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Abstract  

To investigate the influence of planting distance and nitrogen fertilizer lev-

els on yield and yield components of common bean (Phaseolus vulgaris L.) 

cultivars, a study was conducted in 2021 at the educational and research 

farm of the Daikundi Higher Education Institute. Employing a Randomized 

Complete Block Design (RCBD) Split-Plot arrangement with 4 replications, 

the research examined 4 planting distances (10, 15, 20 and 25 cm) as the 

primary factor and 3 nitrogen fertilizer levels (0, 50 and 100 kg N/ha) as the 

secondary factor. The analysis revealed that the highest seed yield for com-

mon beans, averaging 1220 kg/ha, was obtained with a planting distance of 

25 cm and a nitrogen application rate of 100 kg N/ha. Conversely, the lowest 

yield, averaging 773 kg/ha, was recorded at the narrowest planting distance 

of 10 cm without nitrogen fertilization. Agronomic and physiological traits, 

such as increased total dry matter and leaf relative water content, were ob-

served to positively correlate with grain yield in pinto beans. In contrast, 

reduced planting row spacing adversely affected seed yield, harvest index, 

phonological stages and other common bean characteristics, particularly at 

seeding stage. However, the application of 100 kg N/ha significantly im-

proved certain measured traits. Based on these findings, the study recom-

mends a combined agronomic practice of applying 100 kg N/ha and main-

taining a planting row distance of 25 cm for optimal management of com-

mon bean crops in the Nili center of Daikundi province.   
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common bean; developmental stage; nitrogen; optimal cultivation distance; physio-

logical traits; seed yield    

 

Introduction  

One of the acute nutritional challenges in developing countries is the lack of 
protein consumption. Therefore, it is crucial to focus on cultivating Pinto 

beans, which are known for their high protein content, to address this issue 
(1, 2). Beans are among the most significant legumes and their edible seeds 
possess the highest nutritional value within this group (1). Given that Pinto 

beans cover the largest cultivated area and hold the highest economic val-
ue among legumes, implementing superior agricultural management is es-
sential to maximize yield potential (2). In a study examining the optimal 

plant density common bean, Phaseolus vulgaris L, yield, traits such as the 
weight of 100 seeds, number of seeds per pod, plant height, days to flower-
ing and days to maturity were unaffected by plant density. However, 
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while the number of pods per plant decreased, seed yield 
increased (3). Research on row spacing for bean cultivars 

indicated that at a 15 cm distance, the number of pods per 
plant and seeds per pod outperformed those at wider Bar-
bacter spacing, although pod length and seed yield de-

pended solely on the variety (4). In an analysis of physio-
logical traits across 6 varieties of common bean, 
Phaseolus vulgaris L., under different irrigation intervals, 

control plants were watered every 7 days, whereas 
stressed plants received water every 21 days. The relative 
water content, one of the traits examined, showed no sig-

nificant variation between the varieties under stress and 
control conditions, demonstrating all varieties' ability to 
maintain stable relative water content under stress (5). 

 In a study at various planting distances in bean cul-
tivation, it was found that decreasing the space between 

rows can enhance the grain yield per unit area (6). Another 
study investigated cowpeas grown during the vegetative 
stage—before the flower buds being visible without mag-

nification—and the reproductive stage (7). This research 
revealed that bean performance in the reproductive stage 
is highly reliant on water availability, whereas dry condi-

tions during the vegetative stage have a minimal impact 
on seed performance. The findings suggest that bean seed 
yield is optimized when irrigation reduction is implement-

ed during the vegetative stage, with adequate soil water 
supply commencing at the onset of flower bud appear-
ance. The same study also indicated that cultivating plants 

at narrower row distances results in an even plant distri-
bution, which fosters an ideal planting pattern, enhances 
nutrient uptake from the soil, minimizes weed competition 

and increases both light exposure and yield (8). It was also 
noted that the weight of 100 seeds and the number of 
seeds per pod are influenced by genetics and plant density 

does not significantly affect these factors. However, it was 
observed that increasing plant density leads to higher 
seed yield, total dry weight, harvest index and number of 

pods per unit area (9). In an examination of 3 planting dis-
tances—30, 45 and 60 cm—across 2 bean varieties, it was 
reported that reducing row distance and thereby increas-

ing density accelerated the growth rate, with the greatest 
seed yield achieved at a 30 cm row distance (10). 

 Numerous studies have found that nitrogen signifi-

cantly impacts both the quantity and quality of seeds. Re-

search has consistently demonstrated that nitrogen can 

enhance seed protein content (11). Given the scarcity of 

comprehensive studies and the significance of the com-

mon bean, Phaseolus vulgaris L., particularly the pinto 

bean variety known for its high protein content and eco-

nomic value, this research was designed to explore the 

influence of planting distance and nitrogen fertilizer on the 

performance and yield components of pinto bean culti-

vars. This study was conducted in the climatic conditions 

of the Nili region, the central area of Daikundi province.   

 

Materials and Methods 

The study was carried out at the research farm of the Dai-

kundi Higher Education Institute, located in Nili, the 

capital of Daikundi province. The site is situated at an alti-

tude of 33.7264° N latitude and 66.1245° E longitude and it 

rises 2010 m above sea level. The research was initiated in 

April 2021. The research area is categorized as semi-arid 

and cold, with an average annual rainfall of approximately     

250 mm (Fig. 1). 

Soil of farm          

The farm's soil is classified as sandy loam. To evaluate its 

physical and chemical properties, 5 soil samples were col-

lected in a zigzag pattern from the field at a depth of   

30 cm. These samples were combined to form a composite 

sample for subsequent analysis. The soil at the research 

farm has a pH level of 8.3, an electrical conductivity of ap-

proximately 0.203 Desi Siemens per meter and nitrogen 

content of 0.0056 %. The experimental design utilized was 

a split plot within a randomized complete block design 

with 4 replications. Each replication included 12 plots and 

each plot contained 5 planting rows, each 3 m long and  

2.5 m wide. The spacing between the planting rows was 

established at 50 cm, with an inter-plant spacing of 10, 15, 

20 and 25 cm, yielding plant densities of 20, 14, 10 and        

8 plants/m2 respectively. 

Design of research         

The research treatments consisted of 4 levels of planting 

distances: S1 - the control planting distance (10 cm),  

S2 - a planting distance of (15 cm), S3 - a planting distance 

of (20 cm) and S4 - a planting distance of (25 cm). Nitrogen 

fertilizer was used as a secondary factor at 3 levels: no fer-

tilizer, 50 kg of nitrogen per ha (representing 50 % of the 

fertilizer requirement) and 100 kg of nitrogen per ha 

(fulfilling 100 % of the fertilizer requirement). These were 

applied during planting and at the vegetative growth stage 

(V4).  

Traits to be measured         

To assess the physiological, morphological and agricultur-
al traits in this study, plant sampling was conducted by 

eliminating the marginal effects at each sampling time 

across different growth stages. Samples were taken from 

an area measuring 0.25 × 0.5 m (0.125 m2) in rows 2-4 of 

each research plot. Measured traits included seed yield, 

harvest index, total dry weight, relative leaf water content 

and phonological stages. 

Statistical analysis         

Statistical analysis was conducted using MSTAT-C, SAS 9.2 

and SPSS software to assess the variance within the data. 

The comparison of mean values was performed utilizing 

Duncan's multiple range test and the graphical represen-

tation of the results was created with Microsoft Excel. This 

methodology ensures a robust analysis by combining the 

strengths of specialized statistical software with the versa-

tility of Excel for visual data presentation.   

 

Results   

Seed Yield         

The results of the variance analysis indicated that both 
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planting distance and nitrogen fertilizer application signifi-

cantly affected seed yield, with notable differences ob-

served at 1 % and 5 % levels respectively, as detailed in 

Table 1. It was found that optimal planting distances can 

enhance seed yield; the maximum yield of 1219.96 kg/ha 

was achieved with a planting distance of 25 cm, while the 

minimum yield of 773.31 kg/ha was recorded at a planting 

distance of 10 cm in the seeding stage, as shown in  Ta-

ble 2. Furthermore, the application of 100 % nitrogen ferti-

lizer resulted in the highest seed yield of 1039.00 kg/ha, 

whereas the control treatment, which did not involve any 

nitrogen fertilizer, yielded the lowest at 921.62 kg/ha. No-

tably, this outcome was statistically significant when com-

pared to the yield obtained with 50 % nitrogen fertilizer 

usage, as presented in Table 3. 

Harvest Index (HI)           

The effect of planting intervals on the common bean har-

vest index was significant at 1 % (p≤0.05) as shown in 

Table 1. The highest harvest index, 114601 kg/ha, was 

achieved at a planting distance of 20 cm, while the lowest, 

43064 kg/ha, was observed at a planting distance of 10 cm 

during the granulation stage, detailed in Table 2. In terms 

of nitrogen application, the highest harvest index recorded 

was 89069 kg/ha in the control treatment, which involved 

no nitrogen application and the lowest was 79260 kg/ha 

when 100 % nitrogen fertilizer was used. There was also a 

statistically significant difference between the 100 % nitro-

gen treatment and the 50 % nitrogen fertilizer application, 

as indicated in Table 3. This suggests that under these con-

ditions, photosynthetic materials are preferentially allo-

cated to the reproductive organs instead of being utilized 

for vegetative growth, such as the production of stems and 

structural tissues. 

Total Dry Matter         

The impact of planting distance on the total dry weight of 

pinto beans was significant at the 1 % probability level, as 

indicated in Table 1. The greatest total dry weight record-

ed was 726.83 g/m2 at a planting distance of 20 cm, while 

the lowest was 617.16 g/m2 at a planting distance of 10 cm, 

observed during the vegetative phase (refer to Table 2). An 

examination of dry matter accumulation over various cul-

tivation intervals revealed that, in the initial growth stag-

es, the accumulation was minimal with no significant 

differences between treatments. However, as growth pro-

gressed, the rapid development of the plants highlighted 

differences and in the final growth stages, the dry matter 

amount decreased due to leaf senescence, as depicted in 

Fig. 1 and 2. The highest total dry weight of 724.55 g/m2 

was achieved with the 100 % nitrogen fertilizer treatment, 

whereas the control treatment, which involved no nitro-

gen application, resulted in the lowest weight of 594.37 g/

m2. Notably, there was a statistically significant difference 

between the control treatment and the one involving 50 % 

of the nitrogen fertilizer application, as detailed in Table 3. 

S. V. D. F. 
Mean square 

Seed Yield Harvest index Total dry 
matter RWC Sowing to 

flowering 
Sowing to 

pod 
Sowing to 
maturity 

Replication 3 30065.58** 1259944135ns 23661.87** 88.06** 3.722* 354.3** 0.909* 

Row spacing (a) 3 433991.49** 15438962190** 24460.77** 476.22** 61.000** 743.10** 11.187** 

Error (a) 9 4113.39 8564925950 1412.14 4.72 1.425 0.372 0.557 

Nitrogen ferti. (b) 2 57533.69* 474872518ns 74024.10** 56.09** 30.437** 10.645* 9.770** 

Fert. × RS 6 639.10 ns 202601495ns 746.79 ns 36.1 ns 0.854 ns 0.451 ns 0.104 ns 

Error (b) 24 1287.40 201073671 1224.57 57.1 0.500 0.305 0.104 

% C. V. - 3.63 12.17 5.62 27.2 1.279 2.991 1.318 

Table 1. The mean square of pinto bean physiology traits under the influence of crop spacing and nitrogen fertilizer treatments.   

*, ** and ns: indicates significant at probability levels at 5 %, 1 % and ns = non-significant respectively.  

Sowing to maturity  Sowing to pod Sowing to 
flowering RWC Total dry 

matter 
Harvest 

index 
Seed 
Yield 

(kg/ha) 
Row Spacing 

23.5 d 17.5c 53.3c 47.4d 617.1c 43064c 773.3d Distance of (10 cm) 

24.1c 17.9c 53.8c 53.9c 676.6b 61877b 913.3c Distance of (15 cm) 

24.4b 18.9b 55.5b 62.4 a 726.8a 114601a 1043.1 b Distance of (20 cm) 

25.8a 19.5a 58.3a 57.4b 662.7b 111640a 1219.9a Distance of (25 cm) 

Table 2. Comparison of the average physiological traits on the yield of pinto bean in the cropping intervals.   

Columns with the same letters do not statistically (Duncan's test) have a significant difference at the 1 % probability level.  

Different levels of nitrogen 
fertilization 

Seed of yield 
(Kg/ha) Harvest index Total dry mat-

ter RWC Sowing to 
flowering 

Sowing to 
podding 

Sowing to 
maturity 

Checking (zero kg of nitrogen) 921.6c 89069a 594.3c 53.4c 53.9c 17.6c 23.6c 

50 kg N/ha 1001.6b 80058a 693.6b 55.1b 55.1b 18.5b 24.5b 

100 kg N/ha 1039.0 a 79260a 724.5a 57.2a 56.6a 19.2a 25.2a 

Table 3. Comparison of average physiological traits on pinto bean yield at different levels of nitrogen fertilizer.   

Columns with the same letters do not statistically (Duncan's test) have a significant difference at the 1 % probability level.  
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Relative Leaf Water Content (RWC)        

The effect of planting distance on the relative water con-

tent of pinto beans was significant at the 1 % probability 

level, as indicated in Table 1. The highest relative leaf    

water content, 62.41 %, was observed at a planting dis-

tance of 20 cm, while the lowest, 47.42 %, occurred at a 

planting distance of 10 cm during the granulation stage, 

detailed in Table 2. Furthermore, the treatment with 100 % 

nitrogen fertilizer yielded the highest relative leaf water 

content of 57.23 %, in contrast to the control treatment, 

which had no nitrogen fertilizer applied and recorded a 

lower content of 53.49 %. Notably, there was a statistically 

significant difference between the treatment with 100 % 

nitrogen fertilizer and the one with 50 % nitrogen fertilizer 

consumption, as shown in Table 3. 

The Phonological Stages        

The impact of planting distance on the characteristics of 
days to flowering, podding and full ripening was signifi-

cant at 5 %, 1 % and 5 % probability levels respectively. 

Conversely, nitrogen fertilizer had an insignificant effect 

on the days of flowering and podding at 1 % and 5 % prob-

ability levels. Furthermore, the interaction between plant-

ing distance and nitrogen fertilizer in the stages of days 

until flowering, podding and full maturity was found to be 

insignificant (Table 1). Implementing different planting 

distances altered the length of days to flowering, pod for-

mation and maturity. Specifically, the longest growth 

stage duration was 103 days at a planting distance of 25 

cm, while the shortest was 95 days at a planting distance 

of 10 cm, indicating a reduction in days to flowering by 5 

days. Additionally, the interval between planting and pod 

formation extended the podding period (Fig. 3 and 4). The 

findings suggest that the reproductive stage, which in-

cludes pod formation and seed development, is more sen-

sitive to planting distance than the vegetative stage, from 

planting to flowering. This sensitivity is partly due to a re-

duction in the number of pods per plant and the weight of 

one hundred seeds when the planting interval is narrower 

(Table 2). The combination of planting intervals and nitro-

gen fertilization extended the duration of these phenologi-

cal traits, with the longest period occurring with the appli-

cation of nitrogen fertilizer at 100 kg/ha and the shortest in 

the control treatment with zero kg of nitrogen per hectare 

(Table 3).  

Fig. 1. Presents a comparison of the trend of changes in the dry matter of the whole common bean during various growth stages at diff erent levels of the 
cropping interval. For all variables sharing the same letter, the differences between the means are not statistically significant. Conversely, if two variables have 

Fig. 2. Illustrates the trend of changes in the dry matter content of the whole common bean plant across various growth stages and at  different cropping 
intervals. It is noted that when variables share the same letter, their mean differences are not statistically significant. In contrast, variables denoted by different 
letters signify statistically significant differences. This method of notation is instrumental in analyzing the influence of nitrogen levels on the dry matter content 
of common beans during their developmental phases.  
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Discussion 

In the study of density on common bean cultivars, it has 
been demonstrated that an increase in density leads to a 

decrease in the characteristics of the day of tillering, the 

number of pods per plant, the weight of 100 seeds and the 

percentage of seed protein. However, the seed yield in-

creased due to a rise in the number of pods per unit area 

(11). Afghanistan's arid and semi-arid climate results in 

soils with low organic matter and consequently, low nitro-

gen levels. This deficiency necessitates the supplementa-

tion of nitrogen through chemical fertilizers and organic 

materials (12). It has been observed that improper spacing 

in cultivation and nitrogen fertilizer application signifi-

cantly reduces the yield of common beans. This inappro-

priate spacing also notably affects the seed protein con-

tent, plant physiology, morphology, yield and quality of 

common beans (13). Additionally, nitrogen deficiency has 

been identified as a limiting factor in the growth and de-

velopment of leaves in 2 corn genotypes, with a decrease 

in cell division and elongation pinpointed as the cause of 

reduced leaf development (14).  

 Improving the efficiency of nitrogen consumption is 

a key strategy for developing sustainable agricultural sys-

tems, leading to maximum yield with minimal input and 

nitrogen wastage (15). Surveys indicate that over a 50 % 

increase in food production performance is attributable to 

the use of chemical fertilizers. Among these, nitrogen ferti-

lizers contribute more significantly than others; however, 

their efficiency is unfortunately low, at only 15 %. Research 

also suggests that the timing of nitrogen application and 

soil type can influence its effectiveness. Specifically, the 

positive effects of nitrogen may lead to premature wilting 

towards the end of the development period, consequently 

reducing the yield, as indicated by a 16 % decrease (16). 

 The study's findings indicate that nitrogen absorp-

tion escalates as plant growth progresses, persisting up to 

the pod-filling phase, with the peak absorption occurring 

between the onset of pod formation and pod filling. Con-

currently, as plants grow, the nitrogen concentration in 

the aerial parts surges, reaching a zenith at the flowering 

stage and the commencement of pod formation. Subse-

quently, a decline in nitrogen concentration is observed, 

although nitrogen absorption—driven by plant growth and 

the nitrogen content in shoot organs—continues until the 

plants reach physiological maturity (17). The diminution of 

nitrogen concentration in the aerial parts post-flowering 

and during seed filling is likely due to the translocation of 

nitrogen from the stem and leaves to the developing 

seeds. In spite of this reduction, nitrogen absorption in-

creases post these stages, attributed to ongoing plant 

growth, even though the rate of nitrogen absorption does 

not alter from the pod-filling stage to physiological maturi-

ty. It is documented that approximately half of the plant's 

nitrogen absorption occurs up to the flowering stage, with 

the remainder transpiring over 30 days culminating in 

seed maturation (18). 

 Farmers often hold the belief that higher plant den-

sity can lead to increased yields. However, it is important 

to recognize that beyond an optimal density level, the in-

dividual plant weight may decrease significantly, resulting 

in yield gains attributable solely to the greater number of 

plants per unit area (19). Research indicates that the corre-

lation between plant density and grain yield varies across 

different regions and cultivars. Generally, an increase in 

plant density can initially boost grain yield to a certain 

degree, after which the yield plateaus. Subsequently, as 

plant population pressure intensifies, even in the absence 

of moisture and nutrient limitations, the grain yield can 

drop sharply (20). Additionally, studies have found that 

decreasing row spacing from 69 cm to 23 cm and increas-

ing plant density from 25 to 38 plants/m2 can enhance the 

yield of white beans, even amidst weed competition (21). 

 Research has indicated that the harvest index of 

Phaseolus vulgaris decreases with increased planting dis-

tances (22). Similarly, it has been reported that the harvest 

index of soybeans diminishes when the distance between 

plants is extended during the reproductive stage (23). 

However, some researchers argue that the selection index 

is predominantly a genetic characteristic and remains rel-

atively constant (24). The findings also suggest that the 

reduction in dry weight is contingent upon the proximity of 

planting. This proximity can adversely affect the plant's 

capacity to assimilate nutrients, synthesize and translo-

cate biomass, ultimately leading to a reduction in total dry 

weight (25). 

 The utilization of nitrogen fertilizer is pivotal in aug-
menting dry matter production, particularly post-
flowering. Nitrogen application in maize enhances dry 

Fig. 3. Presents a comparison of the average effects of row spacing and 
inter-plant distances on the phenological stages of pinto beans.  

Fig. 4. Comparing the average effect of nitrogen fertilizer on the phono-

logical stages of pinto beans.  
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matter accumulation, with a marked increase observed 
during the reproductive phase of the battery treatment. 
Varied bean studies indicate that reduced planting dis-
tances lead to a decline in the relative water content of 
bean foliage (26). Research findings suggest that employ-
ing high values of the relative leaf water content index is a 
recognized method among researchers for selecting supe-
rior genetic varieties (27). Furthermore, it has been docu-
mented that nitrogen fertilizer application prolongs the 
cultivation period up to the stages of flowering, pod for-
mation and maturation (28).  

 

Conclusion  

The research indicated that the optimal seed yield for 
common beans was achieved with a planting distance of 
25 cm and the application of 100 kg of nitrogen per hec-
tare, resulting in an average yield of 1220 kg/ha. In con-
trast, the lowest yield was recorded at a planting distance 
of 10 cm without utilized nitrogen fertilizer, averaging 
773 kg/ha. It was observed that agronomic and physiologi-
cal traits such as increased total dry matter and leaf rela-
tive water content positively influenced the grain yield of 
pinto beans. Conversely, a shorter distance between plant-
ing rows negatively impacted seed yield, harvest index, 
phonological stages and other common bean traits, with 
the most significant decrease occurring during the seeding 
stage. Nonetheless, the application of 100 kg of nitrogen 
per hectare enhanced certain measured traits. Conse-
quently, the study recommends the use of 100 kg of nitro-
gen per hectare combined with a planting row distance of 
25 cm as the most effective crop management practice for 
common beans in the Nili center of Daikundi province.   
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