after the
emergence of the plants from forty five (45) up to
fifty five (55) days after planting.
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Variety selection procedures
Zone, Woreda and Keble agricultural and natural
resource office experts and the selected farmers
were participated at sowing time, field evaluation
and selection of the improved finger millet
varieties at the maturity stage and set their
selection criteria and ranking was done based on
their selection criteria.

index was estimated from the proportion of seed
weight to the aboveground biomass weight at
harvesting (GY/BM). Farmers rank their varieties
by seating criteria at maturity by simply
observing all the tested varieties according to
their set of parameters. Researcher rank: ranking
the varieties after analyzing the above-collected
data’s.
Data analysis

Data collection
Days to maturity was recorded as the number of
days from emergence to stage when 50% of the
tillers per plot had matured ears (detected by
yellowing of leaves). Plant height was recorded by
measuring the height of plants from ground level
to the tip of inflorescence (ear) at the dough
stage. Productive tiller per plant was the number
of basal tillers that bear mature fingers and
recorded from five randomly taken plants of each
plot at harvest. Finger length was recorded from
the base of the ear to the tip of the finger at each
five randomly taken plants of main tillers at the
dough stage. Number of fingers per plant was
recorded by counting each finger from the
selected every single plant from the five randomly
selected fingers of plants at harvest. Biomass
yield was recorded from the weight of the
aboveground parts and measured by sensitive
balance at harvest after sun drying. Grain yield
was determined by harvesting plants from the
selected middle rows of each plot. Seeds were
weighed by sensitive balance and approximately
adjusted to 12.5% moisture content. Harvest

The data such as days of maturity, plant height,
finger length, number of fingers per plant,
productive tiller per plant, bio mass, grain yield
and harvest were subjected to Analysis of
Variances (ANOVA) using the General Linear
Model (GLM) procedure of Statistical Analysis
System (SAS) software. Significance differences
between and among treatments were delineated
by using LSD (least significance difference) (5%).

Results and Discussion
The combined mean performance of
finger millet varieties for growth, yield
and yield -related traits
The combined analysis of variance results
revealed that there were significant (p<0.05)
differences among varieties under rain fed
condition at Kaysa, Baytesimal and Alga districts
on days of maturity, plant height, finger length,
number of fingers per plant, productive tiller per
plant except the harvest index.

Table 1. Mean square values of traits of finger millet varieties over locations.
SV
Replication
Variety
Location
Location x
Variety
Error

DF
2
12
2
24

PH
3.25ns
660.16*
10.23ns
175.77*

FL
0.18ns
23.10*
65.43*
5.10*

FP
0.12ns
7.83*
36.59*
2.84*

PTP
0.15ns
5.15*
23.28*
2.80*

DM
1.56ns
1344.10*
824.03*
183.28*

BM
9.25ns
5.85*
7.19*
2.45*

GY
103090ns
5727812*
5677395*
829954*

HI
0.0120ns
0.0079*
0.0100*
0.0027ns

76

13.58

0.19

0.49

0.38

1.06

1.38

29433

0.0032

NB: * indicates significance at (p < 0.05) and “ns indicates non-significant different. SV=source of variation,
DF=degree of freedom, PH=plant height, FL=finger length, FP finger per plant, PTP= productive tiller per
plant, DM=days of maturity, BM= bio mass, GY= grain yield, HI=harvest index

Among the evaluated varieties, kako-1 (98 days)
was early maturing were as BKFM (153 days) was
late maturing variety (Table 2). The maximum
plant height was recorded in BKFM-0010 (109
cm) and the minimum plant height was obtained
from Bako-09 (82 cm) (Table 2). The maximum
finger length was obtained from, BKFM-0010
(9.71 cm) were as the minimum finger length was
obtained from Kako-1 (5.04 cm (Table 3). The
maximum number of finger per plant was
recorded to variety Urji (9.22) and the minimum
number of finger per plant was recorded at
variety Wama (5.94) (Table 3). The maximum
number of productive tiller per plant was

obtained from Tadesse (7.55) and the minimum
number of productive tiller per plant was
recorded in varieties Wama (4.65) (Table 3).
Among the evaluated finger millet varieties, the
maximum biomass was recorded from Tesema
(34277.78 kg ha-1) and the minimum biomass was
recorded from variety, BKFM-0010 (27148.15 kg
ha-1) (Table 4). From the tested varieties, the
maximum grain yield was obtained from Tadesse
(3746.75 kg ha-1) and the minimum grain yield
was obtained from BKFM-0010 (1341.18 kg ha-1)
(Table 4).
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Performance of finger millet varieties at
each location for growth, Yield and yield related traits
Among the tested varieties, kako-1 (95, 100, 99.3
days), matured early compared to other varieties
across locations which will be best fit the early
maturing finger millet production system and
variety BKFM-0010 (153, 154, 154 days) was a
late mature type and best fit for late-maturing
finger millet production system across locations
(Table 2). The current work was disagreed for
the physiological maturity for the variety Kako-1
with that of the observation by Molla (2010).
Who stated that variety Boneya, matured early
compared to other varieties, which were best fit
the early finger millet production system and
variety Bareda was late mature type and best fit
for late-maturing finger millet production
system. The maximum plant height BKFM-0010
and (107.67, 109.33, 110.01 cm) across location
and the minimum plant height at each location
was recorded from Addis-01 (73.33 cm) Gudetu
(81.33 cm) and Bako-09 (69 cm) at Kaysa,
Baytesimal and Alga location, respectively
(Table 2). This result is in agreement with similar
findings of Tarekegne et al. (2019), who stated
there was the presence of sufficient variability,
which could be attributed to the genetic potential
of the varieties used among the evaluated
varieties and for the traits under study (Table 2).
From the tasted varieties the maximum finger
length was recorded from Diga-1 (11.33 cm, 10.53
cm) at Kaysa and Baytesimal and BKFM-0010
(8.13 cm) at Alga location while the minimum
finger length was recorded from Kako-1 (4.93 cm,
5.2 cm) at Kaysa and Baytesimal and Gudetu (4.1
cm) at Alga location, respectively(Table 3). This
finding is similar to the finding of Tsehaye and
Kebebew (2002); Fakrudin et al. (2004), who
stated that there was a presence of genetic
variability in finger length of finger millet
varieties. The maximum finger per plant was
recorded to variety Urji (10.43, 8.00, and 9.33) at
Kaysa,
Baytesimal
and
Alga
locations,
respectively and the minimum number of finger
per plant was recorded from variety BKFM-0010
(6.4) Gudetu (5) and Wama (4.33) at Kaysa,

Baytesimal and Alga locations, respectively
(Table 3). Previously Molla (2010) reported
similar results with the current findings
concerning the number of fingers per plant in
finger millet germplasm. From the varieties the
maximum number of productive tiller per plant
was recorded from Tadesse at Kaysa and Alga
(8.00, and 7.66) and Kako-1 at Baytesimal (8.00)
while the minimum number of productive tiller
per plant was recorded from variety Wama
(3.86) Diga-1 (6.33) and wama (3.86, 3.43) at
Kaysa and Alga locations, respectively and Kako
(3.43) at Kaysa, Baytesimal Alga location,
respectively (Table 3). The current work was dis
agreed for the productive tiller per plant traits for
the variety Tadesse, and Kako-1 with that of the
observation by Tarekegne et al. (2019). They
stated that variety Bareda, Degu had the
maximum number of productive tiller per plant
compared to the other tested varieties. Among
the tested finger millet varieties, the maximum
biomass was recorded from variety Tesema
(32,667 kg ha-1, 30,000 kg ha-1) at Kaysa and
Baytesimal kebele and Tadesse (40,000 kg ha-1)
at Alga location, respectively. While the
minimum biomass was recorded from variety
BKFM -0010 (22000 kg ha-1) at Kaysa location
and Urji (24444 kg ha-1, 25583 kg ha-1) at
Baytesimal and Alga location (Table 4). The
current work was dis agreed for the bio mass
traits for the variety Tadesse and Tesema with
that of the observation by Tarekegne et al. (2019).
.They stated that variety Wama, Gute and Bareda
had the maximum biomass compared to the
other tested varieties. The maximum grain yield
was obtained from varieties, Tadesse (3666.7 kg
ha-1, 3962.5 kg ha-1) at Kaysa and Alga location
and Kako-1 (3236.1 kg ha-1) at Baytesimal
location, respectively. While, the minimum grain
yield was obtained from varieties, BKFM-0010
(1322.3, 1122.2 kg ha-1) at Kaysa and Baytesimal
location and Bared (1470.8 kg ha-1) at Alga
location, respectively (Table 4). This result agreed
with the previous works of Andualem (2008),
who reported that, the presence of a significant
difference among varieties in yield-related
parameters of finger millet varieties.

Int. J. Agril. Res. Innov. Tech. 12(1): 129-136, June 2022

132

Jerjero et
et al.
al. (2022)
(2022)
Jerjero

Participatory
variety
selection
of improved finger millet South Omo Zone, Ethiopia
Participatory variety selection of improved finger
millet South
Omo Zone,
Ethiopia

Table 2. The mean value of growth related traits on days of maturity and plant height at each location.
Varieties
BKFM
Bako-09
Gute
Urji
Tesema
Gudetu
Boneya
Diga-1
Wama
Kako-1
Bareda
Addis01
Tadesse
CV (%)
LSD (0.05)

Kaysa
153.00a
122.00d
103.00f
112.00e
124.00d
121.33d
113.33e
111.00e
98.00g
95.00h
137.00b
128.00c
123.00d
1.41
2.80

DM (days of maturity)
Baytesimal
Alga
154.00a
154.00a
125.00fg
125.00g
125.00fg
125.00g
127.00ef
127.00f
120.00h
120.00i
134.00c
134.00c
g
123.00
123.00h
124.00g
124.33g
b
139.00
139.00b
100.00j
99.33k
128.00de
128.00d
130.00d
130.00d
115.00i
115.00j
0.83
0.39
1.67
0.83

Combined
153a
124e
117h
122f
121f
130bc
119g
119g
125d
98i
131b
129bc
117h
0.82
0.96

Kaysa
107.67a
88.33de
99.00abc
106.67a
101.67ab
94.33cde
101.00ab
90.33e
102.00ab
84.33 e
95.67bcd
73.33f
99.67b
5.40
8.70

PH (cm)
Baytesimal
109.33a
88.67f
104.00abc
103.00bc
106.00ab
81.33g
96.33de
86.67fg
99.67cd
90.00f
91.00ef
88.00f
88.33f
3.40
5.40

Alga
110.01a
69.00f
110.00a
90.00c
100.00b
89.33cd
80.00e
100.00b
110.00a
86.67d
100.00b
89.33cd
110.00a
1.93
3.11

Combined
109a
82g
104b
99c
102bc
88e
92d
92d
103b
87ef
95d
83fg
99c
3.86
3.46

NB: DM =days to maturity, PH=plant height, Note: Means with the same letters for traits are not significantly different at (p <0.05)

Table 3. The mean value of finger length, number of finger per plant and productive tiller per plant across location.
Varieties
BKFM
Bako-09
Gute
Urji
Tesema
Gudetu
Boneya
Diga-1
Wama
Kako-1
Bareda
AddisTadesse
CV (%)
LSD (5%)

Kaysa
10.53ab
7.43de
10.16b
10.46ab
7.73de
8.66c
7.16e
11.33a
10.66ab
4.93g
8.06cd
5.73fg
5.93f
6.27
0.88

FL (cm)
Baytesimal
10.46a
6.53c
10.00a
7.53b
6.73c
4.93d
5.13d
10.53a
7.80b
5.20d
10.33a
5.26d
6.06c
6.25
0.78

Alga
8.13a
4.56e
6.53c
4.66e
5.26d
4.10f
5.13d
6.33c
5.335d
5.00de
8.00a
5.20d
7.26b
4.57
0.44

Combined
9.71a
6.17de
8.90b
7.55c
6.57d
5.90e
5.81ef
9.40a
7.93c
5.04g
8.80b
5.40fg
6.42d
6.20
0.41

Kaysa
6.40e
8.66b
7.33d
10.43a
10.00a
7.8.0bcd
8.33bc
10.33a
7.50cd
7.33d
7.66cd
8.66b
7.00de
6.48
0.90

NF/P
Baytesimal
7.66ab
6.00de
5.66ef
8.00a
6.00de
5.00f
6.33cde
7.33ab
6.00de
5.80de
7.00bc
6.53cd
5.66ef
7.06
0.75

Alga
7.00c
5.33de
6.66cd
9.33a
7.66bc
6.66cd
6.66cd
7.66bc
4.33e
5.00e
6.66cd
7.66bc
9.00ab
13.29
1.45

Combined
7.02def
6.66efg
6.55fgh
9.22a
7.88bc
6.48fgh
7.11def
8.44b
5.94h
6.04gh
7.11def
7.62cd
7.22de
9.816
0.66

Kaysa
4.706d
6.60bc
6.30bc
6.26bc
7.83a
7.33ab
7.06abc
7.33ab
3.86d
6.56bc
7.93a
6.06c
8.00a
10.27
1.10

PT/P
Baytesimal
6.66b
6.66b
6.66b
7.00ab
6.66b
7.00ab
6.6b
6.33b
6.66b
8.00a
6.68b
7.00ab
7.00ab
10.11
1.54

Alga
7.00ab
3.63f
3.6f
5.66cd
6.50bc
6.00c
5.00de
4.66e
3.43f
6.33bc
4.33ef
6.00c
7.66a
9.25
1.06

Combined
6.14d
5.41f
5.53ef
6.31cd
7.00ab
6.77bc
6.22cd
6.11de
4.65g
6.96b
6.31cd
6.35cd
7.55a
9.91
0.58

NB: FL = number of finger per plant, NF/P= number of finger per plant, PT/P-=productive tiller per plant. Note: Means with the same letters for traits are not
significantly different at (p < 0.05)
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Table 4. The mean value of Bio mass, Grain yield and Harvest index across location.
Varieties
BKFM
Bako-09
Gute
Urji
Tesema
Gudetu
Boneya
Diga-1
Wama
Kako-1
Bareda
Addis-01
Tadesse
CV (%)
LSD (0.05)

Kaysa
22000e
26667abcd
25000 bcde
27333abcde
32667ab
28333abcd
29667a
31000ab
32000a
30333abc
28667abcd
23333de
24000cde
13.45
6294.70

BM (kg)
Baytesimal
26111bcd
28611abcd
27222abcd
24444d
30000ab
25000cd
34167abc
26389bcd
26944abcd
28333abcd
28667abcd
25833cd
29444a
8.55
3985.20

Alga
33333bcd
29584d
31667cd
29583d
42500a
37917abc
39583ab
32917bcd
37917abc
32500bcd
37083abc
32500bcd
40000ab
12.86
7616.80

Combined
27148.15e
28287.00de
27962.00de
27120.37e
34277.78a
30416.67bcde
33898.15ab
30101.85cde
32287.04abc
30166.67cde
30990.74 abed
27222.20e
32722.20abc
12.32
3493.73

Kaysa
1322.3f
2783.3c
2626.7c
2733.3c
3366.7b
2630.0c
3166.7b
1276.7f
2066.7d
3363.3b
2666.7c
1596.7e
3666.7a
5.33
229.87

GY (kg ha-1 )
Baytesimal Alga
1122.2d
1579.0g
2161.1c
3166.7d
1555.6d
2441.7e
d
1558.3
1641.7fg
a
3150.0
3662.5b
2566.7bc
2458.3e
2611.1bc
3570.8c
d
14444.0
1975.0f
c
2369.4
3104.2d
a
3236.1
3577.5b
1419.4d
1470.8g
2605.6c
3041.7d
2633.3a
3962.5a
6.70
6.87
246.78
341.53

Combined
1341.18h
2703.70c
2207.96e
1977.77f
3691.94a
2551.66cd
3190.27b
1565.37g
2513.42d
3593.42a
1852.31f
2414.62d
3746.75a
6.68
161.07

Kaysa
0.06
0.10
0.11
0.10
0.10
0.09
0.09
0.04
0.06
0.10
0.09
0.26
0.15
8.09
NS

HI
Baytesimal
0.043
0.076
0.057
0.063
0.100
0.100
0.076
0.054
0.088
0.110
0.053
0.100
0.08
8.09
NS

Alga
0.040
0.110
0.070
0.050
0.100
0.060
0.090
0.060
0.080
0.110
0.030
0.098
0.07
6.57
NS

Combined
0.090
0.098
0.082
0.073
0.110
0.086
0.180
0.052
0.160
0.120
0.062
0.150
0.120
4.32
NS

NB: BM =bio mass, GY= grain yield, HI= harvest index. Note: Means with the same letters for traits are not significantly different at (p< 0.05)

Table 5. Direct ranking of Finger millet varieties selection criteria used by farmers at three locations.
Varieties
Tesema
Tadesse
Kako-1
BKFMBako-09
Gute
Urji
Gudetu
Boneya
Diga-1
Wama
Bareda
Adiss-01

Kaysa participants
SC
LR
FP
10
8
6
16
14
15
6
5
4
0
2
4
3
6
3
2
1
4
7
4
3
1
2
3
3
3
4
2
1
1
2
4
3
0
3
2
3
2
2

ERl
12
14
20
0
9
2
2
2
5
2
4
2
4

Total
36
59
35
6
21
9
16
8
15
4
13
7
11

Rank
2
1
3
13
3
9
5
10
5
12
7
11
8

SC
15
16
14
0
1
0
4
1
3
2
2
0
3

Baytesimal participants
LR
FP
ERL
Total
10
8
14
47
10
8
15
49
5
10
17
46
0
5
0
5
4
4
5
14
1
3
2
6
3
2
2
11
2
3
2
8
2
4
4
13
1
1
0
4
3
2
3
10
3
2
2
7
1
2
3
9

Rank
2
1
3
13
4
11
6
9
5
12
7
10
8

SC
4
5
4
0
3
3
5
2
0
2
2
0
2

Alga participants
LR
FP
ERL
5
3
6
7
6
6
2
3
8
1
2
0
3
1
5
2
3
2
2
1
3
1
3
3
2
3
3
2
1
2
1
2
1
0
2
2
0
1
2

Total
18
26
17
3
12
10
11
9
8
7
6
4
5

Rank
2
1
3
13
4
6
5
7
8
9
10
11
12

NB: SC=seed color, LR=loading resistance, FP= finger per plant, ERL= earliness (maturity)
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Farmers’ evaluation results of tested
finger millet varieties
The full participation of farmers was a key tool
for the evaluation and adoption of improved
varieties of different crops. Finger millet variety
selection was carried out at the maturity stage by
organizing a field day/field visit. Farmers’
selection criteria were: lodging resistance, seed
color, number of fingers per plant and early
maturity. The selection criteria were the same in
all locations. These may be due to the common
trait of interest, ease of cultural practice,
processing, and cultural value. This is in
agreement with the findings of Cleveland et al.
(1999) and Danial et al. (2007). They reported
that farmers’ criteria vary with environmental
conditions, traits of interest, ease of cultural

practice, processing, use and marketability of the
product, ceremonial and religious values
accordingly. At all three locations (Kaysa,
Baytesimal and Alga) finger millet variety
Tadesse, Tesema and Kako-1 were preferred for
good seed color, lodging resistance and the
number of fingers per plant (Table 5). Finally,
farmers selected the varieties Tadesse, Tesema
and Kako-1 to use them as planting material as
first, second and third preferred varieties,
respectively. Moreover, farmers and the
respective district and staff members of
Agricultural and Natural Resource Development
Office requested and decided the seeds of
selected varieties’ to be multiplied and promoted
to the end-user.

Figure 1. Picture was taken during farmers’ select varieties by their criteria at field visit (field day).

Conclusion and recommendation
Participatory variety selection was done at Kaysa,
Baytesimal and Alga kebeles South Ari woreda,
South Omo Zone, Southern Ethiopia during the
2019 main cropping season. The analysis of
variance results revealed that there were
significant differences observed among the finger
millet varieties for all the studied parameters.
The mean grain yield value of the three locations
for the studied varieties showed that varieties
Tadesse, Tesema and Kako-1 were the welladapted and preferred varieties. In these
experiment trials, the farmers’ preference
coincided with the research findings for most of
the selected varieties. Research findings and
farmers’ variety selection criteria are most
important to consider for proper variety

selections. Due to this, farmers preferred
varieties were found to be well adapted and
promising to the tested areas and similar agroecologies and thus could be demonstrated and
popularized to the small scale farmers.
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ABSTRACT
Field experiments were conducted on pastoral and agro-pastoral areas of South Omo Zone
at Dasenech, Hammer and Gynagatom woredas of South Omo Zone, Southern Ethiopia on
four cowpea [Vigna unguiculata (L) Walp.] varieties in 2019 under irrigation. The objective
of the study was to select the best performing cowpea varieties in the target areas. The
cowpea varieties included in the field experiment were (Black eye bean, Bole, TVU, and
Kankeit). The experiments were carried out using a randomized complete block design
(RCBD) with three replications. The combined analysis of variance results depicted that
there were significant differences among the varieties for all the studied parameters except
the number of seeds per pod. The mean values for plant height ranged from 84.89 (cm) for
the variety Bole to 120.67 (cm) for TVU. The mean values for the number of pods per plant
ranged from 24.33 for the variety Bole to 46.90 for TVU. The mean value for 100 seeds
weight was maximum (21.11g) for the cowpea variety black eye bean and, while it was
minimum (17.11 g) for the variety TVU. The highest overall mean grain yield of 2457.0 kg ha1 was recorded for the variety Kankeit while the minimum 1695.3 kg ha-1 was noted for the
cowpea variety black eye bean. Therefore, the variety Kankeit and TVU could be
recommended for the study areas however further research should be done to put the
recommendation on a strong basis.
Keywords: Cowpea, Varieties, Yield components, Grain Yield
Southern Agricultural Research Institute, Crop Science Research Directorate, Jinka Agricultural Research
Center, Jinka, Ethiopia
*Corresponding author’s email: tekleyoseph486@gmail.com (Tekle Yoseph)
Cite this article as: Yoseph, T. 2022. Adaptability study of Cowpea [Vigna unguiculata (L) Walp.] varieties in
Pastoral areas of South Omo Zone, Southern Ethiopia. Int. J. Agril. Res. Innov. Tech. 12(1): 137-140.
https://doi.org/10.3329/ijarit.v12i1.61043

Introduction
Pulses have been acknowledged as a key source of
proteins (20 to 35%) with essential minerals and
vitamins (Fall et al., 2003; Girma et al., 2005).
Cowpea [Vigna unguiculata (L.) Walp.], is a
dicotyledonous plant belonging to the family
Fabaceae and sub-family, Fabiodeae (Agbogidi,
2010).
Cowpea is a multipurpose crop; the entire plant
can be used for either human or livestock
consumption. Its major importance is to the
livelihoods of millions of relatively poor people in
less developed countries of the tropics. As
suggested by Islam et al. (2006), all parts of the
plant are used as food, which is nutritious
providing protein and vitamins. Immature pods
and seeds are used as vegetables while several
snacks and main dishes are prepared from the
grains (Pottorff et al., 2012). Cowpea grain
contains about 25% protein and 64%
carbohydrate and therefore has a tremendous

potential to contribute to the alleviation of
malnutrition among resource-poor farmers and
can be used as animal feed and cash income. Its
young leaves, pods and seeds contain vitamins
and minerals, which have fuelled its usage for
human consumption and animal feeding and the
scorched seeds are occasionally used as a coffee
substitute (Ogbemudia et al., 2010). As reported
by Ayana et al. (2013) integration of cowpea with
the prevailing farming system using native
cowpea variety could have significant importance
in improving soil fertility and productivity,
improving feed quality and withstands the impact
of climate change.
It is an annual legume grown throughout the
semi-arid tropics, where it is valued and potential
to produce high levels of fodder for livestock in
addition to grain for people. Its dual-purpose
character, weeds suppressing ability, positive
impact on soil properties, drought tolerance and

International Journal of Agricultural Research Innovation & Technology An open access article under

Yoseph (2022)

Adaptability study of cowpea varieties in pastoral areas of Southern Ethiopia

being a warm-weather crop makes cowpea an
attractive and promising forage species in a
typical tropical lowland climate. It is usually
better adapted to drought, high temperatures and
other biotic stresses than other crop plant species
(Hall et al., 2002; Tessema and Eshetayehu,
2006).

Data analysis

Drought stress related to climate change is a
more challenge for enhancing agricultural
productivity for resource-poor farmers. Cowpea
is one of the dry land grain legumes for
overcoming drought-related problems. Therefore,
there is a need to introduce these improved
cowpea varieties to moisture stress areas of the
South Omo Zone under irrigation.

Results and Discussion

Materials and Methods
Description of the study area
The adaptive research was implemented in
Dasenech, Hammer, and Nyangatom woredas of
South
Omo
zone,
Southern
Nations,
Nationalities, and Peoples Regional State.
Geographically, these three administrative
districts are found in the southwestern part of
Ethiopia, located at about 981, 801, and 971
Kilometers, respectively from the capital (Addis
Ababa). Astronomically, Dasenech woreda
(administrative district) found lying between
4°37′–4°48′ N latitude and 35°56′–36°20′ E
longitude, Hammer between 4°25′–5°30′ N
latitude and 36°5′–36°59′ E longitude and
Nyangatom between 5°05′–5°21′ North latitude
and 35°55′–36°14′ East longitude, respectively.
The altitude of the areas varies between 353
m.a.s.l and 606 m.a.s.l for Dasenech, 371 m.a.s.l.
and 2084 m.a.s.l for Hammer and 380 m.a.s.l
and 497 m.a.s.l for Nyangatom district,
respectively.
Treatments and experimental design
The experiment consisted of four improved
cowpea varieties with a total of 12 plots. The field
experiment was laid out in a randomized
complete block design (RCBD) with three
replications. Cowpea was sown in ten rows per
plot with a spacing of 60 cm between rows and
20 cm between plants within a row with a gross
plot area of (6 m x 5 m= 30 m2).
Data collection
Grain yield
Six central rows (5.0 m x 3.6 m = 18 m2) were
harvested for the determination of grain yield.
Grain yield was adjusted to 12.5% moisture
content. Ten plants were randomly selected from
the six central rows to determine yield and yield
components, which consisted of plant height,
number of pods per plant, and number of seeds
per pod.

All the agronomic data were recorded and being
subjected to analysis using the R statistical
Software Version 3.4.1. Effects were considered
significant in all statistical calculations if the Pvalues were < 0.05. Means were separated using
Fisher’s least significant difference (LSD) test.

According to the combined analysis of variance
results, there were significant differences
observed among the cowpea varieties for plant
height, pods per plant, 100 seed weight and grain
yield but no significant difference was observed
among the varieties for the number of seeds per
pod (Table 1). This finding is in agreement with
the previous works of Tekle (2014); Gereziher et
al. (2018) who reported that there were
significant variations observed among the cowpea
varieties for yield and yield-related traits.
Pant height ranged from 69 (cm) for the variety
Bole at Dasenech to 159 (cm) for the variety TVU
at Gynagatom (Table 3). The results revealed that
the mean values for plant height ranged from
84.89 (cm) for the variety Bole to 120.67 (cm) for
TVU across locations (Table 2). The maximum
number of pods per plant (69) was recorded for
the variety TVU at Gnangatom, while the
minimum (21) was noted for the variety Bole at
Hammer (Table 3). The combined analysis of
variance results depicted that the mean values for
the number of pods per plant ranged from
(24.33) for the variety Bole to (46.90) for the
variety TVU (Table 2). Though no significant
differences were observed among the varieties for
the number of seeds per pod, the maximum
number of seeds per pod (20) was obtained for
the variety Kankeit at Dasenech, while the
minimum (14) was recorded from the variety
Bole at Gnangatom (Table 3). The combined
analysis of variance result depicted that the mean
values for the number of seeds per pod ranged
from (16.67) for the variety Bole to (17.89) for the
varieties Kankeit and TVU (Table 3). The values
for 100 seed weight in gram (g) ranged from (9)
for the variety TVU at Gnangatom to (26) for the
variety Kankeit at Dasenech. The results also
showed that the overall mean values for the
hundred seed weight ranged from 17.11 (g) for the
variety TVU to 21.11 (g) for the variety black eye
bean (Table 3).
The combined analysis of variance results
revealed that there were significant differences
observed among the cowpea varieties for grain
yield (Table 1). The combined analysis of variance
results showed that the overall mean values for
grain yield ranged from 1695.3 kg ha-1 for the
variety black eye bean to 2457.0 kg ha-1 for the
variety Kankeit (Table 2). The values for grain
yield ranged from 1485 kg ha-1 for the variety
black eye bean at Hammer to 2587 kg ha-1 for the
variety Kankeit at Dasenech (Table 3).
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Table 1. Mean square values for growth parameters, yield components and grain yield of cowpea at
south omo zone in 2019.
Source of
Variations
Rep
Variety
Location
Location x
Variety
Error

DF

PH

PPP

SPP

HSW

GY

2
3
2
6

529.08*
2456.11**
27.33 ns
214.11ns

206.18*
935.08***
56.78ns
44.93ns

0.03*
3.29ns
0.03ns
1.88ns

0.58*
32.18**
0.25ns
2.51ns

28300*
929740***
25871ns
26498ns

22

392.51

56.67

6.15

5.79

84595

Note: *, ** and *** indicate significance at P < 0.05, P < 0.01 and P < 0.001, respectively and 'ns' indicate nonsignificant, DF= degree of freedom, PH= plant height (cm), PPP= the number of pods per plant, SPP= the
number of seeds per pod, HSW= 100 seeds weight (g) GY= Grain Yield (kg ha -1).

Table 2. combined results of mean values of growth parameters, yield components and grain yield of
cowpea varieties at south omo zone, in 2019.
Varieties
Cankeit
TVU
Bole
BEB
Mean
CV (%)
LSD (0.05)

PH
118.89a
120.67a
84.89b
110.89a
108.83
18.20
25.94

PPP
27.01b
46.90a
24.33b
29.54b
31.95
23.56
9.86

SPP
17.89a
17.89a
16.67a
17.11a
17.39
14.26
3.25

HSW
20.22ab
17.11b
17.89b
21.11a
19.08
12.62
3.15

GY
2457.0a
2042.0b
1905.3b
1695.3b
2024.9
14.36
380.79

Note: PH= plant height (cm), PPP= number of pods per plant, SPP= number of seeds per pod, TSW= 1000
seeds weight (g), GY= Grain Yield (kg ha-1).

Table 3. Mean values for the studied yield and yield component traits of four cowpea varieties at
dasenech, hammer and gynagatom, south omo zone in 2019.

Gynagatom

Mean

21
18
16
15
10
NS

16
20
14
19
13
NS

19
19
16
16
11
NS

21
17
22
21
4
1

26
16
19
20
14
6

13
9
17
18
15
2

20 2443 2587 2094 2375
14 1781 2361 2110 2084
19 1776 1552 2143 1824
20 1641 1795 1485 1640
11
17
17
13
16
3
544 702 495 580

Mean

Hammer

Gynagatom

Dasenech

20
18
16
15
11
NS

Hammer

Mean

34
39
23
31
12
7

Dasenech

Gynagatom

GY (kg ha-1)
Location

Hammer

26 27
23 63.3
21 21.7
22 51.7
13 5.6
6 4.6

HSW (g)
Location

Dasenech

49
32
26
21
19
10

SPP
Location

Mean

Hammer

Gynagatom

Dasenech

134
135
91
115
16
25

Hammer

102 103 147
110 103 159
69 91 86
102 103 119
7
8
15
11
16 38

Dasenech
Cankeit
TVU
Bole
BEB
CV (%)
LSD(0.05)

PPP
Location

Mean

PH (cm)
Location

Gynagatom

Variety

Note: PH= plant height (cm), PPP= number of pods per plant, SPP= 1number of seeds per pod, HSW= 100 seed
weight (g), GY= grain yield (kg ha-1).

Summary and Recommendation
Production of cowpea by introducing the
improved and high yielding varieties is an
important contribution to increase agricultural
production and productivity in areas like
Dasenech, Gyngatom and Hammer woredas
where there is the low practice of using improved
varieties of cowpea. To this end, using the
improved cowpea varieties could be one of the
alternatives to improve productivity by small
farmers. However, the production of cowpea
using the improved varieties is not yet introduced
and studied in the target area. Thus, this research

work is initiated to investigate the impact of
improved varieties on the performance of
cowpea.
A study on variety was conducted at Dasenech,
Gyngatom, and Hammer under irrigated
conditions in 2019. The objective of the study was
to select the best performing varieties that will
improve cowpea production. The experiment was
carried out using the randomized complete block
design (RCBD) with three replications at
Dasenech, Gyngatom and Hammer under
irrigated conditions in 2019. The treatments
involved in this experiment were four improved
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cowpea varieties. The results of the analysis of
variance showed that all the studied were
significantly affected by varieties. In this study,
there were significant variations observed among
the cowpea varieties for all the yield and yield
components.
The highest overall mean grain yield of 2457.0 kg
ha-1 and 2042.0 kg ha-1 were recorded for the
varieties Cankeit and TVU, respectively while the
minimum 1695.3 kg ha-1 was noted for the
cowpea variety black eye bean. Therefore, the
cowpea variety Kankeit and TVU could be
recommended for the study areas however
further research should be done to put the
recommendation on a strong basis.
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ABSTRACT
Field experiments were conducted on pastoral and agro-pastoral areas of South Omo Zone
at Dasenech, Hammer and Gynagatom woredas of Southern Ethiopia on mung bean [Vigna
radiata (L.) Wilczek] varieties in 2019 under irrigated condition. The objective of the study
was to select the best performing mung bean varieties in the target areas. The treatments
involved in the study were three improved and one local mung bean variety (NVL-01,
Shewarobit, N-26, and local). The experiment was carried out using a randomized complete
block design (RCBD) with three replications. The combined analysis of variance result for
mean squares depicted that there were significant differences observed among the varieties
for all the studied parameters except the number of seeds per pod. The overall mean values
for plant height ranged from 41.33 cm for Shewarobit to 62.00 cm for the local check. The
mean values for the number of pods per plant ranged from 19.33 for the local check to 24.44
for NVL-01. The mean value for a thousand seeds weight was maximum 59.56 g for N-26,
while it was a minimum 48.22 g for Shewarobit. The highest overall mean grain yield of
2483.8 kg ha-1 was recorded for N-26 while the minimum 1462.6 kg ha-1 was noted for the
local check. The grain yield advantages of 41.11, 34.52, and 25.26% were obtained from the
improved varieties N-26, NVL-01, and Shewarobit, respectively over the local check. The
effect of varieties on grain yield was significant and the best performing mung bean varieties
namely N-26 2483.8 kg ha-1 and NVL-01 2233.6 kg ha-1 would be recommended for the
specific community and its vicinity even though further study should be carried out
including some recently released varieties for improved mung bean production and also to
put the recommendation on a strong basis.
Keywords: Mung bean, varieties, Yield components, Grain Yield
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Center, Jinka, Ethiopia
*Corresponding author’s email: tekleyoseph486@gmail.com (Tekle Yoseph)
Cite this article as: Yoseph, T. 2022. Performance evaluation of Mung bean [Vigna radiata (L.) Wilczek]
varieties in pastoral areas of South Omo Zone, Southern Ethiopia. Int. J. Agril. Res. Innov. Tech. 12(1): 141144. https://doi.org/10.3329/ijarit.v12i1.61044

Introduction
Mung bean [Vigna radiata (L.) Wilczek], is an
important annual legume crop (Rahim et al.,
2010). It is an important pulse crop not only in
the Indian sub-continent where it has been
cultivated for centuries but also globally, where it
serves both as a food crop and source of income
(Mogotsi, 2006). The crop is rich in nutrients,
especially proteins (23-25%) and micronutrients
(iron and zinc) and is associated with low antinutritional factors such as those, which cause
flatulence, making it a suitable food for weaning
babies (Paul et al., 2011; Puranik et al., 2011).
Mung bean is considered a wonder crop due to its
ability to tolerate or escape drought conditions,
yet has short maturity periods and improves soil
fertility through biological nitrogen fixation
(Swaminathan et al., 2012). Ethiopia produced

514,227.41 quintals of mung bean on 41,633.20
hectare of land (CSA, 2018). Ethiopian national
average yield was 12.35 qt ha-1 (CSA, 2018).
Farmers in some moisture stress areas of South
Omo Zone, like Dasenech, Gyngatom, low
altitude areas of Semen Ari woreda, and Bena
Tsemay areas are producing mung bean to
supplement their protein needs so that there is a
need to expand its production to the intended
potential areas where moisture stress is a
challenge for producing long maturing crops.
Even though mung bean production is common
in some parts of the South Omo Zone, but the
production is mainly focused on local cultivars
that are low yielders, late maturing and
susceptible to disease. Thus, there is a need to
introduce the improved mung bean varieties to
moisture stress areas of the South Omo Zone.
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Materials and Methods
Description of the study area
The adaptive research was implemented during
the 2019 cropping season in Dasenech, Hammer,
and Nyangatom woredas under irrigated
conditions.
Geographically,
these
three
administrative districts were founded in the
southwestern part of Ethiopia, located at about
981, 801 and 971 Kilometers, respectively from
the
country’s
capital
(Addis
Ababa).
Astronomically,
Dasenech
woreda
(administrative district) found lying between
4°37′–4°48′ N latitude and 35°56′–36°20′ E
longitude, Hammer between 4°25′–5°30′ N
latitude and 36°5′–36°59′ E longitude, and
Nyangatom between 5°05′–5°21′ North latitude
and 35°55′–36°14′ East longitude, respectively.
The altitude of the areas varies between 353
m.a.s.l and 606 m.a.s.l for Dasenech, 371 m.a.s.l.
and 2084 m.a.s.l for Hammer and 380 m.a.s.l
and 497 m.a.s.l for Nyangatom district,
respectively.
Treatments and experimental design
The experiment consisted of three improved
mung bean varieties and one local check with a
total of 12 plots. The field experiment was laid out
in a randomized complete block design (RCBD)
with three replications. Mung bean was sown in
ten rows per plot with a spacing of 40 cm
between rows and 5 cm between plants within a
row with a gross plot area of (4 m x 5 m = 20
m2).
Data collection
Six central rows (5.0 m x 2.4 m = 12 m2) were
harvested for the determination of grain yield.
Grain yield was adjusted to 12.5% moisture
content. Ten plants were randomly selected from
the six central rows to determine yield and yield
components, which consisted of plant height,
number of pods per plant and number of seeds
per pod.
Data analysis
All the agronomic data were recorded and being
subjected to analysis using the R statistical
software version 3.4.1. Effects were considered
significant in all statistical calculations if the Pvalues were < 0.05. Means were separated using
Fisher’s least significant difference (LSD) test.

Results and Discussion
The combined analysis of variance results for
mean squares showed that there were significant
differences observed among the mung bean
genotypes for all the studied parameters except
the number of seeds per pod (Table 1). These
results are supported by the previous results of
(Ahmad et al., 2003; Adhiena et al., 2015;
Wedajo, 2015; Teame et al., 2017; Yehuala et al.,
2018; Tadesse and Shashemene, 2021) who
reported that there were significant variations

observed among the mung genotypes for yield
and yield-related traits. The combined analysis of
variance results for mean squares showed that
there were significant differences observed
among the mung bean genotypes for seed yield
(Table 1). This finding is supported by the results
of several authors (Rasul et al., 2012; Adhiena et
al., 2015; Wedajo, 2015; Teame et al., 2017;
Habte, 2018; Yehuala et al., 2018; Fantaye et al.,
2019) who reported that significant differences
were observed among the mung bean varieties for
grain yield.
Plant height ranged from 33 cm for the improved
variety N-26 at Hammer to 69 cm for the local
check at Gyngatom (Table 2). In this study, the
overall mean values for plant height ranged from
41.333 cm for variety Shewarobit to 62 cm for the
local check (Table 2). It showed that different
plant height values observed among the tested
mung
bean
varieties
across
the
test
environments. This finding is in agreement with
the previous results of Tadesse and Shashemene
(2021) who reported that plant height ranged
from 40.53 cm for the variety NVL-01 to 56.90
cm for the variety Arkebe at Adamitulu Jido
Kombolcha district. In addition, Tadesse and
Shashemene (2021) reported that plant height
ranged from 32.80 cm for the variety NVL-01 to
35.30 cm for the variety Arkebe Sankura district
Jejebicho.
The number of pods per plant ranged from 19 for
the local check and NVL-01, respectively at
Dasenech and Shewarobit at Hammer to 25 for
the improved variety NVL-01 at Gyngatom and
Hammer (Table 3). The combined analysis of
variance results across locations revealed that the
mean values for the number of pods per plant
ranged from 19.33 for the local check to 24.444
for the improved variety NVL-01 (Table 2).
Thousand seeds weight ranged from 45 g in
Dasenech and Hammer to 64 g for the improved
variety N-26 at Gyngatom (Table 3). The overall
mean values for the thousand seeds weight
ranged from 48.22 g for the variety Shewarobit to
59.56 g for the variety N-26 (Table 2). Grain yield
ranged from 2626 kg ha-1 for the improved
variety N-26 at Dasenech to 1341 kg ha-1 for the
local check at Gyngatom (Table 3). It indicated
that the tested mung bean genotypes performed
differently at different environments. Similarly,
Tadesse and Shashemene (2021) observed
similar trends for the studied Mungbean varieties
at different location and who reported that the
highest grain yield 18.01 qt ha-1 was recorded
from (N-26) variety at Adamitulu Jido
Kombolcha followed by the Arkebe variety 17.52
qt ha-1, while the lowest grain yield 13.01 qt ha-1
was obtained from the variety of Shewarobit at
Adami tulu Jido Kombolcha district. The highest
24.00 qt ha-1 and lowest 12.48 qt ha-1 grain yield
was obtained from variety Arkebe and NVL-01,
respectively.
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The highest overall mean grain yield of 2483.8 kg
ha-1 was recorded for the variety N-26 while the
minimum 1462.6 kg ha-1 was noted for the local
check. The grain yield advantages of 41.11, 34.52,

and 25.26% were obtained from the improved
varieties N-26, NVL-01, and Shewarobit,
respectively over the local check.

Table 1. Mean square values for growth parameters, yield components and grain yield of mung bean at
south omo zone in 2019.
Source
of Variations
Rep
Variety
Location
Location*Variety
Error

DF

PH

PPP

SPP

TSW

GY

2
3
2
6
22

51.08*
798.77***
117.25ns
58.32
32.45

3.58*
42.25***
1.75ns
2.86ns
3.97

2.58*
2.74ns
1.08ns
0.94ns
1.40

8.36*
263.66***
3.44ns
7.74ns
18.18

28744*
1723903***
57755ns
24657ns
53910

Note: *, ** and *** indicate significance at P< 0.05, P< 0.01 and P< 0.001, respectively and 'ns' indicate nonsignificant, DF= degree of freedom, PH= plant height (cm), PPP= the number of pods per plant, SPP= the
number of seeds per pod, TSW= thousand seeds weight (g), GY= Grain Yield (kg ha -1).

Table 2. Combined results of mean values of growth parameters, yield components and grain yield of
mung bean varieties at south omo zone in 2019.
Varieties
NVL-01
Shwarobit
N-26
Local
Mean
CV (%)
LSD (0.05)

PH
48.89b
41.33c
42.78bc
62.00a
48.75
11.68
7.46

PPP
24.44a
22.11a
23.11a
19.33b
22.25
8.89
2.59

SPP
12.77a
12.00a
11.56a
11.67a
12.00
9.87
1.55

TSW
49.44b
48.22b
59.56a
48.67b
51.47
8.28
5.58

GY
2233.60ab
1956.80b
2483.80a
1462.60c
2034.20
11.41
303.98

Note: PH= plant height (cm), PPP= the number of pods per plant, SPP= the number of seeds per pod, TSW=
1000 seeds weight (g), GY= Grain Yield (kg ha-1).

Table 3. Mean values for the studied yield and yield component traits of four mung bean varieties at
south omo zone from in 2019.

Gynagatom

Mean

Dasenech

25
19
23
23
20
3

25
24
20
20
11
3

23
22
22
21
14
3

13
13
12
12
8
NS

12
12
15
12
7
NS

11 12 45 45 54
10 12 49 46 48
11 12 55 63 64
10 11 48 52 46
3
6
5 4 4
Ns NS 3 4 4

48
48
60
49
4
4

2446
2272
2626
1574
11
481

2000
2052
2617
1396
13
519

Mean

Gynagatom

19
23
24
19
11
3

Gynagatom

Hammer

45
49
41
62
10
10

Hammer

Dasenech

38
37
33
69
9
8

Hammer

Mean

48
65
45
49
11
12

Dasenech

Gynagatom

47
46
44
66
11
11

Mean

Hammer

GY (kg ha-1)
Location

Dasenech

TSW (g)
Location

Mean

SPP
Location

Gynagatom

PPP
Location

Hammer

NVL-01
Shwarobit
N-26
Local
CV (%)
LSD (0.05)

PH (cm)
Location

Dasenech

Variety

2044 2163
1612 1979
2223 2489
1341 1437
13
12
458
486

Note: PH= plant height (cm), PPP= the number of pods per plant, SPP= the number of seeds per pod, TSW=
thousand seeds weight (g), GY= grain yield (kg ha-1).

Summary and Recommendation
Production of mung bean by introducing the
improved and high yielding varieties is an
important contribution to increase agricultural
production and productivity in areas like
Dasenech, Gyngatom, and Hammer woredas
where there is the low practice of using improved
varieties of cowpea. To this end, using the
improved mung bean varieties could be one of
the alternatives to improve productivity by small
farmers. However, the production of mung bean
using the improved varieties is not yet introduced

and studied in the target area. Thus, this research
work is initiated to investigate the impact of
improved varieties on the performance of mung
bean.
A study on variety was conducted at Dasenech,
Gyngatom and Hammer under the irrigated
condition in 2019. The objective of the study was
to select the best performing varieties that will
improve mung bean production. The experiment
was carried out using the randomized complete
block design (RCBD) with three replications at
Dasenech, Gyngatom and Hammer under
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irrigated conditions in 2019. Treatments involved
in this experiment were three improved and one
local mung bean variety. The result of the
analysis of variance showed that all the studied
were significantly affected by varieties. In this
study, there were significant variations observed
among the mung bean varieties for all the yield
and yield components.
Based on the mean grain yield results over the
three locations and yield advantages over the
local check, the improved varieties performed
better than the local check across locations. The
effect of varieties on grain yield was significant
and the best performing mung bean varieties
namely N-26 2483.8 kg ha-1 and NVL-01 2233.6
kg ha-1 would be recommended for the specific
community and its vicinity even though further
study should be carried out including some
recently released varieties for improved mung
bean production and also to put the
recommendation on a strong basis.
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ABSTRACT
Depleting of soil fertility, soil organic matter, macro-and micro-nutrients and crop nutrient
imbalances are among the primary biophysical limitations that reduce the production of teff.
The experiment was conducted to evaluate teff response to blended fertilizer types and rates
in Debub Ari and Bena Tsemay districts. Control, Recommended NP, 3 dosages of NPS and
NPSB blended fertilizer rates each were used that is laid out in RCBD following three
replication. The full dose of blended and P fertilizers was applied at planting and urea was
applied in two splits. The result was revealed that application of 200 kg ha -1 NPSB + 127 kg
ha-1 Urea resulted in the highest grain yield of 2299.5 kg ha-1 in Debub Ari and 200 kg ha-1
NPS + 117 kg ha-1 Urea gives 1809.2 kg ha-1 in Bena Tsemay, while the lowest grain yield was
recorded from the nil in both districts. However, the highest economic return was obtained
in response to the application of 64 kg ha-1 N + 20 kg ha-1 P in both districts. Application of
64 kg ha-1 N + 20 kg ha-1 P gives 57.24% and 14.42% yield increment in Debub Ari and Bena
Tsemay, respectively; also 54.47% and 7.57% increment in economic return in Debub Ari
and Bena Tsemay in the same order over the control. Application of 64 kg ha-1 N + 20 kg ha-1
P was recommended for the production of teff on the study area and similar agro-ecologies,
as it was optimum for improving teff production. Further investigation should be done on
plant nutrient uptake and using efficiency and grain quality.
Keywords: Blended Fertilizer, Economic Return, Productivity, Soil fertility
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Introduction
Teff [Eragrostis tef (Zuccagni) Trotter] is one of
the most essential cereal crops in Ethiopia,
occupying about 23.85% of the cultivated land
from the total area of cereals (80.71%) with
accounting for 17.26% of grain production (CSA,
2018). It is widely grown from sea level up to
2800 meters above sea level under various
rainfall, temperature and soil conditions (Seyfu,
1997). It is commonly used in Ethiopia in the
form of fermented flatbread called injera (Zhu,
2018). Crymes (2015) described this traditional
flatbread as a soft, thin pancake with a sour taste.
Additionally, teff is utilized as a local alcoholic
beverage (Abraham, 2015). It is relatively rich in
protein, ranging from 8.4-19.4% of dry matter,
depending on the cultivar, location and year
(Descheemaeker et al., 2009). Its straw is an
important source of feed for animals and it is also
a resilient crop adapted to diverse agro-ecologies
with reasonable tolerance to both low (especially
terminal drought) and high (waterlogging)
moisture stresses (Solomon et al., 2017).

Depletion of soil organic matter, depletion of
macro-and micronutrients, poor soil health, and
crop nutrient imbalances; thus low soil fertility
are among the primary biophysical limitations
that decrease agricultural production in Ethiopia
(Gete et al., 2010; Tarekegn, 2010; CSA, 2018).
Additionally, lack of local specific fertilizer
recommendation per commodity and limited
guidance to farmers on the possible integration of
fertilizer with other soil and water management
practices, removal of topsoil by erosion and
change of soil physical properties are core
constraints that hinder agricultural productivity
in Ethiopian (Gete et al., 2010). Despite its
versatility in adapting to extreme environmental
conditions, the productivity of teff in the country
including the study area is very low up to 1.748 t
ha-1 (CSA, 2016; CSA, 2018) as compared to the
crop potential of 2.53 t ha-1 (Solomon et al.,
2017).
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Soil fertility management through balanced crop
nutrition that takes account of site-specific
deficiencies
in
macronutrients
and
micronutrients and considers the use of manure
and other organic soil amendments with fertilizer
experiments for yield gap assessment and
provides data and information relevant to
developing strategies and identifying possible
solutions is needed to achieve optimum crop
yields in the country (Tamene et al., 2017).
Moreover, improving the nutrient concentration
of cereal crops particularly teff in micronutrient
deficient soil using a mixture of all essential plant
nutrients in an adequate and balanced form of
fertilizer enhances the total nutrient (N, P, K and
Zn) uptake because of that crop productivity is
increased (Fayera et al., 2014). Application of
blended fertilizer enhances the growth, grain
yield and straw yield of teff (Berhe et al., 2020).
Application of Nitrogen, Phosphorus, and
Sulphur with appropriate sowing method is
promising for growing up of teff and improving
productivity (Wakjira, 2018). Blended fertilizer
greatly benefits farmers where deficiencies of
micronutrients in the soil significantly reduce the
productivity of the crops and are also important
for teff production (Fayera et al., 2014). The
combined application of 100 kg ha-1 NPSZnB

blended fertilizer supplemented with 92 kg ha-1 N
enhances grain yield by 83.35% and economic
return by 77.80% over absolute control (Teshome
et al., 2019).
According to ATA (2016) deficiencies in nutrients
such as nitrogen, phosphorus, sulfur and boron
are widespread in soils of the study area. The
experiment was conducted to evaluate the effect
of blended fertilizer types and rates on improving
the production of teff [Eragrostis tef (Zuccagni)
Trotter in Debub Ari and Bena Tsemay districts,
southwestern Ethiopia.

Materials and Methods
Study area description
The study was conducted in 2019-2020 and
2020-2021 during the meher season in Debub Ari
and Bena Tsemay districts, southwestern
Ethiopia. The study site of Bena Tsemay district
was located at a latitude of N05o39', the longitude
of E036o40', and an altitude/elevation of 1352
meters above sea level. The study site of Debub
Ari district was located at a latitude of N05o43',
the
longitude
of
E036o38',
and
an
altitude/elevation of 1535 meters above sea level.

Fig. 1. Map of the study area (Bena Tsemay District)

Fig. 2. Map of the study area (Debub Ari District)
Int. J. Agril. Res. Innov. Tech. 12(1): 145-154, June 2022

146

Malla et al. (2022)

Teff growth and yield response to blended fertilizer in Southwestern Ethiopia

Experimental design and treatments

Economic analysis

The experiment was laid out in Randomized
Complete Block Design (RCBD) following three
replication. The experimental site was plowed
and harrowed before sowing. The improved teff
variety Dagim was used for the experiment.
Improved teff variety Dagim was used due to its
high yielding potential with grain yield advantage
over other varieties like 7.31% and 8.14% over
Quncho and local check, respectively, and stable
performance, very white caryopsis color, and
good straw yield (Solomon et al., 2017). Furrow
rows were made manually in the spacing of 20cm
apart and teff seed was drilled manually and
thinned appropriately following management
recommendations for teff.

The economic evaluation comprising partial
budget analysis with dominance and marginal
analysis was carried out. To estimate economic
parameters, the grain yield was valued based on
the average market price of teff collected from the
local markets during two consecutive years of
production. The average cost of urea, TSP, NPS,
and NPSB was 15.46, 15.85, 16.17 and 16.27 birr
per kilogram was respectively for Bena Tsemay;
and the average cost of urea, TSP, NPS, and
NPSB for Debub Ari district was 15.51, 15.85,
16.22 and 13.62 birr per kilogram in the same
order. A wage rate of 50 birrs a man per day and
a teff grain value of 33 birrs per kilogram were
considered.

The experiment consisting of eight treatments:
T1: Control (no fertilizer)
T2: Recommended NP (64 kg ha-1 N, 20 kg ha-1 P)
T3: 100 kg ha-1 NPS + 58 kg ha-1 Urea (46, 38, 7)
T4: 150 kg ha-1 NPS + 88 kg ha-1 Urea (69, 57, 10)
T5: 200 kg ha-1 NPS + 117 kg ha-1 Urea (92, 76, 13)
T6: 100 kg ha-1 NPSB + 61 kg ha-1 Urea (46, 37.7, 6.7, 0.1)
T7: 150 kg ha-1 NPSB + 91 kg ha-1 Urea (69, 56.5, 10, 0.15)
T8: 200 kg ha-1 NPSB + 127 kg ha-1 Urea (92, 75.4,13, 0.2)

Urea and TSP were used as sources of N and P
respectively and blended NPS and NPSB
fertilizers were used as sources of other nutrients.
All the recommended rates of P, S, and B
nutrients, according to the different treatments
will be applied at planting time whereas N will be
applied in two splits: half at planting and the
remaining half at the growth stage of 35 days
after planting.
Data collection and analysis
Composite soil samples from a depth of 0-20 cm
will be collected before planting and analysed for
organic carbon (OC), texture, pH, TN, available
P, S, and B. Plant height, the number of tillers per
plant, panicle length, above-ground biomass,
straw yield, and grain yield data were collected
for evaluation of blended NPS and NPSB fertilizer
rates effect on teff. Analysis of variance was
performed using the GLM procedure of SAS
Statistical Software Version 9.1. Treatment effects
were considered significant in all statistical
calculations if the P-values were < 0.05.
Treatment means were separated using the Least
Significant Difference (LSD) test.

The dominance analysis was also done, which
was used to select potentially profitable
treatments and it was carried out by first listing
the treatments in order of increasing costs that
vary. Any treatment that has net benefits that are
less than or equal to those of treatment with
lower costs that vary is dominated. The selected
treatments by using this technique were referred
to as undominated treatments. For each pair of
ranked undominated treatments, a percentage
marginal rate of return (% MRR) was calculated.
The percent MRR between any pair of
undominated treatments denoted the return per
unit of investment in crop management practices.
The MRR (%) was calculated as the Marginal rate
of return (MRR) was calculated as the ratio of
differences between net benefits of successive
treatments to the difference between total
variable costs of successive treatments (CIMMYT,
1988). For a treatment to be considered a
worthwhile option to farmers, the marginal rate
of return (MRR) needed to be at least 100%.
Some of the concepts used in the partial budget
analysis are gross field benefit (GFB), total
variable cost (TVC), and net benefit (NB).
Gross margin (ETB ha-1) = Total revenue (ETB
ha-1) – Total variable cost (ETB ha-1)
NR Net return (ETB ha-1) = Gross margin (ETB
ha-1) – Total fixed cost (ETB ha-1)
Total production cost (ETB ha-1) = Total variable
cost (ETB ha-1) + Total fixed cost (ETB ha-1)
Benefit-cost ratio = Net Return/Total Cost
Production (CIMMYT, 1988).
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Results and Discussion
Soil analysis
Table 1. Some physical and chemical properties of the soil from Debub Ari district before the test.
Soil Properties
Sand (%)
Silt (%)
Clay (%)
Textural class
pH (H2O)(1:2.5)
OC (%)
TN (%)
Available P (ppm)
B (ppm)
S (ppm) as SO4

Composition
50
11
39
Sandy clay
6.58
0.94
0.08
8.45
0.987
5.486

Table 2. Some physical and chemical properties of the soil from Bena Tsemay district before the
experiment.
Soil Properties
Sand (%)
Silt (%)
Clay (%)
Textural class
pH (H2O) (1:2.5)
OC (%)
TN (%)
Available P (ppm)
B (ppm)
S (ppm) as SO4

Analysis of soil sample collected before the
experiment was done at the soil laboratory of
Jinka Agricultural Research Centre. The soil of
the Debub Ari district experimental site has a
proportion of 50% sand, 11% silt, and 39% clay;
which was classified as sandy clay; the soil of the
Bena Tsemay district experimental site has a
proportion of 58% sand, 11% silt and 31% clay;
which was classified as sandy clay based on the
soil textural triangle. The organic carbon of the
experimental site of Debub Ari and Bena Tsemay
districts was 0.94% and 1.66%, respectively
which was done by Walkely Blacky methods
Black (1965), which was rated as low for Debub
Ari and medium for Bena Tsemay district
(Tekalign et al., 1991). The pH (H2O) of the
Debub Ari and Bena Tsemay district
experimental site was 6.58 and 6.66 in the same
order, which was implied that the soil of the
experimental site was slightly acidic according to
Tekalign et al. (1991).
The soil of the experimental site has total
nitrogen of 0.084% for Debub Ari and 0.112% for
Bena Tsemay by Keljdal digestion and distillation
followed by titration method, which showed that
both experimental sites have a low level of total

Composition
58
11
31
Sandy clay
6.66
1.66
0.11
31.93
0.998
5.625

nitrogen according to Tekalign et al. (1991). The
experimental soil has available phosphorus of
8.45ppm for Debub Ari and 31.93 ppm for Bena
Tsemay district analysed by Olsen methods which
were effective for both alkaline and acidic soil
and extracted by 1M NaHCO3, which was rated as
a medium for Debub Ari and high for Bena
Tsemay district according to Olsen et al. (1954).
The soil of the experimental site has available
boron of 0.987 ppm for Debub Ari and 0.998
ppm for Bena Tsemay district done by dilute HCl
methods in which most effective and efficient,
most applicable for acidic, neutral, and alkaline
soil and more economical than that of hot water
methods (only for alkaline soil), which was
categorized under medium-level according to
Horneck et al. (2011); 5.49 ppm of sulfur for
Debub Ari and 5.63 ppm sulfur for Bena Tsemay
district exist in the soil in sulfate (SO42--S) form
which was done by turbidymetric methods of
analysis (acidic and non-calcareous soil) and its
extractant was calcium chloride dehydrate as
sulfate, which showed that the soil has a medium
level of sulfur according to Marx et al. (1999).
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Table 3. Plant height, tiller number per plant and panicle length of teff as influenced by blended
fertilizer type and rate in Debub Ari and Bena Tsemay woreda.
Treatments

Plant Height (cm)

Control
64 kg ha-1 N + 20 kg ha-1 P
100 kg ha-1 NPS + 58 kg ha-1 Urea
150 kg ha-1 NPS + 88 kg ha-1 Urea
200 kg ha-1 NPS + 117 kg ha-1 Urea
100 kg ha-1 NPSB + 61 kg ha-1 Urea
150 kg ha-1 NPSB + 91 kg ha-1 Urea
200 kg ha-1 NPSB + 127 kg ha-1 Urea
LSD0.05
CV

Debub
Ari
61.31d
94.43ab
92.61b
95.69a
96.33a
94.55ab
87.19c
97.31a
2.9654
1.88

Bena
Tsemay
91.185
91.737
91.163
93.845
91.990
92.322
94.888
95.382
NS
4.75

Tiller Number
Debub
Ari
1.86b
2.61a
2.35a
2.33a
2.58a
2.64a
2.33a
2.49a
0.3998
9.52

Bena
Tsemay
2.15b
2.47ab
2.5ab
2.61ab
2.62ab
2.39ab
2.74a
2.75a
0.5489
12.39

Panicle Length
(cm)
Debub
Bena
Ari
Tsemay
24.44d
30.35
33.27a
32.52
31.22abc
31.14
31.29abc
32.17
31.07bc
32.06
32.96ab
31.13
29.86c
32.57
32.69ab
31.89
2.0878
NS
3.86
5.49

Treatments that carry the same letters are statistically not significantly different at 0.05. CV= Coefficient of
Variation; LSD= Least Significant Difference; UTD= Urea Top Dressed; cm= centimeter; kg ha -1 = kilogram per
hectare

Plant height
Analysis of variance revealed that plant height of
teff was significantly affected by blended fertilizer
type and rates in Debub Ari woreda. Blended
fertilizer types and the rate did not significantly
influence plant height of teff in Bena Tsemay
woreda (Table 3). The highest plant height of
97.307 cm was recorded from 200 kg ha-1 NPSB +
127 kg ha-1 Urea followed by 200 kg ha-1 NPS +
117 kg ha-1 Urea of which both were in statistical
parity with the rest of all treatments except 150
kg ha-1 NPSB + 91 kg ha-1 Urea and absolute
control treatments, while the lowest plant height
of 61.313 cm was recorded from the nil one in
Debub Ari district.
The result of this study become agreed with the
highest plant height obtained at the higher
blended fertilizer levels and increases with
enhancing the amount of blended fertilizer rate
which might be because of the vital role of N
applied for elongation and vegetative growth
(Berhe et al., 2020; Okubay et al., 2014; Haftamu
et al., 2009). Blended fertilizer types and rates
had no significant effect on plant height of teff in
Bena Tsemay district and this result was in the
line of agreement with increasing levels of N
fertilizer application did not significantly enhance
plant height of teff (Temesgen, 2001).
Tiller number per plant
Analysis of variance revealed that the total tiller
number per plant of teff was significantly
influenced by blended fertilizer types and rates in
Debub Ari and Bena Tsemay district. There was
statistical parity in between all treatments except
absolute control treatments in both Debub Ari
and Bena Tsemay districts. The lowest total tiller
number per plant of 1.86 and 2.15 in Debub Ari
and Bena Tsemay district respectively was
recorded from unfertilized treatment. Similarly,
Berhe et al. (2020) reported that there was no
significant difference except with the control plot

on both the total number of tillers and
productive/effective tillers. The current result
agrees with total and fertile tiller increased
consistently and significantly in response to
increasing the rate of NPS fertilizer from nil up to
120 kg ha-1NPS (Wakjira, 2018); increasing N
levels from 0 to 138 kg ha-1 N resulted in linear
and consistent increment of tiller number while,
the main effect of blended fertilizer did not affect
tiller number of teff (Teshome et al., 2019).
Panicle length
Analysis of variance revealed that panicle length
of teff was significantly influenced by blended
fertilizer types and rates in Debub Ari, but
showed no significant difference in the Bena
Tsemay district. The highest panicle length of
33.27 cm was recorded from 64 kg ha-1 N + 20 kg
ha-1 P which was in statistical parity with rest
treatments other than control, 200 kg ha-1 NPS +
117 kg ha-1 Urea and 150 kg ha-1 NPSB + 91 kg ha-1
Urea, while the lowest panicle length of 24.44 cm
was measured from the absolute control
treatment. The result of this study is in line of
agreement with increasing application of N to 92
kg ha-1 N significantly increased panicle length,
but further increasing N fertilizer did not
consistently increase panicle length (Teshome et
al., 2019); teff panicle length increased in
response to an increasing rate of nitrogen
application (Okubay et al., 2014).
Teff plants with higher panicle length were found
by applying a high amount of N fertilizer due to
high nitrogen usually favors vegetative growth of
teff, which results in relatively greater panicle
length (Haftamu et al., 2009). Blended fertilizer
types and rates had no significant effect on
panicle length of teff in Bena Tsemay woreda and
this result was in the line of agreement with
panicle length of teff did not influence by blended
fertilizer rather than by N application (Teshome
et al., 2019).
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Table 4. Biomass, grain and straw yield of teff as influenced by blended fertilizer types and rates in
Bena Tsemay and Debub Ari district.
Treatments
Control
64 kg ha-1 N + 20 kg ha-1 P
100 kg ha-1 NPS + 58 kg ha-1 Urea
150 kg ha-1 NPS + 88 kg ha-1 Urea
200 kg ha-1 NPS + 117 kg ha-1 Urea
100 kg ha-1 NPSB + 61 kg ha-1 Urea
150 kg ha-1 NPSB + 91 kg ha-1 Urea
200 kg ha-1 NPSB + 127 kg ha-1 Urea
LSD0.05
CV

Biomass (kg ha-1)
Debub
Bena
Ari
Tsemay
3437c
5125c
ab
10496
9028ab
9607b
8440abc
11096ab
9907ab
ab
10956
10616a
b
9459
6662bc
10430ab
8556ab
12859a
9023ab
2690.8
3397.5
15.69
23.04

Grain yield (kg ha-1)
Debub
Bena
Ari
Tsemay
886.4c
1450.6c
ab
2072.8
1695.1ab
1917.3b
1546.4bc
1934.2b
1600.1abc
b
1856.1
1809.2a
b
1812.6
1639.7abc
1865.4b
1593.5abc
2299.5a
1774.8a
269.68
217.36
8.41
7.57

Straw yield (kg ha-1)
Debub
Bena
Ari
Tsemay
2551c
3674c
ab
8423
7333ab
7690b
6893abc
9162ab
8307ab
ab
9099
8807a
b
7647
5022bc
8564ab
6962abc
10560a
7248ab
2511.6
3311.6
18.01
27.89

Treatments carries the same letters are statistically not significantly different at 0.05. CV= Coefficient of
Variation; LSD= Least Significant Difference; UTD= Urea Top Dressed; cm= centimeter; kg ha -1 = kilogram per
hectare.

Biomass
Analysis of variance revealed that the aboveground biomass of teff was significantly
influenced by blended fertilizer types and rates in
both Debub Ari and Bena Tsemay districts. The
highest above-ground biomass of 12859 kg ha-1
was recorded from the application of 200 kg ha-1
NPSB + 127 kg ha-1 Urea which was in statistical
parity with rest treatments except 100 kg ha-1
NPS + 58 kg ha-1 Urea, 100 kg ha-1 NPSB + 61 kg
ha-1 Urea and unfertilized treatment, while the
lowest above-ground biomass of 3437 kg ha-1 was
recorded from unfertilized treatment in Debub
Ari district. The highest above-ground biomass of
10616 kg ha-1 was recorded from the application
of 200 kg ha-1 NPS + 117 kg ha-1 Urea which was
in statistical parity with rest treatments except
100 kg ha-1 NPSB + 61 kg ha-1 Urea and
unfertilized treatment, whereas the lowest aboveground biomass of 5125 kg ha-1 was recorded
from unfertilized treatment in Bena Tsemay
district (Table 4). The result of this study agreed
with increasing the rate of NP from 0/0 to 64/46
N/P2 O5, the dry above-ground biomass yield was
also increased by 134.82% over the control which
may be attributed due to the proportional
vegetative growth (especially the plant height) as
a result of NP (Assefa et al., 2016). Similarly,
Teshome et al. (2019), Fayera et al. (2014) and
Wakjira (2018) suggested that aboveground dry
biomass yield was significantly increased by
enhancing the application of blended fertilizer
because of better crop nutrition via applied
blended micronutrients with macronutrients,
which is result in nicely enhancing crop’s
vegetative growth.
Grain yield
Analysis of variance revealed that grain yield of
teff was significantly influenced by blended
fertilizer types and rates in both Debub Ari and
Bena Tsemay districts. The highest grain yield of
2299.5 kg ha-1 was recorded from the application

of 200 kg ha-1 NPSB + 127 kg ha-1 Urea which was
in statistical parity with treatments that get 64 kg
ha-1 N + 20 kg ha-1 P, while the lowest grain yield
of 886.4 kg ha-1 was recorded from unfertilized
treatment in Debub Ari district. The highest grain
yield of 1809.2 kg ha-1 was recorded from the
application of 200 kg ha-1 NPS + 117 kg ha-1 Urea
which was in statistical parity with rest
treatments except 100 kg ha-1 NPS + 58 kg ha-1
Urea and unfertilized treatment, whereas the
lowest grain yield of 1450.6 kg ha-1 was recorded
from unfertilized treatment which was in
statistical parity with the rest treatments except
64 kg ha-1 N + 20 kg ha-1 P, 200 kg ha-1 NPS + 117
kg ha-1 Urea and 200 kg ha-1 NPSB + 127 kg ha-1
Urea treatments in Bena Tsemay district (Table
4). This result was agree with the maximum
obtained from the application of 250 kg ha-1 of
NPSB yield has 62.5% yield increment over
control; the response of teff for blended fertilizer
rates did not show consistent variation among
treatments but it indicated the importance of the
macro and micronutrients (Berhe et al..2020);
the increased grain yield might be due to effect of
balanced nutrients on improving crops
agronomic performance thereby enhancing
nutrient use efficiency (Fayera et al., 2014) and
the grain yield increment from plot treated with
N and blended fertilizer might be due to the
contribution of balanced nutrient (macro and
micronutrient) present in fertilizers which
increased yield attributes through more uptakes
of all the nutrients and increased translocation of
photosynthetic materials from source to sink
(Teshome et al., 2019). Consistent with this result
Wakjira (2018) reported that grain yield
increased consistently and significantly in
response to increasing the rate of NPS fertilizer
from nil up to 120 kg NPS ha-1 with transplanting.
The result becomes agreed with the magnitude of
increase in grain yield due to the application of
46 kg ha-1 N and 10 kg ha-1 P was higher by 137 %
than the control (Getahun et al., 2018).
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Straw yield
The straw yield of teff was significantly affected
by blended fertilizer types and rates. The highest
straw yield of 10560 kg ha-1 was recorded in
response to the application of 200 kg ha-1 NPSB +
127 kg ha-1 Urea which was statistically at par
with rest treatments except 100 kg ha-1 NPS + 58
kg ha-1 Urea, 100 kg ha-1 NPSB + 61 kg ha-1 Urea
and nil treatments, while the lowest straw yield of
2551 kg ha-1 was recorded from the control in
Debub Ari district. The highest straw yield of
8807 kg ha-1 was recorded in response to
application of 200 kg ha-1 NPS + 117 kg ha-1 Urea
which was statistically at par with rest treatments
except 100 kg ha-1 NPSB + 61 kg ha-1 Urea and nil
treatments, while the lowest straw yield of 3674
kg ha-1 was recorded from the control which was
in statistical parity with 100 kg ha-1 NPS + 58 kg
ha-1 Urea, 100 kg ha-1 NPSB + 61 kg ha-1 Urea and

150 kg ha-1 NPSB + 91 kg ha-1 Urea treatments in
Bena Tsemay district (Table 4). The result
becomes agreed with increasing level of N up to
69 kg ha-1 N significantly increased straw yield,
which may be attributed to the vigorous
vegetative growth-enhancing property of nitrogen
(Getachew, 2017). Combined application of N
and P with the rate of 46 kg ha-1 N and 10 kg ha-1
P increase straw yield in resulted in 129%
compared to the control (Getahun et al., 2018).
Application of NPS fertilizer on the transplanted
plant up to 120 kg ha-1 increased straw yield 61%
which could be attributed due to the availability
of macronutrients and some secondary nutrients
formulated with the blended fertilizer, which
could increase the vegetative consequently
(Wakjira, 2018).

Economic analysis
Table 5. Partial budget analysis of blended fertilizer type and rate effect experiment on teff production
in Debub Ari district.
Treatments
Average
Yield
kg ha-1
Control
100 kg ha-1 NPS + 58 kg ha-1 Urea
100 kg ha-1 NPSB + 61 kg ha-1 Urea
64 kg ha-1 N + 20 kg ha-1 P
150 kg ha-1 NPS + 88 kg ha-1 Urea
150 kg ha-1 NPSB + 91 kg ha-1 Urea
200 kg ha-1 NPS + 17 kg ha-1 Urea
200 kg ha-1 NPSB + 127 kg ha-1 Urea

886.4
1917.3
1812.6
2072.8
1934.2
1865.4
1856.1
2299.5

10% Adjusted
Yield kg ha-1
797.76
1725.57
1631.34
1865.52
1740.78
1678.86
1670.49
2069.55

Variables
Total
Return
(ETB ha-1)
26326.08
56943.81
53834.22
61562.16
57445.74
55402.38
55126.17
68295.15

Total
variable cost
(TVC) (ETB
ha-1)
0
3577.61
3688.72
3742.52
5400.00
5516.26
7370.97
7546.00

Net benefit
(ETB ha-1)
26326.08
53366.20
50145.50
57819.64
52045.74
49886.12
47755.20
60749.15

10%Adj. Yield= Marketable Yield Adjusted to 10% downward; ETB= Ethiopian Birr

Table 6. Partial budget analysis of blended fertilizer type and rate effect experiment on teff production
in Bena Tsemay District.
Treatments

Control
64 kg ha-1 N + 20 kg ha-1 P
100 kg ha-1 NPS + 58 kg ha-1 Urea
150 kg ha-1 NPS + 88 kg ha-1 Urea
200 kg ha-1 NPS + 117 kg ha-1 Urea
100 kg ha-1 NPSB + 61 kg ha-1 Urea
150 kg ha-1 NPSB + 91 kg ha-1 Urea
200 kg ha-1 NPSB + 127 kg ha-1 Urea

Variables
Average
Yield
kg ha-1

10%
Adjusted
Yield kg ha-1

Total Return
(ETB ha-1)

1450.6
1695.1
1546.4
1600.1
1809.2
1639.7
1593.5
1774.8

1305.54
1525.59
1391.76
1440.09
1628.28
1475.73
1434.15
1597.32

43082.82
50344.47
45928.08
47522.97
53733.24
48699.09
47326.95
52711.56

Total
variable cost
(TVC) (ETB
ha-1)
0
3735.56
3566.11
5382.64
7165.78
3676.90
5498.57
7746.56

Net benefit
(ETB ha-1)
43082.82
46608.91
42361.97
42140.33
46567.46
45022.19
41828.38
44965.00

10% Adj. Yield= Marketable Yield Adjusted to 10% downward; ETB= Ethiopian Birr.
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Partial budget analysis of blended fertilizer type
and rate effect on teff production experiment in
Debub Ari district was revealed that the highest
net return 60749.15 ETB ha-1 was obtained in
response to application of 200 kg ha-1 NPSB + 127
kg ha-1 Urea which showed 56.66% higher return
over the nil one 26326.08 ETB ha-1; followed by
treatment with recommended NP of net return
57819.64 ETB ha-1, while the lowest net return of
26326.08 ETB ha-1 was obtained from
unfertilized treatment (nil treatment) (Table 5).
Partial budget analysis of blended fertilizer type
and rate effect on teff production experiment in
Bena Tsemay district was revealed that the
highest net return of 46608.90 ETB ha-1 was
obtained in response to application of
recommended NP (64 kg ha-1 N + 20 kg ha-1 P)
which showed 10.26% increment in net return
over the lower net return of 41828.38 ETB ha-1
followed by treatment which receives 200 kg ha-1
NPS + 117 kg ha-1 Urea of net return 46567.46
ETB ha-1, while the lowest net return of 41828.38
ETB ha-1 was recorded in response to application
of 150 kg ha-1 NPSB + 91 kg ha-1 Urea (Table 6).
Dominance and Marginal (MRR) analysis
Dominance analysis of the result in Debub Ari
district was revealed that among the treatments
100 kg ha-1 NPS + 58 kg ha-1 Urea, 64 kg ha-1 N +

20 kg ha-1 P and 200 kg ha-1 NPSB + 127 kg ha-1
Urea were un-dominated (Table 7). This
indicated that an increase in the total cost of
these treatments increases the net benefit
proportionally which means benefits were greater
than the lower total costs. Treatments that get 64
kg ha-1 N + 20 kg ha-1 P with MRR of 2700.53%
and 100 kg ha-1 NPS + 58 kg ha-1 Urea treatment
with MRR of 755.82% were both accepted
according to CIMMYT (1988) as the minimum
acceptable required rate of return is in between
50% and 100%.
Dominance analysis of the result in Bena Tsemay
district was revealed that among the treatments
only 100 kg ha-1 NPSB + 61 kg ha-1 Urea and 64 kg
ha-1 N + 20 kg ha-1 P were un-dominated (Table
8). This indicated that an increase in the total
cost of 100 kg ha-1 NPSB + 61 kg ha-1 Urea and 64
kg ha-1 N + 20 kg ha-1 P treatments increases the
net benefit proportionally which means benefits
were greater than the lower total costs.
Treatments that receives 64 kg ha-1 N + 20 kg ha-1
P with MRR of 2704.94% and 100 kg ha-1 NPSB +
61 kg ha-1 Urea with MRR of 52.75% were both
accepted according to CIMMYT (1988) as the
minimum acceptable required rate of return
which is in between 50% and 100%.

Table 7. Dominance and marginal analysis, teff yield improvement by blended fertilizer type and rate
experiment in Debub Ari.
Treatments

Control
100 kg ha-1 NPS + 58 kg ha-1 Urea
100 kg ha-1 NPSB + 61 kg ha-1 Urea
64 kg ha-1 N + 20 kg ha-1 P
150 kg ha-1 NPS + 88 kg ha-1 Urea
150 kg ha-1 NPSB + 91 kg ha-1 Urea
200 kg ha-1 NPS + 117 kg ha-1 Urea
200 kg ha-1 NPSB + 127 kg ha-1 Urea

Variables
10%
Adjusted
Yield kg ha-1
797.76
1725.57
1631.34
1865.52
1740.78
1678.86
1670.49
2069.55

TVC
(ETB ha-1)

Net Benefit
(ETB ha-1)

Dominance
Analysis

MRR (%)

0
3577.61
3688.72
3742.52
5400.00
5516.26
7370.97
7546.00

26326.08
53366.20
50145.50
57819.64
52045.74
49886.12
47755.20
60749.15

ND
D
ND
D
D
D
ND

755.82%
2700.53%
77.02%

Treatments that carries D = Dominated and ND= Non dominated

Table 8. Dominance and marginal analysis, teff yield improvement by blended fertilizer type and rate
experiment in Bena Tsemay.
Treatments

Control
100 kg ha-1 NPS + 58 kg ha-1 Urea
100 kg ha-1 NPSB + 61 kg ha-1 Urea
64 kg ha-1 N + 20 kg ha-1 P
150 kg ha-1 NPS + 88 kg ha-1 Urea
150 kg ha-1 NPSB + 91 kg ha-1 Urea
200 kg ha-1 NPS + 117 kg ha-1 Urea
200 kg ha-1 NPSB + 127 kg ha-1 Urea

Variables
10% Adjusted
Yield kg ha-1
1305.54
1391.76
1475.73
1525.59
1440.09
1434.15
1628.28
1597.32

TVC
(ETB ha-1)
0
3566.11
3676.90
3735.56
5382.64
5498.57
7165.78
7746.56

Net Benefit
(ETB ha-1)
43082.82
42361.97
45022.19
46608.91
42140.33
41828.38
46567.46
44965.00

Dominance
Analysis
D
ND
ND
D
D
D
D

MRR (%)
52.75%
2704.94%
-

Treatments that carries D = Dominated and ND= Non dominated.
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Conclusion and Recommendation

References

The experiment was carried out to investigate the
role of different blended fertilizer types and rates
on improving the production of teff in Debub Ari
and Bena Tsemay Districts, Southwestern
Ethiopia; due to the low productivity of teff in the
study area specifically and in the region as
compared to the crop potential and even the
national average yield which is related with
depleting soil fertility, inappropriate and
imbalanced application of fertilizers including
blended fertilizer (which is among one of the
main constraints of teff production). The result of
the study has revealed that teff has responded
well to the application N, P, S, and B than the
unfertilized one. Application of 200 kg ha-1 NPSB
+ 127 kg ha-1 Urea resulted in the highest grain
yield of 2299.5 kg ha-1 in Debub Ari and
application of 200 kg ha-1 NPS+117 kg ha-1 Urea
gives a higher grain yield of 1809.2 kg ha-1 in
Bena Tsemay District, while the lowest grain
yield of 886.4 kg ha-1 from Debub Ari and 1450.6
kg ha-1 from Bena Tsemay District was recorded
from the nil. However, the highest economic
returns/marginal rate of return of 2700.53% in
Debub Ari and 2704.94% in Bena Tsemay District
was recorded in response to the application of 64
kg ha-1 N + 20 kg ha-1 P. Application of 64 kg ha-1
N + 20 kg ha-1 P gives 57.24% and 14.42% yield
increment in Debub Ari and Bena Tsemay district
respectively; also 54.47% and 7.57% increment in
economic return in Debub Ari and Bena Tsemay
in the same order over the control. Therefore, we
recommend the application of 64 kg ha-1 N+20 kg
ha-1 P for farmers and investors to produce teff on
the study area and similar agro-ecologies, as it
was optimum for improving teff production.
Further studies and investigation should be done
on plant nutrient uptake, nutrient use efficiency,
optimization and grain quality.

Abraham, R. 2015. Achieving food security in
Ethiopia by promoting productivity of future
world food teff: A Review. Adv. Plants Agric.
Res. 2(2): 00045.
Assefa, A., Tana, T. and Abdulahi, J. 2016. Effects
of compost and inorganic NP rates on
growth, yield, and yield components of teff
[Eragrotis tef (Zucc.) Trotter] in Girar Jarso
district, Central Highland of Ethiopia. J.
Fert. Pest. 7: 174.

Conflict of interest
The authors declare that there is no conflict of
interest regarding the publication of this article.
Acknowledgments
The authors acknowledge Southern Agricultural
Research Institute and Agricultural Growth
Program for financial support to conduct the
experiment and Jinka Agricultural Research
Center for its strong administrative facilitation by
providing important inputs to handle the
research accordingly. The collaboration of
researchers in the Natural Resource Research
Directorate was highly appreciated.

https://doi.org/10.4172/2471-2728.1000174

ATA. 2016. Soil Fertility Status and Fertilizer
Recommendation Atlas of the Southern
Nations Nationalities and Peoples’ Regional
State, Ethiopia by MoANR and Agricultural
Transformation Agency (ATA), Addis Ababa,
Ethiopia. pp. 144-159.
Berhe, T., Girmay, G. and Kidanemariam, A.
2020. Validation of blended NPSB fertilizer
rates on yield, yield components of Teff
[Eragrostis tef (Zuccagni) Trotter] at
vertisols of Hatsebo, Central Tigray,
Ethiopia. J. Soil Sci. Environ. Manage.
11(2): 75-86.
https://doi.org/10.5897/jssem2019.0795

Black, C.A. 1965. Methods of soil analysis:
physical and mineralogical properties,
including statistics of measurement and
sampling.
Part
2.
Chemical
and
microbiological properties. Agron. 9: 13871388. https://doi.org/10.2134/agronmonogr9.1
CSA. 2016. Agricultural sample survey
2017/2018. Report on Area and Production
of Major Crops (Private Peasant Holdings,
Meher Season). Statistical Bulletin No. 584.
Central Statistics Authority, Addis Ababa,
Ethiopia. 74p.
CSA. 2018. Agricultural sample survey
2017/2018. Report on Area and Production
of Major Crops (Private Peasant Holdings,
Meher Season). Statistical Bulletin No. 586.
Central Statistics Authority, Addis Ababa,
Ethiopia. pp. 10-26.
Descheemaeker, K., Amede, T. and Haileslassie,
A. 2009. Livestock and water interactions in
mixed crop-livestock farming systems of
sub-Saharan Africa: interventions for
improved productivity. Colombo, Sri Lanka:
International Water Management Institute,
Working Paper 133. 44p.
CIMMYT. 1988. From agronomic data to farmer
recommendations: An economics training
manual (No. 27). Economics Program,
International
Maize
and
Wheat
Improvement Center, Mexico, D.F. pp. 1354.

Int. J. Agril. Res. Innov. Tech. 12(1): 145-154, June 2022

153

Malla et al. (2022)

Teff growth and yield response to blended fertilizer in Southwestern Ethiopia

Crymes, A.R. 2015. The International Footprint
of Teff: Resurgence of an Ancient Ethiopian
Grain. Arts & Sciences Electronic Theses and
Dissertations. 394p.
https://openscholarship.wustl.edu/art_sci_etds/
394

Feyera, A., Adugna, D. and Muktar, M. 2014.
Evaluation of teff [Eragrostis tef (Zuccagni)
Trotter] responses to different rates of NPK
along with Zn and B in Didessa district,
southwestern Ethiopia. World Appl. Sci. J.
32(11): 2245-2249.
Getachew, Chanie. 2017. Effect of Rates and Time
of Nitrogen Fertilizer Application on Yield
and Yield Components of Teff [Eragrostis
tef (Zucc.) Trotter] in Alefa District, Amhara
National Regional State, Ethiopia. M.Sc.
Thesis, University of Gondar, Ethiopia. pp.
38-39.
Getahun, D., Dereje, A., Tigist, A. and Bekele, A.
2018. Response of yield and yield
components of teff [Eragrostis Tef (Zucc.)
Trotter] to optimum rates of nitrogen and
phosphorus fertilizer rate application in
Assosa Zone, Benishangul Gumuz region.
Ethiopia J. Agric. Sci. 28(1): 81-94.
https://doi.org/10.4172/2329-8863.1000335

Gete, Z., Agegnehu, G., Abera, D. and Rashid, S.
2010. Fertilizer and Soil Fertility Potential in
Ethiopia: Constraints and Opportunities for
Enhancing the System. Gates Open Res. 3:
482.
Haftamu, G., Mitiku, H. and Yamoah, C.F. 2009.
Tillage frequency, soil compaction and Nfertilizer rate effects on yield of teff
(Eragrostis tef (zucc) Trotter) in the central
zone of Tigray, Northern Ethiopia. Momona
Ethiopian Sci. 1(1): 82-94.
https://doi.org/10.4314/mejs.v1i1.46043

Horneck, D.A., Sullivan, D.M., Owen, J.S. and
Hart, J.M. 2011. Soil test interpretation
guide. Oregon State University Extension
Service, U.S. Department of Agriculture.
USA. pp. 3-5.
Marx, E.S., Hart, J.M. and Stevens, R.G. 1999
(Reprinted). Soil test interpretation guide.
Oregon State University Extension Service,
U.S. Department of Agriculture. USA.
Okubay, G., Heluf, G. and Tareke, B. 2014.
Response of teff (Eragrostis tef) to different
rates of slow-release and conventional urea
fertilizers in Vertisol of southern Tigray,
Ethiopia. Adv. Plants Agril. Res. 1(5): 1-8.
https://doi.org/10.15406/apar.2014.01.00030

Olsen, S.R., Cole, C.V., Watanabe, F.S. and Dean,
L.A. 1954. Estimation of available
phosphorus in soils by extraction with
sodium bicarbonate. USDA Circular. 939: 119.
Seyfu, K. 1997. Teff [Eragrostis tef (Zucc.)
Trotter]: promoting the conservation and
use of underutilized and neglected crops.
Institute of Plant Genetics and Crop Plant
Research, International Plant Genetic
Resources Institute, Rome. 12p.
https://doi.org/10.1007/bf02861297

Solomon, C., Kebebew, A., Mitiku, A., Yazachew,
G., Kidist, T., Worku, K., Tsion, F., Nigussu,
H., Habte, J., Atinkut, F., Kidu, G., Girma, C.
and Tegegn, B. 2017. Teff (Eragrostis tef)
Variety "Dagim". Ethiop. J. Agric. Sci. 27(2):
131-135.
Tamene, L., Amede, T., Kihara, J., Tibebe, D. and
Schulz, S. 2017. A review of soil fertility
management and crop response to fertilizer
application in Ethiopia: towards the
development of the site- and context-specific
fertilizer recommendation. CIAT Publication
No. 443: 86p.
Tarekegne Berhe. 2010. Breeding and genetic
resources of Teff (Eragrostis tef) in
Ethiopia. Institute of Agricultural Research,
Addis Ababa, Ethiopia.
https://doi.org/10.1017/cbo9780511551543.027

Tekalign, T., Haque, I. and Aduayi, E.A. 1991.
Soil, plant, water, fertilizer, animal manure
& compost analysis manual. Working
Document No. 13. International Livestock
Research Center for Africa, Addis Ababa.
Temesgen Kassa. 2001. Effect of sowing date and
nitrogen fertilization on yield-related traits
of teff (Eragrostis tef) on vertisols of Kobo
area, North Wollo. M.Sc. Thesis presented to
Alemaya University, Ethiopia. 67p.
Teshome, M., Wassie, H. and Sofiya, K. 2019.
Effects of Nitrogen and Blended Fertilizers
on Yield and Yield Components of teff
[Eragrostis tef (Zucc.) Trotter] in Central
Highlands of Ethiopia. Int J. Adv. Agril. Sci.
Tech. 6(8): 15-64.
https://doi.org/10.1016/j.heliyon.2021.e06519

Wakjira, T. 2018. Teff yield response to NPS
fertilizer and methods of sowing in East
Shewa, Ethiopia. J. Agril. Sci. 13(2): 162173. https://doi.org/10.4038/jas.v13i2.8340
Zhu, F. 2018. Chemical composition and food use
of teff (Eragrostis tef). Food Chem. 239:
402-415.
https://doi.org/10.1016/j.foodchem.2017.06.101

Int. J. Agril. Res. Innov. Tech. 12(1): 145-154, June 2022

154

ISSN: 2224-0616
Int. J. Agril. Res. Innov. Tech. 12(1): 155-160, June 2022 Available online at https://ijarit.webs.com
DOI: https://doi.org/10.3329/ijarit.v12i1.61046
https://www.banglajol.info/index.php/IJARIT

Assessment of post-harvest handling of mango and evaluation of mango jam in
major mango producing areas of South Omo Zone, SNNPR, Ethiopia
Tamerat Gutema * and Anteneh Tadesse
Received 15 April 2022, Revised 20 June 2022, Accepted 25 June 2022, Published online 30 June 2022

ABSTRACT
The present study aimed to assess the postharvest handling practice, demonstrate and
popularize mango jam processing on rural households’ levels in major mango growing areas
of Debub Ari Woreda, South omo, Southern Ethiopia. Training manual was developed and
Practical training on processing, post-harvest handling and utilization of mango jam was
given for 12 DAs, 7 Administrators and 161 model Farmers comprising of 72 female farmers
and 65 model male farmers and 40 model farmer households were interviewed about the
technology and postharvest handling practice in the area in which 28 are females and 12 are
male. Postharvest handling practice and sensory perception of mango jam and other
relevant data were collected, analysed, interpreted and discussed. Results revealed that,
87.5% of respondent are greater than 25 years old and 40.0% attended various levels
(elementary to high school) education. The major transportation method and packaging
material used as replied by the respondents are 42.5% (use pack animals: donkey, mule and
horse) and 47.5% (use sack), respectively. Pest attack (disease, insect) followed by
mechanical damage during harvesting, poor packaging material and damage during
transportation were identified as the main causes of mango loss specified by the
respondents. Therefore, use of the better adapted and pest/disease-tolerant varieties,
improved fruit production and harvesting practice, proper storage and transportation
facilities, appropriate postharvest innovations and technologies are required to reduce
postharvest loss and extend fruit shelf-life.
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Introduction
Mango (Mangifera indica L.) is one of the 73
genera of the family Anacardiaceae and order
Sapindales (Ahmed and Mohamed, 2015) which
is one of the most versatile and widely grown
fruit crops of tropical and subtropical regions
(Vasugi et al., 2012). Mango is cultivated
approximately on 3.7 million hectares worldwide,
occupied the 2nd position among the tropical
fruit crops (Jahurul et al., 2015) and 5th from
fruit crops of the world after citrus, banana, grape
and apple (Shi et al., 2015).
Mango is one of the most widely grown among
the fruit crops cultivated in Ethiopia preceded
only by banana in terms of economic importance
(Fita, 2014). A total of 105,379.375 tons of mango
is produced from 16,363.48 ha of land (CSA,
2020). It is grown in several parts of the country
where the western and eastern Ethiopia are
among the major producing belt that accounts
>50% of the total mango production in Ethiopia
(CSA, 2015).

Mango is known as the king of the fruits due to its
excellent flavour, delicious taste and high
nutritive values (Ullah et al., 2010) that makes
the crop valued for both food and nutritional
security especially for developing countries like
Ethiopia where the realization of food and
nutritional security is still a challenge. The fruit is
an excellent source of vitamin A and C and rich in
carbohydrates,
minerals
(potassium
and
phosphorus), Phenolic compounds and dietary
antioxidants (FAO, 2002). Its yellow-orange
characteristic color was attributed to the presence
of carotenoids (Venkateswarlu and Reddy, 2014).
Consumption of fruits like mango was suggested
to overcome vitamin A deficiency and dietary
carotenoids are considered to be valuable in the
prevention of certain cancers and eye diseases
(Krinsky and Johnson, 2005).
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Processing of fruit is an important step in food
preservation of seasonal gluts and for survival in
shortage along with availability of different foods
throughout the year (Mathooko et al., 2013).
Mango fruits can be processed into various
products: unripe mangoes were processed into
powders, pickles, preserves, dessert or chutney
while the ripe mangoes can be processed into
dried mango chips, mango wine, mango juice,
concentrate, jam, jelly, syrup and canned mango
(Musyimi, 2016). In order to reduce the post
harvests of fruits and to expand the processing
industry researches on development of different
value added products and applicable technology
is necessary (Wiersinga and de Jager, 2007).
Most people enjoy eating ripe and green
mangoes. However, high perishability of ripe
mangoes, inadequate storage conditions and poor
infrastructure for transportation to distant
markets make profitable production to remain a
challenge to farmers, resulting into income loss.
Mango is a seasonal crop; so, the fruits usually
ripen at the same time, as a result market prices
fall due to oversupply, making it hard to be sold
at a good price. Value-addition through food
processing would be a good strategy to utilize
rejected mango and other unmarketable fruits. It
adds value to mango while keeping the cost of
production down. It is also important for the
products to be competitive in the world market.
Fruit preservation will provide availability of
mango flavour throughout the year and is
important to avoid wastage and increase income.
Some of the simplest ways of preserving fruits
include drying (mango leather), juicing and
making jam or chutneys (Agri Business Week,
2009).
Jam preparation is the best suited technique for
preservation of perishable fruits. It is an ancient
method for preservation in many parts of the
world. Jam is the fruit solid jel made from the
pulp of a single fruit or mixed fruits by boiling the
fruit pulp with sugar (sucrose), pectin, acid and
other ingredients (preservative, colouring,
limited amount of fruit peels and flavouring
materials). Jams should be in a reasonable thick
consistency, firm enough to hold the fruit tissues
in position. Jam should contain minimum fruit
content of 40% and the expected total soluble
solid content should not less than 68%
(Featherstone, 2016). Jam is rich in sugar,
energy, fibre, life-sustaining vitamins, minerals
and amino acids. Jam does not contain any fat
and cholesterol. Therefore, jam consumption also
lowers the chances of cardiovascular diseases
(Levaj et al., 2010).
The processed mango products would provide
additional source of income, especially during
peak season when there is a glut in supply and
the price of mangoes is much cheaper. This
activity is conducted to assess the post-harvest

handling practice in the study area and alleviate
the problem of postharvest handling, utilization
and storage of mango for a long time by
processing mango fruit into mango Jam.
Therefore, the demonstration and popularization
of mango harvesting material and mango jam are
important for improving the nutritional status
and additional income of the farmers.

Materials and Methods
Description of the study area
The study was conducted on the major mangoproducing rural kebeles of south Ari woreda,
(specifically: Alga, Geza, ayikamer, kyisa,
bayitsemal, mayitol and shekamer), South Omo
Zone, Southern Ethiopia. The Woreda lies
between 6.08 to 6.27’ N latitude and 36.54 to
36.75’ E longitude. The elevation of the areas
ranges from 501 to 3500 meter above sea level.
The annual average rainfall of the district ranges
between 1401 to1600 mm with minimum and
maximum annual temperature of 10.1 and
25.00C.
Site and Farmer Selection: The survey and
Demonstration was conducted in major mango
growing areas in Debub Ari woreda of South Omo
Zone. Debub Ari was selected purposively based
on the area allocated for mango growing, number
of mango growers, accessibility and engagement
in other research projects. Based on the above
criteria 7 Kebles (Alga, Geza, Ayikamer, Kayisa,
Bayithemal, Mayitol and Shekamer) from the
Woreda were selected. Following the site
identification, selecting the participating farmers
at all sites was done. Selections of the farmers
were based primarily on farmer's land covered
with mango, production status and willingness to
participate in the research.
Sampling methods, data collection and
analysis
Total respondent of the survey on post-harvest
handling of mango and sensory perception of
mango jam were 40 farmers selected from major
mango growing Kebeles of debub Ari Woreda
(Alga, Geza, Ayikamer, Kayisa, Bayithemal,
Mayitol and Shekamer) by simple random
sampling, purposively based on their experience
in mango production. From the farmers, who
were interviewed about the Jam sensory
perception, mango harvesting material and postharvest handling practice in the area, 28 were
females and 12 were male farmers. Both
qualitative and quantitative data including sex
and age of respondents, type of packaging
material, transportation method, harvesting
practices, percentage of mango fruit loss, causes
of mango fruit losses and measures taken by
respondents to reduce postharvest losses were
collected using the questionnaire and analysed
using SPSS statistical software.
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Sensory analysis of the mango jam
A total of 40 untrained panelists were randomly
chosen from a group of farmers in seven different
kebeles. Sensory evaluation was conducted using
a five point hedonic scale to know acceptance of
the jam in different sensory aspect (Bekele et al.,
2020). The panellists were selected solely on the
basis of interest, time available and lack of
allergies to food ingredients used in the study. On
every occasion, the panellists were provided with
the randomly coded white plates containing
different samples. The assessors were asked to
provide their response for different parameters
like appearance, colour, flavour, consistency and
overall acceptability. The 5-point hedonic scale
was used as 5: like extremely, 4: like moderately,
3: Nether like or dislike, 2: dislike moderately
and 1 dislike extremely.
Technology demonstrated and recipe
making of mango technology: The
demonstration was undertaken to popularize
mango harvesting material and mango Jam using
the local mango variety. The mango jam was
prepared. Then, the product was packed in glass
bottle and stored at room temperature until used
for sensory perception. Finally, the sensory
perception was tested by selected mango
producer.
Training and Participants: Training manual
was developed and practical training on
processing, postharvest handling and utilization
of mango jam was imparted to 12 development
agents, 7 Administrators and 161 model farmers
comprising of 72 female and 65 male farmers.

Promotion: Promotional materials such as
brochures and jam preparation guidelines were
prepared and distributed to farmers for
promoting awareness about mango utilization
and postharvest handling.

Results and Discussion
Socio-demographic characteristics of the
study area
Among 40 mango farmers interviewed, their
gender, age and educational levels were
quantified (Table 1). In gender category, 12
(30.0%) of respondents were males and rest of
them were females. Among the age groups, the
maximum of 17 (42.5%) members were 25-35
years of age followed by 35–45 years and >45
years of age, and the minimum of 5 (12.5%)
farmers belong to <25 years of age. The level of
education varies among the gender and age
categories, 24 of them were illiterates, 16 of them
were in various levels (elementary to high school)
education. About 40.0% of literate respondents
have awareness on the influence of improper
harvesting and handling practices on the quality
of mango fruits. Similar observation was made by
Olayemi et al. (2012) who stated that peoples on
secondary educational levels can easily
understand the postharvest handling practices
more than peoples on primary educational levels.
Babalola (2011) also reported that education
enables to understand the effect of handling
practices on the postharvest loss of the
produces and leads to better handling practices
than illiterate.

Tables 1. Demographic characteristics of sampled respondents.
Socio-demographic characteristics of mango fruit
producers
sex
Male
Female
Age
<25
25–35
35–45
>45
Educational level Literate
Illiterate
Mango fruit transportation method used
Transportation is an essential process during the
postharvest supply chain of any fresh produce
(Al-Dairi et al., 2021). However, transportation
could cause postharvest losses leading to high
economic losses (Cherono and Workneh, 2018) if
it is not probably managed. About 30.0% of the
growers transport their produce by trucks but
these vehicles do not have ventilation facility. In
addition, 42.5% and 22.5% of the growers
transport their produce by pack animals (donkey,
mule and Horse) and by the farmers themselves

Frequency

Percentage

12
28
5
17
11
7
16
24

30.0
70.0
12.5
42.5
27.5
17.5
40.0
60.0

to the nearby village market, respectively. All
transportation methods predispose fruits to heat
build-up and mechanical damage. Also, during
loading and unloading, the fruit was exposed to
mechanical and physiological injuries. During
transport, fruits and vegetables exposed to rough
handling and transported over bad road
conditions resulted in damage and mechanical
injuries which could increase the losses over the
supply chain (Mutari and Debbie, 2011).

Int. J. Agril. Res. Innov. Tech. 12(1): 155-160, June 2022

157

Gutema and Tadesse (2022)

Assessment of post-harvest of mango and mango jam in Ethiopia

Table 2. Fruit transportation methods and packaging materials used.
Transportation
method
Car
Human
On animal back

Number of
respondent
12
9
17

Percentage
30.0
22.5
42.5

Mango fruit packaging materials used
Packaging is also one of the important aspects to
consider in addressing postharvest losses in fruits
and vegetables. It is enclosing food produce or
product to protect it from mechanical injuries,
tampering and contamination from physical,
chemical and biological sources (Prasad and
Kochhar, 2014). About 47.5, 37.5 and 15.0%
respondents reported sack, basket and plastic
bath as their mango packaging materials,
respectively. They also tightly packed mango
fruit, with low gas exchange between
commodities in a packaging material without
grading fruits based on ripening stage. This
practice facilitates ripening process and
contributes in shortening fruit shelf-life. Hence,
the existing packaging material and practice need
to be improved to reduce fruit postharvest losses.
Similarly, Seid et al. (2013) reported sack as the
major fruit packaging material in South Wollo
zone, Ethiopia.
Plastic crates, which are stackable, stable, easy to
clean and reuse has been shown to reduce
damage of perishable crops from an average of
30.0% to less than 10.0% (Kitnoja, 2010). Hence,
the postharvest constraints mentioned by the
respondents could be alleviated by demonstrating
and promoting use of plastic crates with
appropriate transportation methods.
Causes of mango fruit postharvest loss at
the farmer level

Packaging
material
Basket
Sack
Plastic bath

Number of
respondent
15
19
6

Percentage
37.5
47.5
15.0

As shown in Table 3, 40.0, 22.5, 15.0, 10.0, 7.5
and 5% of the producers were lost their produce
due to pest attack (disease, insect), mechanical
damage during harvesting, poor packaging
material and damage during transportation,
marketing problem and poor storage condition.
According to the respondents, the largest loss
occurred due to pest attack followed by
mechanical damage. The fruit loss during
harvesting (picking) are dropping of fruits on the
ground from tall varieties of mango, harvesting
stick injury, harvesting fruit by kicking with
stone, high temperature, sun burning in
temporary field storages and harvesting
immature fruits together. Most of the varieties
being grown by farmers are tall and there is no
improved harvesting technology as a result long
sticks and stones are used to kick matured fruit
from tall trees and fruits detached and dropped
to the ground and harvested in to a container and
this creates fruit injury that leads to fast
postharvest decay. Moreover, harvesting should
be made when the temperature drops but
harvesting is practiced normally during the day
time when there is high temperature, low relative
humidity and high sun shine that brought and
wilting. Moreover, there is no cool temporary
field storage for pre cooling. Our findings similar
to the report by Ali et al. (2019) who reported
that pest attack (disease, insect) and mechanical
damage during harvesting had significant effect
on post-harvest loss of mangoes.

Table 3. Major causes of postharvest loss and percentage of respondents at producer’s level.
Causes of postharvest loss
Pest attack (disease, insect)
Mechanical damage during harvesting
Damage during transportation
Poor packaging material
Poor storage condition
Marketing problem
Sensory evaluation of mango jam
The processed local variety mango jam was
subjected to hedonic testing and the mean scores
of appearance, colour, flavour, Consistency and
overall acceptability results clearly shown in
Table 2. The mean scores of sensory acceptability
of mango jam made from local variety remained
above 4 in the scale of 5-point hedonic scale
which shows acceptability levels above like

Frequency
16
9
4
6
2
3

Percentage
40.0
22.5
10.0
15.0
5.0
7.5

moderately and near to like extremely. This can
lead to the conclusion that local mango jam had
highly acceptable sensory quality. The observed
acceptance score is very supportive evidence for
marketing prospects of mango jam for better
income generation than the more perishable raw
fruit. Also, processing could contribute to the
reduction of postharvest losses of mango.
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Table 4. Sensory evaluation of mango Jam.
Processed
mango
product
Jam

Taste

Sensory perception
Flavour
Appearance

Consistency

Overall acceptability

4.3

4.2

4.2

4.3

4.6

Conclusion
Minimizing postharvest losses of fruit and
vegetable is a very effective way of fighting
poverty, ensuring food security and maintaining
the quality of produce. In many developing
countries, major causes of fresh fruit and
vegetable loss are the pest/disease attack, lack of
infrastructure (poor harvesting, transportation,
storage and processing (technologies) while fruit
and vegetable losses in developed countries occur
largely at consumer stage. Use of the better
adapted and pest/disease-tolerant varieties,
appropriate post-harvest innovations and
technologies is necessary to reduce post-harvest
losses. Along with post-harvest technologies,
coordination and management of post-harvest
stages successfully have an important role in
reduction of post-harvest losses.
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ABSTRACT
Cooking banana is a type of banana mainly cultivated for its fruit, which is eaten as cooked
as a vegetable in many food insecurity areas. The experiment was conducted at Dasenech
Woreda where food insecurity and malnutrition is the main problem to evaluate the
performance of cooking banana varieties for Fruit yield and boiling suitability. Four
improved cooking banana verities (Cardaba, Nijiru, Matoke and Kitawira) were used as a
treatment and arranged in RCBD with three replications. All the growth, agronomic and
sensory acceptability data were subjected to analysis of variance (ANOVA) using SAS 9.0
computer software. The analysis of variance (ANOVA) revealed significant (P≤0.05)
differences among the varieties on day of flowering, day of maturity, plant height, fruit
weight, number of hands per bunch, bunch weight and total fruit yield. The early date
flowering (112) and date of maturing (203.33), as well as the highest number of hands per
bunch (8.66), were observed on the variety Matoke. The higher mean value of average fruit
weight (168.33 g), bunch weight (15.66 kg) and total yield (23.46 ton ha-1) were observed on
the variety Kitawira followed by Mattoke. For panelists scoring preference, the sensory
acceptability means scores of boiled Mattoke, Cardoba and Nijru verities showed positive
acceptability value from like slightly (Nijiru) to like very much (Mattoke) while Kitawara
showed a negative acceptability level. Therefore, the variety Mattoke was identified as the
early maturing, moderately yielder and best sensory quality accepted as compared to other
varieties that could be recommended to demonstrate in the study area.
Keywords: Cooking banana, Sensory, Fruit yield, Variety
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Introduction
Banana (Musa balbisiana) is the common name
for herbaceous plants of the genus Musa and for
the fruit they produce. Banana plants are
monocotyledons, perennial and important crops
in the tropical and subtropical world region
(Onwuka et al., 2015). Banana categorizes as
dessert, plantain and cooking banana type. The
cooking banana or ripe as a fruit, and it is also
used to produce beer and wine (Rishirumuhirwa,
2010). Cooking banana varieties is one of the
most important food crops cultivated and plays a
major role in ensuring food security and rising
incomes (Uazire et al., 2008). It is a source of
energy with carbohydrates accounting for 22–
32% of the fruit weight and rich in vitamins A, B6,
and C as well as minerals particularly potassium,
magnesium, phosphorus, and folate (Chandler,
1995; Honfo et al., 2007).

Banana production is concentrated in the
southern Nation Nationalities and people’s
representative region of Ethiopia and the major
production comes from small-scale growers.
Currently, 95,954.13 hectares of land are covered
by banana in Ethiopia, from which 898,354.81
ton are produced and the larger producers are
found in Southern Nations Nationalities and
Peoples Regional State (SNNPRS) which is
15,358.74 hectares of land covered and
118,253.68 tons are produced (CSA, 2020).
The low land area of South Omo Zone has
exclusive access to Omo riverbanks, it is a blessed
with favorable soils and is irrigational for the
production of fruit crops like a banana. However,
the peoples in the low land area of South Omo
Zone are predominantly agro-pastoralists, who
complement their income and food from
livestock production with the cultivation of
sorghum on the flooded banks of the Omo. They
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experienced severe food insecurity for many
years due to varied climatic conditions,
traditional production systems and a lack of
sound research in the study area.
Production of cooking banana in food insecurity
areas plays an important role in ensuring
adequate food supplies, addressing micronutrient
deficiencies and producing raw materials for
animal feed opportunities for the study area
(Adebowale and Sanni 2013). Adeniji et al.
(2010) also reported that cooking bananas are
used to combat food insecurity in developing
countries. Concerning the above importance, the
objective of the present study was to test the
adaptability of the improved cooking banana
varieties and their suitability for boiling to pave
the way for food and nutritional improvement in
the agro-pastoral area of South Omo Zone.

Materials and Methods
Description of the study area
The experiment was conducted at Dasenech
district.
Geographically,
the
Dasenech
administrative district is founded in the SNNP
region and is located around 234 km far from the
zonal town of Jinka. Astronomically, Dasenech is
found lying roughly between 4°37′–4°48′ N and
35°56′–36°20′ E with an altitude between 350 400 m.a.s.l. The climate in this area is a
dominantly arid type with the annual rainfall of
ranges from 250 mm to 400 mm and an annual
mean temperature ranging from 20-45°C
(Yidnekachew et al., 2018).
Treatment and experimental design
Four improved cooking type banana varieties
released by Melkassa Agricultural Research
Centre in 2006 namely Cardaba, Kitawira,
Matoke and Nijiru were used as a treatment in
this study. The experiment was laid out in
Randomized Complete Block Design (RCBD)
with three replications. Each variety was planted
on a plot size of 2.5 m x 2.5 m under irrigation
conditions. All other agronomic practices were
done
as
per
the
operation
standard
recommended for banana production.
Sampling and data collection
To evaluate the adaptability and yield
performance of cooking banana, phonological
parameters (number of days to flowering,
number of days to harvest), growth parameters
(Pseudo stem height at flowering and Pseudo
stem circumstance) and agronomic parameters
(finger diameter, finger length, average finger
weight, number of hands per bunch, number of
fruits per bunch, bunch weight and total yield per
hectare) were recorded at flowering and
harvesting stage.

Sensory evaluation
For sensory evaluation, a total of 3 kg of sample
fruit per variety were washed, the tip of the fruit
was removed, the fruit coat was split on one side,
and the fruit was allowed to boil in a 600 ml
beaker containing 300 ml water and 1 g of salt.
After boiling for the specified time intervals,
samples were quickly emptied into a kitchen sieve
to drain the boiling water and cooled for 10 min
at room temperature. The samples were peeled
and sliced into 1 cm and the banana slice was
subjected to sensory evaluation.
A total of 25 male and female untrained panelists
(agro-pastoralists) were used. Each panelist was
first briefed with the important sensory
evaluation conceptual knowledge. The samples
were evaluated based on their texture, taste,
color,
flavor
and
overall
acceptability.
Furthermore, all panelists scored the samples for
each quality feature using a hedonic scale (9 like
extremely, 8 = like very much, 7= like
moderately, 6 = like slightly, 5= neither like nor
dislike, 4= dislike slightly, 3= dislike moderately,
2 = dislike very much and 1= dislike extremely
(Lawless and Heymann, 2010).
Data analysis
The means value for all treatment phenology,
growth, agronomic and sensory acceptability data
was calculated from the data collected. Finally, an
analysis of variance (ANOVA) was done for all the
traits by using the SAS 9.0 computer software.
Mean separation was employed depending on the
significance of the analysis of variance. Mean
separation was done using a list significance
difference test.

Results and Discussion
Effect of varieties on phonological and
growth parameters
The analysis of variance revealed that different
cooking banana varieties had significant
(P<0.001) differences in days to flowering and
days to harvest. Banana cultivars can generally be
categorized as early, medium and late maturing
ones. Accordingly, the shortest time taken for
flowering (112.00) and days of maturing
(203.33) were observed on Matoke; while the
longer time taken (196.00) for flowering and
maturity (288.33) was recorded from Kitawara
followed by Cardoba (179.00) (Table 1).
According to Njuguna et al. (2008); Yoseph et al.
(2014), the time taken for plating to maturity for
banana cultivars reported is higher as compared
to the current result. The maturation period
variably might be due to genetic differences and
the effect of agro-ecology on which crop is grown.
Kamira et al. (2016) reported that the time taken
for the maturation of banana cultivars declined
with decreasing altitude.
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The mean result of pseudo-stem height showed
significantly (p<0.001) affected by varieties. But,
pseudo-stem diameter and the number of
functional leaves at flowering were not
significantly (p >0.05) affected by varieties. This
finding has confirmed the previous report
(Yoseph et al., 2014). The longest (3.27 m)
pseudo-stem height was recorded from Kitawira,

whereas the shortest (1.78 m) pseudo-stem
height was obtained for Nijru (Table 1). The
genotypes of varieties have a consistent effect on
plant height. Tumuhimbise et al. (2016) also
reported that the pseudo-stem height of cooking
banana varieties varied from 281.1 m to 341.0 m.

Table 1. Means values for phonological and growth parameters of cooking Banana varieties.
Varieties
Kitawira

NDF
196.00a

NDM
92.33

NDH
288.33a

PSH (m)
3.27a

PSC (cm)
51.66

NFL
10.66

Matoke

112.00b

91.33

203.33b

1.82c

46.00

10.00

Nijiru

120.00b

96.00

216.00b

1.78c

47.00

9.66

Cardoba

179.00a

99.66

279.00a

2.11b

45.66

10.00

Mean

151.83

94.83

246.67

2.24

47.58

10.08

LSD (0.05)
CV %

26.25
8.65

Ns
5.61

28.60
5.81

0.19
4.37

Ns
5.59

Ns
9.20

***NDF=number of days to flowering, NDM= numbers of days to maturity, ***NDH= number of days to
harvest, ***PSH= Pseudo stem height, PSC= Pseudo stem circumstance, NFL= numbers of functional leaves,
LSD= least significance difference, CV= coefficient of variation.

Effect of varieties on different yield
parameters
The average finger weight showed significant
differences (p<0.01) among the varieties but was
not significantly affected by fruit diameter and
fruit length. Aseffa et al. (2020) confirmed that
the finger weight was significantly affected due to

genotypic variation. The maximum average finger
weight (168.33 g) was observed on varieties
Kitiwira and the minimum average finger weight
(147.00 g) was observed on Nijiru (Table 2). This
current result contradicts the finding of Belayneh
et al. (2013), who report that fruit weight ranges
from 129 g for Cardaba to 95 g for Kitawira.

Table 2. Means values for yield parameters of cooking banana varieties.
Varieties
Kitawira
Matoke
Nijiru
Cardoba
Mean
LSD (0.05)
CV %

FD (cm)

FL (cm)

AFW (g)

NHPB

5.36
5.16
5.01
5.00
5.137
Ns
3.85

19.33
19.33
20.00
19.33
19.50
Ns
6.78

168.33a
152.67b
147.00b
151.33b
154.85
6.91
2.23

7.66a
8.66a
6.00b
6.33b
7.166
1.10
7.71

NFPB
92.66
90.66
91.33
82.00
89.16
9.62
5.40

BWT (kg)
15.66a
12.20b
12.46b
11.10b
12.85
2.95
11.51

TY (ton ha-1)
23.46a
19.52ab
19.14ab
17.22b
20.04
3.96
9.89

FD= fruit diameter, FL= finger length, **AFW= average finger weight, **NHB= number of hands per bunch,
NFB= number of fruits per bunch, *BW= bunch weight, *TY=total yield, LSD= least significance difference, CV=
coefficient of variation.

On the other hand, the average number of hands
per bunch also showed significant variation
(p<0.01) among the varieties. The maximum
number of hands per bunch (8.66) was recorded
for Matoke followed by Kitawira (7.66) and the
minimum number of hands per bunch (6.00) was
observed on Nijiru (Table 2). A similar result was
also reported by Tumuhimbise et al. (2018).
The varieties had a significant (p<0.05)
difference in bunch weight and fruit yield. The
significant difference in bunch weight and fruit
yield was similarly reported by Tumuhimbise et
al. (2016). Among the varieties, Kitawira

registered the highest bunch weight 15.66 kg
plant-1; however, the lowest bunch weight 11.10
kg plant-1 was observed on Cardoba (Table 2).
The highest total yield 23.46 ton ha-1 was
recorded for Kitawira and the lowest 17.22 ton ha1 was observed on Cardoba (Table 2). The finding
showed that the value of yield characteristics
varied due to the response of varietal genotype to
agro-ecological conditions. The finding is in
agreement with Yoseph et al. (2014) who
reported banana varietal differences in total fruit
yield.
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Effect of varieties Sensory parameters
Sensory quality is an important dimension of the
total product quality and is organized by the
human senses of sight, smell, taste, hearing and
touch. The sensory quality evaluation in this
study included acceptance of color, flavor, taste,
texture and overall acceptability of boiled cooking
banana varieties. The 9-Point Hedonic scale was
used to evaluate the acceptability of boiled
cooking
banana
samples.
The
sensory
acceptability data of boiled cooking banana
varieties were presented in Table 3. Color
acceptability scores showed a significant

difference (p<0.05) with values of 3.08, 3.24,
4.56 and 8.24 on the scale of 9 for varieties
Kitawara, Nijiru, kardobe and Mattoke,
respectively. All these values showed below
acceptability level except Mattoke variety which
showed positive acceptability level near like very
much. Similarly, texture acceptability scores of
boiled
cooking
banana
varieties
were
significantly (p<0.05) different from each other.
The values for Cardoba and Mattoke showed a
positive acceptability value near like moderately
while the values for Nijru and Kitawara showed
below acceptability level.

Table 3. Sensory acceptability of boiled cooking type banana varieties
Varieties
Cardoba
Kitawara
Mattoke
Nijru
CV (%)
LSD (0.005)

Color
4.56±1.44b
3.08±0.57c
8.24±0.83a
3.24±0.43c
18.99
0.51

Texture
6.84±1.18a
3.04±0.61d
6.36±0.64b
4.12±0.66c
15.88
0.45

Taste
6.08±0.95b
3.64±0.64c
6.56±0.51a
5.68±1.11b
15.24
0.47

Flavor
6.04±1.31b
4.16±0.75c
7.20±0.50a
6.28±0.79b
14.97
0.50

Overall acceptability
6.80±1.19b
2.88±0.93c
8.36±0.70a
6.28±0.84b
15.33
0.52

Where, CV = coefficient of variation; values are mean ± SD and mean values followed by the same letter in a
column are not significantly different at 5% level of significance; LSD = least significance difference.

Regarding taste, flavor and overall acceptability
all four values were significantly (p<0.05)
different from one another and indicated positive
acceptability levels close like slightly to like very
much except the value of Kitawara which had a
negative acceptability level. Generally, the
sensory acceptability means scores of boiled
Mattoke, Cardoba and Nijru varieties showed
positive acceptability value from like slightly to
like very much while Kitawara showed a negative
acceptability level. It is to be noted that the
Mattoke variety had the highest scores in the
majority of the attributes followed by Cardoba
and Nijru. This result is in opposition to the
finding of Belayneh et al. (2013) who reported
that Cardoba was not preferable in terms of color,
texture, test and overall acceptability.

Conclusion
The analysis of variance showed that there was a
significant difference among the varieties
including phenological, growth and yield
parameters. The early date flowering (112.00)
and date of maturing (203.33), as well as the
highest number of hands per bunch (8.66) were
observed on the variety Matoke. The higher mean
value of average fruit weight (168.33 g), bunch
weight (15.66 kg) and total yield (23.46 ton ha-1)
were observed on the variety Kitawira followed by
Mattoke. For panelists scoring preference, the
sensory acceptability means scores of boiled
Mattoke, Cardoba and Nijru varieties showed
positive acceptability value from like slightly
(Nijiru) to like very much (Mattoke) while
Kitawara showed a negative acceptability level.

Therefore, the variety Mattoke was identified as
the early maturing, moderately yielder and best
sensory quality accepted as compared to other
varieties that could be recommended to
demonstrate in the study area.
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ABSTRACT
This study mainly aimed at analyzing coffee market chain and the determinants of coffee
market outlet choice decision of smallholder coffee producers in the Debub Ari District. The
descriptive statistics and econometric models were used to analyze the data. Multivariate
probit model was used to identify factors affecting market outlet choices of the smallholder
coffee producers. Both primary and secondary data were collected from the study area. The
multi-stage sampling techniques have been employed for this study. A total of 194 coffee
producer household heads have been randomly selected and interviewed with the help of
pre-tested structured questionnaire. The focus group discussion and key informants
interviews were conducted to supplement the formal data. The probability of choosing
collector, wholesalers, retailer, processor, consumer’s outlets is 67.1%, 66.4%, 36.9%, 71.6%
and 15.3%, respectively. The joint probabilities of households to jointly choose the four
market outlets was 0.031% which is greater than the likely of not choosing all market outlets
which is 0.003%. Access to credit negatively influenced retailer, processor and consumer
market outlet choice, distance to the nearest market negatively influenced processor market
outlet choices, market information, off-farm participation positively influenced retailer and
consumer market outlets choices. Therefore, the intervention is needed to improve coffee
marketing chain through promoting cooperatives, infrastructural development and timely
market information for efficient marketing system in the study area.
Keywords: Coffee market , Determinant, Outlet choices, Multivariate probit, Southern Ethiopia
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Introduction
Coffee is the major export crop in the Ethiopian
economy (Petit, 2007). Coffee in today’s time is
one of the most valuable sources of export for the
East African nations such as Ethiopia, Uganda,
Kenya and Tanzania. Coffee has accounted for an
average of 60% of the total export earnings for
the past five decades (Zekarias et al., 2012).
Ethiopia is known to be the origin and the
primary center of diversity of coffee Arabica
(Labouisse et al., 2008).
In the SNNPR, the total area covered by smallholder coffee producers is 217,080.29 ha which
gives the total production of 1,353,831.54 Qt.
(CSA, 2017-18). Accordingly, in Debub Ari
District the total area covered by coffee
production is 9341 ha. In the woreda, the total
coffee produced annually is on average 44,525 Qt.
About 4,986,766 Kg of red coffee and 1,096885
Kg of dry coffee were purchased from smallholder
coffee producers in the woreda. Of the total about

1,040,950 Kg of coffee has been marketed to the
ECX (Debub Ari Woreda Agriculture Office,
2019).
The long marketing chain for coffee marketing
which made farmers to be discouraged on coffee
market. Hence, the existing coffee marketing
channel includes a number of intermediaries. The
farmers wet and dried coffee cherries are sold to
local collectors small collectors in villages and
coming from town those who buy coffee from
farmers and supply to larger collectors this
reduce coffee price on the need of larger collector.
Marketing channel preference is one of the most
important producers decisions to sell their
product in different marketing outlets and has a
great impact on household income (Shewaye et
al., 2016). The collectors operate the secondary
processing facilities. After depulping the dried
coffee cherries, the supplier supply coffee to the
central market in Addis Ababa. Major exporters
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buy coffee from the central market, though
auction. Such long market chain leads to unfair/
un proportional benefit farmers obtained from
their coffee, which also plays its own role in
affecting the quality of coffee through its effect on
farmers’ capacity to invest in processing facilities
(Zinabu et al., 2017).
Although farmers in the study are prominent
coffee
producers,
literature
regarding
determinants market outlet choice decision of
smallholder coffee producers in the study area
even for the countries coffee producing zones is
very limited. Therefore, this study has been
conducted with the main objective of analyzing
the determinants of smallholder coffee producers
market outlet choice decision, identify and map
the coffee marketing channels as well as
functions and roles of actors in the area.

Research Methodology
Description of the study area
Location and area coverage
Debub Ari woreda is one of the eight woreda’s in
South Omo zone with an area of 1,520 km2 and is
located at 50.67'-60.19' N & 360.30'- 360.73'E and
has a human population of 219,708. The woreda
is bordering with Semen Ari woreda in north,
Mago national park in South, Salamago woreda
in west, Malle woreda in east and BenaTsemay
woreda in South East. The capital city of the
Debub Ari woreda is Gathar, which is 17 km far
away from Jinka the capital city of South Omo
Zone (South Omo Zone Pastoral & Agro pastoral
Development Office, 2018).
The traditional agro ecologies Dega, woina-dega
and kola cover 30, 65 and 5 percent of the total
areas, respectively. The altitude of the woreda
ranges between 500 m.a.s.l and 3000 m.a.s.l. The
woreda has a rainfall pattern of bimodal type /
Belg = February-April and Meher = JulySeptember. The mean annual rainfall ranges
between 601-1600 mm. The mean annual
temperature ranges between 10oC to 1oC and
greater than 27.5oC (Debub Ari Woreda
Agriculture Office, 2019).
Research design and data types and
source
Research design
The study has been employed cross-sectional
survey research design. Both qualitative and
quantitative data types were collected from
primary and secondary data sources. For this
particular study, Debub Ari District was selected
purposively based on the coffee production
potential and marketing practice. The study has
been employed multi-stage sampling techniques
to draw sample of household heads. Accordingly,
from 48 kebeles in the woreda in the first stage
30 potential kebeles in coffee production and
marketing was selected purposely for this study

based on woreda information. In the second
stage, out of 30 potential kebeles 5 kebeles was
randomly selected. These selected kebeles were
Shepi, Gedir, Shesher, Metser and Shamamer. In
the third stage, the number of sample households
from each sample kebeles were determined from
the recent lists of households using proportional
to size. Therefore, given the relative homogeneity
of households in terms of their socio- economic
characteristics and livelihood style sample
households was drawn using simple random
sampling method from each kebele.
Sample size determination
To determine the appropriate sample size, the
basic factors to be considered were the level of
precision required by users, the confidence level
desired and degree of variability.
Thus, it was determined using a simplified
formula provided by Kothari (2004).
n=

𝒛𝟐 𝒑𝒒𝑵
𝒆𝟐 (𝑵−𝟏)+𝒛𝟐 𝐩𝐪

(1)

Where, n: is the sample size for a finite
population, N: size of population which is the
number of coffee producers households in the
woreda, p: population reliability (or frequency
estimated for a sample of size n), where, p is 0.5
which is taken for all developing countries
population and p + q= 1, e: margin of error
considered was 7% for this study because of
budget constraint to collect large sample with
margin of error 5%. Z α /2: normal reduced
variable at 0.05 level of significance z is 1.96. The
sampling unit here was households and sampling
frame was all the 5 kebeles coffee producers
household lists which has been available in the
kebele. Accordingly, sample size was determined
as follows:
N = 18,426 Hhds
n=

(1.96x1.96)x(0.5x0.5)x(18,426)
(0.07𝑥0.07)𝑥18,426+(1.96𝑥1.96)𝑥(0.15𝑥0.85)

= 194

Methods of data collection
Formal and informal methods of data collection
tools
were
implemented
to
acquire
primary data. Among the informal data collection
tools
key
informant
interview
and
focus group discussion with pre-defined social
groups
(elders,
model
farmers,
women’s, DAs and experts) were conducted
before formal survey to collect general
information about the study area, coffee
production and marketing. A checklist was also
used to guide the informal discussion conducted
to generate data that cannot be collected from
individual interviews. Formal data collection was
employed with the help of pre- tested structured
questionnaire. In this study, both secondary and
primary data were used from different sources.
Primary data was collected from a total of 194
coffee producer sample households.
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Method of data analysis

total output sold in the market collectors,
wholesalers, retailers, processors and consumers
purchased 18.3%, 33.0%, 13.0%, 34.0% and 1.4%
of coffee with the mean supply of 134.53 qt,
231.96 qt, 178.11 qt, 227.94 qt and 72.22 qt,
respectively.

Descriptive analysis was employed for estimating
average, weighted average, frequencies and
percentages
were
computed.
Besides,
econometric model was used to indicate the
relationship between variables empirically.

Results and Discussion
Socio-economic
and
demographic
characteristics of the respondents
Sex of household respondents
Gender was analyzed by checking the number of
male and female-headed households. The sample
population of farmer respondents considered
during the survey was 194. Out of the total
households head interviewed 95% were maleheaded households while 5% were female-headed
households.
Education level of the respondents
In the study area according to sample
respondents, the mean grade level achieved by
respondents was about grade 3.25. The minimum
grade achieved was grade 0 and the maximum
was grade 10.
In both theoretical and practical situations,
education level plays an important role in
ensuring household access to basic needs such as
food, shelter and clothing. Skills and education
enhances the working efficiency resulting into
more income and food security. Furthermore,
education is important to manage the business as
well as in decision making (Kadigi, 2013).
Age of the household respondents
The survey on this major demographic factor,
measured in years, provided a clue on working
ages of households. The mean age of the sample
household heads was 40.04 years with the
minimum and maximum age of 25 and 80 years,
respectively. This result is almost similar with
that of Zekarias et al. (2012) who found the
mean age of the sample household was 40 years
old.
Coffee marketing outlets
The survey result indicated that sample
households in the study area sold their coffee at
different marketing center. The sample
households sold varying proportion of their
coffee to different market outlets in the district,
which include collectors, wholesalers, retailers,
processors and consumers. Result of the survey
indicated that 68.0% of households sold their
coffee to collectors whereas 66.5%, 36.6%, 72.5%
and 15.0% of the sample households sold their
coffee to wholesalers, retailers, processors and
consumers, respectively. The total amount of
coffee produced and marketed by the sample
household was 911.00 qtls and 900.17 qtls,
respectively. The survey result showed that out of

The result indicates that most of the sample
respondents have been used to sell their coffee to
collectors, wholesalers and processors. According
to the sample respondents, the reason for
choosing those marketing outlets was that about
41.3% was those who said better price offer and
fairness of scaling, 33.0% closeness in distance,
11.3% was those who said due to transport
availability while the rest 14.4% was due to
absence of alternative market in the study area.
Coffee marketing
functions

actors

and

their

According to survey result, six coffee marketing
actors have been identified in the study area.
These were producers, collector, wholesalers,
retailers, processors and consumers which was
the main actors on the coffee marketing. The role
of each actor on coffee production and marketing,
their interaction among different actors as well as
the flow of coffee through each market channels.
Collectors: These are an actors that collect a
large volume of coffee at the farm gate from the
smallholder coffee producer and provide to the
wholesaler and processor in the study area. The
total amount of coffee purchased from
smallholder coffee producer through collectors
are amounted to be 177.58 qtls. The main market
outlets for the collectors are wholesaler and
processor.
Wholesalers: Wholesalers are traders that
collect a large volume of coffee from collectors
and mainly sell to exporters through ECX.
According to sample survey result the total
amount of coffee purchased by wholesaler from
the sample smallholder coffee producer was
about 292.27 qtls. They play significant role in
the market chain who mainly known for purchase
of bulky products with better financial and
information capacity as well as reside in the
town. They are major actors in the channel and
they purchase coffee either directly from farmer
or mainly through collectors.
Retailers: Retailers are known for their limited
purchasing with low financial and information
capacity. They are the main actors along the
channel and deliver coffee to the consumer in
small amount. The amount of coffee purchased
through these actors was estimated to be 113.99
qtls. from smallholder coffee producer in the
study area.
Processors: Processors are the market actors
with their main motive of creating large profit
through value addition on the product. These
actors purchase large volume of coffee from
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smallholder as well as collectors and market it to
the exporters through ECX. The total amount
purchased by these actors in the study area was
303.16 qtls.
Consumers: Consumers are the final
purchasers of coffee mostly from retailers for
consumption purpose and it is the last link along
the channel. The total amount of coffee sold to
this market actor was estimated to be 13.00 qtls.
which is provided from the smallholder coffee
producers.
Exporters: These marketing actors purchase
coffee from different coffee traders within all
around the country and provide to the
international market in order to get more benefit
from the business. ECX plays a significant role in
market facilitation, which is a government
established exchange market that brings the
customers such as wholesaler, processor and
exporters together for undertaking effective
marketing of coffee and other export commodity.
According to the secondary information obtained
from the district about 6615.57 qtls. washed and
3793.93 qtls. unwashed coffees have been
marketed to ECX for export by the traders from
the district.
According to the secondary information obtained
from the ECX, the coffee from south omo zone
was categorized under the E- type, which lies
between grade 5 and 8 due to poor quality of
coffee supplied by the farmers.
Determinants of market outlet choices of
small holder coffee producers
The multivariate probit model has been used to
estimate several correlated binary outcomes
jointly. In this study the decisions of smallholder

coffee
producers
choosing,
collectors,
wholesalers, retailers, processors and consumers
are correlated. Since the decisions are binary, the
multivariate probit model was found to be
appropriate for jointly predicting these five outlet
choices on an individual-specific basis and the
parameter estimates are simulated maximum
likelihood
(SML)
estimators.
Thus,
an
econometric approach was employed to test
effects of the explanatory variables on the
selection of a particular market outlet. The Wald
chi2 (75) = 181.89 is significant at 1% significance
level, which indicates that the subset of
coefficients of the model is jointly significant and
that the explanatory power of the variables
included in the model is acceptable. Therefore,
the MVP model fits the data reasonably well.
Similarly, the model is significant because the
null that choice decision of the five coffee market
outlets is independent was rejected at 1%
significance level.
The results of the likelihood ratio test in the
model (LR χ2(10) = 54.85, χ2 > p = 0.0000)
indicates the null that the independence between
market outlet choice decision (ρ21 = ρ31 = ρ41 =
ρ51= ρ32 = ρ42 = ρ52= ρ43 =ρ53= ρ54= 0) is
rejected at 1% significance level and there are
significant joint correlations for two estimated
coefficients across the equations in the models.
This verifies that separate estimation of choice
decision of these outlets is biased, and the
decisions to choose the five coffee marketing
outlets are interdependent household decisions.
Significantly affected processor market outlet
choices and six variables significantly affected
consumer outlet at 1, 5 and 10 percent of
probability levels.

Table 1. Multivariate probit estimations of smallholder coffee producers’ market outlet choices.
No.
1.

Variables

8.

Sex of
household
head
Age of the
respondent
Educational
level of the
respondent
Family size
of the
respondent
Membership
to
cooperative
Access to
credit
Distance to
the nearest
market
Price offer

9.

Access to

2.
3.
4.
5.
6.
7.

Collector
-0.2137123
(0.4918306)

Market Outlet Choice
Wholesaler
Retailor
-0.0295653
0.0472331
(0.4935537)
(0.5269698)

Processor
-3.299526
(132.4195)

Consumer
-0.3759172
(0.4677587)

-0.0093304
(0.0120569)
-0.0727509 (
0.0354859)**

-0.0148831
(0.0123609)
-0.0627296
(0.0364709)*

0.0339768
(0.0132263)**
-0.0407201
(0.0391008)

-0.0088816
(0.013178)
0.0340325
(0.0425687)

-0.0275244
(0.0182429)
-0.0438721
(0.0501552)

-0.085016
(0.0434293)**

-0.0118866
(0.0440926)

-0.0904821
(0.0516101)*

0.0181341
(0.0493665)

-0.166687
(0.0672679)**

0.0042346
(0.229583)

0.4653586
(0.2540951)*

0.3448373
(0.2795502)

-0.2378586
(0.281681)

0.2222986
(0.3380974)

-0.1715698
(0.2161162)
0.0449695
(0.027838)

-0.4564046
(0.2474172)**
0.052931
(0.0264987)* *

-1.092729
(0.2642758)***
0.0329049
(0.0315226)

-0.6426178
(0.2474172)***
-0.0750814
(0.0285683)***

-1.702854
(0.4399507)***
0.0774774
(0.0559312)

-0.0184364
(0.0192507)
0.0114819

0.0021473
(0.0198921)
-0.2698496

0.0693522
(0.0220586)***
0.2282144

-0.0867134
-0.0516291
(0.0220265)*** (0.0317817)
0.3032092
1.068095
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10.
11.
12.
13.
14.
15.

market
information
No. of
extension
contact
Pack animal
ownership
Market
experience
Offarm
participation
Bargaining
power
Total coffee
land holding
Constant
Predicted
probability
Joint
probability
success
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(0.2068744)

(0.2128004)

(0.2251588)

(0.2255842)

(0.3587039)***

-0.0075893
(0.007406)

-0.0096642
(0.0073909)

0.0043083
(0.0077596)

-0.0013918
(0.0077166)

-0.0276665
(0.0116884)**

0.0249593
(0.2107561)
0.0010213
(0.0164185)
0.5187433
(0.3016288)*
0.162345
(0.2165205)
0.2565628
(0.3308201)
2.017852
(0.7204324)***
0.68

0.2675632
(0.2179898)
0.0220701
(0.0167251)
-0.3870921
(0.276207)
-0.075089
(0.2218985)
-0.5386478
(0.2985607)*
1.511933
(0.7205627)**
0.66

-0.3232452
(0.2345576)
-0.1176459
(0.0247324)***
0.9800829
(0.3152704)***
-0.6880981
(0.2659015)***
0.0919487
(0.3120869)
-0.4667619
(0.7537089)
0.37

0.2645599
(0.2401084)
-0.0430564
(0.0168894)**
0.7974893
(0.3762208)**
0.5093613
(0.277375)*
0.6800661
(0.3492307)**
5.791882
(132.421)
0.72

-0.348984
(0.3101969)
0.0559403
(0.0276098)**
1.222317
(0.4572158)***
0.5469023
(0.3378193)
0.5922614
(0.3994225)
1.346013
(1.002858)
0.15

0.031

Source: Survey Result, 2019

Joint Probability of success or smallholder coffee
producers the mean probability to choose the 5
outlets jointly is 0.031 whereas not to choose the
5 outlets or the mean probability of failure is
0.003. The joint probabilities of success or failure
of choosing the five coffee market outlet choices
suggest that households are more likely jointly
select the five coffee market outlets.
Age of household: Age of household head was
found to be statistically significant at 5%
significance level and positively influenced choice
of retailer market outlet by coffee producer
smallholder farmers in the study area. The results
implied that, as age of household head increases
the probability of choosing retailer market outlet
increased by 3.4%. This implies that, older
farmers may take their decision to choose better
market outlet which gives higher price more
easily than the young farmers, because older
people might have marketing experience,
accumulated capital or a long term relationship
with their clients or might have preferential
access to credit due to their age, availability of
land or family size. This is in line with Taye et al.
(2018) which revealed that age of household was
to be statistically significant at 10% significance
level and positively influenced the retailer market
outlets of smallholder onion producers.
Education level of the respondent:
Educational level has significant and negative
relationship with the likelihood of choosing
collectors market outlet and wholesaler’s market
outlet at 5% and 10% significance level,
respectively. As the education level increase, the
probability of choosing the collectors and
wholesalers market outlet decreased by 7.3 and
6.3%, respectively. This indicates that educated
farmers would less likely sell coffee to collectors
and wholesaler than other channels in the study
area. This is due existence of limited number of

wholesaler in the study area, the price given by
wholesalers are slightly different from that of
collectors. As farmers educated more and more
they less likely to sell their products to collector
market outlet. The reason might be that as the
educational level of farmers enable them to
produce more and supply for appropriate outlets.
Education increases the knowledge of farmers
that can be used to collect information, interpret
the information received and make informed
decisions on the choice of appropriate market
channel. The result is consistent with the study
by Abraham (2013) who found that educational
level has significant negative relation with
collector market outlets. However, in contrary
with Gizachew et al. ( 2018) that revealed that
the more educated the farmer is, the more likely
to sell pepper through wholesalers because more
educated farmers spend less time on doing
marketing activities.
Family size: Family size is negatively and
significantly associated with selling coffee to
collectors, retailer and consumers at 10%, 10%
and 5% significance level, respectively. As family
size increase, the probability of choosing
collectors, retailers and consumers outlet choice
by the smallholder coffee producers decreased by
8.5, 9.0 and 16.7%, respectively. This result
shows that those households with large family
size are less likely to choose collectors, retailers
and consumers outlets and deliver more likely to
other outlets like wholesaler or processor outlets.
This may imply large household size is an
indicator of labour availability, which enables
farmers to produce more, supply large volume of
coffee, and sell to wholesaler or processors
outlets rather selling small units to retailers and
consumers. This is in line with Addisu ( 2016)
who revealed that family size is positively and
significantly associated with selling potato to
wholesalers at 1% significance level.
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Membership
to
cooperative:
The
membership of the smallholder coffee producer
has positively influence the wholesaler and
significant at 10% significance level. This
indicates that those who are the member of
cooperative have been more likely to sale to
wholesaler in the study area. The reason is that
the cooperative members have access more
information with regard to benefits obtained in
providing coffee in large volume and because of
this they sale to wholesale market outlets that
can able to reduce transaction cost. The reason
for smallholder coffee producers not to sell their
coffee to cooperative was that
currently
nonfunctioning of cooperative in coffee
marketing activities in the study area instead it
has been distributing sugars and oil for its
members. This is not consistent with Fikru et al.
(2017) who revealed that those who are members
of cooperative has been more likely to sell for
cooperative and has the probability of choosing
wholesalers and collector outlet decreases.
Access to credit: Access to credit negatively
and significantly affected wholesaler at 5% and
the retailer, processor and consumer market
outlet choices of the smallholder coffee producers
at 1% in the study area. This result indicates that
as the smallholders have more access to credit the
less likely to sell to the wholesaler, retailers,
processors and consumers. The reason is that
those farmers who have access to credit need to
participate in off-farm activities rather than
spending their time in searching other alternative
marketing outlets to sell their coffee. Also they do
not need to incur the cost in searching better
market instead they need to convert loan into
asset because of considering interest rate and
purchase agricultural input. This is consistent
with Efa and Tura (2018) who revealed that those
who access to credit has been less likely to sell to
wholesaler and consumers but it is inconsistent
with more likely to sell to retailers.
Distance to the nearest market: Distance to
the nearest market is positively and negatively
associated with the likelihood of producers
selling to wholesaler and processors at 5% and 1%
significance level, respectively. This indicates that
households who are closer to market were
assumed to have more probability to choose
wholesalers outlet and less likely to sell for
processor. This is because the wholesalers have
temporary coffee purchasing center at the nearest
market to the smallholder coffee producers in the
study area. Hence as the distance from the
market center increase, transportation and other
marketing costs are increased. This is consistent
with Taye et al. (2018) who revealed that direct
relationship of wholesaler onion market outlets
with nearest distance to the market and
significant at 1% .
Price offer: The market price was found to be
positively and negatively affected both the

retailer and processors market outlet at the 1%
significance level. This indicates that the
smallholder coffee producer more likely to sell to
the retailers and less likely to sell to the
processors outlet as market price increase. The
reason could be that the retailers give better price
for their coffee as compared to the processors in
the study area. In contrary with Addisu ( 2016)
who revealed that price is associated negatively
and significantly at 5% level of probability with
choosing retailer outlet.
Access to market information: Access to
market information was found to be positively
and significantly influence the consumer’s market
outlet at 1% significance level. This indicates that
as the smallholder coffee producers are more
accessible to the market information they more
likely to sell to the consumers market outlet than
other outlets in the study area. This is because
the consumer outlet gives higher price for their
coffee as compared to other market outlets. This
is in line with Takele et al. ( 2017) who revealed
that access to market information determined the
probability of the choosing consumer outlet
positively at 10% for mango producers.
Access to extension contact: Access to
extension services was found to be negative and
significant influence in the likelihood of choosing
consumer outlets at 5% significant level. This
indicates that those who have access to extension
service are less likely to sell to the consumer’s
market outlet. Access to extension service
enhanced the ability of smallholder coffee
producers to get relevant market information as
well as other related agricultural information
which in turn increases producers’ ability to
choose the best market outlets for their product.
This might be due to reducing the transaction
cost in searching the consumer market outlet and
enables the coffee producers to provide their
coffee for legal traders who can supply to the
exporters. This finding is in line with the findings
of Oliyad et al. ( 2017) that revealed that access
to extension service had significant negative
effect on the likelihood of choosing consumer
outlets at 5% significant level for groundnut
producers. It is also similar with the findings of
Mekonnin (2015) who revealed that access to
extension service has significant negative relation
with the choice of end consumer outlet in coffee
market outlet choice.
Market experience: The market experience or
farm experience was found to be negatively and
significantly influenced the retailers and
processors at 1% significance level and positively
affected the consumer’s outlet at 5% significant
level. The result indicates that those who have
more experience are less likely to sell to the
retailers and processors and more likely to
consumers. This might be because those who
have more experience in coffee marketing have
knowledge to receive more benefit in providing

Int. J. Agril. Res. Innov. Tech. 12(1): 166-173, June 2022

171

Alemayehu and Alemu (2022)

Determinants of smallholder coffee producers’ market outlet in Ethiopia

the coffee to the one that can give better price and
more likely choose consumer market outlet than
those who have less marketing experience. This is
consistent with the findings of Addisu ( 2016)
who found that the likelihood of choosing
consumer outlet was positively and significantly
affected by number of years that a farmer had
been growing onion at 10% levels of significance.
With regard to negative relationship between
experience and choosing of retailers market
outlet the smallholder coffee producer less likely
provide to the retailers market out let. This is in
line with Gizachew et al. (2018) who revealed the
likelihood of choosing retailer outlet was
negatively and significantly affected by farming
experience at 5% significance level.
Off-farm participation: Off-farm participation
has been influenced collectors, retailers,
processors and consumers positively and
significantly at 10%, 1%, 5% and 1% significance
level, respectively. This indicates that those who
participated in off-farm activities have more
likely to sell in all market outlets which are
available in the study area than those who did not
participated in off-farm activities. This might be
because those who have participated in off-farm
activities have better awareness, bargaining
power and capacity to use all the alternative
market outlets, which are available in the study
area to maximize their benefit from coffee
marketing. Therefore off-farm participation has
positive relationship with all market outlets and
enables the smallholder coffee producer to use
those alternative market outlets in the study area.
This is in line with Taye et al. (2018) who found
that non/off farm income affect the probability of
choosing assembler and retailer market outlet
positively at 1 and 5% levels of significance,
respectively. It is also consistent with Abebe et
al. (2018) who revealed that consumer market
channel was positively and significantly affected
by the participation in non-farm activities at 5%
level of significance.
Bargaining power: Bargaining power has
negative and positive influence on the retailers
and processors at 1% and 10% significance level,
respectively. The result indicates that as the
smallholder coffee producers have more
bargaining power they more likely to sell to the
processors and less likely to the retailers. The
possible reason is that negotiation on price makes
smallholder coffee producers empowered on
price decision making and enable them to sell
their coffee with a better price by using other
better alternative market outlets. Also those
farmers who have bargaining power can easily
negotiate with the processors market outlet than
other outlets because processors pay more for
those who can supply quality coffee. This is
consistent with Gizachew et al. (2018) who
revealed that the likelihood of choosing district
retailers and local collectors’ market outlet was

negatively affected by the bargaining power of the
producers at 1% level of significance. This finding
is also consistent with Bezabih et al. (2015) who
revealed in his study that bargaining power has
significant and negative relationship with the
likelihood of choosing collector only, retailer only
and wholesaler only at 1 percent level of
significance.
Summary, Conclusions and Recommendation

A total of 194 sample household head of coffee
producers have been randomly selected and
interviewed using structured questionnaire. The
simulated maximum likelihood (SML) estimation
result shows that the probability that smallholder
coffee producers choose collector, wholesaler,
retailer, processor and consumer market outlets
were 67.1, 66.4, 36.9, 71.6 and 15.3%,
respectively. This indicates that the likelihood of
choosing consumer outlet is relatively low
(15.3%) as compared to the probability of
choosing collector outlet (67.1%), wholesaler’s
outlet (66.4), retailer’s outlet (36.9%) and
processor outlet (71.6). The result indicates that
the processor market outlet is the most likely
chosen market outlet by farmers whereas the
consumer market outlets are less likely chosen.
This is due to high transaction cost incurred by
the smallholder coffee producers during search of
consumer market outlet choices.
The market information is very crucial
component in marketing system for a given
commodity. Access to market information was
found to be significantly influence the
smallholder coffee producers in choosing better
market outlet. It enables the smallholder coffee
producers in analyzing the price difference on the
farm gate and consumer market outlets that
increases the probability to choose the consumers
outlet market which gives better price.
Promoting the cooperative is very essential to
enhance the agricultural product marketing in
general and coffee marketing in particular. It
plays a great role in the coffee marketing and able
to lower the transaction costs in order to
increases the benefits of the farmers.
Education level is very important in searching for
better market outlets. Therefore, providing
awareness in the benefits of attending adult and
formal education is needed in order to help coffee
producers in choosing the outlets that can able to
maximize their benefit.
The development of infrastructure and market
accessibility is critical for the smallholder coffee
producers
that enables them to choose the
better alternative market outlets. Access to
extension contact is very important for
smallholder coffee producers in searching the
better market. This indicates that the extension
services helps the farmer in production, properly
harvesting coffee and disseminating of market
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information in order to aware the coffee
producers and able to search for better market.
Therefore, the provision of extension services
focusing on the coffee production and marketing
as well as the capacity building for the extension
agent
with
technical skill and marketing
knowledge
is needed in order to make
smallholder coffee producers to supply quality
coffee as per market demand.
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ABSTRACT
The key objective of the study was to determine the extent of attitude of the women farmers
towards organic farming. The study was conducted in two union of Nilphamari Sadar
upazila such as Lakshmi Chap and Palashbari under Nilphamari district. Total 100 women
farmers were selected from the study area as the population and random sample techniques
was used to comprised of 80 constituted the sample of the study. Data were collected by a
pre-tested interview schedule during 25 April to 25 May 2020. Simple and direct questions
with different scales were used to obtain information. Attitude of the women farmers
towards organic farming was measured by Likert scale. Descriptive statistics, multiple
regression was used for analysis. Slightly above three-fifths (63.7 percent) of the women
farmers had moderately favorable attitude towards organic farming while 21.3 percent
slightly favorable attitude and 15.0 percent of women farmers under highly favorable
attitude towards organic farming. It is noticed that the majority (85.0 percent) of the women
farmers showed slightly favorable to moderately favorable attitude towards organic farming.
Educational qualification, training experience, and access to extension contact of the
respondents had significant positive contribution with their attitude towards organic
farming. The most important problem (77.50 percent) faced by the women farmers was
“higher amount of insect pest and diseases”. The foremost (67.50 percent) suggestion
offered by the women farmers was “Developing organic pesticide company through private
and government initiatives”.
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Introduction
Agriculture is the building block and major food
supplier of a country. In the world where the
amount of people is grown up quickly in the last
50 years, agriculture shows a momentous role.
With green revolution, where agriculture became
deeply commercialized and chemicals were
introduced, agriculture made a terrific
progression in terms of proficiency and
effectiveness. In the last 40 years, agricultural
production doubled even though cropland area
has boosted only by 12.0 percent (Rana et al.,
2017). By 2050, world food need is predictable to
double in comparison with the levels of 20th
century (Tilman et al., 2002). It is feeding all and
employing many though typical agricultures
causes number of difficulties like diminution of
natural sources, environmental ruin and effects
on human health (Mader et al., 2002; Carter,
2002). There are replacements for conventional

agriculture. One of which is organic agriculture
which lowers negative impacts of agriculture and
suggests price premium for the cultivators (Levin,
2009; Ullah et al., 2011). Organic Farming is a
holistic or combined agricultural production
system described by the high inputs of capital,
organic fertilizers, labor or labor-saving
technologies such as pesticides relative to land
space (Goswami et al., 2021). It is in distinction
with extensive farming, which includes a low
input of materials and labor with the crop yield
mostly depending on the naturally accessible soil
fertility, water supply or other land properties.
Now-a-days, intensive crop-based agriculture,
involving the use of mechanical ploughing,
chemical fertilizers, herbicides, fungicides,
insecticides, plant growth regulators and/or
pesticides. Agricultural mechanization also raises
with its association (Patidar, 2015).
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The Food and Agriculture Organization of the
United Nations has defined sustainable
development as the managing and maintenance
of natural resources to meet the demands of
present and the future generations while
preserving land, water and genetic diversity of
flora and fauna (FAO, 1999). Sustainable
agriculture is based on the environmentally
sound, appropriate, reasonably feasible and
socially appropriate farming principles and
practices. Organic agriculture is one of the most
valuable areas of sustainable agriculture (SPAR,
2012). According to Hartmann et al. (2012),
organic agriculture is a production management
system that supports the sustainability of
agricultural ecologies and makes sure the
production of safe healthy foods. Al-Rudaiman
(2004) views organic agriculture as an
agricultural food production system that
preserves the environment, boosts the natural
capability of the soil, defends the flora and fauna
and acts as the foundation for producing good
quality food important for health.
Organic farming is one such technology that can
lessen the harmful impacts of agro-chemicals and
is considered by many scientists to be the best
form of agriculture in terms of maximizing costeffectiveness and minimizing pollution (Christian
et al., 2005). Confirming food security for the
massive population for sustained organic
agricultural production within the present
scenario of decreasing soil fertility, reducing
yields, enhanced and excessive usage of inorganic
fertilizers and pesticides has become a serious
challenge for Bangladesh. Before the presentation
of chemicals, Bangladesh agriculture was
completely dependent on the organic sources of
fertilizers (animal manure, crop residues and
domestic wastes) to fertile the land. In 1960s,
with the introduction of green revolution, to
follow earlier agricultural policy to meet the
requirement of food for rising population, some
farmers began to apply chemical fertilizers. Some
of them used both chemical and organic
fertilizers and some of them did not adopt
chemicals fertilizers due to conservativeness or
lack of infrastructural facility (Hossain, 2001).
Considering the scarcity of land and the
continued growth of population, there is no
option but to maintain intensifying agricultural
production in Bangladesh. Research is instantly
needed to ascertain the magnitude and careful
nature of problems including warnings to the
health of farmers and their families, pollution of
water-bodies and pesticide residues on food and
to improve proper solutions. The goals of the
organic farming are primarily to protect
environmental and agricultural means bases on
further deprivation and to make certain longterm sustainability in agricultural system. Based
on the above discussion, this study was intended

to explore the following objectives: i) to
determine the extent of attitude of the women
farmers towards organic farming; ii) to describe
the selected characteristics of the women
farmers; iii) to explore the contributions of the
selected characteristics of the women farmers on
their attitude towards organic farming; and iv) to
identify the problems faced by women farmers
during organic farming practices and their
probable suggestions to overcome those
problems.

Methodology
Locale of the study
The study was performed in two union of
Nilphamari Sadar upazila namely Lakshmi Chap
and Palashbari under Nilphamari district. The
key employment of the ranchers agricultural and
few people are service holders and businessmen.
The geographical location of the research area in
between 25'48' and 26'03' north latitudes and in
between 88'44' and 88'59' east longitudes. It is
surrounded by domar and jaldhaka upazilas on
the north, saidpur upazila on the south,
kishoreganj (Nilphamari) and Jaldhaka upazilas
on the east, khansama and debiganj upazilas on
the west.
Population and sample
The women farmers who are getting support
from Udayankur Seba Sangstha (USS) of
Lakshmi Chap and Palashbari union of
Nilphamari sadar upazila was the population of
the study. An updated list of 100 farmers was
collected from Udayankur Seba Sangstha (USS)
office record who practice organic farming.
Considering the study is intending to have
statistically significant and comparable set of
results for the study areas, to make a respective
sample from the population following formula
was used as developed by Kothari (2004). By
using this formula, 80 farmers were selected by
proportionate random sampling from two union.
Beside this, a reserved list of 8 farmers (about 10
percent) was prepared who were supposed to be
interviewed only when a respondent in the
original sample list was unavailable during data
collection.
𝑛=

𝑍2P Q N
(𝑁 − 1)𝑒 2 + 𝑍 2 P Q N

Where,
n= Sample size
Z= 1 the value of the standard normal variable at
the chosen (95%) confidence level (1.96)
P= Probability (assume 0.5)
Q = Remaining from probability (1-P)
N = Total population
e = the level of precision (5%)
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Research instrument
A well-structured interview schedule was
prepared keeping the objectives in mind to gather
relevant data for the research, which contained
both closed and open form of questions. A draft
interview schedule was ready in advance before
using the same for collection of data. The draft
schedule was pre-tested with 10 farmers selected
from the study area. This pre-test enabled the
researcher to detect faulty questions in the draft
schedule and necessary alterations, adding and
conversion was made later in the schedule based
on the pre-test results.
Measurement of variables
In this study attitude of the women farmers
towards organic farming was the independent
variable. Attitude of the women farmers towards
organic farming was measured by Likert scale, a
scale mentioned by Likert (1932). Twenty
statements on six dimensions of organic farming
were asked to the respondents. The respondents
were asked to indicate for each of the statement
whether they strongly agree, agree, undecided,
disagree and strongly disagree with a
corresponding score of 5, 4, 3, 2 and 1,
respectively. The score of attitudes of the women
farmers towards organic farming were computed
by summing his responses to all the items.
Hence, scores of the respondents could range
from 20 to 100. 20 indicating highly unfavorable
attitude and 100 highly favorable attitudes of
organic farming. Beside this, Rank Order (RO)
was done by calculating Attitude Index (AI). The
following formula would be followed to calculate
AI:
Attitude Index (AI) = FSA × 5 + FA ×4 + FUD ×3 +
FD X 2 + FSDA × 1
Where,
FSA= Frequency of respondents mentioned
‘strongly agreed’
FA= Frequency of respondents mentioned
‘agreed’
FUD= Frequency of respondents mentioned
‘undecided’

FD= Frequency of respondents mentioned
‘disagreed’
FSDA= Frequency of respondents mentioned
‘strongly disagreed’
Where, the Attitude Index (AI) value could range
from 80 to 400. This means that 80 initially less
favorable and 400 indicated high attitude. The
eight characteristics of the respondents namely
age, educational qualification, farm holding,
organic farming experience, annual income,
training experience, cosmopoliteness and access
to extension contact constituted the independent
variables of this study. The independent were
measured by proper measurement procedures.
Data processing and analysis
First, the collected data were coded, concise and
managed for analysis. All probable errors and
contradictions were eliminated for authentication
of the data. Then the collected data were analyzed
with computer-based software - SPSS (Statistical
Package for Social Sciences) version 22, tables
and graphs were ready with MS Excel (Microsoft
Excel 2010).

Results and Discussion
Attitude of the women farmers towards
organic farming
Data presented in Figure 1 indicated that slightly
above three-fifths (63.7 percent) of the women
farmers had moderately favorable attitude
towards organic farming while 21.3 percent
slightly favorable attitude and 15.0 percent of
women farmers under highly favorable attitude
towards organic farming. Chawdhury (2015) and
Mohan (2014) support this result. It is found that
the majority (85.0 percent) of the women farmers
showed slightly favorable to moderately favorable
attitude towards organic farming. Adoption of
any technology is followed by attitude of the
adopters towards it. From the present findings, it
can be inferred that the status of organic farming
was not satisfactory at least in the study area.
This is due to that most of the women farmers
had less experiences and short training on
organic farming.

Percent of the women farmers

63.7

80
60
40

21.3

15.0

20
0

Slightly favorable
(≤77)

Moderately
favorable (78-89)

Highly favorable
(>89)

Attitude of the women farmers towards organic farming

Figure 1. Attitude of the women farmers towards organic farming.
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Data contained in Table 1 signifies that the
statements such as “Chemical farming damages
natural resources next to the farms” ranked first
(1) and (AI) of 352. Rapid increase in the use of
agro-chemicals is thought to adversely affect the
health of farmworkers and others exposed to
pesticides and contaminate ground and surface
water, harming downstream users of that water
and damaging in land fisheries. Organic farming
is best alternative for this. “Organic farming
brings about improvements in soil features.” had
AI value of 351 and ranked 2. Despite the reduced
potential of agro-ecosystems, organic farming can
contribute
to
the
improvement
of
physicochemical, chemical
and biological
properties of soils. “Generally, the production of
organic farming products would cost less than
that of chemical farming products” had AI value

of 350 and ranked 3. Organic farming products
are more available than chemical farming
products. Organic cultivation requires organic
sources of nutrients, such as compost, cow dung,
farmyard manure etc., which come from livestock
animals. The statement “Organic farming does
not need synthetic pesticide and herbicide
application” was the last ranked (20th) statement
in the attitude index table having AI value of 291.
Organic standards are designed to allow the use
of naturally occurring substances while
prohibiting or strictly limiting synthetic
substances. For instance, naturally occurring
pesticides such as pyrethrin and rotenone are
permitted, while synthetic fertilizers and
pesticides are generally prohibited.

Table 1. Rank order of farmers’ attitude towards organic farming.
Sl.
No.

Statements

Knowledge aspects
1.
Organic farming needs preliminary soil nutrition.
2.
Water resources have to be clean and without any
pollutants for organic farming.
3.
For organic farming have to utilize quality seeds from
valid sources.
4.
It is essential to provide the soil with organic fertilizers
in organic farming.
5.
Organic farming does not need synthetic pesticide and
herbicide application.
Environmental aspect
6.
Organic farming brings about improvements in soil
features.
7.
Organic farming protects natural resources in
comparison with chemical farming.
8.
Organic farming gives off toxic gases.
9.
Organic fertilizers utilized in the farms do not endanger
the farmer’s health.
10. Chemical farming damages natural resources next to the
farms.
Marketing aspect
11.
Consumers are preferring to purchase organic farming
products than chemical farming products.
12. Consumers can buy organic agricultural products
readily from the farms.
13. Government supports the production and marketing of
organic farming products more than that of chemical
farming products.
14. Organic farming product marketing is easier than that
of chemical farming product marketing.
15. Consumers from both inside and outside the
communities like to buy organic products.
Cost and benefit aspect
16. Generally, the production of organic farming products
would cost less than that of chemical farming products.
17.
Production of organic farming products is more
beneficial than chemical farming products.
18. Organic farming reduces costs by using own organic
fertilizers and own family labor.
19. Consumers pay more for organic products.
20. Producers benefited from organic farming.

Frequency of the
Respondents
SA
A UD DA SDA

AI

RO

26
23

53
54

0
3

0
0

1
0

343
340

6th
7.5th

22

48

9

1

0

331

14.5th

29

35

15

1

0

332

12.5th

21

30

9

19

1

291

20th

34

43

3

0

0

351

2nd

27

50

3

0

0

344

5th

25
33

44
34

9
13

2
0

0
0

332
340

12.5th
7.5th

38

36

6

0

0

352

1st

31

47

2

0

0

349

4th

23

52

4

0

1

335

11th

24

33

7

15

1

304

19th

28

36

10

6

0

326

17.5th

28

37

13

2

0

331

14.5th

34

43

2

1

0

350

3rd

25

52

1

1

1

338

9th

21

45

13

1

0

326

17.5th

25
27

43
43

7
10

5
0

0
0

328
337

16th
10th

SA= Strongly agree, A=Agree, U=Undecided, D=Disagree and SDA= Strongly disagree
AI= Attitude Index and RO= Rank Order
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Selected characteristics of the women farmers

Majority (87.5 percent) of the women farmers
were young aged. Young people are commonly
attracted to new thoughts and ideas. They have a
favorable attitude towards attempting new ideas
or technologies. Goswami et al. (2021) found
close findings in their research. Majority (56.3
percent) of the women farmers had secondary
education. Goswami et al. (2021) and Mandal
(2016) found nearby findings in their research.
This signifies the real condition of country
Bangladesh. Though the education qualification
of the women farmers is not satisfactory,
education is must for be aware of several aspects
of organic farming. Education enhances the
power of reflection, analysis, combination,
understanding, decision making and alteration to
new situation of a human being. Educated
women farmers may find practical information
beyond reading leaflets, booklets, books and
other printed materials. Moreover, they possess
need for new and newer knowledge associated to
their farming operations. Slightly above fourfifths (82.3 percent) of the respondents had small
sized farms. Land is the most vital production
component of a women farmer. It is a limited
resource in Bangladesh. In countryside
Bangladesh, the land size is being steadily
reduced due to fragmentation of land amongst
the ever-increasing ancestors. The study area was
not an exception to this fact. Therefore, most of
the women farmers had small farm size. The
highest proportion (87.5 percent) of the women
farmers had low organic farming experience. This
is due to that most of them practice organic
farming from few years. Goswami et al. (2021)

found close findings in their research. The
majority (88.7 percent) of the women farmers
had medium income. The result might be due to
that the less farm holding and less opportunity of
different earning sources of the women farmers.
Goswami et al. (2021), Rashed (2018), and
Mandal (2016) also initiate similar results in their
studies. Slightly above three-fifths (65.0 percent)
of the women farmers had short training
experience. The study revealed that most of the
women farmers of that locality stayed engaged in
distinct activities of earning and they didn’t take
proper training on agricultural activities. Slightly
above four-fifths (83.8 percent) of the women
farmers had low cosmopoliteness. People differ in
their traveling behavior. The rural women
farmers are not accustomed to visit the areas
outside their own upazila but they are used to
visit other villages. Thus, their cosmopoliteness
became low. The findings are consistent with
Goswami et al. (2021) and Uddin (2008). Slightly
above four-fifths (81.2 percent) of the women
farmers had medium access to extension contact.
Extension contact is a very operative and effective
source of obtaining information about numerous
recent production technologies and cultivation
practices. The respondents were not well
educated, and they could not get information
from printed materials like newspaper, leaflet etc.
They mainly communicated with their neighbors,
relatives, rather than other extension media like
Upazila Agriculture Officer, group meeting,
demonstration etc. Rashed (2018), Shanto (2011)
and Uddin (2008) also observed near outcomes
in their studies.

Table 2. Main features and categorization of the women farmers (N=80).
Characteristics

No. of
year

Range
Observed
(Possible)
20-45
(Unknown)

Educational
qualifications

Year of
schooling

0.5-15
(Unknown)

Farm holding

Hectare

0.04-3.89
(Unknown)

Organic farming
experience

No. of
year

2-15
(Unknown)

Annual income

(‘000’
Tk.)

35.00782.00
(Unknown)

Training
experience

Days

0-15
(Unknown)

Cosmopoliteness

Score

1-8
(0-18)

Access to
extension
contact

Score

5-26
(0-30)

Age

Scoring
method

Categories
Young (≤35)
Middle (36-50)
Old (>50)
Can sign only (0.5)
Primary education (1-5))
Secondary (6-10)
Above secondary (>10)
Marginal (<0.21)
Small (0.21-1.0)
Medium (1.01-3.0)
Large (>3.0)
Low (≤5)
Medium (6-10)
High (>10)
Low income (≤63)
Medium income (63.01315)
High income (>315)
No (0)
Short (1-5)
Medium (6-10)
Long (>10)
Low (≤6)
Medium (7-12)
High (>12)
Low (≤10)
Medium (11-20)
High (>20)
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Respondents
No.
%

Mean

SD

70
10
00
16
17
45
2
6
66
7
1
70
9
1
2
71

87.5
12.5
0.0
20.0
21.2
56.3
2.5
7.5
82.4
8.8
1.3
87.5
11.3
1.3
2.5
88.7

28.85

5.59

5.77

3.42

0.61

0.54

3.80

2.18

189.23

125.63

7
6
52
19
3
67
13
00
13
65
2

8.8
7.5
65.0
23.8
3.8
83.8
16.3
0.0
16.3
81.2
2.5

4.11

2.84

4.68

1.78

13.61

3.41
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Contribution
of
the
selected
characteristics of the respondents on
their attitude towards organic farming
Table 3 shows that educational qualification,
training experience and access to extension
contact of the respondents had significant
positive contribution with their attitude towards
organic farming. Of
these,
educational
qualification and training experience were the
most important contributing factors (significant
at the 1% level) and access to extension contact of
the respondents were less important contributing
factors (significant at 5% level). Coefficients of
other selected variables do not have any
contribution on their attitude towards organic
farming. In this area, women farmers had good
communication among them. Therefore, their
contact with extension workers was less frequent.
The value of R2 is a measure of how the variability
in the dependent variable is accounted by the
independent variables. So, the value of R2 =
0.403 means that independent variables account
for 40.3 percent of the variation with their
attitude towards organic farming. The F ratio is
5.98 which is highly significant (p<0). However,
each predictor may explain some of the variance
in respondents their attitude towards organic
farming simply by chanced. The adjusted R2
value penalizes the addition of extraneous
predictors in the model, but value of 0.336 is still
show that variance is farmer’s attitude towards
organic farming and can be attributed to the

predictor variables rather than by chanced (Table
3). In summary, the models suggest that the
respective authority should be considers the
women farmers educational qualification,
training experience, and access to extension
contact on their attitude towards organic
farming.
Based on the study finding, it can be said that
women
farmers
had
more
educational
qualification increased women farmers’ attitude
towards organic farming. Education plays an
important role to gain more attitude towards
organic farming in many cases. Education
enhances knowledge on many aspects such as
training, extension contact and so on. Women
farmers had more training experience increased
their attitude towards organic farming.
Therefore, high training experience significantly
contributed to the women farmers’ attitude
towards organic farming. Training helps women
farmers to gather more knowledge on organic
farming practices, which ultimately helps them
gather more knowledge. Women farmers had
more access to extension contact increased their
attitude towards organic farming. Therefore,
access to extension contact has high significantly
contributed to the women farmers’ attitude
towards organic farming. Extension contacts
increase women farmers’ knowledge about
various aspects which helps them make more
attitude on organic farming.

Table 3. Multiple regression coefficients of the contributing variables related to attitude towards
organic farming.
Dependent variable
Attitude of the
women farmers
towards organic
farming,

Independent Variable
Age
Educational qualification
Farm holding
Organic farming experience
Annual income
Training experience
Cosmopoliteness
Access to extension contact

β
0.169
0.344
-0.177
-0.032
-0.130
0.396
-0.063
0.275

P
0.117
0.004**
0.163
0.747
0.176
0.002**
0.514
0.022*

R2
0.403

Adj. R2
0.336

F
5.98

** Significant at p<0.01; *Significant at p<0.05

Problems and Suggestions
The women farmers identified eight major
problems in practicing organic farming (Table 4).
The most important problem (77.50 percent)
cited by the farmers was “higher amount of insect
pest and diseases”. This may be a problem when
surrounding crop fields are treated with chemical
pesticides. Another important problem was the
“initial low yield” from organic farming, and it
was ranked in the second position (66.25
percent) cited by the women farmers. The land
has been degraded due to excessive use of

fertilizers and another agrochemical as well as for
mono-cropping. Therefore, crop yield may be
lower through organic cultivation than that of
through traditional fertilizer and agrochemicalbased farming system. The last two perceived
problem mentioned by the women farmer was
‘Lack of employing labor and time in organic
cultivation’ (30.00 percent) and “Lack of market
facilities” (36.25 percent). This might be due to
high demand and shortage of expert labour.
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Table 4. Rank order of problems faced by the women farmers in practicing organic farming.
Problems
Higher number of insect pests and diseases
Initial low yield
Lack of training and knowledge
Low communication with extension workers
Lack of personal interest
Organic farming is more labor intensive
Lack of market facilities
Lack of employing labor and time in organic cultivation
Eight suggestions were offered by the women
farmers to overcome the problems in practicing
organic farming. It is noted from the data in
Table 5 that the foremost (67.50 percent)
suggestion cited by the women farmers was
“Developing organic pesticide company through
private and government initiatives”. Chemical
pesticides are more effective way to control insect
and pest. But it is harmful for our environment.
Effective organic pesticide is important
alternative for this.

No. of citation
62
53
45
44
37
33
29
24

Percent
77.50
66.25
56.25
55.00
46.25
41.25
36.25
30.00

Rank order
1st
2nd
3rd
4th
5th
6th
7th
8th

important (57.50 percent) suggestion offered by
the women farmers. This implies that more will
be the training more will be information collected
by the women farmers. Training programmes are
more helpful in enhancing organic farm
knowledge to them. “Providing campaign for
organic farming through national printed and
electronic media” (32.50 percent) was suggested
by the women farmers as the last suggestion. The
result might be due to that they need more
knowledge on organic farming.

“Arranging need based effective training program
on organic cultivation” was the second most
Table 5. Rank order of suggestions offered by the farmers to overcome the problems in practicing
organic farming.
Suggestions
Developing organic pesticide company through private and
government initiatives
Arranging need based effective training program on organic
cultivation
Advising the farmers effectively by the extension workers about
replenishment of soils through organic means
Providing sufficient extension services for motivating the
farmers in organic cultivation practices
Improving credit facilities with low interest for the farmers
Initiating government support for land tenure system for the
farmers
Improve market facilities
Providing campaign for organic farming through national
printed and electronic media

Conclusions
Slightly above three-fifth (63.70 percent) of the
farmers had moderately favorable attitude
towards organic farming. The result might be due
to that majority of the women farmers had less
organic farming experience and short training
experiences. It may be concluded that the
practice of organic farming will not be possible to
improve to a significant extent unless the
concerned authorities (relevant GOs and NGOs)
take proper steps to improve women farmers’
attitude towards organic farming. Educational
qualification of the respondents had significant
positive contribution with their attitude towards
organic farming. It may be concluded that

No. of
citation
54

Percent
67.50

Rank
order
1st

46

57.50

2nd

42

52.50

3rd

35

43.75

4th

31
29

38.75
36.25

5th
6th

28
26

35.00
32.50

7th
8th

education of the study area would give positive
attitude towards the innovative agricultural
technologies and help extension providers to
demonstrate, disseminate, train and motivate
women
farmers
to
adopt
appropriate
technologies. Training experience of the
respondents had significant positive contribution
with their attitude towards organic farming.
Training experience helps the respondents in
more practice on organic farming. Therefore, it
can be concluded that more the training on
farming by the respondents, higher would be the
attitude towards organic farming. Access to
extension contact of the respondents had
significant positive contribution with their
attitude towards organic farming. So, there is a
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need to take initiative to improve the extension
contact of the farmers with various organizations
for increasing the practice of organic farming.
The most important problem (77.50 percent)
cited by the women farmers was “Higher amount
of insect pest and diseases”. They did not know
well how to prepare or collect organic insecticide
and pesticide. The foremost (67.50 percent)
suggestion cited by the women farmers was
“Developing organic pesticide company through
private and government initiatives”.
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ABSTRACT
The study analyzed profitability and productivity of dairy milk production from a survey of
70 respondents (farmers and market actors) in Dhaka region. Responsible factors that affect
dairy milk production were identified using the Cobb-Douglas production function. The
findings unveil that significant coefficients of variables exhibit positive impact on the dairy
milk production. It is possible for dairy farmers to enjoy sufficient profits from milk
production since earned gross return and net return were Tk. 1099 and Tk. 594, respectively
against the total cost of production Tk. 487.83 per cow per day. Average production of milk
per cow was 12.5 liters. The estimated Benefit Cost Ratio (BCR) was 2.17 that is dairy
farmers earned Tk. 2.17 investing one taka in dairy farming.
Keywords: Dairy farming, Milk production, Profitability, Cobb-Douglas production function, Benefit
Cost Ratio (BCR)
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Introduction
The economy of Bangladesh is mainly based on
agriculture, which is a predominant sector with
about 60 percent of arable land (BBS, 2017a). It
plays central role in accelerating the economic
growth and development (Alam et al., 2009). A
productive, safe and environment friendly
agricultural system is a prerequisite for ensuring
long-term period food security for citizens.
Agriculture has been given the highest priority to
ensure food security in Bangladesh (Bhuiyan and
Karim, 1999). The Seventh Five Year Plan-2015
and National Agriculture Policy-2018 have been
taken by the government for the overall
development of agriculture sector (MoA, 2018;
PC, 2015). Over the last few years, food
production is on an increase (Mohajan, 2018).
Food grains production stood at around 388.14
lakh metric tons (MT) (BBS, 2017a). The
agricultural sector (crops, animal farming, forests
and fishing) contributes 14.74 percent to the
country’s GDP, provides employment to about 41
percent of the labour force, according to
Quarterly Labour Force Survey 2015-16 (BBS,
2017b). GDP from Agriculture in Bangladesh
increased to 10117.30 BDT Million in 2017 from
9922.80 BDT Million in 2016 (BBS, 2017a). Dairy
is the most important livestock sub-sector in
Bangladesh's economy since it provides both
nutrition and income for farm families as well as

rural and urban non-farm jobs (Uddin et al.,
2011). Unfortunately, about half of the country’s
population remains beneath the accepted poverty
threshold. Consequently, they are deprived of the
basic calorie intake, 2122 kcal per day per person
(MoF, 2018). Dairy sector can appear as a
promising horizon in this aspect. The
contribution of the animal-farming sub-sector to
GDP was 1.60 percent in 2017 (BBS, 2017a).
Though the share of this sub-sector in GDP is not
sizeable to date, it makes remarkable
contribution towards meeting the requirements
of daily essential animal protein for human
consumption, reduction of poverty, cultivation of
land, as well as production and export of leather
and leather goods. A number of initiatives have
been taken for sector-wise development of
livestock (Uddin et al., 2011). Since dairying is a
profitable enterprise (Hafeez and Rahman, 2014),
it directly enhanced the household income
providing high value outputs from low value
inputs besides acting as wealth for future
investment (Siddiky, 2017). According to the
estimate of the (DoF, 2017), the population of
livestock rose to 647.45 lakh in 2017 while GDP
growth rate of livestock was 3.32% with a volume
Tk. 35567 crores in GDP at current price.
Additionally, the share of livestock in agricultural
GDP was 14.31% along with the contribution to
direct and partial employment 20% and 50%
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respectively (DLS, 2017). Around 50% of arable
land was occupied for livestock rearing. The
contribution (25%) of livestock and poultry in
fuel supply is not negligible at all (DoF, 2017).
Fourteen structured industries have been
operating dairy businesses in Bangladesh,
including Milk vita, BRAC, and PRAN, which
hold most of the market shares (Haque, 2009).
The production of animal protein like milk, meat
(beef, mutton, chicken) has been increasing over
the past several years (BBS, 2017a). As a result,
per capita availability of animal protein is on a
rise (Huque and Sarker, 2014).
Finding from previous studies revealed the
profitability of dairy cattle rearing for
independent and contract farm (Begum et al.,
2017). Although production of dairy milk in the
country has been accelerating, the rate of
increase is not sufficient to meet the striking
demand (Shamsuddoha and Edwards, 2000).
The production of milk per crossbreed cow was
higher than that of local breeds (Alam et al.,
1995). In supply chain of wholesale milk markets,
the gains of sweet meat shops were comparatively
higher than the other market actors (Mandal et
al., 2008). There is a direct link between
increasing income and reducing poverty since the
increase in household income is a result of dairy
support services implementation to a level above
the poverty line (1.9 US$/day equivalent to
147.96 BDT) (Uddin et al., 2017). Very poor
knowledge of farmers’ in cattle reproductive
management was not unprecedented (Islam et
al., 2016). Economic opportunities for planning
interventions
greatly
increase
farmers’
compliance with an extension programmed
(Shamsuddin et al., 2006). According to Das et
al. (2016), farmers’ unfamiliarity and scarcity of
knowledge made them reluctant to adopt
advanced machineries whereas modernization
through partial mechanization can have a
conspicuous contribution in dairy milk
production in Bangladesh. Imperfect milk market
was responsible for the construction of inefficient
tax and tariff policies, which is good enough to
halt the spontaneous growth of dairy sector
(Jabbar, 2010). To proclaim dairy farming as an
attractive and profitable enterprise, rigorous
research is necessary where extension services
can have mentionable impacts (Shamsuddoha
and Edwards, 2000).
Scale up of the number of dairy farms, over the
years in the capital city of Bangladesh is
conspicuous. The focus of those farm owners is to
grab the prospective milk market and fulfill the
ever-increasing demand of milk to city dwellers.
Additionally, research on responsible factors that
affect the productivity of dairy milk is not
adequate in this particular area. Considering the
above situation, present study was commenced to
identify factors that affect the productivity and to
assess the financial profitability of dairy milk
production in few selected areas of Dhaka region.

Methodology
Study area
This study was conducted in Dhaka district of
Bangladesh since almost all of the farmers in this
area operate their farms commercially. To
initiate, a list of dairy milk producers was
collected, from where another list was created
through the random selection of 50 producers.
Since they sell fresh milk not only to neighbors
but also to sweet shops, wholesalers, retailers,
goalas (milkmen) direct consumers and relevant
data from 20 market actors were assembled. Data
were collected through face-to-face interviews of
milk producers and market actors from January
2018 to March in 2018.
Analytical technique
With the support of the Cobb-Douglas production
feature
methodology,
the
input-output
relationship in dairy farming was analyzed. The
function was successfully utilized in previous
studies (Datta et al., 2019). The following model
specification was used to assess the contribution
of the most important variables to the dairy
farming process:
𝑌 = 𝑎𝑋1 𝑏1 𝑋2 𝑏2 𝑋3 𝑏3 𝑋4 𝑏4 𝑋5𝑏5 𝑒 𝑢𝑖
The output function of Cobb-Douglas has been
converted into a dual logarithmic form so that it
can be solved by the system of ordinary least
squares (OLS).
lnY= ln 𝑎 +𝑏1𝑙𝑛𝑋1 + 𝑏2𝑙𝑛𝑋2 + 𝑏3 𝑙𝑛𝑋3 + 𝑏4 𝑙𝑛𝑋4
+ 𝑏5 𝑙𝑛𝑋5 + U𝑖
Where, Y = amount of milk production
(liter/day), 𝑋1 = utilities (number), 𝑋2 = number
of
human
labour
(man-days/month),
𝑋3 = amount of green grass and straw (kg/day),
𝑋4 = amount of rice dust and wheat husk
(kg/day), 𝑋5 = amount of khasari (grass pea) husk
and pulse husk (kg/day), 𝑙𝑛 = natural logarithm,
𝑎 = intercept, 𝑏𝑖 = production coefficients and
U𝑖 = error term. The aim of the research and
previous literature, Datta et al. (2019) and Sajjad
and Khan (2010), helped to determine the
explanatory variables to be included.
Profitability analysis
Determination and comparison of profitability
among dairy farm families can be possible with
cost and return analysis. Multiplying the
aggregate quantity of commodity and by-product
with their respective prices, the gross return per
cow per day was determined. Therefore,
𝐺𝑅 = ∑ 𝑄𝑚 𝑃𝑚 + ∑ 𝑄𝑏 𝑃𝑏
Where, GR =gross return, 𝑄𝑚 = amount of the
milk produced (liter), 𝑃𝑚 = per unit price of dairy
milk (Tk. /liter), 𝑄𝑏 = amount of by-product, 𝑃𝑏 =
per unit price of by-product.
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Generally, farmers wanted to maximize return
over variable cost of dairy milk production, which
justified the gross margin analysis. In order to
unveil gross margin, total variable cost was
subtracted from gross return. Net return or profit
was calculated by deducting the total cost of
production from the aggregate return or gross
return for per cow per day. Average return to
each taka spent on dairy milk production is a
main criterion for profitability estimation.
Considering this, BCR on total cost was
calculated which is the ratio of total return to
total cost.

Results and Discussion

The cost of production is considered as a crucial
factor for any type of farming decision. The total
cost per day per cow was estimated at Tk. 487.83
where lion’s share (about 90 %) of total cost was
from variable items. Hence, variable and fixed
items were calculated separately. Average
variable cost was found to be Tk. 438.98 and the
fixed was Tk. 48.85, which was only one-tenth of
total cost (Table 1). The average marketing cost
was Tk. 17.16 per day per cow, which was the
accumulation of the cost of labour, electricity,
card for branding, polythene, transportation, and
container used in dairy milk production (Table
2).

Table 1. Cost of rearing dairy cows per cow per day.
Cost Items
Variable cost
A. Cow feed cost
Straw
Green grass
Rice dust
Oil cake
Wheat husk
Khasari husk
Pulse husk
Broken rice
Mineral mix
Molasses
B. Labour Cost
C. Doctor cost +Medicine
D. Electricity Cost
E. Miscellaneous cost
Total Variable Cost(TVC)
Water pump
Housing cost
House rent
Cost of capital
Total Fixed cost (TFC)
Total Production cost
Production cost Tk./Liter

Average Tk./day/cow

Percentage of Total

300.29
40.14
60.45
35.61
20.54
49.64
40.61
22.83
19.77
4.50
6.20
98.96
29.19
8.53
2.01
438.98
0.47
1.77
22.30
24.31
48.85
487.83
48.78

61.56
8.23
12.39
7.29
4.21
10.18
8.33
4.68
4.05
0.92
1.27
20.28
5.99
1.75
0.41
89.98
0.10
0.37
4.57
4.98
10.02
100

Source: Field Survey, 2018

Table 2. Marketing costs per cow per day.
Cost items
1. Labour
2. Electricity
3. Card cost(branding)
4. Polythene cost
5. Transportation cost
6. Container cost
Total marketing cost

Tk/cow/day
2.01
3.01
0.30
3.04
5.02
3.78
17.16

Source: Field Survey, 2018

Int. J. Agril. Res. Innov. Tech. 12(1): 182-187, June 2022

184

Alam et al. (2022)

Financial profitability analysis of dairy milk production in some selected areas of Bangladesh

Returns of dairy farming
The dairy milk farmers were scattered in the
study area. They sold raw milk to final
consumers, bazar, sweet shop, wholesaler, and
neighbors at different prices. Generally, they
received Tk. 84, 59, 58 and 65 per liter from
consumer, wholesalers, sweet shoppers and
nearby markets, respectively. In the study area,
average yield of dairy milk per cow per day was
12.5 liters, which was comparatively higher than
the findings of Datta et al. (2019), and its money
value was Tk. 975. The average values of calf and
cow dung were Tk. 122 and Tk. 2.29, respectively.
Gross return from milk produced per day per
cow, calf sold, cow dung sold was 1099 Tk. (Table
3). Net return on per cow per day was measured
at Tk. 594, which implies that dairy milk
production was a profitable enterprise for the
small and medium dairy farmers and the result is

in the line with the findings of Islam et al. (2018).
The relative profitability of dairy farming can be
estimated by gross margin, which takes into
account only the variable cost included in the
production process. The gross margin of dairy
milk production was estimated at Tk. 660 per
cow per day (Table 3). Financial efficiency of the
dairy milk production was estimated by BCR in
this study. The benefit cost ratio of dairy milk
production per cow per day was 2.17, which
implies that Tk. 2.17 would be earned by
investing Tk. 1.00 for dairy milk production per
cow per day, which was higher than previous
studies (Islam et al., 2018; Hafeez and Rahman,
2014; Alam et al., 1995). Therefore, the dairy
farming was found to be more profitable
enterprise for dairy farmers than earlier days.

Table 3. Gross margin and net return from dairy farming.
Particulars
a) a) Gross return
b) b) Variable production cost
c) c) Fixed production cost
Production cost
Marketing cost
d) d) Total cost (Production + Marketing)
e) e) Gross margin(a-b)
f) f) Net return(a-d)
g) g) Net return (per liter of milk)
h) h) Return on cost {(f/d)*100}
i) i) BCR (a/d)

Tk./day/cow
1099.00
439.00
48.85
487.83
17.16
505.00
660.00
594.00
59.40
117.62
2.17

Source: Field Survey, 2018

Table 4. Estimated coefficients and related statistics of cobb-douglas production function.
Items
Intercept (a)
Utilities (𝑿𝟏 )
Total labour (𝑿𝟐 )
Green grass and straw (𝑿𝟑 )
Rice dust and wheat husk(𝑿𝟒 )
Khasari and other pulse husk (𝑿𝟓 )
R2
Adjusted R2
Returns to Scale
F- value

Coefficient
1.586***
0.189**
0.171*
0.130**
0.291**
0.239**
0.877
0.863
1.020
62.978***

t- value
6.184
2.026
1.703
2.419
2.344
2.226

P- value
0.000
0.049
0.096
0.020
0.024
0.031

Note: *, **, and *** indicate 10, 5 and 1 percent level of significant respectively.
Source: Field Survey, 2018

Regression model with
production function

Cobb-Douglas

The regression coefficients of utilities, green
grass and straw, rice dust and wheat husk, and
khasari and other pulse husk estimated through
Cobb-Douglas production function were positive
and significant at 5% level whereas coefficient of
human labour was positive and significant at 10%

level which indicated that if utilities, number of
labour, green grass and straw, rice dust and
wheat husk, and khasari and other pulse husk
were increased by one per cent, the production of
dairy milk would be increased by 0.189, 0.171,
0.130, 0.291 and 0.239 per cent respectively.
Similarly, Rashid et al. (2015) represented
significant positive impact of green grass, straw,
and rice bran on traditional dairy farming in
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Gazipur while wheat bran was added in the list
instead of rice bran in case of commercial dairy
farming in both Gazipur and Serajgonj. The
values
of
the
coefficient
of
multiple
determination of dairy milk production was
found to be 0.877 which implied that about 87
percent of the total variation in the milk
production could be explained by the included
explanatory variables in the model (Table 4). The
summation of all coefficients related to dairy milk
production was equal to 1.02, which means that
the production function for dairy milk production
expresses increasing returns to scale. If all the
variables listed in the model were increased by
1%, gross milk production would also be
increased by 1.02% (Table 4).

Conclusion
Dairy farming is considered as one of the
important income generating activities to
farmers. The study areas exhibited tremendous
potentiality for dairy milk production. The result
of this study indicated that dairy milk production
was highly profitable and it would help to
improve the socio-economic condition of dairy
farmers in the study areas. Since dairy farming is
a capital-intensive enterprise, it is difficult to
increase milk production within short period due
to scarcity of labour and lack of credit facility in
Bangladesh. Farmers were relatively inefficient
for being small and marginal. Additionally, lack
of adequate space, training, education, political
unrest made the problem more severe. Dairy milk
production can be a lucrative commercial
enterprise through proper monitoring and
intervention of Govt., which would play a
dynamic role to achieve food and nutritional
security along with to alleviate poverty, raise
income and stabilize balance of payment
situation of this country.
Declaration of conflicting interests
The authors declared no potential conflicts of
interest with respect to the research, authorship
and/or publication of this article.
Funding
The authors received no financial support for the
research, authorship and/or publication of this
article.

References
Alam, G.M., Hoque, K.E., Khalifa, M.T.B., Siraj,
S.B. and Ghani, M.F.B.A. 2009. The role of
agriculture education and training on
agriculture
economics
and
national
development of Bangladesh. African J.
Agril. Res. 4(12): 1334-1350.
Alam, J., Yasmin, F., Sayeed, M.A. and Rahman,
S.M.A. 1995. Economics of mini dairy farms

in selected areas of Bangladesh. AsiaAustralian J. Anim. Sci. 8(1): 17-22.
https://doi.org/10.5713/ajas.1995.17

BBS. 2017a. Statistical Yearbook of Bangladesh2017. Bangladesh Bureau of Statistics,
Statics and information Division. Ministry of
Planning, Government of the People’s
Republic of Bangladesh, Dhaka. 78p.
BBS. 2017b. Quarterly Labour Force Survey
Bangladesh 2015-2016. Bangladesh Bureau
of Statistics, Statics and information
Division. Ministry of Planning, Government
of the People’s Republic of Bangladesh,
Dhaka. 319p.
Begum, M., Begum, J., Majumder, M.K.H.,
Hasan, M.M., Hossain, M.S. and Islam, F.
2017. Milk production performances of
crossbred cattle at the villages of Jamalpur
district in Bangladesh. Res. Agric. Livest.
Fish. 4(2): 91-98.
https://doi.org/10.3329/ralf.v4i2.33720

Bhuiyan, S.I. and Karim, A.N.M.R. 1999.
Increasing rice production in Bangladesh,
challenges and strategies. In: Bhuiyan, S.I.
and Karim, A.N.M.R. (Eds.). Rice
production in Bangladesh: an overview.
International Rice Research Institute, Los
Banos. pp. 1-12.
Das, A.K., Saha, C.K. and Alam, M.M. 2016.
Mechanization of dairy farming in
Bangladesh. Agril. Eng. Int. CIGR J. 18(3):
51-62.
Datta, A.K., Haider, M.Z. and Ghosh, S.K. 2019.
Economic analysis of dairy farming in
Bangladesh. Trop. Anim. Health Prod. 51(1):
55-64. https://doi.org/10.1007/s11250-018-1659-7
DoF.
2017.
Annual
Report
2016-2017.
Department of Fisheries, Ministry of
Fisheries and Livestock. Government of the
People’s Republic of Bangladesh, Dhaka.
78p.
DLS. 2017. Vision 2021, Livestock economy at a
glance 2016-17. Department of Livestock
Services, Ministry of Fisheries and
Livestock. Government of the People’s
Republic of Bangladesh, Dhaka. 2p.
Hafeez, A.S.M. and Rahman, M.W. 2014.
Economics of small scale dairy farming in
urban areas of Bangladesh - constraints and
opportunities. Int. J. Sci. Res. 3(12): 22962301. https://doi.org/10.2139/ssrn.2978487
Haque, S.A.M.A. 2009. Bangladesh: Social gains
from dairy development, smallholder dairy
development: lessons learned in Asia. Food
and Agriculture Organization of the United
Nations, Rome. 21p.
Huque, K. and Sarker, N. 2014. Feeds and
feeding of livestock in Bangladesh:
performance,
constraints and options
forward. Bangladesh J. Anim. Sci. 43(1): 110. https://doi.org/10.3329/bjas.v43i1.19378

Int. J. Agril. Res. Innov. Tech. 12(1): 182-187, June 2022

186

Alam et al. (2022)

Financial profitability analysis of dairy milk production in some selected areas of Bangladesh

Islam, F., Alam, M.P., Hossain, M.S., Leena, S. A.,
Islam, M.R. and Hasan, S.M.R. 2016.
Prospects and challenges of homestead
cattle production in the villages of Chapai
Nawabganj district in Bangladesh. Int. J.
Agron. Agril. Res. 9(6): 44-50.
Islam, S., Nahar, T.N., Begum, J., Khatun, M. and
Hossain, M.I. 2018. Marketing and financial
analysis of milk production-a value chain
perspective. Asian Dev. Policy Rev. 6(1): 3240.
https://doi.org/10.18488/journal.107.2018.61.32.40

Jabbar, M.A. 2010. Policy barriers for dairy value
chain development in Bangladesh with a
focus on the North West region. (No. 1382016-2026). CARE Bangladesh. 73p.
Mandal, A.K., Islam, A.H.M.S. and Raha, S.K.
2008. Supply chain analysis of wholesale
milk market in selected areas of Dhaka
district. J. Bangladesh Agril. Univ. 6(1):
205-213.
MoA. 2018. National Agriculture Policy-2018.
Ministry of Agriculture. Government of the
People’s Republic of Bangladesh, Dhaka.
59p.
MoF. 2018. Bangladesh economic review 2018
Dhaka: Economic adviser’s wing, Finance
Division. Ministry of Finance, Government
of the People’s Republic of Bangladesh.231p.
Mohajan, H.K. 2018. Analysis of food production
and poverty reduction of Bangladesh. Ann.
Spiru Haret Univ. Econ. Anal. 18(01): 151162. https://doi.org/10.26458/1819
PC. 2015. Seventh five year plan FY 2016-2020,
accelerating growth, empowering citizens.
General Economics Division. Planning
Commission. Government of the People’s
Republic of Bangladesh. 607p.

Rashid, M.M.O., Kamruzzman, M. and Anik, A.R.
2015. Financial analysis of dairy farming in
selected
areas
of
Bangladesh. Ann.
Bangladesh Agric. 19: 11-21.
Sajjad, M. and Khan, M. 2010. Economic
efficiency of milk production in district
Peshawar: a stochastic frontier approach.
Sarhad J. Agric. 26(4): 655–663.
Shamsuddin, M., Goodger, W.J., Hossein, M.S.,
Azizunnesa, Bennett, T. and Nordlund, K.
2006. A survey to identify economic
opportunities for smallholder dairy farms in
Bangladesh. Trop. Anim. Health Prod. 38:
131–140.
https://doi.org/10.1007/s11250-006-4274-y

Shamsuddoha, A.K. and Edwards, G.W. 2000.
Dairy industry in Bangladesh: Problems and
prospects. (No.
411-2016-25769) 25p. In:
Proceeding of the AARES 2000 Conference to
La Trobe University, Melbourne, Australia.
https://doi.org/10.22004/ag.econ.123730

Siddiky, M. 2017. Dairying in South Asian region:
opportunities,
challenges
and
way
forward. SAARC J. Agric. 15(1): 173-187.
https://doi.org/10.3329/sja.v15i1.33164

Uddin, M.M., Hemme, T., Ndambi, O.A., Sultana,
N. and Khan, M.J. 2017. Impact of dairy
support services and strategies on reduction
of cost of milk production in different dairy
production systems in Bangladesh. Asian J.
Povert. Stud. 3(2): 95-104.
https://doi.org/10.5367/oa.2011.0056

Uddin,
M.M., Sultana,
M.N.,
Ndambi,
O.A., Alqaisi, O., Hemme, T. and Peters K.J.
2011. Milk production trends and dairy
development in Bangladesh. Outlook Agric.
40(3): 263-271.

Int. J. Agril. Res. Innov. Tech. 12(1): 182-187, June 2022

https://doi.org/10.5367/oa.2011.0056

187

International Journal of Agricultural Research,
Innovation and Technology (IJARIT)

ISSN: 2224-0616

An International Online Journal

International Journal of Agricultural Research, Innovation and Technology (IJARIT) welcomes research articles, review article and
short note in the field of agricultural sciences includes: soil science, horticulture, agronomy, entomology, plant pathology, plant science, crop
physiology, animal science, aquaculture, food science and technology, agricultural engineering, agricultural machinery, post harvest technology,
plant breeding and biotechnology, microbial biotechnology, agricultural extension, agricultural development, agricultural economics, rural
development, sustainable agriculture, organic agriculture, forestry, environmental technology and other related fields. The journal is published
twice a year (June and December) in English.
Interested scientists/researchers/scholars/agriculturists/professionals are requested to submit their original research/scientific review papers in
the renowned international journal. Before submission of the new manuscript, authors should consider the following general rules for the
preparation of the manuscript. Please read these instructions carefully and follow the guidelines strictly.
Instructions to Authors:

•
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•

Manuscript should be typed in Times New Roman with 12 point font size in MS word file on A4 (210 × 297 mm) paper, doublespaced throughout and with margins of at least 2.5 cm. All paragraphs should be indented and justified aligned, except tables that
should be left aligned. Manuscript should not be exceeded not more than 10-12 typed pages.
The content should be set out into four major sections: (i) Introduction; (ii) Materials and methods; (iii) Results and Discussion; (iv)
Acknowledgements (if any) and (v) References
The Title must be informative, brief and specific in English, the full postal address including email address of the corresponding author
to whom proofs will be sent. The title should be specific to the study yet concise, and should allow sensitive and specific electronic
retrieval of the article.
The Abstract should not exceed 250 words, should be one paragraph and should be free of references and abbreviations. It should
indicate clearly the scope and main conclusions of the paper. Typical Keywords (up to five) consistent with the title should be resented
after the abstract for subject indexing.
The Introduction should give the pertinent background to the study and should explain why the work was done.
The Materials and Methods (or methodology) should give essential details, including experimental design and statistical analysis.
Results and Discussions should preferably be combined. The results should present the findings of the research. Results should be
written in the past tense. The discussion should cover, but not simply repeat the new findings and should present the author's results
in broader context of other work on the subject interpreting them with a minimum of speculation.
Tables, Graphs and Figures should be minimal. Numerical data should be presented either table or graph. Electronic figures must be
captured at or above 600 dpi resolution.
The Acknowledgements (if any) should be as brief as possible.
References in reference list should be in ascending order of authors’ names first, followed by year (APA style). Only published or
accepted manuscripts should be included in the reference list. All publications cited in the text should be presented in the list of
references following the text of the manuscript.
References in the text should follow the author-year system, e.g., (author, year) for one author; (author and author, year) for two
authors; (first author et al., year) for more than two authors. The reference list should be given alphabetically in the following system:
o Walker, P.T. 1991. Measurement of insect pest population and injury. pp. 19-29. In: Teng, P.S. (ed.). Crop loss assessment and pest
management. APS Press, St. Paul, Minnesota.
o De Datta, S.K. 1981. Principles and practices of rice production. New York. J.Wiley and Sons. 618p.
o Deinum, B. 1966. Influence of some climatological factors on the chemical composition and feeding value of herbage. pp. 415418. In: Proceeding of the 10th International Grassland Congress, Helsinki.
o Feng, H. and Tang, J. 1998. Microwave finish drying of diced apples in a spouted bed. J. Food Sci. 63 (4): 679-683.
o Pimental, D. 1981. An overview of integrated pest management (Mimeograph). Department of Entomology, Section of Ecology and
Systematic, Cornell University, Ithaca, N.Y. p. 52.
Please note that all papers in IJARIT are peer reviewed.
Manuscripts must be submitted along with declaration form & copyright transfer statement to executive editor (editor.ijarit@gmail.com)
as email attachments in word format.
The template of manuscript can be downloaded from the web site.
After acceptance the paper, authors will have to pay BDT 3000/= (for Bangladeshi) or USD 100$ (Other than Bangladesh) as article
processing charges (APC) for editing, online publishing, archiving, and evaluation of the article through Dutch-Bangla Bank online
banking system or Western Union Money Transfer.
However, the qualified authors from the low income countries may be considered for 50% waiver as described
in...https://datahelpdesk.worldbank.org.
As the journal is an open access scientific online journal (authors pay/readers free), the full papers will be published in the journal's
website.
The published issue is availpable at http://www.ijarit.webs.com or http://www.banglajol.info/index.php/IJARIT and can be
downloaded with free of charge.

IJARIT Research Foundation
http://www.ijarit.webs.com

