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ABSTRACT 

Soybean (Glycine max (L.) Merrill) is an emerging commercial crop in Ghana with a 

diversity of uses including being an important oil crop, nutritional security in low-income 

communities and income generation in Northern Ghana. However, harvesting operations are 

still done manually which is tedious and time-consuming with high yield losses due to 

shattering resulting from late harvesting. A two-phase study was conducted in 2022. In phase 

1, a survey was conducted in April 2022 using a random sampling method to identify and 

ascertain the challenges confronting commercial soybean farmers in Northern Ghana. In 

phase 2, a field experiment was carried out during the cropping season to assess 

morphological architecture of foreign and local soybean germplasm for possible mechanical 

harvesting. The field experiment was a single factor experiment using a randomised complete 

block design with three replications. The treatment consisted of four (4) foreign soybean 

germplasm (G39, G83, G90, and G119) and three (3) farmers preferred local varieties 

(Afayak, Favour, and Jenguma). Results from the field survey revealed that difficulty in 

harvesting (from uprooting to threshing) soybeans was the most prevalent constraint 

confronting commercial soybean farmers in northern Ghana. It was also revealed that Favour 

variety was the choice soybean variety used by commercial soybean farmers due to lower 

shattering ability, while sole cropping was the major cropping system practised by farmers. 

The field experiment showed that the foreign soybean germplasm significantly (P < 0.05) 

increased plant height, plant girth, number of pods per plant, first pod height from the ground 

level by 20% and grain yield compared to the local varieties. The foreign soybean germplasm 

averagely recorded higher lodged plants and was also more prone to shattering compared to 

the local varieties. Notably, the local soybean germplasms exceeded the recommended height 
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of 12 cm for mechanical harvesting, whereas one of the foreign germplasms, G119, fell short 

of the recommended height. The foreign soybean germplasm (G39, G83, and G90), and local 

soybean germplasm (Afayak Favour and Jenguma) can be harvested mechanically using a 

combined harvester following the recommendation of 12 cm above ground to the first pod 

for soybean mechanical harvesting. The results from this study lay the foundation for further 

studies to commence soybean mechanical harvesting in Ghana.  
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CHAPTER ONE  

1.0 INTRODUCTION  

1.1 Background of the study  

Soybean (Glycine max (L) Merrill) is a major source of oil and protein in the world (Mandić 

et al., 2020). In terms of global harvested area and production, soybean ranks as the fourth 

most significant crop, after rice (Oryza sativa L.), wheat (Triticum aestivum L.), and maize 

(Zea mays L.) (Fried et al., 2019). Soybeans possess a wide range of advantages, including 

their use as a source of food for humans and feed for animals. The crop is classified as an 

oilseed and provides a substantial amount of vitamins, minerals, and amino acids that are 

essential for human nutrition (Dogbe et al., 2013). In the year 2019, the total world 

production of soybeans was approximately 350 million metric tonnes, with Africa 

contributing around 3.5 million metric tons (Adjei-Nsiah et al., 2021). Notably, West Africa 

accounted for almost a third (920,000 metric tons) of the total African soybean production 

(Adjei-Nsiah et al., 2021). The prominence of soybean as the fourth-largest crop globally, 

combined with its diverse uses and nutritional benefits, underscores the importance of this 

legume crop. The significant contribution of Africa, and particularly West African countries 

to global soybean production highlights the crop's growing significance in the region and the 

potential for further expansion and optimization of soybean cultivation. 

 According to Mbanya (2011), the government of Ghana through the Ministry of Food and 

Agriculture (MoFA), Non-Governmental Organizations (NGOs), and other development 

partners are helping to promote the production of soybean to enhance household nutrition 

and cash income for farmers, especially in the Northern Ghana where both soils and climatic 
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conditions are favourable for the production of soybean (Asodina et al., 2021). Studies have 

indicated that most of the agricultural interventions in the Northern region of Ghana such as 

the Youth in Agriculture Program, Northern Rural Growth Program (NRGP), Savannah 

Accelerated Development Authority (SADA), ReMI Official, and many others, focus on 

promoting the production and utilization of soybean through the food value chain (Dogbe et 

al., 2013).  According to the Statistics, Research and Information Directorate, (SRID) of the 

Ministry of Food and Agriculture (Gyan, 2018), seventy-seven percent (77 %) of soybean 

produced in Ghana is from the north of Ghana. The region is therefore a target for most 

soybean-related interventions including the Agricultural Value Chain Mentorship Project 

(AVCMP), funded by DANIDA through AGRA which was jointly implemented by CSIR-

SARI, International Fertilizer Development Centre, (IFDC), and Ghana Agricultural 

Associations Business Centre, (GAABIC). 

Soybean also plays an important role in nitrogen fixation by symbiosis, which reduces the 

application of nitrogen to other cereal crops when rotation is carried out (Carsky et al., 2003; 

Kermah et al., 2017). Current domestic production is anticipated to be two-thirds behind 

domestic demand, necessitating considerable imports of soybean grain, meal, and oil (Gage 

et al., 2012; Eshun et al., 2018). Martey (2018) reported that soybean output has increased 

since 2012. Despite the increment, the grain yield is at 1.3 t ha-1 which is still below the 

potential yield of 3 t ha-1 (Buah et al., 2020). Nevertheless, 80 % of Ghana’s soybean 

production comes from northern Ghana with an average yield of less than 0.8 t/ha (Awuni et 

al., 2020). The low yield is attributed to challenges such as lack of machinery operations in 

production (including harvesting), poor seed varieties, low soil nutrients, high cost of inputs, 
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poor agronomic practices, and inadequate rainfalls (Buah et al., 2020; Kanton et al., 2017; 

Ulzen et al., 2016). 

However, increasing the yield of soybean per unit area by increasing the plant population 

with the modification of plant architecture, improving yield per unit area in soybeans 

production is not that simple as compared to the other crops because of its unique plant 

architecture (Rincker et al., 2014; Kim et al., 2022). Efforts to boost soybean production 

resulted in a 13 times increase to 340 million metric tonnes from 1961 to 2017 (Foyer et al., 

2019).  The yields of soybeans increase globally as a result of increasing planting area. 

Soybean production is increasing as a source of income, particularly for smallholder farmers. 

Soybean output increased by 27% between 2018 and 2020, according to the Statistics, 

Research, and Information Directorate (Mabaya et al., 2022). Soybean output increased by 

27 % between 2018 and 2020, to 116,000 acres in 2020 with 116,000 acres of soybean 

production planned for 2020. 

1.2 Problem statement 

In Ghana, soybean is a non-native, non-staple crop that is mostly utilized as animal feed 

(Martey et al., 2020). Soybean production assistance activities in Ghana have historically 

been donor-driven, but the crop is increasingly gaining commercial significance as more 

growers become aware of the benefits of cultivating soybeans as a cash crop (Gage et al., 

2012; Mabaya et al., 2022).  With the introduction of Planting for Food and Jobs (PFJ) by 

the government in 2017, yields do not appear to have increased considerably in comparison 

to previous years. Whereas average yields ranged between 1.6 and 1.7 metric tons per hectare 

(MT ha-1) between 2013 and 2016, yields rose only to 1.7 to 1.8 MT ha-1 during the PFJ era 
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(MoFA-IFPRI, 2020). This is much lower than the MoFA's estimated possible yield of 3.0 

MT ha-1 in 2017 (MoFA-IFPRI, 2020). 

 One of the major challenges that Ghana suffers in agriculture is mechanization particularly 

in soybean production (Rahaman, 2018). Harvesting and threshing of soybeans in Ghana are 

still done manually which is tedious and time-consuming with high losses (Yamba et al., 

2017) whereas mechanical harvesting is widely used in countries such as the USA, Canada, 

and Australia (Singh et al., 2019) while in Ghana, the efforts made to increase soybean plant 

height for mechanized harvesting through architectural modifications have not been 

successful (Yamba et al., 2017) and it is a limiting factor to achieving higher yield. Soybean 

harvesting has traditionally involved cutting the crop from the field using hand sickles and 

knives. Work rates for crop cutting in the field range between 100 and 200 man-hours per 

hectare (Hutchinson et al., 2017). Human labour is the most expensive component in the 

manual harvesting and basic processing of soybeans. At $4 per man-day, labour for cutting 

the crop (with sickles) equates to $50 per ha in Zimbabwe (Musoni et al., 2013). Harvesting 

soybeans by hand produces low work rates and is tedious, requiring large labour forces and 

increasing operating expenses, thereby limiting the amount of land under cultivation, which 

lowers national agricultural production.  

It is reported by Hutchinson et al. (2017) that shattering together with pests, high 

temperatures, precipitation, and heavy wind could lead to 35 %  yield loss. This loss is 

facilitated by delaying in manual harvesting (Musoni et al., 2013). However, the lack of a 

mechanical harvesting method for small-scale farmers has resulted in significant losses and 

a delayed start to the following farming season. These disadvantages cause bottlenecks in 

Ghanaian soybean production. According to Mbanya (2011), many farmers in the northern 
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part of Ghana are not able to get high yields because the soybeans shatter on the field due to 

the difficulty in harvesting. Sidhoum et al. (2021) indicated that the lack of labourers for 

effective harvesting of soybeans in the five northern regions of Ghana is the major cause of 

low yield because of its complicated plant architecture.  The grain of soybeans is situated in 

pods distributed along the entire stem's height, making cutting height a crucial factor in 

soybean harvesting. However, incorrect cutting heights can result in significant yield losses. 

When harvesting too high, crop elements formed at lower parts of the plant are left 

untouched, leading to harvest failure. Conversely, harvesting too low complicates the process 

by causing excessive stem mass penetration into the threshing apparatus and grain separation 

parts of the harvester. 

1.3 Justification 

Reducing soybean shattering will reduce food losses resulting in less expansion of 

agricultural production onto uncultivated land, therefore reducing greenhouse gas emissions, 

and less waste of water, fuel, and fertilizer (Shafiee-Jood and Cai, 2016; Galford et al., 2020). 

Soybean pod shattering can sufficiently be reduced by early mechanized harvesting, as 

combine harvester may do numerous operations at once, such as cutting, threshing, cleaning, 

and separation, considerably improving grain harvesting efficiency. 

 Two of the most critical traits for the mechanical harvesting of soybeans are the plant's 

erectness and the height of the first pod from the ground (Singh et al., 2019). Similar to peas, 

the height of soybean plants can also be improved through modifications to architectural 

traits, such as a determinate growth habit accompanied by synchronized and early maturity, 

abundant branching, top pod bearing, longer pods, and an increase in seed number and size 
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(Nadarajan and Gupta, 2010). Typically, soybean plants range in height from 60 to 110 cm, 

depending on the specific variety and cultivation methods. The biological characteristics of 

soybeans lead to the formation of crop elements primarily in the lower portion of the plant. 

As such, evaluating the architecture of foreign germplasm and local soybean varieties for 

mechanical harvesting can help improve yields in northern Ghana. The optimal harvesting 

height for soybeans is crucial to ensure maximum yield and streamline harvesting operations. 

By focusing on traits like plant erectness and first pod height, as well as architectural 

modifications that promote synchronized maturity and pod distribution, soybean breeders 

and farmers can optimize the crop for mechanical harvesting. This is particularly important 

in northern Ghana, where evaluating germplasm and local varieties for their suitability to 

mechanical harvest can help increase overall soybean yields.  

1.4 Objectives 

 Main Objective 

This study is to evaluate new soybean germplasm on shoot architecture for possible 

mechanical harvest. 

 Specific Objectives 

This study was aimed specifically at; 

i. Identify soybean production constraints confronting commercial soybean farmers in 

Northern Ghana, 

ii. Determine the soybean germplasm of a good height with a good distance between the 

ground level and the first pod on the soybean at maturity,  
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iii. Assessing foreign and local soybean germplasm for their shattering response, and 

iv. Assess the soybean germplasm for lodging resistance  

The above specific objectives were formulated to test the following hypotheses; 

Hypothesis 1: 

H0: Soybean height, shattering, and lodging cannot be influenced by mechanical harvesting. 

Ha: Soybean height, shattering, and lodging can be influenced by mechanical harvesting. 
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CHAPTER TWO 

2.0  LITERATURE REVIEW 

2.1 Origin and distribution of soybean 

Soybeans originated in East Asia, primarily China, Japan, and Korea, from where they spread 

to America, Europe, and other parts of the world in the 18th century (Okwany et al., 2010). 

Chinese history has it that soy existed for over 5,000 years and was used as a food and as an 

ingredient in medicines (Norman et al., 1995). Research has shown that East Africa and 

Australia are another possible centre of origin for the genus Glycine (Cobbinah et al., 2011). 

Soybeans are commonly grown in commercial quantities in both tropical and temperate 

regions such as China, Thailand, Indonesia, Brazil, the US, and Japan; However, it has 

emerged as an important crop and major export (Evans, 1996). Soy first became known in 

Africa in the early 19th century through southern Africa (Okwany et al., 2010) and is now 

widespread across the continent. However, Shurtleff and Aoyagi, (2015) indicated that 

harvesting should take place earlier in East Africa, as this region had long-established deals 

with the Chinese. Similar reports indicated that the plant continued to be popular and 

cultivated in Tanzania in 1907 and Malawi in 1909. Soy was first introduced to Ghana in 

1909 by Portuguese missionaries. This initial introduction failed because the plant originated 

from temperate climates (Abdul-Karim, 2020; Avornyo et al., 2020). However, soybean 

cultivation in Ghana began in the early 1970s. This was possible due to the concerted 

breeding efforts of the Ghana Ministry of Food and Agriculture (MOFA) and the 

International Institute of Tropical Agriculture (IITA) (Rahaman, 2018). 
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2.2 World production of soybean 

Soybean (Glycine max L. Merr.) is the fourth most widely grown and produced crop globally 

in terms of harvested area (Fried et al., 2018). It is the most important oilseed and one of the 

most significant and cost-effective protein sources produced worldwide (Fried et al., 2019). 

World soybean production has increased dramatically, rising from 117 million metric tons in 

1992 to 316 million metric tons in 2015. The countries with the highest soybean yields are 

the United States, Brazil, Argentina, and China (Qin et al., 2017). Soybean yields have 

increased substantially over the past century in several major producing countries. In the 

United States, soybean yields have increased linearly by 16.8 kg ha-1 per year for cultivars 

released from 1928 to 2008, and by 26.5 kg ha-1 per year for cultivars released from 1923 to 

2007 (Rogers et al., 2015; Koester et al., 2014). Similarly, in Canada, yields of short-season 

soybean cultivars have increased by approximately 0.5 % annually (Morrison et al., 2000). 

Significant yield improvements have also been observed in India (Ramteke et al., 2011) and 

China (Jin et al., 2010; Wu et al., 2015; Wang et al., 2016). These yield increases in major 

soybean-producing nations can be attributed to advancements in breeding, crop management, 

and agricultural technologies, which have enabled farmers to achieve higher and more 

consistent soybean yields over time.  

2.3  Soybean Production in Ghana 

Soybean is a non-native and non-essential crop in Ghana, primarily used as animal feed 

(Martey et al., 2020). The crop was first brought to the country in the early 1900s, to enhance 

the nutritional content of traditionally consumed foods (Mbanya, 2011). Initially, soybean 

was grown for household use and as a rotational crop with maize, taking advantage of its 
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nitrogen-fixing properties. In the past, soybean production in Ghana has largely been 

supported by external donor initiatives. However, the crop is gradually gaining commercial 

significance as more farmers recognize the potential of growing soybeans as a cash crop 

(Gage et al., 2012). Soybean has become one of the most economically significant grain 

legume crops for export in Ghana, with many farmers in northern Ghana generating 

substantial income from its cultivation (Mbanya, 2011). In recent years, there has been a 

growing interest among Ghana's agricultural development programs to promote soybean not 

only as a protein source for human consumption but also as a valuable feed for the expanding 

global livestock and aquaculture industries (Dogbe et al., 2013). As a result, soybean is now 

viewed as a potential new income source for smallholder farming communities. Additionally, 

many Sub-Saharan African countries, including Ghana, see domestic soybean production as 

a way to reduce reliance on imported raw soybean and soybean meal. In 2014, a significant 

depreciation of the Ghanaian Cedi, around 40%, led to a substantial increase in the cost of 

imported soy products for domestic buyers, such as the poultry industry. Furthermore, the 

unmet domestic demand for soybeans in Ghana leaves little, if any, for export to 

neighbouring countries (Baker et al., 2017). Within this context, increasing domestic soybean 

production can be an important policy tool for reducing foreign currency outflows and 

promoting regional and national economic development. The strong demand for soybeans in 

Ghana, combined with its potential to contribute to smallholder farmer incomes, has led to 

increased promotion, awareness-building, and extension and outreach efforts by agricultural 

development and government actors. As a result, soybean is gaining popularity and 

acceptance among smallholder farmers in Ghana (Dogbe et al., 2013). However, average 

soybean yields in Ghana remain well below global averages. Dogbe et al. (2013) found that 

average soybean yields in the Northern Region of Ghana, which contributes approximately 
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70 % of the national soybean area and 77 % of national production, range from 509 to 642 

kilograms per hectare (kg ha-1). These yield figures represent only 30 % of the national 

average of 1,910 kg ha-1 and 25 % of the global average of 2,310 kg ha-1 (Masuda and 

Goldsmith, 2009). The low yields can be attributed to a low-input, low-output production 

scenario. Awuni and Reynolds (2016) reported that yields of currently available soybean 

varieties can be doubled using improved agricultural management strategies and inputs. Yet, 

Mbanya (2011) and Dogbe et al. (2013) observe that very few smallholder farmers are using 

rhizobium inoculants and other improved agricultural technologies, such as fertilizer 

application, herbicide and pesticide use, and good management practices (e.g., row planting 

and using the correct plant population).  

2.4 Production Constraints in Ghana 

Soybeans have experienced a production increase in the past decade in Ghana due to the 

government interventions in encouraging its production, development, utilization, and export 

through the framework of the Medium-Term Agriculture Development Programme. 

However, in the past two decades, Plahar, (2006), reported a plethora of challenges such as 

a lack of soybean processing facilities, poor utilization of soybeans in preparation of local 

cuisines, poor marketing facilities, unattractive production packages for farmers and the 

difficulty in harvesting the crop manually that retarded the growth of the soybean industry in 

Ghana. Despite the government intervention, soybean output is still low (<1 t ha-1) in Ghana 

(Matusso et al., 2013)  mainly because the improved varieties of soybean have not reached 

many soybean growers (Moses, 2012). The accomplishment of optimal soybean yields in 

Africa is restricted by some biotic, abiotic, and economic issues. Yield losses due to pod 

shattering in sensitive and intermediate susceptible soybean cultivars range from 57 to 175 
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kg ha-1 and 0 to 186 kg ha-1, respectively (Tukamuhabwa et al., 2002). Due to the lack of 

processing equipment for soybeans, knowledge, and lower prices for the crop, many farmers 

feel reluctant to devote time and energy to soybean cultivation (Okwany et al., 2010). 

Furthermore, biotic stresses that limit soybean production include frog-eye leaf spot 

(Cercospora sojina), red leaf blotch (Phoma glycinicola), soybean rust (Phakopsora 

pachyrhizi), bacterial pustule (Xanthomonas campestris pv. glycines), bacterial blight 

(Pseudomonas amygdali pv. glycinea), and soybean mosaic virus disease. In many farmers' 

fields, overlapping disease infections during soybean development are a regular occurrence. 

The following insect pests are the main ones that affect soybeans: armyworm (Pseudaletia 

unipuncta), blister beetles (Epicauta funebris, Epicauta vittata), saltmarsh caterpillar 

(Estigmene acrea), soybean looper (Pseudoplusia includens), bean leaf beetle (Cerotoma 

trifurcate), and velvet bean caterpillar (Anticarsia gemma) (Kachala, 2018). By far, soybean 

rust (Phakopsora pachyrhizi) has the most stress-causing yield losses of up to 80 % (Miles 

et al., 2003). Soybean production is also still low because improved varieties of soybean have 

not reached many soybean growers to increase production (Tefera et al., 2009) and many still 

grow landraces or obsolete varieties. Research has shown that most farmers in Ghana are not 

interested in soybean production because of the difficulties in harvesting (Yamba et al., 

2017). 

2.5 Determinate and Indeterminate soybean cultivars 

Determinate and indeterminate are the two categories into which soybean growth habits have 

historically been classified. Determinate types stop growing vegetatively and start producing 

nodes on the main stem soon after blooming starts, according to studies by Toshiro et al. 

(1998) and Purcell et al. (2014). On the other hand, indeterminate types keep producing nodes 
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on the main stem until the beginning of the seed fill phase (growth stage R5). However, until 

seed fill begins, indeterminate cultivars will keep producing nodes on branches. Although 

determinate kinds blossom for just about three weeks at the nodes on the main stem, the 

overall flowering time, including the branches, is similar to that of indeterminate varieties of 

the same age. The entire flowering phase might last anywhere from three to six weeks, 

depending on the maturity and planting date. A terminal raceme that produces a cluster of 

pods at the topmost main stem node under suitable growth circumstances is the defining 

feature of determinate cultivars. In times of stress, the terminal raceme which resembles a 

notched spine at the apex of the plant appears as some or all of the pods may abort. The leaves 

of determinate kinds are usually identical in size and located at the highest three or four 

nodes. On the other hand, indeterminate cultivars do not have a terminal raceme, and their 

nodes tend to be arranged in a zigzag pattern toward the top of the plant. Indeterminate 

varieties display a pattern of diminishing leaf size from the top to the terminal node, typically 

beginning around the fifth node. 

2.6 Effect of plant height on harvest 

The three-dimensional arrangement of the plant body is known as plant architecture. This 

involves the branching pattern, leaf size, shape, and location of the sections of the plant that 

are above ground. Plant architecture is still the most reliable way to identify a species of plant 

and has long been the single standard for systematic and taxonomic categorization. However, 

it also has a significant impact on agronomic importance, since it may greatly affect a plant's 

suitability for cultivation, yield, and harvesting efficiency. The production of soybean in Sub-

Saharan Africa particularly in Ghana is hand-harvested and production is impeded by a 

mechanized cropping system. Mechanical harvesting is a challenge because the plant is too 
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close to the ground thus, a better understanding of the molecular-genetic regulation of plant 

form will help us to modify specifically agronomically relevant traits. Delay harvesting due 

to difficulty in harvesting may cause great losses in both grains and quality and present 

extreme problems in harvesting operations. It can cause lower yields and diminish nutrient 

density. According to Berry et al. (2004), lodging in wheat can make it more vulnerable to 

pests and diseases and have a detrimental impact on crop growth, resulting in a decrease in 

grain per m2 and average grain weight. Breeding has reduced lodging losses by lowering 

plant height, which reduces the chance of lodge (mostly due to retrogression of dwarfing 

genes). However, lodging still affects grain production. (Acreche and Slafer, 2011). 

Reducing the seed rate or adding less nitrogen can result in strong-stemmed plants with wide 

stem bases and thick walls (Crook and Ennos, 1995). Environmental factors and 

morphological (structural) plant features affect lodging in grain and legume crops. 

Inadequate crop standing power and unfavourable meteorological factors, such as rain, wind, 

and/or hail, can lead to lodging in grain crops. Additionally, lodging depends on variety 

(cultivar). A semi-dwarf wheat cultivar with stiffer straw is less likely to lodge than a tall, 

weak-stemmed wheat cultivar. Medium-high soybean plants are more likely to lodge than 

semi-dwarf ones when there are high levels of moisture and nitrogen fertility. When good 

conditions prevail, plants that are initially resistant to lodging may remain upright; 

nevertheless, when very unfavourable weather, like intense rain or wind, occurs, these plants 

may collapse. Early lodging of the crop will result in "elbow joints" forming at the lowest 

stem nodes, which will aid in recovery. The stem is forced to stand upright by the elongating 

cells on the node's bottom side. The stem cells of mature plants are no longer able to elongate 

and support the recovery of the plant. 
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2.7 Effect of lodging on harvest 

The permanent repositioning of a stem from its upright posture is known as lodging. Plants 

are considered to have lodged when the stems of ordinarily erect plants droop over and do 

not straighten out (Pinthus, 1974; Dahiya et al., 2018). Another symptom of abundance that 

limits the use of factors that increase yield is lodging. Lodging has also been referred to as 

bending at the base of the peduncle (Patterson et al., 1957; Dahiya et al., 2018). There are 

two categories of plant lodging: stem lodging and root lodging, according to Dahiya et al. 

(2018). Given the increase in the intensity and frequency of extreme weather events, the 

potential for harm from wind-induced root lodging is growing internationally (Lindsey et al., 

2021). A weak root system, root injury, or unfavourable soil conditions can cause stalks to 

fall without breaking, a situation known as "root lodging" (Barnes et al., 1992). Several 

drench events in the early 2010s had an impact on crop production in the United States from 

May through August (Corfidi et al., 2016; Lindsey et al., 2021). The distribution of lodging 

in an impacted field is frequently uneven, with some areas or sites having more lodging than 

others. Uncertainty in the climate and weather could lead to lodging. Lodging is one of the 

major obstacles to increasing mean yields and improving the quality of cereal harvests, 

whether it results from the adoption of tall cultivars, insufficient nitrogen management, or 

unfavourable climatic circumstances (Floss, 2004; Dahiya et al., 2018). Generally speaking, 

lodging was sparked by high-velocity winds in May and June (71, 69, and 72 km h-1) together 

with rainfall, particularly in July and August (143 and 115 mm) at the crop's milky stage 

(Khakwani et al., 2010). The problem was made worse by the soil's textural type (silty clay), 

which led to a brief period of flooding and encouraged the crop's roots to lodge. It is crucial 

to have a better grasp of how to manage lodging-induced difficulties or to increase cereals' 
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resistance to lodging since it is a chronic limitation that significantly reduces crop plants' 

productivity. The amount of lodging, or the angle at which the culms deviate from 

perpendicular, can vary depending on where in the pitch and what stage of development it 

occurs at. Depending on how severe it is and when it occurs, lodging can affect grain yield 

(Dahiya 2018). While lodging near harvest cannot directly reduce grain output, it may result 

in losses owing to harvest interference. Grain yield was reduced by 27 – 40% due to 

artificially induced lodging during the heading stage, however, only in one area was it more 

than 24 % (Dahiya et al., 2018). According to Khakwani et al. (2010), lodging plays a 

significant role in lowering wheat crop yield by up to 38%. According to Kelbert et al. (2004) 

and Dahiya et al. (2018), accommodation can result in yield losses of up to 40 % if it occurs 

within the first 10 days of departure. Lodging affects all cereal species and many other crops, 

such as oilseed rape and sunflowers, throughout the world (Telkar et al., 2017). 

2.8 Effect of soybean germplasm on yield 

In The testing of soybeans in various environments, genotype performance varies 

significantly due to the interplay between genotype and environment (Gauch and Zobel, 

1997; Yan et al., 2010). Every year, soybean multi-environment trials (MET) are carried out 

all over the world to help identify superior genotypes and evaluate environment interactions, 

such as identifying mega environments, to better understand the impacts of genotype and 

environment on soybean performance (Yan et al., 2000). When 12 different soybean 

genotypes were examined, Rao et al. (2002) discovered substantial genotype, year, and 

location (GYL) impacts on grain production. Increasing soybean acreage and output requires 

the development of high-yielding, early-maturing cultivars in a variety of conditions 

(Alghamdi, 2004). In plant improvement efforts, understanding genetic variability is crucial. 
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Also, the breeding stock should be assessed in various situations since, in the lack of 

knowledge about genotype x environment interactions (GE), heritability estimation and 

genetic advance prediction become inaccurate (Comstock and Moll, 1963; Alghamdi, 2004) 

Alghamdi (2004) also stated that the ideal genotype is one that continuously performs well 

across a variety of environments . The phenotypic performance of any cultivar and the 

success of any breeding efforts for the creation of genetic material, adaptable to a wide 

variety of environments are significantly influenced by the genotype x environment 

interaction. Using agricultural techniques and technology is necessary to utilize soybeans' 

genetic potential fully. The right planting period is crucial to soybean production and does 

not increase costs (Mandić et al., 2020). Due to variations in the climatic conditions 

(precipitation, temperature, relative humidity, soil moisture, and photoperiod), sowing time 

impacts the phenological phase of the plant and, consequently, impacts the growth, 

development, and output of soybeans. According to Jumrani and Bhatia, (2018), adverse 

weather during the soybean development stage can lower seed yield by up to 74% compared 

to unstressed circumstances. 

2.9 Effect of shattering on yields 

In the tropics, flowering plants developed a variety of new seed dispersion systems during 

their immense radiation, which Darwin dubbed an abhorrent enigma (Wang et al., 2020). 

Because of shifting symbioses and selection pressures, flowering plants have undergone 

repeated modifications in seed distribution throughout history. Legumen, or pods in Latin, 

are unicarpellate fruits that develop seeds along a single ventral suture. This is one of the 

main characteristics that define the legume family, or Fabaceae (Yang et al., 2021). Pod 

cracking is a significant issue with legume cultivation in tropical and subtropical 
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environments, specifically with soybeans. Pod shattering is the result of the pods splitting 

open too soon and releasing their seeds, which reduces yield. Because of Ghana's unimodal 

rainfall pattern, soybeans are grown throughout the wet season, especially in the north, and 

they mature during the driest portion of the year. Bara et al. (2013) reported that high 

temperature and low humidity cause soybean pod cracking. When crops mature in hot, dry 

weather, there may be significant reductions in seed production. When the fruit reaches 

maturity, the pod explodes, a process known as pod-shattering, which disperses seeds (Parker 

et al., 2020; Simpson, 2019). For wild species, this method of dissemination has proven to 

be quite effective. With at least 19,300 species, the legume family ranks third among all 

flowering plant families in terms of species count (Hughes and Group, 2017). Legume pod 

dehiscence can result in severe output losses in farming settings. Therefore, in domesticated 

legumes, humans have aggressively selected against pod breaking (Ogutcen et al., 2018; Di-

Vittori et al., 2019). Pod cracking, which can result in up to 100% of the seed being lost, is 

considered the biggest obstacle to soybean production in tropical and sub-tropical areas 

(Adeyeye et al., 2014; Kataliko et al., 2019). The majority of the cultivars found in the tropics 

are direct imports from other areas where soybeans have long been farmed. Pod dehiscence 

in legumes can lead to devastating yield losses in agricultural environments. Humans have, 

therefore, selected strongly against pod shattering in domesticated legumes (Ogutcen et al., 

2018; Di-Vittori et al., 2019). With losses of up to 100% of seed, pod shattering has been 

recognized as the most important constraint to soybean production in tropical and sub-tropic 

regions (Adeyeye et al., 2014; Kataliko et al., 2019). The majority of the cultivars found in 

the tropics are direct imports from other regions where soybeans have long been cultivated. 

Furthermore, it has been discovered that the appropriate use of plant growth regulators might 

control a few of the morphological and physiological functions of the plant, particularly in 
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hot and dry climates to reduce rapid drying and, as a result, lessen pod-shattering (Gulluoglu 

et al., 2006; Adeyeye et al., 2014). Genetic studies have shown that two genes, one dominant 

and the other non-dominant gene, control pod shattering in soybeans. These findings 

highlight the importance of genetic variability in the selection of diverse parental characters 

for crop improvement initiatives (Tukamuhabwa et al., 2000; Sujata et al., 2012). But in the 

tropics, resistant cultivars imported from other regions of the world frequently die from pod-

shattering (Tukamuhabwa et al., 2000), most likely as a result of environmental variations 

and genotype x environment interactions. 

2.10 Effect of pod height from ground level at maturity on harvest 

On soybean plants, the height of the bottom pods can have a significant impact on seed loss 

during harvest. When employing a mechanical combine harvester, the height to the first pod 

(HFP), or the distance from the soil at the base of the plant to the first pod, is a crucial 

characteristic (Kowalczuk, 1999; Fratini et al., 2007). The distribution of pods along a 

legume plant's stem is highly significant, maybe even more significant than the height of the 

first pod when it comes to the overall loss of pods containing seeds during combined 

harvesting. The reason for this is that plants with comparatively low HFP will produce 

minimal seed loss provided the remaining pods are primarily distributed in the middle to 

upper section of the stem. Conversely, if the bulk of pods are gathered in the lower-medium 

region of the stem, other plants with greater HFP may experience a much bigger effect and 

seed loss (Eckert et al., 2011). Even with sophisticated harvesters, if the cutter bar level is 

too low, stones or other detritus on the soil surface might physically damage it. However, 

lower pods won't be harvested if the residual stubble height is greater than 15 cm, as has been 

observed in several soybean cultivars, leading to a reduction in net yield (Kang et al., 2017). 
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If pods are below the combined cutter bar's cutting height, seeds will be lost. In the US Mid-

West, researchers have found that yield losses range from 3 to 14 % for four cultivars at a 15 

cm cutter bar height (Allen et al., 2012), in double-cropped soybeans, yield losses are 0.4, 2, 

and 6.6 % for cutter bar heights of 5, 10, and 15 cm, respectively (Grabau and Pfeiffer, 1990). 

Researchers have also found that yield losses occur for every 2.5 cm increase in cutter bar 

height from 2.5 to 40 cm. Recently, there has been a rise in the use of more productive 

cultivars, whose plant architecture makes mechanized harvesting and cultural activities easier 

(Souza et al., 2021). Contemporary cultivars often grow more vertically, have a type II 

growth habit, resist lodging, and mature consistently. However, according to Alves et al. 

(2001), there is a negative correlation between yield and more upright plant crops, which 

might be a challenge for contemporary cultivars. Souza et al. (2010) further stated that 

superior architecture is found in plants with larger average plant heights at harvest as well as 

larger hypocotyl and epicotyl diameters. Nonetheless, a negative linear correlation has been 

noted between the diameters of the hypocotyl and epicotyl and grain output, suggesting that 

plants with more upright architecture yield less (Zilio et al., 2013).  

2.11 Harvesting of soybean 

According to the American Heritage Dictionary (2000) and Musoni et al. (2013), harvesting 

is the act of gathering or collecting physiologically matured crops from the fields. When 

harvesting soybeans, it is important to harvest them at the ideal time with the right technique 

to maximize grain output and reduce grain losses and quality degradation. Removing the 

soybean grain from the plants and pods is the main goal. It takes 100–200 man-hours to 

harvest a single hectare using the old-fashioned methods, which involve using sickles and 

scythes. (FAO, 1997). According to the Regional Network for Agricultural Machinery in 
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1983, harvesting and threshing activities in underdeveloped countries can account for as 

much as 40 % of the manpower needed to raise a crop (Musoni et al., 2013). In addition to 

raising production prices, this high labour required creates a major labour availability issue 

during the busiest harvesting seasons. Because of this, farmers in developing nations 

frequently face difficulties recruiting enough workers to do these jobs on time, which can 

result in crop losses and lower yields. By lowering labour costs and raising total production, 

farmers in these areas may gain a great deal from the discovery of more effective and 

automated harvesting and threshing techniques.  
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

The work was carried out in two stages, a field survey conducted to identify soybean 

commercial farmers' challenges within Northern Ghana and a field assessment conducted on 

soybean germplasm for mechanical harvesting.  

3.1 Part I: Field survey to identify challenges in soybean commercial farming in 

Northern Ghana 

 Description of study areas  

The survey work was conducted in eleven (11) districts or municipals including; West 

Mamprusi Municipal (longitude 0 ° 35 ̍ W and 1˚ 45’; latitude 9˚ 55’ N and 10˚ 35’ N), 

Nanton (longitude 0 ˚ 43’ 9 W; latitude 9 ˚ 33’ 9 N), Mion (longitude 0 ˚ 16’ 33 W; latitude 

9 ˚ 25’ 2 N), Savaligu (longitude 0 ˚ 49’ 41 W; latitude 9 ˚ 37’ 26 W), Sissala East (longitude 

1 ˚ 58’ 49 W; latitude 10 ˚ 52’ 22 N) , Wa East (longitude 1 ˚ 57’ 36 W; latitude 10 ˚ 17’ 6 

N), North Gonja (longitude 1 ˚ 22’ 56 W; latitude 9 ˚ 31’ 49 N), North East Gonja (longitude 

0 ˚ 33’ 1 W; latitude 9 ˚ 6’ 56 N), Wa Municipal (longitude  2 ˚30’ 35 W; latitude 10˚ 33’ 36 

N), Kasena Nankana Municipal (longitude 1 ˚ 5’ 25 W; latitude 10˚ 53’ 5 N), and Karaga 

(longitude 0 ˚ 25’ 49 W; latitude 9 ˚ 55’ 29 N)   in the five (5) regions in Northern Ghana to 

identify the challenges confronting commercial soybean farmers. All these districts or 

municipals have a natural vegetation and classified as guinea savanna woodland comprising 

short trees of varying sizes and density, growing over a dispersed cover of perennial grassland 

shrubs. About 80 % of the population of these districts or municipals are engaged in 

agriculture.  
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Table 1: Randomly identified commercial soybean farmers in selected districts/municipals 

District/Municipal               Frequency             Percentage 

West Mamprusi Municipal 8 10.96 

Nanton 7 9.59 

Mion 8 10.96 

Savaligu 11 15.07 

Sissala East 4 5.48 

Wa East 3 4.11 

North Gonja 4 5.48 

North East Gonja 11 15.07 

Wa Municipal 4 5.48 

Kasena Nankana Municipal 4 5.48 

Karaga 9 12.33 

Total: 73 100.00 

 

 Sampling methods and size of survey  

Among the 70 districts and Municipals in Northern Ghana, a simple random sampling (lottery 

method) was employed to select eleven districts or municipals while the snowball sampling 

method was used to identify and select seventy - three (73) respondents that cultivate 

soybeans for commercial purposes. The districts and municipals were represented with 

numbers (1 to 70) on a piece of paper, folded, kept in a bowl, and shaken vigorously. 11 out 

of 70 districts and municipals were picked one after the other without replacement. Snowball 
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sampling where farmers located from districts or municipals were made to recommend their 

colleague commercial soybean farmers in other chosen districts or municipals for the 

selection procedure.   The districts or municipals were selected based on the scale of 

commercial soybean production in these eleven districts or municipals. The number of 

respondents varied among the eleven districts/municipals depending on the number of 

commercial soybean farmers operating in that district or municipal. 

 Data collection procedure 

Qualitative and Quantitative data were structured using Google survey forms and were 

collected using closed and open-ended structured questionnaires. Respondents were 

identified in each of the districts and reached out for willingness to participate in the study. 

In total, 73 respondents from the 11 Districts were identified and questionnaires were 

answered by logging into the Google survey platform. Google link for the questionnaire was 

created and forwarded to respondents through WhatsApp. Follow-up checks were done on 

each respondent to ensure successful completion of the questionnaire. After the survey, the 

Google survey account was logged in and data were accessed and analysed. 

 Data analysis 

Statistical Package for Social Sciences (SPSS) version 17.0 and Microsoft Excel were used 

to analyze the data collected. Descriptive statistics in the form of frequencies and percentages 

were used to present data in graphs and pie charts. Cross-tabulations were also done.  

3.2 Part II: field screening of soybean germplasm 

 Description of the experimental site  
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The experiment was carried out at the Farming for the Future field at Nyankpala campus in 

the University for Development Studies, Tamale Ghana. It is located on the longitude 

9° 58 W and latitude 9 ° 25 N. The area of study has one farming season usually starting in 

June and ending in September depending on rainfall pattern. The area has unimodal rainfall 

ranging from 1000 - 1200 mm per annum usually starting in April – May with its peak 

occurring in the month of July/August. However, it drastically reduces in October with no 

rain at all in the months of November (Abdul-Karim, 2020). Averagely, minimum and 

maximum temperatures are 23.4˚C and 34.5˚C  respectively with relative humidity ranging 

from 46 to 76.8 % (Abel et al., 2020). Vegetatively, it is a grassland with characteristics of 

the Guinea Savanna Agroecological Zone which is sparse with trees. The soil profile is loamy 

sand with origin emanating from the Voltarian sandstone and characterized as the Nyankpala 

series (Adu et al., 2018). 

 Land preparation 

A tractor was used to plough the land after the first two rains in May 2022 and was allowed 

to fallow for two weeks before harrowing to break the lumpy soils. Pegging and Lining was 

done to get an accurate land size of 50 × 50 m2. A plot size of 50 cm by 50 cm was used. 1 

m of space was provided between blocks and within blocks. 

 Soil sampling and analysis 

Before the commencement of the field trial, the soil was sampled from various sections of 

the field at a depth of 0 – 20 cm using a zigzag method with a standard auger. The soil samples 

were sent to the Council for Scientific and Industrial Research Kumasi. The parameters 
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analyzed included; Soil pH, organic carbon, total nitrogen, available phosphorus, 

exchangeable bases, exchangeable acidity, ammonium acetate, particle size distribution, 

Percentage Base Saturation (PBS), and soil micronutrients. 

3.2.3.1 Soil pH  

It was measured in a 1:2.5 (w:v) soil-water ratio using a glass electrode (H19017 

Microprocessor) pH meter. 

3.2.3.2 Soil organic carbon 

Soil organic carbon was determined by the modified dichromate oxidation method of 

Walkley-Black as described by Nelson and Sommers (1982). 

3.2.3.3 Total nitrogen 

Total nitrogen was determined by the Kjeldahl digestion and distillation procedure as 

described by Bremner and Mulveney (1982). 

3.2.3.4 Potassium determination 

The readily acid-soluble forms of phosphorus were extracted with HCl: NH4F Mixture 

(Bray’s No. 1 extract) and determined calorimetrically by ascorbic reduction as described by 

Bray and Kurtz (1945) and Olsen and Sommers (1982) and potassium was determined by 

flame photometer. 

3.2.3.5 Exchangeable bases  

Calcium, magnesium, potassium, and sodium were determined in 1.0 M ammonium acetate 

(NH4OAc) extract (Thomas, 1982). Calcium and magnesium were determined by EDTA 

titration. Potassium and sodium were determined by flame photometry. 
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3.2.3.6 Cation Exchange Capacity 

Effective cation exchange capacity (ECEC) was determined by the sum of exchangeable 

bases (Ca2+, Mg2+, K+ and Na+) and exchangeable acidity (Al3+ + H+). 

 Experimental design 

The soybean germplasm was arranged in a Randomized Complete Block Design (RCBD) 

with three replications. The study involved seven germplasm both foreign and local soybean 

germplasm.  Among the seven genotypes were four (4) foreign soybean germplasm and three 

(3) local germplasm (Afayak, Favour, and Jenguma). The foreign germplasms were obtained 

from different countries where soybeans are one of their major cereal-legume crops. Below 

are some details of the soybean germplasms. Soybean germplasm with their days to maturity 

is presented in Table 2 below. 
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Table 2: Preliminary information on soybean germplasm used 

 

 Planting 

During the cropping season that commenced on June 10th, 2021, planting activities involved 

placing ten seeds per hill for each soybean line. The seeds were spaced at intervals of 50 cm 

between rows and 5cm between individual plants within the rows. 

 

S/N Name Origin Days to 

maturity 

Yield potential  

(t/ha) 

Potential plant 

height (cm) 

G39 IAC-4 Brazil 81 2.6 – 3.5 60 – 70 

G83 M – 9 Madhya Pradesh, 

India 

104 2.89 - 3.2 

 

60 – 65 

 

G90 Kiro Aki Daizu Japan 105 2.5 - 3.63 

 

75 – 85  

G119 Koban Mame 

(Zairai) 

Japan 68 3.0 – 3.8  50 – 65 

 

G183 Afayak Ghana 115 2 – 3  40 – 45 

G185 Favour Ghana 115 Not specified Not specified 

G186 Jenguma Ghana 115 2 – 3  50 – 55  
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 Cultural practices 

3.2.6.1 Weeding 

Manual hand weeding was done four times before harvesting with a hoe. Each weeding was 

done within a day for all blocks and weeds gathered together to avoid sprouting of already 

cleared weeds. 

3.2.6.2 Thinning 

Thinning was carried out at 15 days after planting when seedlings were fully established. 

Seedlings were thinned to seven due to overcrowding of plants per hill. 

3.2.6.3 Pest management 

Leaf miners and pod suckers were managed using a mixture of Cypermethrin and Dimethoate 

10 emulsion concentration at 100 ml in 15 L of water in a knapsack sprayer. Both 

Cypermethrin and Dimethoate are synthetic insecticides for the control of insect pests. 

 Parameters studied 

3.2.7.1 Leaf chlorophyll content 

At the vegetative stage, a spad meter was used to take the chlorophyll content. Three selected 

and tagged plants for each soybean germplasm in each plot were measured. The spad meter 

was turned on by pressing the power button on the device. Selected and tagged leaves were 

measured by placing the leaf between the clamps of the spad meter ensuring it covers the 

entire sensor area then reading the chlorophyll content of the leaf.   

3.2.7.2 Plant height  

At maturity, a long metal meter rule was used to measure the height of the plant from the 

base to the highest point of the plant. On each plot, three plants were chosen and marked with 
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tags to record their height. The average was calculated and recorded in centimetres as plant 

height per plot.  

3.2.7.3 Plant girth 

At maturity, plant girth was determined using Vernier callipers. Three tagged plants on each 

of plot was measured for the plant girth. The plant stem was selected for measure and ideally, 

the stem is representative of the overall girth and is free from irregularities like nodes or 

branches. The jaws of the callipers are widely open enough to fit around the plant stem. The 

callipers are placed around the stem at the desired height and the jaws of callipers are close 

until they just make contact with the plant stem surface without compressing the stem and 

ensure the jaws are perpendicular to the stem for an accurate measurement. The primary 

reading was taken by checking on the Vernier scale that exactly aligns with the line on the 

main scale. The readings were combined from the main scale and the Vernier scale to get the 

final measurement.  

3.2.7.4 Number of branches  

Three soybean plants of each soybean germplasm at vegetative stage branches were counted.  

On each plot, three plants were chosen and marked with tags to record their branches. The 

average was calculated and recorded as the number of branches per plot.  

3.2.7.5 Days to 50% flowering 

When the soybean plants began to flower, a daily walk around the field was done to count 

the number of plants that had flowered. The number of days it took for 50 % of the total plant 

population per plot to produce flowers relative to the day of sowing was used to calculate the 

number of days to 50 % flowering per plot.    
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3.2.7.6 First pod height from the ground 

At physiological maturity, selected and tagged plants' first pod height from the ground level 

was measured using a long metre rule. The metre rule was straightened and placed on the 

ground below the soybean plant and the distance between the first pod and the ground level 

was measured. The total of the three plants' first pod heights were summed and divided by 

the three plants measured to determine the average first pod height from the ground level. 

3.2.7.7 Plants at harvest 

At maturity, the total number of plants were counted in each plot and the percentage was 

computed to represent the percentage of plants per plot at harvest. 

3.2.7.8 Lodging resistance 

At maturity, plants in individual plots that were lodged were counted. The average number 

of plants lodged per plot was computed by dividing the plants lodged by the total number of 

plants in that plot. This estimation was done on each of the plots and then averaged to get the 

lodged plants per each of the soybean germplasm.  Lodging resistance was determined by 

the method used by Sarkar et al. (2023) with some modifications where rating  1 showed that 

plants are erect representing 0 % lodged, 2 showed slight lodging representing 25 % of plants 

lodged, 3 showed plants lodged at 45 degrees angle representing 50 % plants lodged, 4 

showed severe lodging representing 75 % plants lodged and 5 showed all plants lodged flat 

representing 100 % of plants lodged.   

3.2.7.9 Number of pods per plant 

Three plants at maturity, from each soybean germplasm were selected on each row and the 

pods were detached from the plant manually and counted. The average number of pods per 

plant was calculated by dividing the total number of pods of the three plants by three. 
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3.2.7.10 Assessing soybean germplasm shattering ability 

At physiological maturity, shattering ability was assessed on each soybean germplasm. 

Soybean germplasm was visually inspected for shattering at physiological maturity. The 

number of shattered pods per plant was determined by the method used by Shete et al. (2023) 

where the rating of 1 showed very resistant representing 0 %, 2 showed resistance 

representing 1 – 10 % shattering, 3 showed moderate resistance representing 11 – 25 % of 

shattering, 4 showed moderate susceptible representing 26 – 50 % of shattering and 5 showed 

very susceptibility representing ≥ 50 % then dividing it by the total number of soybean pods 

on a plant. 

3.2.7.11 Number of seeds per pod 

At physiological maturity, three plants from each soybean plot were selected, and the number 

of seeds found in each pod was counted and recorded. The average was computed to represent 

the number of seeds per pod.  

3.2.7.12 100 seed weight 

The weight of 100 seeds was determined by randomly collecting 100 seeds from the lot 

harvested per soybean plot. The weight of the 100 seeds was recorded in grams (g) using a 

digital scale. 

 Data analysis 

Data collected were analysed using ANOVA from GenStat Statistical Package Software 

edition 12. Averages were separated using Least Significant differences (LSD) at a 5 % 

probability level and results were presented in graphs and tables.  
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Field Survey of soybean commercial farmers in Northern Ghana 

 Age distribution 

Figure 1 represents the age group of commercial soybean farmers in the 11 districts and 

Municipals in the 5 Northern regions that are into commercial soybean farming. The age of 

respondents was in the range of 18 – 54 years with 42 % in the 25 - 44 age bracket. The 

lowest age bracket was 54 years and above representing 8 % of soybean commercial farmers. 

Commercial soybean farming decreased in the selected eleven (11) districts in northern 

Ghana with persons from an age range of 25 to 54 years.  

 

 

Figure 1: Age distribution of soybean commercial farmers in Northern Ghana.   
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 Cropping system 

Figure 2, below shows the cropping systems the commercial soybean farmers are engaged in 

the Northern part of Ghana. The majority of the respondents practice sole cropping systems 

(79 %) for commercial soybean production while 21 % of the respondents practice multiple 

cropping systems for their soybean production. 

 

  

 

 

Figure 2: Cropping system used by commercial soybean farmers in the 11 districts surveyed.  
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 Soybean varieties used by commercial farmers 

The survey revealed that Favour was the most widely soybean genotype preferred among the 

commercial soybean farmers in the 11 Districts and Municipals in the 5 Northern regions in 

Ghana. However, Favour (36 %) was closely followed by Afayak (31 %) and Jenguma (28 

%) while Anidaso (3 %) and Toodana (2 %) were rarely used by commercial soybean farmers 

in the surveyed zone (Figure 3). 

 

 

Figure 3: soybean varieties used by commercial farmers in Northern Ghana. 

 Constraints associated with commercial soybean production 

The findings show that the biggest problem for commercial soybean farmers in Northern 

Ghana is the difficulty in harvesting, with 75 % of commercial soybean farmers facing this 
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issue. Following closely behind are problems like poor seed viability (50 %), high seed costs 

(46 %), and low yields (42 %). These challenges decrease in significance, with inadequate 

access to improved soybean varieties being the least problematic, affecting only 4 % of 

farmers. Figure 4 below shows the challenges in soybean commercial farming in Northern 

Ghana 

 

 

Figure 4: Challenges confronting commercial soybean farmers in eleven (11) selected 

districts or municipals in five (5) regions in northern Ghana. 

4.2  Fieldwork of soybean germplasm evaluation 
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 Soil Analysis  

Table 4.2 below shows the soil chemical analysis from 2021 to 2022cropping season. The 

results revealed that the soil was acidic with a pH of 5.85 in the 2021 and 2022 cropping 

seasons. The soil was low in organic carbon and total N before planting with 0.52 for organic 

carbon and 0.04 for total N respectively, in the 2021 and 2022 cropping seasons. Similarly, 

the soil analysis revealed 3.42 mg/kg of available phosphorus in the soil before planting. The 

exchangeable bases analysis also revealed that potassium (K), sodium (Na), calcium (Ca), 

and magnesium (Mg)—were found to be quite low. The values ranged from 0.04 to 1.52 with 

0.04 for potassium, 0.05 for sodium, 1.52 for calcium, and 0.50 for magnesium as shown in 

Table 3 below. 

Table 3: Soil chemical properties before the experiment 

Soil chemical property Before planting (2021) 

Soil pH to (1:2.5: HO) 5.85 

Soil organic carbon (%) 0.52 

Total N (%) 0.04 

Available P (mg/kg) 3.42 

Exchangeable bases (Cmol/kg) 

Potassium (K) 0.04 

Sodium (Na) 0.05 

Calcium (Ca) 1.52 

Magnesium (Mg) 0.50 
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 Leaf chlorophyll content (spad units) 

There were significant (P < 0.05) differences in leaf chlorophyll content at 40 days after 

planting. The soybean germplasm G119 produced the highest (39.87 spad units) chlorophyll 

content but it was not significantly different (P > 0.05) from Jenguma (37.50 spad units) and 

G83 (37.07).  However, they were significantly different from Afayak (29.87 spad units) with 

the least chlorophyll content. The soybean germplasm G119, Jenguma, G83, G39, G90, 

Favour, and then Afayak produced chlorophyll in decreasing trend with 39.87, 37.5, 37.07, 

33.8, 33.07 30.2 and 29.87 respectively, at 40 days after planting. Table 4 below shows the 

chlorophyll content of soybean germplasm 

Table 4: Chlorophyll content of soybean germplasm 

Leaf chlorophyll (spad units) 

Soybean germplasm Means 

G39 33.80c 

G83 37.07b 

G90 33.07c 

G119 39.87a 

Afayak 29.87d 

Favour 30.20d 

Jenguma 37.50ab 

P value <.001 

LSD % 2.45 

CV % 0.4 

Values with the same letters are not significant (P > 0.05) while letters with different values 

indicate significant differences (P < 0.05). 
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 Soybean plant height at physiological maturity 

Plant height was significantly (P ≤ 0.05) affected by soybean germplasm. Among the foreign 

soybean germplasm, G90 recorded the tallest plant height (80 cm) and was statistically 

significant (P ≤ 0.05) compared to the local soybean germplasm. The foreign soybean 

germplasm G119 however, produced the shortest (34.9 cm) plant height among both the 

foreign and local soybean germplasm tested. The local soybean germplasm, Afayak produced 

the tallest plant height of 45.3 cm and was not significantly different (P ≥ 0.05) from the rest 

of the local soybean germplasm with values of 45.2 cm and 42.3 cm for Favour and Jenguma 

respectively as shown below in Figure 5. 

  

Figure 5: Plant height of soybean germplasm at physiological maturity. Bars with different 

letters are significantly different at (P < 0.05) by the least significance difference test while 

bars with the same letters are not significantly different (P < 0.05). 

a

a

a

b

b b

b

0

10

20

30

40

50

60

70

80

90

G39 G83 G90 G119 Afayak Favour Jenguma

P
la

n
t 

h
ei

g
h
t 

(c
m

)

Soybean germplasm

Plant height (LSD = 18.06)

www.udsspace.uds.edu.gh 

 

 



 

40  

 Plant girth of soybean germplasm 

As shown in Table 5 below, the plant girth was significantly (P < 0.05) affected by the 

soybean germplasm with G83 having the broadest and sturdier plant girth of 11.51 mm. This, 

though, was not significantly different (P > 0.05) from G39 (11.07 mm). The lowest (8.37 

mm) plant girth was produced by Jenguma which was significantly different from G83 (11.51 

mm). Generally, plant girth for both foreign and local soybean germplasm did not follow any 

pattern.  

Table 5: Plant girth of soybean germplasm 

Soybean germplasm Means 

G39 11.07ab 

G83 10.17abc 

G90 10.33abc 

G119 8.81c 

Afayak 11.51a 

Favour 9.36bc 

Jenguma 8.37c 

P value 0.03 

LSD % 1.89 

CV % 7.7 

 Values with the same letters are not significant (P > 0.05) while letters with different values 

indicate significant differences (P < 0.05). 
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 Number of soybean germplasm branches 

Soybean germplasm presented below (Table 6) recorded a significant (P < 0.05) difference 

in the number of branches among soybean germplasm. The soybean germplasm G39 

produced the highest number of branches with an average of 8.67 and was not statistically 

significant (P > 0.05) from G119 (8.33). The lowest (5.67) number of branches was recorded 

by the soybean germplasm Jenguma and Afayak.   

Table 6: Number of branches 

Soybean germplasm Mean 

G39 8.67a 

G83 7.33bc 

G90 6.67cd 

G119 8.33ab 

Afayak 5.67d 

Favour 6.67cd 

Jenguma 5.67d 

P value  <.001 

LSD` 1.04 

CV % 6.1 

LSD=Least Significant Difference Values with the same letters are not significant (P > 0.05) 

while letters with different values indicate significant difference (P < 0.05). 

 Days to 50% flowering of soybean germplasm 

Days to 50 % flowering were significantly (P < 0.05) different among soybean germplasm. 

Soybean germplasm G39 recorded the earliest days to 50 % flowering and was not 

significantly different from the rest of the soybean’s germplasm except for G119 (36.67). 
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With decreasing order, G90, Jenguma, G83, Afayak, and Favour produced plants that had 

more days to 50 % flowering with 43, 42.33, 42.33, 42, 41.67, and 41.33 respectively as 

indicated in Fig. 6 below. Comparatively, there was no trend between the foreign and local 

soybean germplasm.  

 

 

Figure 6: Days to 50 % flowering of soybean germplasm. Bars with different letters are 

significantly different at (P < 0.05) by the least significance difference test while bars with 

the same letters are not significantly different (P < 0.05). 
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between 10.83 - 24.5cm with the foreign soybean germplasm (G90) producing the highest 

(24.5 cm) from the ground to the first pod and was significantly different as compared to all 

the local soybean germplasm planted. The shortest close to the ground level was recorded by 

a foreign soybean germplasm G119 with 10.83. However, the local soybean germplasm 

produced moderate first pod height at a range of 12.33± 0.88 to 16±0.58 cm, with Favour 

recording the highest first pod height at 16±0.58 cm, while the lowest to the ground level 

was recorded by Afayak with 12.33±0.88 cm, respectively. 

 

 

Figure 7: Soybean first pod height from the ground. Bars with different letters are 

significantly different at (P < 0.05) by the least significance difference test while bars with 

the same letters are not significantly different (P < 0.05). 
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 Soybean germplasm resistance to lodging  

The results indicated a significant (P < 0.05) difference in the number of plants lodged at 

physiological maturity. The soybean germplasm G83 and Favour performed best with the 

least (1) number of lodged plants. However, G90 recorded the highest (2.33) number of 

lodged plants, followed by Jenguma (2) while the soybean germplasm Afayak, G119 and 

G39 all recorded the same number (1.33) of lodged plants at physiological maturity (Table 

7). 

Table 7: Assessing Soybean germplasm resistance to lodging  

Lodged plants 

Soybean germplasm Means 

G39 1.33bc 

G83 1.00c 

G90 2.33a 

G119 1.33bc 

Afayak 1.33bc 

Favour 1.00c 

Jenguma 2.00ab 

P value 0.03 

LSD % 0.82 

CV % 5.4 

LSD = Least Significant Difference in Different Letters. Values with the same letters within 

columns are not significant (P > 0.05) while letters with different values indicate significant 

differences (P < 0.05). 
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 Days to physiological maturity 

As shown in Table 8 below, physiological maturity was significantly (P < 0.05) affected by 

the soybean germplasm. The foreign soybean germplasm G119 produced plants that took 

fewer days (68) to reach physiological maturity and were significantly lower as compared to 

other soybean germplasm (Jenguma) which took more days (106) to reach physiological 

maturity. In ascending order, the physiological maturity of soybean germplasm Favour, 

Afayak, G39, and G90 recorded 85, 90, 95, and 101 days, respectively. The foreign soybean 

germplasm was early to mature with 51.36 % of them maturing at 100 days after planting 

while 48.64 % of the local soybean germplasm maturing late after 100 days of planting. 

Table 8: Days to physiological maturity of soybean germplasm 

 Days to physiological maturity 

Soybean germplasm Days 

G39 95.00c 

G83 92.00d 

G90 100.67b 

G119 68.00f 

Afayak 90.00d 

Favour 85.00e 

Jenguma 106.00a 

P value <.001 

LSD % 2.2 

CV % 0.5 

 Values with the same letters are not significant (P > 0.05) while letters with different values 

indicate significant differences (P < 0.05). 
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 Number of nodes per plot  

The number of nodes per plot was significantly (P < 0.05) affected by the soybean germplasm 

(Table 9). The soybean germplasm Afayak produced the highest (22.33) number of nodes 

which was significantly higher than any of the soybean germplasm.  The soybean germplasm 

Favour recorded the least (6.67) number of nodes and was not significantly (P > 0.05) 

different from the soybean germplasm Jenguma (8.87) and there was not also significant (P 

> 0.05) different between Jenguma (8.87) and G119 (9.97). In decreasing order of the number 

of nodes produced G39 and G90 produced the same number of nodes of 15, after Afayak and 

was then followed by G83, G119, Jenguma, and Favour. 

Table 9: Node number at podding per plot 

Soybean germplasm Nodes 

G39 15.00b 

G83 10.00c 

G90 15.00b 

G119 9.97c 

Afayak 22.33a 

Favour 6.67d 

Jenguma 8.87cd 

P value <.001 

LSD % 2.2 

CV % 0.7 

 Values with the same letters are not significant (P > 0.05) while letters with different values 

indicate significant differences (P < 0.05). 
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 Number of seeds per pod  

The results showed a significant (P < 0.05) difference in the number of seeds per pod as 

indicated in Table 10 below. Among the soybean germplasm, number of seeds per pod ranged 

between 2.17 to 4.33. The soybean germplasm G39 had the highest (4.33) number of seeds 

per pod and was statistically different from G90 (3.5) and G119 (3.33). The least number of 

seeds per pod was produced by the local soybean germplasm with Favour producing the 

lowest with 2.17, followed by Afayak (2.33), Jenguma (2.5), and the foreign germplasm 

G119 (3.33) in ascending order of the number of seeds produced per pod by the soybean 

germplasm planted. The foreign soybean germplasm averagely produced 23 % more seeds 

per pod than the local soybean germplasm.  

Table 10: Number of seeds per pod of soybean germplasm  

Number of seeds per pod 

Soybean germplasm Means 

G39 4.33a 

G83 3.67a 

G90 3.50b 

G119 3.33b 

Afayak 2.33c 

Favour 2.17c 

Jenguma 2.50c 

P value <.001 

LSD % 0.66 

CV % 3.5 

 Values with the same letters are not significant (P > 0.05) while letters with different values 

indicate significant differences (P < 0.05). 

www.udsspace.uds.edu.gh 

 

 



 

48  

 Node number at podding per plant 

At podding, the node number per plant was significantly (P ≤ 0.05) affected by the soybean 

germplasm. The soybean germplasm G90 and G83 produced greater nodes with 6.67 and 

5.33 respectively, followed by G39 (4.33).  G90 was statistically significant (P ≤ 0.05) than 

any of the local soybean germplasm (Afayak, Favour, and Jenguma).  Among the local 

soybean germplasm, Jenguma produced the least (3) node number at podding whereas G119 

produced the least among the foreign germplasm.  Afayak recorded the highest number of 

nodes at podding with 3.67 among the local soybean germplasm.  The foreign soybean 

germplasm (G39, G83, G90, and G119) averagely increased node number by 30 % compared 

to the local soybean germplasm as shown in Table 11 below. 

Table 11: Scoring the nodding ability of soybean germplasm per plant 

Node number after podding 

Soybean germplasm Means 

G39 4.33bc 

G83 5.33b 

G90 6.67a 

G119 2.67d 

Afayak 3.67cd 

Favour 3.33cd 

Jenguma 3.00d 

P value <.001 

LSD % 1.23 

CV % 3.4 

Values with the same letters are not significant (P > 0.05) while letters with different values 

indicate significant differences (P < 0.05). 
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 Number of pods per plant 

The study revealed significant (P < 0.05) differences in the number of pods per plant among 

soybean germplasm. The number of pods per plant ranged between 20 to 30 among the 

soybean germplasm. The soybean germplasm G39 recorded the highest (30.33) number of 

pods per plant and was not statistically significant from G90 (30) and G119 (28). The least 

number of pods per plant was recorded by the soybean germplasm Favour with 20 pods per 

plant, followed by Afayak (21), Jenguma (24), G83 (24), and then G119 recording 28 pods 

per plant.  (Table 12). Comparatively, the foreign soybean germplasm averagely produced a 

15 % higher number of pods per plant compared to the local counterparts. 

Table 12: Number of pods per plant of soybean germplasm 

                           Number of pods per plant 

Soybean germplasm Means 

G39 30.33a 

G83 24.33c 

G90 30.00a 

G119 27.67b 

Afayak 21.33d 

Favour 20.00d 

Jenguma 23.67c 

P value <.001 

LSD % 1.85 

CV % 0.7 

Values with the same letters are not significant (P > 0.05) while letters with different values 

indicate significant differences (P < 0.05). 
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 Soybean germplasm shattering ability 

Pods per plant that shattered before physiological maturity was significantly (P ≤ 0.05) 

different as presented in Table 13 below. Shattering ranged between 1 to 3.67 in both foreign 

and local soybean germplasm. Generally, the foreign soybean germplasm G83 shattered 

more seeds before harvesting than any of the soybean germplasm planted with a value of 

3.67  and was significantly (P ≤ 0.05) different from the rest of the soybean germplasm. The 

least shattered soybean germplasm was recorded by both foreign and local soybeans 

including G39, Afayak, and Favour with the same value of 1. The highest shattering among 

the local soybean germplasm was recorded by Jenguma with 1.33. 

Table 13: Number of shattered pods per plant 

Number of shattered pods per plant 

Soybean germplasm Means 

G39 1.00b 

G83 3.67a 

G90 1.33b 

G119 1.67b 

Afayak 1.00b 

Favour 1.00b 

Jenguma 1.33b 

P value <.001 

LSD % 0.69 

CV % 15.7 

Values with the same letters are not significant (P > 0.05) while letters with different values 

indicate significant differences (P < 0.05). 

www.udsspace.uds.edu.gh 

 

 



 

51  

 100-seed weight 

100-seed weight was significantly (P < 0.05) affected by the soybean germplasm. The foreign 

soybean germplasm G119 recorded the greatest 100 seed weight with 22.29 g which was 

significantly higher than any of the other soybean germplasm evaluated. The second best-

performed soybean germplasm was G39 with 19.08 g followed by G90, G83, Jenguma, and 

then Favour with 17.62, 16.83, 14.15, and 12.37 respectively. The least 100 seed weight was 

however recorded by the soybean germplasm Afayak with 9.21 g (Table 14). 

Table 14: Hundred seed weights of soybean germplasm 

Hundred seed weight (g) 

Soybean germplasm Weight (g) 

G39 19.80b 

G83 16.83c 

G90 17.62bc 

G119 22.29a 

Afayak 9.21f 

Favour 12.37e 

Jenguma 14.15d 

P value <.001 

LSD % 1.64 

CV % 3.4 

Values with the same letters are not significant (P > 0.05) while letters with different values 

indicate significant difference (P < 0.05). 
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1 Field survey 

 Age distribution of respondents 

In a developing country like Ghana for that matter, its economy heavily depends on 

agriculture, and age is a significant factor in agriculture productivity (Abdul-Karim, 2020). 

Much of the youth and middle age are the major stakeholders in agriculture, especially in 

northern Ghana. Majority (42%) of commercial soybean farmers are young and fall within 

the age bracket of 24 – 35 years.  It was deduced that there is a decreasing pattern from the 

age bracket 25 – 34 to 54 years and above. This is promising for a developing country like 

Ghana since more energetic young people will spend more time on field activities which will 

lead to higher productivity as compared to the elderly in agricultural activities. Soybean 

farming is gaining momentum in the Ghanaian market due to its numerous uses and exports. 

This might have encouraged the youth to go into commercial soybean production. This 

finding is in agreement with that of Addae-Frimpomaah et al. (2021) who reported that 

farming is patronized by the youth in the Guinea Savanna Ecology Zone because it is the 

main occupation in Northern Ghana. Contrary to their report, Asodina et al. (2021) stated 

that the old are more efficient soybean farmers than the youth in the Chereponi and Saboba 

districts in the northern region of Ghana. They further concluded that young people's 

engagement in soybean production may create sustainability of the crop as an employment 

avenue in northern Ghana.  
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 Respondent's choice of cropping system and soybean variety 

Cropping system in the tropics plays a major role to the choice of selecting good crop for 

cultivation. Sole cropping practice by commercial soybean farmers is attributed to many 

factors including mechanization, pest and disease control, and water management. The 

preference for sole cropping of soybeans was suggested by commercial farmers to be more 

compatible with mechanical harvest, as manual activities in soybean cultivation are difficult. 

However, 21% of respondents preferred multiple cropping patterns as they can efficiently 

utilize the land. The study found out that 36% of soybean commercial farmers cultivate the 

Favour variety as their main choice as shown in Figure 3. The criteria for variety selection 

by commercial soybean farmers in the 11 districts or municipals are based on good yield, 

large seed size, and non-shattering ability, which agrees with Addae-Frimpomaah et al. 

(2021) and Abdul-Karim (2020).  

However, contrary to Abdul-Karim's (2020) report that 58% of soybean farmers choose the 

Jenguma variety due to its desirable characteristics, including high yield, low shattering 

ability, high oil content, and colour characteristics, our study found that the Favour variety is 

the most preferred.  In this study Afayak Jenguma, Anidaso, and Toondana were the choice 

of commercial soybean farmers with 31 %, 28 %, 3 %, and 2 % respectively in northern 

Ghana after Favour (36 %) variety. This agrees with Addae-Frimpomaah et al. (2021) who 

conducted similar studies and found that Jenguma, Favour, and Afayak are the most 

commonly used soybean varieties in Northern Ghana. Dugje et al. (2009) as referenced by 

Abdul-Karim, (2020) reported that  Jenguma soybean variety is recommended for cultivation 

in the Guinea savanna and agroecological zones of West Africa because of its favourable 

traits, such as moderate maturity rate, high yield, little shattering, and great grain colour. 
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Based on maturity, production potential, lodging, drought tolerance, and pest and disease 

resistance, producers choose different soybean cultivars. Based on the maturation time, a 

farmer should select a variety that is appropriate for his or her geographic weather conditions. 

Early-maturing soybean genotypes are often preferred in areas with little rainfall. Although 

late-maturing soybean varieties gives higher yields but associated with risk such as poor yield 

performance due to late-dry spelled climatic conditions especially in Guinea Savanna 

Agroecological Zone of Ghana.  

 Challenges in soybean cultivation in Northern Ghana 

Difficulty in harvesting soybeans has been the most prominent constraint in soybean 

cultivation in northern Ghana. This corroborates with that of Addae-Frimpomah et al. (2022) 

who reported difficulty in harvesting soybean as the most important constraint confronting 

soybean farmers in the Guinea Savanna ecological zone after the late maturity of soybean 

varieties. The commercial soybean farmers attributed time constraints; a reason that the 

harvesting season is short-lasting from October to December, physical strains in carrying out 

manual harvesting activities, and lower productivity involving manual harvesting activities 

making manual harvesting of soybeans the main constraint in the cultivation of soybean in 

Northern Ghana. From the experience of the farmers, they also indicated that due to 

harvesting constraints, they are restricted to cultivating a few hectares of soybean with the 

fear that late harvesting will lead to shattering. This conforms with Asodina et al. (2021) 

report that soybean output increased with an increase in farm size as well as that of Mbanya 

(2011) and  Yamba et al. (2017)  who also reported that delay in soybean harvesting led to 

shattering in Northern Ghana. This reduces the soybean farming efficiency in Northern 

Ghana due to the small farm size (Asodina et al., 2021). Poor seed viability was the next 
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major constraint in soybean production in Northern Ghana. This conforms with the findings 

of Abdul-Karim (2020) who reported that soybean viability has been the major challenge in 

Northern Ghana that hinders soybean cultivation. This might stem from poor storage 

conditions of soybean seeds practiced by the soybean farmers. Mbanya (2011) reported that 

poor seed viability occurs due to a lack of proper storage practised in northern Ghana. He 

further concluded that soybean farmers tend to store their soybean seeds in airtight polythene 

sacks to avoid moisture absorption and seed deterioration in hopes of using them for planting 

in the coming season. Aside from the constraints confronting soybean commercial farmers 

in these 11 districts and municipals, respondents equally stated the high cost of agricultural 

inputs such as fertilizer, seeds, and pesticides while the least concern of the farmers 

interviewed was inadequate access to improved soybean varieties.  

5.2 Field Assessment of soybean germplasm 

 Shoot architecture in soybean plants  

According to Clark and Ma, (2023), soybean shoot architecture is an inherent plastic that is 

influenced by available soil moisture, nutrient resources, competition, wind, and 

environmental stresses. The number of branches produced varied among the soybean 

germplasm. However, the foreign soybean germplasm had more branches compared to their 

local counterparts. The differences in the branch number between the foreign and local 

soybean germplasm could be attributed to their genetic modification and favourable weather 

conditions (Yang et al., 2021) where the soybean germplasm was planted. For instance, crops 

tend to grow vegetatively with plenty of sunlight at their disposal hence producing more 

branches (Loomis and Williams, 1969) which otherwise is the opposite in countries where 

sunlight is scarce via these foreign soybean germplasms were produced.  However, the 
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production of more branches by the foreign soybean germplasm could be the reason behind 

the higher yields produced compared with the local germplasm as the number of branches is 

a prerequisite for higher yield as pods per plant seen in correlates to a higher number of 

branches (Clark and Ma, 2023). 

Plant girth is an important trait in soybeans (Clark and Ma, 2023). Soybean stem growth is 

greatly impacted by vegetative growth and is the major contributor to soybean height. 

Generally, the stems produced by the foreign soybean germplasm were sturdier as in Table 

5 which could be a result of them being indeterminate germplasm contrary to the local 

soybean germplasm producing sturdier stems with fewer nodes. Clark and Ma (2023) 

reported that the difference between determinate and indeterminate soybean varieties is the 

geographical climatic conditions. 

The duration to 50 % flowering varied among the foreign germplasm than that of the local 

soybean germplasm. However, on average the local soybean germplasm relatively had a 

shorter duration to flower than the foreign soybean germplasm as shown in Figure 6. This 

corroborates with the reports of Abel et al. (2020) who screened soybean germplasm with 

fertilization and rhizobia inoculant and found that the local germplasm Jenguma and the new 

germplasm N119 and N135 were earlier to flower and he attributed this to their genetic make-

up. This study supports this assertion with the fact that the local soybean germplasm is well 

adapted to the growing conditions of the Guinea savanna agroecological zone of Northern 

Ghana which could be said otherwise for the foreign soybean germplasm. The variability in 

the duration of flowering between the foreign soybean germplasm and local soybean 

germplasm could also be due to the day length variations as different soybean varieties react 

differently to changing day length (Shurtleff and Aoyagi, 2015). 
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 Soybean plant height at physiological maturity  

In the mechanization of soybean, plant height at maturity is one of the important 

characteristics to consider hence the height of the soybean germplasm was determined by 

measuring the distance from the ground to the uppermost part of the plant. The differences 

in height between the foreign soybean germplasm and that of the local germplasm could be 

attributed to many factors including; varietal characteristics, genetic makeup, soil quality, 

drought stress. Because de Carvalho Ribeiro et al. (2016) and Souza et al. (2021) suggested 

that temperature, soil water content, rainfall, and relative humidity are the prominent 

environmental factors that influences soybean height.  However, plant height is dependent 

on genetic differences among the soybean varieties (Lambon et al., 2018) and this claim is 

supportive of this study. All the foreign soybean germplasm and the local germplasm 

observed in the study gave a steady plant height at maturity as reported in the preliminary 

information of the soybean germplasm used (Figure 5). The genetic makeup of the 

germplasm might have also enabled G90 and G39 at 8WAP to utilize light, water, and 

nutrients more efficiently, resulting in significantly greater heights at maturity. However, 

height ranged between 34.9 cm to 81 cm as recorded by both foreign and local germplasm 

which is in accord with the reports of Bhuiyan et al. (2022) who recorded similar soybean 

germplasm height between 32.69 cm – 90.97 cm. Based on the height observed from the 

foreign soybean germplasm and the local germplasm as well as the recommended height for 

mechanical harvesting of at least 12 cm of the first pod above ground level at maturity as 

reported by Ramteke et al. (2012), both foreign and local germplasm are ideal for mechanical 

harvesting with combine harvester except G119 (10.83).   
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 First pod height from the ground of soybean germplasm 

The height of the first pod from the base of the plant is a crucial agricultural trait when using 

a mechanical combine harvester (Fratini et al., 2007; Kowalczuk, 1999). The foreign soybean 

germplasm G39, G83, and G90 produced the highest first pod height from the base as the 

results indicated. This could be linked to environmental factors that affected the foreign 

soybean germplasm to produce more flowers as compared to the local soybean germplasm. 

The variation in the first pod from the base for the foreign soybean germplasm could also be 

due to the results of late planting which affected the local germplasm while the foreign 

soybean germplasm was not affected as they were determinate germplasm (Toshiro et al., 

1998). This conforms with the reports of Kang et al. (2017) who stated that soybean first pod 

height from the ground is affected by the environment such as seeding rate and planting 

distance. Indeterminate varieties that are usually grown in the Midwest require shorter 

growing seasons (Purcell et al., 2014) while the determinate varieties grown in the Southwest 

due to the longer growing season needed, hence late planting of the local genotypes could 

have affected the pod production. Proper pod placement on a legume plant's stem is key, 

particularly when it comes to maximizing yield during combined harvesting. All the soybean 

germplasm planted (both foreign and local germplasm') first pod height ranged between 

10.83 – 24.50 cm. This report is similar to that of Souza et al. (2021) who reported the first 

pod height of soybean cultivars in a range of 13.37 ±  0.21 cm (BMX Opus) to 14.24 ± 0.34 

cm (BRS 9383). This suggested that the soybean germplasm evaluate could be harvested 

with a combine harvester except G119 (10.83) since the recommended first pod should be 12 

cm above ground level (Ramteke et al., 2012). However, this was contrary to the report by 

Pereira Junior et al. (2010) who reported that for mechanical harvesting the first pod height 
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of the soybean plant should be 15 cm. The relationship between the first pod height and 

various aspects of the plant has been explored in multiple studies (Fratini et al., 2007; Kang 

et al., 2017; Ramteke et al., 2012). Observations have shown that first pod height has a 

positive correlation with plant height, but a negative correlation with the number of pods, 

seeds per plant, seeds per pod, and seed weight (Oz et al., 2009). Ramteke et al. (2012) 

reported a positive correlation between plant height, number of nodes, and stem diameter. 

However, Ghodrati et al. (2013) found that first pod height was negatively correlated with 

seed yield, which could be attributed to the high ratio of first pod height to plant height and 

potentially reduced the number of pods. 

 Assessing soybean germplasm resistance to lodging 

Stem lodging refers to the permanent displacement of the above-ground parts of the crop 

(Wu and Ma 2018). Lodging could be a major hindrance to the mechanical harvesting of 

soybeans. It creates difficulty in gathering and separating pods from the lodged plants. Table 

7 indicated that the number of lodged plants statistically varied among foreign soybean 

germplasm and local soybean germplasm with the foreign soybean germplasm averagely 

giving higher lodged plants. The reason behind the local soybean germplasm lodging less 

could be attributed to the adaptability to environmental and weather factors. This assertion 

corroborates the reports of Ramteke et al. (2012) who suggested that environment and variety 

are the cause of soybean lodging. He further reported that frequent rain continuously in a 

week is a prerequisite for soybean lodging. The high lodging of the foreign soybean 

germplasm could also be attributed to the height attained by the foreign soybeans because 

Ramteke et al. (2012) reported that taller plants are highly susceptible to lodging due to their 
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thinner stem and are prone to be affected by wind action. It was observed that more of the 

lodging occurred shortly after harvesting.   

 Number of seeds per pod  

The results in Table 10 showed that the foreign soybean germplasm displayed a higher 

number of pods per plant as compared to the local germplasm, and this difference was 

statistically significant. This suggests that the quantity of pods produced during the 

vegetative growth stage is directly related to the genetic makeup of the soybean germplasm. 

This relationship is also supported by the positive correlation between pods per plant and the 

soil conditions and nodes produced. This finding is consistent to the report by Peters et al. 

(2005) who reported that soil pH below 5.2 does not support the growth and development of 

soybean pods and this is evident in the soil chemical analysis with a pH of 5.85. However, 

Desclaux et al. (2000) rather attributed the number of pods produced per plant to the number 

of flowers produced by a soybean plant. He further linked low pods per plant to poor flower 

production, potentially resulting in seed abortion. Nevertheless, the nodes produced by the 

foreign soybean germplasm could have also played a role in the number of pods per plant. 

The nodes on the soybean plant serve as an initial point for the establishment and 

development of pods (Egli, 2013). Also, Abel (2020) reported that soybean growth habits 

and genetic makeup improve the superiority in the number of pods per plant. In pigeon peas, 

inherent genetic differences were recorded in the number of seeds per pod (Ahmad and 

Mohammed 2004). Similarly, in the Guinea Savanna Zone in Nigeria, Umeh et al. (2011) 

recorded differences in the number of pods per plant among different soybean varieties 

tested. This suggested that the foreign soybean lines are superior for growth habits as well as 
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a genetic improvement compared to the local soybean germplasm used by farmers in 

Northern Ghana. 

 Assessment of soybean germplasm shattering ability  

Soybean pod-shattering can lead to a significant reduction in yield, with estimates ranging 

from 50 - 100%. Factors such as the timing of harvest, harsh environmental conditions, and 

the genetic makeup of the soybean genotype have been identified as contributing to this 

problem (Bara et al., 2013). It was observed that foreign soybean germplasm was more prone 

to shattering compared to local germplasm as recorded in Table 13, which may be attributed 

to differences in genetic makeup or exposure to harsh environmental conditions. In the 

Guinea savanna agroecological zone, high temperatures exacerbated by dry conditions are a 

major contributor to soybean pod shattering. Bara et al. (2013) reported that conditions such 

as high temperature, low humidity and rapid temperature changes play a vital role in soybean 

pod shattering after maturity. The late harvesting could also have contributed to the higher 

pod-shattering of the foreign soybean lines because as initially established determinate 

soybean varieties have a shorter growing period hence the faster maturity of the foreign 

soybeans may be attributed to pod-shattering of the foreign soybean lines. Adverse 

environmental conditions and late-to-harvest soybean pods result in pod shattering due to the 

impact of a combined harvester (Kuai et al., 2016). 

 100-grain weight 

On 100 grain weight, the situation was not different as the foreign soybean germplasm gave 

a greater 100 grain weight as compared to the local germplasm as shown in Table 14. The 

lower grain weight exhibited by the local germplasm might be attributed to the effect of late 
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maturity. This was exacerbated by dry climatic conditions which affected the local 

germplasm at the pod filling stage. This was contrary to the case of the foreign soybean 

germplasm as they might have passed the pod-filling stage before the draught set in because 

of their early maturing ability. Water availability is an important factor in the soybean pod-

filling stage. 100-grain weight was greatly impacted by water stress in soybean germplasm 

at the pod-filling stage in the work of Konlan et al. (2013).  However, Abel (2020) and Turk 

et al. (1980) claimed in their works that genetic makeup affects soybean seed weight but is 

limited to extreme drought as well as desiccated hot winds resulting in forcible maturity. 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

The study involved two phases. The first phase was a survey to find out the constraints 

confronting commercial soybean farmers in five regions in northern Ghana and the second 

phase was a fieldwork to evaluate foreign and local soybean germplasm for appropriate 

height for mechanized harvesting of soybeans in Northern Ghana.  

From the survey, lack of harvesting soybeans mechanically was the most prominent 

constraint confronting soybean commercial farmers in Northern Ghana. Afayak, Favour, and 

Jenguma were the most used varieties by commercial soybean farmers in northern Ghana 

while Toondana and Anidaso varieties were the least used. The majority of commercial 

soybean farmers practised sole cropping systems while a handful of them practised multiple 

cropping systems. Due to the difficulty in harvesting soybeans manually, they are restricted 

to the number of hectares to cultivate. Time constraints, physical strain, and lower 

productivity were the key drivers of the manual harvesting of soybeans in Northern Ghana. 

The germplasm assessment revealed that the foreign soybean germplasm had more branches 

and sturdier plants as compared to the local soybean germplasm.  The first pod height from 

the base was significantly higher in foreign soybean germplasm though the local soybean 

germplasm had the first pod height above the recommended 12 cm from the ground for 

mechanized harvesting by a combine harvester. Plant height at harvest was also significantly 

higher in the foreign soybean germplasm than the local germplasm but moderately giving the 

recommended 50 cm height required for combine harvester operation.  The foreign soybean 
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germplasm had a lodging rate of 20%, which was higher than the 10 % lodging rate observed 

in the local soybean germplasm.  The foreign soybean germplasm had a shattering rate of 

10%, which was higher than the 4% shattering rate observed in the local soybean germplasm. 

Number of pods per plant was higher in the foreign soybean germplasm as compared to the 

local soybean germplasm. The foreign germplasm 100 seed weight was greater than the local 

soybean germplasm. 

6.2 Recommendations 

➢ Commercial soybean farmers should adopt foreign soybean germplasm (G39, G83, 

G90, and G119) in their farming for higher yields. 

➢ For reduced lodging and shattering in soybean production, the local soybean 

germplasm is recommended. 

➢  Mechanized harvesting is recommended for both foreign soybean germplasm and 

local soybean germplasm except G119 (10.83) since both attained the recommended 

first pod height of 12 cm for mechanized harvesting.  

➢ It is also recommended that; further work be carried out in different locations to 

confirm the response of these foreign soybean germplasm and the local soybean 

germplasm for possible mechanized harvest. 
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APPENDICES 

 

Appendix 1: Questionnaire for field survey among commercial soybean farmers 

SECTION A: Socio-economic characteristics of farmers 

1. District name * 

 

 

 

2. Community name * 

 

 

3. Age (years) * 

 

 

    

4. Sex/gender * 

 

 Male 

 Female 

5 Religion * 

 Islam 
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 Christianity 

 Traditionalist 

 Others 

6 Highest educational level * 

 Tertiary        

 SHS/SSS  JHS/JSS 

 Professional training                

 No formal education 

 No formal training 

 

7 Marital status * 

 

 Married 

 Single 

 Divorced 

 Separated 

 Widow 

 

 

8 Main occupation * 

 

 Farming  

 Trading   

 Government worker 

 Artisan 

 Agro-processor 

9 Do you own your farm land? * 

 Yes 

 No 

10 If yes, how did you acquire the land? 
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 Owned land     

 Gift 

 Leased/rented Sharecropping 

11 What type of cropping system do you practice on your soya bean farm? * 

 Sole cropping 

 multiple cropping 

12 If multiple cropping, what type do you pracitice? (only for multiple) 

 Sequential cropping system (this is where two or more crops are grown on the same 

           piece of land per year)
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    Mixed Cropping (Two or more crops without a distinct row arrangement) 

       Ridge or Row Intercropping (this is the same as mixed cropping but with a distinct row       

arrangement or crops are grown on ridges 

Relay Intercropping (Growing two or more crops simultaneously during part of the life        

cycle of each) 

    Phased Planting (Here the planting dates of the intercrops are systematically arranged to 

ensure continuous sequence of growth and harvesting) 

       Strip Intercropping (involves growing two or more crops in separate strips wide enough 

for independent cultivation) 

       Alley Cropping (In this system, food crops are grown in alleys or strips) 

13 If intercropped, what crops do you intercrop soya bean with? (solely for mixed 

cropping in Q10) 

        Maize       

        Sorghum 

         Any cereal and groundnut       

          Millet 

        Any cereal and cowpea       

          Cowpea 

          Yam 

           Sweet potato
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14 Roughly, what is your annual income (Gh¢) * 

  

: SECTION B: Soya bean varieties in Ghana and their popularity 

15 Where do you get information on soya bean production from? * 

      Ministry of Food and Agriculture (MoFA) 

      Farmer-based organization (FBO)/Community based organization (CBO)       

      Non-governmental organization (NGO) 

      Media (TV/radio)      

      Mosque/church       

      Print media 

      Others 

16 Information from Farmer-based organization (FBO)/Community based organization 

(CBO), name the FBO/CBO  

 

 

Information from Non-governmental organization, please name them. 
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17 So far, 14 soya bean varieties have been released in Ghana, how many of these have 

you heard (multiple answers allowed) * 

 Salintuya-I         Salintuya-II       Anidaso          Bengbie        Jenguma    

   Quarshie      Nangbaar            Ahoto       Afayak          Songda     Suong-

Pungun     Gyidie        Latara          Favour         Toondana      Anigyes    

      No idea 

18 Which of these varieties do you cultivate (multiple answers)? * 

 Salintuya-I      Salintuya-II  Anidaso      Bengbie      Jenguma      Quarshie         

   Nangbaar      Ahoto    Afayak      Songda    Suong-Pungun    Gyidie    

    Latara       Favour      Toondana      Anigyes         No idea 

 

19 Where do you obtain seeds for planting (multiple answers allowed)? * 

 

 Ministry of Food and Agriculture (MoFA)      

 Agro-chemical shop 

 Certified Seed grower       

 Chief farmer 

 Own saved seed 

 Non-governmental organization  

 Friend/family member saved seed 

SECTION C: Soya bean production constraints 

This section seeks to identify challenges associated with soya bean production. 
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20 Which of the following are soya bean production constraints you face? *
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 Poor seed germination      

 Poor crop establishment       

 High cost of seed 

 Late maturity/long duration      

 Small grain size 

 Poor seed colour 

 High cost of fertilizer       

 High cost of pesticide 

 High pest incidence 

 No access to improved variety seeds       

 High disease incidence 

 Low yield 

 Difficulty in harvesting     

 Drought 

 Low pod filling       

 Poor taste 

 Low recovery/shelling percentage      

 Not fit into cropping system 

 Poor fodder quality 

 Susceptible to storage pest       

 High flower abortion 

 High incidence of pod dropping  

 Others (Please specify) 

21 If others to question 20 above, please specify 
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SECTION D: FARMER PREFERRED SOYA BEAN TRAITS 

This section seeks to identify soya bean traits preferred by farmers 

22 What characteristics of soya bean do you prefer for its production value? * 

 Early maturing variety (specify maturity days)      

 Pest resistance 

 Disease resistance      

 High yield 

 Big seed size      

 Small seed size 

 Fit into existing cropping system 

 improve soil fertility by higher nitrogen fixing ability       

 More recovery/shelling % 

 Drought resistance 

 High biomass/good for fodder       

 White/cream seed colour 

 Red seed colour      

 Black seed colour 

 Mottled seed colour      

 Better taste 

 Less cooking  
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Appendix 2: Analysis of variance for plant girth 

 

Source of variation d.f. s.s. m.s. v.r. F pr. 

  

Replication stratum 2  8.167  4.084  3.61   

  

Replication. *Units* stratum 

Soybean lines 6  24.030  4.005  3.54  0.030 

Residual 12  13.568  1.131     

  

Total 20  45.766 

CV %                              7.7 

LSD                               1.892 

Appendix 3: Analysis of variance for lodging 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

  

Replication stratum 2  0.0952  0.0476  0.22   

  

Replication. *Units* stratum 

Soybean lines 6  4.5714  0.7619  3.56  0.029 

Residual 12  2.5714  0.2143     

  

Total 20  7.2381 

CV %               5.6                

LSD                0.824                

Appendix 4: Analysis of variance for plant height at physiological maturity 

 

Source of variation d.f. s.s. m.s. v.r. F pr. 

  

Replication stratum 2  2.6  1.3  0.01   

  

Replication. *Units* stratum 

Soybean lines 6  5727.2  954.5  9.26 <.001 

Residual 12  1236.7  103.1     

  

Total 20  6966.5  

CV %          0.8                    

LSD            18.06 
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Appendix 5: Analysis of variance for shattering 

  

Source of variation d.f. s.s. m.s. v.r. F pr. 

  

Replication stratum 2  0.8571  0.4286  2.84   

  

Replication. *Units* stratum 

Soybean lines 6  16.4762  2.7460  18.21 <.001 

Residual 12  1.8095  0.1508     

  

Total 20  19.1429 

CV %                15.7             

LSD                0.6908 

Appendix 6: Analysis of variance for first pod height from the ground level 

Source of variation d.f. s.s. m.s. v.r. F pr. 

  

Replication stratum 2  4.487  2.243  1.70   

  

Replication. *Units* stratum 

Soybean lines 6  356.960  59.493  45.13 <.001 

Residual 12  15.820  1.318     

  

Total 20  377.267 

CV %              3.6              

LSD             2.043 

 

Appendix 7: Analysis of variance for the number of branches of soybean germplasm 

  Source of variation      d.f. s.s. m.s. v.r. F pr. 

 Replication stratum  2  2.5714  1.2857  3.77   

Soybean_lines 6   25.3333  4.2222  12.37 <.001 

Residual   12  4.0952  0.3413     

 Total    20  32.0000  
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Appendix 8: Analysis of variance for leaf chlorophyll content at 40 days after planting. 

Variate: LCC40 

 Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replication stratum  2  0.310  0.155  0.08   

Soybean_lines    6  260.666  43.444  22.99 <.001 

Residual   12  22.677  1.890     

 Total                20  283.652 

Appendix 9: Analysis of variance for number of pods per plant 

 Variate: NPP 

 Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replication stratum 2  0.381  0.190  0.18   

Replication.*Units* stratum 

Soybean_lines 6  301.333  50.222  46.53 <.001 

Residual 12  12.952  1.079     

 Total 20  314.667 
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Appendix 10: Analysis of variance for the number of seeds per pod per plant 

 Variate: NSPP 

 Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replication stratum 2  0.1667  0.0833  0.60   

 Replication.*Units* stratum 

Soybean_lines 6  11.6190  1.9365  13.94 <.001 

Residual 12  1.6667  0.1389     

 Total 20  13.4524   

Appendix 11: Analysis of variance for Hundred Seed weight 

 Variate: HSW 

 Source of variation d.f. s.s. m.s. v.r. F pr. 

 Replication stratum 2  3.9807  1.9903  2.33   

 Replication.*Units* stratum 

Soybean_lines 6  343.1856  57.1976  67.10 <.001 

Residual 12  10.2292  0.8524     

 Total 20  357.3955       
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