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ABSTRACT

Climate change in the form of temperature increase and rainfall variability has intensified in the last three decades.
Rainwater harvesting is one of the mitigation strategies in drought-prone regions. Hence, studies on rainwater
harvesting technologies were conducted in four villages of Tumkur, Gadag, Belagavi and Chikkaballapura
districts during 2011 to 2018 as a part of National Innovations in Climate Resilient Agriculture (NICRA).
During 2017, 77,700 m® and 6,410 m® of water was harvested in farm ponds and water harvesting structures,
respectively. The harvested water was used for supplemental irrigation during drought periods to increase and
stabilize crop production and improve the system’s productivity. After desilting of community pond the water
storage capacity has increased by 2-3 times and also there was an increased cropping intensity of the village. Plastic
lining materials had shown efficacy in minimizing seepage and percolation losses. /n-situ moisture
through trench cum bund conserved the harvested rainwater during June-August which has increased the
surrounding soil moisture content and kept the moisture for a longer duration. This increased the yield of the
groundnut by 20.59 per cent which was not possible without trench cum bunding. The ground water level in open

wells and borewells started improving by diverting runoff water into defunct / less yielding borewells.

Keyword : Climate change, Impact, In-situ moisture, Mitigations, Rainwater harvesting technologies

LIMATE change has altered the weather parameters

largely in terms of rainfall behavior and
temperature anomalies. The varied rainfall behavior
due to climate change led to more frequent and intense
heavy rainfall events and extended dry spells in the
21 century (Raghavan et al., 2020), which has a
greater impact on the sustainability of fragile rainfed
ecosystems than irrigated ecosystem. In India, 60 per
cent of the total cultivated area is managed as a rainfed
ecosystem, where in crop production is dependent on
rainfall, having no facility for protective or lifesaving
irrigation.
India ranks first among the rainfed agricultural
countries of the world in terms of both extent and
value of produce. Rainfed agriculture supports 40 per
cent of the national food demands (Cherukumalli
Srinivasa Rao ef al., 2015). Rainfed areas receive an
annual rainfall between 400 mm and 1000 mm,
which is unevenly distributed, highly uncertain, erratic

and more frequent water scarcity events
usually in summer months as well as in years with
deficient monsoon rainfall and drought years. As a
result, a significant fall in food production is often
noticed.

In the arid and semi-arid regions of Karnataka,
agriculture is the prime source of income for local
inhabitants. Recent environmental externalities are a
threat to agricultural sustainability. One of the major
constraints for agricultural production is the availability
ofirrigation water during dry spells (Prasanna Kumar,
2019). Droughts may generate severe water shortages,
even for drinking purposes, due to the decline of the
groundwater table. Mitigation of climate change by
improving agricultural water conservation and
management practises is more important for reducing
crop production vulnerability to climate variability
(Gezie, 2019). This is an important attempt to
reduce the vulnerability of smallholder farmers
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through enhancing and upscaling rainwater harvesting
techniques so as to increase crop yields. The concept
of rainwater harvesting, as used in this paper, refers
to a basket of soil and water conservation techniques
designed to enhance rainwater infiltration (Tolossa
et al., 2020). Rainwater use efficiency at the farm
level can be increased by several management
practices which include in-situ moisture conservation
viz., bunding, contour cultivation, mulching, ridges and
furrows, the addition of crop residues to improve
infiltration and reduce sediment levels, crop rotations,
soil amendments and ex-sifu conservation through
farm ponds, check dams, percolation ponds, borewell
recharge and other rainwater harvesting structures
for the collection of excess rainfall flowing from
the farm area. Hence, the present investigation was
carried out to evaluate the rainwater harvesting
technologies in the arid and semi-arid regions
of Karnataka to mitigate climate change impacts.

MATERIAL AND METHODS

Rainfed agriculture’s success hinges on the effective
use of rainfall, with the primary goal being ‘a better
crop for every raindrop’. The participatory trials were
undertaken on farmers’ fields from 2011 to 2018 under
the project ‘National Innovations in Climate Resilient
Agriculture’ (NICRA), which is in operation in four
districts of Karnataka state, namely Tumkur, Gadag,
Belagavi, and Chikkaballapura. Table 1 shows the
villages that were chosen for the study, as well as the
soil types, normal rainfall and climatic vulnerabilities.

Climate constraints in the area, natural resource
assessments, farming circumstances, crop production

limits, climatic sensitivity, yield gaps, and potential for
climate change adaptation were the steps followed in
selecting villages in different districts. In chosen
farmer's fields, action plans to show acceptable
rainwater harvesting systems to minimize climatic
vulnerability, especially drought, were implemented.
Farmers in the demonstration villages were chosen
based on their desire to participate in participatory
research, the topography of the land unit, the crops
grown, and rainwater gathering options. A list of
farmers was determined in group meetings before the
demonstrations, and the selected farmers were
provided specialized skill training. Farmers' fields in
the chosen village were used to demonstrate enhanced
intervention (Table 2).

Rainwater Harvesting Structures

96 farmponds, 13 percolation ponds and 7 water
storage structures were demonstrated in 116 farmer’s
fields at D. Nagenahalli village in Tumkur district
and de-silting of 12 community ponds were
demonstrated in Yadagud village, Belagavi district.
A rainwater harvesting structure is a dugout with a
specific shape and size, as well as an appropriate
inlet and outlet structure for collecting surface
runoff from the farm. A pond’s size should be
proportional to the catchment region that contributes
surface runoff to the site. The volume of water in
rainwater harvesting structure is calculated using
the formula after the top width, bottom width,
depth and side slope are known

(A+4B+C)
——xD

6
TaBLE 1
Information of selected villages
. L Annual . Climate
NICRA village Taluk and District rainfall Soil type variability
D. Nagenahalli village =~ Korategere Taluk, Tumakur 584 Red sandy soil Drought
Mahalingapur Gadag 641 Red gravel Drought
Yadagud Hukkeri taluk, Belagavi 773 Black and red sandy soil  Drought
S. Raguttahalli village Chintamani taluk, 590 Red loamy soil Drought

Chikkaballapura district
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Where,

V = Volume of the farm pond (m?)

A = Top width =2 x D + Bottom width
B = Middle width = (Top + Bottom) /2
C = Bottom width

D = Depth of water in rainwater harvesting structure

The stored water in the rainwater harvesting
structure was lifted by a 1.5 HP pump and used for
protective irrigation. The protective irrigation area
was documented in ha. The income generated from
utilization of harvested water was calculated by
multiplying the output (produce) with the prevailed
market price at the time of harvest.

In-situ Moisture Conservation through Trench
Cum Bunds

In-situ moisture conservation in groundnut crop
was demonstrated in 99 farmer’s fields in
S. Raguttahalli village, Chikkaballapura district,
using trench cum bunds across the slope at 4.5 m
horizontal intervals. Simultaneously, groundnut
without trench cum bund was taken up as a control.
The yield and economic statistics were documented
using a standard procedure.

Borewell Recharging

In 10 farmer’s fields in Raguttahalli village, Chintamani
taluk, Chikkaballapura district, a borewell recharging

demonstration was built up under the NICRA project
to record the impact of recharging by delivering runoff
water to a failing poor yielding borewell with filter bed.
A sensor-based submersible pressure transmitter was
used to measure the groundwater table level (ft).
These hydrostatic level transmitters have a tiny
diameter and are suspended from the well, borehole,
deep bore well or monitoring well by their cable.

REsuLTS AND DIScUSSION

Rainwater Harvesting Structures

The study included the construction of 96 farm
ponds and seven water harvesting structures
(cement/ stone slab/ plastic/ gunny bags lined)
with varied capacities. In 2017, farm ponds and
water harvesting structure collected 77,700 m* and
6,410 m® of water, respectively, benefiting 128
farmers. A total of 46.4 ha were given protective
irrigation using harvested water from these
structures, resulting in an improvement in agricultural
productivity. Rainwater harvesting technologies
mitigated climate change vulnerability by allowing
for the use of stored harvested rain water for
protective irrigation at critical stages during
drought period, which enhanced and stabilised crop
yield and improved system productivity
(Rajendra Dayananda Gowda and Dollis, 2021).

TABLE 2

Area and number of farmers under different intervention

NICRA village Intervention Area/Unit No. of farmers
D. Nagenahalli Farm pond 9% 121
Percolation pond 13 20
Water harvesting structure 7 7
Protective irrigation 464 ha 63
Farm pond lining 6 6
Mabhalingapur Protective irrigation 252 ha 36
Yadagud Desilting of community pond 12 133
Protective irrigation 825 ha 133
S. Raguttahalli village Borewell recharge 10 10
Tench cum bund 69 ha Y

The Mysore Journal of Agricultural Sciences
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TABLE 3

Details of rainwater harvesting structures and potential capacity created at D. Nagenahalli village

Name of the Units Farmers Volume . Prp tective .
Intervention (No) (No) of water irrigation potential
‘ ’ harvested (m?*) created (ha)
Farm pond 9% 121 77,700 36.8
Percolation pond 13 20 1,750 -
Water storage structure 07 07 6,410 9.6
Thirteen percolation ponds were dug in 4.0 ha increase in irrigated area. Plastic films as a

scientifically planned locations across the village to
ensure filling. The rainwater storage capacity of
these ponds was estimated to be 1750 m3, which
helped 20 farmers through borewell recharge
(Table 3). High intensity rainfalls are common in the
semi-arid and arid regions of India (Garg 1987,
Athawale 2003).

We may not be able to find alternative source of
water, thus the water lost through seepage from
ponds is priceless. Due to excessive seepage in
dugout farm ponds on red soils, rainwater held in the
ponds will be lost after a few months of rain. Unlined
ponds are ineffective in storing water for long
periods of time. As a result, pond liner is required to
keep collected water in the pond for longer periods of
time. Farm ponds with plastic lining materials under
red sandy soil and red clay had reduced seepage loss
per day (10.2 mm/ day and 9.4 mm / day, respectively),
whereas those without lining had higher seepage loss
(35.0 mm / day and 15.2 mm / day, respectively).
Water loss was reduced by 70.85 per cent in red
sandy soil and 38.85 per cent in red clay soil,
respectively (Table 4). Water storage with lining
enhanced water use efficiency, resulting in a

lining material have opened up a lot of possibilities
since they provide an impermeable lining that
prevents water loss due to seepage. (Singh et al., 2006;
Samuel and Satapathy, 2008 and Samuel et al., 2013).
Polyethylene lining is the cheapest among all the
lining materials, which are conventionally being used
(Kumar et al, 2007).

De-Silting of Community Pond

Siltation over the years lead to a reduction in
storage capacity, drying of the water in these ponds
before monsoons, aggravating the water crisis in the
village. Table 4, indicated that in Yadagud village,
Belagavi district, 12 community ponds were de-silted
as a result, the water storage capacity has increased
from 443.12 to 3112.87 m?®. This facilitated
supplemental irrigation to crops in both kharif and rabi
season. After de-silting of community pond the water
storage capacity has increased by 2-3 times and
protective irrigation potential has gone up to 125.7 ha.
Totally 133 farmers benefitted by de-silting of
community pond. Before desilting, there was only one
crop per year and after this intervention there was an
increased cropping intensity of the village. Water
recycled from harvested rain water help in applying

TABLE 4

Performance of plastic film lined water storage structures

Red sandy soil Red clay soil
Intervention o Area Average Per cent Average water Per cent
irrigated (ha) water loss reduction in loss ergda (mm) reduction in
perday (mm)  water loss P Y water loss
Lining with plastic film 40 10.2 70.85 94 382
Without lining 1.8 350 - 152 -
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TABLE 5

Impact of de-silted community pond at NICRA village

Water storage

Increase in cropping

Village and Name of structures No. of farmer ~ €apacity (M) protective irrigation ~ intensity (%)
District constructed / repaired benefited Before  After potential created (ha) Kharif ~ Rabi
— Dongari Nala 379.62 141937 114 173.80 23548
Thaladappa Nala 5 73.85 44312 7.6 187.50 214.29
Janamatti 13 41934  2096.70 162 179.16 22632
Walake Tota 486.00 16150 74 180.00 225.00
Janamatti School Tota 5 17172 629.72 44 17500 23333
Yadagud, Belagavi Aralimatti Nala 6 69.35 403.0 9.5 188.05 213.56
Yamagarni Nala 8 315 994.14 125 167.03  249.18
Badigertota Nala 10 40220 123939 14. 168.03 24699
Magennitota Nala 8 276.07 1131 132 156 278.85
Old Janamatti Nala 48 782.55 311287 174 159.7 26742
Patil Tota-I 5 232 728.0 54 17806 213.06
— Patil Tota-II 9 278  852.0 6.7 169.03 2369

supplementary irrigation during dry spells as well
as pre-sowing irrigations in rabi season that helps
in augmenting productivity (Samuel, 2010). Due to
irrigation facilities, the farmer's harvests two to three
crops in a year leading to increased opportunities
(Murthy and Nagabhushanam, 2017).

Protective Irrigation
During dry spells, the water collected in the rainwater

harvesting structure was utilised for protective
irrigation. The performance of groundnut, maize,

greengram and pigeonpea influenced by protective
irrigation is indicated in Table 6. Groundnut grown
with protective irrigation using harvested rain
water recorded higher pod yield, gross return, net
return and B:C ratio (15.1q/ ha, Rs.60400/ ha,
Rs.36240/ha, 2.5, respectively) compared to farmer
practice without protective irrigation. Maize,
greengram and pigeonpea all showed similar effects.
The findings are comparable to Venu et al. (2015).
There is a chance of rain failure in kharif, according
to Rajendra Dayananda Gowda and Dolli (2021); at
this situation, farmers harvested rain water for

TABLE 6

Yield and economics of different crops as influenced by protective irrigation

Pod/ grain

Gross return

Net return

Crop yield (q/ha) % increase (Rs./ha) (Rs./ha) B:Cratio
Improved Farmer's  1Y€ld  yproved Farmer’s Improved Farmer’s Improved Farmer’s
practice  practice practice  practice  practice  practice  practice  practice
Groundnut 15.1 995 517 60400 39800 36240 17258 25 1.8
Maize 24.19 17.60 3744 29025 22969 8529 4597 141 125
Greengram 830 4.6 8043 53950 29900 34470 11540 276 1.62
Pigeonpea  14.50 1040 3942 65250 46800 54000 35750 5.80 420

Improved practice: Protective irrigation, farmer’s practice: without protective irrigation
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TABLE 7

Yields of groundnut due to construction of trench cum bunds

Pod/ grain

% increase

Gross return Net return

Treatment yield (g/ha)  inyield (Rs./ha) (Rs./ha) B:Cratio
Groundnut with trench cum bund 12.3 20.59 55,350 34,100 2.60
Groundnut without trench cum bund 102 45,900 24,650 2.16

protective irrigation, reducing drought vulnerability and
achieving long-term productivity and economic gains.
Santosh Nagappa Ningoji et al. (2021) reported that
higher grain / pod yield was recorded with providing
protective irrigation during dry spell in French bean.

In-Situ Moisture Conservation

The trench cum bunding technology adopted in the
project performed a dual purpose; it prevented soil
erosion while also acting as water conservation pits,
conserving soil moisture for longer duration.
Groundnut with trench cum bund showed greater
pod yield, gross return, net return and B:C ratio
(12.3g/ ha, Rs.55350/ ha, Rs.34100/ ha and 2.60,
respectively) than groundnut without trench cum
bund (10.2 g/ ha, Rs. 45,900/ ha, Rs.24,650/ ha
and 2.16, respectively) (Table 7). Trench cum
bund structure has conserved the soil and water
in-situ and enhanced the ground water table which
in-turn helped the crops during long dry spells,

thus enabled farmers to increase their income and
also arrested soil erosion and served as water
reservoir pits that keeps soil moisture intact for
longer duration and facilitates availability of soil
moisture to the crop (Steiner and Rockstrom, 2003;
Itabari, 1999).

Borewell Recharge

Recharge of borewells were undertaken by farmers
by diverting runoff water into less yielding bore
wells. The water flowing in the channel was made
to pass through a filter media before entering into
recharge structure to avoid accumulation of silt.
Study of borewells at the beginning of the project
indicated water table at 700-800 ft in S. Raguttahalli
village, Chintamani taluk, Chikkaballapur district. Re-
charging interventions combined with water
conservation activities in the village rejuvenated the
borewells. The Table 8 indicated that during
2014-15 and 2015-16, depth of the ground water

TABLE 8

Raise of water level in bore wells due to various NRM activities at S. Raguttahalli

Village and Bore well Water level (ft)
o Farmers Name
District Depth (f)  2014-15 2015-16 2016-17
S. Raguttahalli village, Munireddy R.V. 300 180 268 39
Chintamani taluk, Venkatareddy R.E. 180 160 170 %)
Chikkaballapur district Lakshmi Narayanappa 650 350 420 [
Sriramareddy R.V. 780 600 712 65
G.R. Nagaraju 700 556 610 312
Keshavareddy R.K. 300 110 150 27
Srinath 900 620 750 118
Munivenkatareddy R. V. 500 280 400 56
Sharadamma 900 680 754 153
Venkataravanappa 930 567 700 418
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table level improved from 110 ft to 680 ft. and 150 ft.
to 754 ft., respectively but due to deficit rainfall
during 2016-17, depth of the water table improved
only from 27 ft. to 418 ft. There is an abundant scope
and opportunity for harvesting excess runoff in the
rainfed region in different states of the country and
to rejuvenate the defunct/ low yielding borewells
(Wani et al., 2003), when treated with runoff
filtration beds to enhance the groundwater level
and improve the water yield. Similar results of
improved borewell yield with artificial recharge pit
were reported by Shivakumar (2006). Reddy and
Khybri (2008) conducted similar type of study and
observed that the groundwater level in the open
wells and borewells started rising from June till the
end of September and later declined during first week
of October. The increased discharge rate with
artificial recharge was ascribed to improved ground
water resources as the diverted water is least sub-
jected for evaporation losses. Good amount of water
encouraged sustainable intensification of cropping to
improve income and livelihood of farmers.

Rainwater harvesting structure has the potential to
mitigate the climate change vulnerability of rainfed
agriculture to achieve sustainability in terms of
production and economic gains. Plastic lining of
farmpond can minimize the seepage, percolation and
increased water use efficiency thereby extending
protective irrigation area with the stored water.
Harvested water will help in providing supplementary
irrigations during dry spells as well as pre-sowing
irrigations in rabi season that helps in augmenting
productivity. The runoff water diverted from the
catchment area to recharge pits of the defunct / low
yielding borewells resulted in improved water table
level in the vicinity and trench cum bunding helped in
soil and moisture conservation leading to higher
productivity of crops cultivated.
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