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ABSTRACT

Sustainability in irrigation is an essential step towards responsible water consumption. In recent years,
many studies have sketched climate-resilient agricultural practices to fight drought and uncertain rainfall
patterns. Major rain-fed crops such as paddy and wheat require aid when there are abnormal dry spells. To
mitigate the loss of crops from such events, superabsorbent polymers can be used. Soils amended with
hydrogel or Superabsorbent polymer (SAP) retain moisture during drought to prevent loss of water through
evaporation and percolation. This allows the crop to grow with less shock from drought. This study
compares rice (Oryza sativa L.) growth rate under application (treatment groups) and non-application
(control groups) of hydrogel, considering their high-water requirement. NDLRO7 (recently developed) and
BPT5204 (local variety) rice varieties were chosen for the current study. Randomized controlled trials were
performed for each variety on a control group (NC & BC) and 3 treatment groups with 20% (NT20 &
BT20), 40% (NT40 & BT40), and 60% (NT60 & BT60) deficit water supplies respectively. N, T, C refers
to seed type, treatment group, control group respectively. Intermittent drought condition was imposed for
14 days to assess the resilience of crops. The water retention capacity of the sandy loam soil was better for
treatment groups by 20% than control groups even at an average temperature of 40 °C. Treatment groups
continued growing through the drought phase and after, while control groups showed stagnation. Among
the tested treatment groups, NT20 had the highest growth among all trials. The results of the study
suggested that hydrogel application can help to combat droughts and thereby contribute to sustainable
agricultural production by restricting the involvement of climate changes.
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Drought Mitigation through Hydrogel application in Rice cultivation
1 Introduction

Climate change might shift the paradigms of living conditions on
earth in the next hundred years (IPCC, 2019). The frequency of
droughts due to climate change is expected to increase in the
coming decades, which adversely affects the growth of major food
crops. In this scenario, sustainability towards food security should
be ensured by checking the water consumption of high-water
consuming crops concerning climate change. Rice (O. sativa) is a
crop that consumes a high amount of water and is a staple diet
globally that demands attention (Chun et al., 2016). Various
strategies such as aerobic cultivation of rice (Rehman et al., 2011),
subsurface drip irrigation (Parthasarathy et al., 2018), deficit
irrigation  (Pirmoradian et al.,, 2004), water management
techniques, use of tension-meter (Kalyanasundaram et al., 2021),
use of drought resistance cultivar, and nutrient management have
been successfully put forward to mitigate the adverse effects of
droughts on agricultural productivity. The application of soil
conditioners is one of the methods which enables the soil to retain
moisture for extended periods (Kalhapure et al., 2016, Neethu et
al., 2018).

Superabsorbent polymers (SAPs) or hydrogels can be used as soil
conditioners to amend sandy soils to prevent accelerated
evaporation and leaching of nutrients and water beyond the root
zone of plants. Hydrogels are composed of hydrophilic
homopolymer  (N-iso-propyl methacrylamide) or copolymer
networks and can swell in water or physiological fluids. Chemical
cross-links (covalent bonds) or physical junctions (e.g., secondary
forces, crystallite formation, chain entanglements) provide the
hydrogels’ unique swelling behavior in a three-dimensional
structure (Ahmed, 2015). The swelling enables hydrogel to act as a
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water reservoir for plants in the root zone for uptake during water
stress. The agricultural application of hydrogels has been
extensively studied by Guilherme et al. (2015). Further, Rehman et
al., (2011), studied its application on rice and reported 18 % higher
growth in soil treated with hydrogel than ordinary soil conditions.
In another study, Prakash et al. (2021), suggested that a up to 60 %
deficit water supply could give better crop growth for the initial
stages under hydrogel application. Similarly, Sen et al. (2019),
showed that hydrogel allowed sustained paddy crop growth under
drought conditions. This paper aims to present the crop growth
pattern of rice under the influence of hydrogel with a deficit supply
of water and induced drought conditions to ascertain the extent of
reduction of water consumption of paddy.

2 Materials and Methods
2.1 Seed variety

For this study, seeds of 2 rice varieties viz.,, BPT5204 and
NDLRO7 were selected. BPT5204 is the locally used variety, while
NDLRO7 was the recently developed drought-resistant rice variety
(Jayalakshmi et al., 2020). NDLRO7 showed a greater yield and
economic benefit when compared with BPT5204. The study on
seed growth, as influenced by hydrogel, would give a greater
clarity towards climactic action in agricultural practices.

2.2 Field conditions

The present study was conducted at the experimental station of
Krishi Vigyan Kendra (an integral part of the National Agricultural
Research System in India), Banaganapalli, Andhra Pradesh (Figure
1). The experiments were conducted during the rabi season (Feb-
April 2021) under sandy loam soil (75% sand, 12% silt, and 13%
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Figure 1 Location of Yaganti field experimental station of Krishi Vigyan Kendra.
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Figure 2 Layout of experimental groups for comparative study in the field for NDLR07 and BPT5204. Based on water supply, the crops were
grouped as BC (BPT5204 control) and NC (NDLRO7 control); while BT20, BT40, BT60 were used for BPT5204 treatment groups;
and NT20, NT40, NT60 used for NDLRO7 treatment groups with 20%, 40%, and 60% deficit water supply respectively for each variety.

clay). Randomized controlled trials with Control and treatment
groups were laid out as shown in Figure 2. The total net plot size
of the experimental setup is 576 sg. m. Treatment groups were
grown in soil amended with hydrogel and 3 different water supply
deficits as done in a previous study (Prakash et al., 2021). The
control group was supplied with 1 cm of water for 28 days after
sowing (DAS); 2.2 cm of water from 28-45 DAS; and 0.5 cm of
water till the maturation crop. The treatment groups were supplied
at varying intervals to meet the deficit conditions.

Irrigation was withheld for two weeks in the absence of rain to
induce a drought condition so that the tolerance of crops to water
stress could be observed and compared for correlation with
hydrogel application. A drought situation was created between the
100 DAS and 114 DAS (Days after sowing). Harvesting was

carried out manually in the second week of June 2021, when
panicles were fully ripened.

2.3 Sowing techniques and hydrogel application

The method of direct sowing (Sudharani et al., 2019) was adopted
in the study and a drum seeder was used for seeding. These drum
seeders (Figure 3) consisted of four plastic seed drums mounted on
a shaft, ground wheels, floats, and a handle. The seed drum was
cylindrical and had a diameter of 200 mm. There were nine seed
metering holes (funnel-shaped) of 8 mm diameter along the
circumference of the drum at both ends, with a row to row spacing
of 200 mm. The direct seeding technique was adopted to reduce
transplantation costs and eliminate the high initial water demand
for transplanted rice.
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Drought Mitigation through Hydrogel application in Rice cultivation

The hydrogel was applied manually at the time of soil preparation
at 2.5 kg/ha as per ICAR recommendations (Lather et al., 2015;
Kalhapure et al., 2016). Sprouted paddy seeds were sown using the
drum seeder. A fertilizer dose of 133-85-62 kg NPK/ha was
applied. Weed Management was done through a cono-weeder
(Sudharani et al., 2019), and it was run in the direction in which
the drum-seeder was pulled. All other agronomic practices were
kept normal and uniform for all the treatments. The treatment
group received a 40% deficit supply of all the supplies to the crop
compared to the control group.

2.4 Statistical Analysis

Collected data were statistically analyzed using one-way analysis
of variance (ANOVA) in SAS software.

3 Results

The plant growth trend in terms of height is presented in Figure 4
(A and B). In both varieties of rice (BPT5204 and NDLRO07), a
clear difference in plant height is seen between the experimental
groups. The differences in the growth rate of each treatment group
in the growth period are represented in fig. 4A and 4B.

The best-fit curves of the 3™ degree showed the highest
correlation. The equations of plant height for BPT5204 as a
function of the number of days are as follows:

PB20 = —7.728 x 1075(X3) + 0.01306(X?) + 0.4031(X) —

1.185, (1)

PB40 = —7.375 x 1075(X3) + 0.01325(X?) + 0.2294(X) +

0.8474, 2

PB60 = —4.996 X 1075(X3) + 0.00925(X2) + 0.3566(X) —

0.6088, (3)

PBC = —8.312 X 1075(X3) + 0.0144(X?) + 0.2595(X) +

0.2856, ()
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Where PB20, PB40, PB60, and PBC are the plant heights of BT20,
BT40, BT60, and BC groups respectively; X is DAS. The R?
values were 0.9971, 0.9971, 0.9939, and 0.9979; the RMSE values
were 2.0015, 2.6064, 2.4618, and 1.6032, respectively for eq.1, 2,
3, and 4.

In BPT5204 (Figure 4A), at the end of the harvest period, the
treatment group with a 20% deficit supply of water had the
highest growth. Compared to the control group, the growth of
BT20 was higher by 9%, BT40 lesser by 1%, and BT60 lesser by
3% at the end of the harvest period. From Figure 4 (A), BT40
and BC show a similar growth trend with comparable plant
height values. Throughout the cultivation period, the growth
percentage gradually reduced for all experimental groups. Figure
5(A) shows that BT60 exhibited the lowest and highest growth
rates among all groups. The growth rate varies in a wavy pattern,
with peaks and troughs. BT20 exhibited 4 peak rates at an
interval of 24-32 days with the highest peak at 48 DAS. BT40
showed 5 peaks at intervals of 16-32 days with the highest at 48
DAS. BT60 showed 4 peaks at intervals of 16-24 days with the
highest at 72 DAS. BC showed 3 peaks at intervals of 16-24 days
and a gradual decrease in growth rate after the 3rd peak. During
the induced drought period from 100 DAS to 113 DAS, the
treatment groups showed no significant decrease in growth rates
as seen in the control group.

In NDLRO7, NT20 showed the highest plant height at the end of
the harvest period (105.2 cm). The best fit 3™ degree equations for
the plant height of NDLRO7 variety are given below:

PN20 = —9.198 X 1075(X3) + 0.01378(X?) + 0.5554(X) —

1.185, (%)
PN40 = —1.237 x 107#(X3) + 0.02456(X?) + 0.3361(X) —
5.359, (6)
PN60 = —5.77 X 1075 (X?) + 0.01044X?) + 0.3002(X) — 4516,
()
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Figure 4 Average plant height recorded at regular time intervals throughout the growth period for the variety BPT5204 (A) and NDLRO07 (B)
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PNC = —7.317 x 1075(X3) + 0.008127(X?) + 0.9145(X) —

4.048, (8)

Where PN20, PN40, PN60, and PNC are the plant heights of
NT20, NT40, NT60, and NC; X is DAS. The R® values were
0.9964, 0.9838, 0.9972, and 0.9945; while RMSE values were
2.3143, 4.9411, 1.6337, and 2.6947, respectively for eq. 5, 6, 7,
and 8. The order of plant height at the end of the harvest period
was NT20>NT40>NC>NT60 (Figure 4B). Compared to the
control group, the growth rate of NT20 was 8.1% higher than that
of NT40 1.1% (lower) and that of NT60 3.5% (lower). The highest
peak growth rate was seen for NT20 at 72 DAS (Figure 5B). The
growth rate trends of NT20 and NT40 were similar, while those of
NT60 and NC were also found similar. After the induced drought
period, the treatment groups continued to show an increasing
growth rate, while the decreasing trend of NC growth rate
continued even with adequate water supply. NT20 showed 5 peaks

Reddy et al.

at 16-24 days interval; NT40 showed 6 peaks with a wide gap of
24 days between the first 2 peaks, and then reaching peaks at 16
days interval for the rest; NT60 showed 6 peaks too with similar
intervals as NT40; NC showed 3 peaks at 16 to 24 days interval
and gradually declined after the 3rd peak.

In both seed types (BPT5204 and NDLRO7), the least growth
was seen in groups with a 60% deficit supply of water, while
the highest growth was seen in the groups with a 20% deficit
supply of water. The control group had only 3 peaks as
opposed to 4 to 6 peaks in the treatment groups, after which the
control group only showed a decline in growth rate as opposed
to the treatment groups which continued to show peaks and
increased growth rate. During the induced drought period, in
both varieties of rice, the growth rate was not significantly
affected. There was even an increase in the growth rate for
some cases (BT40 and NT20).
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Figure 5 Plant growth rate expressed in cm/day, for the duration of induced drought in BPT5204 (A) and NDLRO7 (B) for treatment groups.
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4 Discussion

NDLRO7 (NT20) performed the best among all experimental
groups, with a growth of up to 105.2 cm at 127 DAS. The high
growth could be because of NDLRO7’s adaptability to drought
(Jayalakshmi et al., 2020). It is also evident that drought conditions
had some effect on the growth rate in the groups treated with
hydrogel. Even under a 60% deficit of water supply, with an
induced drought period of 14 days, the survival of paddy crops was
not affected. The crop growth rate towards the end of the
reproductive stage directly impacts the yield as it involves the
growth of spikelets (Takai et al., 2006). Considering the same
stage in the treatment groups and relating crop growth rate to the
plant height growth rate, the rate of growth continues to increase
instead of a decrease in control groups. This suggests that
treatment with hydrogel could increase yield, compensating for
damage (if any) from a lack of water. Sen et al. (2019), showed
that hydrogel application helped rice crops survive drought for
longer durations. This was attributed to better root growth
conditions due to hydrogel application. The formation of a root-
soil-water matrix at the root zone, during induced drought,
suggested that the roots are better preserved with a continued
supply of water (Agaba et al., 2011). A similar study by Kurrey et
al. (2018) reported concurrent results when the root system is
under shock from drought, stomatal cells close, leading to a
decreased growth rate (Kim et al., 2020). The presence of hydrogel
prevents this as the roots are protected from moisture stress. Under
normal conditions, the yield of crops treated with hydrogel
increases significantly (Roy et al., 2019). In a climate change
scenario where rice production is affected adversely, hydrogel
application along with other mitigation methods could contribute
to a sustainable support system to combat drought events
(Soundharajan & Sudheer, 2009; Uga et al., 2013; Li et al., 2015).

Conclusion

Insights were derived in the present study on the potential positive
effects of Hydrogel application as a drought mitigation method.
The hydrogel can amend the root-soil-water relationship in crop
systems to enhance crop growth. The use of NDLRO7 as a drought-
resistant crop amended with hydrogel would prevent damage and
loss from drought conditions. BPT5204 variety has also shown
resistance to drought conditions when amended with hydrogel. The
increase in productivity would help ensure sustainability, thereby
allowing the farmers to fetch benefits. In the present study, the
productivity of crops based on plant height has been established
with mathematical relations. Though the third-degree polynomial
matches with a high correlation, subsequent research should be
done using parameters such as biomass, water schedules,
temperature, and humidity to deepen the understanding of hydrogel
influences on crop growth.
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