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Introduction

Mung bean (Vigna radiata L.) is a crucial pulse 
crop in South Asia, providing an essential and 

affordable source of vegetable protein, comprising 22-
24%, along with vital vitamins (Khattak et al., 2019; 

Ali et al., 2021). As the population in Asia continues 
to grow, so does the demand for food, making it 
imperative to enhance mung bean yields through 
improved agronomic practices and the development of 
stress-resilient varieties. This approach is essential for 
ensuring both nutritional and food security (Kumar 
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et al., 2021). In Pakistan, the average mung bean yield 
is 475 kg/ha, significantly lower than its potential 
yield of 1971 kg/ha (Khattak et al., 2004). One of the 
key factors in maximizing yield is timely sowing, with 
research indicating that sowing during the first week 
of July can result in optimal seed yields (Poehlman 
et al., 1991). However, early sowing carries the risk 
of poor germination and weak plant stands (Singh 
et al., 2013; Lipton, 2001). Balochistan, the largest 
province of Pakistan, presents both unique challenges 
and opportunities for mung bean cultivation due 
to its diverse topography and climatic variations 
(Amanullah et al., 2018a). The region includes arid 
landscapes as well as fertile irrigated lands and 
wetland loss characteristics (Zhengda et al., 2025), 
which require region-specific research to determine 
the most effective cultivation practices to achieve 
more yield per water drop (Laghari et al., 2024). 
Quetta, the provincial capital, is situated in a valley 
surrounded by mountains and experiences a semi-
arid climate characterized by hot summers and cold 
winters. These distinctive agro-ecological conditions 
necessitate tailored research to optimize mung bean 
cultivation practices in this area. Although mung bean 
is primarily cultivated in the Punjab province during 
the Kharif season, there is considerable potential to 
expand and optimize its cultivation in other regions, 
including Balochistan (Amanullah et al., 2018b). The 
crop’s ability to fix atmospheric nitrogen (Sharar et 
al., 2001) and its drought resistance (Ali et al., 2001; 
Ghafoor et al., 2003) make it particularly suited to 
the semi-arid conditions of Quetta. Despite the crop’s 
significance, research on optimizing sowing dates for 
different mung bean varieties in the specific agro-
ecological conditions of Quetta, Balochistan, remains 
limited. This study seeks to fill this knowledge gap 
by exploring the impact of various sowing dates on 
multiple mung bean varieties in this region. The 
research aims to compare conventional and alternative 
sowing dates to identify those that lead to higher 
yields and better-quality mung beans under Quetta’s 
unique climatic conditions. 

The specific objectives of this study include 
examining the effect of sowing dates on the growth 
and yield attributes of mung bean varieties in Quetta, 
Balochistan, and determining the optimal sowing 
date for maximizing mung bean yields in this area. 
By addressing the challenges and opportunities 
associated with each sowing date within this specific 
agro-ecological zone, this research intends to provide 

valuable insights for farmers aiming to improve their 
mung bean cultivation practices in Quetta and other 
similar regions in Balochistan.

Materials and Methods

Study site, experimental design, and plot layout
The field experiment was conducted at the Pulses 
Research Directorate at the Agriculture Research 
Institute in Quetta during the Kharif season 
(Supplementary Figure S1). The study site is in 
the semi-arid region of Balochistan province, 
characterized by continental climate with hot, dry 
summers and moderate rainfall patterns typical 
of pulse cultivation zones. A split-plot design was 
implemented within a randomized complete block 
framework, with three replications to systematically 
evaluate the interactive effects of sowing dates and 
mung bean cultivars on agronomic performance and 
yield parameters. The experimental layout comprised 
two factors: Factor A (main plot) included five sowing 
dates consisting of T1 ( June 10), T2 ( June 20), T3 
( June 30), T4 ( July 10), and T5 ( July 20), while 
Factor B (subplot) encompassed three mung bean 
varieties including V1 (AZRI-06) V2 (Bahawalpur), 
and V3 (NM-2011). Each individual experimental 
unit measured 4 × 5 m (20 m²), resulting in a total of 
45 plots (5 sowing dates × 3 varieties × 3 replications). 
This factorial arrangement enabled comprehensive 
assessment of temporal planting decisions and genetic 
diversity effects on Vigna radiata L. productivity 
under regional agro-climatic conditions. Plot spacing 
maintained adequate buffer zones to minimize inter-
plot interference and ensure independent treatment 
evaluation.

Crop management and cultural practices
Sowing operations were executed using a single-row 
hand drill to ensure uniform seed placement and 
optimal plant establishment across all experimental 
units. Considering the nitrogen-fixing capacity of 
leguminous crops, a reduced nitrogen fertilization 
strategy was implemented with 8-10 kg N ha-¹ applied 
at sowing to support initial seedling establishment 
without interfering with biological nitrogen fixation 
processes. Phosphorus fertilizer was applied at 20-25 
kg P₂O₅ ha-¹ to enhance root development, nodulation 
efficiency, and reproductive growth during critical 
developmental stages. Both nitrogen and phosphorus 
nutrients were supplied through diammonium 
phosphate (DAP) fertilizer application, distributed 
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uniformly across all plots following recommended 
agronomic practices for pulse cultivation in the 
region. Standard agronomic practices including weed 
management, irrigation scheduling, and pest monitoring 
were maintained consistently across all treatments to 
eliminate confounding variables and ensure treatment-
specific effects on measured parameters.

Data collection and morpho-physiological assessment
Comprehensive data collection was conducted 
throughout the growing season, focusing on key 
agronomic parameters that influence mung bean 
productivity and adaptation. Plant population density 
was quantified by counting total plants per plot to 
assess establishment success and stand uniformity 
across treatments. Plant height measurements 
were recorded in centimeters from ground level 
to the highest growing point using standardized 
measuring techniques. Pod-related parameters 
included pod number per plant through systematic 
counting procedures and pod length measurements 
in centimeters to evaluate reproductive success and 
pod development characteristics. The seed index 
was determined by weighing 1000 seeds (expressed 
in grams) to assess seed size consistency and genetic 
variation effects. Biological yield was quantified by 
measuring total above-ground biomass production 
(kg ha-¹) at physiological maturity, while seed yield 
was calculated as the total weight of harvested 
seeds per hectare (kg ha-¹). All measurements 
were conducted using calibrated instruments with 
consistent protocols across replications. Harvesting 
operations were performed at physiological maturity 
when pods exhibited characteristic color changes and 
moisture content reached optimal levels for accurate 
yield determination.

Statistical analysis and data processing
Statistical analyses were performed using Statistix 
software (version 10.0, 2013) employing analysis 
of variance (ANOVA) procedures appropriate for 
split-plot experimental designs. The statistical model 
incorporated the main effects of sowing dates, 
mung bean varieties, and their interaction effects 
on measured agronomic parameters. Treatment 
means comparisons were conducted using the 
Least Significant Difference (LSD) test at α = 0.05 
significance level to identify statistically significant 
differences between treatments. Data normality and 
homoscedasticity assumptions were verified prior to 
statistical analysis through appropriate diagnostic 

procedures. Results were presented as mean values 
with standard errors, and graphical representations 
were generated to illustrate treatment effects and 
facilitate interpretation of experimental outcomes.

Results

Plant population per plot-1

The data on the average plant population of mung 
bean cultivars (Figure 1) and (Supplementary 
Table S1B) present the impact of different sowing 
dates on plant population. The analysis of variance 
revealed a significant difference (P<0.05) in plant 
population among the varieties. However, the effects 
of sowing dates and their interaction with varieties 
were not statistically significant (P>0.05). As shown 
in (Supplementary Table S1A), the highest plant 
population was observed in the AZRI-06 cultivar 
(565.9), followed closely by the Bahawalpur cultivar 
(563.6), with the NM-11 cultivar having the lowest 
plant population (559.3). Among the sowing dates, 
T3 resulted in the highest plant population (564.3), 
followed by T2 (563.1), T5 (562.8), and T4 (562.3), 
while T1 had the lowest plant population (562.2). The 
interaction analysis revealed that the combination of 
the AZRI-06 variety and T3 sowing date produced 
the highest plant population (568.7), whereas the 
combination of the NM-11 variety and T2 sowing 
date resulted in the lowest plant population (558.0).

Figure 1: Plant population plot of three mung bean 
cultivars evaluated during the Kharif season. 

Plant height
The plant height of mung beans was notably affected 
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by varying sowing dates, as shown by the analysis 
of variance (Supplementary Table S2B). Significant 
differences (p<0.05) in plant height were observed 
with respect to both sowing dates and varieties (Figure 
2). However, the interaction between sowing dates 
and varieties did not have a statistically significant 
impact on plant height (P>0.05). Supplementary 
Table S2A reveals that the highest plant height (28.7 
cm) was recorded in the AZRI-06 cultivar, followed 
by the Bahawalpur cultivar (26.6 cm), with the lowest 
height observed in the NM-11 cultivar (24.4 cm). 
Among the sowing dates, T2 produced the tallest 
plants (30.0 cm), with T1 following closely (26.9 cm), 
then T3 (26.1 cm), and T4 (25.0 cm). The shortest 
plants were recorded in T5 (24.8 cm). The interaction 
analysis showed that the combination of the AZRI-
06 variety and T2 sowing date resulted in the tallest 
plants (32.6 cm), while the combination of the NM-
11 variety and T5 sowing date produced the shortest 
plants (22.7 cm).

Figure 2: Plant height comparison of three mung bean 
cultivars measured at different growth stages during the 
evaluation year. The data highlights variations in growth 
patterns among the cultivars under similar environmental 
conditions.

Number of pods per plant
The variance analysis for the number of pods per 
plant in mung bean (Supplementary Table S3B) 
demonstrated a highly significant effect of both 
sowing dates and varieties (p<0.05) (Figure 3). 
Nonetheless, the interaction between sowing dates 
and varieties did not show a statistically significant 

impact on the number of pods per plant (P>0.05). 
The mean values presented in (Supplementary Table 
S3A) showed how different sowing dates affected the 
number of pods per plant in mung bean cultivars. The 
highest number of pods per plant was recorded in the 
AZRI-06 cultivar (15.3), followed by NM-11 (14.1), 
with the lowest number observed in the Bahawalpur 
variety (13.0). Among the sowing dates, T2 resulted in 
the highest number of pods per plant (16.2), followed 
by T1 (14.8), T3 (13.9), and T4 (13.4), with the 
lowest number recorded in T5 (12.5). The interaction 
analysis indicated that the combination of the AZRI-
06 variety and T2 sowing date produced the most 
pods per plant (17.7), while the combination of the 
Bahawalpur variety and T5 sowing date resulted in 
the fewest pods per plant (11.7).

Figure 3: Pods per plant of three mung bean cultivars 
recorded during the evaluation year. The figure illustrates 
the differences in pod production among the cultivars, 
reflecting their potential yield performance under the 
tested conditions 

Pod size
The average data revealed that the pod size of mung 
bean cultivars was significantly (Supplementary Table 
S4A) illustrates that pod size was affected by different 
sowing dates. The analysis of variance provided 
in (Supplementary Table S4B) revealed a highly 
significant variation (p<0.05) in pod size due to both 
sowing dates and varieties (Figure 4). Nevertheless, 
the interaction among sowing dates and varieties did 
not have a statistically significant effect on pod size 
(P>0.05), the NM-11 cultivar recorded the largest 
pod size (8.1), followed by AZRI-06 (7.2), with the 
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smallest pod size observed in the Bahawalpur variety 
(6.7). Among the sowing dates, T2 resulted in the 
largest pod size (8.2), followed by T1 (7.8) and T3 
(7.4), while the smallest pod sizes were recorded in T4 
and T5 (6.6). The interaction analysis showed that the 
combination of the NM-11 variety and T2 sowing 
date produced the largest pod size (9.0), whereas the 
combination of the AZRI-06 variety and T5 sowing 
date resulted in the smallest pod size (6.5).

Figure 4: Pod size of three mung bean cultivars measured 
during the evaluation year. This figure shows the variation 
in pod length and width among the cultivars, indicating 
their distinct morphological characteristics.

Seed index
The data revealed that mung bean cultivars were 
notably affected by varying sowing dates. According 
to the analysis of variance detailed in (Supplementary 
Table S5B), there was a significant variation (P<0.05) 
in the seed index across different mung bean varieties 
(Figure 5). However, neither the sowing dates nor 
the interaction among varieties and sowing dates 
had a statistically significant impact on the seed 
index (P>0.05). This information is further detailed 
in (Supplementary Table S5A), the highest seed 
index was recorded for the Bahawalpur variety (5.0), 
followed by AZRI-06 (4.6), with the NM-11 variety 
having the lowest seed index (4.5). Among the 
sowing dates, T2 resulted in the highest seed index 
(4.8), closely followed by T1 and T3 (4.7), while 
the lowest seed index was observed in T4 (4.6). The 
interaction analysis revealed that the combination of 

the Bahawalpur variety and T2 sowing date produced 
the highest seed index (5.1), while the combination 
of the NM-11 variety and T4 sowing date resulted in 
the lowest seed index (4.3).

Figure 5: Seed index of three mung bean cultivars 
evaluated during the year. The figure displays the 
differences in seed weight (100-seed weight) among the 
cultivars, reflecting their potential contribution to overall 
yield. 

Biological yield
The average data demonstrated that mung bean 
cultivars’ biological yield was significantly influenced 
by different sowing dates, as detailed in the variance 
analysis (Supplementary Table S6B). There was a 
highly significant variation (p<0.05) in biological 
yield attributed to both sowing dates and varieties, 
although the interaction effect between these factors 
was not statistically significant (P>0.05) (Figure 6). 
As shown in (Supplementary Table S6A), the AZRI-
06 cultivar yielded the highest biological output of 
2782.4 kg/ha, followed by Bahawalpur with 2573.7 
kg/ha, and NM-11 with the lowest at 2337.9 kg/ha. 
Among the sowing dates, T2 produced the greatest 
biological yield of 2900 kg/ha, followed by T1 (2591.3 
kg/ha), T3 (2525 kg/ha), and T4 (2407.9 kg/ha), with 
T5 resulting in the lowest yield of 2398.9 kg/ha. The 
interaction analysis showed that the combination of 
the AZRI-06 variety and T2 sowing date produced the 
maximum biological yield (3165.4 kg/ha), while the 
combination of the NM-11 variety and T5 sowing date 
resulted in the lowest biological yield (2176.9 kg/ha).
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Figure 6: Biological yield of three mung bean cultivars 
assessed during the evaluation year. This figure compares 
the total biomass production among the cultivars, 
providing insight into their growth performance and 
productivity.

Figure 7: Seed yield of three mung bean cultivars 
evaluated during the year. The figure highlights the 
differences in seed production among the cultivars, 
offering insights into their potential for grain yield under 
the given conditions.

Seed yield
The findings indicated that both the mung bean cultivar 
and the sowing date significantly impacted seed yield. 

According to the variance analysis (Supplementary 
Table S7B), there were substantial differences in seed 
yield across various sowing dates and cultivars (p<0.05) 
(Figure 7). However, the interaction between sowing 
dates and cultivars did not significantly affect seed 
yield (P>0.05). Supplementary Table S7A illustrates 
that the AZRI-06 cultivar achieved the highest seed 
yield of 750.7 kg/ha, followed by NM-11 with 683.7 
kg/ha, while Bahawalpur had the lowest yield at 
633.5 kg/ha. Among the sowing dates, T2 ( June 20th) 
produced the highest seed yield of 787.6 kg/ha, with 
subsequent yields from T1 (718.8 kg/ha), T3 (680.3 
kg/ha), and T4 (649.6 kg/ha), and the lowest yield 
recorded in T5 (610.2 kg/ha). The interaction analysis 
showed that the combination of AZRI-06 with the 
T2 sowing date resulted in the highest seed yield of 
868.9 kg/ha, whereas Bahawalpur with the T5 sowing 
date had the lowest yield of 572.1 kg/ha.

Discussion

The study found that the AZRI-06 variety had the 
highest plant population, averaging 565.9 plants, 
whereas the NM-11 variety had the lowest at 
559.3 plants. The effects of sowing dates and their 
interactions were not statistically significant. Faraz et 
al. (2006) reported that the peak plant population of 
28.15 plants occurred in the third week of July, with 
the first week of July showing a close second at 27.66 
plants. This aligns with (Yadav et al., 1998) who noted 
that early sowing led to lower initial plant stands, 
with interaction effects being non-significant. Malik 
et al. (2006) highlighted that early sowing was linked 
to severe YMV disease, impacting plant populations. 
The study also recorded the highest plant height for 
AZRI-06 at 28.7 cm and the lowest for NM-11 at 
24.4 cm. Among different sowing dates, the tallest 
plants, reaching 30.0 cm, were observed on June 20th, 
while the shortest, at 24.8 cm, were on July 20th. 
These findings corroborate (Malik et al., 2005), who 
found that plant height was significantly affected by 
sowing dates, with earlier sowing resulting in shorter 
plants. Amin et al. (2006) also reported a reduction 
in mung bean plant height due to delayed sowing. 
Dhanjal et al. (2000) found that early sowing of mung 
bean resulted in larger seeds compared to later sowing 
dates. Soomro and Khan (2003) observed that sowing 
dates significantly impacted plant height, with early 
sowing (5th July) producing the tallest plants (79 cm), 
whereas height decreased with later sowing (62 cm on 
15th July). Ghafoor et al. (2003) similarly observed that 



Optimizing Mung Bean (Vigna radiata L.) Productivity

December 2026 | Volume 39 | Issue 4 | Page 68	

variations in sowing dates had a substantial impact on 
plant height. The study revealed that the AZRI-06 
variety had the highest number of pods per plant at 
15.3, whereas the Bahawalpur variety had the fewest 
with 13 pods per plant. The June 20 sowing date (S2) 
yielded the most pods at 16.2 per plant, while the July 
20 sowing date (S5) resulted in the fewest at 12.5. 
Although sowing date had a significant impact, the 
interaction effect was not statistically significant. 
Ahmad et al. (2004) found while planting patterns and 
sowing dates significantly influenced pod numbers, 
their interaction did not, aligning with ( Jan et al., 
2000) who reported that later sowing dates produced 
more pods compared to earlier dates. Malik et al. 
(2006) noted the importance of planting geometry 
and late sowing in increasing pod numbers. In terms 
of biological yield, the AZRI-06 variety yielded 
the highest at 2782.4 kg/ha, while NM-11 had the 
lowest yield at 2337.9 kg/ha. The Sayad cultivar 
demonstrated a notably higher biological yield of 
10,969 kg/ha compared to the local variety, which was 
largely due to favorable environmental conditions and 
optimal growth parameters throughout the growing 
season. This aligns with findings by Raymer et al. 
(1998), who also noted significant effects of planting 
pattern and sowing dates on biological and seed yield, 
with no significant interaction effects. Early planting 
led to higher biological yields (4530.86 kg/ha), as 
reported by Rabbani et al. (2013) who linked this 
to better nutrient availability and optimal growing 
conditions. Khan et al. (2000) observed that flat 
sowing led to reduced seed and biological yield due 
to poorer mineral nutrient availability, while the P3 
treatment resulted in the highest seed and biological 
yield. The study also indicated that the AZRI-06 
variety achieved the highest seed yield of 750.7 kg/
ha, whereas the Bahawalpur variety had the lowest 
yield at 683.7 kg/ha. Similarly, Miah et al. (2009) 
found that in summer mung bean, seed yield was 
significantly influenced by sowing dates, with the 
highest yield recorded on the 2nd of March, followed 
by a decrease in yield with later sowing dates. Singh 
et al. (2013) also found that early sowing resulted in 
higher yields. The study revealed that different mung 
bean varieties showed significant variations in harvest 
index and straw yield, while test weight, grains per 
pod, and biological yield exhibited no significant 
differences. Singh et al. (2010), Sadeghipour (2008) 
observed that timely sowing conditions had a 
positive impact on both biological and grain yields. 
In contrast, delayed sowing affected the crop’s life 

cycle and grain translocation, leading to a lower 
stover yield in BARIMung-3, while BARIMung-4 
exhibited the highest stover yield due to increased 
plant height. Kabir and Srakar (2008) noted that the 
lowest harvest index was found in BARIMung-2, 
like BARIMung-4, while BARIMung-2 showed the 
highest index, attributed to its higher seed yield.

Conclusion 

The study demonstrates that cultivar selection and 
sowing date optimization are critical determinants 
of mung bean (Vigna radiata L.) productivity 
and agronomic performance. Among the three-
cultivar evaluated, AZRI-06 consistently exhibited 
superior performance across multiple agronomic 
traits, achieving the highest seed yield of 750.7 
kg/ha along with optimal plant density planting 
window, yield 787.6 kg/ha representing substantial 
improvement over delayed sowing schedules. The 
progressive decline in yield parameters with delayed 
sowing, particularly evident in July 20 treatment, 
underscores the sensitivity of mung bean cultivation 
to temporal management decisions. The absence of 
cultivar × sowing date interactions suggests that the 
optimal sowing period (mid-June) remains consistent 
across genotypes, providing practical flexibility for 
producers. These findings indicate that early sowing 
strategies, particularly during the mid-June period, 
capitalize on favorable environmental conditions 
characteristic of the Quetta region, enabling enhanced 
photosynthetic efficiency, extended reproductive 
phases, and improved resource utilization during 
critical growth stages. The research provides evidence-
based recommendations for mung bean production 
optimization in semi-arid environments, emphasizing 
the synergistic benefits of appropriate cultivar (AZRI-
06) combined with strategic sowing timing ( June 
20). The findings contribute to sustainable legume 
production systems by offering practical guidelines 
for maximizing productivity while maintaining 
crop quality. Future research should investigate the 
underlying physiological mechanisms driving these 
cultivar-specific responses and evaluate the broader 
applicability of these timing recommendations across 
diverse agro-ecological zones.
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