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Abstract: Macronutrients including potassium (K), and phosphorus (P) are vital for the
growth and development of plants. Compromised availability of these nutrients not only
reduces the quantity and quality of crop yield but also threatens agricultural sustainability
and food security. Improved utilization efficiency of plant nutrients offers a potential way
to reduce the negative impact of nutrient (K and P) deficiencies. Mungbean is a major
pulse crop of the Thal region, Punjab, Pakistan. However, its regional average grain yield
is lower than its yield potential. This yield gap can be attributed to due to several crop
management issues, mainly inadequate and imbalanced crop nutrition. A two-year (2017
and 2018) field experiment was planned to optimize the combination and level of K and
P fertilizers for mungbean crop in the Thal region, Punjab, Pakistan. An experiment was
conducted at Adaptive Research Farm, Karor Laal Eissen during kharif seasons (2017 and
2018), arranged in triplicate using randomized complete block design (RCBD). Mungbean
plants were exposed to five combinations of phosphorus and potassium fertilizers
including PoKo (Control, without P and K); P3oKo (30 kg P2Os, 0 kg hat K»0); P4sKso (45
kg P20s, 50 kg hat KQO); Ps7Ks2 (57 kg P20s, 62 kg hat KZO) and PgsKys (85 kg P20s, 75
kg hat K;0). Plant height, pods plant?, grains pod-, 1000-grain weight and yield kg ha*
were minimum where no fertilizers (Control, T1) were used. Studied growth and yield
parameters of mungbean showed an increasing trend with the increasing level of both P
and K fertilizer applications till Ps;Ke2. However, further increase in P and K nutrient
levels negatively affected the mungbean growth and yield. Dry matter accumulation crop
growth rate of mungbean plants was maximum when treated with Ps7Kg2. However,
performance of mungbean plants was statistically inferior in terms of plant height (cm),
number of pods plant?, number of seeds pod, 1000-grain weight (g) and grain yield
during both years, when treated with other fertilizer application treatments i.e., P3oKo,
PsKso, PesKzs. From the presented results it can be concluded that under Thal region of
Pakistan, higher mungbean yield can be increased by the application of Ps7Kez (57 kg ha
! of P,Os and 62 kg ha* of K;0).
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Optimization of Phosphorus and Potassium Fertilization Rates for Mungbean Production

1. Introduction

The Thal Desert is a triangular region, located
between the two main rivers of Punjab i.e., Indus and
Jhelum, with an area of 2.5 million hectares (Yasin et
al., 2016) with an approximate location between 30°70
and 32°30° N and 71° and 72° E and 120-200 m above
sea level (Ahmad et al., 2022; Garzanti, et al., 2020).
The agroclimatic conditions of the Thal region are
challenging for agriculture (Aulakh et al., 2020). Semi-
arid or arid subtropical climatic conditions with annual
rainfall ranging between 120-200 mm are the main
features of this region (Liang et al., 2019; Nawaz et al.,
2019). Calcareous soil with a sandy texture dominates
in the Thal region with low fertility and soil erosion
due to frequent strong winds (Yasin et al., 2016).
Regardless of these challenges, the Thal region has the
potential to be a productive agricultural area if
supplemented with adequate crop management
practices.

Mungbean is a key legume crop in Pakistan and the
Thal area during kharif season (Ullah et al., 2020). It
is very well adapted to the arid conditions of Thal
region due to drought tolerance. However, the area
under cultivation of mungbean and other pulses is
decreasing due to various abiotic and biotic stresses
(Ullah et al., 2020). Mungbean is highly popular owing
to its high nutritive value and digestible protein (Igbal
et al., 2021; Schreinemachers et al., 2019).

Mungbean provides a wide range of phytochemicals
like protein, dietary fiber, minerals, vitamins,
polyphenols, polysaccharides, and peptides, which are
associated with significant health advantages.
Therefore, mungbean is potentially considered an
alternative functional food (Kabre et al., 2022; Hou et
al., 2019; Zafar et al., 2023).

Mungbean is a legume plant and can fix atmospheric
nitrogen through a synergetic effect of bacteria present
in root nodules and supply to plants in ample amount
(Dev et al., 2023; Favero et al., 2022; Shahrajabian et
al., 2022). It is well adapted in the Thal region due to
drought tolerance and can grow well in rainfed
conditions. It performs better on marginal lands of the
Thal region as compared to other crops (Pasley et al.,
2023; Singh et al., 2019). Currently cultivated cultivars
of mungbean have a yield potential from 1650 to 3200
kg ha! depending on genotype, agroclimatic
conditions, crop management, and location (Ullah et
al., 2020).

Fertilizer application plays a key role in agricultural
production, as it is a crucial input supplying essential
nutrients required by plants. However, judicious use of
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fertilizers can help to improve crop yields and quality,
ensuring sustainable agriculture without
compromising the environment. However, imbalanced
and inappropriate application of fertilizers causes
extensive collateral damage to agricultural systems
and has serious environmental and economic
implications, and threatens sustainable crop
production (Pretty, 2018). Moreover, nutrient runoff,
pollution (air, soil and water), reduced soil
productivity, and soil degradation are major results of
injudicious application of fertilizers (Noor et al., 2023;
Pahalvi et al., 2021). The residual effects of excessive
fertilizer applications disturb the nutrient balance in
the soil and inhibit healthy plant growth. Appropriate
fertilizer by adjusting the amount and combinations of
fertilizers applied depending upon cite specific
requirements and using suitable fertilizers can help to
achieve sustainable agriculture production (Lu et al.,
2015; Wu and Ma, 2015).

Being an N-fixing crop, mungbean yield is not
significantly dependent on nitrogen fertilization.
However, phosphorus and potassium are important
commonly needed macro-nutrient to obtain higher
mungbean yields per unit area (Wajid et al., 2013; Naz
et al., 2021; Awais et al., 2015). Their dynamics in
agricultural soils and availability to plants primarily
depend on their applied forms. Both macronutrients
are important parts of all biochemical reactions from
germination to maturity in plants.

Globally P deficiency is a major limiting factor
restricting crop productivity (Bi et al., 2013; Khan et
al., 2022; Zhu et al., 2018). Phosphorous is an integral
constituent of important biomolecules like nucleic
acids, phospholipids, proteins, and ADT/ATP.
Therefore, adequate availability of P is critical for the
growth and development of crop plants. Phosphorus is
also involved in the regulation of important reactions
of enzymes during metabolism, and also a vital part of
all plant parts including flower, fruit, and seed (Amin
etal., 2017; Malhotra et al., 2018; Zhu et al., 2018). In
addition, to yield, it also improves the quality of
forages, grains, fruits, and vegetables (Yin et al., 2018;
Wang et al., 2021). In legumes, P participates in root
development, nutrient uptake, energy transformation
(in nodules), and crop growth (Mitran et al., 2018).
Generally, P in agricultural soils is adequate to meet
the requirements of efficient biological nitrogen
fixation, therefore, significant yield reduction in
legumes is caused by P deficiency (Janati et al., 2021).

Potassium is the 3™ most important essential nutrient
plant required for their growth, development, and
physiological processes (after N and P). Unlike N and
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P, K'is not part of cell structure, however, it is involved
in protein synthesis, and several vital physiological
processes including enzyme activation,
photosynthesis, and translocation. Moreover, K
regulates stomatal opening and closing (Rawat et al.,
2022). 1t is a key element regulating plant resistance
against abiotic and biotic stresses. Therefore, its role is
critical for crop yield and quality improvement, and
plant immunity and resistance against various abiotic
stresses including temperature, salinity, and drought
stresses (Johnson et al., 2022; Naz et al.,, 2021,
Perelman et al., 2022). Deficiency of K increases plant
susceptibility to these stresses, which are common in
rainfed areas where legume crops are widely grown
(Askari-Khorasgani, et al., 2021; Rehman et al., 2021;
Yasir et al., 2021).

Changing climate conditions have significantly
influenced crop yields and pressurized the agricultural
systems to increase crop production (Rehmani et al.,
2021). Significant increase in temperature (Hussain et
al., 2018; Ullah et al., 2020 Hussain et al., 2021) and
anomalies in rainfall patterns have been reported and
further anomalies are predicted in the Thal region
(Hussain et al., 2020). These observed and predicted
climatic anomalies in the Thal region have enhanced
the importance of the balanced use of fertilizers as an
adaptation to climate change (Ahmed et al., 2015;
Manzoor et al., 2022). Therefore, the current study was
designed to investigate the most suitable levels and
combinations of P and K for better growth,
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development, and grain yield of mungbean in the Thal
Region of Punjab, Pakistan.

2. Materials and Methods
2.1. Description of Experimental Site and Soil
Characteristics

Adaptive Research Farm, Karor is located between
30°-45” to 31°-24 N and 70°-44 to 71°-50 E (Hussain
et al., 2022). Soil samples were collected before the
experiment at a depth of 0-15 c¢cm, collected samples
were sent to Soil and Water Testing Laboratory,
Layyah, Pakistan for determination of available P and
K. According to laboratory reports, the soil of
experimental site was sandy loam with 41% sand, 37%
silt, 22% clay, pH (8.0), organic matter (0.4%), CaCo3
(5.5%), EC (1.4 ds m™?), available P (6 ppm) and K (40
ppm). Weather data (Fig. 1) from experimental site
during experimentation was collected from a weather
observatory situated close to the experimental site.

2.2. Experimental Details

A field experiment was conducted at Adaptive
Research Karm, Karor Laal Eissen, during kharif
seasons of 2017 and 2018. Nutrient treatments,
including PoKo: Control, without P and K; P30Ko: 30
kg PzOs, 0 kg hal Kzo; P4sKso: 45 kg PzOs, 50 kg ha!
K20; Ps7Ke2: 57 kg P20s, 62 kg hat K0 and PgsK75:85
kg P.Os, 75 kg ha' K;O, were arranges using
randomized complete block design (RCBD) and
performed in triplicate. The seedbed was prepared by
three plowings followed by planking.
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Fig. 1. Monthly means of daily maximum and minimum temperatures (°C), and rainfall (mm) during crop

season 2017 and 2018.
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Seeds of mungbean cultivar NM-2011 were sown
during the last week of May during both experimental
years (2017 and 2018). Both P and K were applied
according to treatment levels in the form of
diammonium phosphate (DAP) and sulfate of potash
(SOP). All other crop management practices including
variety methods), seed rate (14 kg acre* or 34.6 kg ha
1, sowing methods, irrigations, plant protection
measures, and harvesting method were kept similar for
all treatments.

2.3. Data Collection and Analysis

For days to 50% flowering, five plants were selected
randomly tagged and noted the time of flowering.
These tagged plants were further used to record 90%
days to maturity. Time course data of crop growth rate
was recorded through harvesting of a middle line of
one-foot length from ground level. Samples were not
collected from border lines to avoid border effects.
After sample collection, samples were sun-dried, and
weight was measured after oven-drying till constant
weight. Crop growth rate (CGR) was calculated using
the method described by Hunt (1978).

CGR= (W2-W1) / (t2-t1) [1]

Where W1 and W, are the dry weight harvested at the
time interval of t; and ty, respectively.

Crop was harvested at the maturity from 3 m?
avoiding the border areas to find the grain yield of
mungbean and converted into grain yield kg ha'* by the
unit method. Plant height was measured by randomly
selecting 10 plants from each experimental plot. Pods
plant?, were counted from 10 randomly selected plants
from each experimental plot. These pods were
threshed to count the no. of grains pod. 1000-grain
weight was recorded by randomly selecting 1000
grains and weighing them on a digital weight balance.

Data collected of all parameters were pooled and

analyzed using analysis of variance technique of Fisher.

Statistix 8.1 was used to compare treatment means for
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significance by Tuckey’s test at 0.05 probability level
(Steel et al., 2007).

3. Results
3.1. Germination (m)

Results given in Table 1 indicate that different levels
and combination of P and K have no impact on
germination m* of mungbean during both years 2017
and 2018. Plant population was not affected due to
sowing of uniform seed rate and the application of
different doses of fertilizers usually does not affect
germination.

3.2. Crop Development

In legumes, reproductive development including
time to flowering, flowering and podding rates, and
duration of these phenological phases are regulated by
plant genetic structure, however, modulated by
environmental conditions (Geetika et al., 2022; Liu et
al., 2022).

In mungbean plants of tested cultivars, fertilizer
levels, and their combinations could not produce a
significant influence on the number of days to 50%
flowering from sowing, during both experimental
years (Fig. 2). However, maximum number of days to
50% flowering (42 days) were recorded with the
application of PgKzs during 2017 and minimum
number of days for 50% flowering were recorded in
PoKo during 2017 and 2018. An increasing trend in the
number of days to 50% flowering was recorded with
an increase in amount of fertilizers (P and K).

Different P and K fertilizer rates and combinations
could not produce a significant impact on the days to
maturity of mungbean cultivars. Mungbean plants
recorded the most days to maturity (Fig. 2) when
exposed to a fertilizer combination of PgsK7s, however,
minimum days to maturity were recorded when grown
without application of P and K i.e., treatment PoKo
(during both experimental years 2017 and 2018),
which were statistically at par with each other.

Table 1. Yield and yield components of mungbean (Vigna radiata |.) to different levels of phosphorus and potash

under agroclimatic conditions of Thal, Punjab, Pakistan

Treatments Germination Plant Height Pods Plant? Grains Pods?  1000-Grain Weight ~ Grain Yield
(m? (cm) ()] (kg ha'!)
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
PoKo(Control) 34.0a 36.0a 526¢ 55.6 ¢ 15.1c¢ 143c 45c 47c 446 ¢ 37.1c 476d 472c
P30Ko 333a 353a 618b 65.8b 226b 19.7b 57b 55bc 46.1c 420b 566c 601b
PsKso 353a 36.3a 657ab 69.7ab 256a 257a 6.5a 64a 477D 49.0a 637a 745b
Ps7Ke2 35.6a 36.6a 66.1a 71.1la 246a 256a 65a 6.7a 49.7a 50.0a 663a 785a
PesKzs 346a 356a 668a 70.8a 26.0a 215b 55b 58ab 484ab 43.1b 599b 648b

PoKo (Control): without P,Os, and K20 application; PsoKo: 30 kg P20s, 0 kg ha K;0; PssKso: 45 kg P2Os, 50 kg hat

Kzo; Ps7Kgo: 57 kg P205, 62 kg hat Kzo; PgsK7s5: 85 kg P205, 85 kg ha? K>0.
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Fig. 2. Impact of different levels and combinations of Phosphorus and Potassium on days to 50% flowering and
days to 90% maturity of Mungbean (A) 2017; (B) 2018. PoKg (Control): without P20s & KO application; P3oKo:
30 kg P,0O5 & 0 kg hat Kzo; P4sKso: 45 kg P,05 & 50 kg hat Kzo; Ps7Keo: 57 kg P,0s & 62 kg hat Kzo; PgsK7s: 85

kg P,Os5 & 85 kg hat K;0.

Plant height is the result of combined effect of
genetics, environment, and management (Mariotti et
al., 2009). In our study, height of mungbean plants was
significantly affected by the different levels of P and K
(Table 1) during both experimental years. Maximum
plant height (71.1 cm) was recorded when plants were
exposed to treatment Ps7Ke2, followed by plants treated
with PesKzs, but, both nutrient treatments were
statistically at par with each other. The smallest plants
(52.6 cm) were recorded in control plots (PoKo), where
P and K fertilizers were not applied.

3.3. Crop Growth

Crop Growth rate (CGR) is an important parameter
that indicates the accumulation rate of dry matter (g
dayt m). In this analysis, growth trend of mungbean
was recorded from sowing to maturity. Maximum
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CGR was observed in Ps7Ke, of season 2017 after 60
days of sowing while CGR was minimum during 2018
after 82 days of sowing P3oKo. During 2017, CGR was
the lowest with PoKo from sowing to maturity.
Different between CGR were significantly different
during experimental season 2017 while this difference
was lesser during season 2018 (Fig. 3).

Dry matter accumulation has been shown in Fig. 4.
Dry accumulation rate was higher from sowing to 80
days after sowing in all treatments except PoKo during
both years 2017 and 2018. Maximum dry matter was
accumulated during 2018 at maturity in Ps;Kez (3500
kg ha*) while the minimum was recorded during 2017
in PoKo, Interestingly, overall dry matter in 2018 was
higher as compared to 2017.

50
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Fig. 3. Crop growth rate (g m day™) of Mungbean under different levels and combinations of phosphorus and
potassium fertilizers (A) 2017, (B) 2018. PoKo (Control): without P20s & K0 application; P3Ko: 30 kg P20s & 0 kg
ha‘l Kzo; P4sKso: 45 kg PzOs& 50 kg ha‘l Kzo; Ps7Keg2: 57 kg PzOs & 62 kg ha‘l Kzo; PgsK7s: 85 kg P205 & 85 kg ha
1 K,0 from sowing to maturity during two experimental years.
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Fig. 4. Temporal variations in dry matter accumulation (kg ha?) of mungbean under different levels and
combinations of phosphorus and potassium fertilizers (A) 2017, (B) 2018. PoKy (Control): without P,0s & K0
application; P3oKo: 30 kg P,Os & 0 kg hat Kzo; P4sKso: 45 kg P,0s5 & 50 kg hat Kzo; Ps7/Kgo: 57 kg P,0s5 & 62 kg ha

1 K;0; PgsKzs: 85 kg P,0Os & 85 kg hat K,0 during two experimental years.

3.4. Yield and Yield Components

Phosphorus and potash levels significantly affected
pods plant?, and maximum pods plant? 26 (during
year 2017) and 19.33 (2018), were recorded in plots
with Ps7Kg2 (Table 1). Applications of phosphorus and
potash (such as PgsK7s) beyond Ps7Kg, cannot increase
the number of pods plant? to a significant level.

Number of grains pod is an important factor that is
directly involved in final grain yield in leguminous
crops. Their number of pods and seed-bearing capacity
determines the performance of leguminous plants.
Results presented in Table 1 indicated that different
levels of phosphorus and potash significantly
influenced grains pod. It may be the main reason for
more grains pod?. Maximum number of grains pod*
(6.7 and 6.5) were recorded in Ps;Kg, during kharif
seasons of 2018 and 2017, respectively. In Ps7Ks; plots,
P and K were available in optimum dose to the plant
for the completion of mentioned stages without facing
any difficulty whereas the lowest number of grains
were recorded in control plots. The number of grains
pod?! were increased with increasing level of
phosphorus and potash P3Ko, PsKso and Ps7Ke:
against control but beyond Ps7Ke; i.e., PgsK7s; p and k
could not increase the number of grains pod* to a
significant level.

The data regarding 1000-grain weight (Table 1)
highlighted that application of phosphorus and potash
(Ps7Ke2) resulted in a maximum 1000-grain weight of
50.0 g and 47.33 g during seasons 2017 and 2018,
respectively. Experimental plots treated with higher
rates of P and K i.e., PgsK7s; cannot increase the 1000-
grain weight to a significant level, produced grain

weight was statistically at par with the grain weight
produced in experimental plots treated with treatment
Ps7Ks2. Minimum 1000-grain weight of 46.0 g and
43.33 g was noted in control plots (PoKo). Lower rates
of P and K fertilizer i.e., P3oKo and PasKso resulted in a
statistically similar 1000-grain weight, indicating
inadequate nutrient supply.

Grain yield of mungbean was significantly
influenced by changing P and k levels which is the
combined effect of no. pods plant?, grains pod and
1000-grain weight. Maximum grain yield of 785 kg ha-
1 and 663 kg ha* (Table 1) were obtained during the
kharif seasons of 2018 and 2017, respectively from
plots fertilized with Ps;Ke, followed by P and K
fertilization PssKso with grain yield of 745 kg ha?
during season 2018. Minimum mungbean yield i.e.,
472 kg hal, was recorded from control plots (PoKo).
Soils of Thal region are deficient in macronutrients
which resulted in stunted growth where zero or
insufficient P and K were applied.

4. Discussion

Soils of Thal region are marginal and extremely
deficient in nutrients and organic matter. Mungbean is
a well-adapted crop in this region due to its lower
nutrients and water requirement as compared to other
crops (Hossain et al., 2018). With the increase in
cropping intensity of the region, soil fertility is
deteriorating with the passage of time, and mungbean
in facing nutrient deficiency, especially P and K
(Imran et al., 2016). Mungbean being a nitrogen-fixing
crop does not face the deficiency of nitrogen except at
the initial stage (Hussain et al., 2022). Mungbean is
generally grown in marginal or rainfed areas with

Hassan et al., 2023
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limitations for crop production. In order to avoid loss
of resources or other factors application of fertilizers
(for NPK) are rarely practiced, which significantly
affects mungbean vyield in the region. Plants of
mungbean significantly responded to different levels

of fertilizers earlier (Yin etal., 2018; Igbal et al., 2021).

Application of phosphorus and potassium promotes
crop growth and development in mungbean (Imran et
al., 2016). Application of P, as DAP, at sowing helps
to early root development and nitrogen supply, which
helps in better nutrient and water uptake and better
crop stand (Yin et al.,, 2018). While K plays a
functional role in enzyme activation, photosynthesis,
protein synthesis, and resistance against biotic and
abiotic stress (Askari-Khorasgani, et al., 2021,
Johnson et al., 2022). Deficiency of P and K causes
stunted growth of mungbean plant while their adequate
supply enhances the plant growth processes, which
ultimately cause an increase in grain yield (Yin et
2018). In the study under discussion, P and K
substantially enhanced the crop growth, total dry
matter, yield and yield components.

Germination process was not affected by the
application of P and K (Table 1) because germinating
seed utilizes biomolecules stored in the seed for their
energy and nutrient requirements and does not depend
on soil nutrients (Table 1). Application of different
nutrients affected the plant heights (Mota et al., 2021).
Application of P and K fertilizers significantly
influences mungbean plant height. Study under
discussion has significant differences among treatment
levels of phosphorus and potash, which have
significant effects on final height of mungbean plant.
While days to 50% flowering and days to 90%
maturity were substantially decreased to stunted
growth where no nutrients were applied while the
difference among different levels was non-significant
due to availability of some quantity of nutrients

(Fig. 2).

Crop growth rate was different among treatments,
recorded minimum where deficiency on P and K
caused the stunted growth (Fig. 2). CGR and dry
matter accumulation was higher in 2018 as compared
to 2017 mainly due to higher rainfall during 2018 and
cultivation of mungbean continuously on the same soil
(Fig. 4). Higher P supplementation enhanced the
vegetative growth and branch plant? (Yin et al., 2018).
Yield and yield components were significantly
affected due to changes in nutrient levels (Table 1).
Number of pods, number of grains and 1000-grain
weight were significantly higher with increased
application of P and K. Mota et al. (2021) found the P
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fertilizer resulted in a significant increase in the
number of pods plant?, grains pod* and 1000-grain
weight. The number of pods plant? is an important
parameter to yield which is mainly dependent on crop
health and nutrition (Yin et al., 2018). Assimilation of
nitrogen is the major factor, which caused production
(476 and 472 kg hal) in PoKy during both years 2017
and 2018, respectively. However, application of P and
K enhanced the mungbean yield by 40 to 90% as
compared to no application of P and K. Proper use of
nutrients enhanced the crop yield, and improved soil
health and profit of farmers.

5. Conclusion

Mungbean production in Thal region of Pakistan
needs a significant amount of P and K nutrient
supplementation for proper growth and Yyield.
Application of P and K enhanced the final crop yield
with improvements in pods plant?, grains pod? and
1000-grain weight. It is recommended that application
of P and K at 57 (P20s) and 62 (K20) kg ha'!) at the
time of mungbean sowing can achieve maximum grain
yield under arid agroecological conditions Thal region,
Punjab, Pakistan.
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