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A B S T R A C T 
 

The objective of this study was to evaluate and demonstrate the production performance of 
“Koekoek Potchefstroom” chickens in pastoral areas of Hammer woreda. Twenty women 
pastorals from rural areas were purposely selected based on their interest to construct 
chicken shelters or who had house access, interest to rear exotic chickens, well-managing 
ability and up-come all related challenges, enough time for chickens, cover the required 
inputs costs and ability to recording production data. Training on poultry housing 
construction, poultry health, feeds and feeding, watering and important data recording 
system were given. Quantitative data like body weight, egg weight and first egg laying date 
were taken. Data were analyzed using SPSS software (v-21). Results revealed that the 
mortality of chicks from 45 to 60 days was 5%. The overall mortality from 60 days to 90 
days was 8.75%. About 83.5% of the chicken survived until the laying age. The overall mean 
body weights were 0.96, 1.91, 2.14 and 2.12 kg at 3, 5, 7 and 9th month’s age, respectively. 
Body weight at different ages was significantly different between the sexes. The average 
weight of eggs at 24, 28, 34 and 38 weeks of age were 47.3±0.9, 47.3±1.1, and 48.2±0.9 and 
46.9±1.3 g, respectively.  Age at first egg laying was recorded as 167.4 days. The major 
causes of death were diseases (Coccidiosis) and poor management practices like lack of 
follow-up, letting them go out of their home and allowing them to scavenge and poor 
nutrition. In a conclusion, this breed has been familiarized with scavenging and partial-
scavenging production areas of the existing pastoral system with appropriate housing, 
feeding and good health service provision. Verification in large-scale pastoral areas with 
different breeds should also be seen to look at its full potential as compared to agrarian 
areas. 
 

Keywords: Pastorals, Keokoek, Body weight, Egg weight, Hammer woreda 
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Introduction 
 

Poultry are among the most common livestock 
species in Ethiopia with an estimated of 57 
million, of which total poultry regarding to 
breeds, 78.85%, 12.02% and 9.11% were 
indigenous, hybrid and exotic, respectively (CSA, 
2021). It is also expected that this number will 
increase because it tends to follow the rapid 
population growth and urbanization human, 
shortage of cultivating and grazing land, 
unemployed and high and unbalanced protein 
demand. Poultry is relatively become with the 
most preferred animal (Belay et al., 2018). The 
Ethiopian poultry sector could be characterized 
into three major production systems (Alemu  and 
Tadelle, 1997), traditional or backyard village 

poultry production system, small-scale modern 
poultry production system and large-scale 
commercial poultry production system. Recently 
a fourth sector emerge, that keeping a dual 
purpose exotic chickens breeds at the 
government poultry breeding and rearing centers 
(Solomon, 2008). The former production system 
encompasses the indigenous and characterized by 
small flock size, poor or low input and output, 
periodic devastation of flock by diseases. Small-
scale modern poultry production system is 
recently emerging system particularly in urban 
and peri-urban areas. Those small numbers of 
broilers or egg type of exotic breeds of chicken 
(50-1000) are produced along commercial lines 
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using relatively modern management methods. 
In and near Addis Ababa there are more than 
twenty private large-scale commercial poultry 
farms among these the majority are located in 
Debre Ziet. The top three raised largest 
commercial poultry farms with modern 
production and processing facilities are ELFORA, 
Alema and Genesis farms. Breeding and rearing 
centers openly import fertile eggs and day old 
chicks of dual propose (egg and meat) chickens as 
a parent stock, and they distributing fertile eggs, 
baby chicks, pullets and cockerels for NGOs, 
MoARD and privates (Alemu and Tadelle, 1997; 
Solomon, 2008). 
 

Despite their low egg production and poor growth 
rates, indigenous poultry breeds are commonly 
performed better in resistance to diseases and 
advanced level of performance under poor 
nutrition and environmental extremes compared 
to commercial strains under village systems 
(Horst, 1989). In many parts of Africa, studies on 
biodiversity of indigenous chickens revealed the 
presence of high genetic variability within 
ecotype populations (Muchadeyi et al., 2007; 
Mwacharo et al., 2007;  Mogesse, 2007) showing 
that the potential for genetic improvement of 
these chickens through selection. Poultry 
productions has a great role for poverty reduction 
in rural poorest society, but in rural areas of 
Ethiopia, particularly in smallholder farmers they 
consider poultry production as a side line activity 
beside to their main agricultural farming such as 
cropping and livestock production (Belay et al., 
2018). The empowerment of farmers through 
introduction of poultry technology may 
contribute significantly to reducing poverty, 
enhancing food security, and promoting gender 
equality (Reta, 2009). Thus, interventions, which 
are targeting farmers and pastorals, are crucial 
towards reaching those development goals and 
increasing poultry production. 
 

Koekoek chicken breed is suited for the 
scavenging particularly in semi-scavenging 
production practices, they can adapt in tropical 
agro-ecology due to farmers preferred this breed. 
Koekoek chicken breed is a best scavenger and 
with an egg production potential of 180-240 eggs 
per year which is depending on the management 
practice. According to Aman et al. (2016), 
“Potchefstroom Koekoek” chicken performed 
better under farmer’s management condition, 
this indicating their productivity could be 
increased through improved husbandry practices 
such as feeding, housing and health intervention. 
Research result by Nigussie et al. (2010), 
observed that the strengths of institutional 
linkage should be need to transform the 
traditional piece meal approach of poultry 
technology into promotion via careful selection 
and packaged technologies.  
 

Hence, to improve the poultry production sector, 
technologies with their packages should be 
disseminated to the marginal pastoral and agro-
pastoral rural areas. Therefore, this study was 
conducted to evaluate and demonstrate 
productive performance of Potchefstroom 
Koekoek chickens in pastoral areas of Hammer 
woreda in South Omo zone. 
 

Materials and Methods  
 

Description of the study area 
 

This study was conducted in pastoral areas of the 
Hammer woreda of South Omo Zone. The woreda 
is located at 36° 12.45″ and 37° 30.25″ E. The 
weather condition is hot to warm semi-arid. An 
average temperature is 37°C and altitude varies 
from 450 meter to 1765 meter above sea level 
with an average annual rainfall 400 mm (Hidosa 
et al., 2020). 
 

Selection of pastorals 
 

Twenty women pastorals from rural area of 
Hammer woreda were purposely selected based 
on their willingness to construct poultry shelter 
or those who had house access, interest to rear 
the exotic chickens, ability to manage well the 
breeds and up-come all related challenges, 
enough time for chickens, covering the required 
inputs costs and ability to recording production 
data. Training on poultry housing construction, 
poultry health, feeds and feeding, watering and 
important data recording system were given. 
 

Accordingly, model pastorals 
 

 Pastorals were given 20 chicken seed source 
(A total of four hundred 45 day old koekoek 
for 20 female pastorals). 

 

Distribution, management and diet of birds 
 

Day old dual-purpose chickens, which were 
obtained from Debrezeit Agricultural Research 
Center, were managed by cooperatives that grow 
chicken up to 45 day old and then after 45 day the 
chicken were given to selected women pastorals. 
Chickens were vaccinated for NCD, Gumboro and 
Mareks. Introduced chickens were vaccinated 
against common diseases in the area such as 
salmonella and coccidiosis diseases.  
 

Data collection technique and analysis 
 

Data was collected on live body weight and 
weight gain monthly  up to 9 months of age with 
sensitive balance, mortality, disease, predator, 
age at first egg laying and egg weight at different 
age. Monitoring and evaluation were undertaken 
on monthly base afterwards. Egg production data 
was collected through the help of developmental 
agent’s with the collaboration and participation 
of beneficiary pastorals using data collection 
checklists. Quantitative data measurements (live 
weight, egg weights and egg production) were 
analyzed using descriptive statistics of SPSS 
version 21 software. 
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Results and Discussion 
 

Adaptability of Koekoek chicken breed 
 

It has been observed that the Potchefstroom 
Koekoek chicken were well adapted in the studied 
areas. The chickens are ideal breed for a free 
scavenging environment particularly for the rural 
residence because they are highly scavengers 
without confining them to a house. It was 
observed that it might cause of death due to 
suffocation and cannibalism because of mineral 
deficiency; alongside this, they compete with 
human food. As observed that Koekoek chicken 

has a broody behavior, which has comparable 
characteristics with the Ethiopian indigenous 
chicken breeds (Belay et al., 2018). 
Comparatively Koekoek chicken breeds has low 
broody behavior than the indigenous one as most 
hens do not show any sign of broody behavior or 
not easily observed by the producers (Belay et al., 
2018). Though broadness behavior is preferred 
by the rural pastorals, it has negative impact on 
egg production and this is the main reason for the 
low egg productivity of the indigenous chicken 
ecotypes of Ethiopia (Belay et al., 2018). 

 

  
 

  
 

Plate 1. Chicken rearing practices under pastoral management condition. 
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Survival rate of chicken 
 

The result showed mortality of chicks from 45 
day to 60 days was 5.00%. The overall mortality 
from 60 days to 90 days was 8.75%. On average 
about 83.50% of the chicken survived to the 
laying age. The survival and mortality rate varied 
between pastorals and this could be due to the 
difference in management practices. The survival 

rate of the chicks was comparable with works of  
Yirgu et al. (2019) at Sidama zone who reported 
88.30% survival rate at 8 weeks of age.  
 

The major reason for mortality was predator 
followed by disease. The mortality reasons are 
accompanied by inappropriate housing, watering 
and feeding condition at the pastorals.  
 

 

Table 1. Morality of chicken in different stages. 
 

Kebeles No. of Chicken given Mortality up to 60 
days N (%) 

Mortality from 60 to 
90 days N (%) 

Total mortality up 
to six months N (%) 

Eriya Embule 200 9 (4.50) 19 (9.50) 35 (17.50) 
Dimeka zuriya 200 11 (5.50) 16 (8.00) 31 (15.50) 
Overall  400 20 (5.00) 35 (8.75) 66 (16.50) 

 

N= sampled HH; % = percent (Source: Survey result) 
 

Weight at different age and sex 
 

Koekoek chicken breed performances under the 
pastoral management are presented in Table 
2.  The average body weight of the male was 1.00, 
2.06, 2.22 and 2.16 kg at 3, 5, 7 and 9th months, 
respectively. Similarly, the average weight of the 
female chickens was 0.91, 1.75, 2.05 and 2.08 kg 
with the similar ages and condition. The overall 
average body weight was 0.96, 1.91, 2.14 and 2.12 
kg at similar age. Body weight at different age 
was significantly differing between sexes. 
Chickens age at first egg laying was at six months 
age under pastorals management practice. The 
average body weight and age at first laying 

attained in this finding was better than the result 
reported by Aman et al. (2016) with 1.5 kg for 
male and 1.1 kg for female at the age of 5 months 
and 1.3 for male and 1.2 for female at the age of 5 
months (Belay et al., 2018). This difference might 
be due to the feeding and management practices 
of the pastorals and agro-ecological effect. 
Similarly, according to Yirgu et al. (2019), the 
average body weight of the chicken at twenty 
weeks of age was 1.49 and 1.23 kg for males and 
females, respectively in Shebedino woreda of 
Sidama region, which is lower that the result 
attained in this study. 

 

Table 2. Weight (kg) of Koekoek chicken at different age and sex at the district. 
 

Parameters 3rd month wt 5th month wt 7 month wt 9 month wt 
Sex  N Mean±SE N Mean±SE N Mean±SE N Mean±SE 
Female  48 0.91±26.8b 37 1.75±48.4b 37 2.05±71.9b 35 2.08+83.8b 
Male  54 1.00±20.7a 38 2.06±61.7a 38 2.22±59.9a 36 2.16+72.2a 
Overall 102 0.96±17.2 75 1.91+43.0 75 2.14±47.4 71 2.12±55.0 

 

abMeans in the same column for each parameter with different superscripts are significantly different (P<0.05); 
SE = Standard Error.N = number of sampled chickens 
 

Egg weight (g) at the studied Kebeles 
 

Data on egg weight of the chicken was collected 
and the average weight of egg at 24, 28, 34 and 
38 weeks of age were 47.3±0.9, 47.3±1.1, 
48.2±0.9 and 46.9±1.3 g, respectively.  The 
current finding is higher than egg weight stated 
by Lemlem and Tesfay (2010) (43.0±2.24 g) and 
Aman et al., (2016) (40.2 g) in northern Ethiopia 
and Areka area, respectively. However, higher 
egg weight of Koekoek is reported by Belay et al. 

(2018) on Koekoek (52.5 g), Nthimo (2004) on 
koekoek (55.7 g) and Rhode Island Red 
(52.5±2.83 g) and Lemlem and Tesfay (2010) on 
white leg horn (52.1±3 g) chickens. Egg weight at 
East Shoa zone in Dugda district was obtained 
44.28 g under backyard management (Geleta, 
2020). According to Geleta (2020), variation in 
egg weight most probably caused due to different 
feed resource because egg weight is the function 
of breed and protein source feed. 

 

Table 3. Egg weight (g) of the chicken at the two kebele. 
 

Kebele 24 weeks 28 weeks 34 weeks 38 weeks 
Eriya Embule (Mean ±SE) 48.2±1.2 48.0±1.5 48.7±1.3 48.4±2.1 
Dimeka Zuriya (Mean ±SE) 46.3±1.4 46.4±1.6 47.7±1.4 45.1±1.5 
Overall (Mean ±SE) 47.3±0.9 47.3±1.1 48.2±0.9 46.9±1.3 

 

SE = Standard Error; 
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Age at first egg laying 
 

Age at first egg laying was recorded as 167.2 and 
167.6 days for Eriya Embule and Dimeka Zuriya 
pastorals, respectively with a mean of 167.4 days. 
This result was lower than  Belay et al., (2018) 
report in which age at first laying was 6 months 
in Tigray region and 187 days in Shebedino 
woreda of Sidama region ( Yirgu et al., 2019). But 
higher than the value reported by  Geleta (2020) 
in East Showa zone which is 22 weeks; Aman et 
al. (2016) in the southern part of Ethiopia (142 

days);  Belay et al., (2018) and Desalew (2012) 
(153 days) results of age at first egg laying of the 
same breed. Correspondingly, in South Africa, 
this chicken grasps the age of 130 days (Nthimo, 
2004). Feeding, watering, housing, veterinary 
services and environmental conditions could be 
the main reasons for the lateness or earliness of 
egg laying.  Based on the current result, sexual 
maturity both in male and female koekoek 
chickens were more than 23 weeks at Hammer 
pastoral area. 

 

Table 4. Age at first egg laying days. 
  

 Kebeles Sampled HH Mean±SE (days) 
Eriya Embule 10 167.2±1.8 

Dimeka Zuriya 10 167.6±2.3 
Overall  20 167.4±1.4 

 

SE = Standard Error 
 

Major constraints of poultry production 
 

Major problems and mortality of chicken was 
encountered due to death, eaten by predators, 
died as soon as started laying egg (emergency) 
and stolen by thief. According to the respondents, 
the major causes of death are disease like 
coccidiosis (Symptoms of disease diarrhea, loss of 
appetite, wrinkling) and accidental. Poor 
management like lack of follow up by owners, 
letting them to go out from their home and 
allowing them to scavenge and poor nutrition are 
the major ones. 
 

Conclusions and Recommendations 
 

This result revealed that Koekoek chicken is 
suited breed for the semi-scavenging production 
system of tropical environment and preferred 
breed in the studied areas. The breed is a good 
scavenger. The overall average body weight was 
0.96, 1.91, 2.14 and 2.12 kg at similar age. Body 
weight at different age was significantly differing 
between sexes. Due to broody behavior of 
Koekoek chicken is preferred by the rural 
pastorals, as they have no artificial incubator. 
This behavior may be important for sustainability 
of the breed under traditional production system. 
Age at first egg laying was 167.4 days. Data on egg 
weight of the chicken was collected and the 
average weight of egg at 24, 28, 34 and 38 weeks 
of age was 47.3±0.9, 47.3±1.1, 48.2±0.9 and 
46.9±1.3 g, respectively. 
 

Based on the attained result, the breed is 
recommended to be introduced into scavenging 
and semi-scavenging chicken production system 
of the existing pastoral area. Good housing, 
feeding, enough veterinary service provision and 
capacity building to all stakeholders is a critical 
issue beside of introducing and maximizing their 
production. Verification in large scale at pastoral 
area with the breed should be seen to look its full 
potential as compared to agrarian areas. 
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A B S T R A C T 
 

This study was conducted in Maale district Southwest Ethiopia with the objective of 
evaluating the productive and reproductive performance of Maale goats under agro-pastoral 
management conditions. Thirty households that have flocks numbers of more than ten were 
purposely selected and monitored from July 2018 to July 2019. Growth data of birth weight, 
three month, six month, nine month and yearly weight; birth type and parity were collected. 
The data were analyzed using the General Linear Model (GLM) procedure of SPSS (21). The 
overall mean birth weight of the kids was 2.57±0.05 kg (males 2.68±0.07 and females 
2.47±0.07 kg). The weaning and six months weight of kids was significantly different 
(p<0.05) between sexes of kids with 7.66±0.25 and 6.90±0.23 kg for male and female kids, 
respectively. The average body weight of males and females for six months; nine months and 
yearly were 11.57±0.30, 10.42±0.28; 15.42±0.27, 14.69±0.25 and 19.03±0.28, 18.43±0.25 
kg, respectively. The birth type showed a significant (p<0.05) difference in birth weight. The 
result further indicated that the weaning weight of single and twin kids was highly 
significant (p< 0.001) and recorded as 7.66±0.25 and 6.90±0.23 kg, respectively. The 
overall pre-weaning average daily gain was 51.64±1.89 g day-1 (54.47±2.81 male and 
48.93±2.53 g day-1 female). The birth type was significantly (p=0.01) different in pre-
weaning growth rate and recorded 57.24±1.63 and 45.24±3.59 g day-1 for single and twin 
kids, respectively. Twins had higher post-weaning average daily gain than single and 
recorded as 43.61±1.48 and 40.76 ±0.70 g day-1, respectively. It was concluded that, along 
with other management interventions, the reproduction and growth performance of Maale 
goats is reasonably good and suited for community-based breeding strategies and higher 
performance could be expected. 
 

Keywords: Ethiopia, Maale Goats, Performance, Productive, Reproductive, South Omo 
 
 
1Southern Agricultural Research Institute, Jinka Agricultural Research Center, P.O. Box 96 Jinka, Ethiopia 
2Ethiopian Institute of Agricultural Research, P.O. Box 2003, Addis Ababa, Ethiopia 
 

*Corresponding author’s email: meketegirma@gmail.com (Mekete Girma) 
 
Cite this article as: Girma, M., Nahom, F., Getaneh, D. and Seid, A. 2022.On-farm performance evaluation of 
malle goats under agro-pastoral management in Southwest Ethiopia. Int. J. Agril. Res. Innov. Tech. 12(2): 7-13. 
https://doi.org/10.3329/ijarit.v12i2.63933 
 
 

Introduction 
 

Livestock production is one of the primary 
agrarian activities which directly or indirectly 
employ a large section of the society especially 
those residing in the rural areas (Belay and 
Meseretu, 2018; CSA, 2021). Several studies have 
indicated that the overall productivity of the 
livestock does not commensurate with their 
population (Aberra, 2018). Results of the latest 
livestock census showed that there is huge 
number of goats, which estimated in 52.5 million, 
which are reared across the diverse agro-
ecological zones and production system of the 
country (CSA, 2021). Despite huge number and 
genetically diverse, Ethiopian indigenous goats 
are genetically less productive as compared to 
temperate breeds (Mohammed et al. 2012). 

Goats are deeply embedded in almost every 
African culture and are true friends to rural 
people of Sub Saharan Africa in particular 
(FARM Africa, 2005). Goats can play a vital role 
in ensuring the food security of a household, 
often being the only asset possessed by a poor 
family. In time of trouble, such as crop failure or 
family illness, goats can be sold and food or 
medicine purchased (FARM Africa, 2005). Goats 
also provide their owners with a broad range of 
products and socio-economic services and have 
played an important role in the social life of many 
African people, being used as gifts, dowry, in 
religious rituals and rites of passage (Peacock, 
1996). 
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Based on phenotypic characterization, the 
country is endowed with 15 goat populations 
(IBC, 2004), even though, the recent molecular 
study regrouped in to seven genetic entities 
(Mekuriaw, 2016). Goats are the significant 
species for the rural communities that reared in 
large flock since they are adaptive to harsh 
environment than sheep and cattle species 
(Birhanie et al., 2018). Goats are provided 3.4 
and 1.6 times higher gross margin than sheep and 
cattle, respectively in dry area of the country 
(Woldu et al., 2016). 
 

Goat production has become very popular in 
recent years as a path way out of poverty (Ahuya 
et al., 2003) and has been regarded as a feasible 
means to improve the income and nutrition of 
rural communities and to bring these 
communities into commercial marketing systems 
(Braker et al., 2002). However while the wide 
spread cultural acceptance of goat and goat 
products for development there are many 
physical, economic, social and political 
constraints to developing goats in Sub-Saharan 
Africa (FARM Africa, 2005). Attempts to 
document indigenous goat breeds of Ethiopia and 
their performance using different methods have 
been conducted since long (Deribe, 2009; Hassen 
et al., 2012; Dereje et al., 2013). However, studies 
of on-farm performances of a goat breed at 
community level are quite limited. 
 

Performance recording is an important tool to 
suggest for the breeding policy for a given area. 
However, recording in general is hardly practiced 
in many livestock species in the country, to 
identify the performance and management gaps 
(Tibbo, 2006). Reproductive and productive 
performances are important indicators of 
adaptability and management suitability (Abegaz 
et al., 2002; Getahun et al., 2008). Birth weight, 
birth type, pre and post-weaning, parity of doe 
and season of birth are important traits that can 
affect the profitability of the goat enterprise 
(Zeleke et al., 2017). These important traits are 
affected by a number of factors. Genetically and 
environmental factors are dramatically affect the 
goat production. Among these factors, pre-
weaning mortality of young kids is the essential 
problem for the breeders. Mortality is 
documented as the main factor adversely 
affecting goat production in the tropics (Zeleke et 
al., 2017). It needs a strategic post-survey 
recording and documentation of the 
performances of the animals in their native 
environment under farmer’s condition.   
 

Very often, the results obtained from on-station 
research are of little relevance to traditional 
production systems and may not contribute much 
towards understanding of the specific adaptation 
of animals to farmer’s conditions (Rey et al., 
1992). Documentations of important productive 
and reproductive traits related to the Woyto-Guji 
(locally known as Woyto, Guji or Konso) goat 
breed at on farm level are very little. However, 
information is lacking in this regard, and no 

study has yet been conducted to identify such 
factors. Therefore, this study was aimed to 
evaluate and measure on-farm productive and 
reproductive performances of Woyto-Guji goats 
in their breeding tract under agro-pastoral 
management conditions. 
 

Materials and Methods 
 

The study area 
 

Maale woreda is one of the ten woreda’s found in 
South OmoZone, which covers an area of 1432 
km2 and has human population estimated 
102,870. The population density of the woreda is 
66 persons per km2. The woreda is divided in to 
23 rural and 1 urban PA. The altitude of the 
woreda ranges between 600-1500 m.a.s.l. Its 
astronomical locations are 5.080N - 6.010N 
latitudinally and 36.30E - 370E longitudinally. 
There are two major agro ecologies found in the 
woreda namely kola and woynadega, which 
account 85% and 15%, respectively. The mean 
annual RF ranges between 800-1200 mm and the 
mean annual temperature ranges between18-
350c. The woreda has animal resources with an 
estimated amount of 324,652 cattle, 81,181 sheep, 
452,943 goats, 213,456 local and improved 
poultry, 12,256 equines, 2870 dogs, 3028 cats 
and 267,216 bee colonies. The average land 
holding of the woreda ranges from 0.15-2.10 
hectare. There is only one ethnic group/Maale/ 
found in the woreda and their farming system is 
mixed crop livestock production system 
(Bizuayehu et al., 2016). 
 

Data source and management 
 

All collected data were coded and recorded in 
excel sheet. On farm flock, monitoring was 
carried out in three kebele’s of the woreda. The 
kebele’s were selected purposively based on the 
goat population and access for infrastructure. 
Accordingly, thirty households with flocks 
numbers more than 10 were selected, and a total 
of 30 Flocks were monitored from July 2018 to 
July 2019. At the beginning of the study, all flocks 
were ear tagged. The age of the goats and parity 
were identified with dentition and information 
from the rearers. 
 

Data was collected by trained enumerated in the 
selected kebele’s and supervised by researchers in 
a monthly interval. Data collected on growth 
include birth weight, three months weight, six 
months weight, nine and twelve month’s weight. 
In addition, season of birth, type of birth, does 
parity also taken. Body weight was taken every 
month using hanging scale balance (50 kg 
capacity with 200 g precision) for kids until six 
months of age and with three months interval 
thereafter.  
 

Growth rate (Average Daily Gain, ADG) was 
computed as: 
 

Pre-weaning ADG (g  day-1) = (3 MWt – Birth Wt)/90 
Post-weaning ADG (g day-1) = (Yearly wt – three 
months weight)/275. 

8 



Girma et al. (2022) Evaluation of malle goats under agro-pastoral management in Southwest Ethiopia 

 
Int. J. Agril. Res. Innov. Tech. 12(2): 7-13, December 2022 

Milk yield data 
 

Data on milk yield was taken from 61 doe’s.  After 
parturition, dam milk production was measured 
once in a week to 3 month postpartum. Dam was 
separated from their progeny in the late 
afternoon when they came in from grazing. Early 
next morning one-half of the udder was milked 
out by hand and kids then allowed to suck to 
satiety and again separated. In the afternoon, 24 
hr after the initial separation on the day, half of 
the udder was again milked out. Total milk 
recorded at the morning and afternoon milking 
was doubled to give an estimate of daily milk 
production.   
 

Statistical analysis 
 

The collected data was analysed using the 
General Linear Model (GLM) procedure of SPSS 
(21). Dependent or response variables in the 
analysis were birth weight, weight at different 
ages and pre and post weaning and average daily 
weight gains. The fixed effects considered were 
sex of the kid, parity of the doe, birth type and 
season of birth.  
 

The model used to analyse growth traits was: 
 

Yijkl= μ + Si + Pj +Bk+Tlεijkln 
 

Where, 
  

Yijkl = observed live weight and weight gain (Yijklth 
individual)  
μ = overall mean  
Si= the effect of the ith sex (i = 1, 2)  
Pj = the effect of the jth parity (j = 1, 2, 3, 4, 5, ≥6)  
Bk= the effect of the kth type of birth (k = single, twin) 
Tl= the effect of the lth season (l = wet, dry) 
εijkln = random residual error associated to Yijklnth 
observation 
 

Results and Discussion 
 

Flock monitored 
 

From the studied thirty agro-pastorals in the 
beginning, there have been 750 goats and after 
one year, the goat number reached 875. The flock 
number was increased by 17% in one year. A total 
of 343 (male 167 and female 176) kids birth data 
were recorded during the flock monitoring 
period. Male to female ratio of the new births 
were 0.95:10. The result indicated that sex 
categories did not appear differently from the 
expected ratio of 50:50. The mean number of 
flock at the end of the study period was 
29.17±12.76 (Mean±SD) with the range of 14-70 
goats per HH. 
 

Growth performances 
 

Birth weight, three month, six month, nine 
month and yearly weight of goats in the studied 
district was presented in table1. 
 

The result in Table 1 showed that sex had a 
significant effect (P<0.05) on birth weight, 
weaning weight and six months weight of the 
kids. The birth weight of males and female kids 
were 2.68±0.07 and 2.47±0.07 kg, respectively 
with the overall mean birth weight of 2.57±0.05 
kg. The present result was higher than studied by 
(Alemu, 2015; Belay and Mengistie, 2013) which 
was reported 1.98±0.06 and 1.91±0.04 kg, 
respectively for Abergalle goats and comparable 
with the study of Deribe (2009) for Alaba goats. 
The type of birth, sex, parity, the development 
and age of dam, length of pregnancy, feeding, 
season of kidding, parity and health condition 
(Mioč et al., 2011) may acclimatize these 
variations of birth weight. 
 

The sex of the kids had statistically significant 
(p<0.05) effect on birth weight. Male had a 
heavier weight as compared to the female kids; 
this may be due to the effects of sexual-size 
dimorphism (Liao et al., 2013). The birth weight 
obtained in the present study was comparable 
with reports of Mehlet (2008) for Arsi-Bale goats 
at on-station and Tatek et al. (2004) for Arsi-Bale 
goats under traditional management conditions. 
Birth weight is an economic trait, which has a 
positive relation with kid survival and overall 
post-natal development. 
 

The effect of the type of birth on kids' birth 
weight clearly demonstrated that in this study 
single kids were significantly (p<0.05) heavier 
than twin kids. According to the result, single and 
twin kid’s birth weight was 2.67±0.04 and 
2.46±0.09 kg, respectively. The differences in  
birth  weight  in  different  litter  size may  be  due 
to  the  small  size  and  weight of  the  twin  in the 
uterus (Bushara et al., 2013; Zeleke et al., 2017). 
Kugonza et al. (2014), confirms these results that 
birth weight decreased as litter size increased 
with single kids growing much faster than twins 
do at all ages. It is probable that single kids 
consume more colostrum and hence more 
immunoglobulins than twins or triplets. This 
means that resistance to disease is stronger in 
singles and hence the higher possibility of a 
better growth rate and live body weight (Kugonza 
et al., 2014). It also means that the higher birth 
weight of single born kids than those of multiple 
births is probably due to the sharing of uterine 
space and uterine nutrient by the fetus of 
multiple births leading to lowered birth weight 
(Soundararajan and Sivakumar, 2011). Weaning 
weight of single and twin kids was highly 
significant (p<0.001) and was 7.86±0.15 and 
6.60±0.32 kg, respectively.  
 

The effect of season of birth on body weight was 
statistically significant (P<0.05). The kids born 
during dry season  (2.67±0.07 kg) weighed 
heavier than wet season (2.47±0.06 kg). The 
result was in agreement with Deribe (2009) for 
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Alaba goats and Zeleke et al. (2017) for Central 
Highland x Boer crossbred goats. This could be 
due to the availability of better nutrition (grass 
and browsing tree) in the later stage of pregnancy 
i.e. during end of wet season. Besides the same, 
the doe/kids may not be able to go for browsing 
due to heavy rains and the only option to feed 
such doe/kids is through cut and carry system. 
Zeleke et al. (2017) also explained that, the effect 
of season might be partly by the climatic 
conditions and feed availability during mating 
and pregnancy of dam. The lowest birth weight 
during wet season may be due to that goats in wet 
season do not graze well due to the dew and 
wetness of the environment, which consecutively 
affect the foetus at pregnancy. According to 
Deribe (2009), the higher birth weight in kids 
born in the dry season is related to the better 
body condition of the dams due to good body 
reserves during the early dry season. 

Furthermore, goats were in a better body 
condition irrespective of feed availability when 
they were free wandering during the dry season, 
having chance for feed selection. Weaning weight 
and six months weight of kids was significantly 
different (p<0.05) between sex of kids. 
Accordingly, weaning weight of male and female 
kids was 7.66±0.25 and 6.90±0.23 kg, 
respectively.  
 

Six months weight of male and female kids was 
11.57±0.30 and 10.42±0.28 kg, respectively. The 
least square mean of nine months weight of male 
kids was 15.42±0.27 kg and female goats was 
14.69±0.25 kg, average yearly weight of male and 
female goats at Maale woreda was 19.03±0.28 
and 18.43±0.25 kg, respectively. The result was 
higher than the reports of Abergalle goats at 
Sekota area (Belay and Mengistie, 2013). 

 

Table 1. Least square means and standard errors for weights from birth to yearly age of Malle goats. 
 

Factor Birth Wt (kg) 3mon Wt (kg) 6mon Wt (kg) 9mon Wt (kg) Yearly Wt (kg) 
N LSM(±SE) N LSM(±SE) N LSM(±SE) N LSM(±SE) N LSM(±SE) 

Overall  343 2.57±0.05 304 7.27±0.17 275 10.97±0.21 259 15.04±0.18 252 18.72±0.19 
Sex of kid  *  *  *  NS  NS 

Male 167 2.68±0.07 147 7.66±0.25 132 11.57±0.30 125 15.42±0.27 120 19.03±0.28 
Female 176 2.47±0.07 157 6.90±0.23 143 10.42±0.28 134 14.69±0.25 132 18.43±0.25 

Birth type  *  ***  NS  NS  NS 
Single 276 2.67±0.04 244 7.86±0.15 223 11.32±0.19 208 14.97±0.17 203 18.89±0.17 
Twin 67 2.46±0.09 60 6.60±0.32 52 10.50±0.41 51 15.13±0.36 49 18.48±0.37 

Season of birth  *  NS  NS  NS  NS 
Wet season 202 2.47±0.06 179 7.32±0.24 161 11.21±0.28 153 15.18±0.25 149 18.88±0.25 

Dry season 141 2.67±0.07 125 7.22±0.25 114 10.75±0.30 106 14.91±0.27 103 18.56±0.27 
Parity of doe  NS  NS  NS  NS  NS 

1 46 2.51±0.15 38 6.87±0.51 35 10.68±0.55 34 14.49±0.49 34 18.17±0.48 
2 74 2.61±0.10 66 7.32±0.41 56 11.09±0.53 53 15.54±0.48 52 19.02±0.47 
3 63 2.49±0.10 55 7.82±0.41 47 11.34±0.47 44 14.63±0.42 42 18.38±0.44 
4 50 2.53±0.17 45 7.18±0.55 41 10.44±0.67 36 15.05±0.61 35 18.90±0.61 
5 38 2.57±0.11 37 6.87±0.36 37 10.90±0.45 36 14.98±0.40 36 18.95±0.40 
>6 72 2.71±0.09 63 7.46±0.29 59 11.16±0.37 56 15.30±0.34 53 18.68±0.36 

 

*p < 0.05, ** p< 0.01, *** p< 0.001; Means with different letters within the same column are significantly different at the 
indicated level. NS: Not Significant; N: number of observations. 
 

According to the studied result,  the birth weight 
of the kids in the parity of the first, second, third, 
fourth, fifth and more than six were, 2.51±0.15, 
2.61±0.10, 2.49±0.10, 2.53±0.17, 2.57±0.11 and 
2.71±0.09 kg, respectively (Table 1). Although, 
the weight of the kids through all parities 
statistically insignificant there were plenty and 
visual difference in the birth and three months 
weight. This may be attributed with the 
advancement of the animal age or it may due to 
physiological stress experienced by goats. 
According to study of Deribe (2009), there was 
non- consistent increment of birth weight as 
parity advanced. The decline of dam’s 
productivity soon after reaching certain level of 
threshold, as it was observed from the sharp 
decrement in fifth parity, might partly be due to 
the management and aging effect at higher 
parties (Deribe, 2009). 
 

 
 

Weight Gain (ADG) performance of the kids 
 

The overall pre-weaning average daily gain for 
the studied goats was 51.64±1.89 g (Table 2). The 
pre-weaning average daily gain obtained in this 
study was comparable with Abergalle goats 
(Belay and Mengistie, 2013). Pre-weaning ADG of 
male and female kids was 54.47±2.81 and 
48.93±2.53 g, respectively. However, there was 
no significant difference in average daily weight 
gain between male and female kids. Similar result 
was also observed by Zeleke et al. (2017), sex of 
kids had no influence on pre weaning and post 
weaning kid survival rates for Central Highland x 
Boer crossbred goats. The present study 
disagreed with the study by Gatew et al. (2019) 
who reported that sex of kids affected 
significantly by total daily weight gain in Bati 
goats.  Sex of kids, season of birth and parity of 
doe  were non-significant (p > 0.05) on the 
average daily weight gain of Maale goats and 
similar results was reported by Gatew et al. 
(2019) in Bati goat. 
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The result further indicated that, birth type was 
significantly (p<0.01) different in pre-weaning 
ADG and recorded as 57.24±1.63 and 45.24±3.59 
g for single and twin kids, respectively. Kids born 
as single were higher in pre weaning daily body 
weight gain than twins; this result was in 
agreement with (Zeleke et al., 2017; Bushara et 
al., 2013).  According to those authors, this 
difference is probably due to the intrauterine 
environment where a higher availability of 
nutrients to the single kid, lack of competition as 
well as more space may facilitate growth. The 
uterine space and available nutrient shared by 
more than one kid may be responsible for the 
reduced birth weight with increasing litter size. 

However, the pre-weaning ADG was not affected 
by season of birth in this study, many 
researchers, indicated that there have been 
factors of birth season on ADG (Zeleke et al., 
2017; Gatew et al., 2019). The overall Post-
weaning ADG was 41.98±0.75 g day-1. Post-
weaning ADG was non-significant for the studied 
fixed effects. However, twins have higher post-
weaning ADG than singles and recorded as 
43.61±1.48 and 40.76±0.70 g day-1, respectively. 
According to the current result wet and dry 
season birth post weaning weight ADG was 
recorded as 42.30±1.02 and 41.69±1.10 g day-1, 
respectively.  

 

Table 2. Least square means and standard errors for pre and post average daily gain from birth to 
yearly age of Maale goats. 

 

Factors  Pre-weaning ADG (g day-1) Post-weaning ADG (g day-1) 
N LSM(±SE) N LSM(±SE) 

Overall  305 51.64±1.89 252 41.98±0.75 
Sex of kid   NS  NS 

Male 147 54.47±2.81 120 42.28 ±1.11 
Female 158 48.93±2.53 132 41.71±1.01 

Birth type  **  NS 
Single 245 57.24±1.63 203 40.76 ±0.70 
Twin 60 45.24±3.59 49 43.61±1.48 

Season of birth  NS  NS 
Wet season 180 52.96 ±2.60 149 42.30 ±1.02 
Dry season 125 50.38±2.73 103 41.69±1.10 

Parity of doe  NS  NS 
1 38 48.07 ±5.61 34 40.39 ±1.95 
2 67 50.07±4.51 52 42.87 ±1.91 
3 55 58.85±4.48 42 40.33±1.76 
4 45 51.68±6.10 35 42.05±2.43 
5 37 47.75±4.01 36 44.21±1.60 
>6 63 52.55±3.18 53 41.27±1.44 

 

** p< 0.01, Means with different letters within the same column are significantly different at the indicated level. 
NS: Not Significant; N: number of observations; ADG = Average Daily Gain; g day-1= gram per day. 
 

Milk production of Maale goats 
 

Milk yield increased gradually with the progress 
of parity (lactation number) in the present study. 
Milk yields were 293.5±17.60, 322.4±18.90, 
327.6±18.80, 326.1±18.90, 320.8±18, 
313.5±16.80, 301.7±16.20, 297.8±16.60 and 
289.4±16.2 g from the first to the 9th week of the 
studied period, respectively. It shows that 
gradually increased up to week 5 and decreased 
then afterwards. The yield was also gradually 
increased with parity number. The present result 

was comparable with Somali goats, which 
produce between 0.3 to 0.5 litres of milk per day 
under grazing condition (Mengistu et al., 2007). 
The milk production potential of Maale goats was 
also lower than Begait goats, which are capable of 
producing 0.55 kg of milk daily without 
supplementation but 0.7 kg with 
supplementation (Berhane and Erik, 2006). The 
results of this study were in agreement with the 
findings of other studies made in the tropics 
(Hossain et al., 2004).  

 

Table 3. The result of the daily milk yield of doe’s for nine weeks of the monitoring period. 
 

Parity Mean (±SEM) of milk of doe (ml) 

Week1 Week2 Week3 Week4 Week5 Week6 Week7 Week8 Week9 

1 261.75 ±34.0 300.0±44.2 301.5±34.5 302.25±32.1 300.0±33.2 287.25±32.6 276.0±29.2 282.0±33.1 273.0±30.5 

2 280.20±43.9 300.7±44.3 303.4±40.4 305.70±46.1 296.6±60.3 295.90±40.1 285.7±38.4 268.6±40.3 275.5±38.4 

3 286.40±36.8 307.5±42.7 332.7±44.2 315.70±44.5 321.8±40.6 304.10±38.3 304.8±37.2 306.1±36.3 292.5±35.5 

4 282.00±42.7 339.8±48.2 321.3±49.5 326.00±52.1 306.0±45.1 316.50±41.8 292.5±40.6 300.8±40.7 287.3±41.9 

5 273.30±49.1 295.3±52.7 310.8±56.9 310.00±54.0 305.8±55.9 307.50±50.0 284.2±48.5 285.0±50.1 267.5±48.9 

6 377.30±51.2 392.3±52.5 396±54.9 398.30±53.3 395.2±53.1 372.00±49.3 366.8±46.2 345.0±48.9 339.8±47.8 

Overall 293.5±17.6 322.4±18.9 327.6±18.8 326.1±18.9 320.8±18.0 313.5±16.8 301.7±16.2 297.8±16.6 289.4±16.2 
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Summary and Recommendations 
 

Small ruminants have socio-economic and 
cultural values other than their physical products 
meat, milk, skin, manure, etc. They are 
considered as a risk averters for a family through 
sale for quick and seasonal needs. The objective 
of the study was to evaluate the productive and 
reproductive performance of goats in Maale agro-
pastoral woreda, Southern Ethiopia. On farm 
flock monitoring was carried out in three kebele’s 
of the woreda. The kebele’s were selected 
purposively based on the goat population and 
access for infrastructure. Thirty households with 
flocks numbers more than ten were selected, and 
a total of 30 flocks were monitored from July 
2018 to July 2019. Data was collected by trained 
enumerated in the selected kebele’s and 
supervised by researchers in a monthly interval. 
The mean number of flock at the end of the study 
period was 29.17±12.76 (mean±SD) with the 
range of 14-70 goats per HH. 
 

The birth weight of males and female kids was 
2.68±0.07 and 2.47±0.07 kg, respectively with 
the overall mean birth weight of 2.57±0.05 kg. 
According to the result, single and twin kid’s 
birth weight was 2.67±0.04 and 2.46±0.09 kg, 
respectively. Weaning weight of single and twin 
kids was highly significant (p<0.001) and was 
7.86±0.15 and 6.60±0.32 kg, respectively. These 
weights and growth rates at specific ages pointed 
out that goat of the area express better productive 
capacity. These situations indicate the 
opportunity for further improvement of the 
reproductive and growth performances of the 
animals through appropriate strategies of 
community based improvement, disease 
prevention and control, water development, 
feeding and husbandry practices. The milk 
production potential of Maale goats was low. 
However, there is a good potential to increase the 
DMY to about 1 kg through improved 
management system. It is concluded that 
performance level of the goats of Maale area as 
measured by reproduction and growth 
parameters is reasonably good and if appropriate 
community based breeding strategies designed, 
higher performance could be expected. The 
contribution of goats to the agro-pastorals 
enterprise is also satisfactory and could be 
further improved if modest interventions are 
undertaken to reduce the barriers. 
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A B S T R A C T 
 

An experiment was conducted with a simple lattice design with two replications to estimate 
the genetic variability in 62 soybean genotypes and 2 standard check varieties. The 
variability parameters such as mean, range of variation, genotypic and phenotypic 
coefficient of variation, heritability in the broad sense, genetic advance, and genetic advance 
as percentage of mean were estimated for 11 different traits. The values of the phenotypic 
coefficient of variation (PCV) were greater than the genotypic coefficient of variation (GCV) 
for all the traits, revealing the influence of environmental factors. The value of heritability 
was determined to be high for the traits such as grain yield, harvest index, number of seeds 
per pod, number of primary branches per plant, number of pods per plant and hundred seed 
weight. Indicating that the larger portion of total variation would be under genetic control 
and selection based on phenotypic levels would be useful for the improvement of these traits 
in soybean. High estimates of heritability together with high genetic advance as percentage 
of mean were recorded for grain yield, harvest index, number of seeds per pod, number of 
primary branches per plant, number of pods per plant and hundred seed weight, which may 
be attributed to the presence of additive gene action and had high selective value. Thus, 
selection pressure could successfully be applied to these traits for soybean improvement 
programs. 
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Introduction 
 

Soybean [Glycine max (L.) Merrill] is a self-
pollinated diploid and has a chromosome 
number of 2n = 4x = 40. Soybean was categorized 
in the legume family, Leguminosae (Hymowitz 
and Newell, 1981). Soybean is a highly nutritive 
food, which can play an important functional role 
in the human body, with beneficial effects on 
health and the prevention of diseases (Hea and 
Chen, 2017). According to FAOstat (2018), world 
soybean production is 337 million tons per year. 
Soybean is the most widely grown leguminous 
crop in the world and is an important source of 
protein and oil for food and feed (Sharma et al., 
2013; Hossain and Komatsu, 2014). The land 
dedicated to soybean cultivation in Africa in 2016 
exceeded 1.5 million hectares. About 6.8 million 
households in SSA, representing about 28.6 

million people grow soybean (Scheinfeldt et al., 
2012). The productivity of soybean on 
smallholder farmer fields in Ethiopia is estimated 
to be 2217 kg ha-1 in the 2016 cropping season 
(CSA, 2017), which was low relative to the global 
average (2791 kg ha-1). (Tadesse and Alamerew, 
2015; FAOstat, 2020). About 209,000 small-
scale farmers are soybean producers from the 
western part of the country in Oromia, 
Benishangul-Gumuz and Amhara (CSA, 2021). 
Lack of improved varieties, low response to 
nutrients, diseases problem etc. are the most 
identified problems for low productivity (Tesfaye, 
2012). In Southwestern Ethiopia, the Jimma zone 
is one of the high potential soybean production 
areas in the country, whereas soybean is a new 
crop for Modio in Kaffa, zone. However, soybean 
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production is still very low in these high potential 
areas, particularly, in the Jimma Zone, whereas 
there were no soybean trials conducted, and 
soybean production had not started in Modio 
before. There has been growing interest in 
assessing the importance of black and brown 
seeded soybean varieties in the country for its 
economic importance. There is no research 
activity conducted, particularly on black and 
brown seeded soybean genotypes. Therefore, this 
study was initiated with the objective of assessing 
genetic variability and estimating the magnitude 
of heritability of yield and yield-contributing 
traits in black and brown seeded soybean 
genotypes. 
 

Materials and Methods  
 

An experiment was conducted at Jimma and 
Bonga by using simple lattice design with two 
replication. For the aim of estimating the 
variability parameters such as mean, range of 
variation, genotypic and phenotypic coefficient of 
variation, heritability in broad sense, genetic 
advance and genetic advance as percentage of 
mean using 62 genotypes with two standard 
checks of soybean on main rainy season in 2019. 
The data were recorded for 11 different traits such 

as plant height, number of pods per plant, 
number of primary branches per plant, number 
of seeds per pod, pod length, hundred seeds 
weight, days to 50% flowering, days to 95% 
physiological maturity, biological yield, harvest 
index and grain yield. The genotypic and 
phenotypic coefficients of variation were 
computed as per the formula suggested by Burton 
(1952), Johnson and Wichern (1955). Heritability 
in broad sense will be calculated as per the 
formula suggested by Allard (1999).  The formula 
given by Allard (1999), Johnson and Wichern 
(1955) calculated the expected genetic advance. 
 

Results and Discussion 
 

Combined ANOVA revealed that the mean 
squares due to genotypes were found significant 
for all the traits under study, which showed the 
presence of genetic variability among tested 
genotypes. The mean square due to the genotype 
x location interaction was significant only for 
biomass yield, harvest index and grain yield 
indicating the differential response of genotypes 
for these traits at each location. 
 

 

Table 1. ANOVA for yield and yield related traits.  
 

SV DF Plant 
height  

Pods  
plant-1 

Primary 
branches 
plant-1 

Seeds 
pods 

Pod 
length-1 

Days to 
5% 
followe 
ring  

Days to 
95% 
maturity 

Biological 
yield 

Harvest 
index 

Hundred 
seed 
weight 

Grain yield 

Lo   1 78.58       3.04        0.75      54.57      2.30       2.56 1378.26      1147.51     6180693.21   0.00024 3024285.65 
Re                    1 18.12       2.82        0.000039      0.16        0.0009       0.36 0.56       268.14       3143.00 0.00072 12713.79 
Bl 14 7.64        46.95 2.93       6.30       0.20        1.30        5.53        86.11        3945.19 0.00039 8033.81 
Ge 63 60.09       84.98      89.23       254.87       0.34        12.25       42.80       94.17        63325.89 0.02 843206.71 
Lo*ge 63 7.58      2.67       2.75       3.00       0.08        0.15 2.02       6.36        53337.78 0.001 11169.97 
Er 113 7.03 13.64 18.33       8.44 0.13 0.50 3.23 14.89 3464.00 0.00026 7239.18 
 

Where, SV= source of variance, DF=degree of freedom, Lo=location, Re=rep, Bl=block, Ge=genotype, Lo*ge=location by 
genotype *, ** significant at 5% and 1%, respectively. 
 

Estimation of broad-sense heritability  
 

In this study, broad-sense heritability ranged 
from 15.77% to 98.82% (Table 2). Broad sense 
heritability estimates greater than 80% are 
considered very high, whereas values in the range 
of 60 and 80%, 40 to 59% are considered high, 
and medium, respectively, while values less than 
40% are regarded as low (Singh, 2001). 
Accordingly, Robinson and Wilcox (1988), the 
heritability estimates in this study might be 
considered very high for all the traits, except for 
pod length (68.96%) and biological yield (15.77%) 
(Table 2). Traits whose heritability is higher, 
allow greater success in the selection so that the 
chance of obtaining superior progenies with 
selected individuals is higher. For this reason, 
breeders may adopt the use of indirect selection 
for quantitative traits with low heritability, a 
selection through correlated characters. Similar 
results were reported by Ghodrati (2013) for 

plant height and Karnwal and Singh (2009) and 
Sirohi et al. (2006) for the number of seeds per 
plant and number of pods per plant for soybean 
genotypes. Also, Aditya et al. (2011) estimated 
heritability for 31 soybean genotypes and 
reported high heritability for days to 50% 
flowering, plant height, number of primary 
branches per plant, and number of pods per 
plant, harvest index, hundred seed weight, and 
grain yield.   
 

Genetic advance as percent of mean  
 

The genetic advance as the percentage of the 
mean (GAM) at 5% selection intensity is 
presented in Table 2. According to Johnson and 
Wichern (1955), genetic advances as a percent of 
the mean can be categorized as low (0-10%), 
moderate (10-20%) and high (20% and above). 
The genetic advance as percent of mean (GAM) 
value in the present study ranged from 1.79% for 
biological yield to 60.78% for grain yield. The 

15 



Belay et al. (2022)                Genetic variability, genetic advance, and heritability of soybean in Ethiopia 

 
Int. J. Agril. Res. Innov. Tech. 12(2): 14-17, December 2022 

genetic advance as percent of mean estimates was 
high for grain yield (60.78%), harvest index 
(57.32%), number of seeds per plant (33.1%), 
number of branches per plant (31.34%), number 
of pods per plant (30.88%) and hundred seed 
weight (26.68%).  
 

Selection based on those traits with a relatively 
high genetic advance as a percent means will 
result in the improvement of the performance of 
the genotypes for the traits. It was moderate for 
plant height (11.48%) and days to 50% flowering 
(10.87%). However, the estimates of low GAM 
were low for pod length (8.3%), biological yield 
(1.79), days to 95% physiological maturity 
(7.14%) and pod length (8.3%). This low estimate 
of genetic advance as a percent means arises from 
a low estimate of phenotypic variance and 
heritability. Similar results had reported for the 
number of pods per plant, number of seeds per 
plant, seed yield, number of branches per plant, 
hundred seed weight, and biological yield by Jain 
et al. (2017), Major and Singh (1996), Koraddi 
and Basavaraja (2019). 
 

High heritability coupled with high genetic 
advance as percent of mean estimates were found 
for grain yield, harvest index, number of seeds 

per plant, number of primary branches per plant, 
number of pods per plant, and hundred seed 
weight. High heritability estimates, along with, 
the high GAM is usually more helpful in 
predicting grain yield under selection than 
heritability estimates alone (Johnson and 
Wichern, 1955). It indicates the predominance of 
additive gene action in the expression of these 
traits, which also indicates that these traits might 
be considered favorable attributes for 
improvement through selection. On other hand, 
low heritability and low GAM were noted for 
biological yield. This indicates that advancement 
in this trait through the usual selection may not 
be effective. The presence of higher 
environmental factors along with non-additive 
gene action might be the possible causes for the 
low values of heritability and genetic advance as a 
percentage of the mean for biological yield. In 
agreement with this result, former investigators 
viz., Malek et al. (2014) for 100 seed weight. Reni 
and Rao (2013); Bangar et al. (2003), and 
Basavaraja (2002) for several primary branches 
per plant. Denton and Nwangburuka (2011) 
found high heritability and genetic advance as 
percent mean for grain yield and harvest index. 
 

 

Table 2. Estimates of mean, range, variance components and coefficients of variability, heritability 
and genetic advance of the 11 traits. 

 

 

SD = standard deviation, σ2g = Genotypic variance, σ2p = Phenotypic variance, GCV= Genotypic coefficient of variation, 
PCV= Phenotypic coefficient of variation, H2b = Broad sense heritability, EGA= Expected Genetic Advance, GAM= Genetic 
advance as percent of mean and K = Selection intensity. PH= plant height, PBPP= number of primary branches per plant, 
SPP= number of seeds per plant, PL=pod length, HSW=hundred seed weight, DF=days to 50% flowering, DM= days to 95% 
physiological maturity, BY=biological yield, HI= harvest index and GYD=grain yield. 
 

Conclusion   
 

Combined ANOVA revealed the presence of 
phenotypic variability among the studied 
genotypes. The magnitude of the phenotypic 
coefficient of variation (PCV) was greater than 
the genotypic coefficient of variation (GCV) for all 
the traits showing the influence of environmental 
factors. High estimates of heritability together 
with high genetic advance as percentage of mean 
were observed for traits such as grain yield, 
harvest index, number of seeds per pod, number 
of primary branches per plant, number of pods 
per plant and hundred seed weight, which may be 
resulted from the presence of additive gene 

action and resulted in high selection response. 
Therefore, selection pressure based on these 
characters could result in improvement in their 
descendants. 
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A B S T R A C T 
 

The overall goal of this study was to examine the effects of climate change on the yield of 
four distinct crops (Aus, Aman, Boro and Wheat) in Sylhet by using secondary climate data 
from 1970 to 2020. The study's other goal is to assess the impact of river water levels on 
crop productivity in Sylhet over time. Data on crop productivity, weather variability and 
river water levels were gathered from the various fields. Yield vs. climatic correlation was 
discovered in the study, and this correlation varied according to season. To estimate the 
impact of climate change on rice yield, a multiple regression model is used. Climate 
variables in the model were found to account for 11% of the overall variation in Aus rice 
yield. The relationship between relative humidity and maximum temperature is positive and 
statistically significant. Other variables had no effect on yield because they were not 
significant. Furthermore, Regression results indicated that climate variables account for 
60.6 percent of the overall variation in Aman rice output. Relative humidity, on the other 
hand, can undermine the yield. Climate variables account for 53.5 percent of the overall 
variation in Boro rice output, according to the findings. As a result, an increase in rainfall 
may have a negative impact on Boro rice yield. Maximum and minimum temperatures might 
have a favorable impact on Boro rice yield. Increases in maximum temperature, on the other 
hand, can considerably boost Wheat yield while decreases in minimum temperature can 
diminish Wheat yield. On the other side, the results of the regression analysis suggest that 
river water level has a minor impact on Aus, Aman, and Boro yield. However, as the model 
demonstrates, the river water level can have an impact on wheat yield. The impact of 
temperature and rainfall on water level was also investigated in this study because the 
regression model failed to produce positive results. Surprisingly, the model performs well, 
despite the fact that maximum temperatures have a negative impact on water levels in the 
Aus and Aman seasons. This shows that if warmer temperatures aid raises Aus and Aman 
yields, then the water level cannot sabotage the yield rise. Rainfall has a favorable impact on 
the water levels in the Aus, Aman, and Boro seasons, but has a negative impact on the water 
levels in the Wheat season. 
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Introduction 
 

Bangladesh is regarded as one of the world's most 
vulnerable countries to climate change and 
natural disasters. The country is situated in low-
lying floodplains at the confluence of three 
powerful Asian rivers, the Brahmaputra, Ganges, 
and Meghna, as well as their countless tributaries 
(World Bank, 2010). Bangladesh's climate is 
shifting, and it is becoming more unpredictable 

every year. Temperature and rainfall variations 
caused by global warming are already visible in 
many places of the world, including our own 
country. Climate change has an impact on 
agriculture by having a biological effect on crop 
yield, which has an impact on costs, production, 
consumption and ultimately per capita calorie 
consumption and malnutrition. 
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Agriculture, the largest sector, is already under 
strain due to rising food demand and issues with 
agricultural land and water depletion (Amin et 
al., 2015). However, due to limited cultivable 
land and the influence of climate change, 
Bangladesh is currently experiencing a significant 
difficulty in rice production to feed its growing 
population. Changes in temperature and rainfall 
caused by global warming are becoming visible 
on a worldwide scale, as well as in our own 
country. Temperature, rainfall, humidity and sun 
radiation are among climatic elements that 
influence agricultural production. Due to 
changing climatic circumstances, a decrease in 
rice productivity is expected to be a serious 
problem in the next years.  
 

In Bangladesh, climate change has had a 
significant impact on the yield and cropping area 
of four important crops: Aus rice, Aman rice, 
Boro rice and Wheat (Amin et al., 2015). Amin et 
al. (2015) discovered that maximum temperature 
had a substantial impact on all food crops as well 
as cropping area. Although the minimum 
temperature harmed Aman rice, it boosted the 
yield and cropping area of the other three crops. 
Australia's farming area benefited from the rain. 
Humidity has a role in the Aus and Aman rice 
yields. One of the most important climatic 
conditions for agricultural production is rainfall 
(Karim et al., 1999). 
 

Water is required at vital periods in the growth 
and development of all crops. Furthermore, 
excessive rainfall can result in flooding and 
waterlogging, which can result in crop loss 
(World Bank, 2000). Climate change has affected 
the yield and cropping area of four main crops in 
Bangladesh: Aus rice, Aman rice, Boro rice and 
Wheat (Amin et al., 2015). According to Amin et 
al. (2015), maximum temperature has a 
significant impact on all food crops as well as 
cropping area. Despite the fact that the minimum 
temperature damaged Aman rice, it increased 
yield and cropping area for the other three crops. 
Rainfall is one of the most important climatic 
factors for agricultural production (Karim et al., 
1999). All crops require water at critical times 
during their growth and development. 
Furthermore, heavy rains may cause flooding and 
water logging, which can lead to a slew of other 
issues. A 1 mm increase in rainfall will reduce 
Aman rice yield at the vegetative, reproductive 
and ripening stages (Amin et al., 2015). 
Agriculture is a particularly vulnerable sector to 
climate change; for example, in Africa, over two-
thirds of arable land will be lost by 2025 as a 
result of climate change, and agricultural 
production would fall from 21% to 9% by 2080 
(Masipa, 2017; Liliana, 2005).  
 

The consequences of climate change, as well as 
the vulnerability of small and medium farms to 
these changes, present a challenge for institutions 
and policymakers. Moderate weather fluctuations 
during critical periods of crop development can 
also have a significant impact on production. 
While cost of inputs, types of tools used, 
irrigation water availability, rainfall and 
commodity prices are some of the additional 

elements that can affect output; they are not the 
only ones. Besides, crop yield is being harmed 
because of the climate change, posing food and 
livelihood security concerns (Tripathi, 2017). 
 

Climate change, along with rising poverty and 
food scarcity, has resulted in a slew of food 
security issues, posing a threat to the entire 
country. According to Ahmed (2006), 
agricultural product production was dropped by 
45 percent during the terrible storm of 1988 and 
more than 2 million hectares of crop area were 
flooded again in 1998. According to a research by 
(Dasgupta et al., 2010) the 2007 flood swamped 
42 percent of the country's land, drowned 2.1 
million hectares of agricultural land and affected 
14 million people. For the livelihoods, most of the 
people in Bangladesh depend on its natural 
resources. Global warming has contributed more 
frequent, severe and vast extent of the recent 
droughts (Dash et al., 2012; Paul, 1995). It 
threats to food security in many regions 
worldwide including Bangladesh (Dash et al., 
2012; Rahman et al., 2007). 
 

Sylhet is located in the active monsoon areas of 
Bangladesh with an annual rainfall of roughly 
3963 mm (Bari et al., 2015). The rainfall 
distribution has not been steady so far. The rainy 
season, which runs from April to October, is hot 
and humid with heavy showers and 
thunderstorms practically every day, whereas the 
short dry season, which runs from November to 
February is mild and clear (Wikipedia, 2009). 
Rainfall is a continuous random variable that 
varies not only with time but also with 
geographical region and height in space (Ali et 
al., 1994). It is the free supply of water that is 
directly and most consistently supplied to a crop 
and vegetation. However, it may be used most 
effectively by limiting its destructive effects while 
enhancing favorable outcomes, which requires 
agricultural activities to be planned in such a way 
that the beneficial effects of rainfall are 
maximized while the dangerous effects are 
reduced (Khan et al., 1991). 
 

Almost all-earlier research was limited to climatic 
impacts on specific food crops. To date, no 
research has been done in Bangladesh to assess 
the economic effects of climate change on overall 
crop production. Some research on the economic 
implications of climate change on agriculture has 
already been done in neighboring countries. All 
of the studies found that climate change has a 
major impact on agriculture; however, there was 
a wide range of loss and gain in different places. 
This emphasizes the importance of assessing the 
effects of climate change on agricultural growing 
in the Sylhet region. Sylhet, on the other hand, 
has already been identified as a possible center of 
large-scale production. However, these places are 
behind in terms of socio-economic development 
and are vulnerable to natural disasters and 
environmental degradation. Because of the 
challenges posed by climate change, Sylhet is one 
of Bangladesh's most afflicted areas. Thus, the 
following objective is to determine the impact of 
climate change and river water level fluctuations 
on agricultural production. 
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Materials and Methods 
 

Selection of study area 
 

The Jaintia, Khasi and Tripura hills surround 
Sylhet, which is located on the banks of the 
Surma River (SCC, 2015). Sylhet is located at 
24.8917°N, 91.8833°E in Bangladesh's 

northeastern area. The climate in this area is 
generally mild, warm and temperate. Summers in 
this area see a lot of rain but winters see very 
little. In Sylhet, the average annual temperature 
is 23.6°C (74.5°F). The average annual rainfall is 
5048 millimeters. 

 

 
Fig. 1. Map of the study area. 

 

Methodology 
 

This research was carried out using secondary 
data from the Bangladesh Meteorological 
Department (BMD). Sylhet station is one of the 
hydro-meteorological stations of BMD. Daily 
observed rainfall and temperature data for the 
Sylhet station were gathered over the period 
1970–2020 since climate variables with at least 
daily temporal resolution from long-term high 
quality and reliable records are important to 
account for variations in extremes (Tank et al., 
2009). 
 

Data collection and analysis of collected data 
 

The Yearbook of Agricultural Statistics of 
Bangladesh, issued by the Bangladesh Bureau of 
Statistics (BBS), Department of Agricultural 
Extension (DAE) and the Bangladesh Rice 
Research Institute (BRRI) were used to compile 
data on Aus, Aman, Boro and Wheat Season for 
the period 1970–2020. On the other hand, 
Bangladesh Water Development Board (BWDB) 
collected daily river water level data reported in 
(m) of several stations in the research region that 
encompasses important rivers from 1996 to 
2020. The data was then translated into seasonal 
average statistics based on the growing seasons of 
the four crops studied. 
 

The analysis was done in three steps. Then, a 
correlation analysis was performed to find the 
correlation coefficient (r) between yield data and 
all other available variables to find if they 
positively or negatively correlated with each 
other. Lastly, a multiple linear regression analysis 
was performed to find the R2 (Regression 
Coefficient) value.  
 

Results and Discussion 
 

Correlation coefficients between crop 
yield and climatic parameters 
 

Aus rice 
 

The line traced through the parameters in Fig. 2 
(a, b, c, d) has a mixed slope, indicating that this 
scatter plot demonstrates a mixed linear 
connection. The yield, temperature, and cloud 
cover all have a negative connection, according to 
the correlation study. On the other side, yield, 
rainfall and relative humidity all have a positive 
association. The R² value for all parameters 
suggested that the co-relation between the 
variables was inadequate. For all parameters 
except maximum temperature and relative 
humidity, the slope of the line is quite low, 
indicating that yield is more dependent on 
maximum temperature and relative humidity 
than other characteristics. 

 

 
Fig. 2. Aus (a) Yield vs TempMax, (b) Yield vs TempMin, (c) Yield vs RF and (d) Yield vs RH. 
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Fig. 3. Aman (a) Yield vs TempMax, (b) Yield vs TempMin, (c) Yield vs RF and (d) Yield vs RH. 
 

Aman rice 
 

A mixed linear correlation may be seen in Fig. 3 
(a, b, c, d). The yields, rainfall, and relative 
humidity all have a negative link, according to the 
correlation study (Yield vs RF, Yield vs RH). On 
the other side, yields, maximum temperature, 
and minimum temperature all show a strong 
positive association (Yield vs TempMax, Yield vs 
TempMin). The R² result suggested that the 
relationship between the variables yield, 
maximum temperature and relative humidity is 
adequate. In addition, the R² value of other 
parameters suggests a low correlation. The slope 
of the line is moderate for maximum temperature 
and relative humidity, indicating that yield has a 
modest dependence on these variables compared 
to other variables. 
 

 
 

Boro rice 
 

From Fig.4 (a, b, c, d) found that the correlation 
analysis indicates a negative correlation between 
yield and rainfall (Yield vs RF) whereas a strong 
positive correlation displays between yield, 
maximum temperature, minimum temperature 
and relative humidity (Yield vs TempMax, Yield 
vs TempMin, Yield vs RH). The value of R² 
indicated that the co-relation between the 
variables yield, maximum temperature, 
minimum temperature are well enough. On the 
other hand, other parameters R2 value indicates 
low correlation between climatic parameters 
except sunshine. The slope of the line is good for 
maximum temperature and minimum 
temperature, which indicated that yield, has a 
good dependency on those parameters than other 
parameters. The lines also provide lower rainfall 
and relative humidity related to the Boro rice. 
  

 

 
Fig. 4. Boro (a) Yield vs TempMax, (b) Yield vs TempMin, (c) Yield vs RF and (d) Yield vs RH. 
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Fig. 5. Wheat (a) Yield vs TempMax, (b) Yield vs TempMin, (c) Yield vs RF and (d) Yield vs RH. 
 

Wheat 
 

The line traced through the parameters in Fig. 5 
(a, b, c, d) has a mixed slope; hence, this scatter 
plot reveals a mixed linear connection. The yield, 
maximum temperature, rainfall, and relative 
humidity all have a moderately favorable 
connection according to the correlation study 
(Yield vs TempMax, Yield vs TempMin, Yield vs 
RF, Yield vs RH). However, yield, wind speed and 
sun shining hour all have a negative association 
(Yield vs WS, Yield vs SS). The R² value indicates 
that the variables yield, relative humidity, wind 
speed, and sunshine have a good association. 
Other parameters R² values, on the other hand, 
suggest a low correlation between climatic 
variables. The slope of the line is good for relative 
humidity, which indicated that yield has a good 

dependency on relative humidity than other 
parameters. The lines also provide lower 
maximum and minimum temperature related to 
the Wheat yield. 
 

Yield with River water level 
 

The correlation study indicates a favorable 
relationship between Aus yield, Aman yield, and 
Wheat yield as shown in Figure 6 (a, b, c, d). The 
correlation result for Boro yield, on the other 
hand, shows a modest relation between yield and 
water level. Except for Wheat yield, the R² value 
for other factors suggested that the correlation 
between the variables was insufficient. The line's 
slope is quite low, indicating that yield is only 
slightly affected by climate variables. 
 

 

 

 
Fig. 6. (a) Aus yield vs WL, (b) Aman yield vs WL, (c) Boro yield vs WL and (d) Wheat yield vs WL. 
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Regression analysis between the crop 
yield and climatic variables 
 

The Regression Results for the four-crop model 
between the climatic variables. The multiple 
regression method is employed to identify the 

impacts of climatic variables and river water level 
(i.e., LnYield, LnTempMax, LnTempMin, LnRF, 
LnRH) on the yield of Aus rice, Aman rice, Boro 
rice and Wheat. 

 

Table 1. Estimated Results of the Aus rice model. 
 

Dependent 
Variable 

Independent 
Variable 

Coefficient Std. 
Error 

t-
Statistic 

P-
value 

R² Adjust
ed R² 

F-
Statistic 

Sig. 

 TempMax 0.004 4.558 0.015 0.988  
 

0.249 

 
 

0.110 

 
 

1.796 

 
 

** 
Yield TempMin -0.043 0.570 -0.281 0.780 

 Rainfall -0.001 0.463 -0.007 0.994 

 RH 0.554 5.384 2.105 0.042 
 

Note: *, ** and *** represents the 1%, 5% and 10% level of significance respectively. 
 

The findings of the experiment (Table 1) revealed 
that climate variables can explain part of the 
variability in Aus rice output. Climate factors 
included in the model can explain 11 percent of 
the entire variation in Aus rice yield, according to 
the corrected R² value. The results also showed 
that at a 5% level, (seasonal average) relative 
humidity is statistically significant. The results 
also showed that relative humidity and maximum 
temperature have a positive relationship with Aus 

rice yield, whereas minimum temperature and 
rainfall have a negative relationship with Aus 
yield. Relative humidity, on the other hand, is 
beneficial to Aus yield. Finally, maximum and 
minimum temperature and rainfall could not 
influence that much to the yield of Aus rice since 
the coefficient of maximum and minimum 
temperature, rainfall is statistically insignificant. 
 

 

Table 2. Estimated Results of the Aman rice model. 
 

Dependent 
Variable 

Independent 
Variable 

Co-
efficient 

Std. 
Error 

t-
Statistic 

P-
value 

R² Adjusted 
R² 

F-
Statistic 

Sig. 

 TempMax 0.481 1.552 3.332 0.002  
0.667 

 
0.606 

 
10.868 

* 
Yield TempMin 0.076 0.203 0.727 0.472  

 Rainfall 0.056 0.161 0.486 0.630  
 RH -0.272 2.056 -2.101 0.042 ** 

 

Note: *, ** and *** represents the 1%, 5% and 10% level of significance respectively. 
 

According to the regression results (Table 2), 
Aman rice is an almost entirely rain-fed crop that 
is grown throughout the monsoon season. The 
findings of the experiment revealed that climate 
variables could explain part of the variability in 
Aman rice output. The corrected R² value 
indicated that climate variables in the model 
could explain 60.6 percent of the total variation 
in Aman rice yield. At the 1% and 5% levels, the 

seasonal average maximum temperature and 
relative humidity were significant and had a 
positive and negative connection. As a result, 
relative humidity has the potential to sabotage 
the yield rate. Minimum temperature and 
rainfall, on the other hand, have a positive 
association and are statistically negligible; 
therefore, they have no effect on Aman rice yield. 
 

 

Table 3. Estimated Results of the Boro rice model. 
 

Dependent 
Variable 

Independent 
Variable 

Co 
efficient 

Std. 
Error 

t-
Statistic 

P-
value 

R² Adjusted 
R² 

F-
Statistic 

Sig. 

 TempMax 0.223 2.385 1.558 0.128  
 

0.607 

 
 

0.535 

 
 

8.393 

** 
Yield TempMin 0.318 1.019 2.230 0.032 ** 

 Rainfall -0.201 0.175 -1.648 0.100 *** 
 RH -0.172 2.395 -1.183 0.244  

 

Note: *, ** and *** represents the 1%, 5% and 10% level of significance respectively. 
 

Seasonal average rainfall is adversely connected 
to Boro rice yield, according to the regression 
approach and is highly significant at the 10% 
significance level. This means that an increase in 
rainfall may have a negative impact on Boro rice 
productivity. However, average maximum and 
minimum temperatures have an impact on Boro 

rice yield and are statistically significant at the 
5% level. Although relative humidity is adversely 
associated, the effect on yield is statistically 
insignificant. The corrected R² value indicated 
that climate variables in the model could explain 
53.5 percent of the overall variation in Boro rice 
yield. 

 

 

23 



Uddin et al. (2022)              Crop production amid climate change at northeastern region of Bangladesh 

 
Int. J. Agril. Res. Innov. Tech. 12(2): 18-26, December 2022 

Table 4. Estimated Results of the Wheat model 
 

Dependent 
Variable 

Independen
t Variable 

Coefficient Std. 
Error 

t-
Statistic 

P-
value 

R² Adjuste
d R² 

F-
Statistic 

Sig. 

 
Yield 

TempMax 0.300 6.886 1.679 0.100  
 

0.489 

 
 

0.395 

 
 

5.199 

*** 

TempMin -0.397 3.448 -2.318 0.026 ** 

Rainfall 0.166 0.457 1.121 0.269  

RH 0.482 5.861 2.681 0.011 ** 
 

Note: *, ** and *** represents the 1%, 5% and 10% level of significance respectively. 
 

The seasonal average maximum temperature is 
strongly associated and highly significant at a 
10% level of significance, according to the 
calculated result (Table 4). At a 5% significance 
level, the minimum temperature is negatively 
linked but still significant. Additionally, there is a 
positive association and statistical significance 
for relative humidity at a level of 5%. That 

suggests that a rise in the maximum temperature 
may have led to an increase in wheat output. 
Although favorably associated with rainfall, it is 
statistically insignificant. According to the 
corrected R² value, the climate variables in the 
model can account for 39.5% of the overall 
variation in wheat production. 
 

 

Regression analysis between the crop yield and river water level 
 

Table 5. Estimated Results of water level impact on yield model. 
 

Dependent 
Variable 

Independent 
Variable 

Coefficient Std. 
Error 

t-Statistic P-
value 

Significance 

Aus yield WL 
 

0.087 0.244 0.372 0.714  
Aman yield 0.055 0.077 0.234 0.234  

Boro yield -0.054 0.197 -0.229 0.821  

Wheat yield 0.382 0.399 1.752 0.097 *** 
 

Note: *, ** and *** represents the 1%, 5% and 10% level of significance respectively. 
 

Variable Regression Statistics 

Aus yield R² 0.008 

Adjusted R² -0.048 

F-Statistic 0.138 

Aman yield R² 0.003 

Adjusted R² -0.052 
F-Statistic 0.055 

Boro yield R² 0.003 

Adjusted R² -0.052 
F-Statistic 0.053 

Wheat yield R² 0.146 

Adjusted R² 0.098 

F-Statistic 3.069 
 

According to the estimated results (Table 5), 
there is a strong positive relationship between 
seasonal average wheat growing season and 
water level at the 10% level of significance. The 
test shows a statistically negligible positive 
association during the Aus and aman crop 
growing seasons with no influence on yield. There 
is a negative association that is likewise 
statistically insignificant during the Boro growing 
season, therefore the yield is unaffected. The 
corrected R2 values of Aus, aman and Boro rice 
yield provides very poor explanation by water 

level. The modified R2 value for wheat, however, 
indicated that water level could account for 9.8% 
of the entire variation in wheat output. 
 

Regression analysis of river water level 
with temperature and rainfall 
 

Water level is greatly changing with temperature 
and rainfall. In order to understand the impact of 
crop yield due to river water level, it is necessary 
to evaluate the effect of temperature and rainfall 
into water level. 
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Table 6. Estimated Results of temperature and rainfall impact on river water level model. 
 

Dependent 
Variable 

Independent 
Variable 

Coefficient Std. 
Error 

t-Statistic P-
value 

Significance 

Aus Season WL TempMax -0.515 0.224 -2.007 0.062 *** 

TempMin 0.320 0.366 0.062 0.141  
Rainfall 0.515 0.037 1.548 0.017 ** 

Aman Season WL TempMax -0.521 0.211 0.141 0.016 ** 

TempMin 0.368 0.280 2.651 0.041 ** 

Rainfall 0.478 0.038 0.017 0.013 ** 

Boro Season WL TempMax 0.015 0.162 -2.686 0.959  

TempMin 0.379 0.257 0.016 0.200  
Rainfall -0.243 0.061 2.227 0.361  

Wheat Season 
WL 

TempMax -0.089 0.138 0.041 0.802  

TempMin 0.252 0.200 2.809 0.432  

Rainfall -0.104 0.057 0.013 0.725  
 

Note: *, ** and *** represents the 1%, 5% and 10% level of significance respectively. 
 

Variable Regression Statistics 

Aus Season WL R² 0.676 

Adjusted R² 0.615 

F-Statistic 11.122 

Aman Season WL R² 0.686 
Adjusted R² 0.627 

F-Statistic 11.666 

Boro Season WL R² 0.172 

Adjusted R² 0.017 

F-Statistic 1.107 

Wheat Season WL R² 0.049 
Adjusted R² -0.130 

F-Statistic 0.273 
 

From the result (Table 6), it was clear that the 
water level of Aus and Aman growing season 
greatly influenced by temperature and rainfall. 
For both Aus and Aman season, strong 
statistically significant negative correlation was 
found in case of maximum temperature at 10% 
and 5 % level, respectively. This suggests that a 
rise in the maximum temperature may cause the 
water table in Aus and Aman to drop throughout 
the growing season. While the minimum 
temperature and rainfall both show a statistically 
significant positive relationship at the 5% level, 
this suggests that an increase in those parameters 
can also cause an increase in water level. The 
water level in Sylhet is strongly influenced by 
temperature and rainfall during the Aus and 
Aman seasons, according to adjusted R2 values of 
61.5 and 62.7 percent. Now since the model does 
not produce statistically significant results for the 
Boro and Wheat seasons, a positive or negative 
connection between water level and those 
meteorological factors can have a negligible effect 
that is easily overlooked. 
 

Conclusion 
 

Agriculture productivity is directly correlated 
with climatic variables such as temperature, 
precipitation, relative humidity, etc. The study 
found that temperature and relative humidity 
could have a positive impact on Aus crop yield. 

Relative humidity, on the other hand, can ruin 
the yield. Rainfall can reduce the yield of boro 
rice. In the case of wheat production, a rise in the 
maximum temperature can significantly boost 
yield while a decrease in the minimum 
temperature can lower it. While river levels can 
affect wheat output, they have little direct impact 
on Aus, Aman, and Boro rice. However, 
meteorological factors like temperature and 
precipitation have a big impact on water level, 
therefore it can be said that river water level has 
an indirect impact on agricultural productivity. 
The following criteria have been highlighted as 
limits and recommendations for future research 
projects based on the results of the current study. 
The study largely relied on secondary data and 
certain missing data were discovered and 
minimized in order to do the analysis. As a result, 
the analysis was occasionally hindered, which 
weakened it. Additionally, there was no field-level 
data included in the study; we hope to integrate it 
soon. Other approaches to assessing the influence 
of climatic variables on agricultural output 
should be used in future research. The data on 
water levels that were gathered for evaluation 
were not accurate enough; hence, the outcomes 
did not meet expectations. That limitation needs 
to be addressed and will be resolved in future 
research hopefully. In future, other climatic 
parameters like evaporation rate, wind, cloud 
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cover, sunshine hour, solar radiation and soil 
moisture may be considered. For further research 
should give priority on other area and other crop 
variety of Sylhet region in order to identify the 
impact on crop production due to climate change.  
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A B S T R A C T 
 

The study was conducted to determine the impact of tobacco cultivation on soil and human 
health in the agricultural ecosystem at Bhuapur and Kalihati upazila of Tangail region from 
January to December 2019. Among them, 40 soil samples were collected, each 20 from 
Kalihati and Bhuapur Upazila. Among 20 samples, every 10 samples were collected from 
tobacco and non-tobacco land at a depth of 0 to 15 cm in Bhuapur, 0 to 15 and 15 to 30 cm in 
Kalihati Upazila. The soil pH, organic matter (OM), total nitrogen (N), available phosphorus 
(P), available sulfur (S), available zinc (Zn), exchangeable potassium (K), exchangeable 
magnesium (Mg) and exchangeable calcium (Ca) were analyzed in the laboratory of Soil 
Resource Development Institute (SRDI), Tangail. In Kalihati Upazila, tobacco land showed 
significantly higher content of OM, available N, available P, available Zn, exchangeable K 
and exchangeable Mg, whereas pH was low in non-tobacco land. Surface soil (0 to 15 cm) 
and tobacco land showed significantly higher content of S than sub-surface (15 to 30 cm) soil 
and non-tobacco land. On the other hand, there was no significant variation between 
tobacco and non-tobacco land on soil properties in Bhuapur Upazila. In both Upazilas, all 
the nutrients except exchangeable Ca and Mg were lower than optimum in tobacco and non-
tobacco land, which was unsuitable for crop cultivation. The cost of production was higher 
in tobacco land than in non-tobacco land in both Upazilas. About 36% of farmers informed 
that they were suffering from various diseases due to tobacco cultivation and curing. 
Tobacco cultivation in these areas degrades soil health and the agricultural ecosystem and 
releases nicotine into the environment, hampering food safety and human health. The study 
indicated that tobacco cultivation should be replaced by other crops to protect soil quality 
and human health. 
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Introduction 
 

Bangladesh is one of the largest tobacco-
consuming countries in the world. Tobacco is 
grown throughout the country; the largest 
tobacco-growing areas are Rangpur, Kushtia, and 
Chittagong Hill tracts (Ali et al., 2015). 
Employment in tobacco farming accounts for less 
than 0.5% of agricultural employment in 
Bangladesh (Hossain and Rahman, 2013). 
Tobacco is a relatively minor crop in overall 
agriculture in Bangladesh. In 2010, the acreage 
devoted to tobacco growing accounted for only 
0.25% of acreage for all crop production. In 
2009, the value of the tobacco grown was only 
0.22% of the value of all agricultural production 
(GYTS, 2008). The acreage devoted to tobacco 

growing in Bangladesh has been falling steadily 
for most of the past three decades before rising 
sharply in 2010. Mainly British American 
Tobacco Bangladesh Company Limited (BATB) 
has been operating as a major sponsor of contract 
farming in tobacco cultivation since its 
beginning. This crop has regional dominance in 
the northwestern, mid-western, mid-south and 
southeastern parts of the country (Motaleb and 
Irfanullah, 2011). Tobacco was grown on 70,000 
hectares in the season of 2013 in Bangladesh. In 
that year, about 38,000 hectares of additional 
land was used than in 2012 and 108,000 hectares 
of land was cultivated for tobacco in 2014 
(PROGGA, 2014). 
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A significant number of people from Bangladesh 
are at great risk of using tobacco products, 
especially smoking tobacco. The readily available 
tobacco products in Bangladesh are a liable factor 
linked to tobacco production. Over time, tobacco 
production is increasing in Bangladesh. The 
identified tobacco-related illness in Bangladesh, 
tobacco cultivation has tremendous social and 
health bearing which often go unnoticed (WHO, 
2007). About 63% of all deaths are caused by 
non-communicable diseases, among which 
tobacco products are considered one of the major 
risk factors (Pius, 2010). Mortality, as well as 
morbidity, is increased by tobacco smoking. Both 
tobacco production and supply are a cause for 
increased tobacco consumption. Globally, about 
600,000 people die from second-hand smoke 
exposure each year. These deaths occur in 
densely populated, underdeveloped countries 
(WHO, 2011). 
Tobacco, a second major cause of death globally, 
causes 5.4 million premature deaths each year 
and within the 21st century, one billion people will 
die from tobacco use (WHO, 2008). In 
Bangladesh, 29.8% of people over 10 use tobacco 
(Islam, 2015). Tobacco production can 
enormously pollute the air, negatively affecting 
the indoor environment. As a result, most people 
living in that area suffer from allergic diseases. 
They risk adverse health effects due to chronic 
exposure to indoor air pollutants (Bernstein et 
al., 2008). Tobacco plants exhaust soil nutrients 
(phosphorus, nitrogen, potassium); thus, tobacco 
mono-cropping requires substantial doses of 
chemical fertilisers. In addition, agrochemicals 
such as insecticides and herbicides are used 
extensively. Tobacco plots also contribute a lot to 
the accumulation of heavy metals in the soil 
(Moula et al., 2018). Agricultural crops are being 
influenced by soil characteristics and distinct 

climate variables such as temperature, rainfall, 
humidity and day length (Islam et al., 2020a; 
Jamil et al., 2020; Mamun et al., 2020; Shila et 
al., 2021). After continuous tobacco cultivation, 
the soil becomes hard, dries up quickly or does 
not drain easily. The natural smell of the soil 
disappears and the soil colour changes. These 
observations are indicators of the loss of soil 
organic matter, changes in soil chemical 
properties and loss of water-holding capacity 
(Akter et al., 2012). 
 

It was hypothesized that tobacco cultivation 
might increase soil degradation, the risk to 
human health and hamper food safety in these 
regions. The present investigation was 
undertaken to study the effects of tobacco 
cultivation on soil and human health. Therefore, 
this study was carried out to i) know the soil 
physicochemical properties of tobacco and non-
tobacco cultivable land, ii) find out the 
detrimental effect due to tobacco cultivation on 
farmers as well as on the environment and iii) 
compare soil physicochemical properties between 
tobacco and non-tobacco cultivable land. 
 
Materials and Methods 
 
Study area 
 

The study area is located in Kalihati and Bhuapur 
Upazila of Tangail district (Fig. 1). The area of 
Kalihati Upazila is 301.22 km2, located between 
24°17' to 24°26'N latitudes and 89°45' to 90°11'E 
longitudes. The area of Bhuapur Upazila is 
225.02 km2, located between 24°23' to 24'°35'N 
latitudes and 89°44' to 89°54'E longitudes (BBS, 
2011). 
 

 

 
Fig. 1. Map showing the study area of Kalihati and Bhuapur Upazila, Tangail. 

 
Sample collection 
 

The study was conducted throughout the year of 
2019. A total of 40 samples were collected from 
the surrounding study area. Among them, each 
20 samples were collected from tobacco and non-

tobacco land. The samples were collected from 
surface soil (0 to 15 and 15 to 30 cm depth) in 
Kalihati Upazila due to silt deposition in the rainy 
season. In Bhuapur Upazila, samples were 
collected from surface soil (0 to 15 cm depth) 
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because there was no siltation. The samples were 
scraped from top to bottom with the help of an 
auger. Then about 250 g of soil was collected to 
give a representative sample, placed in sealed 
polythene bags and labelled, including the date of 
collection, location and code number of the soil 
sample and transferred to the laboratory for 
analysis. A survey was conducted among 100 
respondents to determine the impact on health. 
Among them, 40 respondents were farmers and 
others were local people who were consuming 
smokeless tobacco such as zarda, sadapata, gul, 
etc. 
 

Sample analysis 
 

The soil samples were dried at room temperature. 
Then analysed the soil pH, organic matter (OM), 
total N, available P, available S, available Zn, 
exchangeable K, exchangeable Ca and 
exchangeable Mg in the laboratory of the Soil 
Resource Development Institute (SRDI), Tangail. 
Soil pH was determined by a digital pH meter, 
whereas the organic matter was resolved by 
Walkley and Black's wet oxidation method 
(Allison, 1965). The semi-micro Kjeldahl method 
determined total nitrogen, available 
phosphorous, potassium and sulfur were 
determined by using the Olsen method, by 
ammonium acetate extraction method and by 
calcium chloride extraction method (Sattar and 
Rahman, 1987), respectively. The zinc sample 
was determined by the 0.1N HCI (hydrochloric 
acid) extraction method. The Mg and Ca of the 
soil sample were determined by EDTA 
(Ethylenediamine Tetra Acetic acid) Titration 
(Huq and Alam, 2005).  
 

Statistical analysis 
 

At the end of data collection, data were compiled, 
tabulated and analysed through Microsoft excel 
2010 and statistix 10 software. When significant 
differences existed between treatment means, 

comparison of the means using Duncan’s 
Multiple Range Test (DMRT) at a 5% significance 
level. Various descriptive statistical measures 
include mean, LSD at 0.05%, analysis of variance 
(ANOVA).  
 

Results and Discussion 
 

Soil pH 
 

In Kalihati Upazila, the main effect of land use 
was statistically significant, but the interaction 
effect of land use and soil depth showed non-
significant on soil pH (Table 1). The pH was 
significantly higher in non-tobacco land (7.57) 
than in tobacco land (7.46) (Fig. 2). In Bhuapur 
Upazila, the effect of different land use showed 
non-significant on pH. However, pH was higher 
in tobacco land (6.70) than non-tobacco land 
(6.68) land. It means the pH value of both 
tobacco and non-tobacco land was neutral (6.70 
to 6.68). The pH's optimum (6.6 to 7.3) value is 
suitable for all crop production (Ahmed et al., 
2018). The result revealed that both tobacco and 
non-tobacco cultivation lands were nearly neutral 
pH. It might be due to seasonally flooded and silt 
deposition each year in the rainy season. This 
finding was well corroborated with Kumar et al. 
(2019) and stated that in AEZ-7, pH status ranged 
from slightly acidic to slightly alkaline (5.70 to 
7.65). The average pH value in tobacco cultivated 
land in Kushtia (Moula et al., 2018) decreased 
from 7.86 to 7.44 after two consecutive years 
might be due to the use of potassium sulfate as a 
source of potassium and rapid adsorption of base 
captions and release of H+ ions. Kutub and 
Falgunee (2015) also found a similar trend in 
Kushtia, Bangladesh.  
 

 
Fig. 2. The pH value of tobacco and non-tobacco land use in Kalihati upazila. 

Table 1. ANOVA for different soil properties of tobacco and non-tobacco land at Kalihati upazila. 
 

Source pH OM 
(%) 

N 
(%) 

P 
(μg/g) 

S  
(μg/g) 

Zn  
(μg/g) 

K  
(meq/100g) 

Ca  
(meq/100g) 

Mg  
(meq/100g) 

Land use ** *** *** NS ** *** ** NS * 
Soil depth NS NS NS NS *** NS NS NS NS 
Depth ×Land NS NS NS NS * NS NS NS NS 

 

Note: *p≤0.05, **p≤0.01, ***p≤0.001, ns = non-significant. 
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Organic matter (OM) 
 

A critical element that favorably influences soil 
fertility, agricultural output, and food security is 
soil organic carbon (SOC). However, present 
agricultural methods, extensive tillage, rising 
global temperatures and climate change have 
increased the possibility of SOC losses, which 
might have an impact on the availability of food. 
Therefore, varieties of management techniques 
have been consistently used to increase soil 
carbon absorption and sequestration (Dinesh et 
al., 2022). In Kalihati Upazila, the main effect of 
land use was statistically significant. Still, the 
interaction effect of land use and soil depth 
showed non-significant on organic matter 
content in soil (Table 1). Organic matter status 
was significantly higher in tobacco land (1.46%) 
than non-tobacco land (0.96%)  (Fig. 3). In 
Bhuapur upazila, the effect of different land use 

showed non-significant on OM. Still, OM status 
was higher in non-tobacco land (1.92) than 
tobacco land (1.89). It means the OM status of 
both tobacco and non-tobacco land was medium. 
The optimum (1.71 to 3.40) status) of organic 
matter is suitable for all crop production (Ahmed 
et al., 2018). The result revealed that in both 
tobacco and non-tobacco cultivation land, OM 
status was lower than optimum condition. It 
might be due to seasonally flooded and the 
deposition of silt each year in the rainy season. 
This finding was well corroborated with Kumar et 
al. (2019) and found that in AEZ-7, Organic 
matter status ranged from very low to medium 
(0.76 to 2.33%). The OM value decreases from 
1.95 to 1.78% for two consecutive years in the 
Kushtia district of Bangladesh (Moula et al., 
2018).  
 

 

Table 2. Status of different properties of tobacco and non-tobacco cropland at Bhuapur Upazila. 
 

Land pH OM 
(%) 

N 
(%) 

P  
(μg/g) 

S  
(μg/g) 

Zn  
(μg/g) 

K  
(meq/100g) 

Ca  
(meq/100g) 

Mg  
(meq/100g) 

Tobacco land 6.70 1.89 0.094 18.33 19.66 0.61 0.19 6.48 4.10 
Status Neutral Medium Very low Optimum Medium Low Medium High Very high 
Non-tobacco 
land 

6.68 1.92 0.096 27.35 19.83 0.52 0.16 6.80 4.16 

Status Neutral Medium Very low High Medium Low Medium High Very high 
% CV 4.45 25.87 25.71 69.77 54.59 24.09 22.52 35.19 40.73 
LSD at 0.05 0.30 0.50 0.02 16.12 10.91 0.13 0.04 2.36 1.70 
Optimum 6.6-7.30 1.71-3.40 0.27-0.36 18.10-24.00 27.10-36.00 1.35-1.80 0.27-0.36 4.51-6.00 1.13-1.50 

 

Note: CV= coefficient of variation, LSD= Least significance difference. 
  

 
 
 

Fig. 3. Status of organic matter in tobacco and non-tobacco land use at Kalihati upazila. 
 

 
 
Total nitrogen (N) 
 

In Kalihati upazila, the main effect of land use 
showed statistically significant but soil depth and 
the interaction effect of land use and soil depth 
showed non-significant on N content (Table 1). 
Total nitrogen (N) status was significantly higher 
in tobacco land (0.07%) than non-tobacco land 
(0.04%)  (Fig. 4). In Bhuapur upazila, the effect 
of different land use showed non-significant on 
TN content. However, nitrogen status was higher 

in non-tobacco land (0.096%) than tobacco land 
(0.094%). It means the nitrogen status of both 
tobacco and non-tobacco land was very low. The 
optimum (0.271 to 0.360%) status of nitrogen is 
suitable for all crop production (Ahmed et al., 
2018). The result reveled that both tobacco and 
non-tobacco cultivation lands were lower than 
optimum condition. It might be due to the low 
OM status of this land. This finding was well 
corroborated by Kumar et al. (2019). They stated 
that in AEZ-7, total nitrogen status ranged from 
very low to low (0.12 to 0.02%). 
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Fig. 4. Total nitrogen status of tobacco and non-tobacco land use in Kalihati upazila. 

 

Available phosphorus (P) 
 

In Kalihati upazila, the main effect of different 
land use, soil depth and the interaction effect of 
land use and soil depth showed non-significant 
on available P (Table 1). Available P content was 
higher in tobacco land (12.38 μg/g) than non- 
tobacco land (7.32 μg/g). In Bhuapur upazila, the 
effect of different land use showed non-
significant on available P content. Nevertheless, 
available P content was higher in non-tobacco 
land (27.35 μg/g) than in tobacco land (18.33 
μg/g). It means the available P status of non-
tobacco land was high and tobacco land was 
optimum. The optimum (18.1 to 24.0 μg/g) status 
of available P is suitable for all crop production 
(Ahmed et al., 2018). The result revealed that 
non-tobacco land was higher than optimum 
condition. This finding was well corroborated by 
Kumar et al. (2019). They stated that in AEZ-7, 
available P status ranged from very low to low 
(2.63 to 8.73 μg/g). The average P value 
decreases from 13.98 to 9.10 μg/g, which was 

34.90% decrease and significant (Moula et al., 
2018). 
 

Available sulfur (S) 
 

In Kalihati Upazila, the main effect of land use 
was statistically significant on available S content 
(Table 1). Available S status was significantly 
higher in tobacco land (15.8 μg/g) than non-
tobacco land (9.81 μg/g) (Fig. 5). It means the 
available S status of both tobacco and non-
tobacco land was low. The result revealed that 
tobacco and non-tobacco cultivation lands were 
lower than optimum condition. It might be due to 
the excess use of manures and fertiliser in 
tobacco-cultivated land. This finding was well 
corroborated by Kumar et al. (2019). They stated 
that in AEZ-7, available S status ranged from low 
to medium (7.66 to 15.75 μg/g). The main effect 
of soil depth was statistically significant on 
available S (Table 1). The available sulfur content 
was significantly higher in 0 to 15 cm (17.05 μg/g) 
than 15 to 30 cm soil depth (8.57 μg/g) (Fig. 6).  
 

 
Fig. 5. Effect of land use on available sulfur content in Kalihati upazila. 

 
Fig. 6. Effect of depths on sulfur status of tobacco and non-tobacco land in Kalihati upazila. 
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The interaction effect of land use and soil depth 
also showed statistically significant on S content 
(Table 1). Available sulfur status was significantly 
higher in tobacco land with 0-15 cm (22.28 μg/g) 
and lower in non-tobacco land with 15 to 30 cm 
(7.81 μg/g) (Fig. 7). It means the available S 
status of tobacco land was medium and non-
tobacco land was very low. The available S value 
decreased from 16.22 (2015) to 10.89 μg/g (2016) 
which was 32.86% less than the initial value (Fig. 
5) and the difference is very much significant in 
tobacco-cultivated land (Moula et al., 2018). In 
Bhuapur Upazila, the effect of different land use 
showed non-significant on available S content. 

However, available S status was higher in non-
tobacco land (19.83 μg/g) than in tobacco land 
(19.66 μg/g). It means that the available S status 
of both tobacco and non-tobacco land was 
medium. The optimum (27.10 to 36.00 μg/g) 
status of S is suitable for all crop production 
(Table 2). The result revealed that both tobacco 
and non-tobacco cultivation lands were lower 
than optimum conditions. It might be due to 
seasonally flooded, intensive crop cultivation and 
deposition of silt each year in the rainy season. 
 
 

 
Fig. 7. Effect of soil depths and land use on available S status in Kalihati upazila. 

 

Available zinc (Zn) 
 

In Kalihati upazila, the main effect of land use 
showed statistically significant but soil depth and 
the interaction effect of land use and soil depth 
showed non-significant on available Zn content 
(Table 1). Available Zn status was significantly 
higher in tobacco land (0.42 μg/g) than in non-
tobacco land (0.23 μg/g) (Fig. 8). In Bhuapur 
Upazila, the effect of different land use showed 
non-significant on available Zn content. Available 
Zn status was higher in tobacco land (0.61 μg/g) 
than in non-tobacco land (0.52 μg/g). It means 
the available Zn status of both tobacco and non-
tobacco land was low. The optimum (1.351 to 

1.800 μg/g) status of available Zn is suitable for 
all crop production (Ahmed et al., 2018). The 
result revealed that both tobacco and non-
tobacco cultivation lands were lower than 
optimum conditions. It might be due to 
seasonally flooded, imbalanced fertiliser use and 
silt deposition each year in the rainy season. This 
finding was well corroborated by Kumar et al. 
(2019). They stated that in AEZ-7, available Zn 
status ranged from medium to optimum (0.24 to 
1.44 μg/g). The Zn status decreased from 0.70 to 
0.53 μg/g, which is 24.58% less in tobacco-
cultivated land (Moula et al., 2018). 
 

 
Fig. 8. Available Zn content of tobacco and non-tobacco land use in Kalihati upazila. 

22.28

11.82
9.32

7.81

0.00

5.00

10.00

15.00

20.00

25.00

D1 TL D1 NTL D2 TL D2 NTL

A
v

a
il

a
b

le
 S

 (
μ

g
/g

)

Depth x Land

D1 TL= 0-15 cm depth + tobacco land
D1 NTL= 0-15 cm depth + non-tobacco land
D2 TL= 15-30 cm depth + tobacco land
D2 NTL= 15-30 cm depth + non-tobacco land

0.42

0.23

0.00

0.09

0.18

0.27

0.36

0.45

Tobacco land Non-tobacco land

A
v

a
il

a
b

le
 Z

n
 (

μ
g

/g
)

Land

32 



Suma et al. (2022)                    Impact of tobacco cultivation in agricultural ecosystem at Tangail region 

 
Int. J. Agril. Res. Innov. Tech. 12(2): 27-35, December 2022 

Exchangeable potassium (K) 
 

In Kalihati upazila, the main effect of land use 
showed statistically significant but soil depth and 
the interaction effect of land use and soil depth 
showed non-significant on exchangeable K 
content (Table 1). Exchangeable K status was 
significantly higher in tobacco land (0.18 
meq/100g) than non- tobacco land (0.12 
meq/100g) (Fig. 9). In Bhuapur upazila, the 
effect of different land use showed non-
significant on exchangeable K content. However, 
exchangeable K status was higher in tobacco land 
(0.19 meq/100g) than non-tobacco land (0.16 
meq/100g). It means exchangeable K status of 
both tobacco and non-tobacco land was medium. 

The optimum (0.271 to 0.36 meq/100g) status of 
exchangeable K is suitable for all crop production 
(Ahmed et al., 2018). The result revealed that 
both tobacco and non-tobacco cultivation lands 
were lower than optimum conditions. It might be 
due to seasonally flooded, imbalanced used of 
fertiliser and deposition of silt each year in the 
rainy season. This finding was well corroborated 
by Kumar et al. (2019). They stated that in AEZ-
7, exchangeable K status ranged from very low to 
high (0.08 to 0.40 meq/100g). According to 
Islam et al. (2020b), the mean exchangeable K 
level was low (0.19 meq/100g) in Kalihati Upazila 
of Tangail.  
 

 
Fig. 9. Exchangeable potassium status of tobacco and non-tobacco land use in Kalihati upazila. 

 
Exchangeable calcium (Ca) 
 

In Kalihati upazila, the main effect of different 
land use, soil depth and the interaction effect of 
land use and soil depth showed non-significant 
on exchangeable Ca (Table 1). Exchangeable Ca 

status was higher in non-tobacco land (6.38 
meq/100g) than in tobacco land (4.93 
meq/100g). In Bhuapur Upazila, the effect of 
different land use showed non-significant on 
exchangeable Ca status. But exchangeable Ca 

status was non-significantly higher in non-
tobacco land (6.80 meq/100g) than tobacco land 
(6.48 meq/100g). It means the exchangeable Ca 
status of both tobacco and non-tobacco land was 
high. The optimum (4.51 to 6.0 meq/100g) status 
of exchangeable Ca is suitable for all crop 
production (Ahmed et al., 2018). The result 
revealed that both tobacco and non-tobacco 
cultivation lands were higher than optimum 
condition. This finding was well corroborated 
with Kumar et al. (2019). They stated that in 
AEZ-7, exchangeable Ca status ranged from 
medium to very high (2.50 to 2.67 meq/100g). 
The mean Ca content was found optimum (5.72 
meq/100g) in all types of lands in Kalihati upazila 
(Islam et al., 2020b). 
 

Exchangeable magnesium (Mg) 
 

In Kalihati upazila, the main effect of land use 
was statistically significant, but soil depth and the 
interaction effect of land use and soil depth were 
non-significant on Mg content (Table 1). 
Magnesium status was significantly higher in 
non-tobacco land (4.16 meq/100g) than tobacco 
land (2.26 meq/100g) (Fig. 10). In Bhuapur 
upazila, the effect of different land use showed 
non-significant on Mg content. However, Mg 

status was higher in non-tobacco land (4.16 
meq/100g) than tobacco land (4.10 meq/100g). It 
means Mg status of both tobacco and non-
tobacco land was very high. The optimum (1.126 
to 1.5 meq/100g) status of exchangeable Mg is 
the suitable for all the crop production (Ahmed et 
al., 2018). The result reveled that both tobacco 
and non-tobacco cultivation lands were higher 
than optimum condition. This finding was well 
corroborated with Kumar et al. (2019). They 
stated that in AEZ-7, exchangeable Mg status 
ranged from optimum to very high (1.31 to 2.42 
meq/100g). According to Islam et al. (2020b), 
the mean Mg (2.07 meq/100g) was found very 
high in Kalihati upazila of Tangail. 
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Fig. 10. Exchangeable Magnesium status of tobacco and non-tobacco land use in Kalihati Upazila. 

 

Impact on human health  
 

One hundred individuals participated in a survey, 
40 of them were farmers, while the rest were 
locals using smokeless tobacco products like 
zarda, sadapata, gul, etc. The farmer claimed that 
they followed appropriate safety precautions 
during curing. Some tobacco farmers are dealing 
with a number of illnesses, mostly respiratory 

and skin-related. Among them, 9% of them have 
coughing fits, 14% have dental decay, 5% have 
hand sores and 8% have allergies (Table 3). A 
total of 64% of those surveyed in the study region 
don't know the health impacts and are unaware 
of the number of diseases that happened during 
treatment and when smokeless tobacco was used. 
 

 

Table 3. Health problems of tobacco farmers and local people due to tobacco consumption. 
 

Sl. Disease Percentage (%) 
1 Coughing 9 
2 Tooth decay 14 
3 Sores in hand 5 
4 Allergy 8 
5 No problem 64 

 

Conclusions 
 

In Kalihati Upazila, non-tobacco land showed 
significantly higher pH value and Mg status, 
whereas tobacco land showed lower. Similarly, 
tobacco land showed significantly higher OM, N, 
K, S, and Zn content in the soil, whereas non-
tobacco land showed lower. Calcium and 
Phosphorus content was insignificant in respect 
of land use. Surface soil (0 to 15 cm) showed 
significantly higher S content, whereas 15 to 30 
cm soil depth showed lower. Other soil properties 
showed a non-significant effect in respect of soil 
depth. Surface soil with tobacco land showed 
significantly higher S content, whereas non-
tobacco land and 15 to 30 cm soil depth showed 
lower. On the contrary, in Bhuapur Upazila, land 
use showed non-significant on soil properties. In 
Kalihati Upazila, the pH value of both tobacco 
and non-tobacco land was slightly alkaline. The 
organic matter status of tobacco land was low and 
non-tobacco land was very low, which was lower 
than optimum level. However, N, P, K, S and Zn 
status of both tobacco and non-tobacco land were 
lower than optimum conditions. Only Ca and Mg 
status showed higher than optimum level. The 
nutrient statuses were higher in 0 to 15 cm depth 
than 15 to 30 cm depth. On the contrary, in 
Bhuapur upazila, the pH value of both tobacco 
and non-tobacco land was neutral, and suitable 
for all crop production. The organic matter status 
of both tobacco and non-tobacco land was 
medium. The nitrogen status of both tobacco and 
non-tobacco land was very low which was lower 
than the optimum level. The phosphorus status of 

non-tobacco land was high, and tobacco land was 
optimum. The potassium status of both tobacco 
and non-tobacco land was medium that was not 
suitable for all the crop production. The sulfur 
status of both tobacco and non-tobacco land was 
medium which was lower than optimum level. 
Zinc status of both tobacco and non-tobacco land 
was low which was lower than optimum level. 
Calcium status of both tobacco and non-tobacco 
land was high which was higher than optimum 
condition. Magnesium status of both tobacco and 
non-tobacco land was very high which was higher 
than optimum level.  This study recommended 
that tobacco land should be replaced by other 
food or cash crops so that soil health can be 
conserved, food security of these regions can be 
protected and finally human health can be 
maintained safely. 
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A B S T R A C T 
 

Amaranth (Amaranthus sp.) is an underutilized pseudo-cereal with excellent nutritional and 
functional properties. The nutritional compositions, anti-nutritional and mineral content of 
two Amaranth species were evaluated by using standard procedures. Completely 
Randomized Design (CRD) was used for nutritional, anti-nutritional and mineral content 
with two treatments and five replications. The nutritional compositions of Amaranthus 
cruentus and Amaranthus hypochondriacus were shown a significant difference (p<0.05) in 
mean scores excepting moisture content. Phytate and oxalate content of A. cruentus and A. 
hypochondriacus were shown a significant difference (p<0.05), but tannin content did not 
show a significant difference (p<0.05). The calcium, iron and zinc content of A. cruentus 
and A. hypochondriacus were shown a significant difference (p<0.05) in mean, scores. The 
Amaranth grain species were rich in crude protein, fat and fiber as compared to common 
cereal grains (maize, sorghum, rice, teff and wheat).  A. cruentus and A. hypochondriacus 
can contribute minerals such as calcium, iron and zinc, which are very important for human 
nutrition. The results of the current study indicate that A. cruentus and A. hypochondriacus 
can provide better nutritional values and mineral content with a minimum value of anti-
nutrients that are very important to minimize binds and block the absorption of certain 
minerals, such as iron, zinc and calcium. Using A. cruentus and A. hypochondriacus alone 
and with other cereals should be encouraged and recommended for consumption to increase 
the nutritional composition of diets and decrease food security problem in a study areas. 
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Introduction 
 

Amaranthus belongs to the Amaranthaceae   
family. Genus Amaranthus is easy to grow, 
nutrient rich and has the potential to contribute 
to the growing nutritional needs of many low 
income people because of its high protein 
content, superior protein quality, high content of 
essential fatty acids and micronutrients 
(Venskutonis and Kraujalis, 2013). It is a pseudo 
cereal with excellent nutritional and functional 
properties, high tolerance to arid conditions and 
poor soils, resistance to drought, pests and ability 
to adapt to environments that are not conducive 
to conventional cereals (Capriles et al., 2008). 
Amaranthus are highly nutritious; both the grain 
and leaves are utilized for human as well as for 
animal feed (Mustafa et al., 2011). The crop has 
high levels of protein and minerals as compared 
to the commonly utilized cereal grains such as 
millet, sorghum, rice, wheat, and corn (Mustafa 
et al., 2011). It has a balanced content of essential 
amino acids and unsaturated fatty acids. 
Moreover, it have an excellent amino acid profile 

with of lysine and sulfur containing amino acids 
that are lacking in cereals and legumes, 
respectively (Amare et al., 2015). Amaranth was 
declared as one of the promising crops to feed the 
global population (Mekonnen et al., 2018). 
Amongst other green leafy vegetables and cereals, 
Amaranthus species are regard as storehouse for 
vital vitamins such as vitamin C, B6, folate and 
carotene (Musa et al., 2011).  
 

In addition to its nutritive value, amaranth grain 
contains bioactive compounds with health 
promoting effects, (Karamac et al., 2019). The 
potential of the amaranth species appears to be 
enormous and promising, making its exploration 
for health purposes and industrial applications 
imperative. Studies have shown that regular 
consumption of Amaranthus has the potential 
(Karamac et al., 2019) to reduce cholesterol level, 
benefit people suffering from hypertension, and 
cardiovascular disease (Olaoye et al., 2007; 
Kolawole and Sarah, 2009).  
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Lacks of nutrition and food security problems are 
reflecting in malnutrition and hunger, which are 
affecting many developing countries such as 
Ethiopia. Despite government and non-
government efforts to address the problem of 
food security and malnutrition, there have been 
poor research studies on nutrient rich and 
underutilized pseudo cereal such as Amaranthus 
species in southern Ethiopia. Even though 
amaranth is of varying importance to human 
health and nutrition, consumption in southern 
Ethiopia is not well known. These could be due to 
lack awareness of nutritional value, anti-
nutritional and mineral content. Hence, the 
current study was conducted to evaluate 
nutritional, anti-nutritional and mineral content 
of amaranth species grown in Gamo and Konso 
Zones, Southern Ethiopia to reduce nutrition and 
food security problems in a study area. 
 

Materials and Methods 
 

Sources of study materials 
 

 Amaranths species (A. hypochondriacus and A. 
cruentus) were collected from Gamo and Konso 
zone, Southern Ethiopia. 
 

Preparation of Amaranth sample flours 
 

Amaranth flour was prepared according to the 
procedure of Emire and Arega (2012) and 
Mugalavai (2013) with some modifications. 
Amaranth species seed was manually screened 
and air-selected to be free from chaff, dust and 
other impurities. The grains of amaranths were 
sun-dried and milled into flour by using a 
stainless steel miller to pass through 0.5 mm 
mesh screen. Finally, amaranths flour was packed 
in airtight polythene bags and stored at room 
temperature (250C) until it was needed for 
nutritional, anti-nutritional and mineral content 
analysis. 
 

Experimental design  
 

Completely randomized design (CRD) was used 
to analyze nutritional, anti-nutritional and 
minerals contents of amaranths species samples 
with five replications. 
 

Determination Nutritional Content 
 

The moisture, crude protein, fat, and ash content 
of amaranthus species samples were determined 
in triplicate according to the standard analytical 
methods AOAC (1995) and AOAC (2005). The 
fiber content of the samples was determined by 
using the official method of AOAC (2000). 
Digestion, filtration, washing and drying and 
combustion were used analysis of fiber content of 
amaranthus samples. The carbohydrate content 
of amaranth species samples were determined by 
subtracting the sum of the percentages of 
moisture, crude protein, crude fat and ash 
content from 100 (Mathew and Saleh, 2006). 
Carbohydrate (%) = 100 − (Protein + Fat + Ash + 
Moisture content). The energy content of 
amaranth species samples was by multiplying 
percentages of crude fat, crude protein, and 

carbohydrate by factors of 9 kcal/g, 4 kcal/g and 
4 kcal/g, respectively (Shrestha and Noomhorm, 
2002), and expressed in calories. Energy Content 
(kcal/g) = (9 x Fat) + (4 x Protein) + (4 x 
Carbohydrate). 
 

 
Determination of Anti-nutritional content  
 

Concentrated phytate content was determined 
using the method used by Norhaizan and 
Faizadatul (2009). The phytate content was 
calculated by dividing the measured value of 
phytic acid by molecular weight (240) of phytic 
acid. Tannin content was determined by the 
method of Burns (Burns, 1971; Anonymous, 1971) 
as modified by Maxson and Rooney (Arias et al., 
2003), using catechin as the tannin standard. 
Oxalate was analyzed using the method originally 
employed by Ukpabi and Ejidoh (Ambecha, 
2006) in which the procedures include three 
steps: digestion, precipitation, and permanganate 
titration. 
 

Mineral contents  
The contents of Ca, Zn and Fe in foods were 
measured by atomic absorption 
spectrophotometer (AAS) according to the 
method of (Hernandez et al, 2004). A 5g sample 
was placed in a previously weighed porcelain 
crucible and heated. The resulting white ash was 
weighed, dissolved in 3ml of concentrated nitric 
acid and diluted with distilled water in a 25ml 
calibrated flask. The solution then was used to 
determine Ca, Zn, and Fe. Standard stock 
solution of iron, zinc and calcium was prepared 
from AAS grade chemicals (Sigma, USA) by 
appropriate dilution. 
 
 

Data analysis  
 

Nutritional, anti-nutritional and mineral contents 
of two amaranths species were subjected to 
analysis of variances (ANOVA) and analyzed 
using SAS software version 9.2 (SAS lnc., Gary, 
NC). Least significance difference (LSD) between 
means were attained at (p<0.05) by using fisher 
LSD methods. The results were expressed as 
mean separations. 
 

Results and Discussion         
 

Nutritional composition of A. cruentus 
and A. hypochondriacus species  
 

The moisture content of A. hypochondriacus and 
A. cruentus species had not shown significant 
difference (p<0.05) in mean scores. The moisture 
content of two amaranths species was closely 
related to the reported values of 10.3% by 
Escudero et al. (2004).  The moisture content of 
two amaranth species obtained in this study were 
lower than the moisture content  reported value  
of 11.3% by Caselato-Sousa and Amaya-Farf´an 
(2012). Such low moisture content of flours 
prevents microbial activity and extends the shelf 
life of the flours (Mosha and Vicent, 2005). 
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Table 1. Result of nutritional composition of A. cruentus and A. hypochondriacus species seed.   
 

Treatment                                Nutritional Composition  
Moisture  Ash   Fat Protein  Fiber  Carbohydrate   Energy  

 A. hypochondriacus  10.17a 3.52a 7.15b 15.59a 4.28a 63.57b   380.91b 
A. cruentus 10.32a 3.13b 7.21a 14.48b 4.03b 64.86a   382.25a 
LSD (p<0.05) 0.26 0.29 0.05 0.57 0.08 0.25   0.74 
CV (%) 1.13 1.16 0.86 0.13 1.79 1.08   4.67 

 

The ash content of two amaranth species had 
shown a significant difference (p<0.05) in mean 
scores. Similar ash contents (3.4 and 3.3%) were 
reported for amaranths grains by Escudero et al., 
(2004) and Cai et al. (2004), respectively. The 
ash contents of two amaranths species are 
slightly close to the ash contents (2.7-3.0%) 
reported in grain tef (Bultosa, 2016). The ash 
content of a food material is an indication of the 
high amount of minerals in the food product, as 
ash content is indicative of the amount of 
minerals contained in any food sample (Olaoye et 
al., 2007).  
 

The fat content of two amaranth species were 
shown the significant difference (p<0.05) in 
mean scores. The fat content obtained in current 
study was closely related to fat value 7.2% 
reported (Cai et al., 2004). The protein content of 
two amaranth species had shown a significant 
difference (p<0.05) in mean scores. This study 
was slightly related with amaranth grain protein 
contents were reported 16.6% (Cai et al., 2004). 
Some of the earlier works also found that 
amaranth grain are good sources of high quality 
proteins compared to the protein contents found 
in grains of common cereal crops (8 to 12%) 
Koehler and Wieser (2013). The fiber content of 
two amaranths species had shown the significant 
difference (p<0.05) in mean scores. The fiber 
content obtained from current study was closely 
related to the value 4.1% (Cai et al., 2004), but 

lower than the fiber content 5.8% reported by 
(Emire and Arega, 2012). The fiber content in 
amaranths is higher than common cereal grains: 
rice, maize, sorghum and wheat. 
 

The energy content of two amaranth species had 
shown a significant difference (p<0.05) in mean 
scores. The energy content obtained for two 
amaranth species are higher than 251 kcal/100g 
reported by Emire and Arega (2012). The energy 
contents of current study are slightly similar to 
the value 371 kcal/100g reported by Caselato-
Sousa and Amaya-Farf´an (2012) on studies 
conducted on amaranths grains. Energy values of 
two amaranth species obtained are higher than 
for tef grains (336 kcal/100g) (Bultosa, 2016). 
 

Mineral Content of A. cruentus and A. 
hypochondriacus species  
 

The Calcium content of Amaranth 
hypochondriacus and A. cruentus species was 
significantly different (P<0.05) in mean scores. 
Calcium typical value of 159 mg/100g (Caselato-
Sousa and Amaya-Farf´an, 2012) and 153 
mg/100g (Schakel et al., 2004) were reported for 
amaranth grains. Adequate Ca is important for 
bone and tooth structures development, muscle 
functioning, blood clotting and to reduce the 
incidence of osteoporosis (Gharibzahedi and 
Jafari, 2017).  
 

 

Table 2. Result of mineral content of   A. cruentus and A. hypochondriacus species. 
 

 

The iron contents of two amaranth species had 
shown significant difference (p<0.05) in mean 
scores. The iron content (32.58) of A. 
hypochondriacus was higher than iron content 
(24.94) of A. cruentus. The Fe content obtained 
in both amaranthus species is higher than the 
higher range (3.6 to 22.5 mg/100g) reported by 
Kachiguma et al. (2015). The Fe content found in 
amaranth grains are almost similar to the Fe 
content reported in grain tef (Bultosa, 2016; Saini 
et al., 2016).  
 

Zinc contents of two amaranth species had shown 
significant difference (p<0.05) in mean scores. 
The Zn content obtained in this study was almost 
similar to the typical value 2.87 mg/100g 
(Caselato-Sousa and Amaya-Farf´an, 2012). The 
Zn values found in two amaranths species higher 
as compared to the range 0.53-1.20 mg/100g 

reported by Kachiguma et al. (2015) for 
amaranth grains. The Zn content obtained in two 
amaranth species are also lower than the Zn 
content (3.7 mg/100g) reported for grain tef 
(Temesgen and Bultosa, 2017). 
 

Anti-nutritional content of A. cruentus 
and A. hypochondriacus species   
 

Phytate content of two amaranths species had 
shown significance difference (p<0.05). Phytate 
contents of A. hypochondriacus and A. cruentus 
were lower than values obtained for wheat (4.17 
g/100g), rice (4.28 g/100g), Barley (4.03 g/100g) 
and Oat (2.77 g/100g) (Satinder et al., 2011).  
Phytic acid is known as an anti-nutrient because 
it binds and blocks the absorption of certain 
minerals, such as iron, zinc, calcium, and 
manganese. 
 

 

Treatment   Mineral content (mg/100g) 
     Calcium   Iron Zinc 

A. hypochondriacus         159.15a 32.58a 2.85b  
A. cruentus        157.13b 24.94b 2.93a 
LSD (p<0.05)         0.24 0.62 0.06 
CV (%)         0.56 0.93 0.37 
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Table 3. Result of anti-nutritional content of A. cruentus and A. hypochondriacus species.   
 

Treatments  Anti-nutritional contents (mg/100g) 
  Phytate Tannin  Oxalate  
A. hypochondriacus    1.45a 0.13a 0.07a 
A. cruentus    1.19b 0.15a 0.04b 
LSD(p<0.05)    0.24 NS 0.35 
 CV (%)    5.31 2.95 4.28 

 

Tannin content of two amaranths species had not 
shown significance difference (p>0.05) in mean 
scores. Tannin values obtained in this study were 
lower than values recorded for wheat (0.29 
g/100g), Barley (0.34 g/100g) and Oat (0.62 
g/100g); but higher than 0.07 g/100g obtained 
for rice (Satinder et al., 2011). Tannin content of 
A. hypochondriacus at current study is slightly 
agreed with results of Gorinstein et al. (2008) 
who recorded tannin content of 0.12g/100g of A. 
hypochondriacus. Oxalate contents of two 
amaranth species had shown significant 
difference (p<0.05) in mean scores. 
 

Conclusions and Recommendations 
 

Based on the results obtained in this study, 
amaranth (A. hypochondriacus and A. cruentus) 
are contained better amount of protein, moisture, 
carbohydrate, fat, ash and energy that could 
provide nutrients to reduce malnutrition.  A. 
hypochondriacus and A. cruentus contains 
minerals especial calcium, zinc and iron which 
could important for bone strength, stabilize 
immune and reduce anemic conditions 
respectively. Phytate, oxalate and tannin content 
obtained in A. hypochondriacus and A. cruentus 
are less than to compare with common cereals 
that are very important to minimize binds and 
block the absorption of certain minerals, such as 
iron, zinc and calcium. Using A. cruentus and A. 
hypochondriacus alone and with others cereals 
should be encouraged and recommended for 
consumption to increase the  nutritional 
composition of diets and decrease food security 
problem of Ethiopia.    
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A B S T R A C T 
 

Soil fertility depletion is a serious problem in Ethiopian highland due to leaching of topsoil 
by runoff, which reduces production and productivity. This experiment conducted in Debub 
Ari district for two years with the aim of investigating single and combined effect of compost 
and FYM with inorganic fertilizer on soil fertility improvement and onion crop production. 
The treatment includes T1) Control, T2) Recommended NP (69/30), T3) NPSZnB (120N, 
92P2O5, 20.06S, 5.89Zn, 0.66B) kg ha-1 (264 kg NPSZnB + 161 kg urea), T4) 10 t ha-1 FYM, 
T5) 10 t ha-1 compost, T6) 5 tha-1 FYM + 50% of treatment-3 and T7) 5 t ha-1 compost + 50% 
of treatment-3. Treatments are arranged in randomized complete block design with three 
replications. Soil before the experiment showed moderately acidic, moderate in organic 
matter and boron, low in sulfur high in available P and total nitrogen. The results showed 
significant differences among the treatments on onion plant height, bulb diameter, 
marketable and biological yield. The highest total yield 19.99 t ha-1, 19.59 t ha-1 and 19.25 t 
ha-1 was recorded from NPSZnB (120N, 92P2O5, 20.06S, 5.89Zn, 0.66B) kg ha-1, 5 t ha-1 
compost + 50% of T-3 and 5 t ha-1 FYM + 50% of T-3 respectively and that increase yield by 
39%, 35% and 33% over the control. Soils after the experiment become medium in sulfur 
remain static in available boron and total nitrogen. Economic feasibility that the maximum 
net benefit of 246059 and 242442 ETB ha-1 with acceptable %MRR of 290 and 1300 was 
obtained with the application of NPSZnB (120N, 92P2O5, 20.06S, 5.89Zn, 0.66B) kg ha-1 
and  5 t ha-1 FYM + 50% of T-3, respectively. Therefore, the application of those two 
treatments is recommended for higher yield production in the study area. 
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Introduction 
 

The onion (Allium cepa L.) is a main bulb crop in 
Ethiopia and introduced to the agricultural 
community in the early 1970s (Adgo, 2008). It 
was newly introduced and rapidly becoming 
acceptable by producers and consumers. 
Currently, it is widely grown by smallholder 
farmers and commercial growers throughout the 
year for local use and export market (Bikila, 
2012). 
 

In Ethiopia, onion believed to be more intensively 
consume than any other vegetable crops and a 
major share of 95% of the vegetables and fruits 
produced in the country out of the smallholder 
sector. Despite this, productivity of the crop 
remains low 10.02 t ha-1 (FAO, 2012). The 
average annual onion production in Ethiopia is 
about 230,745.2 tons with the productivity of 
about 9.5 t ha-1 (Nigatu et al., 2018). In Ethiopia, 

onion is very important in the food interest and 
in daily stews as well as in different vegetable 
food preparation uses. Also, the chemical  
flavonoids, anthocyanins, fructo-oligosaccharides 
and organo-sulphur compounds found in the 
onion is considered as medicinal and health 
benefits  to  fight  different  diseases  including  
cancer, heart  and diabetic  diseases  (Goldman, 
2011). 
 

The problem of soil fertility reduction  serious in 
the tropical regions where the soil lacks adequate 
plant nutrients  and  organic  matter  due  to  
complete removal of crop residue  and erosion  of  
topsoil  by  intense  rainfall. A system that 
integrates different practices of soil fertility 
program is required for optimum growth and 
development of crops and this include the use of 
mineral fertilizers and organic manures (Falodun 
et al., 2013).  
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The combined application reduces the 
dependence of the farmer on inorganic fertilizer. 
It also reduces the exposure of the soil to the side 
effect of inorganic fertilizer application resulted 
in deficiency of micronutrients, imbalance in soil 
physiochemical properties and unsustainable 
crop production (Jeyathilake et al., 2006). 
Therefore, utilization of locally produced 
compost and FYM in combination with inorganic 
fertilizer at the recommended dose may be 
increase vegetable production. The objective of 
this study was to investigate the single and 
combined effect of compost/FYM and inorganic 
fertilizer on soil fertility and onion yield 
improvement in Debub Ari District Southwestern 
Ethiopia. 
 

Materials and Methods 
 

Description of the study area 
 

A field experiment was conducted for two 
consecutive years (2018 and 2019) at Debub Ari 
district of South Omo Zone, Southwestern 
Ethiopia. The experimental site is geographically 
located in 05°47’55.6”N and 36°37’59.7” E with 
an elevation of 1919 m.a.s.l. It found northeastern 
direction with 8 km a distant of Jinka town 
(principal city of the south Omo zone). The study 
site has a bi-modal rainfall pattern with shorter 
rainy season from March-May and longest rainy 
season from August- December. The district 
receives 1343 mm total annual rainfall. The 
annual mean temperature varies from 16.3 °C to 
27.7 °C.  
 

 
 

Fig. 1. Study area map. 
 

Experimental layout and design 
 

The experiments were laid out in a Randomized 
Completely Block Design (RCBD) with three 
replications. There were seven treatments: 1) 
Control (no fertilizers), 2) Recommended NP 
(69N/30P), 3) (120N, 92P2O5, 20.06S, 5.89Zn, 
0.66B) kg ha-1 = 264 kg NPSZnB + 161 kg urea top 
dress, 4) 10 t ha-1 FYM, 5) 10 t ha-1 compost, 6) 5 t 
ha-1 FYM + 50% of treatment-3 and 7) 5 t ha-1 
compost + 50% of treatment-3. Urea used as N 
source and TSP used as for P source. Required 
doses of TSP and NPSZnB applied at planting 
while nitrogen was split twice, half was applied at 
planting and the remainder was applied 35 days 
after planting. Onion (Bombay red variety) used 
as test crop, which was widely used by local 
producers. 
 

Soil sampling and laboratory procedures 
 

Composite soil sample was collected from 0-20 
cm soil depth before planting in zigzag pattern. 

Similarly, soil samples were collected after 
harvest.  Finally, the samples were air dried and 
sieved through 2 mm sieve for selected 
physicochemical parameters and 0.5 mm sieve 
for organic carbon and total nitrogen. The 
procedures that followed at laboratory for each 
parameter were 1:2.5 soil to water suspension, 
Walkly Blacky, Olsen, Dilute HCL, Turbid metric 
and Morgar solution extraction methods for pH, 
% OC, available P (ppm), B ppm, available SO4-S 
(ppm) and available K (ppm), respectably. 
 

Data collection 
 

Important agronomic data for the crop including 
plant height, bulb diameter, weight of 
unmarketable and marketable bulb and total bulb 
yield collected. Plant height and bulb diameter 
collected randomly from five selected hills from 
each plot. For the rest adjusted harvestable row 
used. 
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Data analysis 
 

Data was analyzed using SAS software (SAS 
version 9.1). Treatment means were compared 
with one-way ANOVA at α = 0.05 probability 
level. Tukey test employed for treatment mean 
separation. 
 

Economic analysis  
 

To estimate economic feasibility, the total tuber 
yield was valued based on average market price 
collected from the local markets during two 
consecutive years of production. The average cost 
of Urea, NPSZnB, and NP were 15.25, 15.48 and 
15.24 ETB per kg, respectively, were used. A wage 
rate of 35 ETB a man per day considered for the 
organic fertilizers collection and preparation and 
for the application of both fertilizers at field.  
 

The dominance analysis used to select potentially 
profitable treatments; it carried out by listing the 
treatments in order of increasing costs that vary. 
Any treatment with low net benefits and high cost 
compared to the treatments with low cost and 
high benefit dominated. For each pair of ranked 
non-dominated treatments, a percentage 

marginal rate of return (%MRR) was calculated. 
The percent MRR between any pair of non-
dominated treatments denoted the return per 
unit of investment in crop management practices 
and it expressed as percentage. A treatment 
considered a worthwhile option to farmers, 100% 
rate of return (MRR) considered as described in 
CIMMYT (1988). 
 

Results and Discussion  
 

The initial soil physical and chemical analysis 
indicated that the study area generally 
characterized as medium to low in soil fertility 
and moderately acidic (Table 1). The availability 
of all analyzed nutrients ranged from low to 
medium for the growth of most crops. This could 
attributed to continuous cropping with little or no 
nutrient returns, which resulted in nutrient 
depletion and a decline in soil fertility. Combined 
application of organic and inorganic fertilizer did 
not significantly influence the pH of the soil. Soil 
pH varying from 5.6-6.0 values, which is 
reasonable enough for the availability of 
nutrients to the crop (Herrera, 2005). 
 

 

Table 1. Soil fertility status before planting. 
  

Soil parameters Values  Rating References  
% of Sand  37   
% of silt 19 
% of clay 44 
Textural class  Sandy Clay USDA Soil Texture Triangle 
pH 5.75 moderately acid Landon (2013) 
%OC 2.73 low Landon (2013) 
%TN 0.24 medium Landon (2013) 
P ppm 22.4 medium Jones (2003) 
B ppm 0.58 low Jones (2003) 
SO4-S ppm 8.553 low Havlin et al. 1999 
Av. K ppm 166.7 high Jones (2003) 

 

Prior to treatment arrangement and conducting 
the experiment the organic inputs, compost and 
FYM were analyzed for pH, TN, available P and 
sulfur following the standard laboratory 

procedures and the analysis result is indicated in 
the table below.   
 

 

Table 2. Some nutrient analysis of compost and FYM before treatment application. 
 

Parameters  Organic sources Methods 
Compost FYM 

Values Values                                                 
pH 7.86 7.72 pH (1: 2.5 H2O) 
%TN 0.77 1.26 Keljdall distillation and digestion  

followed by titration 
Av. P ppm 157.5 126.2 Olsen methods 
SO4-S ppm 27.6 19.3 Turbid metric methods 

 

Table 3. Residual effect of soil fertility status as influenced by the applied treatments in the 
experimental field. 

 

Treatment pH OC 
(%) 

TN 
(%) 

P 
(ppm) 

B 
(ppm) 

SO4-S 
(ppm) 

Av. k 
(ppm) 

Control (no fertilizers) 5.60 2.60 0.20 8.3 0.45 8.70 150.7 
69  kg N +  30 kg  P ha-1 5.90 2.57 0.22 10.7 0.43 13.20 147.0 
(120N, 92P2O5, 20.06S, 5.89Zn, 0.66B) kg ha-1 5.90 2.53 0.22 8.4 0.46 15.30 128.0 
10 t ha-1 FYM 6.00 2.49 0.26 11.3 0.42 17.50 163.6 
10 t ha-1 compost 5.90 2.60 0.22 18.1 0.68 19.70 154.3 
5 t ha-1 FYM + 50% of T-3 5.87 2.50 0.21 14.2 0.52 14.77 142.4 
5 t ha-1 compost + 50% of T-3   5.81 2.60 0.22 6.8 0.48 15.40 152.4 
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Although nitrogen content of the added inputs, 
compost and FYM was 0.77 and 1.26%, 
respectively, which indicates very high amount of 
total nitrogen present in the applied organic 
fertilizer, however, any nutrient improvements 
not observed on the treated plots. This is 

probably due to the slow decomposition and 
nutrient release of these organic inputs.  
However, sulfur and soil pH increased in the 
treated plots compared to the control.  
 

 

Table 4. Yield parameters of onion as affected by both organic and inorganic fertilizer. 
  

No. Treatments PH 
(cm) 

Bd 
(cm) 

M yield 
(t ha-1) 

UM  
(t ha-1) 

TY 
(t ha-1) 

1 Control (no fertilizers) 47.0ab 12.4b 12.66c 1.73 14.38c 
2 69  kg N +  30 kg  P ha-1 49.8ab 15.4ab 14.64c 1.78 16.42bc 
3 (120N, 92P2O5, 20.06S, 5.89Zn, 0.66B) kg ha-1 49.4ab 16.1a 17.85a 2.14 19.90a 
4 10 t FYM ha-1 46.5b 15.7ab 14.14c 2.01 16.14bc 
5 10 t  compost ha-1 50.2ab 14.8ab 15.02bc 1.78 16.81b 
6 5 t  FYM + 50% of T-3 ha-1 50.6ab 17.2a 17.58ab 1.97 19.26a 
7 5 t compost + 50% of T-3  ha-1 52.4a 17.0a 17.79a 1.73 19.51a 

CV (%) 6.0 11.8 9.4 16.2 7.6 
LSD 5.2 3.2 2.64 NS 2.39 
Mean 49.4 15.5 15.67 1.87 17.49 

 

Mean values with different letters within the column are statistically different at α ≤ 5%. PH = plant height, 
Bd=Bulb diameter, M= marketable, UM= Unmarketable yield t/ha, TY= Total yield t/ha. 
 

Statistically significant difference was observed 
among all treatments except unmarketable yield 
(Table 4). Most measured parameters 
significantly influenced by application organic, 
inorganic and combined use fertilizers at α ≤ 5% 
probability level.   
 

Plant height and Bulb diameter  
 

Application of 5 t/ha compost + 50% of treatment 
-3 was significantly affected plant height 
compared to 10 t FYM ha-1. This result is 
probably due to the decomposition difference 
between compost and FYM during application 
and probably compost released more nutrient 
throughout the growing period of onion. 
Significantly lower bulb diameter observed in the 
control plot, whereas statistical difference was 
not observed between all fertilizer treatments. In 
line with this (Nigatu et al., 2018) and 
(Gebremichael et al., 2017) reported that bulb 
diameter measured from non-fertilized plots was 
lowest compared to the plots treated by 
integrated application inputs.  
 
 
Marketable and unmarketable yield 
 

Based on the data indicated in table 4, significant 
difference (P ≤ 0.05) was observed in marketable 
yield of onion. Application of (120N, 92P2O5, 
20.06S, 5.89Zn, 0.66B) kg ha-1 and the combined 
application of organic and inorganic fertilizer 
gave significantly higher yield compared to the 
control, recommended NP and sole application of 
organic fertilizers (compost and FYM). 
Accordingly the highest yield, 17.79 t and 17.85 t 
ha-1, were recorded from the application of 5 t 
compost ha-1 + 50% of T-3 and in organic 
fertilizer (120N, 92P2O5, 20.06S, 5.89Zn, 0.66B) 
kg ha-1, respectably. In addition, the lowest 
(12.659 t ha-1) marketable onion yield was 
measured from the control followed by 10 t/ha 
FYM.   In general, application of 5 t/ha compost 
+ 50% of treatment-3 and (120N, 92P2O5, 

20.06S, 5.89Zn, 0.66B) kg ha-1 gave 40% and 
41% yield advantage over the control, 
respectively. This finding is similar with the 
report of Gebremichael et al. (2017).  Similarly, 
total yield was affected by the applied treatments. 
Based on the result, significantly higher yield was 
measured from the plots received (120N, 92P2O5, 
20.06S, 5.89Zn, 0.66B) kg ha-1, 5 t compost ha-1 + 
50% of treatment-3 and 5 t FYM ha-1 + 50% of 
treatment-3 compared to other treatments 
considered in this experiment.  
 

Total yield  
 

Analysis of variance indicated that the combined 
application of organic and inorganic fertilizer at 
(α ≤ 5%) was significantly affected total bulb 
yield. The maximum total yield 19.99 t ha-1, 19.59 
t ha-1 and 192.55 t ha-1 were obtained from (120N, 
92P2O5, 20.06S, 5.89Zn, 0.66B) kg ha-1, 5 t ha-1 
compost + 50% of T-3 and 5 t ha-1 FYM + 50% of 
T-3, respectively while the minimum was 
recorded from the Control (no fertilizer). The 
highest yield obtained from (120N, 92P2O5, 
20.06S, 5.89Zn, 0.66B) kg ha-1, 5 t ha-1 compost + 
50% of T-3 and 5 t ha-1 FYM + 50% of T-3  gave 
39%, 35% and 33%, respectively yield advantage 
over the control.  
 

Economic Analysis 
 

Partial budget analysis indicated that the highest 
total cost (17,940 ETB ha-1) and the lowest (0 
ETB/ha) was incurred when 10 t ha-1 compost 
and no fertilized was applied, respectively. The 
highest net return 246,059 and 242,442 ETB/ha 
was obtained from the application of (120N, 
92P2O5, 20.06S, 5.89Zn, 0.66B) kg ha-1 and 5 t 
ha-1 FYM + 50% of treatment-3, respectively, and 
the least net return (182,304 ETB ha-1) was 
obtained from control (no inputs). In addition, 
the economic advantage obtained from  (120N, 
92P2O5, 20.06S, 5.89Zn, 0.66B) kg ha-1 was 34% 
and 27% over the control and 10 t ha-1 FYM.  
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Table 5. Economic (Partial budget, dominance and marginal rate of return) analysis of the organic and 
inorganic fertilizers on onion. 

 

Treatments 10% adj. 
yield 

TR  (ETB ) TVC (ETB) NR (ETB) DA MRR 
(%) 

Control (no  fertilizers) 11394 182304 0 182304 --  
RNP (69N, 30P) 13176 210816 7604 203212 ND 275 
10 t ha-1 FYM  12726 203616 10300 193316 D  
5 t ha-1 FYM + 50% of T-3 15822 253152 10710 242442 ND 1263 
(120N, 92P2O5, 20.06S, 5.89Zn, 0.66B) kg ha-1 16065 257040 10980 246059 ND 1340 
5 t ha-1 compost + 50% of T-3   16011 256176 14460 241716 D  
10 t ha-1 compost 13518 216288 17940 198348 D  

 

Note: RNP = Recommended Nitrogen and Phosphorus, 50% T-3=132 kg NPSZnB + 80 kg urea, TR = Total revenue, TVC = 
Total variable cost, NR = Net return, DA = dominance analysis, D = Dominated, ND=non dominated. 
 

The items of cost that made up the total cost of 
production include: Labor cost incurred for 
different agronomic practices (ETB 35/day) such 
as, organic fertilizer collection and preparation, 
fertilizer application (2 split application), 
weeding (3 times), and Harvesting. 
 

Conclusion and Recommendation 
 

In conclusion, the finding of this study indicated 
that onion responded well to the application of 
organic and inorganic fertilizers. The present 
study revealed that combined application of 
compost or/FYM with inorganic fertilizers and 
use of inorganic fertilizers alone improved onion 
production in Debub Ari district, Southwestern 
Ethiopia.  Accordingly, application of 5 t ha-1 FYM 
+ 50% of treatment-3 and (120N, 92P2O5, 
20.06S, 5.89Zn, 0.66B) kg ha-1 gave significantly 
higher yield with viable economic return. 
However, to minimize production cost and due to 
environmental friendly, application of 5 t ha-1 
FYM + 50% of treatment-3 (132 kg NPSZnB + 80 
kg urea ha-1) is recommended. Onion growers can 
also use (120N, 92P2O5, 20.06S, 5.89Zn, 0.66B) 
kg ha-1 (264 kg NPSZnB + 161 kg urea ha-1) as an 
alternative option.  
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A B S T R A C T 
 

Rural people living around forests in Ethiopia depend on income from forest product 
collection as one of their livelihood activities. The forests of Sheka are threatened by 
unsustainable use and conversion to alternative land uses. This study was conducted to 
identify and quantify income from major forest products collected from the Sheka forest and 
examine factors that determine income from forest product collection. Quantitative and 
qualitative data were collected from primary and secondary sources. By stratified random 
sampling method, three kebeles were selected from the Masha district and 156 households 
were randomly selected from those kebeles and interviewed with a structured questionnaire. 
Descriptive and inferential statistics were determined by SPSS and STATA software. 
Multiple linear regression models were employed to determine the relationship between 
socio-economic factors and forest income. The result indicates 17 major forest product were 
collected and contributes an average of $1553.75 or 41.17% of their total annual income and 
was the highest contributor to total income. Forest income varies with agro-ecology and 
distance from the nearby markets in the study area. Households in the study area utilize 
more forest products for home consumption. Incomes from forest product collection are 
significantly related to the level of education of the household head, family size, and distance 
of home from the forest and market. Households in the study area depend to a higher degree 
on income from forest product collection and have an implication of sustainable 
management of forests in the long term.  
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Introduction 
 

Forest is one of the most essential types of 
resources for the existence of life on earth. The 
socioeconomic, cultural and ecological 
importance of forests is reflected in their 
contribution to national economy, livelihood 
diversification of rural and urban communities, 
food security, animal feed, human and animal 
health and environmental conservation (UNFF, 
2019). Forest product provides economic 
functions to household by sustaining 
consumption, generating cash income, providing 
agricultural inputs, providing input for small-
scale enterprises and underpinning capital 
formation (Cavendish, 2002; Sultan, 2009). In 
Ethiopia an estimated 57 million rural 
populations were engaged in the extraction of one 
or more of the forest products and is considered 
as one of their livelihood activity to reduce their 
vulnerability from risk (UNDP, 2017).  

Southwest part of Ethiopia is physically diverse 
and covered by natural vegetation with Afro-
montane highland forest. Sheka natural forest is 
one of UNESCO’s designated biosphere reserves 
in southwest Ethiopia that covers 47% of Sheka 
zone land area and is about 238,750 hectares; 
composed of Afro-montane vegetation and 
bamboo tickets (Mahiber, 2007). Sheka 
biosphere reserves are supported by REDD+ 
project by participating local community on 
forest conservation, rehabilitate degraded forest, 
improve the livelihood of local community by 
supporting and minimize their negative impact 
on forest. Local communities have developed 
traditional management practices based on 
religious taboos and customary tenure rights that 
have sustained the forests for centuries and 
contributed to the better condition of the forests 
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in the area (Mahiber, 2007). Honey, wild coffee, 
climbers, fuel wood, household utensils, farm 
implement and spices are the major forest 
product they acquire from the forest for 
household consumption and for markets 
(Mahiber, 2007; Mullatu, 2010).  
 

A pressing issue currently being addressed in 
environmental and ecological economics is the 
reduction of world tropical forests. Forest 
degradation not only diminishes the forest cover 
and forest product being extracted, it also has an 
impact on the country’s other natural resources 
and biodiversity, natural ecology and the welfare 
of its population. The forest of Sheka are now 
diminishing and facing high deforestation by 
smallholder farmers for agriculture due to 
population growth, in-migration and illegal 
logging due to the presence of valuable trees for 
timber production (Mahiber, 2007; NTFP-PFM, 
2012). 
 

Private investment projects are also clearing 
forest lands for commercial perennial crop 
production like tea and coffee plantation which is 
currently becoming an important threat to the 
ecosystem (Mahiber, 2007; Woldemariam and 
Getaneh, 2011; NTFP-PFM, 2012). The local 
government is transferring the forest-land to 
private investor for the need of revenue without 
assessment of impact of investment project on 
environment, local community economy and 
culture, biodiversity and natural ecology. The 
other fundamental problem in the area is the fact 
that forests of Sheka are under-valued by official 
decision maker and local community and are not 
considered as scarce resources. Thus estimating 
the benefit from the forest product at household 
level is very helpful to understand the true value 
of the forest and make informed decision 
regarding the allocation of forestlands for 
different purposes. The particular interest of this 
study is to identify and estimate the monetary 
value of timber and NTFPs and examine those 
factor determining the households income from 
forest product collection in the case of Masha 
district, south west Ethiopia.  
 

Methodology 
 

Description of study area  
 

Masha woreda is one of the three Woredas in 
Sheka zone and has 19 rural Kebeles. 
Geographically, it lies between 7°24’_7°52’ N 
latitude and 35°31’_35°35’E longitude and covers 
total land area of 763.73 km2. It altitude lies 
between 1600m-2400m above sea level and 
receives 900mm-2000mm rainfall annually. 
Agro climatically, the area is largely mid-
highland (Woynadega) type covering about 75% 

of the total area, 22% and 3% are in highland 
(Dega) and lowland (Kola) zones, respectively. 
The livelihood of the district’s population 
depends mainly on mixed agriculture (crop-
livestock production) characterized by 
subsistence and commercial production. Annual 
crops are dominantly produced by rain-fed 
agriculture. Enset, maize, barley, potato, teff, 
beans, peas, coffee are produced in the area and 
the livestock include cattle, goat, sheep and 
horses (Mullatu, 2010). Bee keeping is another 
dominant economic activity practiced in the area 
in home garden and within forest for honey 
production.  
 

Sampling design and sample size 
determination  
 

To select the study area and the respondents, 
multi-stage sampling techniques was employed. 
In the first stage, Masha district is the selected 
purposely out of the three districts in Sheka zone 
for this study due to availability of natural forest 
cover, high deforestation rate in the area, better 
knowledge of researcher about the community 
and type of forest product collected. In the 
second stage, three Kebeles namely (Welo, Beto 
and Yina) were selected from 19 Kebeles of 
Masha district using stratified random sampling 
method. Stratification was made based on their 
agro-ecologies as mid-highland (Weyinadega) 
and highland (Dega) and distance each Kebeles 
found from Masha town, as those Kebeles close to 
Masha are that found within 7 km and far from 
Masha those out of 7 km radius. One kebele were 
randomly selected from four strata (mid-
highland  close to Masha, mid-highland  far from 
Masha, highland close to Masha and highland far 
from Masha). Due to unavailability of highland 
kebele close to Masha, only three kebeles were 
selected from three strata. In the third stage, 156 
households were randomly selected from 1583 
households of the three kebeles selected above 
and taken proporitional to the number of total 
households of that kebele. The sample size were 
determined by using formula of Yamane (1967): 
 

n =
𝑁

1 + 𝑁(𝑒)2
 

 

Where ‘n’ is the sample size; ‘N’ is the  total 
number of households of the three kebeles and ‘e’ 
is level of precision (error level) and a total of 156 
households were selected randomly from three 
kebeles.   
 

Data type, source and collection technique  
 

Quantitative and qualitative data were collected 
for this study from primary and secondary 
sources. Primary data were collected from 156 
sample households through household survey, 
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key informant interview, focus group discussion 
and market survey using structured 
questionnaire. This primary data is about the 
type and amount of forest products they collect, 
socio-economic characteristics of household, 
price of specific forest products and all incomes 
of households from different sources. The 
developed questionnaire was tested before 
conducting the survey, in order to have a clear 
understanding about the issue and respondents. 
Prior to the household survey, FGDs and KIIs 
were done to gather complementary data thereby 
enhancing the understanding of the context of 
the study. Secondary data were collected from 
published and unpublished material, annual 
reports of relevant government offices, journals, 
websites and books relevant to the research. 
 

Data analysis  
 

The collected data were checked, coded and 
encoded in to a computer, that were then 
analyzed by using SPSS version 23 and Stata 
software. Descriptive statistics like mean, 
percentage, frequency and standard deviation 
was employed to analyze and indicate the results 
of the study.  
 

Estimation of the monetary value of 
forest product 
 

The monetary values of specific forest products 
were estimated according to Cavendish (2002) by 
quantifying those forest products used for own 
consumption and cash income generation in 
2019/2020 and multiplying with its average 
market prices in 2019/2020 by direct market 
price method. Incomes of households from forest 
product (FORINC) collection are estimated by 
summing the monetary value of each forest 
product that particular household collected and  

change to US dollar by dividing with average 
exchange rate 37.93 birr during data collection.  
 

 

Estimation of the dependency level of 
household on forest product income  
 

The dependency level or share of forest product 
income to total annual household income are 
computed according to Vedeld et al. (2004), by 
dividing income from forest product collection to 
total annual household income and multiplying 
by 100.  
 

Econometric model  
 

Multiple linear regression model is selected to 
estimate the effect of those socio-economic and 
physical factors on household forest income. The 
selected model can best estimate and fit the 
collected data because the dependent variable 
income from forest product collection are 
continuous variable. Therefore, income from 
forest product collection was regressed on those 
socio-economic and other variables in order to 
estimate their effects on the forest product 
collection and use (Gujirat, 2004). The OLS 
regression is specified as equation as:   
 

Y=𝜷0 + 𝜷1X1 + 𝜷2X2+ 𝜷3X3+… + 𝜷nXn+Ui 
 

Where,  
 

Y = income of households from forest product 
collection in 2019/2020 in US$ 
𝜷0= intercept 
 𝜷i = Vector of estimated coefficient of the 
explanatory variables 
Xi = Vector of explanatory variables or factor 
determining household forest income and  
Ui = disturbance term or other factor that not 
included in the regression.  
 

 

Table 1. Hypothesized factor that affect income from forest.  
 

Variable  Description Type of variable Measurement Expected 
effect 

FORINC Income from Forest product Continuous US$  

SEX Sex of  household head Dummy 1=Male, 0=female  Negative  
AGE Age of household head Continuous Year Negative 

EDU Level of education of household head  Continuous  Year  Negative  

FASI Family size Continuous Number Positive 

LASIZ Land size  Continuous  Hectare  Negative  
LVU Livestock unit  Continuous  Number  Negative  

FORHOM Distance between forest and home  Continuous Kilometre Negative  

HOMAR Distance between home and market  Continuous Kilometre Negative  

ACCRE Access to credit Dummy 1=yes, 0= no Negative 
 

Results and Discussion 
 

Socio-economic characteristics of the 
sample household 
 

The majorities (88.5%) of the sample households 
were male headed and only 11.5% were female 
headed. About 89.1% are married, no one is 

single, 7.1% are divorced and 3.8% are widowed. 
The age of the sample household head ranged 
from 20-70 years with a mean age of 47.17 years. 
About 91% of the sample households head were 
in productive working age, only 9% were older 
than 65 years. The sample households have a 
minimum of 2 and a maximum of 11 family 
members with a mean of 6. About 18.6% of the 
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total sample household head were not attended 
any formal education, while 70.4% were primary 
school and 11.0% were secondary school with a 
mean of 3.089 years schooling. All of the sample 
household have a land and the area ranges from 
0.5 hectare to 9.0 hectare with a mean of 2.96 
hectare. The livestock population of the sample 
household in terms of tropical livestock units 
(TLU) ranges between 0.90 and 30.85 with a 
mean of 7.48 TLU.  
 

Livelihood strategies and contribution to 
household income   
 

The livelihood of local communities depend on 
diversified activities includes crop production, 
livestock rearing, forest product collection and 
off-farm activities, which is similar with 
communities in other part of Ethiopia (Asfaw and 
Etefa, 2017; Fikir et al., 2016; Chanie and 

Tesfaye, 2018; Damte et al., 2019). Forest 
product collection, crop production and livestock 
rearing were ranked 1 to 3 respectively, as the 
main source of livelihood income in the study 
area. The total average annual income of the 
sample households is about $3774.16, which is 
very large compared to finding in Hammer and 
Yayo district of Ethiopia (Asfaw and Etefa, 2017; 
Fikir et al., 2016).  It is due to the current high 
market price of agricultural products and forest 
products and high frequency of forest product 
collection in the area. The contribution of each of 
the livelihood activities to annual household 
income are 31.20% from crop production, 25.53% 
from livestock rearing, 2.10% from off-farm 
activities and 41.17% are from forest product 
extraction to the total sample households (Table 
2).  
 

 

Table 2. Livelihood income sources.  
 

No Livelihood 
activities 

Total sample Mid-highland  
close to market 

Mid-highland  far 
from market 

Highland far 
from market 

Sig 

Mean 
[std. dev] 

(%) Mean  
[std. dev] 

% Mean  
[std. dev] 

% Mean 
[std. dev] 

%  

1 Crop production 1,177.50 
[484.90] 

31.20 1,134.67 
[574.86] 

32.8 1,013.36 
[335.23] 

26.9 1,293.60 
[445.36] 

32.1 0.016** 

2 Livestock 
rearing 

963.60 
[449.75] 

25.53 931.20 
[515.60] 

26.9 997.03 
[458.30] 

26.5 972.65 
[390.80] 

24.2 0.783 

3 Forest product 
extraction  

1,553.75 
[692.97] 

41.17 1,286.38 
[675.55] 

37.1 1,710.27 
[671.40] 

45.5 1,687.80 
[667.85] 

41.9 0.002*** 

4 Off-farm 
activities 

79.30 
[155.80] 

2.10 111.30 
[210.80] 

3.2 42.80 
[96.60] 

1.1 72.10 
[121.84] 

1.8 0.117 

 Total annual 
average income 

3,774.16 
[1268.50] 

100 3,463.57 
[1545.20] 

 3,763.47 
[1122.90] 

 4,026.16 
[984.58] 

 0.047** 

 

*,**,*** indicates the mean difference are statistically significant at 10%, 5% and 1%, respectively. 
 

Forest product and its contribution 
 

Major forest product collected in the area 
 

Results from analysis of data show that 17 major 
types of forest product are collected in the study 
area. These are firewood, coffee, honey, fencing 
wood, tree fern (Seseno), charcoal, split wood 
(Gejo), stringer (Mager), Cardamom 
(Aframomum corrorima), climber, timber 
(Tawula), split wood for house wall construction 
(Filit), mortar, plough, yoke, pestle and bamboo. 
All of the sample households are engaged in 
collection of forest products and it is similar to 
the earlier finding in the study area and Chilimo 
forest, Ethiopia (Mullatu, 2010; Demie, 2019). 
This engagement of communities in forest 
product collection is more than the findings of 
studies in Bench Maji zone and Yayo district of 
Ethiopia (Chanie and  Yirsaw, 2018, Asfaw and 
Etefa, 2017). In addition, households in the area 
are engaged in collection of diversified forest 
products as; 93% of the sample households 
collect 6 and more types of forest products. 

Contribution of forest product to 
household income 
 

The mean income contribution of forest products 
are about $1553.75 with maximum of $3,176.90 
ETB and minimum of $388.90 per year (Table 
2). Forest products collection contributes the 
highest income to household total annual income 
than other livelihood activities.  This higher mean 
income is due to the existence of high valued 
forest product (coffee, honey and cardamom), 
high frequency of collection, presence of 
diversified forest products in the area and current 
high market price of forest products. From the 
total forest product income, 61.25% are used for 
household consumption purpose and 38.75% are 
used for cash income generation by marketing 
forest product. The finding are similar to the 
findings of Melese et al. (2016)  and Damte et al. 
(2019) and contradicts with the finding of  
Tesfaye et al., (2010) in southern Ethiopia and 
Soe and Yeo-Chang (2019) in Myanmar.  
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The dependency levels of household on forest 
income are about 41.17% with a minimum of 
15.90% and a maximum of 82.40%, which 
indicate communities in the study area depend 
more on income from forest product collection 
than income from other sources. The current 
result is less than earlier finding in the area that 
indicate, forest product contributes 49% of 
annual household income (Mullatu, 2010) but is 
more than the finding of Chilalo and Wiersum 
(2011). In addition, a study by Mahiber (2007) on 
Sheka forest indicates in 2004/05, forest 
products contribute 44% of household annual 
income.  
 

Many studies revealed that forest product 
collection contributes the highest share to 
household annual income similar to the current 
finding. Aliyi (2008) stated NTFPs contribute 
54% of total income, Asfaw and Etefa (2017) 
reported 44.7% of annual household incomes 
were generated from collection of forest product. 
A study in many African countries including 
Ethiopia revealed forest-related activities account 
for 35-39% of average income of households 
(UNFF, 2019).  A study in Myanmar revealed 
forest product contributes 38.82% of annual 
household income (Htun et al., 2017). The 
finding indicate that the contribution of forest 
product are higher than the finding in Hammar 
district, Bench Maji, northwestern and southern 
lowland of Ethiopia (Fikir et al, 2016; Chanie and  
Yirsaw, 2018; Teshome et al., 2015). Income of 
households from forest product collection 
significantly varies with agro-ecology and 
distance of kebeles from nearby market at Masha 
at p<0.01. Households in mid-highland agro-
ecology far from market generate and depend 
more on forest income compared to others (Table 
2). This might be due to more availability of high 
valued forest product there.    
 

Income contribution of major forest 
products  
 

From the total of 17 products collected, 3 types of 
forest products contribute 10 or more percent of 
the total forest income and collected by the 
majority of the sample households. The three 
major forest products firewood, honey and coffee  
contribute 84.1% of forest income together to the 
sample households.  
 

Firewood 
 

Firewood is an important forest product collected 
by all of the sample households in the area for 
cooking and heating due to unavailability of 
alternative energy sources. Firewood’s contribute 
an average of $790.93 per year, which is 50.9% of 
forest income and 20.95% of the total annual 
income to the sample households. This finding is 
similar to many studies; firewood is commonly 
and majorly collected forest product in many 
areas (Asfaw and Etefa, 2017; Damte et al., 2019; 
Fikir et al., 2016). Majorities (97.80%) of 

firewood are utilized for consumption and only 
2.20% are collected for cash income generation 
by marketing. 
 

Coffee  
 

Forest coffee and coffee managed in the forest are 
widely collected forest products in the area and 
collected by 66% of the total sample households. 
Majority (91.50%) of forest coffee income are 
generated by marketing and 8.50% of coffee is 
consumed at home. Forest coffee contributes an 
average of $358.76 per year to the sample 
households, which are 23.10% of forest income 
and 9.50% of total annual household income. 
Coffee are one of higher contributor to forest 
income and similar with studies of Chilalo and 
Wiersum, (2011); Chanie and Yirsaw (2018) and 
Asfaw and Etefa (2017).  
 

Honey  
 

Beehives hanging in the forest are widely 
practiced in the area for honey production by 
86.50% of the total sample households. The mean 
income contribution of forest honey is about 
$157.50 per year, 10.14% of forest income and 
4.10% of the total annual income. This result is 
similar to many studies in southwest Ethiopia 
(Chilalo and Wiersum, 2011; Mullatu, 2010). 
Honey is one of the most commercialized forest 
products as 97% of honey incomes are accounted 
from marketed honey and only 3% are consumed 
at home. The rest 14 types of forest product 
contribute 15.90% of forest income. This 
indicates they are collected by small amount and 
low frequency but are collected by the majority of 
households.  
 

Factors determining income from forest 
products  
 

The results of linear multiple regression indicates 
that the level of education of household head, 
family size, distance from home to forest and 
distance from home to market significantly affect 
the amount of income from  forest product 
collection (Table  3). The R-square of the model 
indicates that the explanatory variables explained 
85.2% of the variation in forest product income.  
Tests for multicollinearity and heteroskedasticity 
indicate that there is no multicollinearity and 
heteroskedasticity problem in the model.  
 

Level of education of household head 
(EDU) are statistically significant at p<0.01 and 
negatively affects households income from forest 
product collection. A one-year increase in 
schooling of household head decreases forest 
product income of households by $32.362 per 
year. The finding agrees with studies in Bench 
Maji and Myanmar, there is negative relationship 
between schooling of household head and forest 
income (Chanie and Yirsaw, 2018; Htun et al., 
2017).  
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Table 3. Result of linear multiple regression of forest income on socio-economic factors. 
 

Model Coefficients Std. Error t-value Sig. 

(Constant) 1430.778 232.210 6.162 0.000 
SEX 66.091 70.867 0.933 0.353 

AGE -0.240 2.523 -0.095 0.924 
EDU -32.362 9.851 -3.285 0.001 

FASI 172.990 19.511 8.866 0.000 
LASIZ -21.399 18.943 -1.13 0.260 

TLVU 5.379 5.573 0.965 0.336 
FORHOM -1040.102 108.548 -9.582 0.000 

HOMAR -9.134 5.350 -1.707 0.090 

ACCRE 15.926 56.413 0.282 0.778 
 

*,**,*** indicates significant at 10%, 5% and 1%, respectively. 
 

Dependent Variable: household income from forest product 
  

Family size (FASI) of the household are 
statistically significant at p<0.01 and positively 
affects households income from forest product 
collection. An increase of family member by one 
person increases income from forest products by 
$172.99 per year. Households with large family 
member generate more income from forest 
product and the finding agree with finding in 
Hammar, northwestern and southern lowland of 
Ethiopia and Myanmar (Fikir et al., 2016; 
Teshome et al., 2015; Htun et al., 2017).  
 

Distance of forest from home (FORHOM) 
are statistically significant at p<0.01 and 
negatively affects households income from forest 
product collection. If the distance between home 
and forest increase by one kilometer, incomes 
from forest product collection decrease by 
$1,040.1 per year. Households close to forest 
generate more income from forest product and 
the finding is similar to the finding in Hammar 
district and northwestern and southern lowland 
of Ethiopia (Fikir et al., 2016; Teshome et al., 
2015). 
 

Distance from home to market (HOMAR) 
are statistically significant at p<0.1 and 
negatively affects households income from forest 
product collection. Household income from 
forest product collection decreases by $9.13 per 
year, when the distance between home and 
market increase by one kilometer. The result 
agree with the finding in Hammar district, 
Ethiopia that tells the negative relation of forest 
income and distance of market is due to high 
transportation, energy and time cost to provide 
forest product to market (Fikir et al., 2016). 
 

Conclusion  
 

Household in the study area generate the highest 
share of annual income from forest product 
collection. Income from forest product collection 
varies with agro-ecology and distance from 
market and households in mid-highland close to 
market generate lower income compared to 
others.  The major forest products contributing 

the largest share of forest income are firewood, 
forest coffee and forest honey. The amount of 
income from forest product collection are 
significantly affected by level of education of 
household head, family size, distance from home 
to forest and distance from home to market. 
 

The forest of Sheka has an important 
contribution to the livelihood communities; it is 
in danger due to high deforestation. Hence, 
government and NGOs should intervene with 
different alternative livelihood activities to local 
community to minimize their dependency on the 
forest and for the existence of this scarce resource 
to future generation. Investment projects that are 
environmental friendly and socially acceptable 
should be given priority and government take an 
action like assessing the impact of licensed 
investment projects on environment, culture of a 
community, livelihood of community, 
biodiversity and natural ecology and take 
corrective measure.   
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A B S T R A C T 
 

Arganne with the accession name Acc. 202209sno3-5) is a fenugreek variety released by 
Oromia Agricultural Research Institute, Sinana Agricultural Research Center, Ethiopia in 
2021. The trial was conducted at Sinana Agricultural Research Centre from observation 
nursery to preliminary yield trial and promising fenugreek genotypes were selected from 
yield trial based on seed yield and reaction to diseases, especially powdery mildew.  These 
promising genotypes were evaluated against standard check Hunda’ol and Ebisa across 
three locations for three consecutive years (2017 to 2019).  Arganne showed superior 
yielding ability, producing a mean seed yield of 17-26 Qt ha-1 on the research field and 15-21 
Qt ha-1 on the farmers’ field. The seed yield of the new variety exceeded that of the standard 
check Hunda’ol and Ebisa varieties by about 12.00% and 11.23%, respectively. 
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Introduction 
 

Fenugreek (Trigonella foenum-graecum L.)  is 
produced as spice, medicinal, animal feed and as 
pulse crop for rotation and mainly for export, 
which is used for sustains livelihoods incomes 
and earning foreign exchange. As a medicinal 
herb, the seed of fenugreek is an official drug 
according to the European dispensatories. Almost 
all farmers in some parts of Ethiopia like 
‘Hararghe’ use fenugreek in the major food called 
'Lafiso' which is either made from maize or 
sorghum ‘Injera’ served as baked in mixture of 
fenugreek flour boiled either with meat or alone. 
The ‘Harari’ people also use fenugreek as their 
best dish known as 'Hulbat Meraq' where they 
use fenugreek cooked with meat, mixed with 
‘Injera’ (Abdulahi, 1998). The production and 
distribution of fenugreek in Ethiopia is nearly 
similar to those of other cool season food legumes 
(Fikreselassie et al., 2012). Fenugreek stands as 
generating cash in study area. Thus, improving 
this crop means opening a new market 
opportunity in the face of the ever-expanding 
world trade for the country in general and for the 
resource-poor farmer in particular. One 
additional advantage of fenugreek is the wide 
variety of its uses at different crop stages such as 
green manuring, leaf vegetable and seed 
production for the international market of spices 

Fenugreek is the major seed spices produced in 
Bale mid altitude viz., Gindhir, Goro, Gololcha 
and some part of sawwena and Sinana districts. 
However, its production and productivity is low. 
Among the factors contributing to low production 
and productivity, even if many varieties were 
released before, high yielding and 
resistance/tolerant to disease with wide 
adaptability results in low yield. Hence, the 
objectives of the study is to register released 
fenugreek variety that are high yielding and 
adaptable to bale mid altitude and similar agro 
ecologies. 
 

Materials and Methods 
 

Varietal origin/pedigree and evaluation 
 

‘Arganne’ with the accession name of (Acc. 
202209sno3-5) is landrace material, which 
collected from Arsi Bale and developed through 
selection.  75 genotypes were evaluated at Sinana 
Agricultural research centre from observation 
nursery to preliminary yield trial. 14 fenugreek 
genotypes were selected from yield trial based on 
seed yield and reaction to major fenugreek 
diseases. These promising genotypes were 
evaluated against standard check     Hunda’ol and 
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Ebisa, which was released from Sinana 
Agricultural Research Centre across three 
locations (Sinana, Goro and Gindhir) for three 
consecutive years (2017 to 2019).  Promising 
genotypes and standard checks were planted on 
10 x 10 m2 at nine environments for variety 
verification trial in 2020 and evaluated by 
Ethiopian Variety Releasing Committee, finally 
Arganne approved as superior Variety for Bale 
mid lands and similar agro ecologies. 
 

Results and Discussion 
 

The combined mean of total seed yield of 
genotypes across environment ranged from 21.36 
to 11.92 Qt ha-1 (Table 3). The highest means of 
seed yield was recorded from genotypes 
202209sno3-5 followed by 201612sno3-2 were 
21.36 and 20.60 Qt ha-1, respectively. The lowest 
total seed yield was obtained from local checks 
(11.90 Qt ha-1). The two high seed yield genotypes 
have yield advantage of 11.23 and 8.25% over 
standard check ebisa. This is in agreement with 
Beriso et al. (2016) who reported the candidate 
genotype has yield advantage 27.98%, and 6.18% 
over the two standard checks Chala and 
Hunda’ol, respectively. 
 

The highest mean seed yield was recorded from 
Sinana 2018 followed by Goro 2019, which is 
24.23 and 22.80, respectively (Table 2) while the 
lowest mean seed yield was scored from Ginnir 
2019. This may be due to variability of the 
environment and environment can affect the seed 
yield of fenugreek than genotypes. This is in 

agreement with Fikreselassie (2012), who 
reported out of the traits considered in the 
experiment except thousand seed weigh, all 
showed significantly maximum value among the 
tested accessions. 
 

Morphological characteristics of arganne 
 

The released variety Arganne exhibited congenial 
morphological and agronomic characteristics 
compared to the standard check Hunda’ol and 
Ebisa. It has deep green foliage, yellow seed 
colour and a medium of day to flowering, days to 
maturity and plant height (46.17, 121.22 and 
65.42 cm), respectively (Table 1). 
 

Yield performance  
 

Arganne (Acc. 202209sno3-5) showed superior 
yielding ability, producing a mean seed yield of 
17- 26 Qt ha-1 at research field and 15 – 21 Qt ha-1 
on farmers’ field. In fact, the seed yield of the new 
variety exceeded that of the standard check 
Hunda’ol and Ebisa variety by about 12% and 
11.23%, respectively. 
 

Adaptation and agronomic recommendation  
 

Arganne is fenugreek variety released for Bale 
midlands, southeastern Ethiopia. It is well 
adapted in similar agro ecologies with altitude of 
1650-2400 m.a.s.l with annual rainfall of 550-
750 mm.  Recommended fertilizer rate for 
Arganne is 100kg of NPS, which is applied at 
planting while the spacing between rows is 30 
cm.   

 

Table 1. Agronomic and morphological descriptors for newly released fenugreek variety. 
 

Variety Name Arganne  (Acc . 202209sno3-5) 

Agronomic and morphological characteristics   
Adaptation area Sinana, Goro, Ginnir and similar agro ecology 

Altitude (masl) 1650 – 2400 

Rain fall (mm) 550-750 

Seed rate (kg ha-1) Row planting -20 

 Broadcasting -  25 
Planting date End of August to late September (for Bale mid 

altitude) 

Fertilizer rate (kg ha-1) NPS = 100 

Days to flowering 46.17 
Days to maturity 121.22 

Plant height (cm) 65.42 

Growth habit Erect  

Seed color Yellow  

Flower color  White 
Yield (Qt ha-1)   

Research field 17-26 

Farmers field  15-21 

Year of release  2021 

Breeder/maintainer  SARC/IQQO 
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Table 2. Means of seed yield (Qt ha-1) of 14 fenugreek genotypes across location and years. 
 

Sinana Goro Gindhir 
Genotype 2018 2019 2018 2019 2018 2019 Grand 

Means 
201612sno3-2 31.15 22.15 15.64 21.23 21.23 11.14 20.60 
202209sno3-5 24.83 24.40 17.85 24.50 24.50 19.32 21.36 
202216sn3-2 28.51 25.76 19.87 24.65 26.14 17.39 20.45 
220024sno3-4 28.83 10.74 12.43 22.90 22.90 11.89 16.81 
220024sno3-7 24.39 20.83 16.34 24.70 24.70 16.01 20.03 
220025sno3-3 27.15 18.50 13.93 27.77 27.77 12.56 19.25 
228246sno3-3 26.00 18.90 14.26 26.37 26.37 13.96 19.21 
238246sno3-1 24.15 21.63 14.54 25.90 25.90 14.17 19.43 
53063sno3-1 23.71 19.15 18.58 22.43 22.43 17.21 20.49 
53097sno3-3 25.74 17.63 17.61 24.10 24.10 16.17 20.30 
53102sno3-2 21.13 11.00 14.26 21.56 21.56 11.23 16.56 
Ebisa 20.41 20.33 17.33 19.59 19.59 12.50 18.96 
Local 14.00 10.03 11.31 12.07 12.07 11.87 11.92 
Hunda’ol 20.89 17.77 14.24 17.12 17.12 14.91 16.62 
Mean 24.23 18.41 15.55 22.80 22.69 14.64 18.90 
CV (%) 20.80 34.30 21.40 14.70 23.90 14.90 23.90 
LSD 8.47 10.60 5.40 3.20 9.11 4.24 2.96 

 

Table 3.  Summary of mean yield and other agronomic traits on the promising fenugreek genotypes.  
 

Genotypes DF DM PH PB SB PP SP BM SY 
201612sno3-2 55.28 132.83 63.56 3.76 1.57 9.96 13.01 44.49 20.60 
202209sno3-5 39.17 120.22 65.42 3.41 1.67 9.69 13.86 46.36 21.36 
202216sn3-2 56.94 133.56 66.08 3.13 1.33 8.32 13.04 43.11 20.45 
220024sno3-4 55.72 132.78 62.44 3.71 1.83 9.57 12.61 43.63 16.81 
220024sno3-7 55.06 133.22 64.10 3.54 1.73 9.42 14.05 46.56 20.03 
220025sno3-3 56.94 135.11 66.58 3.59 1.27 9.11 13.30 45.54 19.25 
228246sno3-3 55.17 133.50 64.06 3.47 1.41 10.43 12.48 41.71 19.21 
238246sno3-1 56.17 126.89 66.16 3.30 1.57 9.32 12.93 35.55 19.43 
53063sno3-1 55.56 135.94 64.52 3.64 1.79 11.28 12.99 45.34 20.49 
53097sno3-3 56.39 135.22 63.04 3.71 1.78 12.22 14.13 51.32 20.30 
53102sno3-2 51.33 136.50 67.93 3.61 1.60 9.40 13.97 39.91 16.56 
Ebisa 54.75 132.00 62.15 3.57 2.00 10.90 12.80 50.07 18.96 
Local 55.94 135.39 69.43 3.34 1.47 9.28 12.90 42.53 11.92 
Hunda’ol 57.33 133.94 65.60 3.76 1.76 10.08 13.27 45.90 16.62 
Means 55.92 133.59 65.06 3.56 1.61 10.04 13.21 44.28 18.90 
CV (%) 7.80 5.50 6.60 21.30 41.60 25.20 18.20 26.00 23.90 
LSD 2.88 4.83 2.80 1.43 0.43 1.66 1.58 7.55 2.96 

 

Note: DF=days to flower, DM=days to Maturity, PH=plant height, PB= primary branches/plant 
PP=Pod/plant, SB=secondary branches/plant, BMTH= biomass mass ton per hectare, and SY= seed yield 
Quintal per hectare. 
 

Conclusion 
 

The newly released fenugreek variety ‘Arganne’ 
was found to be superior to the commercial 
variety of Hundaol and Ebisa which were used as 
a standard check, in terms of seed yield and 
reaction to major fenugreek disease in the area 
(powdery mildew).   The variety was also found to 
be stable over seasons and locations. It is, thus, 
concluded that, ‘Arganne’ fenugreek variety could 
be produced sustainably and profitably by 
smallholder farmers and investors in mid lands 
of Bale and similar agro ecologies in the country 
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A B S T R A C T 
 

Appropriate fertilization methods for a particular crop based on real limiting nutrients and 
crop demands are cost-effective and wise utilization of fertilizers for long-term agricultural 
productivity. An experiment was done to assess alternative fertilizer types and rates for 
better maize production during main cropping season of 2018 and 2019. The fertilizers were 
set depending on the study area's limiting nutrients, which include NPS and NPSB at 
various rates. There are seven treatments in the experiment: (1)no fertilizer; (2) NPS: 69N, 
54P2O5, 10S; (3) NPS: 92N, 72P2O5, 13S; (4) NPS: 115N, 90P2O5, 17S; (5) 69N, 54P2O5, 10S, 
1.05B NPSB; (6) 92N, 72P2O5, 13S, 1.4B NPSB and (7) 115N, 90P2O5, 17S, 1.7B NPSB. 
Treatments were placed out in a randomized complete block design and replicated three 
times on two farmers' fields. The study showed that using NPS mixed fertilizer had a 
substantial impact on maize output when compared to the control. Treatment 2 (NPS; 69N, 
54p2o5, 10S) yielded significantly greater maize yield over control at (P<0.05). Similarly, 
with an appropriate marginal rate of return (128.2%), treatment 2 (NPS; 69N, 54P2O5, 10S) 
had the largest net benefit (30908.5 ETB/ha). As a result, maize producers in the area of 
study should use NPS with the nutrient ratios of 69N, 54P2O5 and 10S. 
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Introduction 
 

Maize (Zea mays L.) is one of the most 
significant food crops cultivated worldwide and it 
is Ethiopia's most important food crop in terms 
of volume and productivity. It is grown in almost 
every corner of the world under a wide range of 
conditions (Mandefro et al., 2002). Annual maize 
coverage in Ethiopia is at 2.11 million hectares 
(CSA, 2015). Despite the large areas are under 
cultivation in maize, the national average yield is 
around 3.2 t ha-1 (CSA, 2014). This yield is 
considerably lower than the global average yield 
of 5.21 t ha-1 (FAO, 2011).  
 

It is becoming increasingly clear that site-specific 
fertilizer prescriptions are required. Fertilizer 
trials employing multi-nutrient blends that 
contain micronutrients, are uncommon. 
Moreover, there has been no investigation or 
justification of yield response to multi-nutrient 
fertilization. EIAR and RARIs have recently 
developed soil test-based fertilizer 
recommendations and calibration efforts, but 
only for a limited number of locations and crop 
varieties. The depletion of other nutrients such as 
K, Mg, Ca, S, and micronutrients may be 

increased by such unbalanced application of 
plant nutrients. Deficiency symptoms have been 
detected on main crops in several parts of the 
country. The use of low levels of N and P 
fertilizers on maize and beans was also identified 
to be the leading cause of nutrient depletion in 
eastern Uganda (Wortmann and Kaizzi, 1998). 
 

In Ethiopia, in general, and in the SNNPRS in 
particular, there is no detailed investigation on 
soil nutrient losses; replenishment and balance 
have been conducted. This is considered to be the 
source of greatest gap between potential and 
actual yield. According to the findings of new 
study on Ethiopian soil maps, there is widespread 
nutrient deficiency (Ethio-SIS, 2016). A number 
of formulas containing these nutrients are 
available for different regions of the country. The 
main deficit nutrients suggested for SNNPR in 
general and in the research area in particular are 
NPSB and NPS. As a result, the purpose of this 
study was to evaluate how different types and 
rates of blended (NPS and NPSB) fertilizers affect 
yield and yield components of Maize. 
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Materials and Methods   
 

The study was carried out by the Bonga 
Agricultural Research Centre in Southwest 
Ethiopia. Yeki District is situated in Southwest 
Ethiopia State, at an elevation of 1200 meters 
above sea level, in a latitude of 7°10′54.5′′ and a 
longitude of 35°25′04.3′′ East of Ethiopia, 
around 611 kilometers southwest of Addis Ababa. 
The area's mean annual rainfall is 1559 mm, and 
it has a hot to moderate humid lowland agro-
ecology with maximum and minimum 
temperatures of 29.7°C and 15.5°C, respectively, 
and it is dominated by Nitisols (IFPRI, 2010). 
The experiment was based on the area's nutrient 
shortage, as shown on an Ethiopian soil fertility 
map created by the Ethiopian soil information 
system (Ethio-SIS, 2016). As a result, different 
rates of two types of blended fertilizers (NPS & 
NPSB) were used.    
 

Experimental layout  
 

The experiment includes seven treatments: no 
fertilizer, 150 kg NPS + 75 kg urea, 200 kg NPS + 
125 kg urea, 250 kg NPS + 175 kg urea, 150 kg 
NPSB + 75 kg urea, 200 kg NPSB + 125 kg urea, 
250 kg NPSB + 175 kg urea and these were 
replicated three times in RCBD arrangement. The 
plot was 3m by 3m in size. The blocks and plots 
were separated by 1.0 and 0.5 m pathways, 
respectively, to avoid treatment mixing. At 
planting time, all doses of NPS, NPSB and 60 
K2O fertilizers were applied and a half dose of 
urea as a nitrogen source was top-dressed 40 
days later. SHONE, an improved maize variety 
was planted in rows with all agronomic 
procedures as recommended for the crop. 
 

Agronomic and economic analysis  
 

Agronomic data for maize were collected, 
including plant height, cob length, total biomass, 
grain yield and 100 seed weight. Proc GLM 
methods in SAS 9.3 was used to do variance 
analysis on all data (SAS Institute Inc., Cary, NC 
USA). To determine the significance of 
differences between means, the least significant 
difference (LSD) at the 5% probability level was 
used. 

The economic feasibility of the two fertilizer types 
(NPS and NPSB) for maize production was 
investigated using an economic analysis.  The 
partial budget, dominance, and marginal rate of 
return were computed. For partial budget 
analysis, average yield was modified downwards 
by 10%, expecting that farmers would get 10% 
less output than on an experimental site. The 
study employed the average open market price 
for maize (5 Ethiopian Birr (ETB)/kg) and the 
official prices for NPS (11.12 ETB/kg), NPSB (12 
ETB/kg), and N as Urea (10 ETB/kg). The lowest 
acceptable marginal rate of return for a treatment 
to be considered a good alternative for farmers 
should be more than 50% (CIMMYT, 1988). 
However, Gorfuet al. (1991) suggested that a 
minimum acceptable rate of return be 100%. As a 
result, the study's minimum allowable marginal 
rate of return is 100 percent. 
 

Results and Discussion 
 

Soil Physico-chemical properties of the 
experimental site before sowing 
 

The site's textural class was clay, with a particle 
size distribution of 12.5% sand, 23.4 percent silt, 
and 63.9 percent clay. According to Tekalign 
(1991), the experimental site of the study area 
was moderately acidic with a pH value of 5.8 
(Table 1). The pH of the soil between (5.8 -7.2) 
was found within the suitable range for crop 
production (Sahlemedhin and Taye, 2000). So 
that the pH level of the study site is found within 
a suitable range for maize production. The site's 
cation exchange capacity was very high (42.95 
meq/100mg) (Landon, 1991). It is known that 
soils with heavy clay texture are high in cation 
exchange capacity. The experimental site was 
medium in total nitrogen and low in organic 
carbon (Landon, 1991). According to Landon 
(1991), available phosphorus of the site was 
medium and this medium phosphorus content of 
the site might be due to the moderate acidic 
condition of the site. Exchangeable potassium of 
the experimental site was very high (Landon, 
1991) and optimum available sulfur (64.6 Mg 
S/Kg) according to Ethio-SIS (2016). 
 

 

Table 1. Soil Physico-chemical properties of the experimental site before sowing. 
 

  

Soil parameters Unit Value Rates 

Particle size distribution    

%sand 12.5 -- -- 
% silt 23.4 -- -- 

%clay 63.9 --- --- 

Textural class Clay  

pH(H2O)  5.80 Moderately acidic 
Organic carbon % 1.30 Low 

CEC Meq/100mg 42.95 Very high 

Total nitrogen % 0.18 medium 
Available phosphorus Mg P2O5/Kg 20.68 medium 

Exchangeable K (cmol (+)  kg-1) 0.69 high 

Available sulphur (Av.S) Mg S/Kg 64.60 optimum 
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Mean yield and yield components of maize 
 

The result of this study revealed that application 
of both fertilizer type and rates significantly 
(p<0.05) improves all measured parameters in 
comparison to control. The rate of NPS blended 
fertilizers had a significant (p <0.05) effect on 
maize grain and biomass yield. The application of 
NPSB blended fertilizer at the rate of 115N, 
90P2O5, 17S, 1.7B (250 kilogram NPSB +175 kg 
urea ha-1 top dressed) and the control 
(unfertilized) yielded the highest (8259 kg ha-1) 
and least (4963 kg ha-1) average grain yields, 
respectively. The mean grain yield rose by 66.8 
percent as compared to the control. This increase 
suggests an insufficient degree of soil fertility in 
the study area for maize production. This is 
consistent with the results of Tollesa et al. (1993), 
who stated that while the adoption of new 
varieties, particularly maize hybrids, is 
accelerating in Ethiopia, fertilizer management 
techniques needed to supplement the varieties' 
existing potential. Additionally, biomass yield is 
increasing in the same manner as grain yield 
when the rate of NPS fertilizer was raised from 0 
to 150 kg ha-1, cobe length raise by 13.7%. 
Increasing the NPS or NPSB fertilizer rate above 
this level had no effect on this parameter (Table 
2). 
 

Plant height was significantly affected by the rate 
of NPS blended fertilizer as compared to the 

control (unfertilized). The highest Plant height 
(2.5 meter) was obtained from plots treated with 
treatment 2 (69N, 54P2O5, 10S) but the lowest is 
(2.1 meter) was from unfertilized. The lowest 
plant height in unfertilized plots might be 
attributed to the research area's poor soil fertility 
level. Similar to this, Tekle and Wasse’s (2018) 
research revealed that applying blended fertilizer 
significantly improves plant height compared to 
control 
 

Plant growth and development may be 
substantially reduced if any of the nutrient 
elements is less than its threshold level in the soil 
or is not appropriately balanced with other 
nutrient elements, according to the findings of 
this study (Landon, 1991). This indicates that the 
application of NPS blended fertilizer has 
enhanced maize vegetative growth. The rate of 
NPS fertilizers had a significant (p < 0.05) effect 
on 100 seed weight, according to the results of 
the analysis of variance. The 100 seed weight rose 
from 38.3g to 41.4g when the NPS rate increased 
from 0 to 69N, 54P2O5, 10S kg ha-1. This finding 
is consistent with Tekulu et al. (2019), who 
discovered that blended fertilizer rates had a 
substantial impact on maize seed weight when 
compared to the control. For the rate of (blended) 
NPS fertilizer applied above this level, this 
parameter was unaffected.  
 

 

Table 2. Mean yield and yield components of blended fertilizer evaluation on maize. 

 

N.B: TSW- Thousand seed weight BM-biomass, GY-grain yield 
 

Economic analysis 
 

According to a partial budget analysis, applying 
NPSB blended fertilizer at a rate of 150 kg NPSB 
+ 75 kg urea ha-1 top dressing gave maximum net 
benefit (32950.5 ETB/ha) followed by treatment 
2 (NPS 150 kg +75 kg urea) with the net benefit 
(30908.5 ETB ha-1)  with acceptable marginal 
rate of return. However, the least net benefit 
(22333.5 ETB) was obtained from 
control/unfertilized. The dominance analysis 

found that, with the exception of treatments 2 
and 5, all treatments were cost dominated (Table 
3). 
 

Thus, NPSB blended fertilizer at a rate of 150 kg 
+ 75 kg urea per hectare is a cost-effective rate for 
maize production in the study area. In addition, 
application of NPS blended fertilizer at the rate of 
150 kg + 75 kg urea ha-1 could be optionally used 
since it is the second highest net benefit with 
acceptable MRR. 

 

Table 3. Economic (partial budget and dominance) analysis of fertilizers on maize at Yeki woreda. 

 

Treatment Plant height Cobe length TSW(g) BM(kg ha-1) GY(kg ha-1) 
T1. No fertilizer 2.1b 16.7b 38.3b 1459.07c 4963.0c 
T2. NPS = (69,54,10) 2.5a 19.0a 41.4a 16452.0b 7407.0b 
T3. NPS = (92,72,13) 2.5 a 19.3a 41.8a 16674.7b 7777.8ab 
T4. NPS = (115,90,17)  2.5 a 19.3a 40.9a 16780.0b 7740.8ab 
T5. NPSB =(69,54,10,1.07) 2.5 a 19.4a 41.0a 17896.0a 7889.0ab 
T6. NPSB = (92,72,13,1.4) 2.6 a 19.7a 41.1a 18226.7a 7814.0ab 
T7. NPSB= (115,90,17,1.7)  2.5 a 20.3a 40.9a 18488.0a 8259.0a 
Mean 2.4 19.1 40.7 17016.5 7407.0 
C.V (%) 4.7 9.2 5.1 2.5 6.0 
LSD 0.2 1.6 1.9 697.0 721.0 

  Treatments Av. yield  
kg ha-1 

Adj. yield 
kg ha-1 

Gross 
benefit 

Tvc Net Benefit MRR % 

1 Control 4963 4467 22333.5 0 22333.5  
2 150 kg NPS + 75 kg urea 7407 6666 33331.5 2423 30908.5 128.2 
5 150 kg  NPSB + 75 kg urea 7889 7100 35500.5 2550 32950.5 106.2 
3 200 kg NPS + 125 kg urea 7778 7000 35000.1 3480 31520.1 D 
6 200 kg NPSB + 125 kg urea 7814 7033 35163.0 3650 31513.0 D 
4 250 kg NPS + 175 kg urea 7741 6967 34833.6 4538 30295.6 D 
7 250 kg NPSB + 175 kg urea 8259 7433 37165.5 4750 32415.5 D 
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Conclusion and Recommendation 
 

The experimental site is clay in texture and 
moderately acidic with 5.8 pH value. In addition, 
it is medium in total nitrogen and available 
phosphorus. This research revealed that applying 
deficient soil nutrients nitrogen, phosphorus, and 
sulfur indicated in the area's soil fertility map 
(Yeki) increased maize yield. According to the 
findings of the study, the application of different 
blended fertilizer rates had a significant effect on 
all measured parameters. Plots received NPSB 
blended fertilizer 150 kg + 75 kg urea to dressing 
per hectare gave significantly higher maize yield 
(7889 kg ha-1) compared to control. In addition, 
plots treated with NPSB (150 kg + 75 kg urea top-
dressed) gave the highest net benefit (32950.5 
ETB ha-1) with an acceptable marginal rate of 
return (106.2%), which was greater than the 
experiment's minimum acceptable marginal rate 
of return (MRR) (100 %). 
 

As a result, NPSB in the ratios of 69N, 54P2O5, 
10S, and 1.07B (150 kg NPSB + 75 kg urea top 
dressing ha-1) is advised as the optimum 
alternative for maize production near Yekiworeda 
(Beko and Hibret fire kebele). In addition, NPS 
69N, 54P2O5, and 10S and (150 kg NPS and 75 
kg urea top-dressed ha-1) can be utilized as 
alternatives.  
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A B S T R A C T 
 

Cured meats are desirable to consumers across the world. Unfortunately, the use of nitrite to 
obtain cured characteristics has health implications for consumers. Three (3) kg each of ham 
were produced and labeled as H0, H1, H2, H3 and H4, respectively. H0 represented 
traditional ham produced with nitrite-curing salt and H4 contained common salt alone. H1, 
H2 and H3 were produced with 15.0 mg kg-1, 30.0 mg kg-1 and 60.0 mg kg-1 Ocimum 
gratissimum leaf extract as an additive with common salt. Proximate composition, pH, 
water activity and residual nitrite levels in treatments as well as color profiles were studied. 
The percentage contents of moisture, fat, protein and ash ranged from 40.02 (H3) to 41.20 
(H4), 2.05 (H0) to 2.61 (H2), 19.37 (H4) to 20.83 (H3) and 2.27 (H4) to 2.69 (H2), 
respectively. Residual nitrite levels reduced significantly (P<0.05) with increased use of OG 
as an additive in ham production. Lightness, redness and yellowness characteristics of OG-
common-salt-cured ham were not significantly different (P>0.05) from nitrite-cured ham, 
but redness of common-salt cured ham was significantly lower (P>0.05) compared to 60.0 
mg kg-1 Ocimum gratissimum-common-salt-cured and conventionally cured types of ham. It 
was concluded that Ocimum gratissimum leaf extract as an additive can potentially 
influence the development of desirable characteristics in ham. 
 

Keywords: Nitrite cured meat, Ham, Consumer health implication, Residual nitrite, Ocimum 
gratissimum, Cured characteristic 
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Introduction 
 

The use of nitrite as a cure additive in meat 
processing results in enhanced color, flavor and 
taste characteristics, which are acceptable to 
consumers. Nitrites also have antioxidant and 
antimicrobial properties, especially against the 
growth of Clostridium botulinum in processed 
meat products. However, the continued use of 
synthetic additives in food processing in general 
has received negative dialogues concerning 
health issues due to the potential risks associated 
with them. Nitrites have the potential to produce 
nitrosamines, which can be carcinogenic to 
biological organs, systems, tissues and cells. 
There is therefore an urgent need not only to 
reduce the levels of synthetic food additives used 
in meat processing, but also to provide 
alternatives, which can provide similar product 
characteristics desirable by consumers across the 
world.  

Several studies have focused on the use of plant 
or vegetable sources to effect curing reactions 
with some desirable results because of their 
contents of nitrates which when converted to 
nitrite through microbial interactions could 
produce desirable cured effects. Such natural 
plant sources also can function as antioxidants 
due to their contents of phytochemicals 
(Akinmoladun et al., 2007). Farombi et al. (1998) 
reported that phytochemicals have disease 
preventing abilities due to their biologically active 
compounds with antimicrobial and antioxidant 
properties, for which reasons they are employed 
in several health promoting and disease fighting 
functions in humans. 
 

Ijeh et al. (2005) and Prabhu et al. (2009) 
provided a list of several plants including 
Ocimum gratissimum, as examples used in 

  

 

http://ijarit.webs.com/
https://doi.org/10.3329/ijarit.v12i2.64087
https://www.banglajol.info/index.php/IJARIT
mailto:ywakwetey.canr@knust.edu.gh
https://doi.org/10.3329/ijarit.v12i2.64087
https://orcid.org/0000-0001-9009-1628
https://orcid.org/0000-0003-4037-3787
https://orcid.org/0000-0002-8814-0272


Akwetey et al. (2022)                                             Cured characteristics of Ocimum gratissimum in meat  
 

 
Int. J. Agril. Res. Innov. Tech. 12(2): 60-63, December 2022 

herbal medicine or as spices and food 
condiments. According to Prabhu et al. (2009) 
Ocimum gratissimum is herbaceous and belongs 
to the family Lamiaceae. This plant is commonly 
known differently in different locations where it 
is found. It is called “effinrin-nla” by the Yoruba 
speaking tribe in Nigeria, while Hausa’s in 
northern Nigeria call it “daidoya” (Effraim et al., 
2003). The Akan tribes in Ghana call it “nunum”, 
Ewes call it “dzoƒotsi” and Gas refer to it as 
“shoon”. Akwetey et al. (2021a) screened 
Ocimum gratissimum leaf extracts for their 
phytochemical contents and antioxidant 
properties and recommended its potential use in 
food. This study therefore seeks to produce ham 
with or without using O. gratissimum as a cure 
additive. The specific objectives were to 
determine physicochemical properties, including 
pH, water activity, residual nitrite and colour 
profile (L* a* b*) in ham produced with or 
without using O. gratissimum. 
 

Materials and Methods 
 

Ingredients used and procedure for ham 
production 
 

Fresh ham cuts from 6-month old hogs 
slaughtered on the same day were obtained from 
the Kumasi Abattoir Company Limited and 
transported on ice to the Meat Science and 
Processing Unit at the Departments of Animal 
Science, KNUST, Kumasi. Upon arrival, the fresh 
hams were taking to safe storage facility with a 
temperature of 2°C overnight. Five cure solutions 
comprising of nitrite curing salt, three (3) 
Ocimum gratissimum-common-salt mixtures 
and common salt alone were prepared for curing 
ham by immersion for 72 h. All immersed fresh 
hams were kept in a room at 16°C in order to 
facilitate the curing process. Cured fresh ham 
were washed with tap water and hung 
individually by means of stainless steel hooks for 
hot smoking for 3 h using fire wood as fuel in a 
traditional smoke chamber. Smoked hams were 
cooked to attain core temperatures of 71°C after 
which they were chilled at 2°C overnight and 
packaged separately in zip-lock bags for frozen 
storage at -18 °C and further analysis. The 
experimental treatments were all repeated 3 
times. 

Parameters determined 
 

Proximate composition and colour profile 
 

The procedures recommended by AOAC (2012) 
were used in the determinations of percentage 
moisture, fat, protein and ash. The Hunter colour 
system was used to determine colour profile (L* 
a* b*) of cooked ham using the Meat Colour 
Measurements Guidelines suggested by AMSA 
(2012). Three (3) measurements were taken from 
different position of the lean portions of each 
cooked treatment sample.  
 

Water activity and pH 
 

Water activity (aw) was determined using the 
methods of Kuo and Ockerman (1985) and a pH-
meter (FC-200, HI9024C, Hanna Instruments, 
Singapore) fitted with a probe was employed to 
measure pH of mashed treatment samples in 
distilled water.  
 

Residual Nitrite  
 

Methods of AOAC (1990) were used in the 
determination of residual nitrite. Finely ground 
treatment samples (5g) were used for all residual 
nitrite assays in triplicate at the same time to 
minimize variation in analysis due to time. 
 

Design of experiment and statistical analysis 
 

The experiment was conducted in a completely 
randomized design; comprising of 5 treatments 
(H0-H5) with 3 replications. Each treatment was 
repeated 3 times to obtain 45 experimental units. 
Data generated were subjected to one-way 
analysis of variance (ANOVA) using Minitab 
version 18.1 software. Significance differences in 
treatments means were determined at 5% using 
Duncan’s test of homogeneity. 
 

Results and Discussion 
 

Proximate composition 
 

Results of proximate compositions of ham 
produced with either nitrite salt, OG-common 
salt or common salt alone are shown in Table 1.  
 

 

Table 1. Proximate composition of ham produced with and without nitrite salt, OG and or common salt. 
 

Type of ham Percentage proximate composition 

Moisture Fat Protein Ash 

H0 40.93  2.05 19.67 2.72 

H1 41.01 2.46 20.33 2.64 

H2 40.78  2.61  20.10 2.69 

H3 40.02  2.52 20.83 3.12 

H4 41.20 2.22 19.37 2.27 

P-value 0.91 0.18 0.26 0.19 

SE 0.203 0.103 0.254 0.135 
 

H0 is 12 g nitrite salt/kg H1, H2, H3 contain 12 g common salt/kg +OG at 15.0 mg, 30 mg and 60 mg 
respectively, and H4 is 12 g common salt/kg; SE= standard error. 
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No significant (p>0.05) differences were 
recorded for all the proximate components 
evaluated. The percentage contents of moisture, 
fat protein and ash ranged from 40.02 (H3) to 
41.20 (H4), 2.05 (H0) to 2.61 (H2), 19.37 (H4) to 
20.83 (H3) and 2.27 (H4) to 2.69 (H2), 
respectively.  These observations suggested that 
the levels of OG used were probably not high 
enough to influence any significant changes in 
the proximate compositions in ham. Akwetey 

et al. (2021b) reported similar findings when 
frankfurters were produced with and without 
using Ocimum gratissimum up to 50 mg/kg in 
frankfurter-type sausage formulations. 
 

Colour profile of ham 
 

The L* a* b* colour measurements for ham in 
this study are reported in Table 2.  

 

Table 2. Colour measurements of ham produced with and without nitrite salt, OG and or common salt.
  

Type of ham Colour profile 
L* a* b* 

H0 55.51a 23.64a  20.98ab  
H1 55.73a  22.73ab   19.28ab 
H2 55.77a  21.44ab   19.85ab 
H3 55.00a  23.78a  17.02b 
H4 51.92b   20.70b   21.55a 
P-value <0.001 <0.001   0.02 
SE 0.729 0.606 0.788 

 

abcMeans with same superscripts in same column are not significantly different (p>0.05). H0 is 12% nitrite salt 
only, H1, H2, H3 contain 12% common salt+OG at 15.0mg, 30mg and 60mg respectively, and H4 is 12% 
common salt only; SE= standard error. 
 

Significant (p<0.05) differences were observed in 
all the colour coordinates studied. Lightness 
profile (L*) was lower in H4 compared to all 
other treatments, redness (a*) in H0 was not 
different significantly (p>0.05) from H1, H2 and 
H3. Treatment H4 was also not significantly 
(p>0.05) different from H1 and H2 however, a* 
in H4 was significantly (p<0.05) lower compared 
to H0 and H3. Yellowness (b*) in H4 was 
significantly (p<0.05) higher compared to 
treatment H3, but the observed differences in 
yellowness of H0, H1, H2 and H4 were not 
statistically different. Sindelar (2006) 
investigated several brands of ham and reported 
that uncured, no-nitrate/nitrite-added ham had 
better cured colour than nitrite-added control; 

and concluded in general that, the uncured types 
were comparable to traditional nitrite-cured 
control in terms of colour and residual nitrite.  
 

Sullivan (2011) observed increased redness for 
natural nitrate and nitrite-cured hams, but 
suggested that the differences would probably not 
be detectable by consumers. The objective color 
measurements in this study do not show any 
marked differences between the nitrite-cured 
ham and Ocimum gratissimum-treated 
counterparts. 
 

Water activity, pH and residual nitrite in 
ham  
 

 

Table 3. Water activity, pH, residual nitrite and nitrate (mg kg-1) in ham produced with and without O. 
gratissimum. 

 

Type of ham Chemical property 
Water activity pH Residual nitrite (ppm) 

H0   0.950b   5.76a   5.71a 
H1 0.955b  5.62ab   4.00b 
H2  0.952b  5.57ab   3.97b 
H3   0.951b   5.55b   2.40c 
H4 0.969a 5.72ab 3.86bc 
P-value     <0.001   0.02   <0.001 
SE 0.004 0.041  0.525  

 

abcMeans with same letter within a column are not significantly different (p>0.05). H0 is 12% nitrite salt only, 
H1, H2, H3 contain 12% common salt+OG at 15.5 mg, 30 mg and 60 mg, respectively, and H4 is 12% common 
salt only; SE= standard error. 
 

Table 3 shows results obtained for 
determinations of water activity, pH and residual 
nitrite in ham. Water activity ranged from 0.951 
(H3) to 0.969 (H4), and values observed for H4 
were significantly (p<0.05) higher compared to 
all other treatments. These observations could be 
useful in preventing growth or spoilage by 

microbiota, which may require aw in the range of 
0.970 to 0.990 to proliferate in food (ICMSF, 
1996). The levels of pH recorded were from 5.55 
(H3) to 5.76 (H4), and H0 was significantly 
(p<0.05) higher compared to H3. However, 
treatments H0, H2, H3 and H4 were not 
significantly (p>0.05) different. In a previous 
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study using the same cure ingredients, pH in 
frankfurters were not influenced by treatment 
(Akwetey et al., 2021b). The observed differences 
in pH of ham cured with OG-common salt could 
be responsible for their improved hunter a* 
compared to ham cured with common salt alone 
(Table 3). In addition, the observed reductions in 
pH could be beneficial in ensuring some degree 
of microbiological safety of hams cured with OG 
during storage. ICMSF (1980) and Jay (2000) 
indicated a pH range of 5.9 and 6.1 to be 
beneficial for growth and proliferation of most 
microorganisms in cooked meat and meat 
products, however pH values of ham in this study 
were <5.90 in all treatments.  
 

Residual nitrite levels reduced significantly 
(p<0.05) with increased use of Ocimum 
gratissimum leaf extract as additive in ham 
production and higher residual nitrite was 
recorded in conventionally cured ham (H0) 
compared to all other treatments. This 
observation results from the fact that unlike H0, 
no nitrite was initially added to treatments H1, 
H2, H3 and H4. Thus, the use of Ocimum 
gratissimum in ham curing operations has 
promising potential to assist in reducing residual 
nitrite levels. 
 

Conclusions and Recommendations 
 

Increasing the use of Ocimum gratissimum up to 
60 mg kg-1 in ham production was not high 
enough to influence any significant changes in 
their proximate compositions. Residual nitrite 
levels reduced with increased used of Ocimum 
gratissimum leaf extract in ham production 
compared to conventionally cured hams. It is 
recommended to conduct further studies and 
determine shelf stability of ham produced with 
Ocimum gratissimum. Such studies should focus 
on effects of using Ocimum gratissimum on 
storage characteristics of cured meat products.  
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A B S T R A C T 
 

Body condition scores (BCS) and/or body weights (BWT) are often used as visual or tactile 
management tools to evaluate and improve reproductive competency in pasture-managed 
small ruminant animals. This study was designed to evaluate relationships between BCS, 
BWT and reproductive traits (number born alive and weaned, litter size, birth and weaning 
weights) in 16 purebred Kiko, 11 purebred Boer and 7 Kiko x Boer crossbred meat goat dams 
that were semi-intensively managed and bred to both Boer and Kiko bucks. BWT was 
recorded using a scale and palpable BCS scale of 1 to 5 (1= emaciated to 5= obese) and was 
subjectively determined at breeding, parturition and weaning. Pearson correlation 
coefficient (r) analysis was used to determine the relationships between residual values of 
reproductive and progeny performance and BWT or BCS. Pre-partum BCS and weaning BCS 
had a correlation of r=0.09. A moderate correlation was observed between BWT at breeding 
and the number born alive (r=0.36) suggesting that pre-partum BWT is the key body 
conformation measurement linked to the reproductive performance of dams both at birth 
and weaning. Both at breeding and at weaning BCS were negatively correlated with litter 
size (r= -0.11) and birth weight (r=-0.32) and weakly correlated with the number born alive 
(r=0.06). Also, negative correlations were obtained between BCS at weaning and kid 
weaning weight (r=-0.58) and number weaned (r=-0.26). Although BCS had no significant 
(P≥0.05) effect on kg kids born per dam, birth weight of kids, and kids weaning weights, it is 
evident that a BCS score of 3 at the mating time could optimize reproductive performance. 
The results of this project established the important roles that pre-breeding BWT and/or 
BCS have on reproductive performance (kidding rate) in meat goat herds.  We recommend 
their evaluation as a useful management tool for distinguishing differences in the pre-
partum nutritional needs of meat goat herds, especially in the pasture-based production 
system. 
 

Keywords: BCS, BWT, Boer, Kiko, Reproductive Performance 
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Introduction 
 

Goats are important for both commercial and 
subsistence farming systems in rural 
southeastern United States. Limited resources 
producers keep goats primarily for meat and cash 
since most subsistent farmers cannot afford to 
keep cattle. Meat goats are very versatile because 
not only do they provide meat but provide 
services such as vegetation management by 
eating unwanted vegetation in fields (Solaiman, 
2007). The tremendous changes in demand that 
are ongoing for goat meat (chevon) in the course 
of the last two decades have created the 

opportunity for goat production to become 
widespread (Hart, 2001). However, given the 
substantial increase in the US chevon imports in 
recent years, there appear to be continued room 
for growth in the US meat-goat industry (Sande 
et al., 2005).  
 

There are 3 primary meat goat breeds managed 
in the US. The Boer goat is native to South Africa 
(Malan, 2000) which has become the most 
popular breed in the US since its introduction in 
the 1990s. The Spanish goat is a genotype that 
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has evolved from centuries of natural selection in 
the US (Glimp, 1995). The Kiko goat was 
developed in New Zealand and introduced to the 
US during the same time period as the Boer. The 
composite Kiko breed resulted from a series of 
crosses involving feral does and varying breeds of 
dairy bucks (Batten, 1987). 
 

Body condition scores (BCS) are numbers used to 
suggest the relative fatness or body composition 
of meat animals. Most published reports in cattle 
use a range of 1 to 5, with a score of 1 
representing very thin body condition and 5 
representing extreme fatness. There has not been 
total coordination by various workers concerning 
the descriptive traits or measures associated with 
any BCS score. As a result, scoring done by 
different people will not agree exactly; however, 
scoring is not likely to vary by more than one 
score between trained evaluators. 
 

Body condition scoring (BCS) has been widely 
adopted for managing the nutrition of meat goat 
herd, especially under pasture management 
systems, and for selecting kid goats for purchase 
and slaughter. In Britain, and now increasingly in 
Europe, body scoring is based on a subjective 
assessment of the fat level and muscle thickness 
on the backbone behind the last rib (Treacher et 
al., 2000).  
 

The relationship between BCS and body weight at 
calving and BCS loss was used to study the effect 
of conditioning of cows at calving and the 
subsequent severity of negative energy balance 
(EB) (Dechow et al., 2001). Body condition or 
body weight loss, as an indicator of EB, was used 
to study the impact of negative EB on stress 
symptoms, by correlating it to yield. Gamez et al., 
(2008) demonstrated that BCS in goats is related 
to serum leptin concentrations, an important 
reproductive hormone responsible for the early 
onset of puberty. The better the BCS scores, the 
greater the serum leptin concentration during 
breeding seasons. Zhang and Blache (2005) 
showed that serum leptin concentration was 
positively correlated to the BCS of sheep. Positive 
relationships have been established between BCS 
and plasma leptin and FSH concentrations in 
Iranian fat tail ewes at mating time (Towhidi et 
al., 2007). Ewes with a very high level of body 
condition score show an increase in ova wastage 
and reduce in reproductive performance (Rhind 
et al., 1989). A low body condition score was 
related to the prevention of estrus and fertility in 
ewes (Rhind et al., 1989). Selected reproduction 
criteria fertility (percentage of kidding goats), 
prolificacy or litter size and fertilization date 
(deducted from kidding date) were affected by 
different BCS in ewes (Jalilian and Moeini, 2012). 
In addition, Jalilian and Moeini (2012) indicated 
that BCS had a significant effect on the number of 
kids born per goat. Goats with BCS 3 had more 
normal estrous, while goats with low BCS had 
shorter or interrupted estrous period. 

Variation in body weight is a function of skeletal 
size, assumed mostly genetic and of condition 
(fleshing), assumed to be mostly environmental. 
Martin et al., (1980) confirmed that the 
reproductive performance of young crossbred 
ewes is related to body weight at breeding. 
Furthermore, this study found that the 
proportion of ewes with successful mating, 
lambing and of multiple births increased with 
increased average body weight. No explanation 
can be given for this trend, which may be 
indicative of differential fertilization rates or 
early embryonic mortality due to differences in 
body weight.  
 

Snyman (2010) showed that body weights before 
mating and at scanning had a significant positive 
relationship with the number of kids born per 
doe mated, the number of multiple births and the 
number of kids weaned per doe mated. Does 
carrying twins had higher body weights at 
scanning than dry does or does carrying single 
kids. For every kilogram increase in body weight 
before mating, 0.0237 and 0.0218 more kids 
were born (Snyman (2010). From the results 
presented in the literature, it is evident that the 
body condition of the doe, body weight, and 
management systems (intensive vs. extensive) all 
have a significant effect on reproductive 
competence in meat goats. The body condition 
and body weight of an animal is vital during each 
breeding season and must be managed for the 
greatest reproductive outcome.  
 

This study is designed to identify and quantify 
relationships between body condition scores, 
body weights pre-breeding and post-breeding 
with reproductive variables such as prolificacy 
(litter size), fecundity (fertility), birth type 
(single, multiple, and triple), individual and litter 
birth weights and individual and litter weaning 
weights in Boer, Kiko, Boer X Kiko meat goats 
dams raised under a semi-intensive management 
system. Furthermore, this study seeks to 
establish body condition scoring and body weight 
as useful reproductive management tools for 
distinguishing differences in pre-partum 
nutritional needs of meat goat herds, especially in 
pasture based production systems.  
 

Methodology 
 

Animal management 
 

This study was conducted at the Caprine 
Research and Education Unit of the George 
Washington Carver Agricultural Experiment 
Station at Tuskegee University in Tuskegee, 
Alabama (32.43N, 85.71W). Tuskegee, Alabama 
is located in the southeastern region of the 
United States and has an average annual 
precipitation of 53.57 inches in 2016. The 
Tuskegee University Animal Care and Use 
Committee approved herd management protocol 
used in this project. 16 purebred Kiko (K), 11 
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purebred Boer (B) dams and 7 Kiko x Boer (K x 
B) crossbred dams that were semi intensively 
managed were bred to both Boer and Kiko bucks. 
The stocking rate was approximately seven to 
eight does per hectare. Dams were approximately 
5 years of age and dewormed twice a year. On a 
nutritional basis, all animals were managed on 
tall fescue (Festuca arundinacea) and 
Bermudagrass (Cynodon dactylon) pastures, and 
supplemented with 1133 g of bermudagrass hay 
(Cynodon dactylon) twice a day for ad libitum 
consumption. Animals were also supplemented 
with grain concentrate of alfalfa (17% crude 
protein, 1.5% crude fat, 30% crude fiber) and 
corn (7% crude protein, 3% crude fat, 4% crude 
fiber) only during late gestation, and had access 
to free choice mineral salt block from breeding to 
weaning of kids. All animals had unlimited access 
to water daily. 
 

Prior to breeding, does and bucks were physically 
examined. For each doe and buck body weight 
was recorded using a scale, body condition scores 
(BCS) were evaluated subjectively (ranging from 
1= emaciated to 5= obese). Bucks were also given 
a breeding soundness examination (BSE) 
involving both a physical examination of the 
buck’s structural soundness and an examination 
of reproductive soundness. Additionally, physical 
evaluation of feet and legs, body condition, vision 
and other factors that could reduce the buck’s 
ability to breed and settle does were examined.  
 

Further reproductive examination involved 
measuring and palpating the scrotum and 
testicles and physically examining the penis; 
however, no semen was collected or evaluated. 
Scrotal circumference was measured using tape 
at the broadest part of the scrotum. Shoulder 
width (SW) was determined with the aid of a tape 
measure, as the horizontal distance between the 
processes on the left shoulder and those of the 
right shoulder blade. Chest girth (CG) was 
measured with the aid of a measuring tape 
around the chest, just behind the front legs; body 
length (BL) was measured from the sternum to 
the aitch bone and hip width (HW) was measured 
using a plastic measuring tape, while height at 
withers (HTW) was measured vertically from 
thoracic vertebrae to the ground using a metal 
ruler.  
 

Goat breeding scheme  
 

Prior to mating, three breeding pens were 
constructed on three hectares of pasture and does 
were separated into the pens. Pens # 1 consisted 
of one Boer buck bred to seven does (three 
purebred Kiko, one purebred Boer, and three 
Kiko x Boer cross). Pen # 2 consisted of one Kiko 
buck bred to nine does (five Kiko purebred and 

four Kiko x Boer cross); and lastly. Pen # 3 
involved one Kiko buck bred to eight purebred 
Kiko does. The Boer and Kiko bucks were fitted 
with a marking harness with different crayons 
(red, orange and blue) to aid in determining 
breeding dates. Mature bucks were allowed to 
roam freely with the females. 
 

The mature bucks were exposed to the dams 
through two heat cycles or approximately 45 days 
assuring that any doe that missed the first cycle 
will get bred on the second round. The harness 
and females were checked periodically during the 
day. The date on which a crayon mark from the 
buck’s harness on the doe’s hindquarters was 
recorded as the initial date of gestation. Faint 
colors on her rump indicated that the buck might 
have mounted but not long enough to inseminate 
and breed. Once all dams were recorded for 
mating the mature bucks were removed from the 
breeding pins and placed back into the buck pens. 
The breeding pens were removed and dams were 
released into the paddocks and rotated every two 
weeks to eliminate the risk of parasite infection. 
 

Parturition management  
 

Following parturition, the birth weights of the 
kids were recorded within 24 h after birth and ear 
tagged for identification. Likewise, the body 
weight and body condition of the doe at breeding 
were recorded as well. Additionally, the following 
data were recorded for all breed combinations at 
parturition: date of kidding, expected weaning 
date, birth type (single, twins, or triplets), kid ID, 
number born alive, sex of kid and birth weight of 
kid. At weaning the following were recorded: 
body condition of dam, body weight of dam, 
weight of kids and number weaned. The research 
concluded following the weaning period.  
 

Statistical analysis 
 

Analysis of Variance (ANOVA) procedures of 
Statistix 7, 2000 (Analytical Software, 
Tallahassee, FL) were used for data analysis. 
Fixed effects in the models included the breed of 
doe. The interaction of the sire breed and dam 
breed was added to models for the analysis of kid 
and growth data. Weaning weights were adjusted 
on a 90-day basis. Kid sex and litter size were 
included in the kid weight models. Animals 
within the breed of doe and breed of sire were 
specified as random terms in the mixed effects 
models. Pearson correlation coefficient (r) 
analysis was used to determine the relationships 
between residual values of reproductive and 
progeny performance and BWT or BCS (CORR 
procedure, SAS Institute, 2007). Probability 
levels less than 0.05 for the descriptive statistic 
indicated significant effects.  
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Results and Discussion 
 

Reproductive and progeny performance 
 

Reproductive and progeny performance 
(prolificacy; pre-weaning rate; gestation length; 
body weight at breeding, parturition and 

weaning; body condition scores at breeding, 
parturition and weaning; weights of kids at birth 
and weaning and the number of kids at birth and 
weaning) for all breed combinations are 
presented in Table 1.  

 

Table 1.  Descriptive statistics of herd prolificacy in Boer and Kiko and their crosses (Mean ± SD). 
 

Item K B X B KB X K K X K K X B *P-value 

Prolificacy 2.00±0.00 2.25±0.50 1.62±0.65 1.67±0.58 * 

Pre-weaning rate  1.00±0.00 2.00±0.00 1.60±0.65 1.33±0.58 NS 

Pre-weaning survival rate (%) 100 100 88 79 NS 

Gestation Length (days) 149±1.41 148±4.92 147±5.13 152±2.89 NS 

Body Weight at Breeding (kg) 30±4.24 66±17.56 49±8.32 34±4.04 ** 

Body Weight at Parturition (kg) 35±2.12 69±9.95 55±11.93 43±5.51 ** 

Body Weight at Weaning (kg) 34±2.83 62±14.85 48±9.32 38±2.31 ** 

BCS at Breeding (1-5) 4±0.00 4±0.00 3±0.51 3±1.00 NS 

BCS at Parturition (1-5) 2±0.00 2±0.00 2±0.51 2±0.58 NS 

BCS at Weaning (1-5) 3±0.71 3±0.00 3±0.55 3±0.00 NS 

No. Born Alive 2±0.00 2±0.50 1.62±0.65 1.67±0.58 a * 

Birth Weight of Kids (kg) 3±0.00 3±0.82 3±0.72 4±1.00 NS 

No. Weaned 1±0.00 2±0.00 1.62±0.65 1.33±0.58 * 

Kid Weaning Weights (kg) 17±1.41 15±7.41 20±8.22 21±2.65 ** 
 

*Significant if (P≤0.05) 
**Highly Significant (P≤0.01) 
NS = Not Significant 
 

The overall prolificacy values (no. of kids born 
per does mated) for all breed combination 
include a mean value of 1.77 kids/doe. Significant 
(P≤0.05) breed combination differences in 
prolificacy 1.62±0.65 (K X K), 2.25±0.50 (KB X 
K), 2.00 ± 0.00 (KB x B) and 1.67±0.58 Kids/doe 
(K x B), respectively. Prolificacy is a measure 
related to the number of fertile ova produced per 
doe at each estrus (Das et al., 1996). The general 
conclusion that can be drawn from the prolificacy 
analysis is that the Boer x Kiko (dam) and Kiko 
(sire) are the most prolific of the four-breed 
combination indicating heterosis and although 
the pure Boer and Kiko lines tend to have similar 
prolificacy rates. Mean value of 1.59 ± 0.59 was 
obtained for pre-weaning rate – (percentage of 
kids that survived until weaning). Non-significant 
(P≥0.05) breed combination differences 1.60 ± 
0.65 (K X K), 2.00 ± 0.00 (KB X K), 1.00 ± 0.00 
(KB x B) and 1.33±0.58 (K x B) were obtained. 
Body condition scores at breeding, parturition 
and weaning showed non-significant breed 
combination variations (P≥0.05; Table 1). Doe 
body weights at breeding (30±4.24, 66±17.56, 
49±8.32 and 34±4.04 kg) parturition (35±2.12, 
69±9.95, 55±11.93 and 43±5.51 kg) and weaning 
(34±2.83, 62±14.85, 48±9.32 and 38±2.31 kg) 
showed highly significant breed combination 
variations (P≤0.01; Table 1). 
 

Pre-weaning kid mortality and fecundity rates  
 

Pre-weaning rate – percentage of kids that 
survived until weaning were 88%, 100%, 88% 
and 79% for K x K, KB x K, KB x B and K x B 

breed combinations, respectively (Table 1). These 
values were compared favorably with results 
(77% - 92%) obtained by Otuma and Osakwe 
(2008) who evaluated Red Sokoto goat x West 
African Dwarf goat in the rain forest agro-
ecological of southeastern Nigeria. Kid goat 
survival rate has a direct effect on genetic 
progress by its effect on selection pressure that is 
the percentage of kids that must be retained as 
replacement. Moreover, high kid mortality can 
seriously affect the economic viability of small 
ruminant enterprise and jeopardize the beneficial 
impact of flock fertility and fecundity. Casey and 
Van Niekerk (1988) identified low birth weight, 
slow growth rate; low doe milk production as 
major constraints associated with pre-weaning 
kid goat mortality and this is responsible for the 
reduction of the total productivity.  
 

The low fecundity of Boer dams reported in this 
study contrast with results obtained in Boer 
females in semi-arid environment, suggesting a 
strong environmental impact of all measures of 
prolificacy in this animal. Even though prolificacy 
is important and useful when looking at the 
maternal ability of the doe, the number of kids 
weaned per doe is of more practical significance 
when measuring reproductive efficiency. 
 

The Boer goat is also known for its prolonged 
prolificacy with females having the ability to stay 
in production for long periods of time (Greyling, 
1998; Malan, 2000). According to the South 
African National Department of Agriculture 
records, Boer goat females under extensive 
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conditions with a precipitation of 295 mm, have 
an average conception rate of 90%, kidding rate 
of 187%, fecundity (kids born/does kidded) of 
210%, and weaning rate (kids weaned/doe 
mated) of 149% over a twenty-year period 
(Malan, 2000). Casey and Van Niekerk (1988) 
reported mean litter size for Boer goat females of 
1.93 kids per parturition. The litter size of Boer 
goat females varied from 15.2-24.5 % kids born as 
singles, 59.2-67.5% born as twins and 15.3-16.3% 
born as triplets (Erasmus et al., 1985; Greyling, 
1998). Fielding (1983) observed that it is a 
common experience that multiple births in goats 
are associated with a high mortality rate. 
 

Overall gestation length was 147.17±2.58 days 
and agrees with reports by Wilson (1984) on the 
Mubende goat in Uganda (146 1/2 days). Das et 
al. (1996) studied gestation length, birth weight 
and growth rates of pure-bred indigenous goats 
and their crosses in Kenya. Data on gestation 
period of 701 indigenous East African and Galla 
dams and pre- and postweaning growth of 810 
pure-bred and cross-bred kids were analyzed by 
least squares statistical analysis. Breeds of kids 
were East African, Galla, Toggenburg × East 
African, Toggenburg × Galla, Anglo-Nubian × 
East African and Anglo-Nubian × Galla. Average 
gestation length was 149 days and was 
significantly (P < 0·05) affected by type of birth 
of the kid, year–month of kidding, and age of 
dam. Does carrying twins have shorter gestation 
length than does carrying singles. Sex and breed 
of kid did not have significant effect on gestation 
length. Although, the average gestation lengths 
do not differ among all breed combination 
groups. However, the pregnancy lengths were 
reduced with increasing body condition scores (P 
> 0.05). Similarly, Jalilian and Moeini (2012) 
showed that the kilograms lamb born in mated 
Sanjabi ewes with a body condition score of 3 
were significantly more than in other groups.  
 

Body condition scores 
 

As shown in Table 1, body condition scores (BCS) 
did not differ significantly at breeding, 
parturition or at weaning (P>0.05) for all breed 
combinations. Acero-Camelo et al. (2008) 
evaluated the effects of supplementation with two 
concentrate levels (CL) on the body condition 
score (BCS), and body weight (BW) of breeding 
goats, the number of kids born, birth and 
weaning weight, and rate of weight gain of the 
offspring. Flushing improved the BCS in all 
nannies, but there were no significant differences 
between supplementation CL. The mean initial 
BCS of all goats was 2.8 and in both groups, it 
increased to values above 3 in the breeding and 

gestation seasons. Dapoza et al. (1995) 
recommend a BCS of 3.0 to 3.5 as optimal for 
goats in the breeding season. Body condition at 
mating has been shown to influence conception 
(Spahr, 2004).  
 

According to Luginbuhl and Poore (1998), 
animals with extremely good body condition tend 
not to respond to flushing.  Dapoza et al. (1995) 
in a study in sheep to evaluate the effect of BCS 
on ovarian activity, recommend flushing for 
females with BCS below 2.5. When goat nannies 
present poor BCS, they often have low conception 
rates, low twinning rates and kids with low birth 
and weaning weights (Luginbuhl, 1998). Goats 
lose body condition with the progressive 
deterioration of pasture in the dry season. This 
condition can be improved with a sufficient level 
of concentrate supplementation. Because the 
greatest potential for goats is to raise them in 
pasture under a semi-intensive management 
system, this study used a 1 to 5-point graduated 
scale, adapted from the beef system used in 
Alabama. In that graduated scale, thin is 1 to 2, 
moderate is 3 and fat is 4 to 5. In most situations, 
goats should be in the range of 3 to 4. Scores of 1 
to 2 indicate a problem.  
 

Most of researchers (Goonewardene et al., 1997) 
have reported that the absolute effects of BCS and 
live weight than their variations have greater 
impact on sheep reproduction efficiency, which 
suggest the importance of breed and interactions 
with nutritional and physiological conditions and 
its impact on reproduction efficiency (Atti et al., 
2001). A correlation exists between BCS, live 
weight and amount of body fat reserves 
(Ducker and Boyd, 1977).  
 

Body weight, body condition score at breeding, 
parturition and weaning versus reproductive 
and progeny performance  
 

Body weight at breeding and gestation length 
showed a negative correlation (r = -0.14) lowly 
correlated with BCS at breeding (r = 0.28), 
moderately correlated with the number of kids 
born alive (r = 0.36) and showed a negative 
correlation with kid birth weight (r = 0.31) and 
kid weaning weight (r= -0.42) (Table 2). Body 
weight at breeding had a positive impact on the 
number of kids weaned (r = 0.40). Pre-breeding 
body condition scores (BCS) and gestation length 
showed a negative correlation (r = -0.23), lowly 
correlated with the number of kids born alive (r = 
0. 06) and showed a negative correlation with kid 
birth weight (r =0.32) and kid weaning weight 
(r= - 0.45) (Table 2).  
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Table 2. Correlation Coefficients (r) between Body Weight (BWT), Body Condition Score (BCS) at 
breeding, parturition, and weaning, and reproductive and progeny performance in meat 
goats. 

 

Parameter r 

BWT at Breeding vs. Gestation Length -0.1444 

BWT at Breeding vs. BCS at Breeding 0.2887 

BWT at Breeding vs. No. Born Alive 0.3635 

BWT at Breeding vs. Kid Birth Weight -0.3189 

BWT at Breeding vs. Kids Weaning Weight -0.4271 

BWT at Breeding vs. No. of Kids Weaned 0.4077 

BCS at Breeding vs. Gestation Length -0.2309 

BCS at Breeding vs. No. Born Alive 0.0651 

BWT at Breeding vs. Kids Weaning Weight -0.4271 

BCS at Breeding vs. Kid Birth Weight -0.3229 

BCS at Breeding vs. Kids Weaning Weight -0.4589 

BCS at Breeding vs. No. of Kids Weaned 0.0675 

BWT at Parturition vs. Gestation Length -0.2356 

BWT at Parturition vs. BCS at Parturition -0.2722 

BWT at Parturition vs. No. Born Alive 0.3001 

BWT at Parturition vs. Kid Birth Weight -0.1866 

BWT at Parturition vs. Kids Weaning Weight -0.4177 

BWT at Parturition vs. No. of Kids Weaned 0.3163 

BCS at Parturition vs. Gestation Length 0.2097 

BCS at Parturition vs. No. Born Alive -0.3789 

BCS at Parturition vs. Kid Birth Weight 0.0521 

BWT at Parturition vs. No. of Kids Weaned 0.3163 

BCS at Parturition vs. Kids Weaning Weight 0.0535 

BCS at Parturition vs. No. of Kids Weaned 0.0267 

BWT at Weaning vs. BCS at Weaning  0.3956 

BWT at Weaning vs. Kids Weaning Weight -0.3321 

BWT at Weaning vs. No. of Kids Weaned 0.2540 

BCS at Weaning vs. Kids Weaning Weight -0.5813 

BCS at Weaning vs. No. of Kids Weaned -0.2643 
 

No significant correlations were established 
between BWT at parturition with most 
parameters of reproductive and progeny 
performance (Table 2). However, BWT and BSC 
at weaning showed a moderate and positive 
correlation (r = 0.40). Although correlation 
estimates of BWT and BSC at weaning with the 
number of kids weaned and kid weaning 
remained low. The obtained results of the present 
study showed that the fertility and fecundity 
traits at the mating time were lowly correlated 
and affected by does Body Condition Score (BCS) 
(Table 2). The fertility rate in dams appeared 
highest and in medium body condition score does 
(3.5 or more) was lowest in thin does (< 2). The 
kids born/does at mating and kilograms kids 
born in does with BCS = 3 were significantly 
more than those in other BCS groups. Kids born 
per joined does in dams with BCS = 3 and 3.5 
were 140 vs.  105%,  
 

A negative correlation between gestation length 
and BCS (r = -0.23) was obtained. Pregnancy 
period in does with BCS = 3.5 was lowest but this 
trait in BCS = 2 was the highest. Kids’ birth 
weights were not significantly impacted by these 

phenomena. BCS had no obvious significant 
effect (p>0.05) on Kids born per doe at mating 
and reproductive performance in a doe with BCS 
= 3 was better, while in does with BCS <3 or 
more the kidding rate appeared reduced. Bell et 
al. (1990) concluded that changes in pre-partum 
nutritional intake that results in altered pre-
calving body condition influence the subsequent 
pregnancy rate of beef cows. Body condition 
scores before parturition and at the start of the 
breeding season were the dominating factors 
influencing subsequent pregnancy rates.  They 
also suggested that the effect of BCS at calving 
was modulated by the body weight change during 
gestation. Cows with similar body conditions at 
calving may differ in rebreeding performance due 
to body condition changes during mid-gestation. 
 

Gunn and Doney (1979) reported that ewes with 
high BCS (more than 4), have more early 
abortions and followed by, a decline in 
reproduction efficiency. Gunn et al., (1988) 
observed that BCS   of more than 3 at mating 
caused to decrease in born lambs. In this study, 
the number of kids born per joined does was 
highest in does with BCS = 3 group and followed 
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each unit increases in    BCS, these findings were 
in agreement with the results of Kenyon et al., 
(2004). In present study there is no significant 
difference (P≥0.05) was observed between does 
conceive per joined does in all breed 
combinations. However, this trait in BCS 3.0 – 
3.5 group was lower than in other groups (<3 and 
>4). Kenyon et al.  (2004) also obtained similar 
results. The overall effect of doe’s BCS on mean 
kid weaning weight was not significant (P≥0.05), 
but kid weaning weight was elevated to 
approximately 3.5 kg in dams with BCS of 3.5 
following dam body weight increases, kids born 
per joined does and body weight of kids born at 
birth increased. Moeini and Jalilian (2014) 
established that parallel to body weight increases, 
the rate of multiple births is enhanced and it was 
in line with the results of the current study.  
 

General Discussion and Conclusions 
 

Various definitions of fertility exist in literature 
such as conception rate, fecundity, prolificacy, 
birth rate, etc. In small ruminants, a general 
definition of fertility is the number of ewes 
lambing or does kidding divided by the number 
of ewes/does mated. Fertility is affected by 
factors such as nutrition, age, diseases and 
season of mating. In most cases, there is a 
positive effect of supplementation. Age of the ewe 
or doe is also an important factor. Fertility 
increases with age and also starts to decline with 
old age. Since, fertility traits have low heritability 
and are more difficult to record than BCS 
(Kadarmideen and Wegmann, 2003), results of 
different studies suggest that BCS can serve as an 
indicator for estimated breeding value for fertility 
traits (Kadarmideen, 2004). BCS is used in dairy 
cattle to assess body composition and energy 
balance, and besides that, fertility in dairy cattle 
is affected by both extent and the duration of 
negative energy balance (De Haas et al., 2007). 
Cows that are in negative energy balance, 
particularly in early lactation, may be yielding 
milk at the expense of reproduction. Thus, the 
mobilization of body tissue plays a role in the 
genetic control of fertility (Pryce et al., 2000). 
Most studies reported a moderate genetic 
correlation between average BCS and fertility 
traits (Kadarmideen and Wegmann, 2003). 
However, there is a tendency that BCS in mid-
lactation expressed the strongest genetic 
relationship with improved fertility (De Haas et 
al., 2007).  
 

Body condition or changes in body condition, 
rather than live weight or shifts in weight, are a 
more reliable guide for evaluating the nutritional 
status of an animal. Live weight is sometimes 
mistakenly used as an indication of body 
condition and fat reserves, but gut fill and the 
products of pregnancy prevent weight from being 
an accurate indicator of condition. Live weight 

does not accurately reflect changes in nutritional 
status. Two animals can have markedly different 
live weights and similar body condition scores. 
Conversely, animals of similar live weight may 
differ in condition score. Groups of cows with an 
average BCS of 4 or less at calving and during 
breeding will have poor reproductive 
performance compared to groups averaging 5 or 
above. Individual cows may deviate from the 
relationships established for groups; however, 
the relationship is well documented for herd 
averages. Body condition scores of 5 or more 
ensure high pregnancy rates, provided other 
factors such as disease, etc., are not influencing 
conception rates.  
 

Body condition score (BCS) is an easy, 
inexpensive but subjective method to evaluate the 
body tissue reserves of lactating cows, 
independent of frame size and body weight (BW). 
During the early lactation period, mobilization of 
body reserve for milk production induces a 
negative energy balance that has been reported to 
affect the reproductive performance of dairy cows 
(Edmonson et al., 1989). However, the effects are 
inconsistent; for example, some researchers have 
reported that BCS had no effect on reproductive 
indices (Pryce et al., 2001), whereas others have 
reported significant effects (Bell et al., 1990). 
Herd and Sprott (1986) reported that greater BCS 
changes during the early lactation period were 
associated with a reduced probability of 
conception at 1st service in multiparous cows, but 
not in primiparous cows. Thus, many factors, 
such as feeding system and level, the system of 
milk production, the cow’s genetic background, 
and parity, might influence the reported results. 
Compared with the attention paid to the 
relationship between BCS and reproductive 
performance in dairy cattle, there have been few 
reports regarding associations between the more 
objective measure of BW and reproductive traits 
in meat goats. Senatore et al. (1996) reported 
significant effects on the reproductive 
performance of primiparous cows due to BW at 
parturition and BW loss during the early lactation 
period. Buckley et al. (2003) analyzed field data 
from 74 dairy herds under pasture-based 
seasonal calving condition and suggested that 
BW is potentially an important determinant of 
the likelihood of reproductive success. 
 

The ideal BCS just before the breeding season is 
between 3 and 4 to maximize the number of kids 
born. Simply looking at an animal and assigning 
it a BCS can easily be misleading. Rather, animals 
should be touched. The easiest area to feel and 
touch to determine the body condition of an 
animal is the rib areas, on either side of the spine, 
by running a hand over those areas and pressing 
down with a few fingers. In doing so, one is able 
to determine the amount of fat covering the ribs. 
Other areas to monitor are the shoulders, the tail 
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heads, the pins, the hooks, the edge of the loins 
and the backbone. There is a little information of 
BCS in Kiko or Boer goats in southeast Alabama. 
Rhind et al. (1989) reported that in ewes with 
high BCS (more than 4.0) the primary embryo 
wastage increased and reproductive performance 
decreased. In beef cattle, BCS had an impact on 
fertility rates (Venkatachalapathy et al., 2015). 
Rhind et al. (1989) showed that a BCS of more 
than 3.0 at mating caused low lamb production 
and the number of born lambs per ewe at mating 
was highest in the ewes with a BCS of 2.75. 
 

Body weight alone has been considered a poor 
indicator of the reproductive performance of 
dairy cows because it is affected by frame size and 
gastrointestinal fills and does not reflect the 
bioenergetically important tissue (Chagas et al., 
2007). Recently, it was reported in a pasture-
based, seasonal-calving dairy system that BW is 
potentially an important determinant of the 
likelihood of reproductive success (Roche et al., 
2007). Herein, the BW loss (%) that indicates the 
rate of decrease from the prepartum BW during 
the early post-partum period was evaluated to 
eliminate the effect of frame size on the BW 
measurement. In contrast to the BCS changes, 
the BW changes were not affected by the cow’s 
parity. Early recovery in BW might be a result of 
increased dry matter intake that enhanced the 
gastrointestinal fill of the cows. It is speculated 
that the recovery of BW, which includes 
gastrointestinal contents, was initiated at 30–33 
days postpartum, regardless of parity and that 
the recovery of body fat reserves, which is 
initiated at BCS nadir, might be delayed about 15 
and 25 d from the BW nadir in primiparous and 
multiparous cows, respectively. The responses to 
prepartum BW change may depend on body 
condition at parturition. Pregnancy rates of cows 
in good body condition at calving are affected 
little by minimal BW changes either before or 
after parturition (Rae et al., 1993) dramatic BW 
losses after calving can reduce pregnancy rates 
(Whitman, 1975).   
 

In conclusion, the results of the present study 
showed that BCS had an effect on the kidding 
rate.  So, we recommend using flushing before 
mating for lower BCS meat goat dams (BCS <3) 
and body weight of (40-60 kg), and this might 
lead to significant improvements in reproduction 
efficiency and profitability of meat goat 
enterprise.  
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A B S T R A C T 
 

In Burkina Faso, Senna occidentalis, Ipomoea eriocarpa, Pupalia lappacea and Triumfetta 
cordifolia are frequent weeds in the maize crop. This work evaluated the inhibitory effect of 
Parkia biglobosa pods and Tephrosia purpurea leaves and identifies their chemical 
compounds. Biological and chemical approaches were used to identify the weeds. The 
inhibitory effect of powders was evaluated on weed germination and growth.  Experimental 
results showed that powders reduced both germination (p<0.001) and growth (p<0.016). 
Parkia biglobosa pods were rich in total flavonoids (544.2±1.4 µg mg-1) and condensed 
tannins (182.3±1.5 µg mg-1) than Tephrosia purpurea leaves which contained small amounts 
of total flavonoids (6.7±1.7 µg mg-1) and condensed tannins (5.7±1.2 µg mg-1). Parkia 
biglobosa pods could be used in the biological control of weeds. 
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Introduction 
 

In Burkina Faso, particularly in the Cascades 
region, maize is one of the food crops on which 
farmers rely to improve their income and fight 
against food insecurity (Sambaré et al., 2011). 
Despite the interest in this crop, its production is 
constrained by several unfavorable factors, 
including: climatic hazards, declining soil fertility 
and the proliferation of weeds leading to low 
yields (Coulibaly et al., 2017). Indeed, weeds are 
considered as one of major problems in cereal 
crops and their expansion in farms is perceived 
as one of the main causes of yield loss (Ka et al., 
2019). In high maize production areas, weeds are 
responsible for huge losses in crop yields. Indeed, 
crop losses are estimated to average between 25% 
and 80% (Sambaré et al., 2011).  To control 
weeds, the application of synthetic chemical 
herbicides is the most commonly used method by 
farmers. However, the dependence on synthetic 

chemical herbicides generates resistance 
phenomena in weeds and negative impacts such 
as contamination of water, soil and agricultural 
products (Ovono et al., 2019). Faced with these 
drawbacks, alternative methods are essential to 
ensure better productivity and contribute to food 
security for populations while preserving health 
and the environment (Mboup et al., 2019). 
Previous work showed that the pods of Parkia 
biglobosa and the leaves of Tephrosia purpurea 
inhibit the germination of maize weeds (Sourabié 
et al., 2021). This inhibition would depend on the 
action of certain molecular groups of the pods of 
Parkia biglobosa and the leaves of Tephrosia 
purpurea, which explains in part the herbicidal 
effect of these two local plants. Indeed, several 
works revealed that certain secondary 
metabolites are involved in the inhibition of 
germination (Moussaoui et al., 2017). Thus, 
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myricitrin and naringinin, two molecules 
synthesized by Cynara cardunculus Crude 
inhibit the germination of Trifolium incarnatum 
L. seeds (Ben Kaab et al., 2020). In this work, the 
study of the biological activity of plants with 
herbicidal effect and the identification of 
chemical molecules involved allow to establish 
the scientific bases for their implementation in 
the agricultural field. At this regards, the 
objective of present study was to assessment the 
inhibitory effect of Parkia biglobosa pods and 
Tephrosia purpurea leaves in greenhouses. In 
addition, the potentially active chemical groups 
of these two plants have been identified using 
chemical tests. 
 

Materials and Methods  
 

Materials used 
 

The plant material was consisted on the host 
plant, maize (Zea mays L.) of the composite 
varietal type popularized by the Institute of 
Environment and Agricultural Research (INERA) 
because of its high agronomic potential in the 
Sudanian zone, and on the other hand, plants 
with herbicidal effect and weed seeds collected in 
the southwest of Burkina Faso.  Thus, the leaves 
of Tephrosia purpurea and the pods of Parkia 
biglobosa were used to determine their herbicidal 
properties and Senna occidentalis L., Ipomoea 

eriocarpa R. Br., Pupalia lappacea (L.) A. Juss. 
and Triumfetta cordifolia A. Rich., the four 
weeds. The choice of these species is a 
consequence of the work done in vitro (Sourabié 
et al., 2021). 
 
 

Preparation of the powder  
 

P. biglobosa pods and T. purpurea leaves were 
dried completely at laboratory room temperature 
(25±3°C) for two weeks. After drying, P. 
biglobosa pods were cut into small pieces to 
facilitate their reduction to powder. A traditional 
mortar was used to grind the organs of both 
species separately and then sieved through a 500 
µm mesh screen.  The fine powders were stored 
separately in the bags until they were used. 
 

Phytochemical study 
 

The main families of secondary metabolites were 
characterized by staining and precipitation 
reaction tests.  We characterized flavonoids, 
tannins, coumarins, sterols and terpenes and 
alkaloids according to the methods reported by 
Singleton and Rossi (1965). Dragendorff's 
reagent for alkaloids, ferric chloride solution for 
tannins, Cyanidine reaction for flavonoids, 
Lieberman's reaction for sterols and terpenes, 
and finally coumarins by Ultraviolet fluorescence 
(UV). 
 

 

Results and Discussion 
 

Table 1. Secondary metabolites characterized according to tube reactions. 
 

Secondary  
metabolites  

P. biglobosa (Pods) T. purpurea (Leaves) 

hexanic 
extract 

hydroalcoholic 
extract 

Hexanic  extract hydroalcoholic 
extract 

Flavonoids + + + + 

Gallic tannins - + - + 

Catechic tannins - + - + 

Sterols and terpenes - + - - 

Coumarins - + - - 

Alkaloids + + + + 

(+) : positive reaction; (-) : negative reaction 
 

Amounts of total flavonoids and 
condensed tannins 
 

The figure 1 illustrates the amounts of total 
flavonoids and the figure 2 shows condensed 
tannins. Results revealed that the hydroalcoholic 
extract of P. biglobosa pods is richer in total 
flavonoids and condensed tannins than the 

hydroalcoholic extract of T. purpurea leaves, with 
quercetin and catechin equivalents estimated at 
544.2±1.4 µg mg-1 and 182.3±1.5 µg mg-1 of crude 
extract, respectively. Lowest amounts of total 
flavonoids (6.7±1.7 µg mg-1) and condensed 
tannins (5.7±1.2 µg mg-1) were observed with 
hexanolic extracts of T. purpurea leaves. 
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Figure 1. Variations in total flavonoid content of P. biglobosa pods and T. purpurea leaves. 
 
 

 

 
 

Figure 2. Variations in condensed tannin content of P. biglobosa pods and T. purpurea leaves. 
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Effects of powders on weed germination 
parameters 
 

Table 2 shows the germination rates, latency 
period and durations of the weeds germination. It 
shows that the powders of P. biglobosa pods 
significantly reduced the germination rates (p = 
0.002), extended the latency period (p = 0.033) 
and the duration of germination (p = 0.43) of I. 
eriocarpa. Similarly, analysis of variance showed 
that T. purpurea leaf powders significantly 
reduced germination rates (p=0.009) and 
extended latency period (p=0.042) of I. 
eriocarpa. Indeed, the highest doses of P. 
biglobosa pods, 15 g and 21 g reduced 
germination of I. eriocarpa more translated by 
the lowest values 23.0±1.7% and 10.0±0.7% 
respectively. On the other hand, the latency 
period were extended by 3 days and 1 day at the 
21 g doses of P. biglobosa pods and T. purpurea 
leaves respectively. For S. occidentalis, analysis 
of variance revealed a significant difference 
between germination rates (p=0.008), latency 
period (p=0.041) and the duration of 
germination (p=0.027) for P. biglobosa and T. 
purpurea leaf powders induced significant 
differences between germination rates 
(p=0.002), latency period (p=0.018) and the 
duration of germination (p=0.030). The lowest 
germination rates 22.0±1.3% and 17.0±2.0% 
were recorded at the high doses of 15 g and 21 g 
of P. biglobosa, respectively. Latency period 
increased from 5 days at the low dose (3 g) of P. 
biglobosa to 8 days at the higher doses (15 g and 

21 g). With the latter two doses, duration of 
germination was also extended by 3 days 
compared to the control. The same trends 
recorded in the two previous weeds were 
observed in T. cordifolia where significant 
differences were noted in germination rates 
(p=0.012), latency period (p=0.031) and duration 
of germination (p=0.028) for P. biglobosa 
powders and those of T. purpurea only induced 
significant differences in germination rates 
(p=0.022) and duration of germination 
(p=0.008). The highest doses 15 g (29.0±1.9%) 
and 21 g (14.9±3.2%) of P. biglobosa reduced the 
germination of T. cordifolia more compared to 
the control (70.5±1.3%). Withdrawal times 
increased from 5 days with the 3 g dose to 9 days 
with the 21 g dose of P. biglobosa. In contrast, the 
latency period did not vary for any dose of T. 
purpurea. For P. lappacea, no significant 
difference was observed in the withdrawal times 
with P. biglobosa (p=0.917) and T. purpurea 
(p=0.941) powders. In contrast, 15 g (44.6±1.1%) 
and 21 g (29.4±2.7%) of P. biglobosa significantly 
reduced germination rates (p=0.040). Doses of 
21 g of P. biglobosa and T. purpurea each 
extended duration of germination by 3 days 
compared to the respective controls. The values 
are averages expressed in percentages or days 
followed by the standard deviation. In the same 
column, means followed by the same alphabetical 
letter are not significantly different at the 5% 
level.  

 

Table 2. Variations of weed germination parameters with increasing doses of powders. 
 

Weeds Doses 
(g) 

Powders of P. biglobosa  Powders of T. purpurea 
Germination 

rate (%) 
Latency 

period (day) 
Duration of 
germination 

(day) 

Germination 
rate (%) 

Latency 
period (day) 

Duration of 
germination 

(day) 

 
 

I. 
eriocarpa 

Control 87.0 c ±1.5 4.0 a ±0.9 8.0 a ±0.8 92.0 b ±3.6 5.0 a ±0.9 8.0 a ±0.6 

3 76.9 c ±2.1 4.0 a ±0.3 8.0 a ±0.1 86.9 b ±2.1 5.0 a ±0.5 8.0 a ±0.7 
9 79.0 c ±3.0 4.0 a ±0.5 8.0 a ±0.5 88.5 b ±4.0 4.0 a ±0.5 8.0 a ±0.6 
15 23.0 b ±1.7 6.0 b ±0.9 8.0 a ±0.7 83.4 b ±1.5 6.0 b ±0.7 8.0 a ±0.7 

21 10.0 a ±0.7 7.0 b ±0.7 1.,0 b ±0.6 80.0 b ±2.3 6.0 b ±1.0 8.0 a ±1.0 
 

S. 
occidentalis 

Control 81.3 b ±2.8 5.0 a ±0.9 7.0 a ±1.4 79.4 b ±1.3 4.0 a ±1.0 7.0 a ±0.5 
3 78.1 b ±1.2 5.0 a ±0.4 7.0 a ±1.9 82.1 b ±2.0 5.0 a ±0.9 8.0 a ±0.1 
9 82.0 b ±3.1 6.0 a ±0.7 7.0 a ±2.1 83.7 b ±3.1 5.0 a ±1.8 8.0 a ±0.4 
15 22.0 a ±1.3 8.0 b ±1.4 10.0 b ±1.0 32.5 a ±0.7 8.0 b ±0.5 8.0 b ±0.3 
21 17.0 a ±2.0 8.0 b ±1.9 10.0 b ±1.2 33.4 a ±1.2 7.0 b ±0.9 10.0 b ±0.1 

 
T. 

cordifolia 

Control 70.5 b ±1.3 4.0 a ±0.7 7.0 a ±0.7 83.5 b ±1.0 5.0 a ±0.4 9.0 a ±0.7 
3 68.0 b ±3.7 5.0 a ±0.8 8.0 a ±0.3 78.0 b ±3.1 5.0 a ±1.0 9.0 a ±1.3 
9 68.0 b ±3.0 7.0 b ±0.4 11.0 b ±1.1 51.0 a ±2.0 5.0 a ±0.8 11.0 c ±0.7 
15 29.0 a ±1.9 9.0 c ±1.0 11.0 b ±0.3 44.7 a ±1.3 5.0 a ±0.7 9.0 b ±0.9 
21 14.9 a ±3.2 9.0 c ±0.5 11.0 b ±0.7 50.9 a ±2.1 5.0 a ±0.1 11.0 c ±0.3 

 
 

P. 
lappacea 

Control 89.5 c ±3.4 4.0 a ±0.6 7.0 a ±1.2 92.1 c ±2.6 6.0 a ±0.4 8.0 ab ±0.6 
3 79.5 c ±2.1 4.0 a ±0.9 7.0 a ±2.0 77.5 b ±2.5 5.0 a ±1.0 7.0 a ±0.4 
9 87.0 c ±1.7 4.0 a ±1.4 8.0 a ±0.6 83.0 c ±1.7 7.0 a ±1.2 9.0 b ±0.5 
15 44.6 b ±1.1 5.0 a ±0.8 10.0 b ±0.3 33.0 a ±3.4 7.0 a ±0.3 11.0 c ±0.1 
21 29.4 a ±2.7 5.0 a ±1.7 10.0 b ±1.4 30.4 a ±1.5 7.0 a ±0.1 11.0 c ±0.4 

 

The values are averages expressed in percentages or days followed by the standard deviation. In the same 
column, means followed by the same alphabetical letter are not significantly different at the 5% level.  
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Effects of powders on maize germination 
parameters  
 

The germination rates of maize are shown in 
figure 3.  The values of germination rates induced 
by the powders of P. biglobosa are not 
statistically different (p=0.946) from those of the 
control. The powders slightly improve maize 
germination reflected by germination rates that 
ranged from 95.7±1.7% to 97.1±0.7% at 3 g and 
21 g doses, respectively. Similarly, T. purpurea 
powders did not significantly (p=0.641) influence 

the germination of maize. The lowest value of 
germination rate was 96.0±1.2% at the 3 g dose 
and 97.7±1.7% the highest was obtained with the 
21 g dose.  
 

The latency period and duration of germination 
induced by the powders were similar to those of 
the controls (Figure 4). Regardless of the dose, 
the recorded latency period was 4 days. In 
contrast, germination times of up to 5 days are 
obtained at the 15 g and 21 g doses. 

 
 

 
 

 
Figure 3. Variations of maize germination rates induced by P. biglobosa and T. purpurea powders. 
 

 
 

 
Figure 4. Variations of maize duration germination and latency period induced by P. biglobosa and T. 

purpurea powders. 
 

Effect of powders on vegetative growth of 
weed seedlings 
 

The evolution of weed size as a function of 
powder doses is given in table 3. Powders of P. 
biglobosa were significantly influenced the 
growth of I. eriocarpa (p=0.001). The lowest 
height value was observed at the 21 g dose (5.0 
±0.9 cm) and the highest at the 3 g dose (8.1±1.0 
cm). The sizes of I. eriocarpa plants induced by 
following doses 3 g (8.4±2.1 cm), 9 g (7.9±1.2 
cm), and 15 g (8.2±1.2 cm) were not statistically 
different and formed a homogeneous group with 
the control. The lowest height induced by T. 
purpurea powders was observed with the 21 g 
dose (6.3±2.1 cm). The growth of S. occidentalis 
seedlings was significantly influenced (p=0.033) 
by P. biglobosa powders.  The lowest height 
(4.2±0.1 cm) was induced by the dose of 21 g. In 

contrast, T. purpurea powders had no influence 
on the growth of this weed. Regardless of the 
dose of T. purpurea powder, the observed height 
values were statistically identical to those of the 
control. Statistical tests showed that both T. 
purpurea (p=0.041) and P. biglobosa (p=0.008) 
powders had a significant impact on the 
vegetative growth of P. lappacea. Doses of 15 g 
and 21 g of P. biglobosa induced the smallest 
sizes 6.1±0.3 cm and 6.5±0.6 cm, respectively.  At 
the low doses of 3 g and 9 g, the height growth of 
P. lappacea seedlings was not significantly 
affected by P. biglobosa (p=0.487) and T. 
purpurea (p=0.726) powders. The lowest height 
values were generated by 15 g (6.4±0.5 cm) and 
21 g (6.0±1.3 cm) of P. biglobosa powders and 
that of 21 g (6.0 ± 1.8 cm) of T. purpurea. 
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Table 3. Variations in seedling size with powder concentrations. 
 

Weeds Doses (g) Powders of P. biglobosa  Powders of T. purpurea 
 

I. eriocarpa 
Control 8.1 b ±1.0 9.1 b ±1.3 

3 7.3 b ±0.5 8.4 b ±2.1 
9 7.7 b ±1.5 7.9 b ±1.2 
15 8.4 b ±2.3 8.2 b ±1.5 
21 5.0 a ±0.9 6.3 a ±2.1 

 
S. occidentalis 

Control 8.5 b ±1.5 9.2 a ±1.3 
3  9.1 b ±0.5 10.4 a ±3.1 
9  8.8 b ±1.0 10.5 a ±1.0 
15  7.9 b ±0.9 10.5 a ±1.2 
21 4.2 a ±0.1 9.8 a ±0.5 

 
T. cordifolia 

Control 8.4 b ±1.2 9.5 b ±1.6 
3 9.6 b ±1.3 10.5 b ±2.5 
9 9.8 b ±1.0 9.0 b ±1.4 
15 6.1 a ±0.3 9.5 b ±2.5 
21 6.5 a ±0.6 7.5 a ±0.9 

 
P. lappacea 

Control 11.9 b ±1.5 11.9 b ±2.0 
3 11.9 b ±0.2 11.6 b ±2.9 
9 9.6 b ±1.8 11.4 b ±3.0 
15 6.4 b ±0.5 9.8 b ±1.5 
21 6.0 a ±1.3 6.0 a ±1.8 

 

Values are height means expressed in centimeters followed by the standard deviation. In the same column, the 
means followed by the same alphabetical letter are not significantly different at the 5% threshold. 
 

Effect of powders on vegetative growth of 
maize seedlings 
 

Analysis of figure 5 shows that P. biglobosa 
powders significantly (p=0.013) influence the 
height of maize seedlings. At the highest doses 
(15 g and 21 g), the recorded height values are 
96.3±1.7 cm and 97.1±1.0 cm, respectively. At the 
lowest doses (3 g and 9 g), the values of the 
recorded heights (73.5±1.4 cm and 87.1±2.0 cm, 

respectively) are statistically similar to that 
observed with the control (72.7±2.3 cm). Unlike 
P. biglobosa powders, T. purpurea powders did 
not impact on vegetative growth of maize 
seedlings. Data analysis revealed that there was 
no significant difference (p=0.749) between the 
height values at 3 g (73.6±1.9 cm); 9 g (79.4±1.3 
cm); 15 g (78.5±1.8 cm); 21 g (79.7±1.3 cm) 
compared to the control (73.6±2.4 cm). 

 

 
 

Figure 5. Variations of maize seedling heights with increasing doses of powders. 
 

Discussion  
 

Powders of the pods of P. biglobosa and leaves of 
T. purpurea inhibited weed germination and 
growth, reflected in low germination rates and 
low seedling heights respectively. In addition, 
they increased the latency period and the 
duration of germination.  These results are in 
agreement with the work of Kambou et al. (2000) 
who reported that powders of the pods of P. 
biglobosa significantly inhibited the germination 
of S. hermonthica. Low germination rate induced 
by the higher dose would be related to the 
content of natural organic compounds. In this 
way Balicevic et al. (2015) reported that 

secondary metabolites are involved quantitatively 
and not qualitatively in the inhibition of 
germination and growth.   In this study, the 
inhibition of all the weeds by the powder of the 
pods of P. biglobosa obtained, implies an 
effectiveness of this species compared to T. 
purpurea which does not induce a significant 
inhibition of I. eriocarpa. A variation in the 
content of the secondary metabolites related to 
the plant and the plant organ could be at the 
origin of the low biological activity of T. 
purpurea. Furthermore, the phytochemical study 
revealed the absence of compounds such as 
sterols, terpenes and coumarins in T. purpurea 
powder. By comparing the amounts of organic 
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compounds, we notice that the powder of the 
pods of P. biglobosa, which proved to be more 
effective in the inhibition of germination and 
growth, is rich in total flavonoids and condensed 
tannins, whereas the powder of the leaves of T. 
purpurea, which is less effective, contains only a 
small quantity. It is inferred that flavonoids and 
tannins act quantitatively and not qualitatively. 
High amount of total flavonoids and condensed 
tannins in the hydroalcoholic extract of P. 
biglobosa pods could explain the good 
germination inhibitory activity of these organs. 
Indeed, the presence of total flavonoids and 
condensed tannins in significant quantities in the 
organs of P. biglobosa has been reported in 
literature. Thus, Ahodegnon et al. (2018) 
obtained for hydroalcoholic extracts of the pulp 
of P. biglobosa contents of 6.13 mg EAG/g for 
total flavonoids and 0.51 mg EAG/g for 
condensed tannins. While, Sérémé et al. (2008) 
reported higher contents in the bark of the trunk 
of P. biglobosa, of the order of 126.7 mg EAG /g 
for total flavonoids and 16.7 mg EAG /g for 
condensed tannins. Indeed, the variation of the 
content of total flavonoids and condensed 
tannins for the same plant depends largely on the 
solvent and the organ used. Thus, Coulibaly et al. 
(2017)  showed in their work that ethanol is a 
better solvent compared to hexane because it 
solubilizes well the medium polar phenolic 
compounds and can also entrain residual 
lipophilic substances. This would justify in part 
and the results we obtained in this study with the 
powder of P. biglobosa and T. purpurea. In 
addition, Ben Kaab et al. (2020) reported that 
organic substances with inhibitory effect like 
flavonoids and tannins are present in leaves, 
fruits, stems, pods and roots. They are released 
by processes such as volatilization, root 
exudation, leaching and decomposition of plant 
residues. The results obtained with the powders 
show that flavonoids and tannins among other 
compounds would be responsible for the 
observed inhibitions on weed germination and 
growth. Dallali et al. (2017) reported that the 
compounds inhibiting germination and growth 
are most often flavonoids; their effects may be 
synergistic or additive. Thus, flavonoids and 
tannins increase their potential inhibitory effect 
when associated with terpenes (Moussaoui et al., 
2017). The absence of terpenes in the chemical 
composition of T. purpurea would then be at the 
origin of its weak biological activity despite the 
presence of flavonoids. On the other hand, in the 
literature, the most studied plants with an 
inhibitory effect such as Cynara cardunculus 
Crude (Ben Kaab et al., 2020) and Allium roseum 
L (Sakka Rouis-Soussi et al., 2017) are rich in 
terpene compounds, sterols and flavonoids. P. 
biglobosa pods could be the most important 
source of these compounds, confirming their 
potential inhibitory effect. However, the mode of 
action of terpenes, sterols and flavonoids in the 
process of germination and growth inhibition is 
not well elucidated, but it has been suggested that 
they could accumulate in the cell membranes of 
weeds, causing a loss of membrane structural 

integrity (Couëdel et al., 2017). Other work 
reported the inhibitory effect of phenols and 
particularly thymol and/or carvacrol (Sakka 
Rouis-Soussi et al., 2017). These phenols act by 
binding to the amine and hydroylamine groups of 
the membrane proteins of weeds causing 
inhibition of germination and growth of seedlings 
(Ben Kaab et al., 2020). Our results confirm the 
work of  Dandjlessa et al., (2019). According to 
these authors, Chromoleana odorata inhibits the 
growth of Phyllanthus amarus, Boerhavia 
diffusa and Spermacoce verticillata. To be 
considered as natural herbicides, organic 
compounds must interfere only on physiological, 
biochemical and molecular processes of the 
target plants (Cordeau et al., 2016). In this study, 
the powders did not inhibit the germination and 
growth of maize at any applied rate. On the 
contrary, they slightly improved both 
germination and growth of maize seedlings. Also, 
the latency period (4 days) and duration of 
germination (5 days) obtained were similar to 
those of the controls. The better germination and 
seedling growth rates would be explained by the 
fact that the powders provided a nutrient source 
for the maize. Similar results were reported by 
Mboup et al. (2019) who showed that Gliricidia 
sepium (Jacq.) Walp inhibited germination and 
growth of Senna obtusifolia L., Sesbania 
pachycarpa DC., Spermacoce chaetocephala 
DC., Pennisetum glaucum (L.) R. Br., Indigofera 
hirsuta L., and Eragrostis ciliaris (L.) R. Br. but 
not millet. In contrast to our results, Delabays et 
al. (2009) reported that the incorporation of 
400g/m2 of Artemisia annua leaves in the soil 
inhibited 2.5% of maize germination. This 
difference in results could be justified by the 
presence of artemisinin, the main organic 
compound of Artemisia annua, whose 
phytotoxicity has been recently reported (Ben 
Kaab et al., 2020). In the light of these 
investigations and in view of the inhibitory effects 
demonstrated in the greenhouse on the 
germination and growth of weeds, it appears that 
the powders of the pods of P. biglobosa are the 
most effective and feasible for the biological 
control of weeds. 
 

Conclusion 
 

Powders of pods of P. biglobosa and T. purpurea 
leaves inhibit weed germination and growth. 
Organic compounds with inhibitory effect 
identified in these powders are sterols, tannins, 
terpenes, flavonoids and coumarins. Amounts of 
total flavonoids and condensed tannins is higher 
in the powder of P. biglobosa pods, justifying the 
strong inhibitory activity of the pods of this 
species compared to T. purpurea. No inhibitory 
effect of powders was observed on germination 
and growth of maize seedlings. These results 
could be exploited in a biological control strategy 
against S. occidentalis, P. lappacea, I. eriocarpa 
and T. cordifolia. However, the modes of action 
of the secondary metabolites identified in the 
powders on weed germination and growth should 
be elucidated in a future study. 
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A B S T R A C T 
 

The effect of harvesting stages (mature green, half-ripe and full ripe) and storage conditions 
(zero energy cool chamber, wooden box and underground storage) on post-harvest quality 
and sensory acceptability of mango fruit was evaluated. Three harvesting stages of mango 
fruit were harvested and 10 kg of mango fruit was stored in three storage conditions until 
the end of the storage period. Spoilage and weight loss of mango fruit were recorded from 
storage in three-day intervals. All samples were analyzed for Post-harvest quality of mango 
fruit before and after storage at Arba Minch University, Abaya Campus Chemistry 
laboratory, and sensory acceptability was evaluated by using untrained 45 panelists at the 
end of the storage period. Completely Randomized Design in factorial arrangement with 
three replications was used to evaluate the shelf life and postharvest quality of mango 
fruit.  Weight loss, spoilage, firmness and total soluble solids of mango fruit were increased 
while vitamin C, moisture content and titratable acidity were decreased with increased 
storage time. The vitamin C content of mango fruit was highest at half ripe in a zero energy 
cool chamber and was lowest at full ripe harvested in a wooden box after the end of the 
storage period. The highest overall acceptability of mango fruit was observed at the half-ripe 
harvested stage in zero energy cool chambers while the lowest was observed at the mature 
green harvested stage mango fruit in a wooden box after the end of the storage period. Based 
on the current study, half ripen mango fruit in zero energy cool chamber storage recorded 
the least percent of weight loss, spoilage amount, maximum shelf life and quality, especially 
vitamin C content and higher overall acceptability. Further study will be needed on the 
microbial quality of mango fruit in different harvesting stages and storage conditions during 
storage periods. 
 

Keywords: Harvesting stage, Mango fruit, Post-harvest quality, Sensory acceptability, Storage 
conditions 
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Introduction 
 

Mango (Mangifera indica L) is known as one of 
the most popular tropical fruit in the world and 
Mangoes belong to genus Mangifera. Mango is a 
climacteric fruit, generally harvested at mature 
green stage and ripens up during the marketing 
process (transport, storage etc.). Due to its 
popularity and importance, M. indica is often 
named “King of fruits” for its luscious flavor, 
taste and high nutritive value (Moula Sab et al., 
2017) 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. 

Due to the application of conventional technology 
for the transfer of the produce and an irregular 
storage period, more than 30% is wasted 
(Shahbaz et al., 2009). The postharvest losses of 
mangoes have been estimated in the range of 25-
40 % from harvesting to consumption stage 
(FAO, 2001). Once fruits are harvested, these 
processes along with other bio-chemical 
deterioration, and decrease the fruit quality very 
quickly which affects its marketability, becomes 
highly susceptible to postharvest losses (Wills et 
al., 2007).  
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However, postharvest losses in this important 
fruit crop are always a topic of concern for 
various mango growing countries worldwide 
(Patil et al., 2013, Luo et al., 2015), as this 
directly affects its trade and availability to 
consumers (Chattopadhyay, 2014). The major 
reason of high postharvest loss, less postharvest 
quality and short shelf life of mango fruits are 
improper harvesting stages and storage condition 
that affect the shelf life and post-harvest quality 
of mango fruit. Until today there is still existence 
of lack in systematic study on effect of harvesting 
method on mango postharvest loss and its 
quality, which is need of hour for mango trade 
(Pacheco et al., 2017).  
 

Mango fruit production areas in developing 
countries such as Ethiopia, South region, Gamo 
Zone was faced a problem of less postharvest 
quality and shelf life of mango fruit which were 
caused by lack of storage conditions and 
improper harvesting stages. The increasing post-
harvest quality and shelf life of mango fruit 
through suitable harvesting stages and storage 
conditions have not been practiced and did not 
conducted any research in area. Therefore, this 
study was conducted to evaluate harvesting 
stages and storage conditions that provide better 
post-harvest quality and shelf life of mango fruit 
in study area.   
 

Materials and Methods 
 

Source of study materials  
 

Good quality mango fruits were selected from 
farmer’s field at different locations such as Chino 
Mille kebele. The mango fruits were harvested by 
three different stages mature green, half ripen 
and full Ripen with stalk length of 3-5 cm. Three 
stage harvested mango fruits were precooled to 
remove field heat, cleaned and well-dried mango 
fruits were stored separately at three different 
storage materials. 
 

Experimental design 
 

Experiment were carried out by using completely 
randomized design (CRD) in factorial 
arrangement with three replications, having 10 kg 
of three maturity stage of mango fruit at each 
storage conditions. 
 

Post-harvest quality of mango fruit 
 

The moisture contents were calculated by taking 
10 g of fruit pulp and drying in an oven up to 
constant weight at 76°C and calculating the loss 
in weight (AOAC, 2005). The total titratable 
acidity was determined by titrating 100 mL of 

juice against (0.1 N) sodium hydroxide. The 
estimation of total solid soluble (TSS) was 
determined using hand refracto-meter (Atago-
Palette PR 101, Atago Co. Ltd., Itabashi-Ku, 
Tokyo, Japan). A drop of mango juice was used to 
record the TSS and values were expressed as 
0brix. Vitamin C content (ascorbic acid) of mango 
fruit was determined by the indophenols method 
as reported by in Onwuka (2005).  
 

Sensory acceptability of mango fruit  
 

Sensory acceptability of mango fruit was 
evaluated after the end of storage periods by 
using untrained 45 farmers. Prior to the sensory 
evaluation, mango fruit samples from each 
storage condition were individually coded and 
served to the panelists in plastic dishes. Clean 
water was provided to the judges to rinse the 
mouth in between testing of the mango fruit 
samples to avoid residual effects. The judges were 
instructed to evaluate and score the mango fruit  
samples based on the degree of likeness and 
acceptance by using a five-point hedonic scale 
with 1, 2, 3, 4 and 5 representing dislike very 
much, dislike, neither dislike nor like, like,  and 
like very much, respectively. 
 

Data analysis  
 

The collected data were subjected to Analysis of 
Variance (ANOVA) by using SAS version9.0 
computer software. Least Significance Difference 
(LSD) was used to establish mean values 
Separation. Mean values were considered at 5% 
significance level (p<0.05). 
 

Results and Discussion 
 

Weight loss of mango Fruit  
 

The results of weight loss and shelf life of mango 
fruits stored in different storage conditions were 
presented in Table 1. Day three, the weight loss 
score (6.47) of mango fruit was highest in 
wooden box at full ripen harvesting stage while 
least weight loss score (0.16) was recorded at 
green matured harvesting stage in under-ground 
storage. The mean weight loss scores of mango 
fruit had not shown significant difference 
(p<0.05) in zero energy cool chamber and under-
ground at full matured harvesting stage, zero 
energy cool chamber at half harvesting stage and 
under-ground storage at matured green 
harvesting stage.  In wooden box at green 
matured and half ripen harvesting stages had not 
shown significant different in mean scores of 
weight loss.  
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Table 1. Weight loss of mango fruit in three storage conditions.  
 

Treatment  WL Day 3 WL Day 6 WL Day 9 WL Day 12 Shelf  life 
(days) 

MGUG 0.20e 6.86d 21.92f 35.93g 17 
MGWB 4.90b 9.79b 24.92e 37.92e 14 

MGZEC 2.57c 5.88e 27.90d 38.93d 19 
HRUG 0.80d 8.87c 28.92c 39.97c 15 
HRWB 4.92b 9.19c 29.78b 41.89b 14 
HRZEC 0.16e 4.98f 17.92i 34.937i 20 

FRUG 0.19e 6.99d 20.89g 36.90f 14 
FRWB 6.47a 14.56a 30.83a 44.94a 15 
FRZEC 0.38de 5.86e 18.89h 35.09h 18 
LSD(0.05) 0.43 0.37 0.25 0.16  

 

Where, WL= Weight loss, MGUG= mature green in under-ground, MGWB= mature green in wooden box, 
MGZEC= mature green in zero energy cool chamber, HRUG= half ripe in under-ground, HRWB= half ripe in 
wooden box, HRZEC= half ripe in zero energy cool chamber, FRUG= fully ripe in under-ground, FRWB= fully 
ripe in wooden box, FRZEC= fully ripe in zero energy cool chamber,    
 

Day six, mean weight score (14.56%) of mango 
was highest in wooden box at full ripen 
harvesting stage while least mean weight score 
was recorded (4.98%) at half ripe in zero energy 
cool chamber. The weight loss of mango fruit at 
half-ripen harvesting stage in under-ground and 
wooden box storage had not shown significant 
different (p<0.05), and had not shown significant 
different (p<0.05) at mature green and full ripe 
in zero energy cool chamber storage. 
 

Day nine, mean weight score(30.83%) of mango 
was highest at full ripen harvesting stage in 
wooden box while least mean weight score was 
recorded (17.92%) at half ripe harvesting stage in 
zero energy cool chamber. The results of spoilage 
percent of mango fruits stored in different 
storage conditions were presented in Table 2. 
 

Zero energy cool chamber storage, day nine 
storage periods, the mean weight score of mango 
fruits had shown significant difference (p<0.05) 

in all storage conditions and harvesting stages. 
Day twelve, the mean weight loss score (44.94%) 
of mango fruit was highest in wooden box at full 
ripen harvesting stage while least mean weight 
loss score (34.93) was recorded at half-ripe in 
zero energy cool chamber storage. Day twelve, 
the mean weight score of mango fruits had shown 
significant difference (p<0.05) in all storage 
conditions and harvesting stages.  
 

Spoilage percent of mango fruit  
 

The results of spoilage percent of mango fruits 
stored in three different storage conditions were 
presented in Table 2. The spoilage percent of 
mango fruit had not shown significance 
difference (p<0.05) in harvesting stages and 
storage conditions at three days  storage time 
except full ripe mango fruit in wooden box 
storage.  
 

 

Table 2. Spoilage percentage of mango fruits in three storage conditions. 
  

Treatments Spoilage (%) day 
3 

Spoilage (%) day 
6 

Spoilage (%) day 
9 

Spoilage (%) day 
12 

MGUG 0.00b 0.67c 5.18c 31.50a 

MGWB 0.00b 1.83b 5.20c 15.36f 
MGZEC 0.00b 1.15c 5.16c 10.53g 

HRUG 0.00b 1.06c 2.23d 22.16d 
HRWB 0.00b 1.14c 2.30d 22.76d 

HRZEC 0.00b 1.13c 2.13d 10.33g 
FRUG 0.00b 1.83b 12.13b 19.90e 

FRWB 2.96a 2.86a 13.32a 29.50b 

FRZEC 0.00b 1.90b 5.24c 25.50c 
LSD (p<0.05) 0.030 0.516 1.167 0.903 

 

The spoilage percent of mango fruit had not 
shown significance difference (p<0.05) at mature 
green in underground and zero energy cool 
chamber, at half ripe in underground, wooden 
box and zero energy cool chamber storage. 
Spoilage percent had not shown significance 
difference (p<0.05) at mature green in wooden 

box, at full ripe in underground and zero energy 
cool chamber storage at day six storage periods. 
The spoilage percent of mango fruit had not 
shown significance difference (p<0.05) at mature 
green in all storage conditions and at full ripe in 
zero energy cool chamber, and also spoilage 
percent of mango fruit were not shown 
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significance difference (p<0.05) at half ripe 
harvesting stage in all storage conditions until 
day nine storage periods. Day nine storage 
periods, highest spoilage percent of mango fruit 
was recorded at full ripe harvest in wooden box 
storage and lowest spoilage percent was 
measured in Zero energy cool chambers. 
 

The spoilage percent of mango fruit had shown 
significance difference (p<0.05) in harvesting 
stages and storage conditions but had not 
significance difference (p<0.05) at half ripe 
harvesting stage in underground storage and 

wooden box storages, and were not shown 
significance difference (p<0.05) at mature green 
and full ripe harvesting stage in zero energy cool 
chamber until day twelve storage time.  Day 
twelve storage periods, highest spoilage percent 
was evaluated at full ripe harvesting stage in 
wooden box storage and least spoilage was 
recorded at half ripe harvest mango fruit in zero 
energy cool chambers.   
 

Post-harvest quality of three harvesting 
stages of mango fruit before storage 
 

 

 
 

Chart 1. Quality of three harvesting stages of mango fruit before storage. 
 

Where, GM: Green mature, HR: Half-ripe, FR: Full ripe, TTA: Titretable acidity and TSS: Total soluble solid 
 

Post-harvest quality of mango fruit in 
three storage conditions at the end 
storage periods 
 

Total soluble solids 
 

The results of total soluble solids, firmness, 
moisture content, vitamin C and titratable acidity 
of mango fruits stored in three different storage 
conditions were presented in Table 3. 
 

Table 3. Post-harvest quality of mango fruit in three storage conditions after the end of storage periods. 
 

Treatment  TSS Firmness Moisture Vitamin C   TTA 
MGUG 60.54g 4.21ab 74.62a 18.67c 0.77a 
MGWB 61.40f 3.30c 72.58c 18.23d 0.52b 

MGZEC 60.36g 4.26a 73.35b 19.167b 0.76a 
HRUG 63.61e 3.83b 73.33b 17.43f 0.55b 
HRWB 64.20c 3.36c 71.79d 16.60f 0.41c 
HRZEC 63.90d 3.34c 70.48e 20.63a 0.56b 
FRUG 65.53b 3.83c 74.43a 14.80g 0.36e 
FRWB 66.60a 2.61c 68.75f 13.36h 0.32f 
FRZEC 65.50b 3.40c 71.47d 14.63g 0.35e 
LSD(p<0.05) 0.583 0.42 0.43 0.33 0.02 

 

The TSS value of mango fruit at various storage 
conditions and harvesting stages were ranged 
from 60.36-66.60. The mean TTS values of 
mango fruits had shown significant difference 
(p<0.05) in storage conditions and harvesting 
stages but TTS value of mango fruits in under-
ground and zero energy cool chamber at green 
mature, and in under-ground and zero energy 
cool chamber at full ripen harvest stage had not 
shown significant difference(p<0.05). The total 
soluble solids (TSS) were increased with the 

ripening process as the storage periods increased. 
The increase in TSS was the outcome of 
conversion of carbohydrates into simple sugars 
through a complex mechanism during the storage 
and the conversion rate was increased with the 
increase in storage period and temperature. This 
conversion is also considered to be one of the 
important indexes of ripening process in mango 
and other climacteric fruit (Doreyappy-Gowda 
and Huddar, 2001; Kittur et al., 2001). 
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Firmness 
 

The firmness of mango fruit at three storage 
conditions and harvesting stages were ranged 
from 2.61-4.26. The mean firmness score (4.26) 
of mango fruit was highest in zero energy cool 
chamber at green mature harvesting stage while 
least mean firmness score (2.61) was recorded in 
wooden box storage at full ripen harvesting 
mango. The firmness of mango fruit was 
decreased to the fact that the ripening of mango 
fruit is characterized by loss of firmness due to 
cell wall digestion by pectin esterase and other 
enzymes and this process was increased the 
storage period. 
 

Moisture Content  
 

The moisture content of mango fruit at three 
storage conditions and harvesting stages were 
ranged from 68.75-74.62. The moisture content 
that were high at the harvest time, were 
decreased with the ripening process and 
increased storage period. In addition, the 
moisture contents move from the inner side of 
the fruit to outer side for the escape purpose and 
it takes place through diffusivity phenomenon, 
which is enhanced with the ripening of the fruit 
(Dissa et al., 2011). 
 

Vitamin C 
 

The vitamin C content of mango fruit at various 
storage conditions and harvesting stages were 
ranged from 13.36-20.63. The vitamin C 
content(20.63) of mango fruit was highest in zero 
energy cool chamber at half ripen harvesting 
mango while least vitamin C content (13.36) was 
recorded in wooden box storage at full ripen 
harvesting mango. The vitamin C value was 
decreased with the ripening of the fruit or with 
the increase in storage period as compared with 
vitamin C content of mango fruit during 

harvesting time. This trend was due to conversion 
of acid into sugars and their further utilization in 
metabolic process of the fruit and that the 
chemical and biological process was increased 
with the increase in storage (Rathore et al., 
2007). 
 

Titratable Acidity 
 

The acidity of mango fruit at various storage 
conditions and harvesting stages were ranged 
from 0.32-0.77. The titratable acidity (0.77) of 
mango fruit was highest in zero energy cool 
chamber at green mature harvesting mango while 
least titratable acidity (0.32) was recorded in 
wooden box storage at full ripen harvesting 
mango. Acidity of mango fruit was decreased as 
compared with the acidity of mango fruit at 
harvest time. The decrease in acidity of mango 
was attributed towards the conversion of citric 
acid into sugars and their further utilization in 
metabolic process of the fruit (Rathore et al., 
2007; Srinivasa et al., 2002). 
 

Sensory acceptability of mango fruit  
 

The results of sensory acceptability of mango 
fruits stored in three different storage conditions 
were presented in Table 4. The color of mango 
fruit had not shown significance 
difference(p<0.05) at mature green, half ripe and 
full ripe in zero energy cool chambers, mature 
green in wooden box, half ripe in underground 
and wooden box, full ripe in underground and 
wooden box storage. In addition, color of mango 
fruit had not shown significance difference 
(p<0.05) at mature green and half-ripe in 
underground and mature green in wooden box 
storage. The smell of mango fruit had not shown 
significance difference (p<0.05) at three 
harvesting stages and storage conditions after the 
end of storage period.   
 

 

Table 4. Sensory acceptability of mango fruit in three storage conditions after the end of storage periods. 
 

Treatments Color Taste Smell Overall acceptability 
MGUG 3.80b 3.73b 4.43a 4.43a 
MGWB 4.20ab 4.00ab 4.41a 3.67b 
MGZEC 4.40a 4.26ab 4.40a 4.06ab 
HRUG 4.13ab 4.13ab 4.42a 3.80b 
HRWB 4.41a 4.40a 4.43a 3.73b 
HRZEC 4.40a 4.40a 4.41a 4.53a 
FRUG 4.42a 4.40a 4.42a 4.40a 
FRWB 4.40a 4.13ab 4.40a 4.42a 
FRZEC 4.40a 4.40a 4.13a 4.41a 
LSD 0.52 0.55 0.54 0.49 

 

Taste of mango fruit had not shown significance 
difference (p<0.05) at three harvesting stages 
and storage conditions except mature green in 
underground storage after the end of storage 
period, and taste of mango fruit had not shown 
significance difference (p<0.05) at mature green 
in underground, wooden box and zero energy 
cool chamber, half ripe in underground and full 
ripe in wooden box storage. The overall 
acceptability of mango fruit had not shown 
significance difference (p<0.05) at full ripe in 

underground, wooden box and zero energy cool 
chamber, at half ripe in zero energy cool 
chamber, at mature green in underground and 
zero energy cool chamber storage after the end of 
storage period while the taste of mango fruit also 
had not shown significance difference (p<0.05) at 
mature green in wooden box and zero energy cool 
chamber, at half ripe mango in underground and 
wooden box storage after end of storage time. 
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Conclusion and Recommendation 
 

Based on current results, half ripen mango fruit 
at zero energy cool chamber storage was observed 
least percent of weight loss, waste amount, 
maximum shelf life (20 days) and better post-
harvest  quality especial vitamin C content and 
higher overall acceptability. Full ripen mango 
fruit at wooden box storage was recorded high 
percent of weight loss, waste amount, minimum 
shelf life (13 days) and less vitamin C content. 
Half-ripe harvesting stage of mango fruit with 
zero energy cool chamber storage was 
recommended for mango producer and retailor 
for purpose of mango fruit storage. Further study 
will be needed on the microbial quality of mango 
fruit in different harvesting stage and storage 
conditions during storage periods. 
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A B S T R A C T 
 

Both organic and chemical fertilizers play a vital role in enhancing crop productivity and 
maintaining soil health. However, inflated prices of chemical fertilizers also reduced their 
rate of application, hence, reducing crop productivity in Ethiopia. Therefore, to sustain the 
productivity of lands and crops, there is an urgent need to promote the use of organic 
fertilizers. Vermicomposting is one method of preparing enriched compost with the use of 
earthworms. With the support of the second phase of the Agricultural Growth Program 
(AGP-II), the introduction and promotion of vermicomposting technology were conducted. 
However, the production status and role of vermicomposting for smallholder farmers in the 
area are unclear. Therefore documenting the achievement and progress of vermicomposting 
is necessary. Both primary and secondary data (2018-2021) were collected by using snowball 
sampling techniques. The descriptive statistics reveal that in addition to potato production, 
farmers are using vermicompost for chat, enset, coffee, forage and vegetable production. 
Accordingly, the production, utilization, and sale trend of vermicompost increased from 
2018 to 2021. In addition, vermicomposting created an opportunity for farmers to 
participate in earthworms and vermicompost selling. Due to this, those who had 
vermicompost in their home garden do not use inorganic fertilizers for any crop production 
during the last four years. In addition, the average cultivated cropland coverage by 
vermicompost-based production also increased from 2018 to 2021. Its preparation 
procedure is also consistent with the manual provided to them. Therefore expanding 
vermicomposting technology in the area has the potential to enhance sustainable crop and 
land productivity.  
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Introduction 
 

Agriculture plays a vital role in economy of 
Ethiopia, and its 94 percent is owned by 
smallholders and characterized by lower 
productivity, weak market orientation, and low-
value additions (Louhichi et al, 2019; Arias-
Hidlago et al., 2013). Agricultural extension and 
advice provision was the early strategy to 
enhance agricultural productivity, but not 
overcome the productivity bottleneck due to 
inadequate supply of agricultural inputs like 
improved seed and fertilizer. Later, agricultural 
intensification through the integrated use of 
agricultural inputs (improved seed, chemical 
fertilizer, pest control mechanisms, and better 

management practices) was designed and 
implemented. However, these also do not reach 
in tackling productivity problems due to lower 
coverage, poor quality of implementation, 
weather variability, and poor soil fertility (Kassie 
et al., 2015).  
 

Agricultural Growth Program I and II were 
designed with aim of scaling up best practices 
dissemination, specialization on high-value 
crops, and supporting agricultural research since 
2010. Among agricultural research components; 
evaluation of different soil fertility enhancing 
mechanisms and promotion of best soil fertility 
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enhancing technologies are among its sub-
components (MoA, 2015). Accordingly, 
evaluation of vermicomposting for selected crops 
(potato, barley, tomato and cabbage) productivity 
is being conducted by Hawassa Agricultural 
Research Center in Gedeo and Sidama areas with 
the coordinating unit of the Southern 
Agricultural Research Institute of Agricultural 
Growth Program since 2016. This was conducted 
with aim of evaluating vermicomposting for soil 
health and crop productivity improvements.  
 

The rationale behind promotion of this 
technology is that earthworms can fragment and 
alter all biological acidity of wastes. 
Vermicompost has comparative nutrient richness 
compared with organic manure, improving the 
growth and productivity of crops and has a lower 
cost of production (Genet and Mathewos, 2022; 
Abafita, 2016). Hence, its application for crop 
production improves overall soil physical and 
biochemical properties, contributes to crop 
productivity enhancement and supports the 
strategy of sustainable agricultural intensification 
practices of crop production with reduced use of 
chemical fertilizers.  
 

Accordingly, evaluating and promotion of 
vermicomposting for potato production was 
practiced. However, there is evidence gap of 
whether farmers are being practicing this 
technology and challenges that affects the use of 
this technology in the area is unclear. Thus, this 
paper documented the role and challenges of 
vermicomposting for smallholder farmers in the 
case of Wondo Genet district. Consequently, it 
will be used for understanding the progress of 
vermicomposting production over time, provide 
awareness for decision-makers about its impact, 
share the best practices of beneficiary farmers, 
and attract other partners for collaborations. 
 

Methodology 
 

Description of the study area 
 

Wondogenet woreda is one Agricultural Growth 
Program II supported woreda in Sidama Region, 
Ethiopia. It is situated in the Hwassa watershed 
in the East African rift valley zone southeast of 
the town of Shashemene (7°06'N; 38°37'E) 
(Dessie and Kunlund, 2008). Aruma kebele is the 
first location in which this project started. The 
soils are fertile except for soils in sloppy lands 
whose fertility is reduced due to low organic 
matter. Soil exhaustion due to long-continued 
ploughing, soil erosion losses due to 
deforestation, overgrazing and extensive farming 
are some of the causes of loss of fertility in the 
area (CO-SAERSAR, 1999). The farming system 
of the area is characterized by perennial-annual-
livestock based. The intervention area farming 
system is the perennial-annual-cereal-fruit-based 

natural farming system. Specifically, it is chat-
enset-coffee-maize-vegetable-based production. 
The major crops they are producing using this 
fertilizer are enset, chat, maize, potato, and 
vegetables. Large and small ruminants and 
poultry are among the livestock species in the 
area. With respect to fertilizer usage, farmers 
mostly use inorganic fertilizers (NPS and Urea) 
for annual crop production. In addition, animal 
dung and manure are mostly used organic 
fertilizers around home garden. However, the 
preparation and application of those organic 
fertilizers deviates from recommended method of 
preparation. Due to this, their contribution to 
crop and land productivity is minimal.  
 

Sampling techniques   
 

Among non-probability sampling techniques, a 
snowball sampling procedure was employed to 
document the role of this technology. This is due 
to expansion trends of its production are based 
on farmers to farmers experience sharing. Firstly 
four early started farmers were interviewed 
purposefully. Then other farmers who took 
experiences from those early started farmers 
were asked about their production status of the 
vermicomposting by using chain-referral 
sampling. Finally, only those farmers who have at 
least one year of experience in its production 
were considered. But currently, about 45 farmers 
are producing it in the area. Totally 9 farmers 
were interviewed for this study.  
 

Data type, method of its collection and 
analysis  
 

Both primary and secondary data were collected. 
Totally four years (2018 - 2021) of secondary data 
on the production status of vermicompost, sold 
amount of both vermicompost and earthworms, 
and the area covered was collected. Both focused 
group discussion and key informant interviews 
were conducted. During focused group discussion 
the production status and challenges of 
vermicompost, the major crops that are produced 
using vermicompost and the opportunity for its 
production were identified. Then face to face 
interview using a structured questionnaire was 
conducted for documenting farmers' specific 
achievements and associated challenges of 
production. Descriptive statistics was employed 
for data analysis. These are frequencies, means, 
and standard deviations. 
 

Results and Discussion 
 

Socioeconomic characteristics of households 
 

As indicated in table 1, the average age of 
respondents is 43.67 years old. This shows that 
all farmers are in the age of identifying 
comparative advantage of vermicompost-based 
production from the use of chemical fertilizer 
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from their long time farming experiences. The 
educational level of vermicompost producer 
sample farmers in the number of grades 
completed is seven. This implies farmers have 
good educational status to identify good 
characteristics of this technology and its 
experience sharing ability for other farmers who 
have an interest in production. The average 
family size of sample households is eight. This 
shows that the vermicompost production needs 
some labor time and farmers can able to manage 
it with the number of family members without 
any cost. The average landholding of farmers is 
around 0.69 hectares. This shows that their small 
land size motivates more for full coverage during 

crop production. The average experience of 
vermicompost production is around 4 years, this 
implies in each year farmers make themselves 
familiar with this technology in the area and 
indicates vermicompost production is not infant 
for the area. Generally, as they informed there are 
no socioeconomic constraints that affect them in 
participation and production of this technology. 
Even it created an opportunity for both genders 
in households. Currently, in every household, 
both husbands and wives have their 
vermicompost bed, which shows this technology 
motivates them for integrated purposes.   
 

 

Table 1. Socioeconomic characteristics of beneficiary farmers. 
 

Demographics  Mean  St. Dev 

Age  43.67 3.60 

Education  7.44 1.06 

Family size  7.80 0.68 

Land holding  0.69 0.07 

Experiences in VC production  3.90 0.70 
 

Source: Author survey, 2022 
 

Crop land covered by vermicompost in 
the area  
 

Before this technology was introduced in the 
area, all cultivated land was rehabilitated by 
using chemical fertilizer for boosting crop yields. 
In the initial year, only four farmers succeeded in 
vermicomposting. Then their number increased 
from year to year. As shown in table 2 below, the 
numbers of vermicompost producers are 4, 5, 8 
and 9, for 2018, 2019, 2020 and 2021, 
respectively in the area. At the initial time based 
on secondary information from the area, 25 
households took training and started production, 
but due to household-based inefficiency and 
other factors, only 4 succeeded in their 
production. The production created a market 
opportunity for those at an initial time and crop 
performance of these farmers' fields also showed 
good performance, and later the number of 
participants increased from year to year. This 
trend of participant expansion is related to study 
conducted by Yangchan et al. (2019).  
 

Due to the increasing number of participants, the 
average area coverage is also increasing from year 
to year per sample. At the initial time, the average 
area of land covered by vermicompost is around 
0.35 hectares and after four years, it becomes 
more than twofold, that is 0.71 hectares. This also 
reveals an increasing trend of shifting from 
chemical fertilizer-based to vermicompost-based 
production. Observing of these achievements, the 
number of farmers who took experiences from 
those vermicompost producers is 12, 16, 27 and 
45 for 2018, 2019, 2020 and 2021, respectively. 
This indicates after some years completely the 
cultivated land area will be covered by this 
technology.  
 

Chat is the main cash crop in the area. Farmers 
use vermicompost for it from year to year and the 
data shows its level of application also increases 
from year to year. Framers got successive income 
in each year of vermicompost-based production. 
This is because, before it, they may lose and get 
less income from chat using chemical fertilizer 
and no fertilizer at all due to different factors.  
 

Table 2. Crop land coverage trend of vermicomposting based production. 
 

Identifiers 2018 2019 2020 2021 

Number of farmers  4 5 8 9 

Total area of land covered by VC  0.35 
 

0.36 0.53 0.71 

Experiences shared by farmers  12 16 27 45 

Chat average amount of income  47250.00 52400.00 39428.57 39000.00 
 

Source: Author survey, 2022 
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Major steps followed by farmers for 
vermicomposting 
 

As shown in the figure, farmers firstly prepare the 
bed and partially decompose its feed. The size of 
the bed is around 2.0 m in length and 1.5 m 
width. This bed is prepared from both timber and 
concretes. They use different decomposable 
materials for the preparation of feeds. For 
instance, the materials they use for the 
preparation of feed in the area are leaves and 

stems of enset and banana, dried animal dung, 
decomposed stem and leaf part of papaya, 
vegetables that are wasted and any other locally 
available materials except leaves of eucalyptus 
and poultry waste. They partially decompose it on 
the separate bed and after its decomposition, they 
check temperature normality (because if it is too 
hot the probability of earthworm dying is high), 
and edibility easiness for earthworms. 

 
 

     
 

Figure 1. Stage of partial decomposition and earthworms with in Bed. 
 

After that, they insert earthworms into it. After 
forty-five up to fifteen days, the vermicompost is 
ready for usage. Then they segregate earthworms 
from vermicompost using light or sun, due to 
nature that earthworms do not need any high 
temperature and sun at all. When they feel the 
sunlight, they move together to the inside of the 
bed or more to the area that has lower light. Then 
farmers easily collect vermin compost and take 
earthworms back to the bed that is ready for 

them with partially decomposed feed. Then they 
took vermicompost to sunny part for purpose of 
drying and they add it to suck or store they made 
for it. After that, either they sold or apply for their 
crops if it is the season of application. All these 
procedures can be made by using hands without 
any precautions. This is due to the lack of any 
side effects from the earthworms as well as the 
smell of vermicompost.  

 

   
 

Figure 2. Extracted compost at drying stage and application for maize production. 
 

Major crops produced by using 
vermicompost 
 

As farmers explained they only used 
vermicompost as fertilizer since 2018. Enset is 
one of the staple foods in the area and before 
production using vermicompost, they produce it 
with farmyard manure. Starting from the last 
four years, they are producing it by using 
vermicompost and saw effective change in terms 
of early maturity and enhanced yield. As case 
farmers informed that before starting this 
fertilizer for enset, the average year of enset 

maturity is four to six years. However, as they 
informed, on average enset can reach maturity 
within two years. This importance of 
vermicompost on increasing plant growth and 
yield is consistent with the finding of Blouin et al. 
(2019). This study is also consistent with Saranraj 
and Stella (2012), who stated that vermicompost 
based production, improves the growth and yield 
of different crops. As they informed they are 
using vermicompost for enset during planting 
and after one and two years old. They are not 
using it after two and more years old enset.
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Figure 3.  Enset and Desho forage field performance. 
 

As shown in the graph below, the application of 
compost for enset increased from 2018 to 2020. 
But showed a decreasing trend in 2021. This 
implies being perennial, after two years they are 
not applying vermicompost for it. The average 
amount of vermicompost applied for enset per 
household for consecutive four years are 1.56, 
1.50, 2.22, and 1.40 quintals for 2018, 2019, 
2020, and 2021 years, respectively. Before 
producing vermicompost, they produce chat 
using chemical fertilizer. After starting 
vermicompost production, every year they are 
using it for chat production and getting a good 
product that has relatively more preference in the 
available local and national markets. 
Vermicompost application for chat increased 
from year to year. Based on the sample data, the 
average amount of vermicompost applied for chat 
production is 2.56, 2.72, 3.28, and 3.83 quintals 
respectively per vermicompost producers.  
 

Maize is a major crop that is being produced for 
home consumption. Before vermicompost 
production, they use chemical fertilizer for maize, 
however, they currently shifted from chemical 
fertilizer to vermicompost for maize production 
in the area. As they stated even if its production is 
for home consumption, its yield is much better 
compared to prior chemical-based production. 
Accordingly, on average, each farmer applied 
1.56, 1.50, 1.44, and 2.44 quintals for 2018, 2019, 
2020, and 2021 years, respectively. The average 
yield is around 36 quintals per hectare. In 
addition, they are producing vegetables, forage, 
and coffee using vermicompost. The major 
vegetables are cabbage, tomato, pepper and 
carrot. In the area, these crops are not largely 
produced, but play a vital role in the contribution 
of increasing food diversity for smallholders. 
Most farmers used vermicompost for vegetable 
production after 2019. Lastly, some farmers are 
also using it for potato production.  
 

 

 
 

Figure 4. Major crops produced using vermicompost. 
 

Production, utilization and selling trends 
of vermicompost  
 

According to sample respondents that were 
produced vermicompost from 2018 up to 2021, 
the average amount of production is around 9.17, 
12.28, 13.23, 16.39 quintals respectively for 2018, 
2019, 2020, and 2021, respectively. This shows 
increasing trends in its production. This is 
because the technology does not need such 
significant investment and cost, except for labor 
time from preparation up to utilization. 
Regarding the use of it for crop production, on 

average they applied 5.94, 6.28, 8.78, and 9.36 
quintals for 2018, 2019, 2020, and 2021, 
respectively for crop production on their field for 
crop types specified before. This trend also 
reveals that there is an increasing trend of 
application due to the presence of comparative 
advantage compared to chemical fertilizers. This 
expansion also relates to Yangchan et al. (2019) 
finding.  
 

In addition, participation in vermicompost is not 
only for utilization; however, it created the 
opportunity to develop the market. Thus, the 
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purpose of vermicompost production is both for 
utilization and means of income in the area. 
During the survey, we observed the recorded 

amount of vermicompost sold per year per 
sample producer. 

 

  
 

Figure 5. Vermicompost ready for sale and receipt from its sale. 
 

Accordingly, on average they sold 333, 333, 328, 
and 389 kilograms for 2018, 2019, 2020, and 
2021, respectively. Their market participation is 
not only by vermicompost, but they also sell 

earthworms to an interested organization. The 
average price of vermicompost per kg is 10 Birr 
and earthworm is about 300 – 500 Birr.  

 

 
 

Figure 6. Production status of vermicompost.  
 

Source: Author survey, 2022 
 

Marketing and revenue from earthworm 
and vermicompost 
 

As indicated earlier both vermicompost and 
earthworm have a markets value. For the area, 
these marketing practices are new. The price is 
mostly determined by farmers during starting 
year and after the increment of the number of 
producers, this is being based on individuals' bid 
assignment per kg for both. Currently, they only 
supply for organizations and a few private 
investors. Due to the lack of a local market and its 
awareness for non-vermicomposting producers in 
the area, the price that is being attached for them 
is not sufficient as efforts made for it and its value 
for crops.   
 

Beginning of the production year, the number of 
farmers who participated in the selling of both 
vermicompost and earthworm was only two. 
After four years the number of market 
participants increased up to six and nine for 

vermicompost and earthworm, respectively by 
end of 2021. These numbers were relatively 
increased for earthworms than vermicompost. 
This is due to the market price of earthworms 
attracting them to participate more. The average 
price of earthworms is 500.00, 416.67, 372.50, 
and 416.67 for 2018, 2019, 2020 and 2021, 
respectively. The declining nature of prices from 
year to year is that an increasing number of 
producers increases market supply and declines 
price according to the amount supplied. The table 
below also shows that the revenue from 
earthworms is greater than that of vermicompost. 
This is motivating the success of this technology 
introduction to the area.  
 

To sum up, these marketing practices of 
vermicompost and earthworm created an 
opportunity for farmers to support their 
household economy. On average, they gained 
40000.0, 3097.1, 12944.4, and 13887.6 for 2018, 
2019, 2020 and 2021 respectively per sample in 
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the area. This shows that the production of this 
fertilizer is not only for crop production, but it 
becomes means of revenue for a household with 

minimum resource utilized for its production that 
is locally and easily available.  
 

 

Table 3. Marketing practices of VC and Earthworms. 
 

 
Years  

     2018        2019        2020       2021 

VC Earth 
Worm 

VC Earth 
Worm 

VC Earth 
Worm 

VC Earth 
Worm 

Participants  2 2 2  3 4  8 6 9 

Sold in Kg 1500 80 1500 74.33 737.5 34.75 583.33 33.33 

Price per kg 10.00 500.00 10.00 416.67 10.00 372.50 12.83 416.67 

Revenue  15000.0 40,000.0 15000.0 30971.1 7375.0 12944.4 7484.1 13887.6 
 

Source: Author computation, 2022. VC implies vermin-compost amount 
 

Challenges of vermicompost production  
 

Currently, farmers are not informed of any 
challenge that diverts their production 
participation. But the insect (ant) at midnight 
affects earthworms and they have not found any 
solution for them to control easily. In addition, 
the production is mostly for two months and they 
have the opportunity to produce six times 
throughout the year. Then, they reach surplus 
production and if they want to sell, they are 
unable to get buyers. The organizational buyer 
was mostly time-oriented and took a limited 
amount for their purpose, as a result, farmers are 
getting the challenge of effective marketing. In 
addition, the lack of improved earthworm feed 
chopping material for partial decomposition 
consumes most time by using locally available 
instruments like knives. This indirectly affects 
increasing the number of beds from year to year.  
 

Conclusion  
 

Vermicompost production in the study area was 
introduced in 2018 by Hawassa Agricultural 
Research Center, Southern Agricultural Research 
Institute, Hawassa Ethiopia. The number of 
vermicompost producers increased in the last 
four years. At the initial time, only 4 farmers 
started and succeeded in its production, and 
currently, their number reached twenty-eight. 
The purpose of production is both for utilization 
and sale. The average produced amount of 
vermicomposts are 910, 1230, 1320, and 1640 
kilograms in 2018, 2017, 2020, and 2021, 
respectively. This shows that the amount of its 
production increased from year to year. 
Regarding its application to crops on average, the 
farmers applied 590, 630, 880 and 940 
kilograms in 2018, 2017, 2020 and 2021, 
respectively. This shows that from total produce 
they applied 56.0, 51.0, 66.7 and 57.0 percent for 
last successive four years. In addition, on 
average, they also sold around 330 kilograms 
each year. This similar sale trend is due to their 
market participation is mostly selling of 
earthworms. 

The major crops that are being produced by using 
vermicomposting are enset, chat, potato, maize, 
and vegetables. The average amounts of 
vermicompost used for chat production are 260, 
270, 330, and 380 kilograms in 2018, 2017, 
2020, and 2021, respectively. The increased 
amounts of application of vermicompost in the 
last four years are because of market preference 
for chat produced from vermicomposting. 
Similarly, they applied on average 160, 150, 220, 
and 140 kilograms for enset production in 2018, 
2017, 2020, and 2021, respectively. Like the way 
in four successive years, they also applied around 
150 kilograms for maize production. This 
stagnant amount of application is due to land 
scarcity and always they are producing maize on 
the same acre. They also applied on average, 
more than half and less than one quintal for 
vegetables and potatoes in the area. To 
generalize, this shows that being new for this 
technology; the increased number of applications 
is one of the successes of research 
implementation in the area.  
 

Selling of earthworms is also another opportunity 
for communities. On average farmers sold 80, 74, 
34 and 33 kilograms in 2018, 2017, 2020 and 
2021, respectively. The decreasing trend implies 
that at the initial time numbers of the producer 
were only 4 and they get adequate buyer during 
2018 and 2019, however, their trend of selling 
decreased by around 50 percent. This is because 
of the inadequate buyer during the last two years 
and increased number of producers. The average 
revenue they earned from its sales was 40000.0, 
30971.0, 12944.4 and 13887.6 Ethiopian birrs 
during 2018, 2017, 2020 and 2021, respectively. 
To generalize, vermicompost has more 
advantages compared to chemical fertilizer. It 
reduces the maturity time of crops. The 
associated constraints of its production are attack 
of ants at midnight, inadequate market chain, 
and lack of feed chopping materials. In addition, 
this study suggests the determination of the 
optimal rate of application for major crops in the 
area except potato.  
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A B S T R A C T 
 

Nutrient deficiency is one of among major problems constraining the development of 
economically successful agriculture. Specifically, this resulted from lower crop performance. 
To enhance crop performance, the application of the newly recommended fertilizer rate is 
among the necessary measures. Hence, this pre-extension demonstration of the newly 
recommended fertilizer rate on maize and evaluated the change in its profitability. The 
demonstration was conducted at two farmers’ training centers and ten beneficiary farmers’ 
fields. Partial budget analysis was employed to evaluate the change in profitability from the 
new recommended rate. Based on the result, the average yield performances that were 
obtained from farmer's fields were 40.0 Q ha-1, 29.4 Q ha-1 of the new rate, and blanket 
recommendation rate, respectively. In addition, the yields obtained from the farmers’ 
training center were 47.0 Q ha-1 and 33 Q ha-1 of the new recommendation rate and blanket 
recommendation rate, respectively. This might be due to the effective monitoring and 
follow-ups in the farmers' training center than the farmers’ field. The result of the partial 
budget analysis revealed that adopting of newly recommended rate increases the overall 
profit, which is 8680 ETB per hectare. Therefore, it is better if increase the adoption rate of 
the newly recommended fertilizer rate on maize to improve the production and productivity 
of maize producers. 
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Introduction 
 

Current fertilizer recommendation in Ethiopia is 
based on very general, or more often, a single 
recommendation for all crops 100 kg DAP (18-
46-0) and 100 kg Urea (46-0-0). Moreover, the 
nutrients in the blanket recommendation are not 
well balanced ergonomically and its continued 
use will gradually exhaust soil nutrient reserves. 
Therefore, neither yields nor profits can be 
sustained using the imbalanced application of 
fertilizers, as the practice results in accelerating 
deficiencies of other soil nutrients. Since the 
absence of one or more nutrients besides N and P 
can depress yield significantly. Today, in addition 
to N, P, S, B, and Zn deficiencies are widespread 
in Ethiopian soils, while some soils are also 
deficient in K, Cu, Mn, and Fe (Tamene et al., 
2018). 
 

Maize is one of the strategic field crops targeted 
to ensure food security in Ethiopia (Keno et al., 
2018). Despite the importance of maize as a 
principal food crop, its average yield in Ethiopia 
is about 3.6 tons  ha-1 and it is still lower than 
that of the world’s average, which is 5.6 tons ha-1 
in 2016 (Tamene et al., 2018). The major causes 
for the lower productivity of maize are the 
application of unbalanced nutrients. 
 

To solve the constraint of low maize productivity, 
there are several solution options, among those 
several management options; site-specific 
fertilizer direction is currently increased 
noticeably to tackle the problem. However, 
fertilizer trials involving multi-nutrient blends 
that include micronutrients are at an initial stage 
in Ethiopia. After the soil fertility map is 
developed by Agricultural Transformation 
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Agency (ATA) in 2016, 13 blended fertilizers 
containing N, P, K, S, B, Zn, and Cu in different 
mix forms have been recommended for the 
SNNPRS. In addition to macronutrients applying 
different blends including micronutrients can 
increase maize yield, to come up with this 
deficiency problem, the newly recommended 
location-specific fertilizer rate is the solution for 
the problem (260 kg Urea and 100 kg NPSB) 
(Boke et al., 2018). Therefore, to solve this 
problem HwARC natural research teams released 
crop and location-specific fertilizer use 
recommendation rates on maize in 2018. Hence 
before, the scale-up of these soil fertility 
management options to the wider areas, it was 
demonstrated on 10 representative farmers’ fields 
and two FTC to popularize the technology, to 
evaluate feedback information on the technology, 
and to evaluate the profitability of the technology. 
 

Methodology   
 

Site and farmers Selection procedures 
 

Shewako and Guba shiraro kebeles were purposef
ully selected for demonstration based on maize 
production potential. Based on PED protocol, 
from each kebele, one farmer's training center 
and 5 farmers were selected for conducting the 
demonstration and evaluating the demonstration 

plots. After that, the beneficiary farmers were 
selected based on their willingness to participate 
in the demonstration, representativeness to other 
farmers, and accessibility (land and road).  
 

Demonstration design  
 

Two plots employed the demonstration. The first 
plot was considered for the newly recommended 
fertilizer rate (100 kg NPSB and 260 kg Urea) 
and the second plot was considered for the 
blanket recommendation fertilizer rate (100 kg 
NPSB and 100 kg Urea). Lemmu maize variety 
was used for both demonstration plots with size 
2500 m2 for each recommendation on 2 FTC and 
10 farmers’ field. The seed intra and interspacing 
were 40 cm and 80 cm, respectively.  
 

Mode of implementation and agronomic 
practices 
 

Before starting implementation, as an activity 
opening phase, farmers were well trained about 
the application of the newly recommended rate of 
blended fertilizer on maize and agronomic 
practices and overall awareness of actualization 
of practices from planting to marketing 
(consumption) by soil fertility researchers.  
 

 

Table 1. Participant list in training. 
 

S.no Participants  Sex Location /District 
Male Female Total 

1 Farmers  5 5 10 Atoti Uli 
2 Agri-experts  7 - 7 
3 Researchers 4 1 5 
4 Technical assistance 1 1 2 
5 Other stakeholders  6 1 7 
6 Total 23 8 31 

      
 

The newly recommended blended fertilizers rate 
(100 kg NPSB and 260 kg Urea per hectare) was 
provided from Hawassa agricultural research 
center, was demonstrated with its respective 
standard check/ blanket recommendation rate 
(100 kg NPSB and 100 kg Urea), planted with 
improved maize variety (Lemmu) on 10 farmers’ 
field and 2 FTC. The seed intra and interspacing 
were 40 cm and 80 cm, respectively. 30% of Urea 
and 100% NPSB were applied at sowing time and 
70% of Urea was applied after 35 days stay after 
sowing. In addition, continuous follow-ups and 
essential support (technical) were given by 
respective researchers. Farmers evaluated the 
demonstration plots four times (at late 
germination, at knee height, early maturity/seed 
setting, and late maturity/harvesting stages). 
Finally, field day was conducted by participating 
beneficiary farmers, Das, woreda, zone and 
regional agricultural experts, and other 
stakeholders. 
 
 
 

 

Mode of popularization and communication 
 

To bring dissemination and diffusion rate of 
newly introduced technology and to collect 
farmers' feedback for further technology improve
ment, making effective communication with 
concerned bodies at a grassroots level is an 
important tool. Therefore, to make effective 
communication to the beneficiary and 
surrounding farmers about the performance of 
demonstration plot, field day was conducted by 
inclusively participating all stakeholders 
(regional, zone, woreda and kebele extensional 
personnel, regional and center multidisciplinary 
researchers, kebele and woreda chairmen’s, 
hosted and surrounding farmers). At the field 
day, session participants comparatively evaluated 
the demonstration plots and made deep and 
participatory discussions. Finally, farmers listed 
out their interest/preferences on demonstration 
plots by consideration of field performance, 
economical consideration to sustain, and 
comparative yield advantages of each treatment 
plot. 
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Table 2. Participant list in field day. 
 

S.no Participants  Sex Location 

Male Female Total 

1 Farmers   42 28 70 Atoti Uli 

2 Agri-experts  6 2 8 
3 Researchers 6 2 8 

4 TA  1 1 2 

5 Other stakeholders  15 5 20 

6 Total 71 37 108 
 

  
 

Plate 1. Photo from field day ceremony at Halaba. 
 

Methods of data collection 
 

The agronomic data were collected by observing 
the growth stage and field performance of the 
plant. Also, yield data was directly collected at the 
harvesting time and farmers preference related 
data like seed cob per single plant, ability to 
lodging, cob size, productivity, profitability, and 
affordability data were collected through focused 
group discussion (FGD) and the individual 
interview was made with hosted farmers, Keble 
development agents and surrounding farmers at 
the time of the different evaluation session.  
 

Method of data analysis 
 

Yield data collected from selected sample areas of 
the field were analyzed by using descriptive 

statistical methods such as mean, average, 
minimum, and maximum were used to analyze 
yield data. A partial budget analysis procedure 
was employed for the evaluation of change in the 
profitability of the newly recommended 
alternative. Likert scale was used to analyze the 
farmer’s preferences data.  
 

Results and Discussion  
 

Yield performance   
 

This analysis was based on data collected from 
ten farmers' plots each demonstrated both 
fertilizer rates. Table 3, below shows deceptive 
statistics of the result.  
 

 

Table 3. Grain yield performance in Q ha-1. 
 

Types of fertilizer rate Min Max Mean St. Dev Yield on FTC 

New rate (N=8) 39.0 49.5 40.0 5.7   46  

Blanket rate (N=8) 28.4 33.5 29.4 4.8 33 

t-value                 8.1***    

Relative yield advantage         35.05 
 

*** is statistically significant at less 1 percent probability level. Source: Own calculation 
 

The average grain yield of the newly 
recommended rate of inorganic fertilizer was 40 
quintals per hectare whereas the average grain 
yield of blanket recommendation rate was 29.4 
quintals per hectare on farmers’ fields. The 
application of the newly recommended rate of 
blended fertilizer on maize resulted from a 36.5 
percent yield advantageous over the blanket 
recommendation rate on maize.  
 

The t-value reveals that there is a significant 
mean maize yield difference between a new 
recommendation and standard check of fertilizer 
application. The above table also portrays that 
there is a big grain yield difference between 
application of newly recommended rate (NPS: 
100 kg and Urea: 260 kg per a hectare) and 
blanket recommendation rate (NPS: 100 kg and 
Urea: 100 kg per a hectare) on the same maize 
variety (Lemmu). In addition, this grain yield 
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difference of maize resulted was from different 
application rates of only Urea, but the same 
NPSB rate with the same agronomic practices on 
two plots. Therefore, the result approves that the 
demonstrated location is exposed to nitrogen 
element deficiency, this nitrogen deficiency 
highly affecting the production and productivity 
of maize, to reach full maize productivity and 
production potential.  
 

The findings of Woldesenbet and Haileyesus 
(2016) suggested that the effects of various N 
fertilizer rates had a bearing on the maize yield 
and growth components. According to Jena et al. 
(2021), the majority of farmers use less fertilizer 
than is recommended for maize production, 
which results in a stagnation of the crop's 
productivity. According to findings of Kandil 
(2013), all N fertilization levels, maize hybrids, 
and their interactions had a substantial impact on 

the growth and composition of the crop as well as 
the yield of the maize plant. Thus, sustainably 
using this newly recommended nitrogenous 
fertilizer rate with its full packages in wide-area 
coverage is a strategic solution up to the next new 
research result. 
 

Partial budget analysis 
 

Table 4 below shows that adopting the newly 
recommended rate will increase the overall profit 
of farmers, due to increased revenue. This shows 
that on average the farmers who will apply the 
newly recommended rate will get revenue of 
8680 ETB compared with those who will apply 
blanket rate. In analysis, only the cost component 
that revealed change compared with blanket rate 
were considered.  
 

 

Table 4. Partial budget analysis. 
 

Positive impacts of adopting the new 
recommendation  

Negative impacts of adopting the new 
recommendation 

 Quantity 
(Kg) 

Price/Kg Total 
(ETB) 

 Quantity 
(Kg) 

Price/Kg Total  
(ETB) 

Added revenue  1060 10 10600 Cost added 160 12 1920 

Cost saved - - 0 Revenue lost - - 0 

Total positive impact 1060 10 10600 Total negative 
impact 

160 12 1920 

Overall effect = 8680 ETB 
 

Source: Own computation of 2021 field data 
 

Farmers’ preferences 
 

The demonstration was evaluated different 
follow-up periods by farmers, researchers, and 
extension personnel Accordingly, the evaluation 
was undertaken at the location of the demonstrati
on, starting from the early establishment stage to 
the late maturity stage, thus, farmers evaluated 
the demonstration based on their preference 
criteria which depending on the physical 
characteristics of each variety show. Additionally, 

final farmers' preferences data were collected 
from beneficiary farmers on a prepared check by 
using the listed preference criterion listed in 
table-5 below. Farmer’s preference result present 
in table-5, the mean score value of listed criteria 
of new fertilizer recommendation rate is greater 
than that of blanket recommendation. This shows 
farmers preferred and ranked the new fertilizer 
recommendation rate over the blanket 
recommendation rate. 
 

 

Table 5. Farmers feedback information on newly introduced fertilizer recommendation rate. 
 

No. Criteria 
(N=8) 

Farmers’ Rank 

Newly recommended fertilizer rate Blanket recommendation 

Very good (3) Good (2) Poor (1) Very good (3) Good (2) Poor (1) 

1 Productivity 7 1 - 3 1 4 

2 Affordability  2 2 4 8 - - 

3 Profitability   4 3 1 4 1 3 

4 Lodging 
resistant 

5 2 1 2 4 2 

 Mean score 1.35 0.40 0.15 1.30 0.30 0.90 

 Rank  1st    2nd   
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Conclusion and Recommendation 
 

Lower crop performance is mainly manifested 
due to nutrient deficiency. This resulted from the 
mining of nutrients, inappropriate application of 
nutrients, and removal of crop residues from the 
fields. To halt this problem, it needs the attention 
of conducting nutrient improvement 
mechanisms. As a result, it is very important to 
remind farmers about the possibility of 
production enhancement of crops with a pre-
extension demonstration of the newly 
recommended fertilizer rate. In this study, an 
attempt was made to demonstrate the newly 
recommended rate and analyze the change in 
profitability. The main interest of the 
demonstration was to enhance the adoption of 
new technology. For the study, the demonstration 
was conducted on 10 farmers' fields from each 
kebele and two FTC’s. Grain data was collected 
after harvesting maize. 
 

The newly recommended nitrogenous fertilizer 
application rate on maize is upgraded the average 
grain yield of maize to 40 quintals whereas the 
average grain yield of blanket recommendation 
application rate is 29.4 quintals, on sample 
representative farmers’ field, under two kebeles 
(Guba shiraro and Shewako). In addition, the 
average grain yield obtains from the new 
recommended nitrogenous fertilizer rate and 
blanket recommendation rate on FTC were 46 
quintals and 33 quintals, respectively. The 
average grain yield of maize in FTC is greater 
than farmers’ fields, this is due to management 
differences. In addition, the new application rate 
of blended fertilizer practices on maize is 
preferred first by farmers over-application of 
blanket recommendation rate, due to the new 
rate resulted in high grain yield, profitable, 
affordable, and strong plant stand (lodging 
resistant). 
 

As this demonstration result approving, in the 
Halaba zone nitrogen deficiency is highly 
affecting the maize production and productivity. 
So, all the concerned bodies need to work on 
expanding this newly recommended nitrogenous 
fertilizer (urea) application rate of 260 kg 
urea/ha to boost production and productivity of 
maize for smallholder farmers and other bodies 
invested on maize production.  
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A B S T R A C T 
 

Genotype main effect and genotype by environment interaction biplot analysis is the best fit 
model for which-won-where pattern analysis, genotype, and test environment evaluation. 
Hence, the aim of this study was to identify stable and high-yielding soybean genotypes for 
production in diverse environments by using the genotype main effect and genotype by 
environment biplot stability model. Eighteen soybean genotypes were evaluated across six 
environments during the 2019 cropping season by using a randomized complete block 
design with four replications. Among evaluated environments and genotypes, Tiro-afeta 
gave the highest yield (3.71 t ha -1); while Humera gave the lowest yield (1.37 t ha-1), and 
genotype JM-HAR/PR142-15-SB gave the highest mean grain yield of 2.9 t ha -1 across the 
six locations. Based on the information generated from the GGE biplot, Tiro Afeta and Areka 
were identified as ideal environments, whereas genotypes PR-143-(14), JM-HAR/G99-15-
SD-2 and JM-HAR/PR142-15-SB were ideal genotype. The ‘which won where’ biplot of the 
GGE analysis revealed that the six environments grouped into three different mega-
environments with different winning genotypes. Among the testing environments, Areka, 
Sirinka and Humera grouped into one mega environment; while Tiro afeta grouped into the 
second mega environment and Jimma and Hawasa were classified into the third mega 
environment with the winning genotypes JM-HAR/PR142-15-SB, PR-143-(14) and KS4895 
for each mega environment, respectively. Based on the GGE biplot stability model used in 
the study, JM-HAR/G99-15-SD-2, JM-HAR/PR142-15SB, and PR-143-(14) were high 
yielder and stable genotypes. Hence, these genotypes were recommended for variety 
verification and release after additional evaluation for more seasons. 
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Introduction 
 

Soybean (Glycine max L. Merill) is considered to 
be a miracle crop as it is extraordinary rich in 
proteins (~40) and is also second only to ground 
nut in terms of oil content (~20). Soybean is a 
multipurpose crop, which can be used for a 
variety of purposes including preparation of 
different kinds of soybean foods, including soy 
milk, tofu, and mixing soybean grain with other 
grains for bread and injera making, animal feed, 
raw material for the processing industry, and it 
counter effects depletion of plant nutrients in the 
soil resulting from continuous mono cropping of 
cereals, especially maize and sorghum, thereby, 
contributing to sustainable soil fertility 
management (Hailegiorgis, 2010).  

According to Tesfaye et al. (2017) and 
Zerihun  (2011) soybean is grown over a wider 
agro-ecological conditions, especially in the low 
to mid-altitude areas (1300 to 1700 m.a.s.l) that 
have moderate annual rainfall (500-1500 mm) 
with an average yearly temperature of between 
20-25°C, and soil pH of 5.5. The global 
production of soybeans was 361 million tons in 
2018–2019 (Hales and Coleman-Jensen, 2022). 
The United States, Brazil, Argentina, China and 
India are the world's largest soybean producers 
and account for more than 89% of the global 
soybean production (Alabdalsaid, 2021). In 
2018/19, the average worldwide productivity of 
soybean was 2.88 t ha-1 (Fão et al., 2019). Foyer 
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et al. (2018) reported that Africa holds 
tremendous potential for increasing sustainable 
soybean production, even in the face of a 
changing global climate. The top four soybean-
producing countries in Africa are South Africa, 
Nigeria, Uganda and Malawi (Fão et al., 2019). 
Currently, the area covered under soybean 
production in Ethiopia is 54543 ha with a total 
annual production of 125,623 ton, and 
productivity of 2.3 t ha-1 (Fão et al., 2019). This 
shows the productivity of soybean in Africa and 
Ethiopia is low relative to the average 
productivity of USA (3.4 t ha-1) and the world 
average productivity of 2.88 t ha-1 (Fão et al., 
2019). This low yield is attributed to a 
combination of several production constraints, 
among which, low soil fertility, lack of high 
yielding varieties adapted to different soybean-
producing agroecology’s of the country, periodic 
moisture stress, diseases, insect pests, and poor 
crop management practices (Georgis , 1990). 
Among the production constraints, lack of high 
yielding varieties adapted to different soybean-
producing agroecologies of our country is the 
most important limiting factors of soybean 
production.  
 

Previous studies of G x E interaction on soybean 
have illustrated significant interaction of 
genotypes with the environment for yield and 
yield-related traits (Mesfin et al., 2019). Yan et al. 
(2000) proposed genotype plus genotype × 
environment interaction (GGE) biplot model for 
graphical representation of GE interaction 
pattern of multi-environment trial (MET) data. 
GGE bi-plot is a data visualization tool, which 
graphically displays a GxE interaction in a two-
way table (Yan et al., 2000). To understand GEI, 
two types of biplots, the AMMI biplot (Gauch and 
Zobel, 1997) and the GGE biplot (Yan et al., 
2000) are the most commonly used. Thus, GGE 
biplot is more logical and biological as compared 
to AMMI in explaining PC1 score, which 
represents genotypic effect rather than additive 
main effect (Yan et al., 2006). GGE bi-plot is an 
effective tool for 1) mega-environment analysis 
(e.g., “which-won-where” pattern), whereby 

specific genotypes can be recommended to 
specific mega-environments, 2) genotype 
evaluation (the mean performance and stability), 
and 3) environmental evaluation (the power to 
discriminate among genotypes in target 
environments) (Yan et al., 2006). GGE biplot 
analysis has been carried out in understanding 
GEI in many crop species including soybean (Yan 
and Rajcan, 2002), sorghum (Rao et al., 2002) 
and others. Fetien and Bjørnstad (2009) in 
barley; Farshadfar et al. (2011) in wheat, Fiseha 
et al. (2015) in sesame, and Mesfin et al. (2019) 
in soybean, are among the many authors who 
used GGE bi-plot to identify mega environments 
to evaluate and assess the performance and 
stability of the genotypes, and the test 
environments. 
 

In spite of reports on utility of GEI analysis in 
deciding superior genotypes and/or test 
environments in many crops, GEI and stability 
analysis by GGE biplot model was not carried out 
on the materials considered in this study. While, 
as a case study we analyzed the performance of 
eighteen early matured soybean advanced lines 
across six locations using GGE biplot to 
demonstrate the utility of biplot graphical 
approach in analyzing and interpreting the 
complex GEI in MLT data. Hence, this research 
project was initiated to determine the genotype 
by environment interaction by using GGE-biplot 
analysis model and identify high yielding and 
stable genotypes for different agro-ecologies of 
the country. 
 

Materials and Methods 
 

Description of the study area 
 

Eighteen (18) early maturing soybean genotypes 
were evaluated during the rainy season of 2019 at 
six locations of the major moisture stress and 
short growing period soybean growing areas in 
Ethiopia. The altitudes of the locations ranged 
from 608 to 2800 m.a.s.l. Detailed descriptions 
of the study locations are presented in Table 1. 
 

 

Table 1. Description of the study area. 
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Tiro afeta Oromia 37°19' E 7°54'N  2800 22°C 2000 Chromic & 
vertisol 

Hawasa Sidama 38º, 28’E 7º3′ N 1708 20.3°C 953.4 Loam, clay or 
clay loam 

Jimma Oromia 36º 00'E 7º46' N 1753 16ºC  1561 Nito, Combi 
soil 

Areka Sidama 37º 42’E 7º 4’N 1830 18°C 1450 Silt clay loam 
Humera Tigray 36°37′E 14°18′N 608 24°C 581.2 Vertsol 

Sirinka Amhara 36˚38’00”E 11˚45’00”N 1850 19.5 °C 945 Clay 
 

Source: National Meteorology Agency (NMA) and Climate-data.org (2019) 
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Experimental materials  
 

Eighteen early maturing (70-90 days to maturity) 
soybean genotypes obtained from Jimma 
Agricultural Research Center (JARC) were used 
for the study. Five of these genotypes were lines 
developed by JARC, from its hybridization 
programs, while eleven genotypes were obtained 

from the University of Illinois, USA. The two 
varieties used as standard checks i.e., Nova and 
Gazale were released in 2012 and 2015, for early 
maturity and the seeds were obtained from 
Hawasa and Pawe Agricultural Research Centers, 
respectively. 

 

Table 2. List of the study materials. 
 

Experimental design and trial management  
 

The trial was laid out in a randomized complete 
block design (RCBD) with four replications. Each 
plot consisted of four rows of 4 m length with 40 
and 5 cm spacing between rows and seeds, 
respectively. The two middle rows were used for 
data collection and harvested at maturity. The 
experimental plot was prepared very well by 
ploughing three times and leveled for sowing. 
The plantings were done in early-June in each 
location. Fertilizer was applied at the rate of 
122kg NPS ha-1 at planting, and all other crop 
management practices were applied as per the 
recommendations for the crop. Weeds, pests and 
diseases are intensively controlled, using 
principles of integrated pest management (IPM). 
 

Data collected 
 

Grain yield per plot (GYP): At maturity, the 
weight in a gram of seeds harvested from the 
middle two harvestable rows of each plot was 
adjusted to 13% moisture and converted to ton 
per hectare. Then grain yield data were subjected 
to GGE biplots analysis.  
 

 Statistical analysis of variance 
 

Data of the mean values of all the experimental 
units were subjected to analysis of variance 
(ANOVA) for the randomized complete block 
design. The combined analysis of variance over 
environments was performed with the PROC 
GLM procedure of SAS versions 9.3 software. 
Comparison of treatment means was done by 
Fischer’s least significant difference (LSD) at 5% 
probability levels (Gomez and Gomez, 1984). 
 

The combined analysis of variance was carried 
out to estimate the effects of the environment, 
genotype and GEI on the studied yield and yield-
related traits. Significance levels of these 
components were determined using the F- test.  
 

 
  

Stability analysis 
 

GEA-R software was used to perform stability 
analysis among genotypes over location based on 
GGE biplot analysis methods as described below. 
 

Genotype main effect and genotype by 
environment interaction effect (GGE) biplot 
analysis 
 

The GGE biplot was constructed, using GEA-R 
software. GGE biplot methodology, which is 
composed of two concepts, the biplot concept and 
the GGE concept (Yan et al., 2000), was used to 
graphically analyze the performance of the 
soybean genotypes in different environments. 
This methodology uses a biplot to show the 
factors (G and GE) that are important in 
genotype evaluation that is also sources of 
variation in GE interaction analysis of MET data 
(Yan and Rajcan, 2003). 
 

The general model used for GGE Biplot is as 
follow: 
 

Yij -μ-βj = λ1Ԑi1ηj1 + λ2Ԑi2ηj2 + Ԑij where: 
Yij= the performance of the ith genotype in the jth 
environment; 
 

μ = the grand mean;Βj = the main effect of the 
environment j: λl and λ2 = singular value for 
IPCA1 and IPCA2, respectively: Ԑi1 and Ԑi2 = 
eigenvectors of genotype i IPCA1 and IPCA2, 
respectively: ηj1 and ηj2 = eigenvectors of 
environment j for IPCA1 and IPCA2, respectively; 
Ԑij = residual associated with genotype i and 
environment j. 
 

Results and Discussion 
 

Combined analysis of variance across 
environments for yield 
 

Following the confirmation of homogeneity of 
error variances of the individual locations using 
Bartlett’s test, the combined analysis of variance 
was performed to determine the effects of 
genotypes, environments, and GEI interactions 
on grain yield.  
 

Trt # Genotype Name Seed source Trt # Genotype Name Seed source 
1 JM/PR142-15D JARC 10 P1200488 USA 
2 JM-HAR/G99-15-SD-2 JARC 11 JM-ALM/CRFD-15-SA JARC 
3 JM-HAR/PR142-15SB JARC 12 P1417129B USA 
4 JM-PR142/G99-15SB JARC 13 F6LG05 USA 
5 Delsoy4710 USA 14 PR-143-(14) USA 
6 Gazale (check 2) Pawe  15 P1203398 USA 
7 Nova (check1) Hawasa  16 Ozark USA 
8 P1417116 USA 17 KS4895 USA 
9 P1506764 USA 18 Harber USA 
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The combined analysis of variance showed that 
there were significant (p<0.01) differences 
among the environments, genotypes and GEI for 
grain yield (Table 3). The proportions of 
environment, genotypes and GEI to the total sum 
of squares for grain yield were 55.2%, 16.0% and 
27.0%, respectively (Table 3). The high 
percentage of the environment sum of squares 
indicates that environment is the major factor 
that influences the performance of early maturing 
soybean genotypes in the moisture-stressed, 
short-growing season environments of the study 
locations in Ethiopia. The G x E interaction is 
highly significant (p<0.01), accounting for 27.3% 
of the sum of squares, implying the need for 
investigating the nature of the differential 
response of the genotypes to environments. Asrat 
et al. (2009) reported that the significance of GEI 
indicates that each of the genotypes interacted 
differently at each location.  

This result is in line with the finding of 
Krisnawati and Adie (2018) who studied the 
effect of genotype x environment interaction on 
12 soybean genotypes tested in eight 
environments and reported highly significant 
mean squares of environments, genotypes and 
genotype × environment interactions (GEI). The 
authors also reported that environments, 
genotypes and genotype × environment 
interactions accounted for 64.4%, 10.8% and 
24.8% of the total sum of squares, respectively. 
The environmental effect was three times higher 
than the G and GE effects (Cravero et al., 2010). 
However, another report revealed that GEI 
effects were higher than the contributions of 
genotypic and environmental effects to the total 
variation (Bhartiya et al., 2017).  
 

 

Table 3. Combined ANOVA for grain yield (t ha-1) and the percentage sum of squares of the 18 early 
mature soybean advanced line tested at six locations during 2019 season. 

 

Source of variation DF SS %SS MS 
Environment 5 25547.70457 55.2% 5109.54091** 

Rep. within E(R/E) 18 53.11733 0.11% 2.95096 

Genotype 17 7416.31573 16.04% 436.25387** 

GXEI 85 12613.19113 27.3% 148.39048** 

Residuals 306 598.74742 1.3% 1.95 

Total 431 46229.07619 100%  
 

GY Mean =2.1945 t ha-1                            CV=6.372799% s                               R2=0.987048 
 

**indicates significance at P<0.001 probability level; CV = coefficient of variation, GY=grain yield, DF= degree 
of Freedom, SS = sum square, MS=mean square GxE=Genotype by environment interaction. 
 

Stability analysis for grain yield 
 

There were numerous methods used to evaluate 
yield stability in crops. In this study, the stability 
parameters GGE biplot were used to evaluate the 
yield stability of 18 early maturing soybean 
advance lines tested across six environments. 
 

Genotype Main Effect and Genotype by 
Environment (GGE) Bi-plot Analysis for Grain 
Yield 
 

The GGE biplot displays the graphic analyses of 
the studied early maturing soybean genotypes 
tested across the six environments are presented 
in figures below (Fig. 1). 
 

Figure 1 indicated that genotype s that closed 
center of origin were stable genotype across the 
studied area but genotype that far from center of 
origin were unstable genotype with in studied 
area accordingly  G9,G10 and G13 were unstable 
genotype and G2,G3,G4, and G14 were stable 
genotype (Fig. 1). 
 

 
 

 

Fig. 1. GGE Biplot of 18 early matured soybean genotypes. 
 

G1=JM-DAV/PR142-15D, G2=JM-HAR/G99-15-SD-2, G3=JM-HAR/PR142-15-SB, G4=JM-PR142/G99-15-SB, 
G5=Delsoy 4710, G6=Gazale, G7=Nova(check1), G8=PI417116, G9=PI506764, G10=PI200488, G11=JM-ALM/CRFD-
15SA, G12=PI417129B, G13= F6 LG05-4321x LG05 4550, G14= PR-143-(14), G15= PI203398, G16= Ozark,.G17= 
KS4895, G18= Harber TA=Tiro afeta, AK=Areka, JM=Jimma, HW=Hawasa, SK=Sirinka and HM=Humera. 
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Mean yield and stability performance 
 

In the GGE biplot methodology, the estimation of 
yield and stability of genotypes was established 
using the average environment coordinate (AEC) 
methods (Yan and Rajcan, 2002). The best 
genotype can be defined as the one with the 
highest yield and stability across environments.  
 

The line passing through the biplot origin the 
AEC which is defined by the average of PC1 and 
PC2 scores for all environments is called the 
Average Environment Coordinate (AEC) (Yan 
and Tinker, 2006). The axis of the AEC abscissa, 
or “average environment axis” is the single-
arrowed line that passes through the biplot origin 
and at the centre of the small circle. The 
genotypes on the left side of the ordinate line had 
yields lower than average mean yield. 
Accordingly, the genotypes G8, G9, G5, and G13 
the genotypes have mean grain yield lower than 
the grand mean (2.19 t ha-1). But, the genotypes 
on the right side of the ordinate line have yield 
performance greater than mean yield and 
according to this genotypes G14, G3, G6, G4, G11, 
G2 and G12 had mean grain yield greater than the 
grand mean (2.19 t ha-1) (Figure 2). A longer 
projection to the AEC ordinate, regardless of the 
direction, represents a greater tendency of the GE 

interaction of a genotype, which means it is more 
variable and less stable across environments or 
vice versa.  Hence, considering simultaneously 
yield and stability, genotypes G2, G3, G4, G6, 
G11, G12 and G14 showed the best performances 
(Figure 2), suggesting their adaptation to a wide 
range of environments. 
 

In a similar study, Fentaw (2011) reported that a 
genotype which has a shorter absolute length of 
projection in either of the two directions of AEC 
ordinate (located closer to AEC abscissa) 
represents a smaller tendency of GEI, which 
means it is the most stable genotype across the 
different environments or vice versa. Hence, 
genotypes G14, G11, G2, G3, and G16 with the 
short absolute value of projection from the AEC 
abscissa were the most stable genotypes. The 
genotype G3 had high yield and a relatively short 
distance from the AEC abscissa indicating this 
genotype is high yielding as well as stable. The 
fact that the genotype G16 showed a very short 
distance from the AEC abscissa and AEC ordinate 
shows that this genotype is poor yielder and 
stable, and this result was in line with the results 
reported using the ASV as this genotype was 
ranked first by ASV, however by mean grain yield 
it was ranked 16th.   

 

 
 

Fig. 2. Mean yield and stability performance of 18 early matured soybean genotypes. 
 

Ranking of genotypes 
 

The center of the concentric circles represents the 
position of an ideal genotype, which is defined by 
a projection onto the mean environment axis that 
equals the longest vector of the genotypes that 
had above-average mean yield and zero 
projection onto the perpendicular line (zero 
variability across environments). Located at the 
center of the concentric circle, G14 (PR-143-(14)) 
was identified as the “ideal” genotype in this 
study, followed by G11, G2, G3, G6, G4 and G12 
which are closer to the ideal genotype (Fig. 3). 

Hence, these genotypes are desirable for high 
yield and stability, as compared to other 
genotypes. On the other hand, genotypes G8, G9, 
10 and G16 were unstable and the lowest yielding 
genotypes while considered to be undesirable 
because they are placed far from the ideal 
genotypes.  Our results confirm those who found 
outstanding genotypes near to the ideal genotype 
in wheat for five consecutive years and those of 
Akter et al. (2015) who reported an ideal 
genotype of hybrid rice in the first concentric 
circle, Mesfin et al. (2019) in soybean. 
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Fig. 3. Evaluation of genotypes relative to ideal genotypes. 
 

Ranking of environments 
 

According to Yan and Rajcan (2002), 
discriminating ability and representativeness are 
important properties of a test location. An ideal 
location should be highly differentiating 
(discriminating) for the tested genotypes and at 
the same time be representative of the target 
locations (Yan and Tinker, 2006). The ideal 
environment is representative and has the 
highest discriminating power (Yan and Tinker, 
2006). Accordingly, the location Tiro Afeta had 
the longest vector with small IPCA, which fell 

into the center of the concentric circles was 
considered as an ideal environment in terms of 
being the most representative of the overall 
environments and the most powerful to 
discriminate genotypes, followed by Sirinka, 
Areka and Humera that were close to the ideal 
environment (Figure 4). Therefore, these 
locations might be as the most suitable to select 
widely adapted genotypes. This result in line with 
Yan et al. (2000), Yan and Rajcan (2002) and 
Fiseha et al. (2015); Gadissa et al. (2018); Yirga 
(2016). 

 

 
 

Fig. 4. Evaluation of environments relative to ideal environments. 
 

Where, TA=Tiro Afeta, HR=Humera, AK=Areka, SK=Sirinka, HW=Hawasa, JM=Jima 
 

Relationship among environments 
 

The summary of the interrelationships among the 
environments was earlier presented in Figure 5. 
The lines that connect the bi-plot origin and the 
markers for the environments are environment 

vectors, and the angle between the vectors of the 
two environments is related to the correlation 
coefficient between them. The cosine of the angle 
between the vectors of the two environments 
approximates the correlation coefficient between 
them (Yan and Rajcan, 2002). Based on the 
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angles between the test location vectors, the six 
locations are grouped into three major groups. 
Group one includes Areka, Sirinka, and Humera, 
group two includes Tiro afeta and group three 
includes Jimma and Hawasa. The smallest angle 
is between environments Sirnka, Areka, and 
Humera, and Jimma and Hawassa, implying that 
there is a very high positive significant 
correlation between these locations (r=1*** 
between predicted yield by GGE2). Tiro Afeta was 
also closer to the locations Sirinka, Areka, and 
Humera indicating a close correlation between 
these locations with Tiroafeta (r = 0.65**). 
Therefore, the first group Sirinka, Areka and 
Humera were closely correlated (Figure 5) 
suggesting that these locations provide 
redundant information on their capacity in 
discriminating between the genotypes. 
 

The second group included Tiro afeta alone and it 
had the longest vectors from the origin. The third 
group included Jimma and Hawasa and they 
have a very short vector and are solitary. The 
angle between Tiro and Jimma, Tiro and Hawasa 

was greater than 900, showing a negative 
correlation between these locations with r = -
0.43761* and r= -0.43840*, respectively. The 
angle between Areka and Tiro afeta was less than 
900 indicating that there was some positive 
correlation between them (r=0.65**). Obtaining 
reliable information on the similarity of 
environments and their subdivision into groups 
can enable breeders to use fewer test 
environments reducing the cost of testing and 
increasing breeding efficiency. With the longest 
vectors from the origin, environments Tiro afeta 
and Humera were the most discriminating 
environments. Areka and Sirinka were 
moderately discriminating, while Jimma and 
Hawasa were the least discriminating locations. 
Discriminating ability and representativeness are 
the important properties of a test location. An 
ideal location should be highly differentiating for 
the tested genotypes and at the same time 
representative of the target locations. This result 
is in line with Yan et al. (2000); Yan and Rajcan 
(2002); Fiseha et al. (2015); Yirga (2016). 

 

 
 

Fig. 5. The discrimination and representativeness view of the GGE biplot to rank test environments 
relative to an ideal test environment. 

 

Which-Won-Where pattern of GGE biplot 
 

One of the most attractive features of a GGE 
biplot is its ability to show the ‘which-won-where’ 
pattern of the GEI. Yan and Tinker (2006) 
reported that the use of a bi-plot is intriguing, as 
it graphically addresses important concepts, such 
as crossover GE, mega-environment 
differentiation and specific adaptation.  
 

In the present study, the first two principal 
components of GGE biplot explained 96.83% 
(PC1=82.83% and PC2=14.03%) of the total 
variations (Fig. 6). According to Fig. 6, genotypes 
G8, G9, G10, G13, and G5 were the best or worst 
in some or all the environments because they are 
furthest from the origin of the biplot (Yan and 
Tinker, 2006).  
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They are more responsive to environmental 
change and are considered as specifically adapted 
genotypes. They are best in the environments 
lying within their respective sector in the polygon 
view of the GGE-biplot (Yan and Tinker, 2006). 
Hence, the genotypes G6, G3, G4, were best 
yielding genotypes at Humera, Areka and Sirinka. 
Genotypes G11, G12, G2, and G14 were best 
yielding genotypes at Tiro. Genotypes G18, G17, 
G16 and G7 were the best-adapted genotypes at 
Hawassa and Jimma.  Since Genotypes G10, G9 
and G13 have the longest distance from the origin 
of the biplot on the opposite side of the 
environments the mean yield performance of 
these genotypes were poor. The genotypes: G1, 
G2, G3, G4, G6, G11 G12 and G14 are located near 
to the origin, and hence, according to Abay and 
Bjørnstad (2009) such genotypes were broadly 
adapted. It had also been observed that no 
environments fell into sectors where genotype G9 
andG13 were the vertex genotypes indicating that 
these genotypes were not the best in any of the 
test environments. The present result was) in line 
with the work of Abay and Bjørnstad (2009) in 

soybean, Karimizadeh et al. (2013); Yirga (2016) 
in sesame and lentil, Gadissa et al. (2018) in 
bread wheat identified three different growing 
mega-environments. 
 

Connecting the extreme genotypes on a GGE 
biplot forms a polygon and the perpendicular 
lines to the sides of the polygon form sectors of 
genotypes and locations (Kaya et al., 2006). The 
environments fall into three quadrants, while the 
genotypes fall into four quadrants (Figure 6). 
 

The GGE biplot identified three different soybean 
growing mega-environments. The first mega 
environment consisted of three locations i.e., 
Areka, Sirinka and Humera that contains four 
genotypes (G3, G4, G6 and G14) as the best 
performing genotypes in these locations. The 
second mega environment consists of only one 
location: Tiroafeta and four genotypes G2, G11, 
G12 and G14 fall under this mega environment. 
The third mega environments included Hawasa 
and Jimma, and the genotypes that fall under this 
mega environment are G16, G18, G10 and G7.  

 

 
 

Fig. 6. Which won where? bi-plot of the GGE bi-plot analysis. 
 

Discussion  
 

The significant genotype by environment 
interaction indicates that, there is impact of 
environment and genotypes on soybean grain 
yield across the studied area. Hence, the 
genotypes performed differently across the 
different environments revealing the 
complication of selecting a single genotype for all 
environments. The same as, the significant 
genotypic difference indicates the presence of 
genetic causes of variation among the tested 
genotypes. In addition, the presence of highly 

significant differences between the six test 
environments for the yield trait indicates the 
significance of testing soyabean genotypes across 
environments. The current study indicated that 
on grain yield of early maturing soybean 
genotypes the impact of genotype, environment 
and G x E interactions were; 16.00%, 55.32% and 
27.30%, respectively. In other way, this result 
shows high variance (55.20%) was generated by 
the impact of environment that means yield 
potential of early maturing soybean genotypes 
was determined by the environment. 
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Based on the result of GGE biplot analysis, 
among the tested genotypes, G2, G3 and G14 
were the most stable genotypes with high yield 
across all location. However, Genotypes, G8, G9 
and G10 were unstable genotypes and give lowest 
yield across all location. From the Six evaluated 
environments, namely Tiro-afeta, Areka, Jimma, 
Hawsa, Sirinka and Humera; Tiro-afeta and 
Areka were efficiently discriminated the tested 
genotypes for grain yield and can be considered 
as good environments for production of early 
maturing soybean genotypes. Some of the 
genotypes showed specific adaption to some 
environments. Accordingly, G3, G4, G6, and G14 
were the best performers at Humera, Areka, and 
Sirinka. G16 and G18 were the best performers at 
Jimma and Hawasa, while, G2, G11 and G12 were 
best performers at Tiro-afeta. Therefore, these 
genotypes can be recommended for adaptation to 
specific environments. However, among these 
genotypes, only G2, G3, and G14 were stable and 
give highest yield across environments. 
According to the result of this study, from the 
evaluated environments Sirinka and Humera 
location was not a good environment for 
production of early maturing soybean. However, 
Tiro-afeta and Areka location was a good 
environment for production of early maturing 
soybean.  
 

Generally, based on result generated from 
combined ANOVA and GGE biplot analysis 
genotypes; G2, G3 and G14 were high yielder and 
stable across all locations. 
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A B S T R A C T 
 

Most sweet potato varieties currently grown by farmers are poorly adapted, have low root 
yields, less nutritive and white fleshed which have no beta carotene, a precursor to vitamin 
“A”. However, among the cheapest and richest sources of vitamin A; orange fleshed sweet 
potato varieties were rich in beta carotene are well accepted by young children. Hence the 
aim of this research project was conducted to evaluate the adaptability and performance of 
improved orange-fleshed sweet potato varieties on yield and other yield related traits during 
the 2020 main cropping season in southwest Ethiopia. The varieties used were Tulla, Kulfo, 
Guntutie, Vita, Kabode, Alamura and Dilla. The experiment was carried out using a 
randomized block design with three replications. The analysis of variance over locations 
depicted significant differences (p ≤0.05) among varieties for most of the studied traits. In 
this study, Alamura (31.42 t ha-1) and Dilla (27.8 t ha-1) varieties give a high yield among 
seven evaluated orange-fleshed sweet potato varieties. Based on farmer test preference, the 
first and second rank of test preference was recorded from Alamura and Dilla variety. 
Therefore, by considering both farmer’s test preference and the yield potential of the variety, 
Alamura and Dilla were selected as high yields and have the best test preference. Therefore, 
to fill the gap vitamin “A” deficiency at the community level Alamura and Dilla were selected 
as the best orange fleshed variety that has the best test preference with the highest yield in 
the humid tropics of Southwestern Ethiopia and these two varieties were recommended for 
production. Finally, since the result of this finding was based on data gathered from two 
locations and only one cropping season to test adaptability. So, one more additional season 
evaluation is necessary and also further studies are required to generate more reliable 
information on performance, nutrition and resistance to disease. 
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Introduction 
 

Sweet potato (Ipomoea batatas L.) is a 
dicotyledonous plant belonging to the family 
Convolvulaceae (Tortoe et al., 2010). It is the 
third most important crop after potato and 
cassava in the world and one of the root and 
tuber crops largely grown in East Africa as staple 
for rural communities (Laban et al., 2015). It is 
one of the most important sources of 
carbohydrates for small holder farmers in 
Ethiopia (Amare et al., 2014). It is grown around 
the world in diverse environments, often by small 
farmers in marginal soils, using low inputs 
(Amare et al., 2014). In some of the world’s 
poorest nations, taro and sweet potato are 
important part of food security packages (Dagne 
et al., 2014). In Ethiopia, sweet potato is widely 

grown in south, southwestern and eastern parts 
by small-scale farmers with limited land, labor 
and capital. According to the Central Statistical 
Authority (Cochrane and Bekele, 2018) reports, 
sweet potato occupied about 53,499 hectares of 
land with a total annual production of 1.85 
million tons during the main growing season 
only. However, the productivity of the crop 
remained low (8 t ha-1) for a long time and the 
production of the crop is also declining due to 
many factors including recurrent drought, lack of 
planting materials, shortage of farmer preferred 
varieties, poor extension system that doesn’t 
encourage production of root crops, market and 
post-harvest related problems (Fekadu et al., 
2015). 

  

 

http://ijarit.webs.com/
https://www.banglajol.info/index.php/IJARIT
mailto:fikaduejigu222@gmail.com
https://orcid.org/0000-0003-4221-7040
https://orcid.org/0000-0002-5685-7228
https://orcid.org/0000-0002-1633-8458


Ejigu et al. (2022)              Adaptation of orange flesh sweet potato varieties in South Western Ethiopia 

 
Int. J. Agril. Res. Innov. Tech. 12(2): 111-116, December 2022 

Due to the low level of agricultural input 
requirement, high productivity per unit area, 
good nutritional value and increasing food 
demand owing to high population growth of the 
country, sweet potato is one of the ideal starch 
staples for food security of the country (Laban et 
al., 2015). Although the majority of sweet potato 
varieties are high in carbohydrates, orange 
fleshed sweet potato (OFSP) varieties also 
provide vitamins A and C (Labanet al., 2015). 
Vitamin A is an essential micro nutrient for 
human health and vitamin A deficiency (VAD) 
can limit growth, weaken immunity and cause 
xeropthalmia leading to blindness, and increase 
mortality (Sommer and West, 1996). Despite this 
remarkable potential of the crop, vitamin A 
deficiency (VAD) is widespread and the most 
common cause for young children blindness in 
the developing world (Low et al., 2007). Most 
sweet potato varieties currently grown by farmers 
are poorly adapted, have low root yields, less 
nutritive and white fleshed which have no beta 
carotene, a precursor to vitamin A (Wariboko and 
Ogidi, 2014). But among the cheapest and richest 
sources of vitamin A, OFSP varieties, rich in beta 
carotene are well accepted by young children 
(Low et al., 2007). The intensity of orange 
colored flesh in sweet potatoes root indicates the 
level of beta carotene (Low et al., 2001). 
Therefore, these OFSP varieties could be useful to 
combat the widespread VAD that results in 
blindness and death of 250,000-500,000 African 
children yearly (Wariboko and Ogidi, 2014). 
Hence, evaluation of improved OFSP varieties is 
timely. So, the objective of this experiment was to 
identify promising and adaptable orange fleshed 
sweet potato variety in terms of yield and yield 
contributing parameters and hence could combat 
vitamin A deficiency (VAD) at community level in 
agroecology of Southwestern Ethiopia. 
 

Materials and Methods 
 

Description of study area 
 

The study was conducted at south western region 
of Ethiopia in two districts Gimbo and Guraferda 
for one season. The site is located at elevation 
range from 1233-1732 masl N 06044.817’   E 0350 

51.765’. The soil at the site is characterized as 
sandy clay and sandy loam with pH of 5.21-5.78 
and temperature rage low 240C high 430C. The 
livelihood of the people of the zones bares mostly 
agriculture and agro-pastoral. 
 

Planting materials and experiment 
methodology 
 

Six (Dilla, Kulfo, Alamura, Vita, Guntutie, Tulla) 
and one standard check (Kabode) varieties of 
sweet potato were brought from Awassa research 

center for their adaptation with standard check 
variety. The experiment was carried out by using 
RCBD with three replications in 2020 main 
cropping season. Six rows with recommended 
spacing of 30 cm between plant and 60 cm 
between rows were followed. Fertilizer and other 
chemicals were not applied to this experiment.  
 

Data collection and statistical analysis  
 

Data were collected on parameters like average 
root number per plot, root length, root diameter, 
vine length, total fresh weight per hectare, 
marketable fresh weight per hectare, 
unmarketable fresh weight per hectare.  Analysis 
of variance for the collected parameters was 
performed as per the methods described by 
Gomez and Gomez (1984) using R computer 
software for randomized complete block design 
(Table 1) and treatment mean comparison was 
done by using list significance difference (LSD) at 
5% level.  
 

Preference test 
 

Preference test for the seven varieties was 
conducted by using ten panelists and ten 
observers. Parameters used for preference test 
included; flesh color, sugariness, taste, 
powerlessness and flesh texture. 
 

Objectives 
 

To identify orange fleshed sweet potato varieties 
that is better in yield, test preference and other 
agronomic characteristics for the south west 
Ethiopia. 
 

Results and Discussion  
 

Effect of variety on yield and yield related 
traits 
 

The result of combined ANOVA showed that 
there is significant variation between orange 
fleshed sweet potatoes (OFSPs) varieties for yield 
and yield contributing parameters collected 
(Table 1). This variation was generated due to 
environmental effect and genetic variability 
among each variety. The current finding is 
supported by the finding of Mekonnen et al. 
(2015), who indicated that varietal effect had a 
significant influence on the marketable tuberous 
root yield as well as total tuberous root yield of 
sweet potato. Similarly, Kathabwalika et al. 
(2013) also observed significant differences in 
total tuberous root yield among sweet potato 
varieties. So, based on this combined analysis of 
variance result over the studied location variety 
that have better yield performance in different 
agroecology was selected for production.  
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Table 1. Mean square values for vine length and yield of the tested varieties combined over location. 
 

 Source of 
variation 

DF Vine length Marketable yield in 
tone ha-1 

Unmarketable 
yield in tone ha-1 

Total yield in 
tone ha-1 

Varieties 6 6115.2** 49.110** 2.5286 52.08** 
LOC 1 9147.9** 59.045** 15.6405** 13.91* 
REP 2 2658.9 47.864 0.4791 57.85 
Varieties X LoC 6 39819.0 85.787 0.8173 82.15* 
Error 21 2480.5 35.429 0.8173 42.76 
Total 42     

 

DF= degree of freedom, LOC=location, Rep= replication 
**=indicates level of Significance difference (P<0.001), * =indicates level of Significance difference (P<0.01) 
 

Table 2. Average values for yield related traits and tuber yield per hectare of seven orange flesh sweet   
potato varieties evaluated at two   districts, Gimbo and Gura-ferda districts in SNNPRS. 

 

Varieties  VL NR  RL RD MY in ton ha-1 UNY in ton ha-1  TY in ton ha-1 
Guntute 123.43c  2.3c 11.2d 4.6cd 15.22877c  2.5000 17.734d  

Alamura 183.70ab  4.3a 18.3a 9.5a 28.7800a  2.6279 31.416a  

Dilla 197.43a  3.5ab 18.0a 8.3ab 26.2000ab  1.5610 27.770ab 

Tulla 108.50c  2.5 12.0cd 4.5cd 16.7200c  1.2130 17.937cd  

Kabode 148.00abc  3.1b 16.0b 7.0b 20.1100b c 1.6250 22.740abc 

Kulfo 141.00abc  2.4c 13.3c 5.0c 17.2200c  1.4470 18.670bcd 

Vita 134.70bc  2.8bc 14.0c 6.0c 19.9390abc  0.8670  20.800bc 

Mean 148.11  3.0 14.5 6.4 19.17  1.6920  20.860  

CV (%) 33.62  2.3 3.2 2.5 31.04  60.8280  31.330  

LSD 59.106  1.5 2.4 3.0 7.06  NS 8.76  
 

LSD=least significance difference, CV=coefficient of variation, NR=Number of roots per plant, RL=root length, 
RD=root diameter, VL= Vine length, MY=Marketable yield, UNY=Unmarketable yield, TY=Total yield 

Mean value indicated by the same letters show there is no significance difference among each variety. 
Mean value indicated by the different letters show there is significance difference among each variety. 
 

Marketable tuberous root yield 
 

Significant (p<0.05) differences occurred in 
marketable tuberous root yield among the orange 
fleshed sweet potatoes (OFSPs) varieties 
evaluated in this research (Table 2). The highest 
mean value of marketable tuberous root yield 
(28.78 ton ha-1) was recorded from Alamura 
variety, followed by Dilla variety (26.2 ton ha-1). 
However, the lowest mean value of marketable 
tuberous root yield (15.23 ton ha-1) was recorded 
from Guntutie variety compared to the remaining 
four orange fleshed sweet potatoes (OFSPs) 
varieties Vita, Kabode, Kulfo and Tulla (Table 2). 
The differences in marketable tuberous root yield 
could be attributed to the genetic variations 
among the OFSP varieties in partitioning 
photosynthesis (Nedunchezhiyan et al., 2007). 
The result of the current study is in agreed with 
the finding of Omiat et al. (2005), who obtained 
the highest marketable tuberous root yield from 
variety Ejumula but the lowest marketable 
tuberous root yield from variety Arivumaku. 
Based on the current result we can suggest that 
variety Alamura was the best variety followed by 
variety Dilla for marketing purposes but the five 
newly introduced OFSP varieties Vita, Kabode, 
Kulfo, Tulla and Guntutie were considered the 
poorest varieties for marketing purposes.  
Unmarketable tuberous root yield 

 

Unmarketable tuberous root yield was none 
significantly (p<0.05) different among the orange 
fleshed sweet potatoes (OFSPs) varieties (Table 
2). Similarly, Mekonnen et al. (2015) and 
Nwankwo et al. (2012) also observed none 
significant differences in unmarketable tuberous 
root yield among sweet potato varieties. Even 
though unmarketable tuberous root yield was 
none significantly different among the orange 
fleshed sweet potatoes (OFSPs) varieties, the 
highest unmarketable tuberous root yield (2.623 t 
ha-1) was recorded from variety Alamura, and the 
lowest unmarketable tuberous root yield (0.867 t 
ha-1) was recorded from variety Vita. Amare et al. 
(2014) had observed wide variation among sweet 
potato varieties in most of the parameters 
(number of branches per plant, vine length, fresh 
fodder weight, and useable root yield) studied 
and attributed such differences to genetic 
composition.  
 

Total tuberous root yield 
 

Combined ANOVA indicated that, variety has 
significant effect on total tuberous root yield 
(Table 2). The highest mean value of total 
tuberous root yield (31.416 ton ha-1) was recorded 
from Alamura variety, followed by Dilla variety 
(27.77 ton ha-1). However, the lowest mean value 
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of total tuberous root yield (17.73 ton ha-1) was 
recorded from Guntute variety. The differences in 
total tuberous root yield could be attributed to 
varietal differences among the OFSP varieties 
(Antiaobong, 2007). This result is in line with the 
finding of Amare et al. (2014), who also found 
significant differences in total tuberous root yield 
among OFSP varieties in their trial. Totally, the 
evidence obtained from this study indicated that 
from the seven evaluated OFSP variety Alamura, 
and Dilla were identified as the highest total 
tuberous root yielding variety in the study area 
and can be beneficial to growers aimed at 
producing sweet potatoes for tuber production, 
since yield is an important factor which 
determines choice of sweet potato varieties for 
cultivation (Njoku et al., 2009). 
 

Vine length 
 

Vine length was highly significantly (p<0.01) 
affected by variety and showed significant 
differences among the seven-orange fleshed 
sweet potato varieties evaluated (Table 2). The 
highest mean value in vine length (197.43 cm) 
was recorded from Dilla variety. While the lowest 
mean value (108.50 cm) was recorded from Tulla 
variety. The difference observed in vine length 
among the OFSP varieties is attributed to their 
genotypic difference.  

Yield related traits 
 

The highest number of roots per plant (4.3), root 
length (18.3 cm) and root diameter (9.3 cm) were 
recorded from Alamura variety. Where as lowest 
number of roots per plant (2.3), root length (11.2) 
and root diameter (4.6) were obtained from 
Guntutie variety. 
 

Effect of variety on test preference of 
orange fleshed sweet potato varieties 
 

Test preference 
 

Test preference of these seven varieties is 
conducted by using ten panelists and ten others 
with observing their testing and smelling the 
sample of seven orange flesh sweet potato 
varieties (Table 3).  
 

Depend on these methods, the mean value of test 
preference obtained from ten panelists and ten 
others showed that, from selected seven samples 
Alamura and Dilla are ranked first and second 
whereas Guntutie and Kulffo are 6th & 7th rank. 
Hence, Alamura and Dilla varieties have best test 
preference and higher yield performance at both 
location, Alamura and Dilla varieties were 
recommended for production in studied agro 
ecology. 

 

Table 3.  Shows test preference rank value of seven released orange flesh sweet potato varieties.    
  

Variety Color Sugariness Test Powerness Texture Overall 
acceptance 

Average rank  

Dilla 4.51 4.01 3.91 4.40 2.10 4.99a 3.8820a 1 

Alamura 4.40 4.08 4.00 3.23 3.20 4.22ab 3.770ab 2 

Kabode 3.75 3.34 3.86 4.21 3.67 3.10b 3.6360b 3 

Vita 3.10 2.88 3.02 4.10 3.01 3.20bc 3.2975bc 4 

Guntutie 2.30 3.10 2.21 2.20 2.70 3.02c 2.6460c 6 

Kulfu 3.60 1.20 1.30 1.40 3.20 2.23cd 1.8660d 7 

Tulla 1.30 2.10 2.20 2.07 4.10 3.30 2.7540 5 

                                                     

Discussion 
 

In this study, seven sweet potato varieties were 
evaluated across two locations in one year based 
on their yield performance and test preference. 
The findings of this study clearly showed 
significant differences in yield and yield 
contributing parameters of studied orange-
fleshed sweet potato varieties (Table 1). The 
significant difference among evaluated varieties 
for yield and yield-related traits was generated 
due to environmental effect and genetic 
variability among each variety. The current 
finding is supported by the finding of Mekonnen 
et al. (2015), who indicated that varietal effect 
had a significant influence on the marketable 
tuberous root yield as well as total tuberous root 
yield of sweet potato.  
 

G X E interaction is an important technique in 
the identification and selection of promising 
varieties that perform better in terms of yield 
potential to specific environmental situations or 
over different agro ecological conditions. Highly 
significant differences were recorded between the 
varieties, environment, and their interaction for 
root tuber yield (Table 1). The presence of a 
highly significant difference between the two test 
locations for all traits indicated that the 
genotypes performed differently across the test 
environments. The significant genotype by 
environment interaction showed that the 
genotypes performed differently across the 
different environments revealing the 
complication of selecting a single genotype for all 
environments.  
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According to test preference evaluation, there 
were significant differences among seven white-
fleshed sweet potato varieties with respect to 
their selection criteria for test preference 
parameters such as; root cortex color, flesh 
texture, sugariness, taste, and powerlessness 
(Table 3). So, based on the mean value of five test 
preference parameters recorded by ten panelists 
and ten observers; Dilla and alamura variety 
gives the best test preference value (4.99) and it 
ranked first and 2nd among seven varieties while 
very low-test preference was recorded by Kulfu 
variety (2.23) and it ranked seven from seven 
evaluated varieties (Table 3).  
 

Therefore, based on the present study Alamura 
and Dilla variety, that gives a high yield and 
ranked 1st and 2nd by test preference value, could 
be used instated of currently using varieties to 
increase production and productivity of the crop 
in the studied area for better enhancement of 
food security and livelihood income. 
 

Conclusion and Recommendation 
 

Orange flesh sweet potato need to be cultivated as 
source of carbohydrate and β-carotene (Vitamin 
A). Due to that this research project was initiated 
with aim of evaluation of OFSP in agro climatic 
condition of south west Ethiopia. The current 
results showed that the most important yield and 
yield contributing parameters: vine length, root 
length, number of root per plant, root diameter, 
marketable tuberous root yield and total tuberous 
root yield were significantly varied among the 
OFSP varieties evaluated. Accordingly, based on 
yield performance and test preference Alamura, 
and Dilla selected as best orange fleshed sweet 
potato variety both for yield and test preference. 
Therefore, Alamura, and Dilla orange fleshed 
sweet potato varieties are important for food 
security and to fill the gap nutrient deficiency at 
community level in south west Ethiopia. 
Therefore, for popularization and promotion of 
these two varieties at the south west Ethiopia 
demonstration should be done at farming level. 
Therefore, Alamura, and Dilla can be used as the 
best orange fleshed sweet potato varieties with 
optimum yield and highest adaptability in the 
humid tropics of Southwestern Ethiopia and 
potentially combat VAD at community level.  
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A B S T R A C T 
 

Since the high market value of seabass, Lates calcarifer (Bloch, 1970), mainly found in 
Bangladesh's coastal waters and tidal rivers of Bangladesh, farmers in those areas cultivate it 
alongside carp fish in ponds and shrimp farms. Even though farming began many years ago, 
progress in overcoming obstacles of only natural sources for hatchlings, supplemental 
feeding, and knowledge on advanced farming management in seabass farming at the field 
level has been prolonged. This study discusses the current farming and trading of seabass in 
Bangladesh's coastal districts. Seabass fry is collected from rivers and estuarine areas, grown 
in hatcheries or ponds, and sold to farmers in large sizes. Some farmers cultivate this fry in 
mixed fish culture ponds in the extensive method; some farmers cultivate them with carp 
fish in a semi-intensive method. Seabass feeds only live feed (Tilapia and carp fishes fry); 
continuous supply is difficult and expensive. In these ponds, seabass is cultivated in the 
traditional method in 18–20 months, weighing 7-8 kg, and in the advanced traditional 
method in 1 year, weighing 2-3 kg. The profit percentage of seabass farming with the semi-
intensive method is 77.42%. To expand this profitable fish farming, it is crucial to acclimate 
the fish to induced breeding and supplemental food. The institutions involved should not 
work in isolation but rather collaborate on developing induced breeding techniques and 
expanding seabass farming. In this case, prosperous seabass farming countries' experience 
can be applied.   
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Introduction 
 

According to "The State of World Fisheries and 
Aquaculture 2020" study by the United Nations 
Food and Agriculture Organization, Bangladesh 
is the second country whose fish production has 
increased over the past decade (FAO, 2020). 
Bangladesh ranks top among the eleven countries 
that produce hilsa, third in fish production in 
inland open-water bodies, fourth in freshwater 
fish production, and fifth in closed-water fish 
production globally. Apart from this, Bangladesh 
ranks fourth in the world and third in Asia in 
tilapia fish production. In addition, Bangladesh is 

the eighth-largest producer of marine and coastal 
crustaceans and the twelfth-largest producer of 
finfish in the world. At present, the people of the 
country are consuming 62.58 g of fish against the 
average requirement of 60 grams per person per 
day. Twelve percent of Bangladesh's total 
population, including approximately 1.4 million 
women, i.e., approximately two crore people, are 
directly or indirectly dependent on the fishing 
sector for a living. About 1.39 percent of the 
country's export earnings come from the 
aquaculture sub-sector (DoF, 2020).  
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In contrast, marine fish production in 
Bangladesh is primarily based on capture. 
Bangladesh is fortunate to have a 710 kilometer-
long coastline (Pramanik, 1988). From the 
country's perspective, the most crucial 
component of this ecosystem is its Exclusive 
Economic Zone (EEZ), which extends 200 
nautical miles out to sea (Kuperan and Jahan, 
2010). Bangladesh had previously had unilateral 
access to its undisputed maritime area of 
approximately 50000 km2. However, following 
the verdicts of the International Tribunal for Law 
of the Sea (ITLOS) on the disputed maritime 
boundary between Bangladesh and Myanmar in 
2012 and Bangladesh and India in 2014, 
Bangladesh finally gained legitimate rights to the 
maritime areas, which have now increased to 
118,813 km2 (MoFA, 2014). This enormous body 
of water has opened a new vista for the nation's 
economic progress. Bangladesh's coastal regions 
have abundant fisheries resources (Karmaker and 
Das, 2001; Kuperan and Jahan, 2010; MoFA, 
2014; Pramanik, 1988) and concerned 
individuals believe Bangladesh should prioritize 
marine aquaculture (mariculture) in order to 
exploit the immense potential of marine 
resources. The opportunities for mariculture have 
not yet been exploited in Bangladesh. 
Mariculture has been profitable in different 
countries, such as India, Thailand, the 
Philippines, Malaysia, and Indonesia. 
 

In the coastal districts of Bangladesh, there is 
enormous potential for the culture of Seabass 
(Lates calcarifer), Greenback mullet (Chelon 
subviridis), Nona Tengra (Mystus gulio), 
Seaweed, Oyster, Green mussel, as an aspect of 
mariculture. Farmers in the coastal area have 
been attempting to grow high-market-priced 
seabass in ponds or other enclosed spaces, even 
though these commercially essential species have 
not been grown in mariculture. Sea bass can be 
found all over the Indo-West Pacific, including 
Bangladesh, India, Pakistan, Myanmar, Sri 
Lanka, Malaysia, Indonesia, the Philippines, 
Papua New Guinea, the Persian Gulf, Northern 
Australia, and Southern China (Al-Noor et al., 
2012; Siddik et al., 2016a; Vij et al., 2014). In the 
1970s, farming began in Thailand followed by 
rapid expansion to Singapore, Malaysia, 
Indonesia, China, Brunei, Hong Kong, Saudi 
Arabia, and Australia (Chou and Lee, 1997; Frost 
et al., 2006; Zhu et al., 2006). Seabass 
aquaculture has also been brought to Iran, Guam, 
French Polynesia, the United States (Hawaii, 
Massachusetts), and Israel (Siddik et al., 2016b). 
In Bangladesh, only a few nurseries use fertilized 
eggs and fry from natural sources to make 
fingerlings. Seabass has grown in coastal areas of 

Bangladesh in a traditional and semi-intensive 
way by stocking natural resources with seedlings. 
However, in this case, the biggest problem is that 
seabass have not adapted to supplemental 
commercial fish feed in culture ponds, so the 
farmer has to use live feed, e.g., tilapia or silver 
carp fish fry (DoF, 2013; DoF, 2018).   
 

In Bangladesh, different organizations, including 
research institutions, are working on the artificial 
production of seabass fry, while extension-related 
institutions are working on expanding seabass 
culture. The Palli Karma-Sahayak Foundation 
(PKSF) is the country's apex development 
organization, founded by the Government of 
Bangladesh (GoB) to work with it’s more than 
270 partner non-governmental organizations to 
enhance the income of the underprivileged. 
Through the fisheries sector of PKSF, initiatives 
are being taken to expand high-value seabass 
farming through these partner organizations to 
poor farmers in remote coastal districts. Under 
the initiative, programs such as carp and seabass 
farming demonstrations, training, field days, 
billboard installation, market linkage workshops, 
motivational tours for farmers, and setting up 
seabass marketing centers/depots at the local 
level are being implemented. These activities are 
being implemented through 5 partner 
organizations of PKSF in 7 Upazilas of 5 coastal 
districts of Bangladesh. This report has been 
prepared to highlight the latest progress and 
problems in field-level seabass farming in 
Bangladesh in the light of the implementation of 
seabass farming activities by members of two 
PKSF affiliates, namely: Family Development 
Association (FDA) in Bhola district and 
"Nowabenki Gonomukhi Foundation (NGF)" in 
Satkhira district. 
 

Materials and Methods 
 

Study period  
 

The information was collected for one year, from 
July 2021 to June 2022. Frequent visits to  Bhola 
and Satkhira were performed to collect data from 
the fish producers in both areas. 
 

Selection of study area 
 

The study was conducted in one Upazila of Bhola 
district, namely Charfession, and the area is 
located between 21°54' and 22°52' north latitudes 
and in between 90°34' and 91°01' east longitudes. 
(Fig. 1) Moreover, two Upazilas of Satkhira 
district, namely Shyamnagar and Kaliganj area, 
are located between 21°36' and 22°54' north 
latitudes and in between 88°54' and 89°20' east 
longitudes (Fig. 2). 
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Collection of data 
 

All of the information in this report about seabass 
cultivation methods and income expenditure was 
gathered from the books of 27 "seabass culture" 
demonstration farmers of the "Family 
Development Association (FDA)" of Bhola district 
and 60 "seabass culture" demonstration farmers 
of the "Nowabenki Gonomukhi Foundation 
(NGF)" of Satkhira district. During this study, 
personal interviews and FGD were also used to 
acquire significant issues such as the source of 
seabass fry, the price of seabass fry, marketing-
related information about seabass, and seabass 
culture problems. 
 

Analysis of data 
 

The data was averaged and utilized to generate a 
figure depicting the average cost of income and a 
description of the seabass farming method. All 
possible errors and inconsistencies were 
eradicated for verification of the collected data. 
The tabular description procedure was mainly 
used to analyze the collected data. This tabular 
technique was applied to analyze data using 
simple statistical tools like averages and 

percentages with MS-Excel (Microsoft Excel 
2019).   
 

Results and Discussion 
 

The latest iteration of seabass 
aquaculture in Bangladesh 
 

In Bangladesh's coastal region, seabass 
cultivation in freshwater ponds and cage culture 
in rivers and estuaries has started. Larvae fry, 
and fingerlings of seabass are collected with 
different kinds of nets, such as set bag nets and 
small mosquito nets (Haque et al., 2021; Azam et 
al., 2014; Siddik et al., 2016c) in the river 
estuaries, rivers, and pastures along the coasts of 
Khulna, Patuakhali, Barisal, Satkhira, and Cox's 
Bazar districts of Bangladesh. 
 

How to get seabass fry 
 

After ovulation the eggs and larvae are then 
carried to the estuary by the tidal water. Local 
fisherman captures the larvae as they move from 
the estuary to the higher portions of the river. 
When larvae are put in ponds, there is a high 
chance that they will die. Instead, larvae that 
come from natural sources are raised in one of 
two ways to make juveniles up to (3-5) inches. 

  

Fig. 1. Map of the study area (Bhola, 
Bangladesh); Map source: 

en.banglapedia.org 

Fig. 2. Map of the study area (Satkhira, 
Bangladesh); Map source: 

bdmaps.blogspot.com 
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Fig. 5. Flow chart of channel for getting seabass fry from natural sources in Charfession sub-district of 
Bhola district of Bangladesh. 

  

Fig. 3-4. Seabass culture demonstration farmers 

(3-5") size fries are sold 
for BDT 50-60 per head 

Breeding period: April to August 

 

Harvesting of fry from South Aicha along 
the Meghna River to Kachapiya Canal of 

Charfession sub-district  
 

Local fry collectors collect fry with push nets 
 

Local Aratdar 
(Commission Agent)  

Local fish farmers 

(1.0-1.5" size) fries are 
sold for BDT 3-5 per 
head 

Distributing fries to other coastal 
districts by fry traders 

Local Nursery 
Owners 

 

(1.0-1.5" 
size) fries 
are sold 
for BDT 
3-5 per 

head 

After 1.0-1.5 months of nursing 
(3-5)" size fries are sold at BDT 
60-120 per head. 
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for BDT 15-20 per head 
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Seabass fry nursing in hatchery tank 
 

Fries of 0.5-1.0 inch length are stocked at a 
density of 800-1100 per cubic meter in nursery 
tanks or ponds and fed moderate quantities of 
nursery feed. Many are also accustomed to eating 
fish meat and small shrimp, especially those who 
will later farm naturally with low concentrations 
of live food. As the seabass eat the smaller fish, 
the same-sized fry is nursed in the tank by the 
grading method, and the larger fries are selected 
and separated every 3–4 days. Every day, about 
35% of the water in the nursing tank is replaced. 
The tank water is maintained at around 10 ppt as 
a semi-brackish water fish. After being reared in 
nursing tanks for approximately 30-40 days, the 
nursing tank survival rate is approximately 70-
80%, and an average 3-5 inch size fish is collected 
for rearing in stocking ponds. 
 

Seabass fry nursing in pond 
 

Fingerlings measuring 0.5-1.0 inches are released 
at a rate of 25–35 per square meter by effectively 
netting the pond. The pond makes many 
zooplanktons and gets some nursery food in 
small amounts. After 20-25 days in nursing 
tanks, a typical 3-5 inch fish is gathered for 
further rearing in stocking ponds, where the 
survival rate is anywhere between 70 and 80%. 
Chakraborty et al. (2021) discovered that the 
survival rate of seabass fry is 50%.  
 

Table 1. Price of fry observed in the project area. 
 

Sl. No. Fry Size (inches) Price (Tk/piece) 
01 1-1.5 15-20  
02 2–3.0 40-50  
03 5–6.0 100-120  

 

Chakraborty et al. (2021) reported that a 1.0-1.5-
inch fry costs BDT 8-10, a 2–3-inch fry costs BDT 
15-25, and a 5–6-inch fry costs BDT 40-60 in 
Satkhira, Khulna, Bagherhat, Patuakhali, and 
Barguna, respectively. 
 

Seabass farming method 
 

In stock ponds, seabass is cultivated primarily by 
the extensive and semi-intensive methods. Siddik 
et al. (2016d) also found these two methods of 
seabass culture among the farmers in 
southwestern Bangladesh, specifically in the 
Satkhira district. During the nursing stage, a 
farmer must adapt the fish to the environment in 
which the fish will be grown. The fish are kept at 
the same level after being transported from 
brackish water. The pond is then desalinized 
through the gradual release of fresh water. In 
February and March, seabass farmers commence 
pond restorations. In most cases, the pond is 
prepared by removing all the fish, drying it out, 
and spreading lime. Many farmers prepare ponds 
for new spawning stock without first drying the 
ponds. Once the pond has been prepared, the 
growers contact the fry suppliers to obtain 
seabass fish fry. 

Extensive culture method 
 

With this approach, farmers can easily stock fry 
that are 4-5 inches long, 15-20 pieces each 
decimal, or 30–40 pieces per pond. The typical 
pond size of these farmers is 10–20 decimal. In 
this type of pond, stocking and harvesting occur 
continuously throughout the year. Depending on 
what is available, these ponds are stocked with 
various species of fish fry. Seabass fry sustains its 
life by eating zooplankton in the small stage. 
Later it hunts and eats small fish. Concerning the 
feeding of seabass, Al-Noor et al. (2012); 
Karmaker and Das (2001) and Kamruzzaman et 
al. (2013) have reached the same conclusion in 
their different studies. In the pond and gradually, 
after 18-20 months, it weighs 7-8 kg and becomes 
marketable. In this method, no external feed is 
applied to the pond. 

Semi-intensive culture method 
 

Seabass, carp, tilapia, and small fish species are 
cultivated together in mixed aquaculture. The 
observed farm size of these farmers is 15-40 
decimal. Chakraborty et al. (2021) found similar 
seabass farm size in their investigation of the 
coastal region of Bangladesh. In ponds, stocked 
tilapia produce fry that is used as seabass feed. In 
most cases, 25–35 pieces of seabass fry 
measuring 1.5–3.0 inches in size are stocked per 
decimal, and concurrently, 5 kg of tilapia fish fry 
of the same size are kept in storage at the same 
time. 
 

Primarily, seabass feed on small tilapia and 
zooplankton; later, larger tilapia and carp fishes 
fry. Siddik et al. (2016e) discovered a similar 
phenomenon in seabass feed investigation. When 
the number of tilapia decreases, new tilapia fish 
fries are released, and in many cases, eel and 
trash fish are given as food. Stocking 5 kg of carp 
or tilapia fish fry per decimal every month for 
seabass feeding yields good results in this case. In 
this method, seabass gains 2-3 kg in a year and 
becomes salable. Chakraborty et al. (2021) also 
found that the growth of seabass in the mixed 
culture pond is relatively fast. Kamal et al. (2018) 

Fig. 6. Seabass fingerling for stocking 
in ponds. 
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also observed that 70 to 80 seabass fingerlings 
weighing 200 to 300 g were stocked in 15 decimal 
ponds, and small live tilapia, punti and tengra 
fish were given as seabass feed. After 30 to 40 
days of cultivation, 50 percent of the weight of 
the seabass in a shrimp culture demonstrated 
farm in Ellarchar, Satkhira, gains up to 1.0-1.5 kg.  

Market price of seabass 
 

Like most other fish, the price of seabass on the 
market is mostly based on how much it weighs. 
Bigger fish cost more per kilogram than smaller 
fish.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Seabass are harvested from mixed farming ponds in the Charfession sub-district of the Bhola district. 
 
 

Table 2. The price of seabass in the project area's local market.  
 

 
Sl. No. Seabass weight Market Rate (Tk Kg-1) 
01 < 300 g 500-600  
02 500 g  650-700  
03 1 kg  700-800  
04 >1 kg  850-900  

 

Income-expenditure of seabass culture 
 

Below are the average figures for seabass 
production and income expenditure in one year 

of polyculture with carp fishes in 0.134 ha. ponds 
in the Satkhira district. 

 

Table 3. Income-expenditure of seabass culture with carp fishes.  
 

Expenditure head Cost 
(BDT) 

Production and 
market rate 

Market 
Price (BDT) 

1 year lease value of 0.134 ha pond 12,000 660 kg of fish × BDT 
600* 

 

396,000 
Price of 250 fingerlings of seabass (3–5-inch size) 25,000 
Pre-stocking pond preparation cost  20,000 
Feed cost in 1 year (supply of live fish fry) 151,200 
Aqua-medicines and other expenses 15,000 
Total Cost  223,200 

Net Profit (BDT) =(396,000-223,200) =172,800 
 

*At an average weight of 3 kg per fish and 
maximum mortality of 30 fish, the fish 
production is 220 × 3 = 660 kg, and at the farmer 
level, the selling price of fish per kg is a minimum 
of BDT 600. 
 

Profit Percentage = (Profit/Cost Price) × 100 
                              = (172,800/223,200) × 100 
                              = 77.42% 
 

Chakraborty et al. (2021) showed a net return of 
BDT 388,564 in cost and return of seabass 
production in one hectare (247 decimal) area 
under polyculture management with shrimp for 
300 days, which is less than compared to the 
present study findings.  
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Marketing channel of Seabass 
 

Seabass marketing is simple due to the large gap 
between demand and supply. If there are fewer 
fish after harvesting them from the farm pond, 
the farmers sell them in the local market. 
However, if the quantity of fish is more, it is sold 
to the local depo, or Fariya/traders buy fish from 

the pond or market and sell it to the local depo. 
Another group of foriyas/traders or businessmen 
buy seabass from the local depo or market and 
sell it in the large local market, Upazila depo, 
Upazila fish market, etc. Through such channels, 
the fish reaches the district or divisional markets. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. A typical layout of marketing channels for seabass in Bhola and Satkhira Districts of Bangladesh. 
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Observed limitations in seabass farming 
expansion 
 

There have been some setbacks in expanding 
seabass farming in the study area. Haque et al. 
(2019) also brought up the majority of these 
challenges in their discussion. 
 

 Scarcity of fry in natural sources;  
 Destruction of other fish larvae and aquatic 

biodiversity during the collection of larvae 
from natural sources;  

 Not practice of artificial breeding of seabass 
still now; 

 Not accustomed to supplementary feed; 
 Trash fishes are scarce and expensive as 

seabass feed;  
 They require saline water for reproduction 

and rapid growth;  
 Due to the coastal location, the culture pond 

frequently sinks, and the fish emerge; and 
 Fish that compete for food with seabass 

cannot be farmed in the same pond.   

Summary of findings 
 

Bangladesh is an excellent place to grow seabass 
because of its temperature and weather. It is an 
economically significant fish, particularly in the 
southern part of the country. Future 
implementation of the artificial breeding method 
for seabass in Bangladesh is feasible with the 
assistance of the information and experience 
gained in Thailand and Vietnam, two of our 
neighboring nations. Since seabass can be grown 
in both semi-saline and salty coastal waters, 
Bangladesh will have a huge area where it can be 
grown. Our coastal region's rivers and canals are 
also suitable for seabass cultivation. Seabass 
production and export potential are expanding 
once more due to the fish's immense domestic 
and international demand. The commercial 
production of seabass will revolutionize the 
economics and marine fisheries of the country. 
 

Recommendation 
 

Although the coastal areas of Bangladesh are 
suitable for seabass farming and there is a lot of 
interest in seabass farming among farmers on the 
ground, seabass farming has not grown because it 
takes too long to produce fry through artificial 
breeding. Research and specific strategies should 
be initiated immediately to develop and grow 
hatchery production and farming techniques for 
this highly promising species. In the Marine 
Fisheries Department under the Department of 
Fisheries, Bangladesh Fisheries Research 
Institute, and various universities, rather than 
conducting research in isolation, inter-
coordination, and cooperation are required, in 
light of the experience of other countries and our 
country's coastal farmers in seabass farming, to 
conduct comprehensive research and technology 
transfer at the hatchery and field level in the 
following three subjects:   

 Production of seabass fry by artificial 
breeding;  

 Develop appropriate farming techniques. 
 Acclimatization of sea bass to supplemental 

rather than live feed. 
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A B S T R A C T 
 

From the mid of the 19th century chemical fertilizers were introduced into Bangladesh as an 
additional source of plant nutrients. After that the use of fertilizer in crop production 
increases. However, the extreme use of chemical fertilizers can create hazardous 
environmental degradation, which in turn can lower yields. So, the optimum level should 
maintain that can help in turn increase production. In this current study, 150 groundnut 
farmers in the research areas were taken based on their fertilizer application methods. It 
shows that the number of chemical fertilizer users constituted a major share of the total 
almost 44.67%. Among all the farmers, chemical fertilizer users incurred the highest return 
on investment by 1.48. Land area, cost of irrigation and chemical fertilizer affect the 
adoption of chemical fertilizer usage positively. The higher cost of production due to the 
application cost of inorganic fertilizer also increases the yield simultaneously. The study 
shows that farmers who avoid using fertilizer result in lower production compare to others. 
In that case, age and education were identified as factors that pushed the farmers towards 
chemical fertilizer and enjoying higher production. 
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Introduction 
 

Groundnut is cultivated mostly in marginal lands 
during both summer and winter seasons in 
Bangladesh. Its area and production have steadily 
dropped over the past decade. Area and 
production of groundnut was about 86000 acres 
and 67000 mtons, respectively, in 2020–2021. 
Again, groundnut occupies only about 6.97% of 
the total area under all oil crops and contributes 
about 6.73% to the total oilseed production in 
2020- 2021 (BBS, 2021). Apart from the fact that 
the groundnut is an excellent oil crop, it is a good 
source of protein, nutritious fodder for the cattle, 
and profitable cash crop to the farmers.  
 

Groundnut (Arachis hypogaea L.) is a self-
pollinated, tropical annual legume (Ntare et al., 
2008) mainly grown as one of the important 
oilseed crops. Groundnut plays several roles; as a 
rich source of edible oil and protein, which play 
an important position in the human diet and 
livestock feed as a source of income fixes 
atmospheric N in soils and thus saves N fertilizer 
cost (Bekele et al., 2022). Groundnuts are mostly 
used as ingredients for a number of industrially 

processed foods and contribute little to oil 
production. Low organic matter content, poor 
soil fertility, and imbalanced use of mineral 
fertilizers with no organic amendments 
contribute to the low productivity of groundnuts 
(Akbari et al., 2011). It is an important warm-
season oilseed crop and is one of the most 
important oil producing crops in Bangladesh and 
ranking second position in area and production. 
The soil and climate of Bangladesh are quite 
suitable for groundnut production. It is cultivated 
mostly in sandy soils and riverbeds (Nath and 
Alam, 2002). Though groundnuts are one of the 
major oilseed crops of Bangladesh, yields are low 
when compared to the world average, with the 
result that Bangladesh produces only about 40% 
of its domestic oil consumption. Because of poor 
yields due to lack of appropriate fertilizer 
adoption, farmers derive a limited income from 
the crop. The purpose of this study is to find out 
the suitable fertilizer practice that can contribute 
to increased productivity and profitability of 
groundnut cultivation. 
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Fig. 1. Groundnut area and production. 
 

Groundnut (Arachis hypogea L.) is one of the 
principal economic crops of the world that ranks 
13th among the food crops. In Bangladesh, 
groundnut is the second most important oil seed 
crop next to mustard (Brassica spp.) based on 
the annual production and stands third next to 
sesame (Sesamum indicum L.) based on acreage. 
Groundnut is cultivated on 31,579 ha of land and 
produces 56713 metric tons of nuts with an 
average yield of 1.79 t ha-1 (BBS, 2015). The soil 
and climate of Bangladesh are quite suitable for 
groundnut production. It is cultivated mostly in 
sandy soils and riverbeds (Deb and Pramanik, 
2015). Locally, groundnut is known as 'Badam', 
which is rich in nutrients and has multipurpose 
uses. It is used as edible oil to make cakes, 
biscuits and bakeries in the food industries. 
Traditionally it is eaten as fried badam', and oil 
cake is used as cattle feed. Bangladesh imports 
groundnut oil and shelled groundnuts regularly. 
It contains vegetable oil (45-50%), protein (25-
30%), carbohydrate (20%), vitamin A and E 
(Miah et al., 2014). It is the richest plant source 
of thiamin (B1). Groundnut contains at least 13 
different types of vitamins and is rich in 26 
essential minerals like niacin, calcium, 
phosphorus, magnesium, zinc, iron, riboflavin, 
thiamine and potassium. The oil content of 
groundnut is higher than those of soybean 
(Glycine max) and mustard. It is known as the 
'king' of oilseeds. Though groundnut is the 
second major oilseed crop of Bangladesh, yields 
of groundnuts are lower in Bangladesh compared 
to the world average, with the result that 
Bangladesh produces only about 40 per cent of 
its domestic oil consumption. Groundnut is a 
versatile crop that can easily be incorporated into 
various cropping systems. It is generally 
recommended that groundnuts be rotated with 

cereals, whereby the latter crops (maize, 
sorghum, cotton, or millet) can take advantage of 
nitrogen fixation from groundnut and benefit 
from the earlier fertilizer applications. Cotton or 
millet can take advantage of nitrogen fixation 
from groundnuts and benefit from the earlier 
fertilizer applications (Prasad et al., 2009). The 
productivity of groundnut depends on the proper 
selection of variety, fertilizer management and 
other management practices. It is observed that 
hours spent farming, cultivated land size, the 
price of groundnuts from the previous season, 
cost of seeds and pesticides significantly 
influence groundnut production in the area 
(Katundu et al., 2014). Experienced farmers are 
less involved in groundnut production, and most 
groundnut farmers are engaged in other forms of 
business. The cost, availability, and lack of 
technical knowledge of inputs requirements are 
responsible for poor use of the inputs. Labor, 
fertilizer, seed and herbicides are all over-utilized 
except insecticide, which is underutilized (Usman 
et al., 2013). The optimization of the mineral 
nutrition is the key to optimizing the production 
of groundnut, as it has very high nutrient 
requirements, and the recently released high-
yielding varieties take away more nutrients from 
the soil. On the contrary severe mineral nutrient 
deficiencies due to inadequate and imbalance use 
of nutrients is one of the major factors 
responsible for low yield in groundnut. Thus, the 
optimum fertilizers combination is the primary 
concern for the maximum yield of groundnuts. 
Though groundnut is cultivated in many parts of 
Bangladesh, very little research work has so far 
been conducted on the appropriate fertilizer 
adoption that can be cost effective, increase 
productivity and give higher returns for 
groundnut production. With the above 
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background, the main objective of this study was 
to determine the effect of organic and inorganic, 
only inorganic and no fertilizer usage on the 
productivity and profitability of groundnuts. 
Increasing this crop's production can help 
minimize the shortage of edible oil in the country. 
Information about the yield and return 
performance of groundnut production based on 
different fertilizer usage will explore the potential 
for Bangladesh to achieve self-sufficiency in 
groundnut production. Based on the above 
discussion this study aims to analyze the impact 
of different fertilizer practices on productivity 
and profitability of groundnut and to identify 
factors that affect the groundnut farmers to adapt 
different types of fertilizer practices.  
 

Materials and Methods 
 

Groundnut farmers of Jashore and Nilphamari 
district of Bangladesh were targets of this study. 
Total 150 farmers were studied based on three 
categories of fertilizer practices- no fertilizer, 
chemical fertilizer and combination of inorganic 
and organic fertilizer. We will observe that due to 
variations in the usage of fertilizer the total cost 
and total production of farmers will vary. 
Random sampling technique was adopted for 
selection of farmers based on their type of 
fertilizer usage. After collection of data, a list of 
tables and figures were prepared on the basis of 
the findings. The collected data was analyzed 
using tabular statistical methods and MS Excel. 
Traditional formulas were used to do profitability 
analysis and socioeconomic analysis. Besides, 
multivariate probit analysis was also done to 
observe differences between the fertilizer 
practices using STATA 16.0 software.   
 

Analytical techniques 
 

A multivariate probit specification is used to 
examine how different cost factors influenced the 
decision of farmers in adopting different fertilizer 
practices for their agricultural activities.  
 

The Multivariate Probit Model (MVP) is a binary 
response regression model to estimate both 
observed and unobserved influence on dependent 
variables by several independent variables 
simultaneously which permits error terms to 
correlate freely (Kariuki and Loy, 2016). 
Moreover, it uses the cumulative standardized 

normal distribution function and maximum 
likelihood analysis is used to obtain parameter 
estimates (Dougherty, 2011). 
 

The general specification for MVP would be 
(Greene, 2000): 
  

ymj
∗ =  xmj

′ βj + εmj  

 

Where,   ym = 1 if ym
∗ > 0, 0 otherwise m=1, 2…M 

 

E[εm|x1 , … . , xM] = 0, 
Var[εm|x1 , … . , xM] = 1, 
Cov[εjεm|x1 , … . , xM] = ρjm, 
ε1, … … , εM~[0, 𝑅] 
 

Where x is a matrix of covariates, consisting of 
any continuous or categorical variables, 𝛽 is the 
matrix of unknown regression coefficient and εm 
is a residual error, where the mean of residual 
error is zero and variance are unitary as 
presented above. Similarly, R is the variance-
covariance matrix and the off-diagonal elements 
in the correlation matrix ρ_jm represent the 
unobserved correlation between the stochastic 
component of the jth and mth options (Idemudia, 
2020).Where, m = farmer id, Ym1 = 1, if farmers 
using chemical fertilizer (0 otherwise), Ym2 = 1, 
if farmers adopting both chemical & organic 
fertilizer  (0 otherwise), Ym3 = 1, if farmers 
avoiding fertilizer using (0 otherwise), X′mi = 
Vector of factors affecting fertilizer strategies, βj 
= Vector of unknown parameters (j =1, 2, 3, 4), 
and ε = is the error term. 
 

In this multivariate probit analysis, three 
dependent variables (farmers using chemical 
fertilizer, farmers adopting both chemical & 
organic fertilizer, farmers avoiding fertilizer using 
and eight independent variables (own land, 
rented land, inorganic fertilizer cost, irrigation 
cost, total production, age, education, main 
occupation) were taken. However, here 
relationships are formulated with a dependent 
variable that is dichotomous (i.e., with only two 
possible values, yes or no). The dependent 
variable might be based on whether a farmer is 
aware of a particular adoption strategy or 
whether he has adopted a specific innovation. 
The dependent variable is viewed as the 
probability of occurrence of either of the events. 
 

 

Table 1. Comparison of variables using mean values. 
 

Description of the variables         Both Fertilizer   Chemical Fertilizer  No Fertilizer 
Land area own decimal 77.91 74.03 82.00 
Rented area decimal 0.00 3.39 0.21 
Total Area 77.91 77.42 79.94 
Seed Cost 4674.86 127261.88 146244.79 
Organic Fertilizer Cost 4908.60 0.00 0.00 
Chemical Fertilizer Cost 1992.79 1693.45 0.00 
Insecticide Cost 160499.71 4854.33 0.00 
Irrigation Cost 332.86 406.57 168.75 
Labor Cost 14866.43 7703.94 6938.54 
Total Production 1901.14 1409.10 1373.54 
Distance from Market 12.22 9.02 3.81 
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Results and Discussion 
 

Cost and profitability status of different farm 
 

Data in Table 2 showed the percentage of 
different input variables in the three practices. 
Seed cost is highest when no fertilizer is used in 
production. There is no organic fertilizer 
application for inorganic and thus no fertilizer 
cost. In case of chemical fertilizer cost; the 
percentage is higher for this type of chemical 
fertilizer (96.97%), the rest cost is for both 
chemical, and organic fertilizer practice is 
26.32%. We can see that there is no insecticide 
cost for the farmers who have hardly use 

fertilizer. However, for those who used both 
fertilizers it is 37.84 percent and 0.103 percent is 
for chemical fertilizer practice. All the three kinds 
of practices have very little irrigation cost 
incurred. For both fertilizers practice it is 0.145 
percent, for inorganic practice 0.034 percent and 
for no fertilizer practice, it is 0.28 percent. 
Therefore, we can see when farmers try to avoid 
fertilizer they have to irrigate their land higher 
compare to those who uses fertilizer. Labor cost 
is least for chemical fertilizer practice (0.164%) 
and highest for no fertilizer practice (4.52%). For 
both fertilizer practices, it is 2.152 percent. 

 

Table 2. Percentage of input variables costs. 
 

Types of fertilizer 
user  

Seed  
Cost 

Organic 
fertilizer cost 

Chemical 
fertilizer cost 

Insecticide 
cost 

Irrigation 
cost 

Labor 
cost 

Chemical and 
organic fertilizer 

2.50 2.62 1.06 85.70 0.18 7.94 

Chemical fertilizer 89.67 0.00 1.19 3.42 0.29 5.43 
Avoiding fertilizer 95.37 0.00 0.00 0.00 0.11 4.52 

 

Table 3. Profitability analysis of different fertilizer adopting farms. 
 

Parameter Chemical & organic 
fertilizer user 

Chemical fertilizer user No fertilizer user 

Seed 163620 8526546 7019750 

Organic Fertilizer 171801 0 0 
Inorganic Fertilizer 69747.63 113461.07 0 
Insecticide 5617490 325240.00 0 
Irrigation 11650 27240 8100 
Labor 520325 516164 333050 
Total Variable Cost 6554633.633 9508651.068 7360900 
Total Production 66540 94410 65930 
Gross Return 7984800 14161500 7384160 
Gross Margin  1430166 4652849 23260 

BCR 1.21 1.48 1.00 
 

*** Price of groundnut per kg: both= Tk 120, inorganic= Tk 150, no fertilizer= Tk 112 
 

In Table 3 showed the observed profitability 
condition in three cases of fertilizer practicing 
farms. From the table it is clearly observed that 
chemical fertilizer user attains higher profit 
compare to other farms. The farms that used 
chemical fertilizer during production spend most 
of the capital on purchasing seed and 
insecticides. However, the farms that used both 
fertilizers have to spend lots on inorganic 
fertilizer and insecticide. However, in case of 
revenue who used chemical fertilizer had 
observed highest return from production. That 
means they incur better quality production than 
that of the farm who used organic and no 
fertilizer.   
 

Socio-economic characteristics of groundnut 
farmers 
 

The decision-making pattern of an individual is 
determined by his socio-economic determinants. 
Socio-economic factors like age, education, 
occupation etc. affect the production process and 
technology use of the groundnut farmers. In the 
following figures socioeconomic condition of the 
studied groundnut farmers can be observed. The 
farmers have been studied based on their age, 
education, occupation and area of production etc. 
 

 

 
 

Fig. 2. Percentage of fertilizer users on the basis of education.  
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Education indicators of the selected farmers have 
been divided into three categories (Fig. 2). 
Farmers with education scores in between 33 and 
55 are believed to have primary education; 66-77 
are believed to have secondary education and 88 
and above are believed to have above secondary 
education and some sort of training. Here we 
observed that in the case of farmers who use both 
fertilizers 10.39% are primary educated, 6.02% 
are secondary educated and 1.75% have higher 
secondary education and some sort of training. 

Again, among the farmers who use only inorganic 
fertilizer 10.94% have primary education, 28.45% 
have secondary education and 3.61% have above 
secondary education and some sort of training. 
But there are only 23.85% secondary educated 
and 13.24% above secondary educated in case of 
farmers who use no fertilizer. Therefore, we can 
say that farmers who use no fertilizer are all well 
educated or have some sort of training. 
 

 

 
 

Fig 3. Percentage of fertilizer users on the basis of age. 
 

In figure 3, we have categorized the selected 
groundnut farmers into three categories based on 
their age such as, farmers in between 20-35 
years, 36-55 years and 56-70 years. Here we 
observed that both fertilizer users are mostly 
between 20-35 years (5.35%) and some are 
between 56-70 years (3.90%). Again, inorganic 
fertilizer users are mostly between 36-55 years 

(29.09%) and 20-35 years (10.23%) and some are 
between 56-70 years (7.94%). Whereas, farmers 
who use no fertilizer are mostly between 36-55 
years (18.64%), some are between 20-35 years 
(8.28%) and very less between 56-79 years 
(3.95%). 
 

 

 
 

Fig. 4. Fertilizer users on the basis of occupation. 
 

From figure no 4 we have observed that the 
selected groundnut farmers have a primary 
occupation other than groundnut farming which 
are poultry/fish farming, small business, day 
labor, auto driving and rickshaw pulling. In the 
case of both fertilizer users, 31 farmers are 
engaged in agriculture, 2 in poultry/fish farming 
and 2 as day labor. Again, in case of chemical 

fertilizer users 61 are engaged in agriculture, 1 in 
poultry/fish farming, 1 in small business, 1 in 
rickshaw pulling, 2 are day laborers and 1 has no 
other occupation than groundnut farming. 
Whereas, 44 farmers with no fertilizer were 
engaged in agriculture, 1 in poultry/fish farming, 
3 in auto driving.  
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Fig. 5. Percentage of total production of organic, inorganic and both fertilizer. 
 

According to Figure 5, the total production of 
chemical fertilizer users is higher (41.61%) than 

users who use both fertilizers (29.33%), followed 
by no fertilizer users (29.06%).  
 

 
 

Fig. 6. Percentage of farmers following different fertilizer practices. 
 

In figure 6, depicts that the portion of chemical 
fertilizer user is highest 44.67% compare to the 
others. 
 

Factors responsible for practicing 
different fertilizer application  
 

In the multivariate probit regression, there is an 
additional step of computation required to get the 
marginal effects once one has computed the 
multivariate probit regression fit. Marginal 
effects of the regressors are how much the 
probability of the outcome variable changes when 
one changes the value of a regressor, holding all 
other regressors constant at some values. 

Marginal effects are popular in some disciplines 
(e.g. Economics) because they often provide a 
good approximation to the amount of change in Y 
that will be produced by a 1-unit change in X 
(Cameron and Trivedi, 2009). 
 

Eight variables were taken under consideration. 
According to Table 4, six variables such as land 
area own, rented area, inorganic fertilizer cost, 
irrigation cost, total production and age show 
significant effect upon fertilizer adoption for 
groundnut production. The impact of each 
variable in case of different fertilizer adoption for 
groundnut production is interpreted below. 
 

 

Table 4. Maximum likelihood estimates of variable factors responsible for different fertilizer practices. 
  

Variables Chemical fertilizer 
practice 

Both organic and chemical 
fertilizer practice 

No fertilizer practices 

Constant 0.5206601 0.0588829 1.210 

Land area own 0.677*** 0.324** 0.705*** 
Rented area 0.680*** 0.324** 0.705*** 

Chemical fertilizer cost 0.0003*** -5.90e-06 - 
Irrigation cost 0.0002*** 0.0000539 0.0002** 
Total production 0.0000255 0.0000513 -0.0002** 

Age 0.0033481 0.00486** -0.0028 
Education 0.0006582 0.0000795 -0.001778 
Main occupation 0.0055956 0.0100316 -0.0030 

 

Note: Number of observations = 150; *** significant at the 1 percent level (p < 0.01); ** significant at the 5 
percent level (p < 0.05); *significant at the 10 percent level (p < 0.10). 
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Table 5 shows that the coefficient of land area is 
positive for both organic and inorganic chemical 
and no fertilizer adoption. For chemical fertilizer 
adoption, it is significant at 1% level, which 
means that considering all the other factors 
constant 100% increase in the land area will 
increase the probability of inorganic fertilizer 
adoption by 67.7%. When farmers use both 

fertilizers, the land area will increase the 
probability of both fertilizer adoptions by 32.4%. 
As big land area is not so easy to maintain that’s 
why farmers tend to rely on chemical fertilizer for 
their higher production. The coefficient of rented 
area also shows the same positive result like the 
previous variable. 

  
Table 5. Marginal effects of the determinants. 
 

Variables Chemical fertilizer 
practices 

Organic and chemical 
fertilizer practices 

No fertilizer practices 

Land area own 0.6773451*** 0.3243118** 0.7051832 
Rented area 0.6803026*** 0.3240684** 0.7058478 
Chemical fertilizer cost 0.0003376*** -5.90x10-6 - 
Irrigation cost 0.0002321*** .0000539 0.0001819* 
Total production 0.0000255 0.0000513 -0.0001724*** 
Age 0.0033481 0.0048621** -0.0028307 
Education 0.0006582 0.0000795 -0.001778 
Main occupation 0.0055956 0.0100316 -0.0034217 

 

*** Significant at the 1 percent level (p < 0.01); ** significant at the 5 percent level (p < 0.05); * significance at 
the 10 percent level (p < 0.10). 
 

For chemical fertilizer adoption the cost is 
significantly increase the probability of inorganic 
fertilizer adoption by 0.03%. It indicates that if 
the cost of chemical fertilizer increases the usage 
of chemical fertilizer increases but at a decreasing 
rate. For both organic and chemical fertilizer 
adoption, the variable is insignificant. 
 

Irrigation cost has shown the significance at all 
the strategies. Chemical fertilizer user farm 
observed if the cost of irrigation would increase 
the probability of chemical fertilizer adoption by 
0.02%. The variable is insignificant for both 
fertilizer adoptions. 
 

The table also shows that the coefficient of total 
production is negative for the farms who avoid 
fertilizer using. This factor decreases the 
probability of no fertilizer adoption by 0.017%. It 
indicates that for high quantity production and 
the farmers tend to adopt both organic and 
inorganic fertilizer practices and only chemical 
fertilizer practices. 
 

Socioeconomic factor like age is positive for both 
fertilizer adoptions. If the age of the farmers 
grows positively it will increase the probability of 
adopting organic and chemical fertilizer by 
0.01%. That means the aged and experienced 
farmers prefer both organic and inorganic 
fertilizer adoptions. 
 

Table 6. Overall performance of the model (R2). 
  

Equation RMSE "R-sq" F P 
Chemical fertilizer adoption 0.2628716 0.7195 18.66904 0.0000 
Both fertilizer adoption 0.2581535 0.6450 13.22387 0.0000 
No fertilizer adoption  0.2753944 0.6761 15.19093 0.0000 

 

The coefficient of R2 is the summary of how well the sample regression line fits the data. 
 

The table no. 6 shows that the R2 value for the 
chemical fertilizer adoption model is 0.7195, 
which means that 71.95% variation of choosing 
the fertilizer for groundnut production was 
explained by the independent variables included 
in the model respectively. The R2 value for both 
the fertilizer adoption model is 0.6450, which 
means that 64.50% variation of choosing both 
organic and inorganic fertilizers for groundnut 
production was explained by the independent 
variables included in the model respectively. The 
R2 value for the no fertilizer adoption model is 
0.6761, which means that 67.61% variation of 
choosing no fertilizer for groundnut production 
was explained by the independent variables 
included in the model, respectively. 
 

Here we can see that the inorganic fertilizer 
adoption model has the best fit and can be 
explained most by the respective independent 

variables compared to the other fertilizer 
practices. 
 

Conclusion 
 

Groundnut farming has turned out to have 
variable productivity and cost efficiency in case of 
the three types of fertilizer uses. The financial 
profitability analysis demonstrates that the gross 
return and gross margin of inorganic fertilizer 
practice was higher than different fertilizer 
practices. Benefit cost ratio of chemical fertilizer 
usage (1.48) was found higher than both fertilizer 
usage (1.21) and no fertilizer usage (1.00). 
Percentage of total production is comparatively 
higher in chemical fertilizer usage (41.61%) 
compared to both fertilizer usage (29.33%) and 
no fertilizer usage (29.06%).  
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The socio-economic characteristics revealed that 
the majority of the no fertilizer users were small 
farmers. The percentage of farmers having a 
primary level of education was higher in case of 
both fertilizer practices. On the contrary, the 
percentage of the farmers having a secondary 
level of education was higher in case of chemical 
and no fertilizer practices. Farmers preferring no 
fertilizer application to their land have the 
highest amount of land in possession (82 
decimal) compared to farmers practicing both 
fertilizers (77.91 decimal) and farmers practicing 
only inorganic fertilizer (74.03 decimal) on 
average. Farmers practicing both fertilizers have 
no rented area. The overall effects of the 
determinants indicate a wider scope of chemical 
fertilizer practice. The statistical results also 
showed that farmers’ total area of production, 
education had a positively significant effect and 
distance from market had a negatively significant 
effect for the probability of groundnut 
productivity and profitability in case of no 
fertilizer practice. 
 

The results of the present study also show that 
the percentage of no fertilizer practice (33.00%) 
and both fertilizer practice (23.33%) is less than 
the inorganic fertilizer practice (44.67%). 
According to the results, it is significant that 
considerable scope apparently exists in inorganic 
fertilizer practice to increase the productivity of 
groundnut and increasing profitability of the 
growers.  
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A B S T R A C T 
 

The most devastating disease that affects ginger production and productivity in 
Southwestern Ethiopia and lowers qualitative and quantitative rhizome yields is ginger leaf 
spot, which is caused by the pathogen Phyllosticta zingiberi. In Tepi, Southwestern 
Ethiopia, during the main cropping seasons of 2020 and 2021, a field experiment was 
carried out to assess the efficacy of several fungicides in managing epidemics of ginger leaf 
spot disease. The fungicides evaluated were Ridomil Gold MZ 68 WG (Metalaxyl-M), 
Ethiozeb 80% WP (Mancozeb), Shega 50 WP (Copper oxychloride), and Matico (Metalaxyl 
8% + Mancozeb 64% WP). While the plot without spray is used as control. The results of the 
experiment indicated that among the different fungicides tested four times spray of Matico 
(Metalaxyl 8% + Mancozeb 64% WP) starting from the appearance of the disease on the 
field within 15 days intervals produced the lowest leaf spot disease severity of 10.2% 
followed by foliar spray with Mancozeb (Ethiozeb 80% WP) 16.2% first at disease 
appearance and then 3 times at 15 days intervals. Similarly, the highest yield of 16.3 t ha-1 
was also obtained by foliar from the plot foliar spray of Matico (Metalaxyl 8% + Mancozeb 
64% WP) which is followed by spraying with Mancozeb (Ethiozeb 80% WP) with a yield of 
12.56 t ha-1. Therefore, four times foliar spray of Matico @ 2.5 kg ha-1 is highly effective 
against leaf spot disease of ginger in southwestern Ethiopia.  
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Introduction 
 

Ginger (Gingiber officinale Rosc.) is an 
important spice crop cultivated in Ethiopia. It is 
one of the most important crops used to make 
spices that are traded both domestically and 
globally for use in food, medicine, spices, and 
beverages. However, bacterial wilt (Ralstonia 
solanacearum), leaf spot (Phyllosticta zingiberi), 
and yellows (Fusarium spp.) are the main 
problems that lead to the economic loss of this 
crop in Ethiopia (Habetewold et al., 2015; Guji et 
al., 2019). Among these, leaf spot caused by 
Phyllosticta zingiberi is becoming a serious 
problem recently in southwestern Ethiopia. Due 
to its severe leaf spotting that kills the 
chlorophyllous tissues and causes a significant 
reduction in yield, leaf spot disease is currently 
becoming more important in Ethiopia's major 
ginger-producing regions. For this reason, it is 

considered as a destructive foliar disease of 
ginger (Singh et al., 2000, Guji et al., 2019). 
According to Sood and Dohroo's (2005) report, 
Phyllosticta zingiberi caused yield losses of 
48.3% in mother rhizomes and 65.9% in fresh 
finger rhizomes in India. Disease symptoms 
include oval to elongated patches with a dark 
brown border and a yellow halo (Brahma and 
Nambiar, 1982a; Brahma and Nambiar, 1982b). 
 

A higher concentration of inoculum can be built 
up by growing ginger continuously in the same 
field. Early plant infection causes a significant 
decrease in rhizome yield (Singh, 2015). The 
disease causes severe leaf blight and significantly 
reduces the size and number of rhizomes, which 
results in yield losses of 13 to 66% (Sarma et al., 
1994). No variety or cultivar has been reported as 
a source of resistance, however a few sources with 
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moderate resistance have been found in various 
parts of the world (Rao et al., 1995). Partial shade 
also reduces epidemics (30–40%), but only for 
the initial three months, without reducing crop 
yield (Singh et al., 2000). Sprays of a Bordeaux 
mixture (1%) and Mancozeb (3%) have been 
found to manage this disease to some extent (Das 
and Senapati, 1998). Because of this, fungicides 
are the only effective remedy for this disease. 
However, very little or no study has been done, 
on the use of fungicides in Ethiopia to manage 
ginger leaf spot disease. Therefore, there is a need 
to investigate the efficacy of fungicides in 
reducing the spread of the epidemic of ginger leaf 
spot disease in southwestern Ethiopia's ginger-
producing regions. 
 

Therefore, the objectives of the current study 
were: 
   

 To assess the efficacy of fungicide spray on 
the epidemics of leaf spot disease of ginger. 

 To assess  the impact of fungicide spray on 
ginger rhizome yield and its components. 

 

Materials and Methods 
 

During the main cropping seasons of 2020 and 
2021, the field experiment was carried out at Tepi 
Agricultural Research Center under field 
conditions. The trial was laid out in randomized 
block design with three replications. Fungicide 
sprays were used to treat ginger leaf spot disease 
epidemics using four different fungicides, 
together with control and four times application 
frequency. The fungicides used were Ridomil 
Gold MZ 68 WG (Metalaxyl-M), Ethiozeb 80% 
WP (Mancozeb), Shega 50 WP (Copper 
oxychloride), Matco (Metalaxyl 8% + Mancozeb 
64% WP), Ethiozeb 80% WP (Mancozeb), and 
control without spray. On raised beds of 3 x 4 
meters, ginger rhizomes were planted with a 
spacing of 0.15 meters between plants, 0.3 meters 
between plots, and 2 meters between adjacent 
blocks. Additionally, all other usual agronomic 
practices for growing ginger were applied 
uniformly across all treatments.    
 

Disease assessment 
 

Every fifteen (15) days following the onset of the 
disease in the field, the severity of the disease in 
the experimental plots was measured. On 15 
(fifteen) randomly selected, pre-tagged ginger 
plants in a row from the replications for each 
treatment, the severity of the disease was 
recorded. Only one day before each spraying and 
15 days after the last spraying, disease severity 
was recorded in each plot using a 0–4 grade scale 

(Erpelding and Prom, 2004), with 0 represent no 
symptoms (spot on the leaves) and 4 represent 
the presence of more than 75% of spots on the 
leaves and dead plants as a result of infection. 
The severity scores were then transformed into 
the percentage severity index (PSI) for analysis. 
 

PSI =   
Sum of numerical ratings 

No.of plants scored X maximum score on scale
 x 100  

 

The progression of the disease was shown by 
plotting the disease severity against time. At the 
time of harvest, the yield of fresh rhizomes per 
plot was recorded and the yield was converted to 
tons per hectare.   
 

Data analysis   
 

Analysis of variance was performed for disease 
severity and yield to determine the effect of 
treatments. Least significant difference (LSD at 
5% probability level) was used for mean 
separation.  
 

Results and Discussion 
 

The lowest leaf spot disease severity (10.2%) was 
obtained by foliar spraying Matico (metalaxyl 8% 
+ mancozeb 64%WP) three times at a 15-day 
interval starting at the time the disease first 
appeared. This treatment is closely followed by 
foliar sprays with Mancozeb (Ethiozeb 80% WP), 
applied first at disease onset and then three times 
at 15-day intervals, and foliar sprays with Ridomil 
Gold MZ 68 WG (metalaxyl-M), applied first at 
disease onset and three times at 15-day intervals, 
both of which recorded leaf spot severity 
measurements of 16.2 and 24.3%, 
respectively (Figure 1). Similar results were 
reported by Singh (2015), who reported that 
three applications of the fungicide carbendazim, 
beginning with the onset of the initial symptoms 
in the field and followed by two further sprays 
spaced one month interval, were very effective in 
reducing the severity of the disease. Similar 
findings were made by Sood and Dohroo (2005), 
who discovered that rhizome treatment and foliar 
sprays with Bordeaux mixture (1%), companion 
(0.2%), Indofil M-45 (0.25%), Unilax (0.2%), and 
Baycor (0.05%) were effective in reducing the 
severity of the disease. Similar to this, foliar 
spraying of Matico (metalaxyl 8% + mancozeb 
64% WP) produced the maximum yield of 16.3 t 
ha-1, which was closely followed by Mancozeb 
(Ethiozeb 80% WP), with a yield of 12.56 t ha-1 
(Figure 2). Matico and Mancozeb foliar sprays 
decreased disease severity by 71.3% and 54.4%, 
respectively in comparison to controls. 
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Figure 1. Effect of fungicide spray on ginger leaf spot disease severity. 
 

 
 

Figure 2. Effect of several fungicide sprays on ginger's fresh rhizome yield (t ha-1). 
 

Disease progress curve 
 

For different fungicides, the disease development 
curves for ginger leaf spot (severity versus days 
after planting) were drawn (Figure 3). The graph 
showed that from the time of disease beginning 
to the final severity recorded during the study 
periods, disease severity increased. The disease 
progression curve also showed that the disease 
progression was not uniform across all fungicides 
tested. Leaf spot severity peaked in control plots, 
when disease severity followed relatively high 

progressive curves. Disease progression curves of 
plots sprayed with Matico (Metalaxyl 8% + 
Mancozeb 64% WP) showed the lowest level of 
leaf spot severity at various days after planting. 
This could be due to a fungicide contains active 
components for both protectant and systemic 
fungicides may have less severe leaf spots than 
other fungicides. This result is in line with the 
findings that the severity of potato late blight in 
fungicide-treated plots was relatively low (Olanya 
et al., 2001). 

 

 
 

Figure 3. The progression curves of ginger leaf spot (Phyllosticta zingiberi) disease tested in Tepi in 
the main cropping seasons of 2020 and 2021. 
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Conclusion 
 

One of the most difficult problems for the 
cultivation of ginger in southwestern Ethiopia is 
the ginger leaf spot caused by Phyllosticta 
zingiberi. Fungicide spraying helps to decrease 
epidemics of leaf spots. The most effective 
measure is chemical control, and Phyllosticta 
zingiberi can be controlled with fungicide 
treatments (contact or systemic agents) that 
weaken or eliminate the pathogen during the 
crop cycle. In conclusion, foliar spray of Matico 
(Metalaxyl 8% + Mancozeb 64%WP) is suggested 
for the control of ginger leaf spot disease since it 
helped to prevent outbreaks of the disease. The 
foliar spray of Mancozeb (Ethiozeb 80% WP) is 
also very important in combating ginger leaf spot 
disease. In order to manage ginger leaf spot 
disease in Southwestern Ethiopia, it is therefore 
promising to grow ginger using foliar sprays of 
Matico (Metalaxyl 8% + Mancozeb 64%WP) at 
the beginning of disease occurrence as well as 
three times by 15-day intervals. To develop 
integrated disease management in the future, 
more research is required. 
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A B S T R A C T 
 

The experiment was conducted to determine optimum plant spacing and suitable variety 
and as well as to identify the interaction effect of varieties and Intra-row spacing on the yield 
of sorghum. The experiment having a factorial arrangement of three varieties (Geremew, 
Lalo and farmer’s local variety) and three intra-row levels (10 cm, 15 cm and 20 cm) was laid 
out in randomized complete block design (RCBD) with three replications. According to the 
current results, varieties were significantly (p<0.05) affected by all the parameters (days to 
maturity, plant height, panicle length, thousand seed weight and total grain yield) except 
stand count. The maximum days to maturity and total grain yield (205.2 days and 5628.1 kg 
ha-1 respectively) were obtained from Lalo. The highest thousand seed weight (23.1 g) was 
recorded from Geremew and at it takes a short period for maturity (119.5 days). Similarly, 
intra-row spacing significantly (p<0.05) affected the panicle length and stand count. The 
highest panicle length (28.15 cm) was recorded in 15 cm intra-row spaced plants. The 
maximum stand count (78.6 % and 83.6%) was obtained from 15 cm and 20 cm spaced 
plants respectively. Generally, the outcome of this study revealed that even though the yield 
was statistically non-significant to intra-raw spacing, at 15cm and 20cm the grain yield was a 
maximum of 4178.5 kg ha-1 and 4190.9 kg ha-1, respectively. Therefore, among the intra-row 
spacing 20 cm intra-row spacing for its minimized planting materials (seed) and easy 
management and among the varieties, Lalo could be promoted in study areas and similar 
agro-ecologies. 
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Introduction 
 

Sorghum is one of the leading traditional food 
crops in Ethiopia and comprising 15-20% of the 
total cereal production in the country (Wortmann 
et al., 2009). It is the second major cereal crop 
next to teff (Wortmann et al., 2009). Sorghum 
grain has a high nutritive value, with 70-80% 
carbohydrate, 11-13% protein, 2-5% fat, 1-3% 
fiber, and 1-2% ash. Protein in sorghum is gluten 
free and thus, it is a specialty food for people who 
suffer from celiac disease, including diabetic 
patients and is a good substitute for cereal grains 
such as wheat, barley, and rye (Dial, 2012). 
However, its average yield per unit area is 
not more than 1.0 t ha-1 (CSA, 2014), which is 
below the world average of 2.3 t ha-1 (Tolessa, 
1993).The main reason for the lowering  
productivity of sorghum in Ethiopia is lack of 
improved variety, moisture stress, low fertility 
problem and lack of proper agronomic practices 
(Tewodros et al., 2009). Row spacing and plant 

populations are variables that can have a 
significant impact on the net returns of sorghum 
producers. Even though study area have potential 
to produce sorghum but its production and 
productivity is not satisfactory might be due to 
lack to access to improved variety, inappropriate 
spacing, and poor agronomic management 
practice. Therefore, determining location 
specific agronomic management practice and 
adaptive variety of sorghum is important to 
ensure nutritional and food security of study 
area. Hence, the paper initiated with the 
following objectives: 
  

 To determine optimum plant spacing and 
suitable variety for yield and yield 
component of sorghum. 

 To identify interaction effect of varieties 
and Intra spacing on yield and yield 
components of sorghum.  
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Materials and Methods 
 

Description of experimental site  
 

The field experiment was conducted at Kutashora 
kebele, shishonde woreda, kaffa zone of south 
western Ethiopia. The site is located at latitude 
7°16'60.0"N and longitude of 35°52'00.0"E. 
Major cereals crops grown in the study area are 
sorghum, maize, groundnut, and fruits like 
mango and vegetables etc. Sorghum is the staple 
crops cultivated by farmers in the vicinity of the 
area.  
 

Treatments and experimental design  
 

A field experiment was laid out in Randomized 
Complete Block Design (RCBD) with three 
replications and 9 treatment combinations 
consisting of two factors three intra-row spacing 
(10 cm, 15 cm and 20 cm and variety Geremew, 
Lalo and local as control within inter-row spacing 
of 75 cm. The plot size was 3.0 m x 3.6 m (10.8 
m2).  The total row for each plot was four and the 
outer two rows were served as border. The 
middle two rows were used for data collection. 
Spacing of 1 m and 1.5 m were allocated between 
plots and blocks, respectively.  
 

Data collection 
 

Days to 90% maturity: It was recorded number 
of days from planting to a stage when 90% of the 
plants in a plot produced matured seeds.  
 

Plant Height: It was measured from five 
randomly selected plants from middle two row at 
maturity from the ground level to the base of the 
panicle was taken and the mean of value was 
recorded. 
 

Final stand count: Final stand count at harvest of 
the crop was recorded from the net plot area. 
  

Panicle height (cm): At the time of maturity five 
plants from each plot were collected randomly 
from the center two rows and length of panicle 
height from its base to the tip were measured and 
recorded and the mean of five sampled plants 
from each plot was taken.  
 

Thousands of seed weight (g): Thousand-grain 
seed were counted from sample taken from the 
net plot area and prior to measuring the weight of 
the kernel was adjusted to 12.5% moisture level. 
The kernels were counted using the hand count 
and the weights were determined using the 
sensitive balance. 
  

Grain yield (kg): All plants in the net plot area 
were harvested to determine grain yield per plot 
and were converted to per hectare bases and were 
adjusted to 12.5 % moisture level. 
  

Data analysis  
 

The data were subjected to analysis of variance 
(ANOVA) using statistical analysis Software (SAS 
version 9.3) with general linier model procedure.  
Mean separation was done using Fisher’s Least 
Significant Difference (LSD) test at 5% 
probability level. 
 

Results and Discussion 
 

Phenological and growth parameters 
 

Days to maturity 
 

The analysis of variance of this study showed 
significant differences to date of maturity among 
sorghum varieties (Table 1, 2, 3). However, the 
intra-row spacing and interaction between the 
two factors did not significantly influence date of 
maturity. Variety Geremew matured significantly 
earlier (119.5 days) followed by Lalo (205.2 days) 
which was statistically similar with  the farmer’s 
local. The variation in days to maturity among 
the sorghum varieties is likely to be related with 
differences in their inherent genotypic variation, 
as supported by the earlier findings of Abubakar 
and Bubuche (2013); Chavan et al. (2010); 
Hassen et al. (2015); Pinho et al. (2014); Yosef et 
al. (2009) who reported that there was 
significant variation among sorghum variety in 
days to maturity. 
 

Plant height  
 

In the current study the combined mean value of 
plant height was significantly influenced by 
sorghum varieties differences, though intra-row 
spacing and the interaction effect of the two main 
factors showed non-significant (Table 1, 2, 3). 
The highest plant height (4.5 m) was obtained 
from local followed by Lalo (4.3 m) while the 
minimum was from Geremew (1.44) (Table 3). 
This result agrees with the report of Aklilu et al. 
(2021) who reported significant differences 
observed in plant height among the sorghum 
varieties are likely to be related to genetic 
differences. Although Eldie and Fadul (2017) 
showed that the effect of plant population on 
plant height was not- significant.  The report of 
Zakka et al. (2020) showed that no significant 
effect of plant spacing on plant height, leaf 
length, leaf width, number of tillers per plant, 
stem diameter and number of leaves per plant. 
This was not in agreement with the findings of 
Munza et al. (2018) who reported significant 
effect of plant spacing on stand count per plot, 
leaf width and leaf area index, respectively. 
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Table 1. Response of sorghum varieties and intra-row spacing to maturity, plant height and stand 
count in 2020. 

 

Treatments Days to maturity Plant height(m) Stand count (%) 

Varieties      
Geremew 125.4c 1.34c 73.2 
Lalo 214.8b 4.01b 73.4 
Local 227.4a 4.24a 78.9 
Lsd (0.05) 0.65 0.18 7.9 
Intra-row spacing      
10 216.1a 3.16 61.8 
15 216.2a 3.27 78.4 
20 215.3b 3.16 85.3 
Lsd (0.05) 0.65 NS 7.9 
CV (%) 0.27 5.11 9.8 

 

LSD (5%) = Least significant difference at P= 0.05, CV (%) = coefficient of variation in percent, NS= non-significant  
Means with the same letter(s) with in a column are nor significantly different at 5% level of significance.   
 

Table 2. Response of sorghum varieties and intra-row spacing to maturity, plant height and stand 
count in 2021. 

 

Treatments Days to maturity Plant height(m) Stand count (%) 
Varieties    
Geremew 114.1c 1.54c 71.3 
Lalo 195.6b 4.53b 70.2 
Local 199.8c 4.75c 80.3 
Lsd (0.05) 1.74 7.86 NS 
Intra-row spacing    
10 169.2 3.63 65.4b 
15 170.2 3.56 80.9a 
20 170.0 3.62 84.03a 
Lsd (0.05) NS NS 7.5 
CV (%) 0.94 2 9.25 

 

LSD (5%) = Least significant difference at P= 0.05, CV (%) = coefficient of variation in percent, NS= non-significant  
Means with the same letter(s) with in a column are nor significantly different at 5% level of significance.   
 

Table 3. Combined values of phonological and growth parameters of sorghum as affected by varieties 
intra-raw spacing. 

 

Treatments Days to maturity Plant height(m) Stand count (%) 
Varieties      
Geremew 119.5b 1.44c 73.4 
Lalo 205.2a 4.30b 72.7 
Local 213.6a 4.50a 78.8 
Lsd (0.05) 23.6 0.2 NS 
Intra-row spacing    
10 192.67 3.39 62.6b 
15 193.22 3.41 78.6a 
20 192.67 3.39 83.6a 
Lsd (0.05) NS NS 5.7 
CV (%) 18.1 8.9 11.4 

 

LSD (5%) = Least significant difference at P= 0.05, CV (%) = coefficient of variation in percent, NS= non-significant  
Means with the same letter(s) with in a column are nor significantly different at 5% level of significance.  
 

Stand count 
 

Analysis of variance showed varieties and 
interaction of variety and intra-row spacing was 
not statistically significant but intra–row spacing 
had significant (p<0.05) variations on stand 
count (Table 1, 2, 3). The highest stand count 
(83.6 and 78.6) was obtained from 20 cm and 15 
cm intra-row spaced plants while the minimum 
(62.6) was from narrow intra-row spaced plants. 
The most likely reason for significantly maximum 

stand count at wider intra-row spaced plants was 
relatively a fewer number of plants. Thus, the 
increment of stand count with increasing intra-
row spacing is to be due to lesser competition 
among neighboring plants for nutrient, light, 
space and water.  The reasons for the reduction of 
stand count at the narrowest intra row spacing 
might be due to closing effect and hence plants 
crowded out and will became die due to intense 
competition for growth resources especially for 
light energy.   
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Yield parameters 
 

Panicle length 
 

Panicle length of sorghum was significantly 
influenced (P>0.05) by varieties and intra- row 
spacing (Table 4, 5, 6). However the interaction 
of two (variety and intra-row spacing) main 
effects did not significantly affect panicle length 
of the sorghum. 
 

The maximum (31.0 cm) panicle length was 
obtained from the local cultivar followed by Lalo 
(27.3 cm) which was statistically in parity with 

Geremew (Table 6). The significant differences 
observed in panicle length of sorghum varieties 
could be associated with inherent genetic 
differences. Among the intra-row spacing the 
highest (28.15 cm and 27.8 cm) panicle length 
was recorded from 15 and 20 cm intra-row 
spaced plants while the minimum was from 10cm 
(Table 6). The maximum panicle length obtained 
from relatively wider intra-row spacing could be 
most probably due to the ability of the plant to 
use soil nutrients, water and light efficiently and 
effectively.   

 

Table 4. Response of sorghum varieties and Intra-row spacing to panicle length, thousand seed weight 
and grain yield in 2020. 

 

Treatments Panicle Length (cm) Thousand seed weight (g) Grain Yield (kg ha-1) 
 Varieties      
Geremew 24.4b 22.7a 2730.8c 

Lalo 25.6b 18.3 5374.4a 
Local 30.5a 21.9a 3664.0b 
Lsd (0.05) 1.79 2.8 850.37 
Intra-row spacing       
10 26.3 21.1 3720.6 
15 27.5 20.7 3831.5 
20 26.7 21.1 4217.2 
Lsd(0.05) NS NS NS 
CV (%) 6.15 12.4 19.9 

 

LSD (5%) = Least significant difference at P= 0.05, CV (%) = Coefficient of variation in percent, NS= non-significant  
Means with the same letter(s) with in a column are nor significantly different at 5% level of significance.   
 

Table 5. Response of sorghum varieties and Intra-row spacing to panicle length, thousand seed weight 
and grain yield in 2021. 

 

Treatments Panicle Length (cm) Thousand seed weight (g) Grain Yield (kg ha-1) 
 Varieties      
Geremew 25.4b 23.6a 2188.2c 
Lalo 27.1b 19.2b 5881.8a 

Local 31.4a 18.1b 4990.8b 
Lsd (0.05) 3.12 4.1 717.28 
Intra-row spacing       
10 26.1 21.2 4370.7 
15 28.8 18.9 4525.5 
20 28.9 20.8 4164.7 
Lsd (0.05) NS NS NS 
CV (%) 10 18.5 15.15 

 

LSD (5%) = Least significant difference at P= 0.05, CV (%) = coefficient of variation in percent, NS= non-significant  
Means with the same letter(s) with in a column are nor significantly different at 5% level of significance.  
 

Table 6. Combined values of yield and yield component of sorghum as affected by varieties intra-raw 
spacing. 

 

 

LSD (5%) = Least significant difference at P= 0.05, CV (%) = coefficient of variation in percent, NS= non-significant  
Means with the same letter(s) with in a column are nor significantly different at 5% level of significance 

Treatments Panicle Length (cm) Thousand seed weight (g) Grain Yield (kg ha-1) 
Varieties      
Geremew 24.8b 23.1a 2459.5c 
Lalo 27.3b 19.9b 5628.1a 
Local 31.0a 18.7b 4327.4b 
Lsd (0.05) 1.5 2.2 593.74 
Intra-row spacing       
10 26.2c 21.14 4045.6 
15 28.15a 19.70 4178.5 
20 27.80b 20.90 4190.9 
Lsd (0.05) 1.54 NS NS 
CV (%) 8.4 15.8 21.2 
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Thousand seed weight 
 

Sorghum varieties showed a significant (p<0.01) 
difference in thousand seed weight, despite the 
main effect of intra-row spacing and the 
interactions of the two factors were not 
significant (Table 4, 5, 6). The maximum 
thousand seed weight (23.1 g) was recorded from 
variety Geremew followed by variety Lalo which 
was statistically similar with farmer’s local 
variety. The significant differences observed in 
thousand seed weight among the sorghum 
varieties are likely to be related to genetic 
differences. This result was in line with the 
finding of Eldie and Fadul (2017) who have 
shown the differences among sorghum varieties 
in thousand seed weight. 
 

Grain yield 
 

Result of analysis of variance (ANOVA) revealed 
highly significant differences for grain yield 
among the sorghum varieties despite intra-row 
spacing and interaction between the two factors 
did not significantly influence the grain yield of 
sorghum (Table 4, 5, 6). The maximum grain 
yield (5628.1 kg) was obtained from variety Lalo 
followed by Local whereas the minimum grain 
yield (2459.5 kg ha-1) was recorded from variety 
Geremew. On the other hand, among the three 
varieties, variety Geremew was the shortest in 
plant height and too early maturing variety and 
hence it was more exposed for bird attack than 
the others variety considered in this experiment. 
These differences in the grain yield of varieties 
may have been due to the differences in their 
yield potential. The present results are in 
agreement with the findings of Eldie and Fadul 
(2017), Farnham (2001) and Zakka et al. (2020) 
who confirmed the existence of significant 
variations in grain yield of sorghum varieties. 
 

Conclusion and Recommendation 
 

Plant spacing plays an important role on growth, 
development and yield of crops. Particularly, 
appropriate variety with optimum plant density is 
important to grow plants properly with their 
aerial and underground parts by utilizing more 
sunlight and soil nutrients. It increases the 
capture of solar radiation within the canopy 
which in turn increases yield production. The 
experiment was conducted to determine 
optimum plant spacing and suitable variety for 
yield and yield component of sorghum. According 
to the current result, varieties were significantly 
affected all the parameters considered in this 
study except stand count. The highest grain yield 
was obtained from Lalo as compared to Geremew 
and the local. Variety Geremew was early 
maturing as compared to others and grow short 
but the least in yield. The main problem 
associated with this early maturing variety was 
the bird attack. This result also indicated that 

intra-row spacing was not significantly influence 
the parameters considered in this study. 
Therefore, among the varieties, variety Lalo will 
be recommended for its maximum yield. Even 
though the yield was non-significant to among 
intra-row spacing, 20 cm intra-row spacing could 
be promoted because of minimized planting 
materials (seed) and easy management.  
 

References 
 

Abubakar, L. and Bubuche, T.S. 2013. Correlation 
analysis of some agronomic traits for 
biomass improvement in sorghum 
(Sorghum bicoloar L. Moench) genotypes in 
North Western Nigeria. African J. Agril. 
Res. 8(26): 3750–3756. 
https://doi.org/10.5897/ajar2013.6858 

Aklilu, M., Doohong, M., Nathnael, B. and Jessie, 
V. 2021. Seeding rate effects on forage 
productivity and nutritive value of sorghum. 
Agron. J. 114(1): 201-215. 
https://doi.org/10.1002/agj2.20856 

Chavan, S.K., Mahajan, R.C. and Fatak, S.U. 
2010. Genetic variability study in sorghum. 
Karnataka J. Agril. Sci. 23(2): 322–323. 

CSA.  2014. Agricultural Sample Survey. Report 
on Area and Production of Major Crops. 
Volume I, VII and VIII. Statistical Bulletin 
578. Central Statistical Agency of Ethiopia, 
Addis Ababa, Ethiopia.  

Dial, H.L. 2012. Plant guide for sorghum 
(Sorghum bicolor L.). USDA-Natural 
Resources conservation service, Tucson 
Plant Materials Center, Tucson, AZ.  

Eldie, Y.D. and Fadul, H.A. 2017. Effect of Plant 
Spacing on Growth and Yield Components of 
Two Sorghum (Sorghum bicolor L.) varieties 
Under Rain fed Conditions. Al Fashir 
University, Sudan. pp.  1-9. 

Farnham, D.E. 2001. Row spacing, plant density 
and hybrid effects on corn grain yield and 
moisture. Agron. J. 93(5): 1049-1053. 
https://doi.org/10.2134/agronj2001.9351049x 

Hassen, S.A., Mohammed, M.I. and Yagoub, S.O. 
2015. Breeding for dual purpose attributes 
in sorghum: Effect of harvest option and 
genotype on fodder and grain yields. J. Plant 
Breed. Crop Sci. 7(4): 101–106. 

Munza, B.M., Hassan, M.R., Tanko, R.J., 
Akpensuen, T.T. and Usman, A. 2018. 
Forage yield and quality of grain sorghum 
(Sorghum bicolor (L). Moench) as 
influenced by plant spacing and stage of 
harvest in a Northern Guinea Savanna of 
zone of Nigeria. Nigerian J. Anim. Sci. Tech. 
1(2): 71-85. 

Pinho, R.M.A., Pinto de Carvalho, G.G., Santos, 
E.M., Araujo Pinho, R.M., Campos, F.S., 
Oloveira Macedo, C.H., Gomes Azevedo, J. 
A. and Tabosa, J.N. 2014. Agronomic 
evaluation of 32 sorghum cultivars in 

142 

https://doi.org/10.5897/ajar2013.6858
https://doi.org/10.2134/agronj2001.9351049x


Abriham (2022)        Response of midland sorghum varieties to different intra-row spacing in Ethiopia 

 
Int. J. Agril. Res. Innov. Tech. 12(2): 138-143, December 2022 

Brazilian semiarid region. Revista Brasileira 
de Zootecnia 43(5): 232–237. 
https://doi.org/10.1590/s1516-35982014000500002 

Tewodros, M., Gebreyesus, B.T., Wortmann, C.S., 
Nikus, O. and Mamo, M. 2009. Tied-ridging 
and fertilizer use for sorghum production in 
semi-arid Ethiopia. Nutr. Cycl. Agroecosys. 
85: 87-94. https://doi.org/10.1007/s10705-
009-9250-2 

Tolessa, B. 1993. The need and objective of the 
first national maize workshop. In: T. Benti 
and J.K. Ransom. Proceedings of the First 
National Maize Workshop of Ethiopia held 
on 5-7 May 1992, Addis Ababa, Ethiopia. 3p.  

Wortmann, C., Mamo, M., Mburu, C., Letayo, E., 
Abebe, G., Kayuki, K.C., Chisi, M., 
Mativavarira, M., Xerinda, S. and 
Ndacyayisenga, T. 2009. Atlas of Sorghum 
Production in Eastern and Southern Africa. 

In: Poster presentation on Soil and Water 
Management in Dryland Environment, 
University of Nebraska-Lincoln.  

Yosef, E., Carmi, A., Nikbachat, M., Zenou, A., 
Umiel, N. and Miron, J. 2009. 
Characteristics   of tall versus short-type 
varieties of forage sorghum grown under two 
irrigation levels, for summer and subsequent 
fall harvests, and digestibility by sheep of 
their silages. Animal Feed Sci. Tech. 152(1-
2): 1-11. 
https://doi.org/10.1016/j.anifeedsci.2009.01.018 

Zakka, T., Hassan, M.R., Tanko, R.J., Munza, 
B.M. and Sadiq, A.A. 2020. Effect of variety 
and plant spacing on yield components of 
two sorghum varieties (Sorghum bicolor L. 
Moench). Nigerian J. Anim. Prod. 48(1): 175 
- 184. https://doi.org/10.51791/njap.v48i1.2883

 

143 

https://doi.org/10.1590/s1516-35982014000500002
https://doi.org/10.1007/s10705-009-9250-2
https://doi.org/10.1007/s10705-009-9250-2
https://www.researchgate.net/project/Soil-and-Water-Management-in-Dryland-Environment
https://www.researchgate.net/project/Soil-and-Water-Management-in-Dryland-Environment
https://doi.org/10.51791/njap.v48i1.2883


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

ISSN: 2224-0616  
Int. J. Agril. Res. Innov. Tech. 12(2): 144-154, Dec 2022       Available online at https://ijarit.webs.com 
DOI: https://doi.org/10.3329/ijarit.v12i2.64102           https://www.banglajol.info/index.php/IJARIT 

 
 

Correlation and path coefficient analyses of tuber yield and yield components among 
potato (Solanum tuberosum L.) genotypes at Bekoji, Southeastern Ethiopia 

 

Nimona Fufa Hunde* , Dasta Tsagaye Galalcha  and Demis Fikre Limeneh 
 

Received 31 October 2022, Revised 13 December 2022, Accepted 22 December 2022, Published online 31 December 2022 
 

A B S T R A C T 
 

The aim of the experiment was to determine the correlations between tuber yield and yield 
components and to measure the direct and indirect effects of yield components on tuber 
yield of potato genotypes. The experiment was conducted using eleven potato genotypes 
with one standard check variety (Belete) and a local check at Kulumsa Agricultural Research 
Center, Bekoji sub-station during 2020-2021. Data were collected for tuber yield, tuber dry 
matter content (%), plant height (cm), stem number, specific gravity, and phenological 
parameters. Since the two seasons had heterogeneous error variance, analysis was carried 
out separately. In 2020, correlation analysis indicated that the tuber yield was positively and 
significantly associated with stem height (0.608), marketable tuber (0.997) and positively 
associated with tuber dry matter content, stem number per plant, days to maturity, while it 
was negatively correlated with specific gravity, days to emergence and days to flowering at 
the genotypic level. Total tuber yield was positively and significantly correlated with days to 
maturity (0.640), stem height (0.791), marketable tuber (0.977) and stem number at the 
genotypic level. While specific gravity was positively and significantly correlated at the 
phenotypic level; and negatively at the genotypic level in the second season. Results of path 
analyses indicated that marketable tubers had the highest positive direct effect (+1.059) on 
total tuber yield followed by days to flowering (+0.057) and specific gravity (+0.026) in 
2020 while marketable tuber (0.7107), stem height (0.2842), tuber dry matter content 
(0.0078), days to maturity (0.1250) had also positive direct effect in 2021. In addition, most 
of the indirect effects of yield components on tuber yield were significant and positive. 
Significant effects of marketable tuber, tuber dry matter content, days to maturity and stem 
height on total tuber yield, indicated that they could be used as the criteria for potato 
improvement and breeding programs. 
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Introduction 
 

Potato (Solanum tuberosum L.) is one of the 
major world’s agricultural root crops, which plays 
important role in feeding the world. It is a very 
important food and cash crop especially on the 
highland and mid altitude areas of Ethiopia   
(Gebremedhin et al., 2008). The potential for 
high yield, early maturity, and excellent food 
value give the potato great potential for 
improving food security, increasing household 
income, and reducing poverty (Devaux et al., 
2014). The success of any breeding programme 
for increased productivity depends upon the 
quantum of genetic variability present in the 

population. Correlation studies provide an 
opportunity to study the magnitude and direction 
of association of yield with its components and 
among various components. Knowledge of 
correlations among different characteristics is 
fundamental to designing an effective breeding 
program in selecting the breeding materials for 
improving complex characters through indirect 
selection (Teklewold et al., 2000). Tuber yield is 
a complex character and economically important, 
but it is associated with many interrelated 
components (Tuncturk and Çiftci, 2005). In 
addition, tuber yield being quantitative trait, 
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which is the product of several directly or 
indirectly, affecting factors. Effective selection 
has a significant impact on crop improvement 
programs therefore; selection can play a 
substantial role in achieving breeding goals (Al-
Tabbal, 2016). The correlation coefficient is very 
important for measuring the degree and direction 
of linkage of either different parameters that 
affect positively or negatively the yield (Kumar et 
al., 2013). Path coefficient is essential to 
accumulate optimum combination of yield 
contributing characters and to know the 
implication of the interrelationships of various 
characters in a single genotype, because 
correlation coefficients describe relationships in a 
simple manner. Path coefficient analysis shows 
the extent of direct and indirect effects of the 
causal components on the response component 
(Singh et al., 2004). In most studies involving 
path analysis, researchers considered the 
predictor characters as first-order variables to 
analyze their effects over a dependent or 
response variable such as yield (Bhagowat and 
Saikia, 2003). Therefore, path coefficient analysis 
is optional to utilize for more and complete 
determination of impact of independent variable 
on dependent one. So direct and indirect effects 
can clearly be understood by path analysis. The 
change in one character brings about a series of 
changes in the other characters, since they are 
interrelated. Therefore, the correlation studies 
are of considerable importance in any selection 
programme as they provide degree and direction 
of relationship between two or more component 

traits. Path coefficient analysis provides a 
thorough understanding of contribution of 
various characters by partitioning the correlation 
coefficient into components of direct and indirect 
effects (Wright, 1921), which helps the breeder in 
determining the yield components. Many 
researchers have widely used this analysis to 
explain the direct and indirect effects of different 
traits on yield in different crop species. Hence, 
the present study was conducted for two years 
with thirteen potato genotypes to investigate the 
relationship between tuber yield and its 
associated traits through correlation and path 
analyses among potato genotypes grown in 
southeastern Ethiopia. 
 

Materials and Methods  
 

Description of the study area  
  

The field experiment was conducted at Bekoji 
sub-station, Southeastern Ethiopia during the 
rain-growing season in 2020 and 2021. Bekoji is 
located between latitude and longitude of 070 32’ 
37’’ N and 390 15’ 21’’ E coordinates. The altitude 
of Bekoji is 2810 meters above sea level and the 
annual maximum and minimum temperature of 
20.4 and 3.8 0C respectively with annual rain fall 
of 939 mm. The rainy season over the sites 
extends from June on October and is sufficient 
for crops with a maturity period of 120–150 day. 
The soil type of the area was clay soil (Nitosols) 
with pH of 5.23 as indicated in Tables 1 and 2. 
 

 

Table 1. Physicochemical properties of soils of Bekoji experimental site. 
 

Altitude  Soil physical and chemical properties 
Above sea 
level (m) 

Soil 
pH 

Total 
N (%) 

Available 
P (ppm) 

Available 

K (Cmol+. kg-1) 

CEC (Meq 
per 100 g) 

Organic 
matter (%) 

Texture 

2810 5.23 0.21 9.72 0.83 23.72 1.89 Nitosols 
 

Source: Kulumsa Agricultural Research Center, Bekoji Station soil properties, 2020  
 

Table 2. Mean temperature, rainfall, and relative humidity of two seasons at Bekoji experimental site. 
 

Cropping season  Cropping season 
months 

Mean monthly 
Rainfall (mm) 

Mean air temperature (0C) Relative 
humidity 

(%) 
Minimum  Maximum 

 
2020  

May 83.9 6.3 20.6 54 
June 155.2 3.8 20.1 70 
July 296.3 3.9 18.9 79 

August 190.9 4.0 18.7 80 
September 109.0 4.2 19.0 72 
October 87.2 2.3 20.0 66 

 
 

2021 

May 74.2 3.5 21.0 72 
June 82.6 3.1 23.3 78 
July 213.0 3.1 23.2 81 
August 193.3 3.5 20.8 82 
September 100.1 3.2 19.4 77 
October 57.5 3.1 20.3 78 

 

Source: Kulumsa Agricultural Research Center, Bekoji Meteorology station, 2020 & 2021. 
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Experimental design and materials   
 

The experiment was laid out in Randomized 
Complete Block Design (RCBD) replicated three 
times. A total of 13 potato genotypes including 
one released variety as standard check and one 
local check were used for the experiment (Table 
3). The Eleven genotypes were obtained from a 
crosses of Adet Agricultural Research Centre. The 
gross plot area was 3 m x 3 m = 9 m2 consisting of 
four rows, which accommodated 10 plants per 
row and 40 plants per plot. The net plot size is 1.5 
m x 2.4 m=3.6 m2. The spacing between plots and 
adjacent replications were 1.0 and 1.5 m, 

respectively. Medium-sized and well-sprouted 
potato tubers were planted at the spacing of 75 
cm between rows and 30 cm between plants with 
planting depth of 5 to 10 cm. The completely 
recommended rate of 242 kg NPS ha-1 was 
applied at planting as source of phosphorous and 
75 kg Nha-1 in the form of Urea in two splits, half 
rate after full emergence and half rate at the 
initiation of tubers. All other non-variable 
agronomic practices were applied uniformly as 
per the recommendation made by the research 
center for the area.  
 
 

 

Table 3. List of experimental materials included in the study. 
  

No.  Genotype  Pedigree No.  Genotype  Pedigree 
1 AD515606.16 Belete x Aterababa 8 AD515578.102 Jalene x Aterababa 
2 AD515606.44 Belete x Aterababa 9 AD515606.15 Belete x Aterababa 
3 AD515578.77 Jalene x Aterababa 10 AD515578.187 Jalene x Aterababa 
4 AD515578.49 Jalene x Aterababa 11 AD51645.9 Belete x CIP-396034.263 
5 AD515270.96 Gera x Shenkola 12 Belete  Standard check  
6 AD515606.213 Belete x Aterababa 13 Local check  Farmer’s cultivar  
7 AD515606.164 Belete x Aterababa    

 

Source of all genotypes except the local cultivar and Belete was Adet Agricultural Research Center. 
 

Data collection  
 

Data were recorded for phenology and growth 
parameters; day to emergence, days to 50% 
flowering, days to maturity, stem height   (cm) and 
average stems number, and yield parameters; 
total tuber yield (t ha-1), marketable tuber yield (t 
ha-1) and as quality attributes including tubers 
dry matter content (%), specific gravity. 
 

Data analysis  
 

Data were subjected to analysis of variance using 
proc GLM procedure of SAS 9.2 software (SAS 

2009). The means were compared with Duncan’s 
Multiple Rage Test at 5% significance level. 
 

Correlation analysis 
 

Phenotypic correlation is the relationship 
between two variables, which includes both 
genotypic and environmental effects, and 
genotypic correlation is the inherent association 
between two variables. These were estimated 
using the formula suggested by Miller et al., 
(1958). 
 

 

rp=               rg=  

 

Where, rp = phenotypic correlation coefficient, Pcov x.y = phenotypic covariance between character x 

and y, = phenotypic variance for character x, and = phenotypic variance for character y; rg = 

genotypic correlation coefficient, Gcov x.y = genotypic covariance between characters x and y, 

= genotypic variance for character x, and = genotypic variances for the character y. 
 

Path coefficient analysis 
 

In path-coefficient analysis, tuber yield per plant 
was taken as the resultant (dependent) variable 
while rest of the characters considered as causal 
(independent) variables. The direct and indirect 
effects of the independent characters on tuber 
yield per plant were estimated by the 
simultaneous solution of the following general 
formula suggested by Dewey and Lu (1959):  
 

rij = pij + rik pkj where, rij = mutual 
association between the independent character 
(i) and dependent character (j) as measured by 
the genotypic correlation coefficients, pij = 

components of direct effects of the independent 
character (i) on the dependent character (j) as 
measured by the genotypic path coefficients, and 
rikpkj = summation of components of indirect 
effects of a given independent character (i) on the 
given dependent character (j) via all other 
independent characters (k). 
To determine pij values, square matrices of the 
correlation coefficients between independent 
characters in all possible pairs inverted and then 
multiplied by the correlation coefficients between 
the independent and dependent characters using 
Agrobase statistical package.  Residual effects 
were estimated using the formula:    
 

1-R2    where, R2= Pijrij        

 
Pcov x.y

 *   g x pY2 2  
G

x yg
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Results and Discussion 
 

Analysis of variance  
 

A homogeneity test was conducted since the 
experiment was multi-seasonal that needs to be 
analyzed with combined ANOVA. Homogeneity 
of error variances assured that the data of both 
seasons were homogenies; so that separate data 
analysis was preferred rather than combined 
analysis over years. The analysis of variance 
(ANOVA) showed that there was significant 
difference in potato tuber yield during both 
cropping seasons. Thus, the mean squares from 
analysis of variance for all traits of 13 potato 
genotypes are presented in (Table 4). Total tuber 
yield was highly significantly (P<0.05) affected 
by genotypes in both cropping seasons, The 
results revealed that the presence of significant 
differences among potato genotypes for all traits 
except for days to flower and specific gravity, dry 
matter content for 2020 and 2021 respectively. 
As a result, most of the genotypes performed 
significantly (P≤0.05) variable for stem height, 
days to flowering, days to maturity, stem number, 
marketable tuber yield, and total tuber yield ha-1 
registering the significant genetic variability 
among the genotypes evaluated. The yield 
difference between the cropping seasons may be 
the seasonal environment effect on the genotypes 
that gave maximum mean values of total tuber 
yield, marketable tuber yield, stem height, stem 
number per hill in 2020 and total tuber yield, 
marketable tuber yield, stem height and days to 
maturity, this suggesting the presence of genetic 
variability among the genotypes for the 
characters studied which shows an ample scope 
for selection of promising genotype from the 
present gene pool for increasing tuber yield; 
while the lowest mean value of these traits was 
recorded from the local check in second season 
2021 (Table.4). The presence of large amount of 
variability might be due to diverse source of 
material taken as well as seasonal influence 
affecting the phenotypes. Many authors also 
reported the existence of significant variation 
among potato genotypes for different traits as 

Rahman (2015); Getachew et al. (2016); Ebrahim 
et al. (2018). 
 

Mean performance of genotypes 
 

In both season the mean performance of all 
genotypes exhibited significantly (P≤0.05) 
variable for all parameters except, dry matter 
content and specific gravity. The first season 
2020 the genotypes of total tuber yield and 
marketable tuber yield were ranged from 21.63 to 
48.69 and 11.94 to 38.01 t ha-1 with the overall 
mean total tuber yield of 31.37 t ha-1, whereas the 
second year 2021 the total tuber yields and 
marketable yields were ranged from 25.93 to 
73.78 and 22.59 to 65.93 t ha-1, respectively 
(Table 5). Total tuber yield was significantly (P < 
0.05) affected by genotypes in both cropping 
seasons. Since there were no interaction effect 
between genotypes and year, tuber yield was put 
in the form of one-way table. Total tuber yield (t 
ha−1) was significantly (P < 0.05) affected by 
cropping season. Relatively, higher yield was 
recorded during 2021 cropping season compared 
to 2020 cropping season because of may be the 
heavy rainfall and relative humidity condition 
during 2020 cause high pressure of late blight 
severity. In 2020 cropping season, significantly 
the highest total tuber yield (48.69 t ha−1) was 
recorded from genotype AD51645.9 followed by 
AD515606.164 genotype (44.49 t ha−1) and Belete 
variety (37.48 t ha−1) which was statistically 
similar, while the lowest total tuber yield (21.63 t 
ha−1) was recorded from genotype AD515578.77 
followed by 22.53 and 24.74 t ha−1 were recorded 
from the genotypes of AD515578.102 and 
AD515578.187 respectively. In 2021 cropping 
season significantly, the highest total tuber yield 
(73.78 t ha−1) was recorded from standard check 
Belete variety followed by AD515606.164 
genotype (60.00 t ha−1) were recorded but 
statically there is no significant differences 
between them, while the lowest total tuber yield 
(25.93 t ha−1) was recorded from the local check 
followed by 28.74 and 34.96 t ha−1 were recorded 
from the genotypes of AD515606.44 and 
AD515578.102 respectively (Table 5). 
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Table 4. Mean squares from analysis of variance for agronomic and yield traits of 13 potato genotypes tested for two years at Bekoji. 

Source of 

variation 

Year 2020 

    DF DE DF DM STN STH MY TY SG DM 

Replications  2 1.64 37.33 4.18 0.28 1.46 1.87 4.66 0.02 0.41 

Genotypes 12 15.91** 23.08ns 45.61** 2.50** 252.08** 198.92** 206.21** 0.002** 8.85** 

Error   24 1.73 20.97 7.01 0.59 36.85 38.75 44.58 0.002 4.12 

Mean   18.89 70.64 116.28 2.93 60.69 27.45 31.37 1.22 25.13 

CV %   6.95 6.48 2.28 26.3 10.00 29.02 21.28 3.99 8.07 

R2   0.83 0.42 0.77 0.68 0.78 0.72 0.69 0.33 0.52 

 Year 2021 

 DF DE DF DM STN STH MY TY SG DM 

Replications  2 16.23 0.54 3.00 3.48 75.00 49.84 107.01 0.001 44.81 

Genotypes 12 33.03** 50.31** 59.75** 7.30** 617.06** 445.55** 537.42** 0.001ns 16.86ns 

Error   24 3.93 5.37 10.89 1.58 42.5 64.72 76.58 0.001 11.81 

Mean  19.15 67.54 120.31 6.49 82.07 42.98 47.9 1.05 19.82 

CV %  10.34 3.43 2.75 19.37 7.94 18.63 18.27 1.13 17.34 

R2  0.82 0.84 0.74 0.72 0.88 0.78 0.78 0.37 0.51 
 

* and ** significant at p<0.05 and p<0.01, respectively. ns= non-significant difference,  CV (%) = coefficient of variation in percent, R2 = r- square, DE=Days to 
emergence, DF= Days to flower, DM=Days to maturity, STN=steam number per plant, STH = Plant height (cm), MY (t ha-1) = marketable tuber yield, TY (t ha-1) = total 
tuber yield tons per hectare, SG= specific gravity  DM (%) = tuber dry matter content 
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Table 5. Mean performances of 13 potato genotypes for tuber yield and other traits evaluated at Bekoji for two seasons 2020 & 2021. 

 

Means with similar letter(s) in a column are not significantly different, LSD (5%), least significant difference, ns= non-significant difference,  CV (5%) = coefficient of 
variation in percent, DE=Days to emergence, DF= Days to flower, DM=Days to maturity, STN=steam number per plant, STH=Plant height (cm), MY(t ha-1) = 
marketable tuber yield, TY(t ha-1) = total tuber yield tons per hectare, SG= specific gravity  DM (%) = tuber dry matter content. 

Genotypes    Year 2020 
DE DF DM STN STH MY TY SG DMC 

AD515606.16 19.33cd 73.00 120.67ab 2.33cde 50.67ef 21.56cd 30.58cd 1.23 25.00 

AD515606.44 22.67a 74.00 114.67cde 2.00de 42.00f 17.78cd 29.47cd 1.26 26.67 

AD515578.77 17.67de 69.67 114.00de 2.93bcde 57.67bcde 11.94d 21.63d 1.22 23.00 
AD515578.49 16.67e 74.00 118.67abc 3.27bcd 67.33ab 25.69bc 36.05bc 1.22 26.50 
AD515270.96 17.67de 72.67 112.67e 2.93bcde 69.33a 17.78cd 27.47cd 1.24 22.17 
AD515606.213 17.67de 71.33 116.33bcde 2.60bcde 53.00de 14.31d 23.99d 1.26 24.50 
AD515606.164 19.00cd 68.33 121.00a 3.47bc 71.00a 34.76ab 44.49ab 1.18 26.17 

AD515578.102 21.67ab 72.00 118.67abc 2.00de 53.67cde 12.84d 22.53d 1.20 25.50 
AD515606.15 18.00de 69.33 112.00ef 2.53bcde 63.67abc 21.48cd 31.17cd 1.22 24.67 
AD515578.187 16.33e 64.33 107.67f 3.80b 61.33abcd 15.05d 24.74d 1.18 22.67 
AD51645.9 16.00e 70.33 119.33ab 5.13a  70.33a 38.01a 48.69a 1.19 25.17 

Belete (St. Check) 22.67a 67.67 118.67abc 1.73e 71.00a 27.79abc 37.48abc 1.20 27.67 
Local (check) 20.33bc 71.67 117.33abcd 3.40bc 58.00bcde 19.84cd 29.53cd 1.22 27.00 
Mean 18.89 70.64 116.28 2.93 60.69 21.45 31.37 1.22 25.13 
LSD (5%)  2.213 Ns 4.4626 1.3001 10.23 10.491 11.252 ns ns 
CV (5%) 6.95 6.48 2.27 26.31 10.001 29.02 21.28 3.99 8.07 

Year 2021 
AD515606.16 15.67de 71.00a 125.00a 5.8cd 78.33de 50.15bcd 53.85bcde 1.04 19.78 
AD515606.44 27.67a 73.33a 121.67ab 3.27e 47.67f 24.15fg 28.74gh 1.05 20.73 
AD515578.77 18.00cde 58.67e 117.67bcd 6.07cd 87.67bcd 46.52bcde 51.33bcde 1.04 18.40 
AD515578.49 20.67bc 71.67a 126.33a 6.33bcd 80.33cde 52.74abc 57.85bc 1.05 22.53 
AD515270.96 20.33bc 64.0d 117.67bcd 8.73a 91.00bc 43.04cde 50.67bcde 1.05 17.27 
AD515606.213 18.00cde 66.67bcd 117.00bcd 6.27bcd 80.33cde 37.48def 44.67cdef 1.05 18.70 
AD515606.164 16.67de 64.33d 125.33a 6.33bcd 87.67bcd 57.63ab 60.00ab 1.05 23.40 
AD515578.102 21.67b 71.33a 121.00abc 5.00de 72.33e 33.48efg 34.96fgh 1.06 19.83 
AD515606.15 16.67de 69.67abc 114.33d 8.33ab 77.33de 40.89cde 41.71efg 1.04 16.17 
AD515578.187 21.33bc 66.00cd 115.67cd 7.87abc 92.67b 37.26def 42.29defg 1.04 17.43 
AD51645.9 18.67bcd 70.00ab 123.33a 7.07abcd 97.67ab 45.56bcde 56.96bcd 1.04 21.78 
Belete (St. Check) 15.00e 66.67bcd 125.00a 5.07de 104.33a 65.93a 73.78a 1.04 23.25 
Local (check) 18.67bcd 64.67d 114.00d 8.27ab 69.67e 22.59g 25.93h 1.04 18.42 
Mean 3.3387 3.9057 5.5608 2.1195 10.986 42.877 14.747 ns ns 
LSD (5%) 19.15 67.54 120.31 6.49 32.07 13.459 47.9.3 1.05 19.82 
CV (5%)   10.34 3.43 2.74 19.37 7.94 18.63 18.27 1.13 17.34 
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Phenotypic and genotypic correlations  
 

In this study, genotypic correlation (rg) 
coefficients were computed in addition to 
phenotypic correlation (rp) coefficients to obtain 

better estimates of the associations between tuber 
yield and related traits for two seasons (Table 6 & 
7). Many researcher was reported the existence of 
association between different traits in potato 
genotype (Khayatnezhad et al., 2011, Lavanya et 
al., 2019, Gebreselassie and Ajema, 2022). 

Accordingly the result in 2020, total tuber yield 

per hectare was highly significantly and positively 
correlated with marketable tubers (rg = 0.99 and 
rp = 0.96), steam height (rg = 0.608 and rp = 
0.357) both at genotypic and phenotypic level. 
Positive correlations are due to control of the 
traits, which are under control of genes 
responsible for direct production of ancestors. 

Above results were similarly reported by 
Workayehu et al. (2021) who found marketable 
tubers have positive and significant association 

with total tuber yield. While, negative 
correlations occur due to the restricted supply of 
ancestor for which traits compete against each 
other (Madhur and Jinks, 1994).Total tuber yield 
is significantly correlated (rg = 0.608) with steam 

height at genotypic level but non-significantly 
correlated (rp = 0.357) at phenotypic level. 
Marketable tuber yield also positively and 
significantly correlated with days to maturity (rg 
= 0.557), steam height (rg = 0.637) and steam 
number per plant (rg = 0.159) whereas, negatively 

correlated with days to emergence (rg = -0.136) 

days to flowering (rg = -0.106) at genotypic level. 
Characters such as days to maturity (rg =0.544), 
stem number per plant (rg =0.152) and dry matter 
content (rg =0.468) showed positive genotypic 
association with total tuber yield, while days to 
emergence (rp =0.127), days to flowering (rp 

=0.144), stem number per plant (rp =0.357), 

height and specific gravity (rp =0.075) showed 
positive and low phenotypic association with total 
tuber yield. Days to emergence (rg = -0.121), days 

to flowering (rg = -0.078), specific gravity (rg = -

0.483), and days to maturity (rp = -0.097), dry 
matter content (rp = -0.132) were showed 
negatively and low genotypic and phenotypic 
association respectively with total tuber yield per 
hectare (Table 6). This implied that keeping 

others components constant any decrease in 

those above factors would leads to increase total 
tuber yields.  
 

In 2021 season, total tuber yield per hectare was 
highly significantly and positively correlated with 

marketable tuber yield (rg =0.977 and rp = 0.951), 

steam height (rg = 0.791), specific gravity rp = 
0.594) both at genotypic and phenotypic level, 
while significantly and positively correlated with 
days to maturity (rg =0.640) at genotype level 
(Table 7). Similarly, Panigrahi et al. (2017) 
reported that total tuber yield showed positive 
and significant correlation with marketable tuber 

yield at both phenotypic as well as at genotypic 
levels. These positive correlations indicating that 
selection for improving one character will lead to 

increase the other one, which is positively 
correlated with that character. Total tuber yield 
was significantly and negatively correlated with 
days to emergency (rg = -0.612) and negatively 
correlated with days to flowering (rg= -0.177) and 

steam number (rg= -0.043) at genotypic level and 
highly significantly and negatively associated 
with days to emergence (rp = - 0.630) at 
phenotypic level. Negative correlation between 
two traits implies selection for improving one 
character will likely cause decrease in the other 

traits. In present study marketable yield also had 

exhibited positively and highly significantly 
correlated with specific gravity (rg =0.492**) at 
genotypic correlation. This suggested that the 
simple selection to improve one trait 
simultaneously increase the second character. 
Tuber yield was positively and low association 
with days to flowering (rg = 0.04 and rp =0.009), 

steam number per plant (rg = 0.34 and rp = 
0.348) and plant height (rg = 0.35 and rp =0.26) 
at phenotypic level (Table 7). 
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Table 6. Genotypic (below diagonal) and phenotypic (above diagonal) correlation coefficients among potato genotype in 2020. 
 

Variable DE DF DM STN STH MY  SG DMC TY 

DE 1 0.301 0.270 0.163 0.281 0.105 -0.146 -0.257 0.127 

DF 0.210 1 0.214 0.035 0.032 0.167 -0.182 0.186 0.144 

DM 0.300 0.410 1 0.020 -0.222 -0.102 -0.372 -0.004 -0.097 

STN -0.724** -0.517 -0.398 1 0.323 0.206 -0.094 -0.099 0.164 

STH -0.406 -0.415 0.098 0.351 1 0.507** 0.048 -0.045 0.357 

MY -0.136 -0.106 0.557* 0.159 0.637* 1 0.049 -0.080 0.960** 

SG 0.135 0.646* -0.137 -0.478 -0.626* -0.507 1 0.042 0.075 

DMC 0.626* 0.240 0.658* -0.417 -0.032 0.452 -0.126 1 -0.132 

TY -0.121 -0.078 0.544 0.152 0.608* 0.997** -0.483 0.468 1 
 

Keys, * significant at the 0.05 probability level, ** significant at the 0.01 probability level, TY=Total tuber yield (t ha-1), MY=Marketable tuber yield (t ha-1), DE=Days to 

emergence, DF=Days to 50% Flowering, DM=Days to maturity, STN=Steam number per plant, PH=Plant height (cm), SG=specific gravity (%), DMC=Tuber dry Matter 

content (%). 
 

Table 7. Genotypic (below diagonal) and phenotypic (above diagonal) correlation coefficients among potato genotype in 2021. 
 

 

 

Keys, * significant at the 0.05 probability level, ** significant at the 0.01 probability level, TY=Total tuber yield (t ha-1), MY=Marketable tuber yield (t ha-1), DE=Days to 
emergence, DF=Days to 50% Flowering, DM=Days to maturity, STN=Steam number per plant, PH=Plant height (cm), SG=specific gravity (%), DMC=Tuber dry Matter 
content (%). 
 

 

 

 

 

 

Variable DE DF DM STN STH TY SG DMC MY 

DE 1 -0.055 0.389 -0.164 -0.360 -0.630** -0.359 -0.134 -0.580* 

DF 0.388 1 -0.197 0.156 -0.100 0.040 -0.010 -0.354 0.009 

DM -0.089 0.397 1 -0.133 0.032 -0.353 -0.307 0.043 -0.369 

STN -0.355 -0.411 -0.574* 1 0.097 0.342 0.304 -0.236 0.348 

STH -0.655* -0.462 0.160 0.397 1 0.356 0.381* -0.007 0.260 

TY -0.612* -0.177 0.640* -0.043 0.791** 1 0.594** 0.123 0.951** 

SG 0.468 0.290 0.368 -0.545 -0.416 -0.175 1 0.252 0.492** 

DMC -0.080 0.252 0.893** -0.565* 0.175 0.571* 0.357 1 0.104 

MY -0.655* -0.172 0.643* -0.057 0.734* 0.977** -0.168 0.557* 1 
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Table 8. Genotypic and phenotypic path coefficient of direct (bold and diagonal) and indirect  (off diagonal) effects yield components on tuber yield in 
potato genotypes during 2020 season. 

 

 Traits   DE DF DM STN STH MY DMC SG rg/rp  
DE G 0.00281 0.01196 -0.02658 0.00316 0.01874 -0.14451 -0.00318 0.01610 -0.121 
 P 0.09696 -0.01066 -0.01291 0.00053 -0.06192 0.11115 -0.00357 0.00692 0.127 
DF G 0.00059 0.05705 -0.03627 0.00225 0.01918 -0.11190 -0.01518 0.00617 -0.078 
 P 0.02917 -0.03543 -0.01022 0.00012 -0.00697 0.17632 -0.00445 -0.00500 0.143 
DM G 0.00085 0.02339 -0.08846 0.00173 -0.00454 0.59054 0.00323 0.01691 0.543 
 P 0.02619 -0.00758 -0.04777 0.00006 0.04893 -0.10808 -0.00912 0.00010 -0.097 
STN G -0.00204 -0.02951 0.03523 -0.00436 -0.01621 0.16820 0.01122 -0.01072 0.152 
 P 0.01581 -0.00125 -0.00093 0.00327 -0.07107 0.21788 -0.00230 0.00266 0.164 
STH G -0.00114 -0.02368 -0.00869 -0.00153 -0.04622 0.67503 0.01469 -0.00082 0.608* 
 P 0.02727 -0.00112 0.01062 0.00106 -0.22013 0.53686 0.00118 0.00121 0.357 
MY G -0.00038 -0.00603 -0.04932 -0.00069 -0.02945 1.05929 0.01191 0.01162 0.997** 
 P 0.01018 -0.00590 0.00488 0.00067 -0.11164 1.05858 0.00121 0.00215 0.960** 
DMC G 0.00038 0.03687 0.01216 0.00208 0.02892 -0.53713 -0.02349 -0.00325 -0.483 
 P -0.01411 0.00644 0.01779 -0.00031 -0.01059 0.05221 0.02449 -0.00113 0.075 
SG G 0.00176 0.01368 -0.05820 0.00182 0.00148 0.47882 0.00297 0.02571 0.468 
 p -0.02495 -0.00659 0.00018 -0.00032 0.00987 -0.08459 0.00103 -0.02689 -0.132 

 

Keys, G=phenotypic path coefficient analysis; P=phenotypic path coefficient analysis; ns, *, ** = non-significant, Significant at 5% and 1%, respectively; rg-Genotypic correlation with total 
tuber yield (t ha-1); rg-Phenotypic correlation with total tuber yield (t ha-1); Genotypic Residual effect = 0.998 & Phenotypic Residual effect 0.956; MY=Marketable tuber yield (t ha-1), 
DE=Days to emergence, DF=Days to 50% Flowering, DM=Days to maturity, STN=Steam number per plant, PH=Plant height (cm), SG=specific gravity (%), DMC= tuber try Matter content 
(%) 
 

Table 9. Genotypic and phenotypic path coefficient of direct (bold and diagonal) and indirect (off diagonal) effects yield components on tuber yield in 
potato genotypes during 2021 season. 

 

 Traits   DE DF DM STN STH SG DMC MY rg/rp 
DE G 0.052433 -0.00074 -0.01114 0.013578 -0.18608 -0.01437 -0.00063 -0.46544 -0.61* 
 P -0.08912 -0.00239 0.015052 0.002281 -0.02019 -0.0532 0.000216 -0.48177 -0.63** 
DF G 0.02034 -0.0019 0.049633 0.015712 -0.13141 -0.00892 0.001965 -0.12234 -0.17 
 P 0.004862 0.043798 -0.00761 -0.00217 -0.00561 -0.00142 0.00057 0.007574 0.04 
DM G -0.00467 -0.00075 0.12501 0.021972 0.045523 -0.01131 0.006975 0.456944 0.64* 
 P -0.03471 -0.00861 0.038649 0.00184 0.001804 -0.04553 -6.9E-05 -0.30642 -0.35 
STN G -0.01861 0.000779 -0.07181 -0.03825 0.112787 0.016745 -0.00441 -0.04048 -0.04 
 P 0.014648 0.006839 -0.00512 -0.01388 0.005444 0.045146 0.00038 0.288664 0.34 
STH G -0.03433 0.000877 0.020024 -0.01518 0.284198 0.012783 0.001369 0.52161 0.79** 
 P 0.032101 -0.00438 0.001244 -0.00135 0.056057 0.056536 1.14E-05 0.215608 0.36 
SG G 0.024518 -0.00055 0.046009 0.020846 -0.11824 -0.03073 0.002789 -0.11917 -0.17 
 P 0.031968 -0.00042 -0.01186 -0.00422 0.021368 0.14832 -0.00041 0.408867 0.59** 
DMC G -0.00421 -0.00048 0.111673 0.021603 0.049814 -0.01097 0.007808 0.396053 0.57* 
 P 0.011971 -0.01552 0.001658 0.003279 -0.0004 0.037428 -0.00161 0.086162 0.12 
MY G -0.03434 0.000327 0.080368 0.002178 0.208564 0.005152 0.004351 0.710766 0.97** 
 p 0.051701 0.000399 -0.01426 -0.00482 0.014553 0.073022 -0.00017 0.830474 0.95** 

 

Keys, G=phenotypic path coefficient analysis; P=phenotypic path coefficient analysis; ns, *, ** = non-significant, Significant at 5% and 1%, respectively; rG-Genotypic correlation with total 
tuber yield (t ha-1); rP-Phenotypic correlation with total tuber yield (t ha-1); Genotypic Residual effect = 0.9792 & Phenotypic Residual effect 0.9369; MY=Marketable tuber yield (t ha-1), 
DE=Days to emergence, DF=Days to 50% Flowering, DM=Days to maturity, STN=Steam number per plant, PH=Plant height (cm), SG=specific gravity (%), DMC=Dry Matter content (%) 
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Path analysis  
 

Path coefficient analysis was performed to divide 
the correlation coefficients between tuber yield 
and yield related traits into direct and indirect 

effects via pathways. In 2020 cropping season 
also revealed that marketable tuber yield (1.059 
and 1.058) utilized maximum positive direct 
effect on total tuber yield per hectare at genotypic 
and phenotypic levels, respectively (Table 8). 
This indicates that direct selection for this trait 
will be effective for improvement of tuber yield 

and if other factors are constant, an increase in 
marketable tuber yield will reflect on increased 
total tuber yield. Tuber dry matter content 
(0.025), stem number (0.003), marketable tuber 
yield (1.058) and days to emergence (0.097) had 
positive direct effect on total tuber yield at 
phenotypic level, while specific gravity (0.026), 
days to emergence (0.003), days to flowering 

(0.057) and marketable tuber yield (1.059) had 
positive direct effect on total tuber yield at 
genotypic level. These results indicate that an 

increase in any of these yield components causes 
some increase in tuber yield. These results are in 
line with the previous results of (Sultana and 
Islam, 2007;  Sv and Sm. 2022). On the other 
hand tuber dry matter content (-0.023), steam 
height (-0.046), steam number (-0.004) and days 
to flowering (-0.088) had negative direct effect 
on total tuber yield at genotypic level, and also 
specific gravity (-0.026), stem height (-0.220), 
days to maturity (-0.047), days to flowering (-
0.035) had negative direct effect on total tuber 

yield per plot at phenotypic level (Table 8).  
 

In 2021 cropping season also revealed that 
marketable tuber yield (0.71 and 0.83) utilized 
maximum positive direct effect on total tuber 

yield per hectare at genotypic and phenotypic 
levels, respectively (Table 9). This indicates that 
if other factors are held constant, an increase in 

marketable tuber yield will reflect on increased 
total tuber yield per hectare. Dry matter content 
(0.0078), stem height (0.2841), days to maturity 
(0.1250) and days to emergence had positive 
direct effect on total tuber yield at genotypic level 
and specific gravity (0.1483), plant height 
(0.0560), days to maturity (0.0386), days to 

flowering (0.0437) and marketable tuber yield 

(0.8304) had positive direct effect on total tuber 
yield at phenotypic level. These results indicate 
that an increase in any of these yield components 
causes some increase in tuber yield. Other 
researcher who conducted studies on different 
potato genotypes and determined the direct 

effects of different yield components on tuber 

yield (Gebreselassie and Ajema, 2022) reported 
similar results. On the other hand specific gravity 
(-0.0307) steam number (-0.0382), and days to 
flowering (-0.0019) had negative direct effect on 
total tuber yield at genotypic level, and dry 

matter content (-0.0016), stem number (-0.0138) 

and days to emergence (-0.0891) had negative 
direct effect on total tuber yield per plot at 
phenotypic level (Table 7). 
 

Summary and Conclusion 
 

Correlation and path coefficient analysis were 
conducted in order to get a clear picture of the 
interrelationships and the effects of the causal 
components on the response variables tuber 
yield. In the present study, in first season total 
tuber yield was significantly and positively 
correlated with marketable tuber, days to 
maturity, stem number, and tuber dry matter 
content at genotypic level and stem height at 
phenotypic level; while it was negatively and 
significantly correlated with days to emergence, 
days to flowering, specific gravity at genotypic 
level. In second season positive and significant 
correlation coefficients between total tuber yield 
and the yield components as days to maturity, 
stem height, marketable tuber and specific 
gravity at genotypic and phenotypic level 
respectively were observed. Positively 
correlations appeared between total tuber yield 
and stem number, tuber dry matter content, days 
to flowering; while negatively association with 
days to emergence and specific gravity. Generally, 
correlation analysis result indicated that 
marketable tuber, stem number, stem height, day 
to maturity and tuber dry matter content were 
the main components to total tuber yield. For this 
reason, these traits could be used more 
significantly for potato improvement. Further, 
Path analysis indicated that total tuber yield was 
directly influenced by marketable tuber, stem 
height, specific gravity, days to flowering, days to 
maturity at phenotypic and marketable tuber 
days to maturity, days to emergence, stem height, 
tuber dry matter content  at genotypic level; in 
the second cropping season. The traits with direct 
effect (positive) on total tuber yield would be 
considered in selection at potato improvement 
programs that aim to increasing total tuber yield 
of potato, they would be regarded as criteria for 
improvement and breeding programs.  
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A B S T R A C T 
 

Compact, medium size, white to creamy cauliflower curds were packed into different 
packaging techniques like i. without packaging (control); ii. packed in low density 
polyethylene (LDPE) bag with 1% perforation; iii. wrapped with polyethylene (PE) cling film 
and iv. newspaper (locally used). Half of each treatment was kept at (6±1°C and 50±5% RH) 
and the other half was kept at ambient conditions (25±3°C and 60±5% RH).  LDPE bag or 
PE cling film has a great effect to retain firmness and reduce weight loss of cauliflower in 
both storage conditions. Respiration rate, rot incidence and changes of colour values 
(lightness and hue angle) was reduced significantly for the cauliflowers packed in LDPE bag 
or wrapped with PE cling film stored in a refrigerator than that of control (without 
packaging) and all packaging techniques stored at ambient condition throughout the storage 
period. Initially, acidity, TSS and ascorbic acid content were 0.26%, 4.7° Brix and 58.7 mg 
100g-1, respectively. Ascorbic acid content was reduced severely in the cauliflower stored in 
ambient conditions than that stored in a refrigerator. Cauliflower wrapped with PE cling 
film and packed in an LDPE bag (1% perforation) stored in a refrigerator (6±1°C and 50±5% 
RH) could retain white colour, good sensory quality, firm and fresh curds with minimum 
loss in weight, texture and disease incidence up to 18 days and 16 days, respectively. 
 

Keywords: Cling film, Hue angle, Respiration rate, Firmness, Ascorbic acid   
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Introduction 
 

Cauliflower (Brassica oleracea var. botrytis) is 
one of the most familiar vegetables all over the 
world. Its compact flower heads hold essential 
nutrients and numerous health benefiting phyto-
nutrients that help to prevent overweight, 
diabetes and offer protection from prostate, 
ovarian, and cervical cancers. It is also a good 
source of different types of vitamins like B, C, E 
and K, dietary fibre and folic acid, omega 3 fatty 
acids, proteins, phosphorus, potassium, iron, 
magnesium and manganese (Florkiewicz et al., 
2014).  It is a member in the cruciferous or 
brassicaceae family of vegetables and has similar 
nutritional and phyto-chemistry profile as that of 
other brassica family veggies 
like broccoli and cabbage. High quality 
cauliflower heads are white to cream in colour, 
firm and compact. The curds should be free of 

mechanical damage, decay, browning, or 
yellowing, which can result from sun exposure. 
High respiration rate of cauliflower and its soft 
tissue make it highly perishable and it is not 
suited for long-term storage even at low 
temperature. Quality loss in fresh cauliflower 
includes yellowing of the curd, floret opening, 
loss of hardness, the development of an 
undesirable odour, off-flavours and the risk of 
microbial development (Licciardello et al., 2013; 
Zhan et al., 2014). To extend the shelf life of fresh 
produce without compromising nutritional 
quality, many methods have been proposed 
including low temperature, in modified 
atmosphere packaging (MAP), sanitizing, anti-
browning dipping, edible coatings etc. (Albanese 
et al., 2007).  
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Physical preservative treatments such as MAP or 
vacuum packaging been developed in order to 
extend the shelf life of whole and FC products 
(Zhan et al., 2014). A large number of FC fruits 
and vegetables are stored and marketed in MAP 
in combination with chilled storage or other 
preservation procedures (Hodges and Toivonen, 
2008). MAP refers to the technique of sealing 
actively respiring produce in polymeric film 
packages to modify the O2 and CO2 

concentrations within the package atmosphere 
(Mir and Beaudry, 2016); those concentrations 
are reached by the natural interaction between 
the respiration rate of the product and the 
transfer of gases through the packaging material 
(Oliveira et al., 2015). One of the primary effects 
of MAP is a lower respiration rate, which reduces 
the rate of substrate depletion and oxidation 
reactions (Sothornvit and Kiatchanapaibul, 
2009). Cantwell and Suslow (2009) reported that 
cauliflower heads and florets should be stored at 
0°C and 95–98% RH to maintain its quality. At 
0°C, the respiration rate of cauliflower florets 
slows down to ∼8 ml CO2 kg-1 h-1 compared to 
∼42 ml CO2 kg-1 h-1 at 22°C (Cantwell and Suslow, 
2009). Dependent on storage temperature and 
duration, if cauliflower is stored under RH 
conditions 98%; it favours the microbial activity 
and spoilage (Hardenburg et al.,. 1993). 
Individual shrink wrapping or cling wrapping, a 
form of modified atmosphere packaging is used 
to enhance the storage life and to maintain the 
harvest freshness of fruits and vegetables. The 
principal advantage of shrink wrapping are: 
reduced weight loss, minimized fruit 
deformation, reduced chilling injury and reduced 
decay by preventing secondary infection (Dhall et 
al., 2012).  The effect of PE packing including 
cling wrapping on storage life and quality of 
cauliflower at 0°C and 2°C & 12°C have been 
studied by Dhall et al. (2010) and Raja et al. 
(2011), respectively. 
 

Controlled atmosphere storage (CAS) differs 
from MAP.  They operate by controlling the 
temperature, gas composition, and humidity. 
Various gas composition methods used are; N2 
generation, O2 control, and CO2 removal. 
Unfortunately, CAS systems for mixed produce 
loads are unrealistic and too costly to control. 
There variability in respiration rates and ethylene 
production create too high of a challenge to 
control and maintain (Lee et al., 1996). MAP can 
be more beneficial than CAS on extending the 
shelf life of fresh produce during distribution and 
handling (Lee et al., 1996). MAP uses barrier 
properties that are specifically chosen based on 
the respiration rate of the vegetables. It benefits 
can range from decreased ethylene production, 
reduced sensitivity to ethylene, and a delay in 
ripening (Lee et al., 1995). Berrang et al. (1990) 
studied the effect of cauliflower in CAS 

environment (18% O2, 3% CO2, and 79% N2) held 
at 4°C. Their results showed that the cauliflower 
had a smaller decrease in lightness (L) value 
compared to the control (Berrang et al., 1990). 
Browning was also observed in the control versus 
the controlled atmosphere samples, which is a 
result from the decline in the L value (Berrang et 
al., 1990). Unlike broccoli; cauliflower and 
carrots do not benefit from controlled 
atmosphere (Suslow et al., 2009). Injury of 
cauliflower occurs when the oxygen level is less 
than 2% or the carbon dioxide level is greater 
than 5% (Suslow and Cantwell, 2009).  
 

Hence in the present studies were attempted to 
see the feasibility of PE cling wrapping compared 
with other packing techniques of cauliflower for 
extension of storage life and maintaining quality 
at ambient condition (25±3°C and 60±5% RH) as 
well as in refrigerator (6±1°C and 50±5% RH). 
 

Materials and Methods 
 

Compact, medium size, white to creamy white 
cauliflower (Brassica oleracea var. botrytis) was 
harvested from the field of a progressive farmer 
at Gazipur district. Harvesting was done with 
great care to prevent bruising to the highly 
sensitive turgid curds.  The outer leaves of curds 
were removed leaving small leaves in each curd. 
Each cauliflower had an average weight of 1.1 to 
1.3 kg.  The curds were divided into 4 lots (each 
60 curds) and some curds were separated to use 
for analysing initial physico-chemical 
characteristics. One lot was unpacked (control) 
and the other 3 lots were used for 3 packaging 
technique viz., low density polyethylene (LDPE) 
with 1% perforation, polyethylene (PE) cling film 
and newspaper (practiced locally). Half of the 
packets of each treatment were kept at normal 
refrigerator (6±1°C and 50±5% RH). Other half 
of each treatment was kept at ambient condition 
(25±3°C and 60±5% RH). At each storage 
interval the data on weight loss, respiration rate, 
firmness, instrumental colour, decay, ascorbic 
acid, titratable acidity and total soluble solids 
(TSS) content of cauliflower curds were recorded. 
The experiment was laid out in completely 
randomized block design with 3 replications. 
 

Respiration rate 
 

Respiration rate of cauliflower was assayed of 
each measurement interval during storage. Each 
fruit of all treatments were placed in 4000 ml 
airtight plastic containers equipped with septa 
and sealed for 2 h at ambient condition. After 
incubation, 1 ml of gas sample was withdrawn 
from headspace by a gas-light hypodermic 
syringe and analyzed using a gas analyzer 
(CO2/O2 gas analyzer, Quantek Instrument, 
Model No. 902D, USA). The percentage of CO2 
evolved in the container gas was recorded. 
According to Nasrin et al. (2017) respiration rate 
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was calculated based on the total gas volume in 
the jar, fruit surface volume, fruit weight and 
incubation time and expressed as ml kg-1 h-1 of 
CO2 evolved.  
 

Firmness/ texture analysis 
 

Firmness analysis was performed using Fruit 
Texture Analyzer (GUSS, Model No. GS25, SA). 
Firmness measurement was taken as the 
maximum penetration force reached during the 
tissue breakage and determined with 8 mm 
diameter stainless steel flathead probe, which 
penetrates in a normal direction at a cross-head 
speed of 5 mm s-1. After establishing zero-force 
contact between the probe and the horizontally 
positioned fruit, specimens were compressed 3 
mm at 2 equidistant points along with the 
equatorial region of each fruit. The maximum 
penetration force (N) was used as firmness value 
of cauliflower pieces (Nasrin et al., 2018a). 
 

Measurements of surface colour  
 

External colour of fruit was evaluated with a 
Chroma Meter (Model CR-400, Minolta Corp., 
Japan). CIE L*a*b* coordinates were recorded 
using D65 illuminants and a 10° standard 
observer as a reference system. L* is lightness, a* 
(-greenness to +redness) and b* (-blueness to 
+yellowness) are the chromaticity coordinates. 
The a* and b* values were converted to chroma 
[C = (a*2 + b*2)1/2] and hue angle [h° = tan-

1(b*/a*)]. Before measurement, the equipment 
was calibrated against a standard white tile. Ten 
readings were taken at different locations on each 
fruit. The readings were taken at the same 
position of each sample (Nasrin et al., 2018b). 
 

Weight loss 
 

Cauliflowers were weighed at the beginning of the 
experiment and thereafter 2 day’s intervals 
during the storage period. It was calculated by 
the weight difference between initial and specific 
time interval divided by initial weight and finally 
denoted by percentage. 
 

Ascorbic acid, titratable acidity and total 
soluble solids (TSS) content 
 

After all physical analysis, cauliflower was cut 
into small pieces and homogenised in a grinder to 
assess the parameters.  The ascorbic acid content 
was determined by using 2, 6-dichlorophenol 
indophenol titration method as described in 
AOAC (1994). Ten (10) g of ground sample was 
suspended in 100 ml of distilled water and then 
filtered. To determine titratable acidity, sample 
was titrated with 0.1 M NaOH and pH 8.1 
according to AOAC (1994) and expressed as 
percentage of citric acid.  
 

The TSS content of cauliflower was determined 
by using a refractometer. Homogenous sample 
was prepared by blending the fruit flesh. A few 

drops were taken on prism of the refractometer 
and direct reading will be taken by reading the 
scale in meter as described in AOAC (1994). 
 

Decay  
 

Cauliflower decay rating scale was used as used in 
UV Davis; California provided the sample picture 
of decayed cauliflower. The scale rated from 1 to 
5, 1 = none (no scratch or even rubbing 
symptom), 2 = Slight decay (slight scratch or 
rubbing symptom, no black spot), 3 = moderate 
decay (initiation of black spots, 2-3 numbers), 4 = 
moderate severe decay (5-6 numbers of black 
spots with small area) and 5 = severe decay (8-10 
numbers of black spots with small area). Decay 
rating of 5 was considered as the limit for 
saleability. 
 

Statistical analysis 
 

Data were analysed for analysis of variance using 
MSTAT-C programme. Means were separated 
using Duncan’s Multiple Range Test (DMRT). 
 

Results and Discussion 
 

Respiration rate 
 

Fig. 1 illustrates the effect of different packaging 
technique and temperatures on the CO2 
production of cauliflower. Initial respiration rate 
of cauliflower was 49.46 CO2 ml kg-1 h-1 and it was 
reduced to less than even half when curd was 
stored at 6±1°C (both packed or unpacked) at 3th 
days of storage period. The unpacked samples 
presented higher respiration rate during storage 
time compared with packed ones at both ambient 
and refrigeration temperature. The lowest 
respiration rate was observed in cauliflowers 
wrapped with PE cling film or packed into 1% 
perforated LDPE bag at both temperatures 
throughout the storage period. The explanation 
for the observed results is the gas barrier between 
cauliflower tissue and the environment, 
promoted by PE packaging that modifies the 
atmosphere around the fruit and so reduces its 
respiration rate. The intensity of change in the 
respiration rate of fruits and vegetables depends 
on the packaging techniques and on the storage 
conditions of the products. Suslow and Cantwell 
(1998) reported that the respiration rate of fresh 
cauliflower was 43-48 CO2 ml kg-1 h-1 at 25°C. At 
20th day of storage respiration rate was 149.47 ml 
kg-1 h-1 in unpacked fresh cut cauliflower where as 
it was 80.57 ml kg-1 h-1 in vacuum packed and 
around 100 ml kg-1 h-1 in 1% perforated LDPE 
packed fresh cut cauliflower (Nasrin et al., 2022). 
The respiration rate of fresh cut cauliflower was 
significantly higher than that of the uncut 
cauliflower and was within the range of 238.5 and 
157.5 mg kg-1 h-1 at 15 °C; 120 and 77.5 mg kg-1 h-1 
at 5 °C and 66 and 44.4 mg kg-1 h-1 at 1 °C for 
fresh cut and uncut cauliflower (Mashabela et al., 
2018). 
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Fig. 1.  Respiration rate of cauliflower influenced by packaging techniques and storage temperatures.  
 

A1=Control, A2=1% perforated LDPE, A3= Cling film wrap, A4= Newspaper wrap, B1= Ambient condition 
(25±3°C), B2= Refrigerated (6±1°C) condition. Vertical bars indicate standard deviation.
 

Firmness 
 

Firmness or texture is a critical quality attribute 
in the consumer acceptability of fresh fruit and 
vegetables. Degradation of insoluble protopectin 
to the more soluble pectic acid and pectin 
contribute to a decrease of firmness in fresh fruits 
and vegetables (Nasrin et al., 2020). Cauliflower 
suffers a rapid loss of firmness during storage 

period, which contributes greatly to its short 
postharvest life and susceptibility to fungal 
contamination. Fruit texture properties are 
affected by cell turgidity and the structure and 
composition of the cell wall polysaccharides. 
  
 

 

 
Fig. 2.  Firmness of cauliflower influenced by packaging techniques and storage temperatures.  
 

A1=Control, A2=1% perforated LDPE, A3= Cling film wrap, A4= Newspaper wrap, B1= Ambient condition 
(25±3°C), B2= Refrigerated (6±1°C) condition. Vertical bars indicate standard deviation.  
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Fig. 2 represents the changes in cauliflower 
firmness of packed and unpacked fruits during 
the storage period at 6±1°C and 25±3°C. Initially 
the firmness value of cauliflower was 1.67N and it 
was decreased gradually with time but the rate 
was high of the curds stored at ambient (25±3°C) 
temperature and low of that stored at refrigerator 
(6±1°C) in all packaging treatment. Among the 
treatment, cauliflower wrapped with PE cling 
film stored at 6±1°C temperature was most firm 
during the storage period and it lost only 27.54% 
firmness and 32.00% by the cauliflower packed 
in LDPE bag at 14th day of storage whereas 
unpacked cauliflower stored at ambient (25±3°C) 
temperature had lost almost 77% firmness at 6th 
day of storage period. Similar results were also 
found by Dhall et al. (2010), cauliflower packed 
with cling film and LDPE bag stored at 0°C 
temperature lost 30.87% and 33.33% firmness 
respectively at 28 days of storage period. 
 

Weight loss 
 

Fruit weight loss is mainly associated with 
respiration and moisture evaporation through the 
skin. As cauliflower curd has no peel makes them 
susceptible to rapid water loss, resulting in 
shrivelling and deterioration. The rate at which 
water is lost depends on the water pressure 
gradient between the fruit tissue and the 
surrounding atmosphere, and the storage 
temperature. Low vapour pressure differences 
between the fruit and its surroundings and low 
temperature are recommended for the storage of 
cauliflower. Dehydration will also cause increase 
in surface-wounding in curd. Wrapping or 
packaging of curd act as barriers, thereby 
restricting water transfer and protecting fruit 
skin from mechanical injuries, as well as sealing 
small wounds and thus delaying dehydration.  

 

 
 
Fig. 3.  Weight loss of cauliflower influenced by packaging techniques and storage temperatures.  
 

A1= Control, A2= 1% perforated LDPE, A3= Cling film wrap, A4= Newspaper wrap, B1= Ambient condition 
(25±3°C), B2= Refrigerated (6±1°C) condition. Vertical bars indicate standard deviation. 
 

Fig. 3 shows weight loss during storage (at 6±1°C 
and 25±3°C temperature) of different packed 
cauliflower. All samples demonstrated a gradual 
loss of weight during storage. Throughout 
storage, the loss of weight of unpacked fruits was 
significantly greater than that of packed fruits. At 
the 6th day, stored at ambient condition, control, 
curd packed in LDPE bag and wrapped with PE 
cling film showed 18.90%, 3.39% and 1.09% 
weight loss, respectively. So, it can be said that 
LDPE or PE cling film has a great effect to reduce 
weight loss of fresh produce. Similar results were 
also found by Dhall et al. (2010) that cauliflower 
packed with cling film and LDPE bag stored at 
0°C temperature lost 2.4% and 2.1% weight at 28 
days of storage period. The reduction in weight 
loss wrapped with cling film and packed in LDPE 
bag may be due to creation of micro-atmosphere 
inside the wrap or bag which reduced the 
transpiration losses and respiration rate as the 
film is differently permeable to O2 and CO2 
transmission. 
 

External colour 
 

Colour is an important factor in the perception of 
cauliflower curd quality. Fig. 4 a&b illustrates the 
changes in surface colour in terms of lightness 
(L*) and hue angle of cauliflower stored at 
refrigerator (6±1°C) and ambient condition 
(25±3°C) packed with different packaging 
technique. The L* parameter is an indicator of 
curd darkening. As can be observed in Fig. 4a, the 
range of lightness was 72 to 87 and all the 
samples showed decreasing L* values with 
storage time. Unpacked curds were significantly 
darker than packed ones throughout the storage 
period. At 6th day of storage period, L* had 
decreased by around 18% for control (without 
packaging) curds stored at ambient condition and 
by around 14.00%, 11.05% and 8.09% for curds 
packed with newspaper, 1% perforated LDPE bag 
and PE cling film wrap, respectively stored at 
refrigerator (6±1°C).  
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The hue angle of cauliflower displayed a 
decreasing trend in all treatments with storage 
period but the more decreasing tendency was 
found in cauliflower stored at ambient condition 
than that stored at refrigerator. On the other 
hand, cauliflower packed in LDPE bag and 
wrapped with cling film preserves their original 
colour than unpacked or wrapped with 
newspaper one (Fig. 4b). The hue value range for 
fresh cauliflower was between, 94 to 101, which 
indicates the yellow region of the colour axis. The 
lower the number the more yellow, it is indicating 

a deterioration of cauliflower colour. At 6th day of 
storage period, hue angle had decreased by 
around 6.35% for control curd stored at ambient 
condition and by around 3.95%, 2.16% and 1.84% 
for fruit packed with newspaper, 1% perforated 
LDPE bag and PE cling film respectively stored at 
refrigerator (6±1°C). Spokowski (2010) found the 
similar results that the range of lightness and hue 
angle for vacuum packed cauliflower was from 82 
to 84 and 94° to 98° during the storage at 3° and 
7°C temperature and both values were decreased 
with increasing storage period.  

 

 

 
 

Fig. 4. External colour evolution (a) hue angle and (b) lightness of cauliflower influenced by packaging 
techniques and storage temperatures.  
 

A1= Control, A2= 1% perforated LDPE, A3= Cling film wrap, A4= Newspaper wrap, B1= Ambient condition 
(25±3°C), B2= Refrigerated (6±1°C) condition. Vertical bars indicate standard deviation. 
 

Decay 
 

Decay is an important source of postharvest 
losses of cauliflower, particularly in combination 
with rough handling and poor temperature 
control. A large list of bacterial and fungal 
pathogens causes postharvest losses in transit, 
storage, and to the consumer. Bacterial Soft-Rot 
(Erwinia and Pseudomonas), Black Spot 
(Alternaria alternata), Grey Mold (Botrytis 
cinerea), and Cladosporium Rot are common 
disorders. The causal pathogens of diseases that 
appeared on the cauliflower in this study were 
Alternaria spp., Botrytis spp. and Erwinia spp. 

The incidence of rot started on 2nd day in control 
(without packaging) and curds wrapped with 
newspaper at ambient storage as shown in Fig. 5. 
Cauliflower wrapped with newspaper, PE cling 
film and packed in 1% perforated LDPE bag 
secured 3.33, 1.67 and 2.33 decay score 
respectively at 14th day of storage at refrigerator 
(6±1°C). More water was accumulated inside 
LDPE bag and curd was suffered from rubbing in 
LDPE bag than that of cling film. That why more 
spots were created on curds packed in 1% 
perforated LDPE bag than that of PE cling 
wrapped curds.  
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Browning or black spots can be due to bruises 
and pressure points. Later the affected points 
turn dark brown to black. When the symptoms 
are in progress, a fungal attack is seen. Dhall et 
al. (2010) found more fungal decay in cling film 

wrapped cauliflowers than that packed with 
LDPE bag stored at 0°C temperature and 95% 
RH at 28 days of storage period. Which may be 
due to the high relative humidity within the 
packaging (Ceponis et al., 1987). 

 
Fig. 5.  Decay of cauliflower influenced by packaging techniques and storage temperatures. 

 

A1= Control, A2= 1% perforated LDPE, A3= Cling film wrap, A4= Newspaper wrap, B1= Ambient condition 
(25±3°C), B2= Refrigerated (6±1°C) condition. Vertical bars indicate standard deviation. 
 

Chemical parameters and shelf life 
 

Initial ascorbic acid in cauliflower was 58.7 
mg/100g. At 6th day of storage, ascorbic acid 
content reduced severely in the cauliflower stored 
in ambient condition than that stored at 
refrigerator. Cauliflower packed in LDPE bag or 
wrapped with cling film preserved more ascorbic 
acid than cauliflower wrapped with newspaper 
and control (without packaging) in both 
temperatures.  Initial acidity and TSS is 0.26 % 
and 4.9° Brix respectively. At 6th day of storage, 
acidity increased slightly and TSS increased 
moderately ranged from 4.8° to 5.6° Brix. 
Maximum TSS was found in control cauliflower 
as maximum water loss was occurred here. 

Control cauliflower stored at ambient condition 
was good up to 3 days whereas, cauliflower 
packed in LDPE bag and wrapped with cling film 
stored at refrigerator preserved their quality up 
to 16 and 18 days respectively. Initially, acidity, 
TSS and ascorbic acid content was 0.15%, 7.7° 
Brix and 62.97 mg 100g-1, respectively in 
cauliflower was found by Raja et al. (2011). He 
also found slight increase in acidity and 
decreased in ascorbic acid content during storage 
period. Titratable acidity, TSS, pH and ascorbic 
acid content of fresh cut cauliflower were 0.25%, 
6.5° Brix, 6.8 and 59.3 mg 100g-1 (Nasrin et al., 
2022). 
 

 

Table 1. Some chemical parameters and shelf life of cauliflower influenced by packaging techniques 
and storage temperatures. 

 

Treatment Ascorbic acid  
(mg 100g-1) 

Titratable Acidity 
(%) 

TSS (%) Shelf life 
(days) 

0 day 6 days 0 day 6 days 0 day 6 days 

A1B1 58.7 39.6d 0.26 0.36 4.90 5.60a 3 

A2B1 58.7 43.0c 0.26 0.26 4.90 5.00b 4 

A3B1 58.7 42.3c 0.26 0.26 4.90 5.10b 4 
A4B1 58.7 39.0d 0.26 0.36 4.90 5.40a 3 

A1B2 58.7 48.7b 0.26 0.26 4.90 5.50a 5 
A2B2 58.7 53.7a 0.26 0.36 4.90 4.90c 16 

A3B2 58.7 54.9a 0.26 0.36 4.90 4.80c 18 
A4B2 58.7 50.3b 0.26 0.36 4.90 5.10b 6 

 

A1= Control, A2= 1% perforated LDPE, A3= Cling film wrap, A4= Newspaper wrap, B1= Ambient condition 
(25±3°C), B2= Refrigerated (6±1°C) condition. Figures having the same letter in a column are not different 
significantly. 
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Conclusion 
 

Cauliflower wrapped with PE cling film or packed 
in LDPE bag (1% perforation) and stored at 
refrigerator (6±1°C and 50±5% RH) could retain 
white colour, good sensory quality, firm and fresh 
curds with minimum loss in weight, texture and 
spoilage. The shelf life was 18 days for cling film 
wrapped and 16 days for LDPE packed curd 
stored at refrigerator, while it was only 3 days for 
control one stored at ambient condition. More 
water was accumulated and curd was suffered 
from rubbing in   LDPE bag than that of cling film 
that creates more spots on curds.  
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