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  Abstract 
Soybean is the most important oilseed crop in the world in terms of both cultivated 
area and production. It is a crucial crop globally due to its broad geographical 
adaptability, unique chemical composition, high nutritional value, functional 
health benefits, and diverse end-uses, including food, feed, and non-edible appli-
cations. Soybeans can generate profitable returns even under minimal agricultural 
inputs and management practices. The objective of this research was to determine 
which soybean cultivars were best suited to Kabul’s agro-climatic conditions and 
to identify cultivars that produced high yields and good-quality grains for human 
consumption. A field experiment was conducted at the research farm of the Faculty 
of Agriculture, Kabul University, in 2018. The experiment included five soybean 
cultivars: Stine 29E22, Stine 3400-2, Gipong, Gongill, and Mongpong. The study 
was arranged in a Randomized Complete Block Design (RCBD) with three repli-
cations. The results showed significant variation in plant height, leaf area, number 
of leaves per plant, number of pods per plant, number of seeds per square meter, 
100-seed weight, and grain yield. All soybean cultivars demonstrated broad adapt-
ability to Kabul’s agro-climatic conditions, with yields ranging from 3.1 to 5 tons 
per hectare. These findings indicate that soybean exhibits strong adaptability to 
Kabul’s climate. It is suggested that farmers cultivate soybean cultivars in regions 
with climatic conditions like those of Kabul, as such environments provide optimal 
conditions for growth and yield performance. 
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1. Introduction 

The primary objective of crop cultivation worldwide is to maximize returns, primarily by increasing seed or grain 
yields. However, in semi-arid regions such as Afghanistan, unpredictable weather conditions and significant varia-
bility across locations, years, and seasons can greatly impact the yields of arable crops [1]. Selecting stable geno-
types with high seed yield potential is a crucial strategy for achieving sustainable agriculture in these challenging 
environments [2-5]. 

Soybean is a leguminous plant cultivated in tropical, subtropical, and temperate climates [6]. It is grown in over 
50 countries and is the most widely produced and consumed oilseed globally [3, 7]. Soybean, the world’s largest 
source of vegetable oil and protein, is a globalized crop with diverse applications in food, feed, and industry. Its 
large-scale production is concentrated in Argentina, Brazil, Canada, China, India, Paraguay, and the United States 
[8, 9]. According to a report by the U.S. Department of Agriculture, Brazil has become the world’s largest soybean 
producer and exporter, while the United States and Brazil jointly supplied nearly 90% of global soybean exports in 
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the 2021/22 marketing year [8, 9]. Soybean is a vital protein source, providing all the essential amino acids required 
by the human body. Harvesting one ton of soy produces enough protein to feed 10,000 households of six for three 
months. Additionally, soybean oil is cholesterol-free, making it an excellent substitute for meat, poultry, and seafood 
[10]. Soybean oil contains linolenic acid, an omega-3 fatty acid, which, although lower in content than canola and 
flax oil, is higher than in other oilseeds such as cottonseed, sunflower, corn, olive, palm, and peanut oil. This has 
been shown to help reduce the risk of heart disease [11]. 

Soy is a key ingredient in many processed foods, including dairy substitutes such as margarine, ice cream, milk, 
yogurt, cheese, and butter [12-14]. These diverse soy-based products have been widely used in both traditional and 
non-traditional soy-consuming communities for decades [2, 17]. Additionally, soybean cultivation contributes to 
soil fertility improvement by fixing atmospheric nitrogen [3, 15]. While its uses are multifaceted, soybean is pri-
marily consumed as food and are often referred to as "plant-grown meat" due to their high-quality protein content 
[16].  

To accurately assess the yield performance of each cultivar under specific environmental conditions, it is essential 
to analyze the role of various yield-determining factors that influence the final seed yield. This approach not only 
aids in selecting cultivars best suited to agroecological zones but also provides valuable insights for breeders to 
develop improved cultivars tailored to specific agro-climatic conditions [17]. Therefore, correlation and regression 
studies between soybean yield and yield-determining traits can offer important guidance for agronomists and breed-
ers in crop improvement programs [3]. 

Recent research has identified several important plant characteristics for selecting high-yielding soybean geno-
types. Key traits, including plant height at harvest, pod count per plant, 100-seed weight, and overall seed yield, are 
commonly used to assess the performance of improved soybean cultivars [18, 19]. Similarly, increased yield has 
been reported to correlate with a higher number of pods per plant, whereas seed size and the number of seeds per 
pod tend to remain relatively stable over time [12]. Furthermore, newly recommended soybean cultivars exhibit a 
broad range of maturity periods and diverse morphological traits, providing options suited to various growing con-
ditions and market demands [18, 19]. 

The global production of soybeans was 395 million tonnes in the 2023/2024 season and is projected to increase 
by 2.2% annually, reaching 411 million tonnes by 2030 [20]. In Afghanistan, soybean production reached 6,000 
tonnes in 2023, with an average yield of 2.5 tonnes per hectare [21]. This yield is notably lower than the global 
average of 2.8 tonnes per hectare, primarily due to the absence of indigenous nitrogen-fixing bacteria, insufficient 
soil residual nitrogen, improper or excessive nitrogen application, and low soil fertility [22]. Consequently, the 
application of external nitrogen fertilizers is commonly required to enhance soybean growth and productivity. Soy-
bean cultivation in Afghanistan is expanding, with training programs led by Nutrition and Education International 
(NEI) reaching over 125,000 farmers across all 34 provinces. Key soybean-growing regions include Kapisa and 
Parwan, where the first soybean farmers’ associations were established; Nangarhar, where the Food and Agriculture 
Organization (FAO) and the World Food Programme (WFP) supported 2,700 farmers; and Bamyan, where research 
farms have developed improved soybean varieties. While national production peaked at 4,000 tonnes in 2016, com-
prehensive provincial-level data remains limited [23]. NEI had set a target to increase soybean production to 300,000 
tonnes by 2024, a level that was projected to be sufficient to meet the nutritional requirements of the entire Afghan 
population. However, following the withdrawal of international organizations from Afghanistan, including NEI, the de-
mand for soybean production continues to exceed the capacity required to adequately supply the existing population [24]. 

Soybean maturity groups (MGs) determine the suitability of a cultivar for a specific region based on temperature 
adaptation. Cultivars exhibit variations in the duration of their vegetative growth phase before flowering, which is 
influenced by both their maturity group and planting date. Proper selection of maturity groups and planting sched-
ules can significantly enhance soybean yield [25]. Newly recommended, improved soybean cultivars—previously 
tested in various regions of Afghanistan—demonstrate a broad range of maturity levels and diverse morphological 
traits [3]. Currently, soybean cultivars grown in Afghanistan belong to an intermediate MG classification (i.e., MG 
0-III). 

Genetic diversity is a critical factor influencing soybean cultivar performance, along with traits such as vigor, 
viability, high seed quality, high yield potential, and resistance to pests and diseases—factors that present major 
challenges in soybean cultivation [26]. However, cultivars released at the national level by the Ministry of Agricul-
ture, Irrigation, and Livestock (MAIL) are unsuitable for highland areas due to their extended maturity period, which 
is affected by lower average temperatures. 

Climate is a fundamental factor influencing crop growth and yield, especially the soybean crop [26]. Soybean 
cultivation in Kabul faces challenges due to its unique agro-climatic conditions. There is limited research on which 
soybean cultivars are best suited for these conditions, affecting yield and quality. Identifying adaptable cultivars is 
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crucial for improving soybean production, ensuring better yields, and supporting sustainable farming practices in 
the region. Given that soybean cultivation is relatively new in Afghanistan, farmers often lack knowledge regarding 
optimal agronomic practices, including the appropriate number of irrigation events, as well as the optimal sowing 
and harvesting times, particularly under the agro-climatic conditions of Kabul. 

This research aims to identify soybean cultivars that are best adapted to the agro-climatic conditions of Kabul 
and capable of achieving high yields. 

2. Materials and Methods 

The study was established at the research farm of the Agriculture Faculty, Kabul University {34°North (Latitude) 
and 69°East (Longitude)} on May 22, 2018. Soil physical and chemical properties were taken and analyzed at the 
Ministry of Agriculture and Livestock (MAL) soil Lab in Badambagh, Kabul. The trial layout has a total of 15 plots 
(each with an area of 6 m2) arranged in a randomized complete block design (RCBD) with 3 replicates covering a 
trial area of 127 m2. 

First, the land was irrigated and cultivated with discs. On May 22, 2018, five soybean cultivars (Stine 29E22, 
Stine 3400-2, Gipong, Gongill, and Mongpong) from the Nutrition and Education International (NEI) agency, which 
originated from the United States of America, were planted. The depth of cultivation was 2-3 cm, and there were 
40 seeds per m2 sown. Diammonium phosphate (DAP) fertilizer was applied before planting at a rate of 90 kg ha⁻¹. 
Nitrogen (80 kg ha⁻¹ total) was split-applied as follows: 20 kg ha⁻¹ at planting, 20 kg ha⁻¹ at the V1 stage (first 
trifoliate), and 40 kg ha⁻¹ at the R1 stage (flowering). Iron chelate (Ferro-Germ Liquid 20L) was also used on June 
12 and June 23, both at 0.4 kg/ha.  Furrow irrigation was applied once a week throughout most of the growing 
season. Weed control was done by hand at regular intervals when required. 

Measurement parameters included plant height, number of leaves, area of leaves, number of pods per plant, num-
ber of seeds per pod, number of seeds per plant, and grain yield. Data was collected weekly for pre-harvest param-
eters. Plant height was first measured on June 6, from the ground to the tip of the stem, for an average of 6 plants 
per plot. The number of leaves per plant was counted periodically (6 times) up to the end of the vegetative stage. 
Before harvest, leaf area (LA) was measured twice at 66 days after planting (DAP) at the development stage (R2), 
flowering/full bloom on July 27, to the beginning of maturity (R7) stage, (90 DAP) on August 1, 2018. A random 
0.5 m2 area in each plot was selected for sampling. The plants were cut at the soil surface and separated into stems, 
leaves, and pods. The LA sample was measured with a leaf area meter (GBB-LAM8). 

At the final harvest, 6 plants were randomly selected from each plot, and yield components were determined, i.e., 
pod number, seed number per pod, number of seeds per m2, and 100 seed weight. 

Grain yield per hectare was determined by threshing six randomly harvested plants from each plot before oven 
drying at 70°C for 24 hours to a constant weight. All data were analyzed using analysis of variance (ANOVA) using 
the STAR statistical software. Treatment differences were compared using the least significant difference (LSD) 
method with a probability of 5%. The data recorded on various parameters during the study were statistically ana-
lyzed using Star Statistical Software. 

3. Results 

3.1 Soil sampling and analysis 

To determine soil properties, soil samples were collected from the experimental sites at Kabul University Agricul-
ture Farm (KUAF) using a soil sampling tool (agar). Samples were taken from a depth of 25 cm. From each exper-
imental field, 10 samples were collected and mixed to form a composite sample. The soil samples from both sites 
were analyzed for their physical and chemical properties at the Ministry of Agriculture and Livestock (MAL) Soil 
Lab in Badambagh, Kabul. The results of the soil properties are presented below in Table 1. 

Table 1. Soil Composition at the farm of the Agriculture faculty, Kabul University 

    Soil Analysis    

pH EC ms/cm 
  Elements  Soil Texture Remarks 

T-N 
% 

P2O5 
ppm K ppm Na ppm CaCO3 

% 
OM 
% 

Sand 
% 

Silt 
% 

Clay 
%  

8.3 0.175 0.168 9.50 24.00 14.00 12.50 1.00 50.96 38 11.04 Loam 
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3.2 Climate conditions 

Based on the Köppen climate classification, Kabul, the experiment site, is classified as a cold climate. January and 
February are the coldest months of the year, and the maximum temperature reaches a peak in July. The monthly 
minimum and maximum temperatures and accumulated rainfall during the growing season are presented (Fig. 1). 
At sowing, the temperature varied from 8-20°C, and during the growing season, the maximum temperature varied 
between 20.6 °C to 34.2°C, with a minimum temperature of 8.1°C to 22.8°C. The highest amount of rainfall (36.97 
mm) occurred in April during crop emergence. 

Full sunlight and a growing season from April to October are ideal for soybean growth in the Kabul climate. The 
crop requires about 8 to 10 hours of sunlight daily. Due to the region’s semi-arid conditions, supplementary irriga-
tion is necessary during dry periods. 

 
Figure 1. Meteorological data of Kabul province during the soybean crop growing season (2018). 

3.3 Plant height 

Plant height was greatest for Gipoong (100cm), followed by Stine 29E22 (89cm) and Mongpong (84cm) cultivars, 
with Gongill (76cm) and Stine3400-2 (66cm) being much lower (Fig. 2). There was a significant difference between 
Gipoong and other cultivars, especially at 65 DAP. 

 
Figure 2. Changes in plant height of different soybean cultivars (Different letters represent a significant difference between 

cultivars at LSD, p< 0.05). 
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3.4 Leaf area (LA) 

Mongpong had the greatest LA (66 mm2), followed by Gipoong (62 mm2) and Gongill (37 mm2), with Stine 29E22 
(35 mm2) and Stine 3400-2 (21mm2) having the smallest leaf area (Fig. 3). 

 
Figure 3. Leaf area of different soybean cultivars in growing periods (Different letters mean significant differences between 

cultivars at LSD, P< 0.05). 

3.5 Number of leaves per plant 

At the end of the vegetative stage, Stine 29E22 displayed the highest number of leaves, followed by Gipoong, while 
Stine 3400-2 produced the least number of leaves (Fig. 4). According to ANOVA analysis, there were significant 
differences between cultivars. A statistically significant difference (p<0.05) was found between Stine 29E22 and 
other cultivars except for the Gipoong variety. 

 
Figure 4. Number of leaves in soybean cultivars during the growth period (VE-R2) stages (Different letters mean significant 

differences at LSD (P< 0.05). 
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of all cultivars (Table 2), while the variety Gongill had the lowest (77.3 pods/plant). 

4.2 Number of seeds per pod 

Stine 29E22 produced the highest number of seeds per pod (6.7 seeds/pod), but with no significant difference be-
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4.3 Number of seeds per m2 

Number of seeds per m2 also was different among treatments; the greatest number of seeds (326 seeds per plant) 
depend on Stine 29E22 treatment, and the lowest number of seeds was observed in Gongill treatment (Tab. 2). There 
were significant differences between Stine29E22 and Gipoong, Mangpong, and Gongill treatments (p<0.05) but not 
significant differences between Stine29E22 and stine3400-2 were seen. 

4.4 100-seed weight (g) 

The greatest 100 seed weight occurred in Gongill (18.2g), followed by Mangpong (17.8g) (Table 2). The lowest 
seed weight was observed in Stine 3400-2 and Stine 29E22, respectively (13.7 and 15.1g). There were significant 
differences between Gongill and two other cultivars (Stine29E22 and Stine3400-2), but no significant differences 
were seen between Gongill, Gipooing, and Mongpong cultivars. 

4.5 Grain yield 

Statistical analysis results showed significant differences among cultivars, with Stine 29E22 having the highest 
grain yield (5.0 tons per hectare) grain yield and Gongill the lowest (3.0 tons per hectare) (Table 2). 

Table 2. Yield and yield components of soybean         

No of pod No of seeds No of seeds 100 seeds Grain yield
Treatments /plants /pod /m weight/gr t/ha-1

Gipoong 86.5 6.0 203 17.7 3.8

Mongpong 84.5 5.9 233 17.8 4.1

Stine29 E 22 106.5 6.7 326 15.1 5.0

Stine 3400-2 98.5 6.3 290 13.7 4.4

Gongill 77.3 5.9 141 18.2 3.1
Mean 90.7 6.2 238.6 16.5 4.1
F-test NS

LSD (P=0.05 3.12 2.07 141 0.82 1.09

b

b
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a

a

a

a
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c

b

b
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c
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a

** ** **

2

 
Notes. Lest significant difference (LSD), Coefficient variation (CV), Values with the same lowercase letter within a column are not significantly dif-
ferent, *, ** at P< 0.05 and P< 0.001 respectively; NS= Not significant difference. According to ANOVA, however, differences between treatments at 
the 1 and 5% levels are significant. 

5. Discussion 

From an agricultural perspective, plants are considered well-adapted to a specific region when they exhibit high 
seed yield and superior seed quality [27]. Based on data analysis, Stine 3400-2 exhibited the shortest plant height, 
while Gipoong displayed the tallest height, even at the final growth stage. In general, soybean plant height is influ-
enced by drought stress during the vegetative phase, which restricts growth by limiting cell expansion, cell wall 
formation, and enzyme synthesis [28]. Reduced plant height under drought conditions can decrease lodging risk, 
making it an essential trait for breeders. Therefore, selecting cultivars with shorter stature can aid in breeding pro-
grams aimed at optimizing plant architecture and improving lodging resistance [29]. 

Leaf area (LA) is a crucial determinant of yield formation, as it regulates light interception when environmental 
conditions are favourable [30]. During the flowering stage, significant variations in LA were observed among the 
tested cultivars, with Mongpong exhibiting the highest LA. A greater LA enhances photosynthetic efficiency during 
flowering and grain filling, leading to increased grain yield. Additionally, differences in growth habits among cul-
tivars contribute to variations in leaf canopy structure [30]. Soybean morphology, particularly pod and leaf 
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production, can be influenced by planting density [31]. In this study, sowing density varied due to traditional hand-
planting practices, leading to differences in the number of seeds sown per hole. This variation significantly affected 
LA, particularly in Stine 29E22, Stine 3400-2, and Gongill cultivars. At higher planting densities, individual leaves 
tended to be smaller due to competition, yet their total number remained high, resulting in greater dry matter accu-
mulation [31]. 

Stine 29E22 exhibited the highest leaf production among the tested cultivars. However, leaf count was not directly 
correlated with plant height, as Gipoong had the tallest plants. Previous studies suggest that shorter soybean cultivars 
tend to develop broader canopies and produce more leaves compared to taller cultivars, thereby enhancing photo-
synthetic capacity [31]. 

Pod number per plant is a key determinant of soybean seed yield. Research indicates that pod formation increases 
under conditions that promote optimal source–sink balance, such as flower thinning and defoliation [32]. Addition-
ally, the partitioning of dry matter between seeds and vegetative structures significantly influences pod production. 
Among the tested cultivars, Stine 29E22 exhibited the highest pod count, which correlated positively with its leaf 
number and plant height. As a self-pollinating crop, soybean benefits from enhanced stamen activity, which facili-
tates flower fertilization and pod set. However, in this study, limited sunlight availability during the vegetative phase 
in Kabul negatively impacted pod formation in most cultivars. Pod and seed production in soybeans are highly 
sensitive to fluctuations in sunlight availability, particularly during the flowering and pod setting stages [31].   

The number of seeds per pod is primarily governed by genotype, photothermal conditions, and environmental 
stressors during seed development [33]. Significant variations in seed number per pod were attributed to interactions 
among genotype, environmental conditions, and planting year, whereas pod number per plant was primarily influ-
enced by cultivar and year [33]. 

Seed weight per plant and seed number per plant are critical factors in determining overall yield in soybeans. 
Among these traits, seed weight has a direct and substantial impact on final yield [33]. Positive correlations among 
seed yield, seed weight, and pod count indicate that variations in these traits significantly affect total production 
[34]. Statistical analysis revealed that the effect of cultivar on seed number per plant was highly significant at the 
1% probability level. Differences in treatments were primarily attributed to variations in pod number per plant [28].  
Among the tested cultivars, Mongpong achieved the highest 100-seed yield. However, no strong correlation was 
observed between 100-seed weight, seed count per pod, and seed count per plant. Although Mongpong ranked 
second in these traits, previous studies have reported contrasting findings [28]. Evidence suggests that reduced seed 
size is primarily attributed to a shorter seed-filling period rather than a slower seed growth rate, ultimately leading 
to lower seed weight [28]. 

Grain yield was highest in the Stine 29E22 variety. Consistent with previous research conducted across. 
Afghanistan, Stine 29E22 has demonstrated superior yield potential [29]. High soybean productivity requires not 

only high yields in specific environments but also yield stability across diverse agro-climatic conditions. The find-
ings of this study revealed a trend of improved seed yield, with significant increases in 100-seed weight and pod 
number in newly released cultivars. This underscores the importance of pod formation, seed number per pod, and 
strategic breeding efforts to develop high-yielding cultivars. The pod-setting phase is particularly critical for yield 
determination [35]. 

In this study, grain yield was constrained by iron deficiency, which adversely affected vegetative growth and 
ultimately reduced overall yield. Iron plays an essential role in photosynthesis, assimilate partitioning, and nutrient 
utilization. Iron deficiency in soil is a major limiting factor in soybean production and can significantly impair crop 
quality. Findings from this study, in agreement with previous research, highlight the resilience of soybean as a crop 
capable of achieving stable grain yield through various yield component interactions [36]. 

6. Conclusion 
The results indicate differences among soybean cultivars in various parameters under the agro-climatic conditions 
of Kabul. These differences arise as new cultivars encounter unfamiliar climatic conditions in Kabul. This study 
focused on the adaptation and yield performance of soybean cultivars in the region, with the highest grain yield 
observed in the variety Stine 29E22, followed by Mongpong. Overall, all tested soybean cultivars exhibited adap-
tation to Kabul’s agro-climatic conditions, with three cultivars—Stine 22E29, Mongpong, and Gipoong—demon-
strating clear potential in both yield and adaptation. It can be concluded that soybean breeders should consider 
environmental conditions and overall stability as key criteria for selecting high-yielding genotypes. I acknowledge 
that the results are based on a single sowing date and environment. Alternatively, it is suggested that further studies 
be conducted across multiple sowing dates or environments to obtain more comprehensive findings. 
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