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ABSTRACT

The irrigation management in tomato is a big challenge. To address this issue, a field experiment
was conducted for two consecutive years on clay loam soils during kharif seasons 2022 and 2023
at Instructional Farm, College of Technology and Engineering, Maharana Pratap University of
Agriculture and Technology, Udaipur (Rajasthan). The experiment consisted of 12 treatment
combinations having three irrigation regimes (1.0, 0.8 and 0.6 IW/CPE) in main plots and four
hydrogel levels (control, 10, 15 and 20 kg ha™) in sub plots evaluated under Split Plot Design (SPD)
with three replications. The variety tested under this experiment was USM Kareena. The impact of
irrigation regimes and application of hydrogel on plant height, fruit yield of tomato and water use
efficiency was found significant. The maximum plant height and fruit yield was found under
irrigation regime I, (1.0 IW/CPE) followed by I, (0.8 IW/CPE) and I, (0.6 IW/CPE) whereas the
higher water use efficiency was recorded under lower levels of irrigation (0.6 IW/CPE). Among the
different hydrogel (Fasal Amrit) doses, FA, (20 kg hydrogel per hectare) demonstrated the higher
plant height, fruit yield, and water use efficiency. Most of the soil parameters remained non-
significant with irrigations regimes except moisture content but the hydrogel application reduced

the soil pH and increased soil organic carbon content significantly.
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is one of the
important vegetable crops. In line with increasing
population and income, the demand for tomato in
India has increased to a great extent. However,
tomato production is still low. This is far below the
potential yield of tomato crop which can reach 60 t/
ha. Tomato is known as the crop that sensitive to
water stress. Therefore, it is suggested that one of the
reasons for the low yield of tomato crops in India
was the inadequate of water supply during tomato
growth. Therefore, water saving techniques is being
invented by many farmers and scientists time to
time.In past few decades the development of soil
conditioners or hydrogels, particularly in regions

with scarce water resources have been given more
attention. The synthetic soil conditioners or
hydrogels have very much potential in restoring and
reclaiming soil moisture reserves where irrigation
opportunities are less. Hydrogels are cross-linked
polymers having a hydrophilic nature that are able
to absorb large quantities of water without
dissolving. Water absorption capacity is created by
the hydrophilic functional groups found on the
polymer and their resistance to dissolution arises
from cross-links between the network chains.The
application of hydrogel in arid and semi-arid
regions increases the water holding capacity of the
soil, soil water retention, irrigation efficiency, and
crop water productivity.The sector that consumes
the major amount of fresh water in India is
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agriculture (Singh et al., 2014 and Singh et al., 2018),
and due to the limitation and scarcity of fresh water
resources (Yadav ef al., 2016 and Yadav et al., 2022).
Many approaches such as irrigation depth, interval,
transpiration ratio, soil moisture status,
climatological and plant indices have been tested on
different crops and locations, showing beneficial
impacts on water productivity and farm production.
Recently, irrigation has been scheduled based on the
climatological approach (IW/CPE), which integrates
all weather parameters and applies a known
amount of irrigation water when cumulative pan
evaporation reaches a predetermined level (Sharma
et al., 2021).Keeping in view the above facts, the
present study was undertaken to find out the effect
of hydrogel and irrigation regimes on fruit yield of
tomato and soil physio-chemical properties.

MATERIALS AND METHODS

The experiment on effect of irrigation regimes and
hydrogel on yield of tomato and soil properties was
conducted during kharif season 2022 and 2023 at
Instructional Farm, College of Technology and
Engineering, Maharana Pratap University of
Agriculture and Technology, Udaipur (Rajasthan)
India, taking USM Kareena as a test variety. Three
levels of irrigation regimes viz. 1.0,0.8 and 0.6 IW/
CPE ratio in main plots and four levels of Fasal
Amrit (hydrogel) viz. Control, 10, 15 and 20 kg/ha
in sub plots were tested in split plot design and
replicated thrice. Fertilizer used as per package of
practice that is NPK @ 150:80:60 kg per hectare. Soil
samples were collected as per the plan of work and

analysed using following methods: Soil reaction
(pH) was determined using pH meter in 1:2 soil
water suspension as per method of USDA, Hand
book No. 60 given by Richards (1954). Electrical
Conductivity (dS m™at 25 'C) was measured with
the help of conductivity meter of 1:2 soil water
suspension as per method 4b, USDA, Hand book
No. 60 given by Richards (1954). Organic carbon (%)
was tested using rapid titration method given by
Walkley and Black (1934). Bulk density (Mgm™) was
determined using undisturbed core sampler method
given by Singh (1980). The moisture content was
determined by gravimetric method as prescribed by
Reynolds (2017). Plant height was measured at 90
days after sowing by randomly selected five plants
from each plot with the help of one metre wooden
scale. Tomato fruits harvested as per schedule of
harvesting and yield of each plot were recorded in
kg per plot and converted in quintal per hectare. The
water use efficiency (kg ha'cm) for a given
treatments was calculated by dividing the tomato
fruit yield with the respective total water applied
given by Dastane (1972).

Tomato fruit yield (kg/ha)

WUE =
Total water applied (cm)

RESULTS AND DISCUSSION

Plant Parameters

Plant height at harvest: The impact of irrigation
regimes and hydrogel on plant height at harvest is
presented in Table 1. A significant increase was

Table 1. Effect of Fasal Amrit (Hydrogel) and IW/CPE ratio on Average Fruit Yield of Tomato

Treatments Plant height (cm) Average Fruit yield WUE (kg/ha-cm)
2022 2023 (qt/ha) 2022 2023
2022 2023
IW /CPE ratio
1.0 103.43 102.37 214.38 215.43 306.25 205.17
0.8 101.14 100.08 211.78 212.83 385.08 250.39
0.6 98.86 97.80 204.83 205.88 512.14 343.13
SEm=+ 0.581 0.575 0.952 0.961 - -
C.D. at 0.05 1.75 1.731 2.87 2.881 - -
Hydrogel (Fasal Amrit) dose (kg/ha)
FA, (Control) 95.10 94.04 196.3 197.35 372.48 236.82
FA , 100.70 99.64 210.23 211.28 400.94 253.54
FA 103.29 102.23 215.56 216.61 412.07 259.93
FA,, 105.47 104.41 219.23 220.28 419.13 264.34
SEm=+ 0.822 0.818 1.421 1.432 - -
C.D. at 0.05 2.48 2.453 4.24 4.295 - -
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recorded in the plant height of tomato at harvest due
to irrigation treatments. Maximum plant height at
harvest (103.43 cm and 102.37 ¢cm) was recorded
under 1.0 IW/CPE (I,) whereas minimum plant
height (98.86 cm and 97.80 cm) at harvest was
recorded under 0.6 IW/CPE (I,) during first and
second year of experimentation, respectively. The
soil application of hydrogel (Fasal Amrit) produced
a significant result on plant height at harvest. The
maximum plant height at harvest (105.47 cm and
104.41 cm) was found with the application of
hydrogel at the rate of 20 kg ha™ (FA,)) and
minimum (95.10 cm and 94.04 cm) was found under
control (FA ). The increase in plant height was due to
water supplies through irrigation providing a
congenial growth environment which improved the
cell elongation, cell turgidity, opening of stomata
and finally the partitioning of photosynthates
efficiently to the sink.

Fruit yield: The impact of irrigation regimes and
application of Fasal Amrit (hydrogel) on average
fruit yield of tomato is also presented in Table 1. The
maximum fruit yield (214.38 q ha’and 215.43 q ha
') was found under irrigation regime 1.0 IW/CPE
followed by irrigation regime 0.8 IW/CPE (211.87 q
ha'and 212.83 q ha') and irrigation regime 0.6 IW/
CPE (204.83 q ha™ and 205.88 q ha) during 2022 and
2023, respectively. The increase in average fruit yield
with the irrigation regime 1.0 IW/CPE was 4.66 %
and 4.64 % higher as compared to 0.6 IW/CPE
during first and second year of experimentation,
respectively. Among the different Fasal Amrit
(hydrogel) doses, FA,  demonstrated the maximum
fruit yield of tomato (219.23 q ha'and 220.28 q ha),
whereas the minimum fruit yield (196.3 q ha' and

197.34 q ha'') was recorded under control (FA )
during 2022 and 2023, respectively.

Water use efficiency: The effect of irrigation regimes
and soil applied Fasal Amrit (hydrogel) on water
use efficiency is shown in Table 1. The increase in
water use efficiency of tomato was observed with
decreasing levels of irrigation treatments IW/CPE
ratio). Minimum water use efficiency (306.25 and
205.17 kg ha'cm) was recorded under 1.0 IW/CPE
whereas maximum water use efficiency (512.14 and
343.13 kg ha”cm) was recorded under 0.6 IW /CPE.
The increasing levels of soil applied Fasal Amrit
(hydrogel) increased the water use efficiency. The
highest water use efficiency (419.13 and 264.34 kg
ha'cm) was found with the application of Fasal
Amrit (hydrogel) at the rate of 20kg ha™ (FA,)
followed by FA ;& FA  and lowest (372.48 and
236.82 kg ha''cm) was found under control (FA)
during first and second year of experimentation,
respectively. These findings are in line with the
results of Mankar and Beena (2018) who reported
the effect of irrigation scheduling and hydrogel on
water use efficiency of Indian mustard.

Soil Parameters

Soil pH: The data related to the effect of irrigation
regimes and soil applied hydrogel on soil pH is
shown in Table 2. The irrigation regimes failed to
show any significant effect on soil pH. The effect of
soil applied hydrogel on soil pH was found
significant. The lowest soil pH (7.26 and 7.28) was
found with the application of hydrogel at the rate of
20kg ha (FA,)) followed by FA . & FA, and highest
(7.29 and 7.32) was found under control (FA ) during
2022 and 2023, respectively. The applied hydrogel in

Table 2. Effect of Fasal Amrit (Hydrogel) and IW/CPE ratio on Soil pH, EC and organic carbon content

Treatments pH EC (dS/m) OC (%)

2022 2023 2022 2023 2022 2023
IW /CPE ratio
1.0 7.28 7.31 0.24 0.25 0.65 0.64
0.8 7.28 7.30 0.24 0.25 0.65 0.64
0.6 7.26 7.28 0.25 0.26 0.66 0.65
SEm=+ 0.001 0.001 0.001 0.001 0.001 0.001
C.D. at 0.05 NS NS NS NS NS NS
Hydrogel (Fasal Amrit) dose (kg/ha)
FA, (Control) 7.29 7.32 0.24 0.25 0.64 0.63
FA , 7.28 7.30 0.24 0.25 0.65 0.64
FA 7.26 7.29 0.24 0.25 0.66 0.65
FA,, 7.26 7.28 0.24 0.25 0.67 0.67
SEm=+ 0.010 0.010 0.001 0.001 0.001 0.001
C.D. at 0.05 0.020 0.030 NS NS 0.010 0.010
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the experiment is of organic nature which supply
the organic carbon to the soil which ultimately affect
the soil pH favourably (Chandar et al. 2012 and
Singh et al. 2013).

Electrical Conductivity: The data pertaining to the
effect of irrigation regimes and soil applied hydrogel
on electrical conductivity is presented in Table 2.
Both the irrigation regimes as well as soil applied
hydrogel failed to show any significant effect on
electrical conductivity of soil.

Organic Carbon: The results pertaining to organic
carbon in soil are also given in Table 2. The data
showed that the different irrigation regimes were
unable to have any significant impact on the soil
organic carbon. Further, the data showed that the
application of hydrogel increased the soil organic
carbon significantly. The maximum soil organic
carbon was found under application of hydrogel at
the rate of 20 kg per hectare (FA, ) followed by FA
and FA  levels of hydrogel application.The soil
organic matter can be calculated by multiplying
organic carbon with the factor 1.724. Addition of any
organic material adds organic carbon to the soil
(Yadav et al., 2005; Yadav and Chhipa, 2007).
Further, hydrogels release water into the soil; they
contribute to maintaining consistent and higher soil
moisture levels. This not only benefits the plants but
also increases the field capacity of the soil as it can
hold more water against gravity. These results are in
close conformity with the findings of Neethu et al.
(2018).

Soil moisture content before irrigation: The data on

Table 3. Effect of Fasal Amrit (Hydrogel) and IW/CPE
ratio on Soil bulk density and moisture content

Treatments Bulk Density Soil moisture
(g/cc) (%)

2022 2023 2022 2023
IW /CPE ratio
1.0 148 1.47 12.80 12.79
0.8 148 1.48 12.17 12.15
0.6 148 1.49 11.61 11.62
SEm=+ 0.001 0.001 0.01 0.012
C.D. at 0.05 NS NS 0.06 0.041
Hydrogel (Fasal Amrit) dose (kg/ha)
FA, (Control) 1.48 1.48 12.16 12.14
FA , 1.47 148 12.18 12.16
FA 148 1.49 12.20 12.17
FA,, 148 1.49 12.23 12.22
SEm=+ 0.001 0.002 0.040 0.041
C.D. at 0.05 NS NS NS NS

the effect of irrigation regimes and soil applied
hydrogel on soil moisture content is shown in Table
3. The decreasing levels of irrigation regimes
significantly decreased the soil moisture content
before irrigation. The maximum moisture content
(12.80 and 12.79 %) was found with the application
of irrigation at the rate of IW /CPE ratio 1.0 followed
by IW/CPE ratio 0.8 & IW/CPE ratio 0.6. The soil
applied hydrogel didn’t have any significant impact
on soil moisture content. Similar results were
reported by Yadav et al. (2021) for soil moisture
content with different irrigation frequencies in
mustard crop.

CONCLUSION

On the basis of above experiment, it is concluded
that irrigation at 1.0 IW-CPE ratio gave the
maximum fruit yield of tomato. Similarly, the
application of 20 kg Fasal Amrit (hydrogel) per
hectare provided maximum plant height, fruit yield.
Maximum water use efficiency was obtained under
0.6 IW-CPE irrigation regime and 20 kg hydrogel per
hectare. Hence, irrigation can be delayed by
applying higher doses of hydrogel. No significant
change was observed due to different irrigation
regimes on soil properties except moisture content.
But the application of hydrogel decreased the soil
pH and increased soil organic carbon significantly.
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