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Abstract

Balanced nutrient management is a major concern in the present-day scenario, especially in soils of arid regions, which are
low in soil fertility; hence, supplementation of sulphur (S) helps in plant growth and maintenance of soil health. The use of
amino acids as biostimulants has gained widespread importance in recent times. L-aspartic acid (ASP) is one of the amino
acids, which plays a key role in plant growth and stress management. No studies have reported the use of ASP in mung
bean; therefore, the present study investigates the effect of graded levels of S application in soil and foliar application of ASP
on growth and yield of mung bean. The field experiment was conducted during kharif 2024 and 2025 at Central Arid Zone
Research Institute, Jodhpur in a split plot design containing four main plots (0, 20, 40 and 60 kg sulphur ha™) and four
subplots (0, 40, 80 and 120 mg L™ aspartic acid) with 3 replications. Our research findings revealed that both S and ASP
positively improved the growth parameters and yield of mung beans. Relative to the control, the improvement in plant height,
leaf area index (LAI), dry matter production, specific leaf weight (SLW), crop growth rate (CGR), net assimilation rate (NAR)
and grain yield was 18.3, 15.8, 47.2, 17.1, 52.8, 30.0 and 72.6 %, respectively, by S60 (pooled). Similarly, A120 produced
15.7, 15.1, 34.8, 8.6, 38.2, 19.2 and 25.3 % higher values for the above parameters compared to the control (pooled). The
correlation analysis indicated a significantly positive correlation of grain yield with NAR at 25-45 days after sowing (DAS)
(0.961 **) and at 45-65 DAS (0.937 **).
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conventional agricultural practices and the reduction of S
emission by using low-S fuel (6, 7). There is a need to
supplement S, particularly in oilseed crops and legumes.
In legumes, there is a necessity for S application due to
its beneficial role in improving growth and development. It
plays a key role in chlorophyll formation, protein
synthesis, N metabolism and antioxidant defence
mechanisms, which promote photosynthetic efficiency, N
fixation, nutrient uptake and dry matter accumulation,
thereby enhancing growth and yield of mung bean (Vigna
radiata L.) (8, 9). One of the major legume crops
cultivated in western Rajasthan during kharif is mung
bean, covering an area of 23.67 lakh hectare in

Introduction

In recent years, balanced and site-specific nutrient
management has gained increasing importance due to
disruptions in fertiliser supply chains and rising production
costs. Hence, there is a need for adopting balanced and
site-specific nutrient management for sustainable crop
productivity and profitability (1, 2). In the soils of arid
regions, much more emphasis is needed, as the soils are
inherently coarse-textured (loamy sand), alkaline in
nature, poor in organic matter and soil fertility (3, 4).
Hence, proper nutrient management is required. Among
the nutrients, sulphur (S) is considered one of the major

secondary nutrients, following nitrogen (N), phosphorus
(P) and potassium (K) in terms of crop nutrient
requirements (5). The low to medium range of S in soils
of arid regions is due to poor soil organic matter, the
continuous use of high-analysis fertilisers lacking S,

Rajasthan, which occupies the first place in India (10).

Mung bean (V. radiata) is an important pulse crop
having good nutritional value, as it contains protein
(24-28 %), carbohydrates (5965 %), fat (1.0-1.5 %) and
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fibre (3.5-4.5 %), fulfilling the nutritional requirement
(11, 12). The crop is also economically profitable because
of its short duration, low input requirement, wider
adaptability to adverse climatic conditions and good
productivity (13—-15). Furthermore, it also has the capacity
to improve soil fertility by biological N fixation and reduce
the N requirement in the present and immediately sown
crop (16). The productivity of the crop is limited by several
factors such as abnormal weather conditions, deficiency of
soil moisture, low soil fertility and improper nutrient
management (17). The nutrient requirement of mung bean
mainly includes N, P, K and S. Among these, a major
portion of the N requirement is fulfilled by biological N
fixation of the crop by nodule formation, as it is a legume
crop (18). Phosphorus is supplied through fertiliser and K is
highly available in the soil itself, but the use of S is
neglected since farmers are unaware of its beneficial role.
Therefore, optimising S fertilisation is essential for
sustaining mung bean productivity.

Along with the use of fertilisers, biofertilisers and
microbial inoculants, the foliar application of amino acids
for plant growth improvement and stress mitigation has
gained widespread importance in recent times (19-21).
L-aspartic acid (ASP) is one of the amino acids which is a
component of several biostimulant products. It acts as a
precursor of several amino acids, such as lysine,
isoleucine, methionine and threonine, which are building
blocks of several proteins (22). It also acts as a precursor
of metabolites such as glutathione and oxaloacetate, which
play a key role in the tricarboxylic acid (TCA) cycle,
enhancing the synthesis of adenosine tri phosphates
(ATP) and photosynthates (23). L-aspartic acid also
enhances plant tolerance to stress conditions such as
drought, salinity, temperature and heavy metal stress by
stimulating enzymatic and non-enzymatic antioxidant
defence mechanisms (24). Several studies have reported
enhancements in plant growth parameters such as plant
height, leaf area, chlorophyll content and dry matter
production by foliar application of ASP (24—26), due to its
key role in protein synthesis, photosynthate assimilation
and stress mitigation (27). However, information on the
response of mung bean to foliar ASP application,
particularly under hot-arid conditions and in combination
with varying S levels, remains limited.

Therefore, the present study was undertaken to
evaluate the effects of soil-applied S levels and foliar-
applied ASP levels, individually and in combination, on
the growth, yield and productivity of mung bean under
the hot-arid conditions of Rajasthan.

Materials and Methods
Study site and weather conditions

A two-year field experiment (kharif 2024 and 2025) was
carried out at ICAR-Central Arid Zone Research
Institute, Jodhpur, Rajasthan, India, which is located at
26° 24' N latitude and 73° 00" E longitude. According to
Troll's climatic classification, the experimental site falls
under the arid zone and agro-climatic zone IA (Arid
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Western Plain Zone) among the Rajasthan agroclimatic
zones. The soil of the experimental site was loamy sand
in texture and slightly alkaline in nature (Table 1). During
the crop growth period, rainfall received was 619.2 mm
and 526.2 mm for 2024 and 2025, respectively. During
the entire crop growth period, average maximum
temperature, minimum temperature, pan evaporation
and sunshine hours were 34.9 °C, 26.9 °C, 4.6 mm
day®' and 5.6 hr day® respectively, in 2024; the
corresponding values for 2025 were 33.7 °C, 26.2 °C,
4.1 mm day™ and 5.9 hr day™ respectively.

Table 1. Chemical properties of experimental field soil at
0-15 cm depth

3:_; Properties Values ﬁ;ﬂt:g
1 Soil pH 8.18

2 Soil EC (dS m™) 0.22 (@8)

3 Organic carbon (%) 0.23 (29)

4 Available N (kg ha™) 154.3 (30)

5 Available P20s (kg ha?) 24.2 (31)

6  Available K20 (kg ha™) 343.9 (32)

7 Available S (mg kg™?) 14.2 (33)

EC: electrical conductivity; N: nitrogen; P.Os: potassium
pentoxide; K,O: potassium oxide; S: sulphur.

Experimental design and treatment application

The experiment was laid out in a split plot design with 3
replications. The main plots consisted of four levels of S
(S0: 0 kg ha*, S20: 20 kg ha™, S40: 40 kg ha™ and S60:
60 kg ha®) and the sub plots consisted of four levels of
ASP (AO: 0 mg L?, A40: 40 mg L?, A80: 80 mg L™ and
A120: 120 mg L*). Gross plot size was 5.0 x 4.5 m.
Sulphur was applied in the form of elemental S (90 % S)
to each plot according to the treatment level, 15 days
before sowing the crop and mixed well into the soil by
harrowing. The aspartic acid was applied foliarly twice at
20 days after sowing (DAS) and 40 DAS according to
the treatment levels with the help of a knapsack sprayer
and control plots received a water spray. About 500 L
ha* spray volume was used with no adjuvants.

Crop management

A well-pulverised seed bed was prepared by discing
followed by harrowing of the field. The layout was
prepared according to the design, followed by sowing of
the mung bean seeds at 20 kg ha® at adequate soil
moisture for germination. The recommended dose of
fertilisers, i.e., N : P (18 : 46 kg ha), was applied as a
basal dose in the form of diammonium phosphate (DAP)
to all plots equally. The seed variety selected was
MH-421 and sowing was carried out with a tractor-
drawn seed drill, maintaining a spacing of 45 cm
between rows. To maintain optimum plant population
with 10 cm between plants, gap filing was done one
week after sowing. Hand weeding was done at 15 and
30 DAS to maintain weed-free conditions. Spraying of
quinalphos (25 % EC) and carbendazim 12 % +
mancozeb 63 % wettable powder (WP) was carried out
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at the flowering stage to control pests and diseases.
Harvest was done manually by picking pods from each
plot after attaining maturity and pods were subsequently
threshed and cleaned to obtain the grain yield per plot,
which was then converted to a hectare basis.

Data collection
Growth parameters

The plant height of the mung bean crop was measured
on five randomly selected plants from each plot at
specified growth stages using a metre scale. Another
five plants from each plot in the sampling row were
taken by cutting from the base and used to obtain leaf
area by measuring with a leaf area meter (Model
LICOR-3100); the same samples were oven-dried at
65 + 5 °C till a constant weight was obtained to record
dry weight per plant at different growth stages (25, 45
and 65 DAS). Leaf area index (LAI) was calculated from
the recorded leaf area using the following equation:

Leafarea plant™ (cm?)

Leaf area index (LAI) =

Ground area occupied plant™* (cm?)

Several other growth indices are calculated by
using oven dry weight of the plants substituted
according to the formulas given below:

Specific leaf weight

Specific leaf weight (SLW) is an indicator of leaf
thickness, photosynthetic capacity and water relations,
calculated using following formulae:

2+ _ Leaf dry weight plant™!
SLW (mg/ cm ) " Leafarea plant=t

Crop growth rate

Crop growth rate (CGR) is the rate of dry matter
produced per unit ground area per unit time, which is
calculated using following formulae (34):

Wo—W,

CGR (g/m?/day) = o, X i

where; W, = dry weight of plant at T, (g plant®); W, = dry
weight of plant at T, (g plant®); T,=days at first stage;
T, = days at second stage; A = land area (m>).

Relative growth rate

Relative growth rate (RGR) is a measure of proportional
increase in dry weight per unit dry weight already
present over a specific time interval, which is calculated
by the formula given below (35).

InW, —InW,

RGR (g/g/day) = ——
2 1

Where; W, = dry weight of the plant at time T1; W.=dry
weight of the plant at time T;;

T, = days at first stage; T, = days at second stage.
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Net assimilation rate

Net assimilation rate (NAR) is the net gain of assimilated
substances by the plant per unit leaf area per unit time,
which represent the photosynthetic efficiency of plant,
which is estimated by using formula given below (35).

Wz-w,
=T,

Inlz—Inl,

NAR (g/m?/day) = P

X

Where; W, = dry weight of plant at T; (g plant™);
W, = dry weight of plant at T, (g plant®); L, = leaf area at
T: (m?); L, = leaf area at T, (m?); T, = days at first stage;
T, = days at second stage.

Grain yield

After attaining maturity, pod picking was done from each
plot separately, sun-dried and threshed manually. After
proper cleaning, grain yield per plot was obtained, which
was converted to per hectare.

Statistical analysis

Two years' data on all observations were subjected to
analysis of variance (ANOVA) technique for a split plot
design using the standard procedure (36). The
significant difference among the treatments was tested
at the 5 % level of probability. For the parameters which
exhibited significant  difference, least significant
difference (LSD) was computed. Bartlett's test
confirmed the homogeneity of error variances across
years (p > 0.05). Consequently, the data were
combined over years and subjected to pooled analysis
to assess treatment effects and their interactions.

Results and Discussion

The application of graded levels of S and ASP to the mung
bean crop showed a significant impact on growth
parameters, growth indices and grain yield of mung bean
during both the years of investigation (2024 and 2025).
While the interaction between S and ASP showed no
significant impact on all the parameters during both the
years. Similarly, the interactions between years and years
with treatments showed no significant impact.

Plant height

The S and ASP application did not increase plant height
significantly at 25 DAS; however, at 45 and 65 DAS,
plant height was increased significantly by S and ASP
levels (Fig. 1). Pooled analysis showed that plant height
at 45 and 65 DAS was significantly higher with S60
(44.03 and 59.60 cm) and lowest with the control (36.80
and 50.36 cm). The improvement in plant height by S20,
S40 and S60 was 10.1, 13.5 and 19.7 % over the
control at 45 DAS, while at 65 DAS it was 4.1, 11.8 and
18.4 % respectively. Application of S had a significant
positive impact on chlorophyll content, amino acid
synthesis (cysteine and methionine) and enzyme
production, leading to increased cell division and
elongation, which improved plant growth (37, 38).
Application of S at 40 kg ha™ improved plant height in
mung bean compared to lower levels (39).
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Fig. 1. Plant height of mung bean (pooled) at different growth stages as influenced by graded levels of (a) sulphur and (b) aspartic acid.

Among the ASP levels, significantly superior
plant height was recorded with A120 (43.78 and 58.83
cm) and lowest with the control (38.34 and 50.84 cm) at
45 and 65 DAS, respectively. The improvement over the
control by A40, A80 and A120 was 3.6, 7.7 and 14.2 % at
45 DAS and 5.1, 9.3 and 15.8 % at 65 DAS (pooled
means). This positive impact of aspartic acid on plant
height, as it plays a key role in the synthesis of amino
acids, proteins and hormonal conjugates, promotes cell
division and elongation. In tobacco, a 14.1 % increase in
plant height was recorded with foliar application of ASP
(10 mM) over the control (40); similarly, the plant height
increment observed in paddy was 9 % with 20 mg L™ (25)
and 40 % in peanut with 100 mg L™ concentration (20).

Leaf area index

Analysis of the results indicated a significant difference in
LAI with the application of S and ASP (Table 2). The
plants receiving S60 exhibited significantly higher LAl
(1.44 and 1.98), which was at par with S40 (1.39 and
1.90) and lowest with control (1.24 and 1.71) at 45 and 65
DAS, respectively (pooled means). Relative to the
control, the increase in LAl was 6.4, 12.1 and 16.1 % by
S20, S40 and S60, respectively, at 45 DAS; similarly, at
65 DAS it was 5.3, 11.1 and 15.8 % (pooled means).
Higher leaf area and canopy spread result in a higher
LAIl, as S has a prominent role in the synthesis of several
enzymes and chlorophyll in the leaf, which improves
assimilation of photosynthates, leading to tissue formation
and also increasing the number of leaves, as similarly
recorded in mung bean with 40 kg ha® S (41). Likewise,
S at 45 kg ha® improved LAl by 10.1 % in mung bean
(42) and 44.3 % in groundnut (43).

Among the levels of ASP, higher LAI was
obtained with A120 (1.44 and 1.98) at 45 and 65 DAS,
respectively. The lowest values were recorded with no
ASP application (1.25 and 1.72) at 45 and 65 DAS,
respectively. The sequential level increase resulted in an
increase in LAI by 5.6, 10.4 and 15.2 % at 45 DAS and
4.6, 9.9 and 15.1 % at 65 DAS relative to the control
(pooled means). Aspartic acid, being a source of N,
improves the growth of the plant, enhancing
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photosynthetic pigments, which increase the levels of
growth hormones such as indole acetic acid, leading to
cell division and enlargement (20). In faba bean, 7.1 and
7.8 % increase in LAl was recorded with ASP acid at 150
mg L* relative to the control in a two-season study (27).

Dry matter production

Dry matter production (g plant’) of mung bean was
significantly influenced by both S and ASP levels at
different growth stages during both the years (Table 3
and Fig. 2). It clearly showed a positive increase in dry
matter production by 3.1, 10.6 and 13.6 % by S20, S40
and S60 relative to the control at 25 DAS; at 45 DAS, it
was 14.1, 29.9 and 39.0 % and at 65 DAS, it was 16.2,
34.0 and 47.1 % respectively (pooled means). As S has
a synergistic relation with N, an increase in S leads to
an increase in N uptake and use efficiency. In addition
to protein synthesis and chlorophyll formation, S also
plays a significant role in N fixation in legumes by
promoting root nodule formation and improving enzyme
activity of nitrogenase because it is a constituent of Fe-S
protein, which is a component of the nitrogenase
enzyme (37, 39). Iron—sulphur (Fe-S) protein is also

involved in the electron transport chain of
photophosphorylation, which produces ATP and
NADPH (9). Hence, these processes altogether

enhance biomass production. Sulphur improved dry
matter production by 25.1 % in mung bean (44), with an
8.5 % increase in groundnut (45) and a 37.1 % increase
in black gram (46).

Conversely, increasing aspartic acid levels
enhanced the dry matter production at all the growth
stages. Relative to the control, the improvement was
9.7, 19.3 and 25.8 % at 25 DAS, 11.1, 21.1 and 30.1 %
at 45 DAS and 13.2, 24.5 and 34.8 % at 65 DAS hy
A40, A8B0 and A120, respectively (pooled means). As
ASP acid is a source of N and carbon, which helps in
the production of enzymes, co-enzymes, energy and
other metabolites for plant metabolism, thus supplying
the requirements of the cell for growth, this was
reflected in plant growth and consequently in biomass
production (20, 47).
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Table 2. Effect of sulphur and aspartic acid on leaf area index and specific leaf weight of mung bean at different growth stages

LAI SLW (mg cm?) LAI SLW (mg cm?) LAI SLW (mg cm?)

Treatment 25 DAS 45 DAS 65 DAS

2024 2025 Pooled 2024 2025 Pooled 2024 2025 Pooled 2024 2025 pooled 2024 2025 Pooled 2024 2025 Pooled

Sulphur levels (kg ha?)

So (control) 0.1700.222 0.196 563 483 523 1.13 1.35 124 6.76 643 659 165 1.77 1.71 9.25 10.69 9.97

S20 0.1730.224 0.199 5.81 499 540 1.20 145 132 750 6.94 722 173 187 1.80 9.87 11.29 10.58
Sa0 0.1780.227 0.202 6.21 510 565 1.25 153 139 758 7.32 745 1.82 198 190 10.3611.79 11.07
Se0 0.1810.230 0.205 6.52 5.09 580 1.30 1.59 144 7.76 7.44 7.60 1.90 2.07 198 11.0112.32 11.67

S.Em.+ 0.006 0.008 0.005 0.28 0.13 0.15 0.04 0.07 0.04 0.40 0.23 0.23 0.04 0.06 0.04 0.29 031 0.21

B%g;p: NS NS NS NS NS 033 009 016 008 NS 056 051 010016 008 070 0.77 0.46
CV. 8.4588.187 8.355 11.19 6.45 959 7.3610.92 9.68 13.40 8.04 11.18 5.46 8.20 7.08 6.96 6.65 6.80
Aspartic acid (mg L)

Ao 016 021 (194 551 458 504 113 1.37 125 693 6.78 685 167 1.78 1.72 963 =0 1035

(control) 9 9 7

Ao 01720223 0.197 577 491 534 1.20 145 1.32 7.34 688 7.1 1.72 1.88 1.80 10.0111.49 10.75
Ago 0.1780.227 0.202 631 518 575 1.25 151 1.38 7.49 7.13 7.31 1.82 1.96 1.89 10.2011.69 10.94
A120 0.1830.233 0.208 6.58 533 596 1.30 1.59 144 7.84 7.34 7.59 1.89 2.07 1.98 10.6511.83 11.24

S.Em.+ 0.0040.008 0.005 0.32 0.25 0.20 0.03 0.04 0.03 0.28 0.41 0.25 0.04 0.04 0.03 0.33 0.49 0.30

g%g)w: 0.009 NS 0.009 0.65 0.53 041 0.07 009 0.05 059 NS 050 0.09 0.09 006 068 NS 0.60
C.v. 5.8818.982 8.018 12.8412.47 12.75 6.41 6.88 6.73 9.43 14.26 11.97 6.14 556 5.84 7.99 10.49 9.50

Interaction

S.Em.x 0.0080.017 0.009 0.63 0.51 041 0.06 0.08 0.05 0.57 0.82 050 0.09 0.09 0.06 0.66 0.99 0.59

LSD (p =

0.05) NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

S: sulphur; ASP: aspartic acid; LAI: leaf area index; SLW: specific leaf weight.

Table 3. Effect of sulphur and aspartic acid on dry matter production (g plant™) of mung bean at different growth stages

Dry matter production (g plant?)

Treatment 25 DAS 45 DAS 65 DAS

2024 2025 Pooled 2024 2025 Pooled 2024 2025 Pooled

Sulphur levels (kg ha?)

So (control) 0.60 0.72 0.66 5.97 7.01 6.49 13.44 18.03 15.73
S20 0.61 0.75 0.68 6.87 7.93 7.40 15.63 20.92 18.28
Sa0 0.68 0.77 0.73 7.91 8.95 8.43 18.04 2412 21.08
Se0 0.70 0.80 0.75 8.33 9.70 9.02 19.71 26.58 23.15
S.Em.+ 0.02 0.02 0.02 0.20 0.25 0.16 0.32 0.53 0.31
LSD (p = 0.05) 0.05 0.05 0.03 0.49 0.61 0.35 0.77 1.30 0.67
C.v. 8.12 7.01 7.52 6.68 7.23 7.02 4.63 5.79 5.46
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Aspartic acid (kg L)

Ao (control) 0.56 0.69 0.62 6.10 7.45 6.78 13.87 19.25 16.56
Ao 0.62 0.74 0.68 6.96 8.11 7.53 15.96 21.51 18.74
Asgo 0.69 0.79 0.74 7.72 8.71 8.21 17.81 23.41 20.61
A120 0.72 0.83 0.78 8.30 9.34 8.82 19.18 25.49 22.33
S.Em.x 0.03 0.02 0.02 0.24 0.22 0.16 0.51 0.54 0.37
LSD (p = 0.05) 0.06 0.05 0.04 0.50 0.45 0.33 1.05 1.12 0.75
C.V. 10.77 7.99 9.30 8.13 6.30 7.16 7.45 5.92 6.57
Interaction

S.Em.x 0.06 0.05 0.04 0.48 0.43 0.32 1.02 1.08 0.74
LSD (p = 0.05) NS NS NS NS NS NS NS NS NS

S: sulphur; ASP: aspartic acid

Sulphur (kg ha *) - S0 @ 520

Dry matter (g plant b

Dry matter (g plant ')

Aspartic acid (mg L *) < A0 * a0 ABD @ A120

a5
Crop growth stage

45
Crop growth stage

Fig. 2. Dry matter production (g plant®) of mung bean (pooled) at different growth stages as influenced by graded levels of (a)

sulphur and (b) aspartic acid.

Branches per plant

Branches per plant at harvest were significantly influenced
by levels of S, with the highest value recorded with S60
(2.60), which was at par with S40 (2.48) and lowest with
the control (1.93) (Fig. 3). All the S levels were significantly
higher than the control and S40 was superior to S20 on a
pooled basis. It showed 114, 285 and 34.7 %
improvement by S20, S40 and S60, respectively, relative
to the control. Similarly, an increase in the number of
branches per plant by S through enhanced photosynthate
accumulation and biomass production was observed in
mung bean (42) and in black gram (48). It also reflects
improved assimilate availability and hormonal balance,
facilitatihg more extensive canopy development and
greater potential for reproductive structures.

Similarly, aspartic acid levels increased the number
of branches per plant with an increase in levels (Fig. 3).
The lowest was recorded with the control (2.07) and the
value was significantly superior with A120 (2.55). All the
aspartic acid levels were significantly higher than the
control by 6.3, 13.1 and 23.2 % with A40, A80 and A120,
respectively. Similarly, a 36.2 % improvement in branches
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per plant was recorded in peanut with aspartic acid
(100 mg L ™), by enhancing photosynthetic efficiency (20).
Specific leaf weight (mg cm?)

Among the S levels, the lowest SLW was recorded with
the control at all the growth stages and at 45 DAS the
highest was recorded with S60 (7.60 mg cm®), which
was statistically equivalent to S20 (7.22 mg cm?) and
S40 (7.45 mg cm?) (Table 2). However, at 65 DAS, the
significantly highest value was recorded with S60
(11.67 mg cm?) over all the lower levels. All S levels
were also significantly higher than the control by 6.1,
11.1 and 17.1 % with S20, S40 and S60, respectively
(pooled means). This shows that the increase in leaf
weight was more compared to the leaf area, indicating
an increase in leaf thickness with an increase in S
levels. As S boosts chloroplast formation, increasing
sucrose synthesis that feeds leaf thickening (49).

Among the ASP levels, the lowest SLW was
recorded with the control (5.04, 6.85 and 10.35 mg cm)
and the highest with A120 (5.96, 7.59 and 11.24 mg
cm?) at 25, 45 and 65 DAS, respectively. At 45 DAS
and 65 DAS, the highest values were recorded with

© The Author(s) 2026. Creative Commons CC BY 4.0. Published by Horizon e-
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A120, which was statistically equivalent to A80 and A40
and significantly higher than the control by 10.8 and
8.6 %, respectively (pooled basis). Similarly, in faba
bean, 20.1 % higher SLW was recorded with 150 mg L™
ASP acid due to an increase in leaf thickness by a
higher photosynthetic rate (27).

Crop growth rate, relative growth rate and net
assimilation rate

The CGR, RGR and NAR of mung bean at different
stages significantly varied with both S and ASP levels
(Table 4). Crop growth rate of mung bean at all growth
stages was higher with S60 and lower with the control.
Between 2545 and 4565 DAS, the CGR was
significantly higher with S60 (9.18 and 15.70 g m? day™)
and lower with the control (6.48 and 10.27 g m? day™).
All the S levels were significantly higher than the control
by 15.3, 32.1 and 41.7 % between 25-45 DAS and 17.6,
36.8 and 52.9 % between 45-65 DAS with S20, S40 and
S60, respectively (pooled means). Similarly, NAR
between 2545 and 45-65 DAS was also lowest with the
control (1.15 and 0.70 mg cm? day™) and significantly
higher with S60 (1.45 and 0.91 mg cm? day™), which was
at par with S40 (1.40 and 0.86 mg cm? day™) from pooled
means. However, RGR was only significantly affected at
25-45 DAS, with the highest value with S60 (124.2 mg g*
day™) and lowest with the control (114.3 mg g* day™); all S
levels were higher than the control (pooled means). The
increase in CGR, RGR and NAR were attributed to the key
role of S in enhancing leaf area and greater interception of
solar radiation, leading to the synthesis and efficient
translocation of photosynthates from source to sink (50). It
also promotes nitrate assimilation by converting absorbed
N to protein by enhancing the activity of the enzyme nitrate
reductase. However, RGR at 4565 DAS was not
significantly varied due to less assimilation at the final
growth stage, as similarly reported in mung bean with
different S levels (44).

Among the ASP levels, significantly higher CGR
was recorded with A120 (8.93 and 15.02 g m? day™) and
lower with the control (6.84 and 10.87 g m? day™) at
25-45 and 45-65 DAS, respectively (pooled values). All
the ASP levels were significantly higher than the control
by 11.3, 21.5 and 30.7 % at 2545 DAS and 14.5, 26.7
and 38.2 % at 45-65 DAS with A40, A80 and A120,
respectively (pooled means). Similarly, NAR was also
significantly higher with A120 (1.41 and 0.87 mg cm?
day™), which was at par with A80 (1.36 and 0.84 mg cm™
day™) and lowest with the control (1.20 and 0.73 mg cm™
day?) at 25-45 and 45-65 DAS, respectively. However,
RGR was not significantly influenced by ASP levels.
Aspartic acid, being the precursor of metabolites such as
glutathione and oxaloacetate, enhances the TCA cycle
and energy production, promoting the synthesis of
photosynthates and their translocation (23). Furthermore,
it is a source of N, promoting the synthesis of proteins
and enzymes required for biomass production (27).

Grain yield

The grain yield of mung bean was positively increased
with an increase in levels of both S and ASP (Fig. 4).
Significantly higher grain yield among the S levels was
recorded with S60 (1162.7 kg ha), which was at par with
S40 (1128.0 kg ha™) and lowest with the control (673.6 kg
ha®). Relative to the control, the percentage improvement
in yield of S20, S40 and S60 was 40.5, 67.5 and 72.6 %,
respectively (pooled means). Increase in grain yield is a
combination of several factors, such as an increase in
chlorophyll content by enhancing enzymes such as
glutamate-1-semialdehyde aminotransferase and
porphobilinogen synthase, which are helpful in the
synthesis of chlorophyll precursors, i.e., 5-aminolevulinic
acid and porphobilinogen (51). Along with the role of S in
protein synthesis, it also stabilises protein structure by
forming S-S bonds, which promote grain formation and
development.

Table 4. Effect of sulphur (S) and aspartic acid (ASP) on crop growth rate (CGR), relative growth rate (RGR) and net assimilation

rate (NAR) of mung bean at different growth stages

CGR (g m? day™) RGR (mg g* day™)

NAR (mg cm?
day™)

NAR (mg cm?

CGR (g m? day™) day")

RGR (mg g* day™?)

Treatment 25-45 DAS

45-65 DAS

2024 2025 Pooled 2024 2025 Pooled 2024 2025 Pooled 2024 2025 Pooled 2024 2025 Pooled 20242025 Pooled

Sulphur levels (kg ha?)

So (control) 5.97 6.99 6.48 114.7114.0 1143 1.18 1.12 1.15 8.29 12.25 10.27 40.6 47.2 439 0.600.79 0.70

S20 6.95 7.98 7.47 120.9118.2 1195 1.31 1.22 127 9.74 14.43 12.08 41.1 484 44.8 0.67 0.87 0.77
Sa0 8.04 9.08 856 122.9122.3 122.6 1.46 133 140 11.26 16.85 14.05 41.1 495 453 0.74097 0.86
Se0 8.47 990 9.18 123.41249 1242 149 141 145 12.6518.75 15.70 43.1 50.3 46.7 0.80 1.03 0.91

S.Em.+ 0.23 028 0.18 21 22 15 0.05 0.07 004 049 049 035 18 13 112 0.040.03 0.03

LSD (p =

0.05) 0.55 0.68 0.39

52 53 383 013 016 009 121 119 075 NS NS NS 0.100.08 0.06

C.v. 749 807 785 43 44 43 966 1253 11.10 1151 767 9.21 10.7 6.6 859 148 89 115
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Aspartic acid (mg L)

Ao (control) 6.16 7.52 6.84 119.3119.1 119.2 1.22 1.19 1.20 8.63 13.11 10.87 41.0 47.3 442 0.620.84 0.73
Ao 7.04 819 7.61 120.3119.6 1199 1.32 1.25 1.29 10.00 14.89 1245 415 48.6 451 0.69 090 0.79
Aso 7.81 880 831 120.6119.9 120.3 1.42 130 136 11.22 16.33 13.77 416 49.3 455 0.74094 0.84
A120 8.42 9.45 893 121.7120.8 121.2 1.48 134 141 1208 17.95 15.02 41.8 50.1 459 0.76 0.98 0.87
S.Em.x 0.27 023 0.18 2.7 19 16 006 005 0.04 058 056 040 20 15 124 0.040.04 0.03
Ic_)%lg)(p= 055 048 036 NS NS NS 012 010 0.08 120 1.16 081 NS NS NS 0.090.08 0.06
C.v. 893 6.76 7.78 55 38 48 10.18 958 991 1359 887 10.77 11.7 74 951 152106 12.6
Interaction

S.Em.x 0.536 047 036 55 37 33 011 010 0.08 1163 113 081 40 3.0 248 0.090.08 0.06
B%g)(p: NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

S: sulphur; ASP: aspartic acid; CGR: crop growth rate; RGR: relative growth rate; NAR: net assimilation rate.
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Fig. 3. Number of branches of mung bean (pooled) at harvest as influenced by graded levels of (a) sulphur and (b) aspartic acid.
With standard error of the mean (Sem) and least significant difference (LSD) values are 0.06 and 0.14 for sulphur levels and 0.05

and 0.11 for aspartic acid levels.

Similarly, an increasing trend was recorded with
an increase in aspartic acid levels, with A120 (1059.1 kg
ha™) showing significantly higher grain yield, which was
at par with A80 (1033.5 kg ha™) and lower with the
control (845.5 kg ha™) from the pooled data of two
years. All the ASP levels were significantly higher than
the control by 15.0, 22.2 and 25.3 % with A40, A80 and
A120, respectively (pooled means). Aspartic acid, being
the precursor of proteins, enzymes and other secondary
metabolites, plays a key role in N metabolism, carbon
assimilation and the photosynthesis process, leading to
photosynthate formation and assimilation. Altogether,
these processes enhance biomass production and grain
formation, as similarly reported in groundnut (20), faba
bean (27) and tobacco (40).

Correlation

Correlation analysis between growth parameters and
grain yield of mung bean (pooled means), as shown in
Fig. 5, depicted a significant positive correlation between
growth parameters at different growth stages and grain

HePG

yield. Grain yield was strongly positively correlated with
NAR at 25-45 DAS (0.961 **) and at 45-65 DAS (0.937
*), indicating the significant role of NAR in enhancing
grain yield. Similarly, positive correlation was observed
with dry matter production at 45 DAS (0.932 **) and 65
DAS (0.929 **). Dry matter production at 65 DAS in turn
showed a positive correlation with LAl at 65 DAS (0.987
**) and 45 DAS (0.986 **), indicating the key role of leaf
area in capturing sunlight and transforming it into
biomass. However, grain yield showed a positive but
statistically non-significant correlation with LAl at 25 DAS
(0.424 NS). Overall, correlation analysis demonstrated
that grain yield of mung bean was governed by all the
growth parameters such as NAR, CGR, LAl and dry
matter production; hence, improvement in growth
parameters by sulphur and aspartic acid application led to
grain yield improvement by increasing canopy spread,
photosynthetic efficiency and biomass production. Similar
findings were reported in chickpea (52) and mung bean
(53), stating the key role of growth parameters in
enhancing grain yield.

© The Author(s) 2026. Creative Commons CC BY 4.0. Published by Horizon e-
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Fig. 5. Heatmap based on correlation matrix of growth parameters and grain yield with different sulphur and aspartic acid levels.
*Significant at p < 0.05; ** Significant at p < 0.01. PH™, 2, 3: plant height at 25, 45 and 65 DAS; LAIY, 2, 3: leaf area index at 25, 45
and 65 DAS; DMP?, 2, 3: dry matter production at 25, 45 and 65 DAS; SLW™, 2, 3: specific leaf weight at 25, 45 and 65 DAS; CGR™,
2: crop growth rate at 25-45, 45-65 DAS; RGR?, 2: relative growth rate at 25-45, 45-65 DAS; NAR™, 2: net assimilation rate at 25-

45, 45-65 DAS; BR: branches per plant; GY: grain yield.

Conclusion

The results of the current study clearly show the
potential beneficial effect of both sulphur (S) and
aspartic acid (ASP) on growth parameters of mung
bean at various growth stages of the crop. Among the
growth parameters, the leaf area index (LAI) of the plant
has a prominent role in biomass production and net
assimilation rate (NAR), which boosted vyield by the
transformation of photosynthates from source to sink.
Among the S levels, maximum growth parameters and
yield were recorded with 60 kg ha®, which was
statistically at par with 40 kg ha®, making it a viable
dose for mung bean cultivated under hot-arid conditions
of Rajasthan. While ASP showed greater improvement
in growth indices with increasing levels, showing that
120 mg L™ is highly beneficial for crop growth. Further
research is required regarding the optimal growth
stages and frequency of ASP foliar application in mung
bean under hot-arid conditions.
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