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ABSTRACT

Aims: To manage the implication of irrigation water at different growth stages coupled with basal
phosphorus and foliar potassium application targeting to reduce water stress.

Study Design: Split split-plot design.

Place and Duration of Study: Agricultural Research Station, Chatabar, Odisha. India, during
2022-2023 cropping season.

Methodology: Three irrigation treatments in main plots (11, 12 and 13) - 11 included three irrigations
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at vegetative, flowering and pod formation periods, 12 skipped one irrigation at pod formation and 13
skipped at flowering. Sub-plot consisted of phosphorus fertilizer treatments (P1, P2 and P3)
providing 100, 85 and 115% recommended dose of P. In sub sub-plots- 2% foliar spray of KCI at
vegetative and flower initiation periods. The parameters recorded soil moisture depletion, root
traits, microbiological parameters, plant physiological parameters and grain yield.

Results: The depletion of soil moisture increased with crop growth; 13 depleted at a maximum rate
(4.5 mm d?) followed by 12 (4.1 mm d*). The enhanced availability of root zone soil moisture
improved microbial biomass carbon (MBC) and dehydrogenase activity (DHA). The 11 improved the
maximum root tips, forks and crossings; while 13 reduced an overall of 131% of the root traits than
I11. The crop growth rate (CGR) and leaf area index (LAI) were also improved according to soil
moisture availability; however, 12 merely decreased 8 and 13% in CGR and LAI as compared to I1.
P3 improved the maximum of the soil microbiology (MBC and DHA), root improvement and plant
physiology. I11P3 produced the highest grain yield of 9.06 g ha-, although, 12P3 produced was just
7% lower than 11P1.

Conclusion: The application of three irrigation produced maximum grain yield; while the skipping
of one irrigation at pod formation stage with 15% higher P application could provide satisfactory
yield where availability of irrigation water is limited.

Keywords: Soil moisture; crop growth; microbial biomass carbon; root traits; deficit irrigation.

1. INTRODUCTION

Green gram (Vigna radiata L.), well known as
‘moongbean’ or ‘moong’ of the family
‘Leguminosae’, is under cultivation since
prehistoric time in India. It serves as a major
source of dietary protein and an excellent source
of carbohydrates, essential fatty acids, vitamins,
minerals and fiber for the vast majority of people
[1]. Green gram is mainly cultivated in East Asia,
South East Asia and Indian subcontinent. India is
the largest producer (25% of global production),
consumer (27% of world consumption) as well as
importer (14%) of pulses in the world [2]. The
important green gram producing states in the
country are Rajasthan followed by Karnataka,
Maharashtra, Madhya Pradesh, Andhra Pradesh,
Guijarat, Rajasthan Bihar and Odisha. It is grown
on about 40.38 lakh hectares with a total
production of 31.5 lakh tonnes with a productivity
of 783 kg/ha and contributes 11 % to the total
pulse production in the year 2021-22 [3].
Although, pulses production in India has not kept
up with growth in demand calling for import.
Scarcity of irrigation water or poor management
of its cause the reduce production of pulses.
India is not a water-poor country but due to the
growing human population, severe neglect and
over-exploitation of this resource, water is
becoming a scarce commodity [4]. India’s
groundwater resources are rapidly depleting,
especially in the northwest as the bulk of it being
used for irrigation. In the dry season water stress
on agricultural dryland as in West and East India
has forced farmers to be idle to cultivate their
land due to the increasing risk of crop failure [5].

Therefore, dryland optimization for agricultural
uses needs to be supported by an appropriate
irrigation technology alternative. Water stress
affects plant physiology especially the roots.

Soil moisture is the key factor restricting plant
growth and development, and the most important
factor  affecting  vegetation  development.
Depletion of soil moisture increase the
penetration resistance of soil which affects the
development of roots and its functions [6]. In this
harsh condition, an alternative plant strategy may
be to stimulate water uptake not by increasing
the total mass of root material, but by producing
finer roots with relatively greater length and
surface area per unit mass. Green gram is
known for its tolerance to adverse environmental
condition, root development during its growth
period that is also notably affected by the
moisture content of the soil. Because of that
green gram has been chosen for the test crop. In
addition, phosphorus (P) is one of the essential
macronutrients  for plant  growth and
development, and it is an integral part of the
major organic components, including nucleic
acids, proteins and phospholipids [7]. In current
situation, although total P is abundant in most
soils, a large proportion of P is fixed by soil
mineral components (e.g., aluminum or iron) into
insoluble chemical complexes that are not readily
accessible to plants [8]. Therefore, low P
availability is considered as a major limiting
factor for plant growth, development and yield in
more than 60% of the world’s arable land [9].
However, only 10-30% of the P in P fertilizers
are estimated to be used by plants [8]. Local P
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deficiency appears to be the external driver of
primary root growth inhibition, promoting lateral
root formation and increasing the production of
root hairs [10]. Moreover, the effect of the water
driven stress in plant physiological aspect can be
addressed by nutrient management like
potassium (K) that can improve the tolerance of
crop plants to various types of abiotic stresses,
and it also improved subsequent growth and
yield. Potassium plays an important role in
combating the adverse effect of water stress
through its effect on different physiological
process. The availability of potassium to the plant
decreases with decreasing soil water content,
due to the decreasing mobility of potassium
under these conditions. There is lack of data
regarding the development of roots morphology
in water scarce condition under field situation.

Considering all the aspect of judicious water
management, P utilization through plant roots
and stress alleviating role of K, an experiment
was formulated considering skipping of one
irrigation in critical stage as main plot,
improvement of basal P fertilizer application and
foliar application of K as sub-plots for the growing
of green gram. The objectives of the present
study were- 1) assessment of the pattern
regarding the depletion of root zone soil
moisture, 2) the impact on root growth and soil
microbiological activities under irrigation, P and K
management and 3) the influence of the
management options on the plant physiology and
grain yield.

2. MATERIALS AND METHODS

2.1 Experimental Site Description

The study was conducted at Agricultural
Research Station, Chatabar, Odisha. The climate
is hot, humid subtropics with an average annual
rainfall of approximately 1490 mm. The mean
annual minimum and maximum temperatures
were of 25.5 and 32.3 °C, respectively and for
the green gram season, they were 13.4 and 27.3
°C, respectively. The rainfall received during
green gram growing period was 22.9 mm.

2.2 Soil Properties of the Experimental
Site

A number of soil cores were extracted from the
experimental plot to a depth of 450 mm to
characterize the soil physical as well as chemical
properties. The detail analytical procedures were
elaborated later on in this material and methods.

The basic physical and chemical soil properties
at the time of green gram sowing at 150 mm
depth increment indicating that the soil was
sandy clay loam to sandy loam in texture with
water holding capacity (WHC) of 43 to 51% along
with a slightly acidic in soil pH (6.2 to 6.3). The
bulk density increased from 1.3 to 1.4 Mg m=3
with increasing soil depth. The field capacity and
permanent wilting point ranged from 23 to 27%
and 12 to 14%, respectively. The soil had low to
medium range of soil organic matter (2.4 — 3.6 g
kg?), low in available nitrogen (107 - 152 kg ha
1), available phosphorus (7 - 10 kg hal) and
available potassium (82 - 112 kg ha).

2.3 Experimental Details

Before starting of the experimental, the field was
limed and thoroughly tilled and kept as such for
two weeks for completion of liming reactions.
Thereafter plots (3 x 4 m) were demarcated and
buffer channels (1m) were made for irrigation
treatment purpose. The experiment was
delineated in double split plot design. Three
irrigation treatments in  main plots were
proposed- 11, 12 and 3. 11 provided three
irrigations at vegetative, flowering and pod
formation periods, 12 skipped one irrigation at
pod formation and I3 skipped at flowering. Sub-
plot consisted of phosphorus fertilizer treatments-
P1, P2 and P3; where P1 provided 100%
recommended dose of P, P2 supplied 85% and
P3 supplied 115% of the recommended dose of
P. In sub sub-plots, there were 2% foliar spray of
KCI at vegetative and flower initiation periods.
The recommended dose of N, P20s and K20 for
green gram crop were 25, 40 and 25 Kg hal.

2.4 Observations
2.4.1 Soil moisture depletion rate

Screw auger was used for collection of fresh soil
sample from the depth of 0 to 40 cm for
gravimetrically measurement of soil moisture
determination. The amount of depth soil moisture
was derived by multiplying gravimetric moisture
with bulk density and soil depth. Thereafter, the

depletion rate (mm d?1) of soil moisture
calculated as-
. (V1-V2)
Deplet te = —= 1
epletionrate = - —= 1)

Where, V1 and V2 were depth moisture
content (in mm) at T1 and T2 days after
sowing.
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2.4.2 Soil chemical parameters

Field moist soil samples were collected in
triplicate from each of the treatment plot at a
depth of 0-450 mm at 150 mm depth interval with
a auger. They are pooled together to make a
composite sample. Bulk samples were taken to
the laboratory in bags. The samples were then
allowed to air dry for 72 hr before chemical and
physical analysis. The air-dried subsamples of
each sample were then hand crushed, passed
through 2 mm sieve and was stored for
determination of various physical and chemical
analyses. The pH of the soil was determined by
using soil and water ratio 1:2.5 (w/v) [11] and
glass electrode pH meter (Systronix, Hyderabad,
India). Oxidisable organic carbon (Cox) of the soil
was determined following the method of Walkley
and Black [12]. The available N was determined
by Kjeldahl flask using alkaline permanganate
method [13] following titration with H2SOa.
Available phosphorus content was determined
following Bray-1 method [14]. Available K20 was
estimated by neutral normal ammonium acetate
using flame photometer [11].

2.4.3 Root parameter

Root samplings were made following auger
methods. Root samples were collected to a
depth of 450 mm sub-dividing the soil cylinder in
three sub-samples (0-150, 150-300, 300-450
mm) and washed. Different root parameters viz,
root tips, root forks and root crossings were
determined by the image analysis software
“WinRHIZO” [15].

2.4.4 Crop Growth Rate (CGR)

Crop growth rate (CGR) is the rate of dry
biomass production per unit ground area per unit
time [16]. It was calculated by using the following
formula and expressed as g m?2 day.

(Wo-Wyq) 1
(to-t1) * A (2)

CGR =
where, Wy, the dry weight of the plant (g m2) at
time t1; W2, the dry weight of the plant (g m-) at
time tz; (t1 — t2), the time interval in days; A, the
unit land area (m?). The dry biomass was
measured at the vegetative, flowering and at
pod-formation stages of the crop.

2.4.5 Leaf Area Index (LAI)

The green leaf portions were separated and the
area of the leaves was measured. Mean value

per plant was used in calculating the leaf area
index (LAI) which was derived using the formula:

LAl = Measured leaf area per plant (m2)xno.
of plants / Ground area (m?) 3)

2.4.5Yield

The crops were harvested manually simply by
uprooting at grain maturity stage and allowed to
dry in the threshing yard. After complete sun
drying, when the soil moisture content of the
nearly 15%, the crop was threshed by beating
with wooden sticks. The seeds were winnowed,
cleaned and seed weight was recorded and final
yield was converted into kg ha.

2.5 Statistical Analysis

The analysis has been done with STAR
(Statistical Software for Agricultural Research)-
IRRI (International Rice Research Institute). The
main, sub and sub sub-plots in the present study
were tillage, P and K applications, respectively.
Duncan’s Multiple Range Test (DMRT) was
performed to compare the treatments at 5% level
of significance.

3. RESULTS AND DISCUSSION
3.1 Depletion of Soil Moisture

Initially the amount of soil moisture was similar
for all the treatments; thereafter treatments
changed the depletion pattern of root zone soil
moisture either through transpiration of plant
canopy or the evaporation from soil surface as
modified by foliage cover over soil surface. The
depletion rate of soil moisture was around 1.7 to
2.2 mm d? during initial period of crop growth
and hence showed no significant differences
among irrigation treatments. While with the
advancement of crop growth, depletion
sequences changed significantly (Fig. 1). 13
resulted in the maximum depletion rate from
vegetative (4.8 mm d1) to reproductive period
(5.7 mm d1); where 12 increased depletion rate
at the later period of crop growth with averaged
of 6.5 mm d? (Fig. 1.a). Although I1 showed
higher depletion rate over I2 at the initial and
vegetative period, that decreased below 18 to
37% than 12 during flowering to maturity period of
green gram. The higher amount of soil water in
the root zone due to the supply of water through
irrigation under 11 accentuated the depletion rate
through the root growth or direct evaporation.
Mukherjee et al. [17] similarly explained higher
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depletion of soil moisture in working with
chickpea. While the elevated depletion rate
under 13 can be explained by the observation of
Bhattarai et al. [18] who noticed higher depletion
of moisture where less irrigation had been
received and plant extracted the soil water to its
fullest extent. Regarding the application of P, the
maximum depletion rate was observed under P3
followed by P1 and the least was under P2 with

~~
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Depletion rate (mm d-!

average depletion rate of 4.5, 4.2 and 3.7 under
P3, P1 and P2, respectively (Fig. 1.b). The
application of P fertilizers significantly increased
the stomata density and stomatal
conductance which pronounced the transpiration
activity resulted more depletion of soil moisture
[19]. However, application of foliar spray of K
secured no significant marks on soil moisture
depletion.
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Fig. 1. The depletion rate of soil moisture under different (a) irrigation, (b) phosphorus and (c)
potassium treatments
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3.2 Root System Modification

The changes of soil moisture storage happened
due to varied depletion pattern modified the
amount of root tips, forks and crossings. Root
tips, fork and crossings play a significant role in
resource acquisition mainly for capturing water
and nutrients more efficiently from deep inside
the soil. The root tips, forks and crossings as
shown in Fig. 2(a-c) were distributed differently
with the irrigation treatments. Figure shows the
relative proportion of root tips, forks and
crossings in three irrigation treatments. The
proportion of root tips was maximum and
crossings was the least. |1 resulted in the
maximum amount of root tips, forks and
crossings followed by 12 (Fig. 2.a). The least
developed roots were observed under 13. Naruse
et al. [20] argued that due to the field irrigation
condition root traits responded early and
exhibited increased root tips, forks and
crossings. That helped plant in water acquisition
as it is strongly lined with the spatial distribution
of water in soil [21].

P also improved the root tips, forks and crossings
significantly. P3 produced significantly 6, 8 and
35% higher root tips, forks and crossings as
compared to P1l. P2 resulted in the lowest
amount of the root traits (Fig. 2.b). Similarly,
Hodge et al. [22] stated that plants modify their
root architectural traits like reduction of primary
roots, lateral roots and root tips under low P
conditions. Where, foliar K application showed no
significant changes in these parameters (Fig.
2.c).

and

3.3 Microbial Biomass Carbon

Dehydrogenase Activity

The microbial biomass carbon (MBC) was
observed at the critical growth periods of green
gram where MBC values were increased from
vegetative to reproductive stages and thereafter
it reduced to the lowest value at maturity period.
MBC denotes the portion of soil that is
responsible for energy transformation, nutrient
cycling and organic matter transformation.
Irrigation treatments effectively influenced the
MBC. Although, initially, no significant differences
were noticed among the treatments; |1 resulted
in the maximum MBC of 264 pg g followed by 12
which was 6% lesser than 11 during reproductive
period (Fig. 3.a). 13 produced the least MBC at
reproductive period but I3 improved 66% higher
MBC than 12 at maturity of green gram.
Velmourougane et al. [23] also observed strong

positive correlation of MBC with soil moisture
content in their study. In case of P treatments, P3
resulted in the maximum MBC throughout the
growing period followed by P1 and the least
amount of MBC was resulted at P2. Similar result
was found by Bolat et al. [24].

The trend of dehydrogenase activity (DHA) of soil
was observed comparable as observed in MBC
under irrigation, P and K treatments (Fig. 4). 11
secured the maximum DHA followed by 12 and I3
resulted the lowest DHA of all. While in case of P
treatments the sequence followed as P3 > P1 >
P2. The K application showed no significant
changes.

3.4 Plant Physiology and Grain Yield

The influence of irrigation and nutrient treatments
impacted physiology of green gram. The leaf
area index (LAI) under different irrigation
treatments has been depicted in Table 1. It was
observed that LAl improved continuously with the
advancement of crop growth and maximum was
achieved at maturity period. 11 produced the
maximum LAl which was 13% higher than 13 at
reproductive period and also 14 and 31% higher
than 12 and I3, respectively at maturity period of
green gram. Improvement of LAl under sufficient
supply of soil moisture was previously reported
by Nandi et al. ([25] in working with lentil. LAl
showed the maximum improvement under P3
and lowest improvement under P2. K showed no
significant impact on LAl development. Koneni
[26] observed the application of phosphorus in
the increment of LAl in in green gram over its
non/less application.

Crop growth rate (CGR) showed clear decrement
with the crop development. The average CGR at
vegetative, reproductive and maturity periods
were 7.0, 2.9 and 1.5 g m2 d?, respectively. 11
and 12 produced maximum CGR up to
reproductive period; thereafter CGR of 12
decreased 39% from I1; while 13 resulted in the
lowest CGR during later growth period.
Improvement of CGR through the application of
P was quite significant in due course of crop
growth. The reduced values of CGR were
subjected to water as previously reported by
Bandyopadhyay et al. [27] in their research
regarding moisture driven stress physiology
changes. P3 resulted in significantly 10 and 24%
higher CGR at vegetative; 19 and 38% higher
CGR at reproductive and 14 and 54% higher
CGR at maturity periods over P1 and P2,
respectively. However, K showed no significant
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changes in CGR of green gram. P’s growth GTC), protein
improvement was related with its role in adaptations,
synthesis of energy-rich compounds (ATP, CTP, [28].

a
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p 1 32
IB\A\‘\ -
257 940
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308 426
(b) 42
p2 4 19
P3 \‘\A 31
\ 240
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Fig. 2. The distribution of the amount of root tips, forks and crossings under different (a)
irrigation, (b) phosphorus and (c) potassium treatments
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Grain vyield of green gram under different
irrigation, P and K treatments has been
presented in Table 1. I1 produced the maximum
grain yield which was 18 and 49% higher than 12
and 13. While P3 produced the highest yield of
7.21 g ha! which was 12% superior of P1. K’s

role in grain yield improvement was non-
significant. 11P3 produced the highest grain yield
of 9.06 q ha-1 followed by 11P1 (8.03 q ha®).
Although, 12P3 produced 7.47 g ha-1 grain yield
which was merely 7% lower than [1P1. 13P2
secured the least grain yield of 3.11 g ha™*.
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Fig. 3. Soil microbial biomass carbon (MBC) under different (a) irrigation, (b) phosphorus and
(c) potassium treatments (Different lowercase are significantly different at p < 0.05 according
to DMRT test)
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Table 1. Leaf area index, Crop growth rate (g m2d?) and Yield (kg ha™) of green gram under
different irrigation, phosphorus and potassium treatments

Leaf area index Crop growth rate (g m2d?) Yield
Vegetative Flowering Pod Vegetative Flowering Pod (kg ha)
formation formation

Irrigation (1)
11 15472 2152 27472 7.17 3.29¢@ 1912 716.02
12 1.40° 2122 2.41° 6.84 3.09° 1.37° 606.5°
13 1.40° 1.90° 2.12¢ 6.85 221°¢ 0.88°¢ 478.6 ¢
LSD (p<0.05) 0.11* 0.15* 0.19* ns 0.16* 0.23* 87.0**
Phosphorus
(P)
P1 1.37° 1972 2.34° 6.95° 2.85° 1.67°" 642.4°
P2 1.16°¢ 1.76° 192¢ 6.21°¢ 241°¢ 1.24¢ 437.6°¢
P3 1462 2.092 2512 7.69¢2 3.35¢2 1912 72112
LSD (p<0.05) 0.15* 0.10* 0.23* 0.15* 0.27* 0.21* 13.8*
Potassium (K)
K1 1.42 2.04 2.42 7.39 2.76 1.49 606.9
K2 1.34 2.00 2.31 7.21 2.64 1.28 593.9
LSD (p<0.05) ns ns ns ns ns ns ns
Interactions
|*P * *% * ns * * *%
*K ns ns ns ns ns ns ns
P*K ns ns ns ns ns ns ns
*P*K ns ns ns ns ns ns ns
4. CONCLUSION REFERENCES
The application of three irrigation and 15% 1.  Mohbe SA, Dotaniya CK, Reager ML,

excess P improved the soil moisture depletion
rate, root morphological traits, soll
microbiological behaviour and plant physiology of
green gram in the maximum extent. However,
the skipping of one irrigation at pod formation
stage with 15% higher P application significantly
impacted on soil moisture scenario, soil
microbiology and plant growth. So, it can be
concluded that though the application of three
irrigation  produced maximum grain Yyield,
skipping of one irrigation at pod formation stage
with 15% higher P application could provide
satisfactory yield where availability of irrigation
water is limited.
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