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Climate Resilience through Inclusive Water Management: A Decade-long
Case Study in Karnataka
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Pappireddy and N. H. Bhandi

ICAR- Agricultural Technology Application Research Institute, Zone —XI, MRS, HA Farm post,
Hebbal, Bengaluru — 560 024

atari.bengaluru@jicar.gov.in
Climate 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% of the total cultivated area is managed as a rainfed
ecosystem, wherein crop production is dependent on rainfall, having no facility for protective
or lifesaving irrigation. Agriculture in India, particularly in states like Karnataka, is deeply
impacted by climate change, which manifests as shifts in rainfall patterns, rising temperatures,
and an uptick in extreme weather events. Karnataka's economy heavily relies on agriculture,
yet the sector is vulnerable due to limited irrigation infrastructure, covering only 31.2% of the
state's agricultural land, and erratic rainfall. These factors put small-scale farmers in a
precarious situation, often leaving their livelihoods at the mercy of environmental conditions.
In India the yield loss due to impact of dry spells was about 75-99% in 24% of sorghum, 23%
of groundnut and 13% of pearl millet and it was about 50—74% in 44% of cotton, 24% of
groundnut, 17% of maize, 16% each of pearl millet & sorghum and 12% of pigeon pea growing
rainfed regions (Bal et.al., 2022). Recognizing these challenges, the National Initiative on
Climate Resilient Agriculture (NICRA) launched a project targeting water management

practices aimed at enhancing resilience in agriculture.
Methodology

The network project on National Innovations in Climate Resilient Agriculture implemented in
a participatory trial were undertaken on farmers’ fields from 2011 to 2024 in each in the village
in the district of Tumakuru, Chikkaballapura and Gadag where strategic water conservation
interventions led to improved water availability, increase in groundwater levels, and provide
much-needed support to farmers in sustaining their livelihoods despite climate challenges.
These village received an annual rainfall of 584 mm in Tumakuru, 641mm in Gadag and 590
mm in Chikkaballapura and categorized under high vulnerability as for as drought index in
concerned. The NICRA project implemented a variety of water management practices like in-
situ soil and water conservation, desilting and renovation of community tanks, construction of
check cams, excavation of farm and percolation ponds promotion of Rainwater Harvesting and
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Recycling to counteract the adverse effects of climate change on agriculture. These practices
were chosen based on their potential to enhance water retention, reduce water wastage, and
support groundwater recharge. 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

V = (A+4B+C)xD
6

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.

Results

The NICRA project's interventions in Tumakuru, Chikkaballapura, and Gadag have led to
notable improvements in water availability and storage, positively impacting agriculture in
these regions. Tumakuru witnessed substantial gains in water storage capacity because of
various water management interventions. A total of 108 farm ponds and 13 percolation ponds
were excavated, resulting in a significant increase in water storage. Five check dams, five water
storage structures, and 33 community tanks were rejuvenated, leading to a notable
improvement in water availability. These interventions collectively increased the water storage
capacity by 428,890 cubic meters, providing critical support to rainfed agriculture in village
during the dry spells.

In Chikkaballapura, targeted water management interventions were instrumental in enhanced
water security. Eight farm ponds and 13 percolation ponds were excavated, contributing to
improved water storage. The construction of one nala bund, two check dams, and desilting of
community tanks contributed to water retention. Additionally, trench cum bunding was
implemented over 45 hectares to conserve soil moisture and reduce erosion. These measures
resulted in a total secured water capacity of 39,357 cubic meters, aiding farmers the village in
sustaining their crops even in the face of rainfall irregularities.

Water management interventions were implemented in Gadag district viz, thirty-seven farm
ponds excavation, and two community tanks rejuvenation increased water retention. Seventeen
borewell recharge units and the desilting of a check dam further contributed to water
availability in this drought-prone village. A total of 54,636 cubic meters of water was secured
through these measures, benefiting the local agricultural community. The cumulative impact
of these interventions across the three districts has been significant. By increasing water storage
capacity and ensuring consistent availability of water for irrigation, the NICRA project has
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enabled a 25% increase in the net cultivated area. This expansion is a direct result of
supplementary irrigation made possible through the various water management practices,
which have reduced the dependency on rainfall.

Additionally, groundwater levels have seen a noticeable improvement due to increased
infiltration and groundwater recharge facilitated by check dams, percolation ponds, and
borewell recharge units. As a result, 33 open wells and 52 borewells have been successfully
recharged, providing farmers with a more reliable and accessible source of water for their
crops. This improvement in groundwater levels is crucial for sustaining agriculture during
extended dry periods and contributes to long-term water security in the region.

Details of rainwater harvesting structures and water storage in NICRA villages

Tumakuru Chikkaballapura Gadag
Protective
Water. Water W, 7 Water Water  irrigation
conservation No. of No. farmer No. of X
. Storage Storage No. of Storage  potential
structures  No. of Units farmers Capaci of s Capaci Units farmers Capaci d (h
benefited pacity Units benefit pacity benefited pacity - created (ha)
(Cum) ed (Cum) (Cum)
Farm pond 108 119 30950 8 8 1120 37 37 48900 58
Percolation
pond 13 13 1750 13 18 4420 - - - -
Check dam 05 11 6750 2 10 1950 - - - 111
Water storage
structure 05 05 1960 - - - - - - 03
Rejuvenation
of farm pond/ 34 106 387480 - - - 2 35 3920 45
ﬁesilting.of
community - - - 2 18 17825 1 4 1000 21
I‘\f\ﬂf‘
Nala bund - - - 115 12420 17
Trench cum 45
bund - - - ha 25 1622
Borewell 68 68 - 17 17 816
recharge
Total 428890 39357 54636 255
Conclusion

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.
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 bore wells
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.

Resource Characterization, Conservation, Management and Governance
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Sesame (Sesamum indicum L.) is an oilseed crop, being grown mainly in kharif season in
different agro-ecological regions (AER) of the country. Crop grows best on medium to light,
well-drained soils, prefers pH 5-8 and does not tolerate salinity or standing water. In India, it
is being grown in an area of 17.1 lakh ha with average productivity of 477 kg/ha. The
productivity of the crop is varying from 100 kg/ha to 1100 kg/ha in different districts of the
country. Understanding the constraints related to NRM perspective in low productive districts
with considerable area is essential to enhance the sesame production through strategic
interventions both in short term and long term basis. Agro-ecological sub-region (AESR) based
data analysis is one of the approaches to delineate core districts in each AESR/AER. Therefore,
the study was conducted with the objectives of (i) Delineation of core districts in important
AESR/AER; (ii) Understanding constraints in core districts of important AESR/AER through
GIS approach and (iii) Identification of reference district for target districts in core area of
important AESR/AER.

Methodology

Quinquennial averages of district wise area and productivity of sesame crop was computed
(2017-18 to 2021-22). AESR specific reference district for a group of target districts were
identified for strategic interventions. Strategic interventions were derived for target districts
based on the AER specific reference district/s. Based on agro-ecological regions (AER) and
agro-ecological sub-regions (AESR) district wise quinquennial data was grouped. The AERs
which occupied top 75% of the sesame cropped area were considered. Further from the selected
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AERs, the AESRs with more than 2000 ha were included in the study. The districts which were
having area more than 1000 ha were considered with respect to each AESR. Yield ranges were
worked for group of districts under each AESR/state.

Results

The core AERs for sesame cultivation were AER 4> 15> 10> 5> 12 where 75% of the sesame
area was concentrated. In each AER, important agro-ecological sub-regions were identified
(AESR) (Table 2). Finally, core districts under each AESR/AER/State were delineated.
Different GIS layers viz., soil type, soil drainage, soil erosion were used to understand
constraints in a particular district/ AESR/AER. Addressing the constraints on short term/long
term basis will pave the way for enhanced sesame production in the country.

Table 1. No. of districts in different AERs/AERs/States considered of imposing GIS

layers
AER AESR State/s and districts Total no. of districts
4 4.1 Rajasthan (5), U.P (2) 7
4.2 Gujarat (4) Rajasthan (8) 12
4.3 U.P (9) 9
4.4 M.P (6), U.P (5) 11
5 5.1 Gujarat (5) 5
5.2 Rajasthan (3) 3
5.3 Gujarat (3) 3
10 10.1 M.P (2), Rajasthan (1) 3
10.3 M.P (9), U.P (1) 10
104  M.P(2) 2
12 12.1 Chhattisgarh (3), Maharashtra (1), Odisha 10
(6)
12.2 Odisha (3) 3
12.3 Odisha (5), W.B (1) 6
15 15.1 Jharkhand (1), W.B (10) 11

The important groups of reference district vs target districts in core area of important
AESR/AER were presented in Table 1. One of the interventions is conducting field days in
reference district to encourage target district farmers for following improved cultivation
practices. More Frontline demonstrations (FLD) may be allocated to the target district farmers
to show the improved practices impact on sesame production. Need to conduct awareness
campaigns before crop season as well as during crop season about best management practices
of sesame particularly soil drainage and soil and moisture conservation measures. Another
important intervention is improving the access (for the farmers) to seed of improved cultivars
of sesame.
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Table 2. Important groups of reference district for target districts in different AERs

AER AESR  References district N(:ii‘s):rtiz:;g “ References distri‘c{tlem "}l;%'gle?districts (range)
4 4.4 Banda UP) 3 244 116-167
5 5.1 Rajkot (GJ) 4 1124 192-680
53 Gir Somnath (GJ) 3 1133 757-940
10 10.3 Damoh (MP) 6 574 303-466
12 12.1 Bauda (OD) 1 406 284
15 15.1 North 24 Parganas 8 1077 682-903

(WB)

Conclusion
e Core districts (94) districts in AERs of 4, 5, 10, 12 and 15 were identified.

e Constraints in core districts were delineated through GIS approach using soil type, soil
drainage and soil erosion layers.

e Six groups of reference district for target district/s in core AERs were identified
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Agriculture Drought Risk in Groundnut Crop

A. V.M. Subba Rao, Deepti Verma, Zaheda N., Sarath Chandran, M. A., H.
Timmanna, Santanu Kumar Bal and A. Suryachandra Rao

ICAR-Central Research Institute for Dryland Agriculture, Hyderabad, Telangana, India
Indian agriculture is impacted by different kinds of droughts in which Agricultural drought is
one of the most important of all. It occurs when soil moisture is insufficient to meet the water
needs of the crops. It results from uneven rainfall distribution, prolonged dry periods, high
temperatures and poor soil management. These conditions leading to reduced crop growth,
lower yields, and even crop failure. Studies are there on different kinds of drought Studying
drought influences on crops are common but not at stage wise. As drought occurs at flowering
stage which is highly sensitive; water stress during this period decreases flower production,
increases flower drop, and adversely impacts peg formation. At the pod development stage,
drought limits the filling of pods, leading to smaller, lighter, and fewer pods, ultimately
reducing yield. During the maturity stage, insufficient moisture affects proper pod drying,
reducing quality and making harvesting more challenging. This study aimed at stage wise
analysis of Agricultural drought for identifying the critical stages where the agriculture drought
risk is more. The cumulative effects of agricultural drought at these stages can severely impact
the productivity and profitability of rainfed groundnut farming. Agricultural drought was
analyzed for the two blocks Bathalapalli and Chennekothapalli blocks during kharif period for
the year of 1988-2017 in Anantapur district.
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Methodology

Long term rainfall data of two blocks Bathalapalli and Chennekothapalli was analyzed for the
occurrence of agricultural drought as per the criteria given by National Commission on
Agriculture (NCA), 1976

Results

Observations of Bathalapalli block revealed that frequency of occurring drought in 1989, 1991,
2003, 2006, 2013 and 2014 is double than rest of the year during ground nut crop growing
season. Agricultural drought during these years mostly fallen at vegetative stage (27-29 SMW)
and pegging stage (36-40). Rest of the years about 66% of drought occurred at emergence to
vegetative state (27-33 SMW).

Table 1. Stage wise occurrence of Agricultural Drought in Bathalapalli

Year Frequency SMW Crop stage
1988 1 22 -30 Sowing/seedling and Vegetative stage
1989 2 23 -26 Vegetative stage

30-35 Vegetative to flowering stage
1990 1 34 -38 Flowering to pegging stage
1991 2 33-36 Vegetative to pegging stage

39 -42 Pegging to pod development

1994 1 29 -39 Emergence to pod development stage

1997 1 27 -30 Emergence to Vegetative stage

2002 1 23 -31 Emergence to Vegetative stage

2003 2 22 -30 Emergence to Vegetative stage
33-41 Vegetative to pod development stage

2004 1 32-35 Vegetative to Pegging stage

2005 1 24 -28 Emergence stage

2006 2 26 -29 Emergence stage
31-36 Vegetative to Pegging stage

2007 1 39-42 Pegging to Pod development stage
2008 1 39-42 Pegging to Pod development stage
2009 1 27 -31 Emergence to Vegetative stage
2012 1 22 -25 Vegetative
2013 2 29 - 32 Emergence to Vegetative stage

39 -42 Pegging to Pod development stage
2014 2 29 -33  Emergence to Vegetative stage

39 -42 Pegging to Pod development stage
2015 1 25-30 Emergence

For analyzing kharif agricultural drought at Chennekothapalli block 39 years of data was used
(1979 -2017). Out of 39 years only three years viz., 1990, 2002 and 2006 had recorded 2 events
of agricultural drought during groundnut crop growing season i.e., at vegetative stage-
flowering stage (27-34 SMW) and pegging to pod development stage (38-42 SMW). 30% of
times agricultural drought is occurring at flowering stage i.e., at (34-37 SMW). 60% of times
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agricultural drought occurring at emergence to vegetative stage (27-29 and 30-33 SMW).
(Table 2).

Table 2. Stage wise occurrence of Agricultural Drought in Chennekothapalli

Year Frequency SMW Crop stage

1980 1 34 -37  Flowering to Pegging stage

1984 1 31-36 Vegetative to Pegging stage

1985 1 34 -38  Flowering to Pegging stage

1986 1 33 -37  Vegetative to Pegging stage

1987 1 34 -37  Flowering to Pegging

1989 1 39-42  Pegging to Pod development

1990 2 28 -31  Emergence to Vegetative stage
33-38  Vegetative to Pegging stage

1991 1 32-36  Vegetative to Pegging stage

1992 1 28 -39  Sowing to Pegging stage

1993 1 28 -32  Sowing to Vegetative stage

1994 1 29 -38  Emergence to Pegging stage

1997 1 28 -31  Emergence to Vegetative stage

1999 1 34 -38  Flowering to Pegging stage

2001 1 32 -37  Vegetative to Pegging stage

2002 2 28 -31  Emergence to Vegetative stage
33-37  Vegetative to Pegging stage

2003 1 35-39 Flowering to Pod development stage

2004 1 32-35  Vegetative to Pegging stage

2005 1 37-40  Pegging to Pod development stage

2006 2 28 -36  Sowing to Pegging stage
38-42  Pegging to pod development stage

2009 1 28 -32  Sowing to vegetative stage

2011 1 35-42  Flowering to Pod development

2014 1 29 -32  Emergence stage

2016 1 33-37  Vegetative to Pegging stage

Conclusion

As the rainfall variability is predicted high in the future years, Agricultural droughts are major
risk for groundnut crop at different stages. Sensitive stages identified are vegetative and
pegging stage. Adaptation of mitigation strategies include timely sowing, using drought-
resistant varieties, conserving soil moisture through mulching and intercropping, and adopting
rainwater harvesting techniques to support critical growth phases may be necessary to manage
the agricultural drought in groundnut.
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Assessment of Drought using Standardized Precipitation Index and
Precipitation Decile Index in Aurangabad District of Maharashtra

M. G. Jadhav, Mali S. V. and S. S. More

VNMKYV, Parbhani — 431 402, India
Jmadhukar03@gmail.com
The study on assessment of drought using standardized precipitation index and precipitation
decile index in Aurangabad District of Maharashtra was carried out during the year 2023. The
rainfall data for 30 years (1993 to 2022) on a daily basis was processed to study the analysis of
the frequency of drought events using standardized precipitation index (SPI), Precipitation
Deciles (PD). It was observed that from 2000 to 2018 the frequency of drought increased in all
tehsils of Aurangabad district. Also, severe drought conditions were observed for the years
2000, 2012, and 2018. It was observed that there were 13 drought events in the period of 1993-
2022 where much below normal (Deciles 1-2) condition was observed for 6 years (1995, 2000,
2007, 2012, 2017, 2018) and much above normal (Deciles 9-10) condition was observed for 7
years (1998, 2006, 2010, 2019, 2020, 2021, 2022). It was observed that the frequency of the
drought event was increased during the period (2008-2018). In all other tehsils of Aurangabad
district frequency of drought events has increased in recent decades. As the severity of drought
has more in recent decades, more efforts are needed for in situ moisture conservation. In
Aurangabad tehsil, there are increasing occurrences of moderate to extreme drought conditions,
with a notable rise in severity from 2008 to 2018. Similar trend was observed in Paithan,
Gangapur, Vaijapur, Kannad, Khultabad, Sillod, Soegaon, and Phulambri tehsils of
Aurangabad district.
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Modifications in the Location Specific Constants of Rainfall Intensity-
Frequency-Duration Equation for Solapur in Scarcity Zone of
Maharashtra

S. K. Upadhye!, N. J. Ranshur!, S. M. Dhadge!, G. Ravindra Chary? J. V. N. S.
Prasad?, Boini Narsimalu?, S. V. Khadtare!

'All India Coordinated Research Project for Dryland Agriculture, Solapur, Maharashtra — 413 002
’ICAR-Central Research Institute for Dryland Agriculture, Hyderabad, Telangana — 500 059
suhasupadhyel 976(@gmail.com
The location specific rainfall intensity-frequency-duration (IFD) equations are required for
estimation of peak rate of runoff which is useful for design of soil and water conservation and
runoff disposal structures and planning flood control projects. It is also important from

economic considerations as an overdesigned structure involves excessive cost and under
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designed structure will be unsafe, involve high recurring expenditure on repair, maintenance
and replacement. In order to have optimization in hydraulic design of any structure, the peak
rate of runoff expected during the recurrence interval should be correct. This necessitates the
knowledge of IFD relationship for a particular location. The rational formula is extensively
used empirical formula for estimating runoff. In USA the generalized charts of IFD are being
used for obtaining the value of rainfall intensity ‘I’ in the Rational formula. Since such
generalized charts are not available in our country because of insufficient density of automatic
raingauge stations, some empirical assumed values of ‘I’ are used for estimating runoff which
needs improvement. Such relationships and nomographs have been developed at few stations
scattered over the country. Nemec (1973) developed the most satisfactory general equation is
of the form I = (KT?) / (t+b)¢ where, I = rainfall intensity, cm/hr ; T = return period, yr.; K, a,
b and d are the location specific constants. The IFD relationship is specific for a particular
location and mainly depend upon the physical characteristics of rainfall, the relationship
developed for one particular location cannot be superimposed on the other. Hence, it is
necessary to determine the values of constants for as many locations as possible with maximum
period of data in order that their reliability and applicability will have greater practical
significance. Barai (2004) analyzed 17 years rainfall data from daily automatic raingauge
charts (1970 to 2003) of Solapur in the scarcity zone of Maharashtra and found the values of
constants K, a, b and d as 11.08, 0.1892, 1.01 and 1.1081 respectively. Hence, an effort has
been made with an objective to modify these constants for Solapur by analyzing 28 years
(1970-2011), 32 years (1970-2015) and 37 years data (1970- 2020 except 1973, 1978, 1983-
1988,1992,1993, 1997-2000).

Methodology

The daily automatic rain gauge charts of Solapur obtained from the observatory of NARP,
Solapur for the period 1970 to 2020 (except 1973, 1978, 1983-1988,1992,1993, 1997-2000)
(total 37 years) were analyzed in the form of annual maximum series of various durations viz.,
5, 10, 15, 30 minutes, 1, 3, 6, 12 and 24 hours by using ‘Original trace method’ (Ram Babu et
al. 1979). The plotting positions corresponding to 50, 15.9 and 84.1 per cent of abscissa were
obtained by using the ‘computing method’ suggested by Ogrosky and Mockus (1957). The
rainfall intensities were plotted on log-normal probability paper, with rainfall intensities on log
scale and per cent chance of occurrence on probability scale (Fig 1). The rainfall intensities for
each duration against selected per cent frequencies (1, 2, 4, 10, 25 and 50 per cent) were
obtained and frequency converted to return period in years (Table 1). The values of coefficients
K, a, b and d were obtained by following the procedure given by Ram Babu et al 1979.

Estimation of constant ‘a’

The values of rainfall intensities from table 1 for all durations were plotted on Y-axis and values

of return period on X-axis on log-log paper (Fig 2). The geometric mean slope (m) for the
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entire set of lines was determined which represents the exponent ‘a’ in the equation. It was
obtained as 0.1992, 0.2313, 0.2890 and 0.1934 for 17, 28, 32 and 37 years data respectively. A
line representing the geometric mean slope was drawn at the base through origin. The solid
lines parallel to this slope line were drawn by cutting the y-axis against 1-year return period.

The rainfall intensities against 1-year return period for the corresponding durations are obtained
from the graph.

Estimation of constant ‘b’

The values of rainfall intensities of one-year return period on Y-axis and selected durations on
X-axis plotted on log-log paper. The points so plotted do not fall in a straight line. To make the
points aligned into a straight line, suitable constant ‘b’ is needed. The estimated value of ‘b’
was 1.01, 1.00, 0.25 and 0.40 for 17, 28, 32 and 37 years data respectively.

Estimation of constants ‘K’ and ‘d’

The constants ‘K’ and ‘d’ are found by solving the equations by least square method.

Results

The values of constants K, a, b and d found by analyzing 17, 28, 32 and 37 years daily automatic
raingauge charts from 1970 to 2020 are given in table 2. The constants K, a, b and d in the
rainfall intensity-frequency-duration equation developed by analyzing 37 years daily automatic
raingauge charts for Solapur are modified as 4.57, 0.1934, 0.40 and 0.9187 respectively.

Table 1. Rainfall intensities for different return period and selected durations at

Solapur
Per cent frequency
1% 2% 4% 10% 25% 50%
Duration, h Return period, year
100 50 25 10 4 2
Rainfall intensity, mm/h
0.08 230.0 210.0 185.0 150.0 120.0 90.0
0.16 205.0 180.0 162.0 130.0 98.0 72.0
0.25 182.0 165.0 140.0 115.0 88.0 68.0
0.50 130.0 120.0 102.0 84.0 66.0 50.0
1.0 100.0 88.0 78.0 60.0 47.0 35.0
3.0 42.0 38.0 35.0 28.0 22.0 16.0
6.0 23.0 20.0 18.0 15.0 12.0 9.0
12.0 13.0 12.0 10.0 8.4 7.6 5.0
24.0 6.4 5.8 5.0 4.2 34 2.6
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Table 2. Values of constants K, a, b and d for Solapur

Data Period* No. of years K a b d
1970-1996 17 11.08 0.1992 1.01  1.2066
1970-2011 28 6.96 0.2313 1.00 1.1081
1970-2015 32 3.1318  0.2890 0.25 0.8802
1970-2020 37 4.57 0.1934 0.40 09178

(Except 1973, 1978, 1983-1988,1992,1993, 1997-2000 : Total 14 years)

4 bW

P

Fig 1. Frequency distribution of rainfall Fig 2. Rainfall intensities for selected
intensities for various durations at Solapur. durations and return period at Solapur.
(log scale = rainfall intensity, mm/hr,
(probability scale = percent chance of
occurrence)

Conclusion

The modified constants K, a, b and d in rainfall intensity-frequency-duration equation from 37
years rainfall data for Solapur are recommended as 4.57, 0.1934, 0.40 and 0.9187 respectively.
The equation is

4.57 T0.1934
I =
(t + 0.40)09187

cm /h

Where, I= rainfall intensity, cm/hr; T = return period, year ; t = duration, h
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Land resource inventory, prioritization of micro-watershed for soil, water
and land use in northern dry zone of Vijayapura district of Karnataka by
using GIS techniques

Biradar, 1. B., Sanjeevraddi G. Reddi., Mulla, S.R.,Sangamesh Gollagi., Kavya D.,
Tuppad, G. B.,RuxanabiNaragund and Maheswarappa H. P.
Division of Natural Resource Management, College of Horticulture, Bagalkot, Karnataka — 587 104
reward@uhsbagalkot.edu.in

Land is a scarce resource and basic unit for any material production. It can support the needs
of the growing population, provided they use land in a rational and judicious manner. But what
is happening in many areas of the state is a cause for concern to anyone involved in the
management of land resources at the grassroots level. In India the geographical area available
for agriculture is about 51 per cent of the total area and more than 60 per cent of the people are
still relying on agriculture for their livelihood. The limited land area is under severe stress and
strain due to increasing population pressure and competing demands of various land uses. Due
to this, every year there is a significant diversion of farmlands and water resources for non-
agricultural purposes Sehgal et al., (1990). Apart from this, due to lack of interest for farming
among the farmers in many areas, large tracts of cultivable lands are turning into fallows and
this trend is continuing at an alarming rate.

The watershed management programs are aimed at designing suitable soil and water
conservation measures, productivity enhancement of existing crops, crop diversification with
horticultural species, greening the wastelands with forestry species of multiple uses and
improving the livelihood opportunities for landless people.

The objectives can be met to a great extent when an appropriate Natural Resources
Management (NRM) plan is prepared and implemented. It is essential to have site specific Land
Resources Inventory (LRI) indicating the potentials and constraints for developing such a site-
specific plan. LRI can be obtained by carrying out detailed characterization and mapping of all
the existing land resources like soils, climate, water, minerals and rocks, vegetation, crops, land
use pattern, socio-economic conditions, infrastructure, marketing facilities and various
schemes and developmental works of the government (Naidu et al.,2006). From the data
collected at farm level, the specific problems and potentials of the area can be identified and
highlighted, conservation measures required for the area can be planned on a scientific footing,
suitability of the area for various uses can be worked out and finally viable and sustainable land
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use options suitable for each and every land holding can be prescribed to the farmer and other
land users of the area (Katyalet.al.,2003).

Methodology

The Atharga Sub-watershed is located in between 17°0°0" to 16°57¢30% North latitudes and
7595030" to 75°58°0“East longitudes, covering an area of about 1044.36 ha. Extends over
entire Koppal, Vijayapur, and Bellary district and five taluks of Belgaum, six of Bagalkot, two
of Raichur, one of Dharwad and Davanagere, four of Gadag. The main cropping season is
kharif. sorghum, maize, bajra, red gram groundnut, green gram, cotton, sugarcane, wheat,
chickpea, horticultural crop like grape, lime, pomegranate and vegetables like chilli, onion,
brinjal and cucurbits are the important crops of the zone.

A comprehensive soil survey of the study area was conducted utilizing data from IRS-LISS IV
and Cartosat-1 satellite images (1:8000 scale) and Vijayapura district toposheet as per
procedure outlined by Land resource inventory (LRI) for surface study during which the area
was intensively traversed, surface characteristics like texture, slope, erosion, gravellines,
calcareousness and stoniness were recorded. Surface soil samples were collected at 320m grid
intervals and were analysed for macro and micronutrients status, salinity, soil reaction and
organic carbon. Soil samples were then collected and analysed for essential physical and
physicochemical properties following standard analytical procedures. Following the
correlation of these soil properties, classification into four series was carried out according to
the guidelines provided in the field guide for LRI Sujala-III project, ICAR-NBBSS & LUP.
Subsequently, these soils were mapped into 14 distinct mapping units based on variations in
texture, depth, slope and erosion characteristics. The soil-site characteristics of various soil
units were determined by calculating the weighted average of each soil property. Which was
then interpreted to assess land capability. The properties were compared with the criteria
outlined for land capability classification.

In the present study the land capability classification is followed as per category: Land
capability refers to group of soils with the same degree of limitations, which escalate from class
I to VIII. Classes I to IV are suitable for cultivation, while classes V to VIII are not suitable for
cultivation but may be suitable for grazing, forestry, wildlife maintenance, recreation or
watershed protection) which is mainly based on the inherent soil characteristics, external land
features and environmental factors. The land capability classes and subclasses were determined
according to the guidelines provided in the LRI Field Guide, REWARD project, ICAR-NBSS
& LUP. With the advancements in remote sensing and Geographic Information System (GIS),
thematic layers were generated, integrated, and subjected to spatial analysis to create land
capability maps and soil-site suitability maps. This process was conducted using the ArcView
Interface within ArcGIS 10.8.2 software.
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Results

A soil map is crafted to depict the spatial distribution of various soil types or other mapping
units relative to prominent physical and cultural features of the Earth's surface. In the
identification of soil mapping units within the study area, input parameters such as soil series,
soil texture, soil depth, slope, erosion and gravel content were utilized. Study area is grouped
into four series namely, Babaleshwar (BBL), Dadamatti (DMT), Halangeni (HLG), Jumanal
(JML), Naihalla (NHL) and Tenihalli(THL) series. Babaleshwar series covers 495 ha (87.39%)
of the study area and they are very deep, black soils, vary from clay loam to clay texture.
Dadamattiseries which cover 127 ha (12.03%) area and they are shallow clay soil with gentle
sloping. Halangeniseries covers 143 ha (13.68%) and are classified as very deep, Jumanal
series covers 121 ha (11.58%) and they are deep with gently sloping, Naihalla series covers 56
ha (5.33) and 56 ha (5.35%) of Atharga sub-watershed area belongs to Tenihalli series which
is characterized by clay soils which are moderately deep moderately eroded with gravel soils.

These mapping units were delineated into fourteen categories during various phases of soil
series using the Arc View Interface of ArcGIS 10.8.2 GIS software. The legend for mapping
units is represented as follows: for example, "DMTiB2g1", where the first three capital letters
denote the name of the series (e.g., DMT for Dadamatti), followed by a lowercase letter
indicating surface texture (i.e., for sandy clay), the subsequent capital letter denotes slope (e.g.,
B for 1 to 3% slope), the following numerical value signifies erosion status (e.g., 2 for
moderately eroded), and finally, "gl" indicates the class of gravellines (e.g., gravelly). The
design of the legend and the types of mapping units for the study area were determined
according to the procedures outlined in the LRI Field Guide for the REWARD project. Soil
depth varied from shallow to very deep, slope grouped under very gently sloping class (1-3%)
with moderately eroded with gravelly (15-35%) class.

Land capability classification

Based on the soil-site characteristics of the study area, the soils were classified into two land
capability classes. These classes are described as follows:

Class III: Our study indicates that majority of Atharga sub-watershed area i.e,874 ha (83.73%
of the study area) were categorized as land capability class III lands. Soils within this class are
considered moderately good cultivable lands with limitations that erosion or runoff. These
limitations may include one or more of the following factors: 1) soil depth 2) gravellines 3)
light or heavy texture 4) salinity or alkalinity. Hence soil conservation practices like ploughing
across the slope for field crops, levelling of land, ridges and furrows, providing proper drainage
will help to improve the soil properties and land productivity Sharma et al., (15).

Class IV: The result showed that 11.62% (121 ha) of Athargasub watershed area has been
categorized into IV class with severe limitation of erosion/runoff. These soils are categorized
as fairly good cultivable lands, suitable for occasional cultivation only due to severe limitations.
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They are characterized by: 1) severe restrictions on the choice of crops, 2) high susceptibility

to erosion, 3) steep slopes, 4) shallow soil depth, 5) low water-holding capacity, 6) poor

drainage, and 7) severe alkalinity and salinity. These soils exhibit moderate to rapid

permeability and are moderately well-drained, with severe limitations regarding slope,

moderate to severe limitations in erosion and depth, profile development, and base saturation.

They also have moderate limitations in terms of coarse fragments and organic carbon content.

Natarajan et al., (14). To achieve sustainable production of field crops and horticulture on these

soils, management practices such as terracing, strip cropping, and contour tillage may be

necessary. Reported from their study that in I'Vthclass soils occasional cultivation is rotated

with hay or pasture, or by orchards and should be protected by permanent cover crops for

control of intensive erosion Amara et al.,(16).

Grouping of soil-site suitability characteristics of soil mapping units of Atharga sub-watershed
according to LCC classification

Mapping Depth Slope . Gravels

SI. No. units (o) Texture (%) Erosion (%)

1. BBLmB2 >150 c 1-3 Moderate <15
LCC class 1I 111 1I 1I I

2. BBLmB3 >150 c 1-3 Severe >60
LCC class 1I 111 1I v v

3. BBLmB2gl >150 c 1-3 Moderate 15-35
LCC class 11 111 11 11 11

4. DMTmB2 25-50 c 1-3 Moderate <15
LCC class 111 111 I 11 1

5. DMTmB2g1 25-50 c 1-3 Moderate 15-35
LCC class 111 111 1I 1I 1I

6. DMTmB2g2 25-50 c 1-3 Moderate 35-60
LCC class 10 111 11 11 10

7. HLGmB2 100-150 c 1-3 Moderate <15
LCC class 11 111 11 11 |

8. HLGmB3 100-150 c 1-3 Severe >60
LCC class 11 111 11 v v

9. JMLmB?2 100-150 c 1-3 Moderate <15
LCC class 1I 111 1I I |

10. JIMLmB2g1 100-150 c 1-3 Moderate 15-35
LCC class 1I 111 1I 1I 1I

11. NHLmB2g2 50-75 c 1-3 Moderate 35-60
LCC class 111 111 11 11 10

12. NHLmC3 50-75 c 3-5 Severe >60
LCC class 111 111 1I v v

13. THLmB2 75-100 c 1-3 Moderate <15
LCC class 111 111 1I 1I 1

14. THLmB2gl 75-100 c 1-3 Moderate 15-35
LCC class 111 111 1I 11 1I

Source: WDPD project, UHS, Bagalkot
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Conclusion

Athargasub watershed land capability maps generated from information collected through LRI
depicts that all the study area belongs to arable lands and it is fit for cultivation. In the study
area, there were no lands categorized as Class I. The majority of the area falls under Class III
lands, Soils within this class are considered moderately good cultivable lands, hence soil
conservation practices like ploughing across the slope for field crops, levelling of land, ridges
and furrows, providing proper drainage will help to improve the soil properties and land
productivity. Class IV lands can be utilized for crop cultivation by adopting major soil
conservation practices. Suitable soil conservation and management practices like graded bunds,
terracing, strip cropping and contour-tillage should be followed to improve the soil physico
chemical properties along with enhancing the productivity. Hence site specific LCC study and
its interpretation helps to conserve the valuable agricultural resources and to achieve the
sustainability. The capability maps generated from information collected through field work
and topographical maps for Atharga sub-watershed area shows that all the study area belong to
arable lands and fit for cultivation. Thus, the data on crop-land suitability can help farmers and
decision makers to develop new crop management systems along with enhancing land
productivity. The above studies and information will be helping farmers to go for horticulture
cropping system.
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Chhatarpur, Madhya Pradesh, has witnessed profound changes in rainfall patterns due to
climate variability, significantly influencing agriculture. Between 2016 and 2024, rainfall
deficits and fewer rainy days have led to a marked increase in groundnut cultivation, from
11,352 hain 2016 to 109,532 ha in 2024 (Anonymous 2024). Groundnut drought tolerance and
ability to adapt to erratic rainfall have made it a preferred choice. This study analysis how
climatic trends have driven the adoption of groundnut as a reliable crop to sustain agricultural
productivity under changing weather conditions.

Methodology

The study analysis secondary data on annual rainfall, rainy days, and shifting trends in
groundnut cultivation in Chhatarpur district from 2016 to 2024 (Anonymous 2024). It focuses
on total precipitation and its distribution during key growth stages of groundnut, such as
vegetative and pod formation phases. The analysis examines how rainfall variability has
influenced the expansion of groundnut cultivation, offering insights into its resilience to
climatic challenges.

Results

The groundnut area in Chhatarpur saw a remarkable increase from 2016 to 2024, expanding by
98,180 hectares, resulting in a growth rate of 864.87% (Table). This growth can be attributed
to favorable rainfall patterns that supported groundnut adaptability and yield stability.
Consistent rainfall during key growth stages in 2019, 2020, and 2021 facilitated increased
cultivation, while groundnut drought resilience in years with reduced rainfall (e.g., 2020 and
2022) ensured continued expansion. In 2023, rainfall during the pod filling and maturation
stages further bolstered yields, leading to additional area growth (Fig). Groundnut deep root
system and drought tolerance helped it maintain stable yields despite fewer rainy days, making
it a reliable and viable choice for farmers.

The climatic changes, particularly in Chhatarpur, have proven beneficial for groundnut
cultivation due to the region’s light, sandy soils. These soils allow groundnut to easily adapt to
varying climatic conditions, including both reduced and erratic rainfall. The ability of
groundnut to thrive in these soils, even under fluctuating climatic situations, enhances its
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suitability for this region, making it a resilient crop choice. In contrast, the acreage of other
kharif crops in Chhatarpur declined in 2024 due to unfavorable climatic conditions. Paddy,
sorghum, maize, moong, arhar, and soybean areas decreased significantly, driven by erratic
rainfall, heat stress, and changing weather patterns. These crops, less tolerant of water stress
and temperature fluctuations, became less viable compared to groundnut.

Year-wise (2016-2024) Groundnut area changes and fluctuations in Chhatarpur district
and the role of rainfall trends

Year Groundnut Change Fluctuation Role of rainfall trends in area
Area (ha) (ha) (%) change
2016 11352 ) ) Consistent rainfall supported stable
’ sowing area.
Increased rainfall in early season
o
2017 14,024 2,672 23.54% enhanced groundnut growth.
Deficit rainfall in mid-season led to
_ _ 0
2018 11,765 2259 16.11% reduced area under crop.
2019 20331 +8.566 +72 799, Favorable rainfall during crucial
’ ’ e growth stages spurred growth.
Drought-resistant groundnut thrived
0,
2020 35,620 +15,289 +75.19% during reduced rainy days,
2021 65.940 430320 +85.14% Improved rainfall distribution led to
’ ’ e an area expansion.
Despite rainfall deficit, groundnut
o >
2022 75,880 9,940 +15.08% maintained stable growth.
2023 99 024 +23 144 +30.49% Rainfall surpluses during critical
’ ’ e stages increased sowing.
Groundnut's drought resilience
2024 109,532 +10,508 +10.61% favored its growth despite erratic
rainfall.
Difference (2016— o
2024) (ha) +98,180 864.87 %

Rainfall patterns over this period revealed an 18.63% surplus in 2016, followed by deficits of
-46.35% in 2017 and -39.96% in 2022. The number of rainy days also declined, with only 18
in 2016, 29 in 2017, and 30 in 2021. The rainfall distribution showed heavy rains in July-
August, followed by dry spells from June-September, which favored drought-resistant crops
like groundnut. These trends underscore how groundnut's ability to thrive in Chhatarpur’s light,
well-drained soils and under changing climatic conditions positions it as a more stable and

profitable option for farmers in the region.

This study examines the influence of rainfall variability on the expansion of groundnut
cultivation in Chhatarpur, Madhya Pradesh, between 2016 and 2024. Erratic rainfall and fewer
rainy days have favored the drought-tolerant groundnut over other crops. Analysis of climatic
trends and cultivation data highlights significant growth in groundnut area, increasing from
11,352 ha in 2016 to 109,532 ha. in 2024. The 98,180-ha expansion in groundnut cultivation
from 2016 to 2024 highlights its adaptability to climate variability in Chhatarpur. Groundnut’s
drought tolerance and stable yields under erratic rainfall emphasize the importance of climate-
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resilient crops in sustaining agriculture. Promoting such crops and improving water
management strategies is crucial for mitigating the impacts of climate change on regional
agriculture.

Climatic condition of Monsoon : 2023-2024
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Climatic conditions during the 2023-2024 season across key growth stages of groundnut
Conclusion
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Agriculture in Andhra Pradesh is mostly dependent on rainfall, and nearly 60% area under
rainfed farming. The net sown area of Andhra Pradesh is 67.19 lakh ha, net irrigated area is
28.08 lakh ha. Rainfed area is 39.11 lakh ha and it accounts for 58.21% of net sown area with
60% area under red soils and 25% area under black soils. Among all crops rice is the large
contributor to Andhra Pradesh’s economy, contributing a quarter of agricultural Gross State
Domestic Product (GSDP). The level of cropping intensity (126%) moves with the behaviour
of the monsoon. The State is prone to drought conditions especially in Rayalaseema region.
The East Coast of Andhra Pradesh is one of the most cyclone prone areas of India. Despite
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their unpredictability, forecast techniques have made it possible to predict their occurrence time
and range, which is very important to make the necessary preparations to face the monster
(Ashok Kumar et al., 2024).

Methodology

A study has been conducted to assess the vulnerability for drought and cyclones in different
districts of Andhra Pradesh, data was analysed from 2002 to 2024 by considering the drought
and cyclones. Data on drought in different districts was collected from Directorate of
Economics and Statistics, Andhra Pradesh from 2002 to 2024 from Directorate of Economics
and Statistics, Government of Andhra Pradesh which is available in the website
(https://des.ap.gov.in) and in “Agricultural Statistics at a glance” from 2002 to 2024. Data on
cyclones in different districts for the same period were collected from Andhra Pradesh State
Disaster Management, Government of Andhra Pradesh (APSDMA -https://apsdma.ap.gov.in/).
The data on droughts and cyclones in different districts were analysed and prioritised for
vulnerability in Andhra Pradesh.

Results

Mandal wise data on drought affected districts of Andhra Pradesh out of 22 years from 2002-
03 to 2024-2025 indicated that during kharif 15 years were drought years and seven years has
no drought. During Kharif, Kadapa, Chittoor and Ananthapuramu recorded all the years of
drought (17 Years), Kurnool 16 years, Prakasam 14 years, Nellore 12 years, Vizianagaram 11
years, Srikakulam and Guntur 10 years, Visakhapatnam 7 years, east and west Godavari 6 years
of drought. During rabi season only two years were declared as drought. During Out of thirteen
districts during rabi, 10 districts except Krishna, East and west Godavari during 2018-19, five
districts i.e Vizianagaram, Prakasam, Nellore, Kadapa and Ananthapuramu during 2017-18
were declared as drought. Entire district of Ananthapuramu (9 years), Prakasam (5 years),
Kurnool and YSR Kadapa (3 years) were declared as drought. Ananthapuramu district has high
drought vulnerability index at 1.0, followed by Chittoor at 0.96, Kadapa at 0.71, Prakasam at
0.70, and Kurnool at 0.67. According to an estimate by the Department of Disaster
Management, Government of Andhra Pradesh, about 44 percent of the State is vulnerable to
tropical storms and related hazards. Out of 22 years, Srikakulam, Vizianagaram, Krishna,
Visakhapatnam, Prakasam and Nellore were affected 10-11years of cyclones. In East and West
Godavari districts 5 to 6 years of cyclones were recorded. The coastal Andhra Pradesh is highly
vulnerable to cyclones with varying intensities. Consequently, the study has identified that
most of the cyclones cross the state during the Northeast monsoon. Andhra Pradesh is a
vulnerable coastal zone, experiencing 11 cyclonic turbulences, 5 depressions were documented
during the years 2007, 2008, 2010, 2013 and 2018; although 2 cyclonic storms occurred during
years 2006 and 2018, and 4 severe cyclonic storms (SCS) were measured in 2010, 2013, 2014
and 2020 (Komali Kantamaneni et al., 2022).
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Conclusion

Periodicity of and number of mandals affected by drought were more in Rayalaseema region
i.e Ananthapuramu, Chittor, Kadapa, Kurnool and Prakasam districts compared to other
districts. The coastal Andhra Pradesh districts i.e., Srikakulam, Vizianagaram, Krishna,
Visakhapatnam, Prakasam, Nellore, East and West Godavari were highly vulnerable for

cyclones.

Drought and Cyclone vulnerability districts of Andhra Pradesh

SL District No. of years of No. of Priority Rank  Priority Rank for
No drought cyclones for drought cyclones

1 Srikakulam 10 11 8 1

2 Vizianagaram 11 11 7 2

3 Visakhapatnam 7 10 11 4

4  East Godavari 6 5 13 9

5  West Godavari 6 6 12 8

6  Krishna 8 11 10 3

7  Guntur 10 7 9 7

8  Prakasam 14 10 5 6

9 Nellore 12 10 6 5

10  Kadapa 17 2 2 12

11 Kurnool 16 1 4 10

12 Ananthapuram 17 3 1 13

13 Chittoor 17 3 3 11
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Nearly 49.0% of Karnataka is severely affected by soil erosion with a rate of more than 10.0 t
ha''yr! and the mean annual soil loss in the state ranges from <5.0 to >10.0 t ha'yr!' (Biswas
et al., 2019). Earlier studies reported that Koppal, Bagalkote, Bellary and Dharwad requires
soil loss mitigation in phased manner whereas Belgavi and Vijayapura are worst affected and
needs immediate conservation. The most commonly used methodologies for gauging soil
erosion includes runoff plots and gauging devices. Also, soil loss can be estimated using
geospatial techniques and other modelling techniques. In case of ungauged catchments and
areas with limited number of gauging stations, estimation of the soil loss is needed. Among
different approaches, RUSLE has been widely adopted for soil loss estimation at watershed
level as well as regional scale because of its convenience, accuracy and simplicity. This study
aims to estimate soil loss spatially and temporally using RUSLE and geospatial techniques.

Methodology

The selected study area, Vijayapura district lies in northern dry zone of Karnataka, in Krishna
basin, located between 16° 8' to 17°29' N and 75°20' to 76° 28' E with an elevation ranging
from 273 m to 708 m above the MSL. It is a dry semi-arid region in Northern Karnataka and
the average rainfall varies spatially from 560 to 700 mm. The study was also carried out for the
entire Northern dry zone of Karnataka covering districts nemely, Belgavi, Bagalkot,
Vijayapura, Gadag, Koppal, Bellary, Davengere, Raichur and Dharwad districts.

Soil erosion estimation using Revised Universal Soil Loss Equation (RUSLE)

In this study, Revised Universal Soil Loss Equation (RUSLE) and GIS was used for the
estimation of soil erosion spatially and temporally using equation (Egn. 1) considering rainfall,
soil, land use and topographic datasets. The different thematic layers were prepared and
intersected in ARCGIS and soil loss was estimated.

A=RKLSCP.......... (1)

where A= average annual soil loss (tha™!y™!); Ris the rainfall-runoff erosivity factor
(MJ mm ha' h™! y1); K is the soil erodability factor (t ha h ha™! MJ™! mm™); LS is the slope
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length — steepness factor (dimensionless); C is the cover management factor (dimensionless);
and P is the conservation practices factor (dimensionless). The equation for R-factor for daily
soil loss was developed at ICAR-CRIDA, Hyderabad and was used in the study (Rejani et al.,
2022). In this study, the value of K factor for the selected area was 0.015. The LS factor was
estimated based on flow accumulation and slope steepness. C factor was derived from MODIS
NDVI and P factor was adopted based on the LULC and the conservation practices followed
in the area. The different thematic layers generated were intersected in ARCGIS and soil loss
was estimated spatially and temporally using RUSLE for a period of 70 years from 1951 to
2020.

Prioritization of vulnerable areas

The spatial soil loss map generated was intersected with the catchments generated using GIS
and dissolved so as to obtain the catchment wise soil loss. The areas producing more sediment
would need special priority for the implementation of soil and water erosion control measures.
The catchments affected with annual soil loss of more than 15.0 t ha™! y! needs top priority

for erosion control followed by areas with less soil loss.
Results
Rainfall, erosivity and soil loss

Rainfall and erosivity maps were generated using daily rainfall grid data of IMD from 1951 to
2020. The mean annual rainfall varied spatially from 560 to 700 mm and R factor varied from
3340 to >5530 MJ mm ha-' h'! yr'! in the selected area. C factor derived spatially from MODIS
NDVI. Soil loss was estimated spatially and the mean annual soil loss varied from less than 2.5
t ha~'y~! to more than 15.0 t ha™'y™! with 92% area having soil loss of less than 10.0 t haly™!.
Similarly, soil loss was also estimated from the other districts nemely, Belgavi, Bagalkot,
Gadag, Koppal, Bellary, Davengere, Raichur and Dharwad districts of Northern dry zone of
Karnataka

Prioritization of vulnerable areas

The soil loss map was intersected with the catchments generated in GIS. The catchments
affected with soil loss of more than 15.0 t ha™! y~! needs special priority for the implementation
of erosion control measures. Around 4.0% area in Vijayapura with soil loss more than 15.0 t
ha'y! was categorized under Priority 1 and 4.0% area with soil loss 10.0 to 15.0 t ha™! y!
under Priority 2 followed by 50.0% of the area with 5.0 to 10.0 t ha™! y! under Priority 3. It
was found that 42% area has slight erosion with soil loss less than 5.0 t ha™! y™! also needs
interventions for controlling erosion under Priority 4 in Vijayapura district. In case of Northern
dry zone of Karnataka, mean annual rainfall varied spatially from 420 to 3700 mm and R factor
varied from 2606 to >15000 MJ mm ha! h' yr!. More than 81.0% of the area is having soil
loss of less than 10.0 t ha'y™! (Rejani et al., 2022).
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Conclusion

In this study, spatial soil loss was estimated using RUSLE and GIS. The mean annual soil loss
ranged from less than 2.5 to more than 15.0 t ha™! y™!. For most of the study area, the mean
annual soil loss was less than 10.0 tha™' y~!. The spatial soil loss was estimated catchment wise
and prioritized to determine the vulnerable areas.
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Nature gives us our life in the form of rainfall through monsoon but little beat of it is stored in
the soil, dams, lakes etc. and remaining water wasted or unutilized. Rainfall is often erratic
resulting in runoff leading to unavailability of irrigation water during the crop season and
prolonged dry spell in NICRA district of Raigarh. Rainwater harvesting, storage and efficient
utilization is important for preparedness for supplemental pre-sowing irrigation as well as
lifesaving irrigation to rainfed crops to mitigate dry spells and also important for timely sowing
for rabi crops. Hence under the NICRA project, construction & renovation worked of open
well in farmer’s field with convergence of allied departments of C.G. Government during 2023-
25 and enhanced the availability of water in the NICRA village of Raigarh. During the period
10 open well renovated and constructed, whereas 14 farmers have benefited. The total volume
of water harvested was 43080.8 cubic foot in each year. The volume of water harvested was
used to provide critical irrigation for 10.56 hac area during the kharif season which has
significantly minimized the impact of dry spells and enhanced yield as well as productivity.
The surplus water was used to irrigate during the rabi and farmers benefitted 10, contributed to
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double cropping in the NICRA village and enhancing productivity & income significantly. This
resilient technology also improved recharge augments the groundwater to ensure long term
sustainability.
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The rice-toria cropping system is predominant in some pockets of Assam where double
cropping is practised. While the rice-toria cropping system offers numerous benefits, intensive
tillage practices associated with it can negatively impact soil health and natural resources.
Traditional tillage methods, such as ploughing and harrowing, can lead to soil erosion, loss of
organic matter, and reduced water-holding capacity. These practices also contribute to
increased greenhouse gas emissions. Therefore, to ensure long-term sustainability, it is
essential to adopt conservation tillage techniques like reduced tillage (RT), zero tillage (ZT),
minimum tillage (MT) and mulching. These practices can help maintain soil structure, reduce
erosion, and improve water retention, leading to higher crop yields and environmental benefits.
RCT like Zero tillage eliminates soil disturbance by directly sowing seeds into undisturbed soil
while leaving crop residues on the surface, which conserves moisture, suppresses weeds, and
enhances soil organic matter. In contrast, minimum tillage involves shallow soil disturbance to
prepare a seedbed, balancing moisture conservation with better seed-soil contact and reduced
labour compared to conventional methods. Reduced tillage allows slightly deeper soil
loosening and moderate incorporation of crop residues, improving water infiltration and
reducing erosion. Together, these RCT practices enhance resilience, soil health, and yield
stability in rainfed systems while lowering input costs and environmental impact. Moreover,
conventional transplanted rice has a high labour cost for manual transplanting. RCTs like
Direct Seeded Rice (DSR) may be an alternate option to overcome this problem (Borah et al.,
2024). However, no systematic study on these RCTs was earlier carried out in Assam in the
dominant cropping systems under rainfed conditions. Considering all these in view, an
experiment was set up with the following objectives in Rice-toria cropping system in rainfed
medium land situations of Assam. (a) To find out the best RCT practices for tillage in rainfed
rice-toria production systems (b) Assess the impact of RCT on productivity and profitability in
the rice-toria system under medium-land situations (c) Quantify energy efficiency and their
soil physico-chemical properties.
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Methodology

The experiment was conducted at KVK, Sonitpur farm (26° 41° 55°N 92° 49°35”’E, 95 m
above mean sea level) for four years from 2020-21 to 2023-24 in Randomized Block Design
(RBD) with the following treatments in 3 replications: Ti: ZT Dry Direct Seed Rice (DSR)
Sali- ZT toria with 20-30 c¢m rice stubble retention, T>: RT Dry DSR Sali- ZT toria with 20-30
com rice stubble retention, T3: MT wet DSR-ZT toria with 20-30 cm rice stubble retention, T4:
Conventional Tillage (CT) transplanted Sali-ZT toria with 20-30 cm rice stubble retention.Ts:
CT Dry DSR-ZT toria with 20-30 cm rice stubble retention, Ts: CT wet DSR Sali- ZT toria
with 20-30 cm of rice stubble retention, T7: CT transplanted Sali- CT toria with no residue
retention. ZT Toria seeds were sown with a seed-cum-fertilizer drill mixing with dry sand at a
sand-to-seed ratio of 1:4.6 to 1:4.8 at a seeding depth of 1.3 to 2.5 cm into the untilled soil. In
minimum tillage shallow harrowing was performed up to 5-15 cm depth. While in reduced
tillage slightly deeper harrowing was performed (15-30 cm) than the minimum tillage
operations. Rice variety Ranjit and Toria variety TS 67 were used in the study. Wet and Dry
DSR were sown in the first week of June. Transplanting was done in the first week of July.
Harvesting of the paddy was done in the last part of November. DSR rice matured 7-10 days
earlier due to the escape of transplanting shock. Toria seeds were sown 10-12 days after
harvesting of paddy. Immediately after harvesting of rice, Glyphosate was applied in the paddy
field to make the soil weed-free for ZT toria. Soil samples were collected from 0—15 cm and
15-30 cm depths to analyse organic carbon, bulk density, Soil reaction, NPK content, and
carbon fractionations using standard protocols before sowing ( single composite sample) and
treatment-wise replicated samples after completion of crop sequence. The effect of treatments
on soil properties after the 4t-year sequence along with initial soil data is presented in Table.
Energy productivity was calculated (Fig), and the benefit-cost (B:C) ratio was also assessed for
each treatment.

Results

The study compared different cropping sequences and tillage practices to evaluate the system
yield in the rice-toria cropping system, benefit-cost ratio (B: C), and energy productivity. The
highest mean system yield (7371 kg/ha) was observed in the CT sali-zero tillage toria with 20-
30 cm rice stubble retention, achieving a B: C ratio of 2.31 with Rainwater use efficiency
(RWUE) 6.50 kg/ha/mm. However, the highest B: C ratio of 2.64 was recorded in the CT wet
DSR sali-zero tillage toria with 20-30 cm rice stubble retention, indicating the best return on
investment for this system (Table). In terms of energy productivity, the highest value of 3.40
kg/MJ was observed in the CT transplanted rice-ZT toria sequence. The CT wet DSR sali -ZT
toria sequence followed it with energy productivity of 3.19 kg/MJ, while the lowest energy
productivity of 1.61 kg/MJ was found in the CT dry DSR sali -ZT toria sequence. These results
suggest that CT wet DSR sali-ZT toria with 20-30 cm rice stubble retention not only provides
the highest benefit-cost ratio but also demonstrates favourable energy productivity, while the
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dry DSR sequence results in lower energy productivity (Fig). Proper tillage and stubble
retention are key to optimizing both yield and cost-effectiveness in these systems. The effects
of treatments on soil reactions and soil bulk density in both the top and sub-soil were found to
be non-significant. Significantly highest organic C, Av. N,P,K were observed in ZT Dry DSR
Sali- ZT toria with 20-30 cm rice stubble retention and the lowest was in CT transplanted Sali-
CT toria with no residue retention . A fractional study of organic C reveals that treatments T
and T> exhibit relatively higher Less Labile Carbon (LLC) values, indicating a better potential
for long-term carbon storage. This is because LLC is more resistant to decomposition, ensuring
that carbon remains locked in the soil for extended periods. On the other hand, treatments T
and T7 show lower LLC values, suggesting a lower potential for long-term carbon
sequestration. Lower LLC implies a higher risk of carbon loss through decomposition.

Mean system yield (kg/ha)

Mean system yield (kg/ha)

Treatment  2020- 2021- 2022- 2023- Pooled Mean B:C RWUE
21 22 23 24 ratio (kg/ha/mm)
T1 3156 3110 3459 3317 3261 1.29 2.8
T2 3688 3630 4212 5153 4171 1.61 3.6
T3 6035 5350 5406 5946 5684 2.24 5.0
T4 7906 7050 7386 7223 7391 2.31 6.5
TS 5160 5020 4625 5241 5012 1.56 4.4
Té 7423 6620 6600 7028 6918 2.64 6.0
T7 8078 7060 7133 7190 7365 2.16 6.4

CD (0.05) 730.1 766.6 618.9 658.8 1,510.7

>4 3.4 319 3

>3
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Effect of treatments on energy productivity
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Conclusion

The study underscores the effectiveness of Resource Conservation Technologies (RCTs) in
enhancing productivity, profitability, energy efficiency, and soil health in the rice-toria system
under rainfed conditions in Assam. CT Wet DSR Sali-ZT Toria with 20-30 cm stubble retention
delivered the highest benefit-cost ratio (2.64) and strong energy productivity (3.19 kg/MJ),
while CT Sali-ZT Toria achieved the highest yield (7371 kg/ha). Zero Tillage and residue
retention improved soil organic carbon and long-term carbon storage, reinforcing their role in
sustainability. The findings advocate adopting RCTs like Wet-DSR followed by ZT toria and
residue retention to balance productivity, cost-effectiveness, and environmental benefits in
rainfed rice-toria systems in medium land situations of Assam.
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Barnyard millet (Echinochloa spp.), is an annual, short-day, Cs4 grass with a chromosome
number of 6x=54 and comes under the family Poaceae. Barnyard millet has enormous potential
to provide nutrition and food security because it has high nutritional value and is rich in
antioxidant components, and can be grown in areas where major cereals cannot be cultivated
due to harsh climatic conditions. Minor millets, including Barnyard millet, have been
traditionally cultivated by certain farmers and tribes of the Bundelkhand region. Despite this,
Barnyard millet is one of the most under-researched crops with respect to the characterization
of genetic resources and genetic enhancement. Its potential for climate adaptation, particularly
in harsh climatic regions like Bundelkhand, makes it a critical subject for study.

Methodology

A total of 180 germplasm lines were evaluated in augmented design along with 3 checks (Co
(KV)-2, DHBM 93-3, and VL-207) in Kharif 2021 at the University research farm, Rani
Lakshmi Bai Central Agricultural University, Jhansi, Uttar Pradesh, these lines consist of a
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global panel of germplasm consisting of accessions from 7 different geographical origin
including India. China, Japan, Malawi, Pakistan, Cameroon and Russia. These lines were
characterized for eight traits like days to flowering, plant height, number of tillers, panicle
length, flag leaf length, flag leaf width, fodder yield and grain yield.

Results

Analysis of variance indicates sufficient genetic variability in the germplasm for all the traits
except panicle length and flag leaf length. Phenotypic and Genotypic Coefficient of Variation
(PCV and GCV) indicated substantial genetic variability with minimal environmental influence
for key traits such as grain yield (GY) with high PCV (41.21%) and GCV (39.64%) as well as
fodder yield and number of tillers per plant. High broad-sense heritability (H?) was observed
for most traits, such as grain yield (92.52%), plant height (PH) (92.16%), fodder yield
(96.72%), and number of tillers per plant (82.32%), indicating that these traits are
predominantly controlled by genetic factors. Genetic Advance as Percentage of Mean (GAM)
was high for key traits, suggesting their potential for improvement through selection. Principal
Component Analysis (PCA) demonstrated significant genetic variability, with PC1 and PC2
accounting for 32.7% and 19.3% of the total variability, respectively, highlighting the
importance of grain yield and panicle length in determining diversity.

On the basis of genetic divergence-based clustering of genotypes in first year, twenty
accessions of diverse origins, along with two national checks CO (KV)-2 and DHBM 93-3,
were again characterized for 14 quantitative characters using cluster and principal component
analysis in randomized block design with three replications at the University research farm,
Rani Lakshmi Bai Central Agricultural University, Jhansi, Uttar Pradesh during Kharif 2022.
The cluster analysis grouped the 22 Echinochloa spp. accessions into six groups, revealing
significant genetic diversity. The principal component analysis revealed that the sum of the
main components produced a maximum variability of 77.2% among the genotypes.
Furthermore, 26 simple sequence repeats (SSR) markers showed a high degree of
polymorphism among the germplasm, with the primer UGEP 8 having the highest PIC value
of 0.71. The dendrogram generated based on these markers distinctly demarcated most of the
Echinochloa spp. into different clusters, indicating vast genetic diversity in the population.

Conclusion

Overall, the high degree of genetic variability described by morphological traits and molecular
markers in Echinochloa spp. can be used as a foundational tool for genetic improvement
programs. These findings are particularly valuable for developing climate-resilient varieties
suitable for the challenging agro-climatic conditions of the Bundelkhand region, thereby
enhancing food security and sustainable agriculture.
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Effect of Rainfall Intensity on Splash Erosion under Simulated Rainfall
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Splash erosion is recognized as the first stage in a soil erosion process. Quantification of splash
erosion for various combinations of land slopes and rainfall intensities with the help of rainfall
simulation system and modified Morgan’s splash cup was tried in this study. The clay soil was
used to study the splash erosion. The directional splash soil loss rate (kg ha'), i.e. upslope and
down slope were found increasing with increase in rainfall intensity and land slope. The rate
of increase in down slope splash was comparatively more than upslope. The highest soil splash
i.e. 16369 kg ha-! was observed for combination of 10 percent land slope and 7.75 ¢cm h™! rainfall
intensity in clay soil. The results obtained showed that maximum average vertical movement
of splashed material was 83 cm in clay soil, for the combination of rainfall intensity 7.75 cm
h!and land slope 10 %. The maximum average horizontal movement of splashed material was
found 100.5 cm for the combination of rainfall intensity 7.75 cm h! and land slope 10 %. The
Splashed soil material was spread near about 100.5 cm in the down slope direction and 69.0
cm in the upslope direction which highlights the need to modify the size of splash cup to study
the realistic soil movement during splash erosion.

UID: 1194
Temporal analysis of soil erosion using remote sensing and GIS technique
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Soil is a complex mixture of minerals, organic matter and living organisms on the earth's
surface. Soil erosion is one of the key considerations for planning the development of
watershed. Erosion models, such as the Universal Soil Loss Equation (USLE), are widely used
around the world to estimate erosion rates by relating different variables or factors with
mathematical expressions. The USLE equation consists of five major factors such as Rainfall
erosivity factor (R), Soil erodibility factor (K), Topographic factor (LS), Crop management
factor (C) and Conservation practice factor (P). Construction of different soil and water
conservation structures plays important role in reducing rate of soil erosion. Change in land
use land cover with time is also one of the influencing factors in soil erosion estimation. Remote
sensing and Geographical Information System (GIS) plays crucial role in generation of
different spatial and temporal information related to land resources. Considering all above
facts, the present study was conducted at central MPKV campus watershed with the aim to
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estimate soil erosion using Universal Soil Loss Equation (USLE) and to compare soil erosion
for different temporal periods. The study area is the central MPKV campus watershed located
in Rahuri taluka in Ahmednagar district of Maharashtra, India which is located between
latitudes from 19° 21.77' N to 19° 18.73"' N and longitudes from 74° 37.79' E to 74° 36.49° E
having total geographical area 13.83 km? (1383 ha). The mean annual precipitation in study
area is 592 mm. The study was conducted for five years i.e. 2000, 2005, 2010, 2015 and 2020.
The area under slight erosion class has increased by 3.36%, 23.47%, 21.5% and 63.39% for
year 2005, 2010, 2015 and 2020 as compared to 2000. Similarly, the area under very severe
erosion class has decreased by 20.70%, 53.83%, 41.97% and 73.34% for year 2005, 2010, 2015
and 2020 as compared to 2000. The construction of SWC structures also plays key role in
reducing intensity of soil erosion. Overall study suggests that the areas with very severe erosion

class needs immediate soil erosion control measures.
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In dryland agriculture, scarcity of water is the main problem. Apart from the low and erratic
behavior of rainfall, high evaporative demand and limited water holding capacity of the soil
constitute the principle constraint in the crop production in dryland area. Yield fluctuations are
high mainly due to vagaries of weather, often much behind the risk bearing capacity of the
farmers. It is surprising to a layman that even humid areas with 2000 mm of annual rainfall not
only suffer from moisture stress, but also face drinking water scarcity. Monsoon starts in the
month of June and ends in last week of September or sometimes in the first week of October.
Most of the rainfall is received during this period. With undulating topography and low
moisture retention capacity of the soil, major portion of the rain water is lost through runoff,
causing erosion and adding to the water logging of low-lying arecas. After the rain stops, very
little moisture is left in the profile to support plant growth and grain production. In dryland area
deficiency and uncertainty in rainfall of high intensity causes excessive loss of soil through
erosion which leaves the soil infertile. Owing to erratic behavior and improper distribution of
rainfall, agriculture is risky, farmers lack resources, tools become inefficient and ultimately
productivity is low. In order to have solution to these problems research was conducted and
results are given below.
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Results

1. Continuous Contour Trenches for resource conservation and perennial plantations

As per requirement contour lines are demarcated on selected plot and lines are drawn parallel
to these guide lines with 5-6m row spacing of desired plantation. On these lines a continuous
contour trenches of 60 x 30cm are excavated such that the upper fertile soil is collected on
upstream side and below murum is spread at downstream side in the form of bund with suitable
berm. Then the fertile soil is used to fill mound in the trench on desired distance as per plant to
plant spacing. The mound is used for plantation and remaining trench is left for rainwater
conservation.

Performance

e There was no surface runoff in the CCT treated catchment as compared to untreated
catchment i.e. the runoff in CCT treated catchment (100%) was recharged in the soil.

e The highest yield of pod and grain of green gram was observed in the treatment of CCT
treated catchment (271.75 and 170.48kg ha™) as against untreated catchment (162.45
and 106.84kg ha™).

e The soil moisture status in CCT treated catchment was observed to be better as
compared to the untreated catchment at 0-15, 15-30 and 30-45cm depth in every
recorded month.

e On an average the ground water recharge in the CCT treated catchment was more by
17.74 % compared to the non-treated catchment.

The CCTs are useful in order to increase infiltration into soil, to control damaging excess runoff
and to manage and utilize runoff for groundwater recharge. The in-situ conservation of rainfall
takes place in CCT treated catchment. The prolonged moisture in the CCT treated catchment
will enhance the growth of perennial plantation. The groundwater recharge in the CCT treated
catchment was more.

2. Tillage and nutrient management for resource conservation and improving soil quality
In rainfed condition for sorghum crop, minimum tillage (one hoeing followed by one hand
weeding) with 20kg nitrogen through inorganic fertilizer+20kg N through FYM (3.8t ha'l),
40kg P»Os and 40kg K,O as basal dose and remaining 20kg nitrogen through inorganic
fertilizer + 20kg through gliricidia (3t ha'!, at 30 DAS) is recommended for higher rainwater
use efficiency, higher grain yield and enhanced soil fertility.

Productivity

The tillage treatments were found statistically significant for grain yield and observed to be
non-significant in case of fodder yield. The treatment 50% of conventional tillage and hand
weeding has recorded significantly highest grain yield (3843kg ha™') over conventional tillage
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(2987kg ha') and it was at par with 50% of conventional tillage and herbicide (3501kg ha!).
The treatment 50% recommended dose through organic and inorganic recorded statistically
significant grain yield (3664kg ha') over the treatment recommended dose through inorganic
and at par with treatment recommended dose through organic (FYM/Glyricidia). Significantly
highest fodder yield (10155kg ha'!) was recorded in the treatment recommended dose through
organic and inorganic. Interaction effect of tillage and nutrient management in case of grain
yield was found statistically significant and for fodder yield it was non-significant.

Energy

Equivalent input energy required for different operations undertaken in the different treatments
was estimated, using the procedure given in Research Manual on Energy requirement in
Agricultural sector. The equivalent energy requirement for sorghum crop was observed to be
higher in the treatment combination of conventional tillage and application of inorganic
fertilizer as the energy input through fertilizer is high as compared to organics but the energy
required for application of fertilizer is also high.

Conclusion

Due to adoption and proper implementation of these dryland practices/techniques the yield
maximization is possible due to soil and water conservation which will lead to development of
natural resources and ultimately sustainability in Dryland Agriculture.
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Conservation agriculture implies three important interlinked principles viz., minimum or no
tillage, permanent residue cover and crop diversification. Some of the studies conducted earlier
have given indication that the long-term practice of no-tillage with crop residue application
have significantly influenced soil physical, chemical, and biological properties (Indoria et al.,
2017). In this context, the long influence of practices like no-tillage and use of adequate levels
of crop residue as surface cover was studied in rainfed Alfisols. The objective of the study was
to assess the effect of crop residue on soil physical, chemical and biological properties and its

effect on yield of sorghum-cowpea crop.
Methodology

Long-term experiment started during 2005 with cowpea sorghum yearly rotation at HRF,
ICAR-CRIDA, Hyderabad. The treatment comprised of T; - No crop residue application
(control), T2 — 2 t dry crop residue ha! + 35 cm sorghum crop stubble retention/ full cowpea
residue retention, T3 — 4 t dry crop residue ha™! + 35 cm sorghum crop stubble retention/ full
cowpea residue retention and T4 — 6 t dry crop residue ha™! + 35 ¢cm sorghum crop stubble
retention/ full cowpea residue retention. Experiment was laid down in the randomized plot
design and standard procedures were used for the estimation of the soil properties.

Results
Crops Yield

The pooled yield of sorghum and cowpea crops significantly increased with the increase in the
level of crop residue application. Significantly higher sorghum pooled yield was observed with
the surface application of crop residue @ 2 t ha'! (1726 kg ha™!), 4t ha' (1905 kg ha'') and 6 t
ha'! (2036 kg ha!) compared to no residue application (1584 kg ha™). The increase in pooled
yield of sorghum due to application of sorghum residue @ 2, 4 and 6 t ha'! was to the extent of
9, 20 and 28%, respectively over no residue application. Significantly higher cowpea pooled
yield was observed with the surface application of crop residue @ 2 t ha™! (588 kg ha'!), 4 t ha
1'(677 kg ha') and 6 t ha'! (718 kg ha!) compared to no residue application (439 kg ha!). The
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increase in pooled yield of cowpea due to application of sorghum residue @ 2, 4 and 6 t ha!
was to the extent of 34, 45and 64 %, respectively over no residue application.

Mineral Nitrogen

Ammonical N in these soils varied from 19.4 to 29.9 mg kg 'across the treatments. Significantly
higher ammonical N (29.9 mg kg!) was observed with the application of sorghum residue @
6 t ha'! compared to control (19.4 mg kg!) at flowering stage of the sorghum crop. Nitrate
nitrogen in the soil varied from 24.7 to 45.4 mg kg™! across the treatments. Significantly higher
(45.4 mg kg) nitrate N was observed with the application of sorghum residue @ 6 t ha’!
followed by @ 4 t ha™! (36.6 mg kg'') compared to control (24.7 mg kg™).

Soil moisture content

On an average, the increase in soil moisture at 0-10 cm depth was 18%, 25%, 49% in 2, 4 and
6 t ha! crop residue treatments respectively over no crop residue application during sorghum
crop growing season during 2021. At 10-20 cm soil depths, the crop residue treated plots stored
9%, 18% and 26% higher moisture content compared to no crop residue application during
sorghum crop growing season.

Soil temperature, soil infiltration rate and RWUE

Surface application of crop residues @ 2, 4 and 6 t ha'! recorded lower soil temperatures of
27.4,27.0 and 26.3°C at 9:00 AM and 31.8, 30.7 and 30.2°C respectively at 2:00 PM over the
control (27.8 and 33.6°C). Similarly, the application of crop residue increased the soil
infiltration rate by 21 to 58% in different residue treatments as compared to the control. The
application of crop residue @ 6 t ha! recorded higher RWUE (3.32 kg ha”! mm!) in sorghum
and cowpea (1.09 kg ha! mm") as compared to the rest of the treatments.

Effect of surface crop residue application on pooled yield of sorghum and cowpea crops,
NH4"-N, NO3™-N and soil moisture under no-tillage

Cowpea Sorehum pooled NH,*-N NOs-N Soil Moisture
Treatments pooled yileld yiégl d (kgpha'l) (m% kg (m% kg (%) in 0-10
(kg ha) ) ) em
Control 798 192 19.43 24.68 11.2
2 t crop residue ha™! 1027 277 21.22 29.65 13.2
4 t crop residue ha™! 1166 392 24.26 36.58 13.9
6 t crop residue ha™ 1327 557 29.88 45.44 16.9

Earthworm castings and soil enzymes activity

Significantly higher earthworm castings were observed in 6 t ha! (136/m?) followed by @ 4 t
ha-1 (117/m?) and @ 2t ha™! (97/m?) and control (85/m?). The added levels of the crop residue
increased the dehydrogenase, acid and alkaline phosphatase enzymes activities. The
significantly higher enzymes activity recorded with the application of 6 t ha!.
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Conclusions

The results of the present study clearly indicated that the levels of surface crop residue
application under no-tillage increased the yield of crops (sorghum and cowpea) significantly
over the control. The reported results are in close conformity with the earlier findings by
Sharma et al., 2024. The mineral-N, soil moisture content, RWUE, infiltration rate, earthworm
casting and soil enzymes activity increased significantly, and it is emphasizing the importance
of recycling the crop residues which can reduce the dependence on the synthetic fertilizers
besides protecting the long-term soil health and sustainable of crop production.
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To ensure desired targets of productivity, it is of paramount importance to improve soil quality
through effective soil management practices such as conservation tillage, residue recycling and
adequate amount of nitrogen fertilization. Sharma et al., 2016 have reported that conservation
tillage practices coupled with proper residue management and optimum dose of nitrogen
application can maintain or improve soil properties and has the potential to substantially
increase long-term crop production in semi-arid rain fed regions. The present study was
conducted with the objectives of: (i) To study the long-term influence of tillage, crop residues
and N levels on crop response in sorghum-castor system in rainfed Alfisols. (ii) To study the
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long-term influence of tillage, crop residues and levels of N on crop yields and soil properties
in sorghum-castor system under rainfed Alfisols.

Methodology

A long-term field experiment was started during 1995 and conducted at HRF, ICAR, CRIDA,
Hyderabad. Treatments comprising of two tillage practices (conventional tillage, CT and
minimum tillage, MT); three residue residues levels (2 t ha! dry sorghum stover (SS), 2 t ha!
fresh gliricidia loppings (GL) and no residue (NR) and four nitrogen levels (0 (NO), 30 (N30),
60 (N60) and 90 (N90) kg N ha'!) under sorghum (Sorghum vulgare L.) and castor (ricinus
communis 1.) system. experiment was initiated in a strip split-split plot design. standard
methodology was used for the estimation of the crop and soil parameters.

Results
Effect on crop yields

Conventional tillage (CT) performed significantly well in terms of maintaining higher sorghum
grain and castor pooled yield compared to minimum tillage. Application of GL and SS
significantly increased the sorghum grain and castor seed pooled yield. The increase in
sorghum grain pooled yield with N applied @ 30 kg, 60 kg and a 90 kg ha'! level of nitrogen
over control was tune of extent of 54, 81, and 98%, respectively. The increase in castor pooled
yield with N applied @ 30 kg ha"!, 60 kg ha! and 90 kg ha™! level of nitrogen over control was
tune of extent of 46, 70 and 91 % percent respectively. CT recorded the higher SYT of sorghum
and castor as compared to MT. GL and SS maintained almost similar SYT in both the crops.
The added levels of N increased the SYT in both the crops.

Effect of crop management practices on crop yields and SYI in sorghum-castor systems
under rainfed Alfisols

Sorghum Castor
Treatments pooled yield SYI pooled yield SYI
(kg ha) (kg ha™)
Conventional tillage (CT) 1221 0.24 795 0.21
Minimum tillage (MT) 1127 0.19 676 0.15
Dry sorghum stover @ 2 t ha (SS) 1187 0.21 755 0.16
Fresh gliricidia loppings @ 2 t ha” (GL) 1282 0.23 798 0.21
No residue (NR) 1054 0.21 654 0.17
No- nitrogen (NO) 741 0.15 484 0.14
30 kg ha™' (N30) 1144 0.21 709 0.16
60 kg N ha™! (N60) 1343 0.25 824 0.19
90 kg N ha™! (N90) 1469 0.26 926 0.24

Effect on soil properties

Significantly higher ammonical-N and nitrate-N was observed in minimum tillage as compare
to the CT. Both GL and SS significantly increased the ammonical-N and nitrate-N as compared
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to the no residue application. The carbon pools content (very labile carbon, VLC; labile carbon,
LC; less labile carbon, LLC) recorded significantly higher under MT as compared to the CT,
while CT recorded the higher non-labile carbon (NLC) as compared to the MT. Application of
GL and SS significantly increased the VLC, LC, LLC and NLC content as compared to no
residue application. Among the N levels, the application of N @ 90 kg ha' recorded
significantly higher VLC, LC and LLC (3.08, 1.71 and 1.12 g kg™") in soils followed by N @
60 kg ha'! (2.47, 1.48 and 0.98 g kg™"), 30 kg ha! (1.98, 1.25 and 0.77 g kg™") and no nitrogen
application (1.61, 1.06 and 0.64 g kg™'). MT recorded the 7% higher soil available N as
compared to the CT. Increase in available N under SS, and 2 t GL over NR was to the extent
of 10.2 and 16.2% respectively. The increase available N under with 30, 60 and 90 kg N ha’!
was to the tune of 7.76%, 15.51% and 24.23% respectively over the control at 0-15 cm depth.
Dehydrogenase activities (DHA), acid phosphatase, alkaline phosphatase, L-glutaminase, L-
asparginase, urease, amidase and protease activity followed the order: MT>CT; GL>SS>NR;
N90>N60>N30>N0. The activity of these enzymes decreased with increasing the soil depths.
The soil moisture content at different crops growth periods and depths followed the trend as:
MT>CT, GLI=SS>NR & 90>60>30>0 N kg ha-!.

Conclusion

The present study has clearly indicated that the long-term use minimum tillage coupled with 2
t GL and 90 kg N ha"! in sorghum—castor system significantly improved the crop yields and
different soil properties. The reported results are in close conformity with earlier findings of
Sharma et al., 2016 and Indoria et al., 2017.
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Indian agriculture is highly susceptible to adverse effects of climate and related extreme weather
events (Charate et al., 2017), as most of its cultivable land is under rainfed agriculture. Besides
this, the burgeoning population, industrialization etc., have resulted in increased water demand
in India (Dharminder ef al., 2019). Karnataka, the second-largest state in India in terms of
rainfed agriculture, accounting for nearly 66 percent of the cultivated area, relies heavily on
southwest monsoon rains, which are of uneven and erratic distribution, both spatially and
temporally, due to climate change and posing significant challenges to its food production.
Deficit or no rainfall for consecutive days causes dry spell conditions which is highly related
to the failure of crops and hence crop failure and water scarcity are viewed with great concern.
Based on this, the present study is to examine the dry spells and drought condition in Karnataka
by using Dry Spell Index (DSI), which is essential to developing strategies for drought
mitigation, improved water management practices, and the development of drought-resistant
crops.

Methodology

Karnataka, located in the southwest of India, consists of 30 districts. Geographically, it lies
between 11.40° and 18.27° N latitude and 74.25° and 78.50° E longitude, covering an area of
191,791 square km, which constitutes 5.83% of the total area of India. Daily rainfall data for
the 30 districts of Karnataka, spanning a 41-year period (1980-2020), was collected from the
India Meteorological Department (IMD) for analysis.

Dry Spell Index

The Dry Spell Index (DSI) is a simple and effective drought index, offers advantage of easy
calculation and flexibility in the scale of assessment. It’s based on average daily reference
evapotranspiration, soil texture, rooting depth, and total available water in the root zone;
moisture stress may begin after 5 consecutive dry days for shallow-rooted crops (e.g.,
groundnut) in light-textured soils, whereas 10 consecutive dry days for deep-rooted crops (e.g.,
pigeon pea, cotton) in heavy-textured soils (Bal et al., 2022). In order to make the study simple
and uniform as well as to estimate the response of crop productivity towards the dry spells, a
common scale of 7 consecutive dry days is considered, receiving less than 2.5 mm of rainfall
as a dry day.
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DSl is calculated using the following equation

1
DSI=— 3120 W
Where LP is the dry spell scale, NDD is the number of consecutive dry days and Wi is the

weighting factor assigned to each dry day within dry spell that linearly increases as the dry
spell’s duration.

Results

Dry Spell Index (DSI) was computed for the districts of Karnataka during the period 1980—
2020 (Table 1). More number of years falls under <4 and > 12 average DSI for kharif, and
under >12 average DSI for rabi season.

During Kharif season, Chitradurga and Tumkur districts experienced more than 84 consecutive
dry days out of 122 days for 35 years out of 41 years with >12 DSI, led to severe water stress
to the crops, which increases the rate of leaf senescence and drooping, scorching, leaf rolling
and brittleness, closed flowers and flower sagging, etiolation, wilting, turgidity, premature fall,
senescence and yellowing of leaves and ultimately, failure of crops (Khan et al., 2018). During
rabi season, most of the years (37 — 41 years) in all the districts showed more than 84
consecutive dry days out of 92 days (>12 DSI category), led to drop in soil moisture can be
attributed to the increase in the temperature which may have significant consequences on crop
yields, and irrigation requirements

References

Bal, S.K., Sandeep, V.M., Kumar, P.V., Rao, A.S., Pramod, V.P., Manikandan, N., Rao, C.S.,
Singh, N.P. and Bhaskar, S., 2022. Assessing impact of dry spells on the principal
rainfed crops in major dryland regions of India. Agric. Forest Meteorol, 313, p.108768.

Charate, S., Thimmegowda, M.N., Ramachandrappa B.K. and Gangadhar Eswar Rao. (2017),
Influence of nitrogen and potassium levels on plant water status, yield and economics

of little millet (Panicum sumatrense) under rainfed condition, Int. J. Curr. Microbiol.
App. Sci, 6(12): 150-156.

Dharminder, R.K.S., Kumar, V., Devedee, A K., Mruthyunjaya, M. and Bhardwaj, R. (2019).
The clean water: The basic need of human and agriculture. Int. J. Chem. Stud., 7(2):
1994-1998.

Khan, A., Pan, X., Najeeb, U., Tan, D.K.Y., Fahad, S., Zahoor, R. and Luo, H., 2018. Coping
with drought: stress and adaptive mechanisms, and management through cultural and
molecular alternatives in cotton as vital constituents for plant stress resilience and
fitness. Biol. Res., 51.

Resource Characterization, Conservation, Management and Governance 41 | Page



of PR,

%’/f!"

”(r,a_

w & International Conference on Rainfed Agriculture: Building Pathways for Resilience &
l‘:ﬁhﬁ Sustainable Livelihoods during 29-31, January 2025 at ICAR-CRIDA, Hyderabad

Number of years under different categories of average DSI-7 of kharif and rabi season
across different districts of Karnataka.

Kharif Rabi
District 0- 41- 61- 81- 101- >12 0- Jd- 6.1- 81- 101- >12
4 6 8 10 12 4 6 8 10 12

Bagalkote 5 2 5 3 2 240 0 0 0 0 41
Belgaum 33 4 3 1 0 0 0 0 0 0 0 41
Bellary 3 6 2 4 4 22 0 0 0 0 0 41
Bidar 23 4 3 4 2 5 0 0 0 0 0 41
Bijapur 6 1 3 4 5 22 0 0 0 0 0 41
Bangalore Rural 2 2 1 3 3 30 0 0 1 1 1 38
Bangalore Urban 3 0 5 2 6 25 0 0 2 0 0 39
Chamarajanagar 13 7 4 5 7 5 1 0 1 1 1 37
Chikkaballapur 1 1 2 3 2 32 0 0 0 1 2 38
Chikkamagalur 39 1 1 0 0 0 0 0 0 0 2 39
Chitradurga 1 2 1 0 2 350 0 0 0 0 41
Davanagere 8 5 4 7 6 11 0 0 0 0 0 41
Dharwad 30 5 1 3 1 1 0 0 0 0 0 41
Dakshina 40 1 0 0 0 0 0 0 0 1 1 39
Kannada
Gadag 5 6 7 1 4 18 0 0 0 0 0 41
Gulbarga 16 7 4 2 3 9 0 0 0 0 0 41
Hassan 31 4 2 3 0 1 0 0 0 1 0 40
Haveri 15 5 8 7 0 6 0 0 0 0 0 41
Kodagu 15 5 8 7 0 6 0 0 0 1 0 40
Kolar 1 1 1 3 4 31 0 1 1 1 2 36
Koppal 1 8 2 3 3 240 0 0 0 0 41
Mandya 2 2 1 3 5 28 0 0 1 0 1 39
Mysore 30 5 4 2 0 0 1 0 0 0 3 37
Raichur 5 5 6 7 3 15 0 0 0 0 0 41
Ramanagara 3 2 1 3 4 28 0 1 0 0 3 37
Shimoga 40 1 0 0 0 0 0 0 0 0 0 41
Tumkur 1 1 0 1 3 35 0 0 0 0 0 41
Udupi 39 1 1 0 0 0 0 0 1 0 1 39
Uttara Kannada 40 0 1 0 0 0 0 0 0 0 0 41
Yadgiri 8 7 5 6 2 13 0 0 0 0 0 41
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In view of changing climatic variables such as rainfall, temperature and humidity the
agriculture has become very hazardous due to occurrence of Flood, drought like situation and
extreme level of temperature (max & min). Moreover, farming is a challenging activity depends
upon various factors such as financial, knowledge, visible technology, lack of expertise, etc.
Considering these points, a study was conducted in the adopted village of KVK Dhemaji under
TDC-NICRA programme to study the vulnerability and performance of resilient technology.
Climate resilient technologies are promising tool to guard a farming system from climatic
variations (VK, 2017).

Methodology

The study was carried out in Magurmari village of Dhemaji district. To explore the problems
faced by the farmers and to study the impact of climate resilent technology the study was
carried out in 109 farm families of Magurmari village. Primary data were collected from 109
farmers by the personal interview method using standardized structured interview schedule.
Data with respect to problems faced by the respondents and the yield of the climate resilient
technology were collected. To prioritize the major constraints faced by the farmers a set of
common problems were prepared after studying, consulting available literature and discussion
with experts. Simple ranking technique was applied to measure the constraints faced by
farmers. Each farmer was asked to responses the problems in four-point continuum as ‘most
serious’, ‘moderately serious’, ‘less serious’ and ‘not serious’ and scores were assigned as 3,
2, 1 and 0. Then from the mean value ranking of problems were done as i, ii, iii etc. The
constraint with highest mean value was considered as the most serious one and the others
followed in that order. And for study of the economics of the resilient technology yield are
compared with their respective check variety.

Results:

It is cleared from the table that majority (75%) of the respondents termed * flood ’ as the most
serious problem followed by 70% respondents termed ‘financial problem’ as 2"4 most serious
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problem. Accordingly, 57% respondents termed ‘moisture stress’ as the third most serious
problem of the village. Agriculture is the primary source of livelihood for the farmers of
magurmari village. Every year the village experienced flash flood during the monsoon season
at least twice a year, causes a major loss in paddy cultivation. They also face financial problem
to established agriculture as an enterprise and from time to time they were not able to buy
hybrid seeds, equipments etc is in the study area. After that respondents didn’t get quality seeds
in proper time for cultivation. They practiced agriculture in a traditional way as they are not
familiar with the use of hybrid varieties, submergence tolerant paddy varieties, scientific and
advanced technologies since they didn’t get any proper training on it, which is also a major
problem. With the advent of new technologies and increasing competition in the global market,
this traditional way of agriculture proved to be less profitable to the farmers. To address these
entire problems some climate resilient technology were demonstrated in NICRA village.

Table 1: Distribution of respondents and ranking of problems according to their
frequency of constrains faced by the farmers of NICRA village

Frequency of Respondents

SL

No SIS Most serious  Serious L?ss Not serious Rleas Rank
serious
1 Temperature 12 18 66 13
(11 %) (17%) (61%) (12%) 1.27 14
2 Moisture stress 62 47 0 0
(57%) (43%) (00%) (0%) 2.57 3
3 Quality inputs 52 46 6 5
(48%) (42%) (06%) (05%) 2.33 7
4 Flood 82 27 0 0
(75%) (25%) (00%) (00%) 2.75 1
5 Financial 76 33 0 0
(70%) (0.30%) (00%) (00%) 2.70 2
6  Knowledge 42 48 10 9
(39%) (48%) (09%) (08%) 2.13 9
7 Customs 32 56 9 12
(29%) (51%) (08%) (11%) 1.99 11
8  No proper 28 52 22 7
storage facility (26%) (48%) (20%) (06%) 1.93 13
9 Lack of 53 38 15 3
training (49%) (35%) (14%) (03%) 2.29 8
10  Lack of skill 58 42 6 3
(53%) (39%) (06%) (03%) 2.42 4
11  Lack of formal 39 52 13 5
education (36%) (48%) (0.12%) (05%) 2.15 12
12 Lack of capital 64 31 8 6
(59%) (28%) (07%) (06%) 2.40 5
13 Lack of
available 56 43 6 4
technology (51%) (39%) (06%) (04%) 2.39 6
14  Lack of 53 27 8 22
expertise (49%) (25%) (07%) (20%) 1.99 10
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The table showed better yield performance than farmer’s variety in all attributes. The
demonstrated technology Ranjit sub 1 performed well in stressful flooded situation as well as
during the time of moderate drought. It was also found from the demonstration that the Benefit
Cost Ratio (BCR) of the demonstration unit was better than the farmers cultivation practice.
Farmers have come forward to adopt all the technology and have exchanged 4.5 q of
submergence tolerant variety Ranjit subl seeds in their village leading to a horizontal spread
of the technology. An additional area of 10 hectare has been covered by cultivation of Ranijit

Sub 1.

Table 2: Economics of climate resilient technology demonstrated on NICRA village

Crop/

Intervention . Variety Production GR GC NR BC
enterprise
Demonstration Ranjit 48 93,120 38,000 55,120 2.45
on submergence sub 1
tolerant rice Sali-paddy  Jahingia 39 54,660 31,500 23,160 1.73
variety ‘Ranjit (check)
sub-1’
Demonstration Numoli 46 89,240 38,000 51,240 2.34
on medium Sali-paddy ~ Bas dhan 31 60,140 36,684 23456  1.63
duration rice (check )
variety Numoli
Cultivation of Tomato 210 2,10,000 52,000 1,58,000 4.03
Rabi vegetables Rabi (hybrid)
using organic Local 176 1,76,000 50,000 1,26,000  3.52
. vegetables .

mulching variety

(check )
Cultivation of Pusa 215 3,22,500 68,550  2,54,500 4.7
potato using pukhraj
organic mulching Tuber crop Local 170 2,55,000 65,500 1,89,500 38
for moisture variety
conservation (check)

Mitigating with the nature and adoption of new technology including the climate resilient
technologies have brought about new avenues in resource conservation. It can be concluded
from the above study that NICRA project was a successful project in Dhemaji district and has
been able to accomplish the prime objective of the project which was the adoption of new
technology with changing of agro-climatic condition to establish resilient agriculture system.
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Brinjal or eggplant (Solanum melongena Linnaeus) is from Solanaceae family belonging to
genus Solanum and known as “King of vegetables”. It is a native of India. It is an important
vegetable crop grown throughout the country all the year round. Brinjal crop requires a long
warm climate for its growth. Temperatures ranging between 25-32°C are suitable for its
cultivation. It does not prefer cool or frosty weather and requires silt loam to clay loam soil.
Determination of optimum planting windows is considered an important effort to have
optimum yields and keep insect pest damage below economic threshold level (ETL) both
quantitative and qualitative traits of crops depend on planting on the proper windows and
growing season. In India higher brinjal quality Prolonged periods of low or high temperatures
or sudden change in them adversely affect the insect development. Different levels of humidity
and rainfall, likewise, increase or reduce the population of certain insect pest species.

Methodology

The field experiment was conducted at Department of Agricultural Meteorology Farm, College
of Agriculture, Pune during kharif seasons of 2014 and 2015. The experiment was conducted
in a split plot design with three replications. The treatments were allotted randomly to each
replication by keeping the gross plot size 4.5m x 3.75 m2 and net plot size 2.7 m x 2.7 m2with
90 x 75 cm spacing. There were twelve treatment combinations. The experiment was laid out
in split plot design with three replications. The treatment comprised of three brinjal hybrids
viz., V1: Phule Arjun V2: Krishna, V3:Panchganga as main plot and four planting windows
viz., P1: 3IMW (30 July- 3Aug), P2:32nd MW (6 Aug- 12 Aug),P3: 33rd MW (13Aug- 19
Aug) P4: 34th MW (20 Aug- 26 Aug) as sub plot treatments.

Growing degree days (GDD)

Temperature is a major environmental factor that determines the rate of plant development.
The temperature requirement and range of optimum temperature varied with species and
genotype. The thermal response of genotype can be quantified by using the heat unit or thermal
time concept. There is high probability of successfully predicting the development of brinjal
by heat unit. Thermal time or growing degree days were calculated according to the equation.
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Photo-thermal units (PTU)

Photo-thermal units were determined by GDD multiplying with maximum possible sunshine
hours (N).

Determination of maximum possible sunshine hours:
N=COS(RADIANS((COS(RADIANS(((A91172)*2*180)/365)))*23.5))
Helio thermal units (HTU)

Heliothermal units for various growth stages are calculated by the formula given. HTU = GDD
x Bright sunshine hours.

Results
Determination of Growing Degree Days (GDD)
Effect of hybrids

The GDD in different hybrids varied from 35.41 to 72.3°C for emergence, 444.48 to 481.76°C
days for vegetative growth, 512 to 575°C for 50 % flowering, 568.65 to 681.66°C days for first
fruit setting and 1154.11°C to 1183.7°C days for final harvest. The highest values of GDD were
recorded in hybrids Phule Arjun and the lowest values of GDD were recorded in hybrids
Panchganaga.

Effect of planting windows

The GDD in different planting windows varied from 37.85 to 61°C for emergence, 452.2 to
484.6°C days for vegetative growth, 512.45 to 597.55°C for 50 % flowering, 611.05 to
658.66°C days for first fruit setting and 1128.85°C to 1183.2°C days for final harvest. The
highest values of GDD were recorded in 31* MW planting windows and the lowest values of
GDD were recorded in 34" MW planting windows. (Parthasarathi and Jeyakumar 2013 )

Determination of Heliothermal Units (HTU)
Effect of hybrids

The HTU in different hybrids varies from (151.88 to 351.86) units for emergence, (1450.24 to
3539.83) units for vegetative growth, (1698.43 to 4357) units for 50 % flowering, (1893.69 to
4993.37) units for first fruit setting and (5282.36 to 9286.87) units for final harvest. The highest
values of HTU were recorded in hybrids Phule Arjun and the lowest values of HTU were
recorded in hybrids Panchganaga.

Effect of planting windows

The HTU in different planting windows varies from (93.96 to 411.98) for emergence, (1277.85
to 4044.66) units for vegetative growth, (1673.78 to 4770.45) units for 50 % flowering,
(1852.04 to 3223.48) units for first fruit setting and (4899.03 to 10154.52) units for final
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harvest. The highest values of HTU were recorded at 313 MW planting window and the lowest
values of HTU were recorded at 34"MW planting window. This might be due to delayed
planting completed each phenophases earlier than the late planted crop (Pennington and
Heatherly 1989).

Conclusion

Heat unit requirement or GDD has been used for characterizing the thermal response in brinjal
crop. GDD for entire crop growing period decreased with subsequent delay in planting. HTU
and PTU were also decreased during later planting windows condition. GDD in different stages
in that emergence (59.6 and 72.3), vegetative growth (481 and 478), 50% flowering (575 and
568), first harvesting (681 and 645), last harvesting (1178 and 1183) was observed in hybrid
Phule Arjun during 2014 and 2015, respectively. Lower GDD was observed in
hy.Panchaganaga during 2014 and 2015, respectively. The highest HTU observed in 315
MW planting windows in hybrids Phule Arjun (5376 and 9190.4).This was followed by
hy.krishna and Panchganaga (5370 and 9086) during 2014 and 2015, respectively. Highest
HTU was observed in 315 MW in hybrids Phule Arjun followed by hy.krishna and lower in
panchganga.

Table 1. Cumulative growing degree days (GDD) of brinjal as influenced stage wise
different by treatments in 2014 and 2015

EM VG 50% FL First FR At final harvest

Treatment

2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
A) Hybrids(H)
V. :Phule Arjun 59.6 723 481.7 4783 5755 568.6 681.6 645.7 1178.4 1183.7
V,: Krishna 475 476 470.2 4674 552.1 5350 6233 602.5 1166.2 1170.4
V3: Panchganga 354  46.1 4472 4444 5402 5125 599.1  568.6 1154.1 1157.2
B) Planting Windows(D)
Pi:31 MW
(30 July-5 53.7 61 46.45  484.6 5255 5975 631.8 658.6 1135.5 1183.2
August)
P:32 MW
(6August 452 594 4533 4649 530.8 5545 6243 6413 1143.2 1161.8
12 August)
P3:33MW

(13August —19 39.1 504 4575  471.8 5264 5432 6164 621 1128.9 1152.1
August)

P4:34M (20-
26August)
General mean 45,5 53.6 4012  468.7 537.6 550.0 626.8 6213 1148.0 1164.5

37.8 386 4522  469.6 5124 5390 611.0 6114 1129.6 1143.4
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Table 2. Cumulative Heliothermal units (HTU) of brinjal as influenced stage wise by
different treatments in 2014 and 2015
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Treatment EM VG 50% FL First FR At final harvest
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015

A) Hybrids(H)

V1 :Phule Arjun  249.9 351.8 15444  3539.8 1893.6  4357.6 2142.1  4993.3 53769 9190.09

Va: Krishna 161.4 195.8 1450.2 32472 16984 4047.6 1893.69 45555 52823 9286.87

V3: Panchganga 15188. 271.31 1508.3 34355 1763.8 4164.8 2014.88 4902.3 53709 9086.14

B) Planting Windows

Pi:31 MW

(30 July-5 251.24 34785 16285 19822 1930.7 27674 2333.6 49042 4899.0 9970.4

August)

P»:32 MW

(6August 145.0 34427 1277.8 39279 1673.7 47704 1852.0 5303.4 5027.5 10154.5

12 August)

P3:33MW

(13August —19 9396 411.98 1553.6 4044.6 1684.6 46294 1915.6 53187 5587.8 10145.4

August)

P4Z34M

(20August- 184.6  100.255 1353.01 3658.41 1695.25 4177.76 2058.23 322348 5989.48 6877.1

26 August)

General mean 178.26 24433  1473.73 3405.13 1762.91 4130.75 2030.05 4743.02 5362.02 9244.37
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Effect of Conservation Agriculture and Fertilizer Doses on Yield and Soil

Carbon Pools under Cotton-Pigeonpea Rotation in Semi-Arid Alfisols
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Telangana, India

Human efforts globally to produce ever increasing amounts of food to meet their demands
through persistent use of conventional farming practices like extensive tillage, alone or
combined with removal or in situ burning of crop residues, has magnified soil erosion losses,

and as a result the soil resource has been steadily degraded (Montgomery 2007; Singh et al.
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2020). Conservation agriculture (CA) has been proposed as a widely adapted set of
management principles that can assure more sustainable agricultural production (Hobbs, 2007).
The CA is aimed to conserve, improve, and/or make more efficient use of natural resources
through integrated management of available soil, water, and biological resources combined
with external inputs. It contributes to environmental conservation in addition to the
economically, ecologically, and socially sustainable agricultural production (FAO, 2014).
Conservation agriculture (CA) is gaining huge attention in Indian agriculture, especially in
semiarid Alfisols which are poor in natural resources, due to its potential to enhance soil health
and productivity while mitigating environmental impacts. In this context, conservation
agriculture practices like conservation tillage practices were studied with the following
objective of studying the impact of CA and fertilizer doses on the crop yields and soil carbon
pools.

Methodology

A field experiment was conducted since 2016, in sandy loam soil of Gunegal Research Farm
at [CAR-Central Research Institute for Dryland Agriculture (ICAR-CRIDA), Hyderabad with
different treatments: Zero tillage (ZT - no till, direct seeded with residue retention), Minimum
tillage (MT - One ploughing, sowing with residue retention) and Conventional tillage (CT -
two ploughings with disk plough, one harrowing and sowing) as main plots and 75% RDF,
100% RDF (RDF for cotton: 120-60-60 kg N, P,Os, K2O ha'!; for pigeon pea: 20-50-0 kg N,
P»0s, K>0 ha'!') and 125% RDF as subplots, to study the effect of tillage practices and different
doses of fertilizers on performance of cotton (ADB 542) - pigeon pea (WRGE 93) rotation. A
spacing of 75 x 20 cm for pigeonpea and Cotton were followed.

Results
Cotton Equivalent Yield

The mean cotton equivalent yield (CEY) was highest in the MT treatment (1051 kg/ha)
followed by the CT, while it was highest under 125% RDF (1062 kg/ha) followed by the 100%
RDF. However, among the interaction of tillage and fertilizer application, MT with 125% RDF
was found to record highest CEY (1128 kg/ha) followed by MT with 125% RDF and CT with
125% RDF treatments. The lowest CEY was recorded under CT with 75% RDF treatment.
Over all, the mean very labile soil carbon pools in three depths were found to be maximum in
the ZT treatments followed by the MT treatments and were minimum under CT treatments.
Very labile carbon pool was recorded to be highest with ZT with 75% RDF at 15-30 cm (4945
mg/kg) followed by ZT with 75% RDF at 5-15 cm (4939 mg/kg). The labile pool was found to
be maximum under MT with 75% RDF at 0-5 cm (2294 mg/kg) followed by CT with 100%
RDF at 5-15 cm (2074 mg/kg). The less labile soil carbon pool was highest under ZT with
125% RDF at 0-5 cm (986 mg/kg) followed by CT with 75% RDF at 15-30 cm (725 mg/kg).
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Conclusion

The present study revealed that conservation agriculture practices like minimum and zero
tillage in combination with chemical fertilizer application can not only increase the over all
yield of the system but also improve the soil health and helps in maintaining and improving the
soil productivity which was evident in the soil carbon pools. Hence, reduced and zero tillage
combined with fertilizer application can be a viable option for sustaining the health and
productivity of semi-arid Alfisols.
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Rainwater Harvesting and Supplemental Irrigation for Improved Crop
and Water Productivity in Lower Shivaliks of Northwest India
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Balachaur, Punjab, SBS Nagar, India, 144521

Rainfed agriculture is being practised in around 80% of the world’s arable land which
contributes to about 60% of the global food (Rao et al. 2015). In India, rainfed agriculture
occupy about 50% of net cultivated area, practiced in diverse agro-ecologies and contributes
40% of country's food basket and dominant producer of oilseeds, cotton, jute and allied fibres
(NRAA 2022). Rainfed agriculture is always is always under threat due to changes in rainfall
behaviour. Therefore, there is need to developed some relevant strategies to make the rainfed
agriculture sustainable. The Shivaliks foothills of the northwest India, local known as Kandi
area, covers an area of about 2.14 million hectare (m ha) extending five states of India. This
region is characterised by uneven distribution of rainfall, lack of irrigation facilities, undulating
topography, severe soil erosion and lack of vegetative cover (Yousuf et al., 2017). Water
scarcity is extremely severe in the Shivaliks foothills where agriculture is almost entirely
contingent upon rainfall. Climate change results in weather anomalies like delayed and or
deficit monsoons, high intensity downpour causing greater runoff/erosion and lengthy dry
spells which leads to crop failure. Due to these water resource limitations and potential
expansion of the area under cultivation, it is imperative to develop an alternate supplementary
water source. Rainwater harvesting has been used in various regions of the world as a viable
solution for reducing water scarcity and improving water quality. Besides, it is a measure to
explore how climate change impacts precipitation variability (Ndiritu et al. 2018). Rainwater
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harvesting is commonly practised in areas where the rainfall is insufficient for crop growing.
The most widespread use is that of supplementary irrigation, complementing rainfall during
periods of water scarcity or stress during the growth stages of plants. The principal objective
of RWH as supplementary irrigation is to collect run-off from outlying areas or from areas
where it is not used, store it, and make it available where and when there is a scarcity of water.
Therefore, due to the intermittent nature of run-off events, it is necessary to store the maximum
possible amount of rainwater during the rainy season so that it may be used for irrigation during
the critical stages.

Methodology

Study area

The study was conducted at All India Coordinated Research Project on Dryland Agriculture
(AICRPDA), Research Centre, Ballowal Saunkhri. The experimental site is geographically
located between 31° 6’05”N latitude, 7630°26”E longitude, and at an altitude of 346 m. The
climate of the region is sub-humid with hot and dry summer and extremely cold winter. The
average annual rainfall of the study area is about 1050 mm, about 80% of which is received
during the monsoon season (July to September). The soil characteristics of the study are low
in available nitrogen, with available phosphorous and available potassium in medium range.
The maximum and minimum temperature of the study area is about 45 C (in May) and 2C (in
December). The cumulative potential evapotranspiration (PET) is 1666.5 mm, which indicates
that available rainfall is insufficient to meet the water demand of crops.

A farm pond having capacity of 696 m® was constructed at the AICRPDA centre Ballowal
Saunkhri in 2015. The catchment area of farm pond is about 1.8 ha. The pond was constructed
with trapezoidal cross section with dimensions 23 x 14 m at the top, 8 X 6 m at the bottom,
depth of about 2.5 m and side slope of 1:1. The pond was lined on sides using the cement and
sand mixture (1:8) concrete laid in the boxes of 1.0 m x 1.5 m. The solar pump of 1 hp was
installed to use the harvested water. The staff gauge was installed at the centre of the pond to
measure the runoff collected after each rainfall event. The rainfall and evaporation was
measured using the self-recording rain gauge and evaporimeter, respectively in the nearby
agro-meteorological observatory.

Rainfall

The rainfall received during kharif and rabi seasons during the study years is given in Fig 1.
Although rainfall received is high during the kharif season, however, the distribution of rainfall
is uneven, which often results in occurrence of dry spells during the kharif season. The rain
water harvested in farm pond was used to apply the supplemental or life-saving irrigation to
crops, viz. maize, okra during kharif and wheat, pea during the rabi season. The irrigation was
applied to maize and okra through furrow irrigation with depth of one irrigation being 50 mm.
Similarly, sprinkler irrigation was applied to wheat with depth of each irrigation as 40 mm.
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The irrigation to pea was done using drip irrigation at 50% ET, with depth of irrigation as 50
mm. The control treatment for each crop was no irrigation, i.e. rainfed. The sowing of kharif
crops (maize and okra) was done on the onset of monsoon, preferably in the last week of June
or first week of July, while as the sowing of rabi crops was done in the first fort night of
November, on the residual soil moisture after the kharif crop.
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Fig 1. Rainfall received during the study years
Grain yield/pod yield of crops

The crops were harvested manually and grain yield was calculated on 14% moisture basis. The
yield was determined by harvesting 19.2 m? for maize and 24 m? for wheat in each plot. The
benefit: cost ratio for different treatments was computed by dividing the net returns with cost
of cultivation of that treatment.

Water use efficiency

Water use efficiency was calculated by the following equation (1) and consumptive use of
water for the crops under different treatments was calculated by theformula given by (Singh et
al., and Raheja 1960)

Economic yield (kg ha™1)
Consumptive use (mm)

WUE =

Results

Rainfall-runoff relationships

The average annual rainfall and kharif rainfall over the study period was 1022 mm and 559.5
mm, respectively. The runoff generated from each rainfall and the corresponding rainfall is
given in Fig 2. The highest rainfall received during the study area is about 150 mm which
resulted in runoff about 50 mm. The total rainfall received was about 3913mm, which resulted
in total runoff of 1190.9 mm, accounting for about 30.4%.
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Effect of supplement irrigation on yield, economics and water use efficiency of crops
The effect of supplemental irrigation (SI) on grain yield is given in Table. The supplemental
irrigation resulted in increased yield of both kharif and rabi crops. The mean of seven years
showed that the maize yield increased by about 57.1%. Similarly, the wheat yield increases by
about 63.6% due to the supplemental irrigation. The yield of okra and pea also increased due
to the application of the supplemental irrigation. The supplemental irrigation also resulted in
increased water use efficiency and B:C ratio.

Conclusions

The rainwater harvesting is an important climate resilient technology to mitigate the impact of
changing climate in Shivaliks of northwest India. The rainfall received during the monsoon
season may be efficiently stored in the farm ponds and can be used to irrigate the crops during
the dry spells. The supplemental irrigation results in better crop growth, economics and water
use efficiency in rainfed regions.
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Fig 2. Rainfall-runoff relationship

Effect of supplement irrigation on yield, economics and water use efficiency of crops

Water use efficiency

Crops Grain yield (kg ha™) B:C ratio (Kg ha! mm™)
WSI SI WSI SI WSI SI
Maize 2425 3811 1.50 2.13 3.80 5.29
OKkra 8100 12608 1.86 2.53 13.16 18.33
Wheat 2131 3466 1.83 2.71 11.64 16.56
Pea 1656 3377 1.37 1.95 12.58 19.53

*WSI: Without supplemental irrigation; SI: Supplemental irrigation
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Pearl millet is the fourth most widely grown food crop in India after rice, wheat, and maize. In
2023-24, pearl millet area in India was 7.36 million ha, with an average production of 10.67
million tons and 1449 kg ha™! productivity (Anonymous, 2024). Maharashtra occupies 16.00
lakh ha area with an annual production of 14.04 lakh tonnes and productivity of 888 kg ha'! as
the 2023-2024 farming year (Anonymous, 2024). Marathwada region occupies 1.37 lakh ha
area with an annual production 1.22 lakh tonnes and productivity of 994 kg ha"! (Anonymous,
2021). Productivity of any crop depends on many management factors such as fertilizer,
thinning, gap filling, weeding, hoeing and irrigation management and every factor has its
towards productivity. Therefore, it is necessary to find out the contribution of individual or
combinations of full package of practices to the yield of pearl millet. But very less information
is available regarding role of individual factor towards the productivity of pearl millet. Keeping
the above points in view, the present study was conducted with an objective to study
contribution of different production factors on productivity of pearlmillet.
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Methodology

An experiment was carried out during kharif 2023 at experimental field of National agricultural
Research Project, Chh. Sambhajinagar. The experimental design was RBD with eight
treatments. The experimental plot, characterized by its levelled and well-drained conditions,
with clay texture. The chemical composition of experimental plot soil was as follows: medium
organic carbon content (0.63%), low available nitrogen(144.0 kg ha'), medium available
phosphorus(20.16 kg ha!), very high available potassium(405 kg ha!) and alkaline pH (8.29)
in reaction. Additionally, the concentrations of zinc, iron, manganese, copper, and boron in the
soil were 0.39, 4.23, 4.89, 1.98, and 0.31 ppm, respectively. The pearl millet was sown on 28
June 2023 by dibbling method and harvested at 25" September 2023. The experiment consisted
of eight treatments as detailed below (T1) Full package and practices of location RDF+ZnSO4
@25kg ha'+FeSO4 F@ 0.5-0.75 %  at 20 - 25DAS+ bioinoculant seed treatment-
Azospirillum) + thinning & gap filling + weeding & hoeing (3&5 weeks after sowing)
+Irrigation, (T2) T1— RDF, (T3) Ti — ZnSO4 @ 25kg ha'!, (T4) Ti — FeSO4 F @0.5 - 0.75 %
at 20-25 DAS, e¢) Ts = T — Bioinoculant Seed Treatment [Azospirillum], (Ts) T1 — Thinning
& gap filling, (T7) T1 — Weeding & hoeing (3& 5 weeks after sowing), (Tg) T1 — Irrigation.
The gross and net plot sizes were 5.0 x 4.5 m? and 4.0 x 3.6 m? respectively.

Results

A) Growth studies

The plant height of pearl millet is significantly affected at all growth stages with the different
levels of treatment . Among all the treatment, the treatment T recorded the highest plant height
at 30,45,60,75DAS and at harvest. Number of leaves plant™! , leaf area plant™ and dry matter
plant™! (g) recorded similar trend on the contrary, treatment (T2) Le. Ti — RDF reported lowest
values for these growth attributes. Similar results were recorded by Ray et al. (2021), and
Kumavat and Shekawat (2017).

B) Yield studies

Treatment T (Full package and practices) recorded significantly highest number of tillers
plant! (4.93), number of effective tillers plant'(3.87) grain weight earhead! (35.39g) , grain
weight plant™! (75.45¢) in treatment T, (Full package and practices) and test weight (16.7g)
.Treatment T; receiving full package and practices of the location recorded significantly
higher grain yield (2644 kg ha!) of pearl millet than rest of the treatments, however, it was on
par with treatments receiving full package and practices of the location — (T3) ZnSO4 @ 25 kg
ha’!, (Ts4) FeSOs4 F@ 0.5- 0.75 % at 20-25DAS and (Ts) Bioinoculant seed treatment
(Azospirillum) and found to be significantly superior over treatments such as Ts (1863 kg ha
1, Ts (1766 kg ha!) and T7 (1681 kg ha'') which was significantly reduced by not caring out
the important management operations. The perusal of the data in the resulted that maximum
reduction of 36.94% was observed without RDF operation which was followed by without
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weeding & hoeing (36.42%) and thinning & gap filling (29.55%) treatments. The reduction
was between 10.89-13.68 % when ZnSO4, FeSO4, irrigation, biofertilizers were not applied.
Similar findings have also been published by Yalamati et al. (2019) and Vinay et al. (2019).

Conclusion

The study demonstrates that adopting the full package of agronomic practices significantly
enhances both growth character and yield character of pearl millet. Eliminating critical
elements like RDF or proper weeding practices results in significant yield losses, highlighting
the importance of comprehensive and integrated management practices for maximizing
production. Therefore, it is recommended to implement the complete package of practices to
achieve the best yields in pearl millet cultivation.
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S. K. Mohanty, J. R. Maharana, B. Mohanta, B. Dhinda. P. J. Mishra, A. Phonglosa
KVK, Bhadrak, Odisha University of Agriculture & Technology, Bhubaneswar, Odisha — 751 003
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Rice is the principal crop during the kharif season in eastern India, covering 26.8 million
hectares, which accounts for 63.3 percent of the total rice-growing areas in the country
(Mohapatra et al., 2022). In Bhadrak district of Odisha, the area under rice cultivation is 164.97
thousand hectares, which constitutes 82% of the total cultivable area of the district (District
Strategy Bhadrak, 2022). Rice fallow refers to uncultivated land in a monocrop-based rice
agroecosystem, left fallow after the rice harvest. About 11.7 million ha area in rice production
system remains fallow during the succeeding winter season due to several limitations in Eastern
India (Kumar et al.,2018). In Odisha alone, rice-fallows spread over 1.6 m ha covering 21
percent of rice-fallow areas in eastern India (Gumma et al. 2016). So far as Odisha state is
concerned, the Odisha University of Agriculture and Technology (OUAT) team, in their report
“OUAT strategies for pulse production in rice-fallows of Odisha” has pointed out some
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constraints under different categories. Physical constraints include (1) nearly 94% of pulse area
is rainfed (33% in kharif as rainfed and 61% in rabi under residual soil moisture), (2) suffer
from moisture stress during rabi season due to low winter rainfall, (3) plant growth is affected
due to waterlogging in coastal tracts, (4) about 70% of cultivated area in the state is acidic,
which reduces the yield, (5) a sizeable area in coastal districts is salinity affected, (6) canal
irrigated lands are gradually becoming unsuitable for pulse cultivation, (7) rain at maturity for
kharif, the cold Climate during winter sowing and heat stress at reproductive stage of summer
crops cause low productivity, (8) stray cattle menace restricts the horizontal expansion. The
technological constraints include (1) lack of varieties resistant to various biotic and abiotic
stresses in general such as YMV and cold, (2) non-availability of suitable varieties with better
yield advantage and desirable characteristics suitable for varied agro-climatic conditions and
multiple adversities, (3) lack of varieties responsive to high impacts, e.g., irrigation, fertilizers,
etc., (4) most of the improved varieties are lacking preferred consumption quality as compared
to the local varieties, (5) lack of commercial exploitation of hybrid vigour, (6) non-adoption of
improved production technology because of more instability and poor crop performance under
adverse condition. The service-related constraints are (1) a wide gap between the requirement
of certified/ quality seeds and their distribution and low SRR, (2) no or very less use of
Rhizobium inoculants because of no visible yield advantage, (3) poor storability and lack of
storage facility leading to post-harvest losses to the extent of 23-30% (OUAT, 2016). Efficient
utilization of fallow lands has the potential to enhance productivity and sustainability in the
region. Soil characteristics indicate that short-duration pulses, such as Black gram, can be
successfully cultivated in rice-fallows with supplementary lifesaving irrigation. This will
increase cropping intensity, thereby improving system productivity and profitability, which
will boost farm income and ensure food and nutritional security for all. The primary objective
of this study is to improve the socioeconomic conditions of farmers through effective rice-
fallow management with Black gram, utilizing the climate-resilient local variety (Kadua Biri)
from Dhamnagar block of Bhadrak district of Odisha.

Methodology

Fatepur is selected as KVK adopted village under NICRA, situated at Dhamnagar block of
Bhadrak district. The village is frequently affected by flood resulting in complete damage of
main crop rice in Kharif. During August 2023, 80% of rice crop damaged by unfortunate flood.
To meet this damage a contingent crop plan has been made for rice fallow management. Under
the rice fallow management plan, a cluster demonstration on pulses (black gram) has been
conducted in 40ha area involving 100 farmers and farm women. For the demonstration
programme local variety of black gram (Kadua Biri) seeds have been used. The main objective
of the study is to increase the socioeconomic condition of farmers through rice fallow
management. The seeds have been treated with Rhizobium culture and broadcasted in residual
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soil moisture. Soil test-based fertilizer and need based plant protection measures has been
taken.

Results

The yield and economic parameters have been studied. The yield gap was observed due to
climate resilient black gram variety (Kadua biri), seed treatment with Rhizobium culture,
integrated nutrient and pest management practices. In farmer practice they used to cultivate
black gram without any scientific management practices. By this practice farmers got an
average yield of 6.28q/ha. With an average investment of Rs. 10,160.00/ha farmers got an
average net return of Rs. 33,800.00 per ha which have been proved as a successful climate
resilient intervention under NICRA.

Conclusion

Rice—fallows offer a great opportunity to maximize area of pulses with adoption of improved
agro-techniques. Soil-moisture conservation and mitigation of abiotic stresses are two major
strategies required for successful trapping of rice—fallows. for better use and understanding,
intensive research is needed to understand the rice—fallows ecology for strategic crop
management. Location-specific, extra early duration, drought-tolerant varieties of pulses are
vital. BY using this rice fallow management with black gram adopting scientific method of
technology farmer got an average yield of 6.28q/ha (28.16% higher than farmers practice).
Farmers have given positive feedback and hopeful for area expansion using this technology in
subsequent years.

References

Agriculture strategy of Bhadrak., 2023-24 (CDAO, Bhadrak), Department of Agriculture and
Farmers’ Empowerment, Government of Odisha.

Gumma, M.K., Thenkabail, P.S., Teluguntla, P., Rao, M.N. and Mahammed, [.A. 2016a.
[Mapping rice- fallow cropland areas for short-season grain legumes intensification in
South Asia using MODIS 250 m time-series data]. Int. J. Digit. Earth, 9(10): 981-1003.

Kumar, R., Mishra, J.S., Upadhyay, P.K., Hans, H.2019 [Rice fallows in the eastern India:
Problems and prospects]. Indian Journal of Agricultural Sciences 89 (4): 567-77.

Mohapatra, B.K.,Veettil, P.C.,Kumar, A.,Kumar, V.,2022[Rice-fallow Management in Eastern
India: Challenges and Opportunities for Enhancing System Productivity and
Profitability] Economic Affairs, Vol. 67, No. 05, pp. 859-867.

OUAT. 2016. OUAT strategies for pulse production in rice-fallows of Odisha. Bhubaneswar:
Orissa University of Agriculture and Technology

60 | Pa ge Resource Characterization, Conservation, Management and Governance



International Conference on Rainfed Agriculture: Building Pathways for Resilience & § e

Sustainable Livelihoods during 29-31, January 2025 at ICAR-CRIDA, Hyderabad %

st

b}
L=
—,
oA

A
’o,,‘

UID: 1337

Assessment of Land Suitability for Selected Horticultural Crops in
Kuruvanaka-1 Micro-Watershed, Arsikere Taluk, Hassan District,
Karnataka by Using Geospatial Techniques

Vasanthi B. G.,! Sathish, A.,> Nithin, G. P.2, Vanitha, T., Jahnavi Katti and Manjunath,
M. H3.
" AICRP of Dryland Agriculture, UAS, Bangalore, Karnataka
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7 Department of Agro-meteorology, UAS, Bangalore, Karnataka
vasubgkvk@gmail.com

Land evaluation is concerned with the assessment of land performance when used for specific
purposes. It involves the execution and interpretation of basic surveys of climate, soils,
vegetation and other aspects in terms of the requirements for alternative forms of land use. The
main purpose of land use planning is to guide decisions on land use towards efficiency and
sustainability that is utilizing environmental resources to the maximum while conserving those
resources for the future. A detailed land suitability assessment was carried out for five selected
horticultural crops, viz. Coconut (Cocosnucifera), Mango (Magniferaindica), Arecanut (Areca
catechu), Guava (Psidiumguajava) and Sapota(Manilkarazapota) in Kuruvanka-lmicro-
watershed of Arasikere taluk, Hassan District. The study identified 14 soil series and 20
mapping units based on soil morphological, physical and chemical properties. Out of the total
geographical area of 804 ha, 169.7 ha (21.1 %) were occupied by hill, rock out, habitation
(settlements) and water bodies. By the land resource inventory it was clear that the area had
considerable variation with respect to soil texture, topography and depth. The majority of the
area (369.6 ha) was highly suitable, 111.6 ha moderately suitable with topography and depth
limitations, 123.3 ha marginally suitable with depth and texture limitations and 29.8 ha was not
suitable for coconut, arecanut, guava and sapota crops. For mango crop, majority of the area
(248.0 ha) was highly suitable, 186.8 ha moderately suitable with topography and depth
limitations, 99.1 ha marginally suitable with depth and texture limitations and 100.4 ha was not
suitable in Kuruvanka-1 micro-watershed area. Thus, the data on land suitability showed that
with some corrective measures to texture, depth and topography for these horticultural crop
selections may be decided for higher production and productivity.
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Effect of Raising Bund Height in Rice Field on Yield, Economics and
Water Productivity of rice

Deokaran!, Ramkewal', Ujjwal Kumar?, A. Upadhyay?, Mandhata Singh, Amrendra
Kumar3, Anjani Kumar3, Hari Govid' and Mukesh Kumar!
2 ICAR Krishi Vigyan Kendra, lalganj Buxar Bihar — 802 103
’ICAR-RCER,Patna
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Rice is both a major staple food for much of the world’s population and the largest consumer
of water in the agricultural sector. The standard system for growing irrigated rice around the
world is to flood paddy fields and maintain standing water on them. This uses a large amount
of water because of high water losses through evaporation, seepage, and percolation (Thakur
et al., 2014). The productivity of rainfed rice ecosystem is quite lower than that of the irrigated
rice ecosystem, which emphasizes that assured irrigation water supply plays a crucial role in
determining rice production. In rainfed rice ecosystem, conservation of rainwater to maximum
extent can reduce the supplemental irrigation water requirement of the crop and drainage need
of the catchment(Mishra et.al 1998). Pre monsoon, monsoon and post monsoon precipitation
during rainy season causes sub surface soil erosion ,nutrient depletion by runoff and sometimes
flood situation and crop damage resulting which reduces production and productivity of soil.
Raising bund height of rice field conserve rain water, reduces the runoff, maintain soil moist
and increase ground water level. Keeping these views a demonstration was conducted in
NICRA adopted villages to enhance the rice productivity and saving the rain water in the field.

Methodology

The field study was conducted under National Innovation on Climate Resilient Agriculture
Project, NICRA-TDC at KVK ,Buxar ,in adopted village-Kukurah ,Suroundha and Bhitihara
at 60 farmers field during 2020 to 2023.The benchmark survey and participatory rural appraisal
(PRA) technique were used for selection of participants and capacity building of farmers wasup
skilled through training and experienced learning on conservation of rain water harvesting in
rice field. The soil was loamy clay andhave deep percolation rate. In selected field Technology
demonstration Component “Raising Bund Height (dimension 60x45x45 cm)have been
demonstrated in 85.2 ha area of rice field at 65 farmers field of village and the rainfall were
stored up to 35 cm height plots, the existing farmers practice was symbolic field bunds
(unshaped, zigzag shape lump sum<30x30x20 cm),the rainfall used to be stored maximum up
to 20 cm. Rice crop variety BPT 5204 was transplanted in line 20 x 10 cm. The metrological
data like rainfall, Wind speed, soil temperature and Temperature were recorded from Small
weather station of Village Kukurha. The yield, economics and water productivity related

parameter were taken in crop season.
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Results

The results of 3 years of experimental study showed that raising bund height of rice field save
the more rain water, moist the rice field during the crop growth period and enhanced the rice
yield. Rice plots with bund height were store 87% rain water in the field whereas 29% in farmer
practice of the total precipitation. An exponential relationship has been observed between the
rainfall excess values (as percentage of rainfall) and weir heights. Conservation of rainwater in
rice fields with weir heights created significant impact on grain yield differences (Tapsoba et
al., 2018). The yield of the rice crop was recorded 49.40 g/ha which was 11.76% higher over
farmer practice (4420 g/ha).The economics of demonstrated plot reveals net return of Rs 53780
per ha and benefit cost ratio is 2.64.The area brought under Rabi season was from 19.1 to 59.6
ha in rabi 2020-21, 25.30 to 67.6 ha in 2022-23 and 27.65 to 120.1 ha in 2022-23 by using
residual moisture. The rain water productivity of demonstration field was recorded 1.37 kg/m3.
Keeping in view the aspects of conserving rainwater, sediment and nutrient and minimizing
irrigation requirement, 30—45 cm of bund height is considered to be suitable for rice fields.

Conclusions

On the basis of three year of study raising bund height with the dimension of (dimension
60x45x45 cm) found effective for conservation of rain water, maintain the field moist, reduced
the irrigation requirement of crop, improving the rice production, reduced the cost of irrigation,
increased economic returns and provide the residual moisture for rabi season crops.
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Enhancing Agricultural Resilience with Raised Bed Technology in Cotton:
Insights from Adilabad District, Telangana

Y. Praveen Kumar
KVK, Adilabad, Telangana

Cotton is the main crop cultivating about three-fourth cropped area of Adilabad district of
Telangana. The district received 1574.7 mm, 1635.03 mm, and 1383.81 mm of rainfall annually
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in 2021-2022; 2022-2023; and 2023-2024, respectively. Farmers using traditional flatbed
methods to cultivate cotton crop, but excessive rainfall in July and August months causes water
logging, runoff and an increased the incidence of insect pests and diseases. Flat bed cultivated
cotton was yielded lower than cotton planted on raised beds (Boquet, 2005). The planting
method is crucial for cotton growth and yield, as it ensures optimal crop stand establishment
and balances plant competition for light and water leading to maximum yield (Ali et al., 2012)

The climate-smart resilience technology of raised bed cultivation in cotton has become a game-
changing technique that greatly improves crop quality and productivity. By directing water
straight to the root zone, these elevated beds improve water retention and lessen surface runoff.
The plants gain from a steadier supply of moisture. In areas like Adilabad, where rainfall
patterns are frequently unpredictable and excessive during specific months, causing problems
like waterlogging and nutrient leaching, hence this method is very useful for getting better
growth and yield. Raised bed cultivation yields higher than conventional flat sowing and offers
benefits such as water savings, runoff and waterlogging (Sahu et al., 2024).

Methodology

Under NICRA Krishi Vigyan Kendra (KVK) Adilabad has conducted demonstrations in three
NICRA villages like Palsi K, Sakinapur, and Lachampur since 2021. The raised bed method of
cotton cultivation was widely disseminated across the district and state through print and
electronic media to create awareness. Recognizing its potential benefits, the technology was
introduced in farmers' fields with varying land configurations in the district during the period
from 2017-18 to 2021-22 at the instructional farm. From 2021 to 2024 demonstrations were
conducted across the villages of Palsi K, Sakinapur, and Lachampur in the Talamadugu mandal
of Adilabad district.

Tractor mounted bed maker was used for preparation of raised beds in the farmer’s field.
Currently two types of bed makers are available with two tyne and three tyne. This bed maker
enables us to make beds with a height of 30 to 45 cm, a furrow width of 30 cm, and configurable
adjustable bed distance of 90, 120, 150, and 180 cm, based on the crop and the type of soil.
Using a tractor-mounted bed maker, laying beds on an acre of land generally takes 45 to 60

minutes.
Results

The area covered under raised bed cultivation in cotton increased from 4 ha. in 2021-2022 to
27.2 ha. in 2023-2024. The raised bed system in cotton under NICRA resulted in a yield of
21.5 g/ha, a cost of cultivation of Rs. 53,500, and net returns of Rs. 90,410. In Non-NICRA,
the yield was 16.75 g/ha, the cost of cultivation was Rs. 49,750, and net returns were Rs.
67,835.
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Details of demonstrations

Total area under

Year Total number of demonstrations .
demonstrations (ha)
2021-22 10 4
2022-23 25 10
2023-24 33 13.2
Total 68 27.2
Outcome
Raised bed technology Flat bed cultivation
Yield Cost of Net Returns Yield Cost of Net Returns
(gq/ha) Cultivation (Rs.) (Rs.) (q/ha) Cultivation (Rs.) (Rs.)
21.5 53500 90410 16.75 49750 67835

The raised bed system under NICRA increased yield by 28.4% and net returns by 33.3%
compared to Non-NICRA. The slightly higher cost of cultivation in NICRA was offset by better
water management, root aeration, and overall plant health associated with the raised bed
system. This technology appears to be particularly beneficial in regions where water
management is a critical factor for cotton cultivation. The higher cotton yields on raised bed
cultivation may be attributed to increased root length, radius, dry weight, enhancing nutrient
and moisture uptake. This improved root system supports better plant growth and development.
Consequently, more photosynthates are synthesized and efficiently translocated to the sink,
boosting yield.

Conclusion

The raised bed system proves to be a highly effective climate smart technology for improving
cotton yield and profitability under rainfed situations. This technology promotion can enhance
agricultural resilience and farmer income.
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Climate Change Impacts on Water Footprints of Rainfed Crops in Semi-
Arid Watershed of Lower Krishna Basin

Konda Sreenivas Reddy

ICAR-CRIDA, Santhoshnagar, Hyderabad, Telangana — 500 059
ks.reddy@icar.gov.in
Natural resources, particularly water and food supply, are at tremendous pressure due to global
population rise and dynamic changes in the consumption pattern of society, and India, which
is projected to be the world’s most populated country by 2027, will be one of the most impacted
countries [1]. This will have a direct impact on water and land resource availability vis-a-vis
agriculture. It is predicted that severe water scarcity is affecting one billion population in India
at least for one month of the year which stresses the need for efficient water resource
development and management [2]. Rainfed (green water) farming systems in Semi-Arid
Tropical (SAT) regions provide diverse food supplies from 51% of net sown area (139.4 mha)
in India [3]. SAT regions contribute 60% of nutritive food grains, although is suffering with 20
to 35% undernourished population [4]. As per IPCC report (ARS), the climate change impacts
would lead to global warming by increased temperature from 2 to 5 °C by the end of the century
with increased extreme weather events [S]. Indian agriculture is also affected by changes in the
rainfall pattern, high intense rainfall, floods, and droughts contributing to the overall reduction
in the crop productivity, soil quality, and accelerated land degradation due to erosion,
availability of both blue and green water, etc., in the SAT regions. SAT regions contribute 60%
of nutritive food grains. Water Footprint (WF) assessment for rainfed crops on watershed scale
is critical for water resource planning, development, efficient crop planning and better water
use efficiency.

Methodology

The present study was conducted in a watershed consisting of 8 tribal villages of Padara
Mandal, Nagarkurnool district of Telangana state (Fig 1). The area lies between 1627’ N

and 79°1" E. The watershed has its automatic weather station in Padara Mandal. The
watershed having an area of 4700 ha was delineated into several sub watersheds with different
land use, soil characteristics and slopes. According to the 20 years observation data, the
average annual rainfall in the watershed is 734 mm, of which the average south west
seasonal rainfall accounts for 86%. Two-thirds of the rainfall occurs during the period of July
to October. Agriculture in the watershed mainly consists of seasonal rainfed crops like maize,
cotton, redgram, groundnut, and sorghum. The watershed has a rolling topography having
slopes from 1-11% on average.

66 | Pa ge Resource Characterization, Conservation, Management and Governance



;‘ ¥ ug:“"

3

International Conference on Rainfed Agriculture: Building Pathways for Resilience &

Sustainable Livelihoods during 29-31, January 2025 at ICAR-CRIDA, Hyderabad %, I O
& T{FEI'U'E |D=U"‘9"E W=‘]"9'E i = TTUYE BUVE WHVE WHE SNTE 2YVE =
7, z E, A A A A A e
E £ /i?—: Telangana State NTe

//
© g z
£ 3
x =
£ 3 & 8
£ B

" " = z
& Le
& k
£ £ & E
£ B £ &
B R g B watershen | =
= l:l Telangana =
z4 180 Mifes 2
£ = floa| )

,S_ F: .'b' FI'E 1=DI“}"E "!=OI'I] E Sﬂ‘bl‘]'E 1oy E’&'E
l:l Telangana u yi -Il'ﬂ'E ¥ 75"!?!1 - TFSlG‘D‘Z ] "5:5.."0 E ; ?!=5ls'n"£ : TI=§l9'ﬂ'E 3 T‘Fﬂl".‘ E i EN'E

o e =8 1100 Hies.

l:l i [ T i Watershed N L

162307 H

T T T
WHAVE WE WHYE

120N e 2R

&  Cutiet

— Sireams - — i

- \Walershed 0 4 Miies
(S (|| LN |

P TR YT R (TR YT T et T SRS P OO e sl P |

TSSVE TEIE TENENE HUTIE BUEPE ISY0E WOUE  IVE

0PI
LG IZ0N I EEON eI DN AP RN 16E2H TN

Fig 1. Location map of the watershed
Results

The green WF under rainfed condition over different RCPs and time periods had decreasing
trend for all crops (Fig 2). The study suggested that in the rainfed agro-ecosystems, the blue
WF can significantly reduce the total WF by enhancing the productivity through critical
irrigation management using on farm water resources developed through rainwater harvesting
structures. The maximum significant reduction 13—16% under rainfed, 30-32% with 30 mm
CI and 40-42% in WF over the base period was bserved with 50 mm CI by 2080. Development
of crop varieties particularly in oilseeds and pulses which have less WF and higher yields for
unit of water consumed could be a solution for improving overall WF in the watersheds of SAT

regions.
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Fig 2. Water Footprint (m3/t) of rainfed crops with critical irrigation and different
RCPs with time periods (a) Green WF (b) Blue WF CI: 30 mm (c) Blue WF CI: 50 mm
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Conclusion

Water footprint assessment on watershed basis is required to select the most efficient cropping
system per unit of water consumed, which ultimately results in not only con- serving water
but also economic benefits to the farmers through proper water resource development and
use management, particularly in SAT regions. The analysis of water footprints for rainfed
crops on a watershed basis indicated that the lowest water footprint was observed in maize
under the 50 mm CI strategy followed by groundnut, sorghum, redgram, and cotton. The
strategy of 50 mm CI during two critical stages of the crops resulted in maximum reduction
in the blue WF which is 6.6-37%, 12-40%, and 18-44% for RCP 2.6, 4.5, and 8.5,
respectively among the selected crops. In the rainfed system with a green water footprint
also resulted in the reduction of green water footprint across the RCP and the time period of
2020 to 2080 which is less than blue water footprint of the crops. It would help to bring a
policy framework from governments to effectively use water and develop water-efficient
crop plans for enhancing productivity in rainfed SAT regions.
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Soil Suitability Assessment for Sustainable Production of Cereals in
Ganjigatti Sub-Watershed

Manikyala Bhargava Narasimha Yadav, and P. L. Patil

University of Agricultural Sciences, Dharwad, Karnataka — 580 005
bhargavnarasimha444@gmail.com
To evaluate the potential and limitations of a specific land parcel for agricultural uses, a
scientific method of land evaluation is necessary. In developed nations, intensive agriculture
has been associated with issues like declining soil fertility, stagnant yield levels, and
uncontrolled soil erosion, whereas in developing nations, intensive agriculture is linked to
issues like overuse of natural resources and a lack of inputs like chemical fertilizers. In this
context, there is a more emphasis on the land evaluation for better land use options. The
sustainability of agriculture is maintained via efficient land usage. According to FAO (1976),
evaluating a land involves "the process of assessment of land performance when used for
specified purposes.” It entails carrying out and interpreting surveys and studies on landform,
soils, vegetation, climate, and other relevant land factors for a comparison between prospective
land use and/or specific land use. The potential of the integrated approach to using GIS and RS
data for quantitative land evaluation has been demonstrated earlier by several researchers. This
research was conducted to show how remote sensing (RS) and geographic information system
(GIS) data may be used together to evaluate soil-site suitability for the most common cereal
crops farmed in the Ganjigatti sub-watershed of Karnataka, viz., rice, wheat, maize, sorghum
and pearlmillet.

Methodology

The study was conducted in 2021-2022, in the Ganjigatti sub-watershed (5B1A4F) of Dharwad
district in Karnataka, situated between 15° 10" 10.114" to 15° 17’ 1.147" N latitudes and 75° 0’
57.672" to 75° 4' 50.525" E longitudes, with the highest elevation of 610 m above mean sea
level. The total geographical area of the watershed is about 4323.84 ha. The annual temperature
ranges from 24.68 to 26.67 °C. The average rainfall in the watershed was 917.00 mm. The
length of growing period (LGP) for crops is 150 days. After preliminary traversing of the entire
watershed using a 1:7,920 scale base map and satellite imagery, based on geology, drainage
pattern, surface features, slope characteristics, land use, landforms and physiographic
divisions, twenty-seven (27) soil profiles were selected and studied and their morphometric
characteristics were recorded. Physical and chemical properties were estimated using standard
procedures. A detailed soil resource inventory of the Ganjigatti sub-watershed was carried out
and 21 series mapped into sixty-one (61) mapping units based on surface soil properties. Their
suitability was assessed using the limitation method regarding the number and intensity of
limitations (Naidu et al., 2006). This evaluation procedure consists of three phases.
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Result

Rice is primarily a tropical and subtropical crop. It is grown in a wide variety of climate-soil-
hydrological regimes. Based on the criteria and degree of limitation, the soil-site suitability of
soil mapping units for rice has been worked out. The overall suitability class for rice showed
that 26.35, 56.43 and 9% of TGA, were moderately, marginally suitable and currently not
suitable respectively, due to having moderate to very severe limitations of climate, soil physical
properties and land form characteristics. The suitability of soil phases of Ganjigatti sub-
watershed for growing wheat indicated that all the mapping units were categorized into
moderately, marginally suitable and currently not suitable, having moderate to very severe
limitations of climate, soil physical properties and land form characteristics. The areas of
moderately (S2), marginally (S3) and currently not suitable class (N) for wheat were 2324
(53.75% of TGA), 1429 (33.05% of TGA) and 215 ha (4.97% of TGA), respectively. The
suitability of soil phases for growing maize indicated that all the mapping units were highly
suitable to currently not suitable (N), having none to slight, moderate, severe and very severe
limitations of soil drainage, soil physical properties and limitations of land form characteristics.
Areas of highly (S1), moderately (S2), marginally (S3) and currently not suitable (N) classes
for maize were 254 (5.88% of TGA), 2071 (47.85% of TGA), 1429 (33.04% of TGA) and 215
ha (4.97% of TGA), respectively. The suitability of soil phases in the Ganjigatti sub-watershed
for growing sorghum indicated that all the mapping units were with moderately, marginally
suitable and currently not suitable category, having moderate to very severe limitations of
climate, soil physical properties and land form characteristics. The areas of moderately (S2),
marginally (S3) and currently not suitable classes (N) for sorghum were 2394 (55.34% of
TGA), 1048 (24.23% of TGA) and 528 ha (12.20% of TGA), respectively. The suitability of
soil phases for growing pearlmillet indicated that all the mapping units were moderately,
marginally suitable and currently not suitable, having moderate to very severe limitations of
climate, soil physical properties and land form characteristics. The areas of moderately (S2),
marginally (S3) and currently not suitable (N) classes for pearlmillet were 1093 (25.27% of
TGA), 2661 (61.53% of TGA) and 215 ha (4.97% of TGA), respectively.
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Conservation and Carbon Emission Reductions with Future Prospects for
Carbon Credits: Interventions in NICRA Villages of Siwan District, Bihar

Jitendra Prasad, Krishna Bahadur Chhetri, Kanhaiya Lal Regar and Sarita Kumari
Krishi Vigyan Kendra (Dr RPCAU) Bhagwanpur Hat, Siwan, Bihar
head.kvk.siwan@rpcau.ac.in
The research highlights significant advancements in conservation, and carbon emission
reductions achieved in NICRA villages from 2022 to the present. Various interventions have
been implemented to enhance resource efficiency, promote sustainable agriculture, and
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mitigate climate change impacts. Adoption of resilient technologies, such as zero tillage for
wheat and direct-seeded rice (DSR), has led to substantial reductions in carbon emissions by
minimizing fuel consumption, water usage, and chemical inputs. Demonstrations of flood-
tolerant crop varieties like Swarna Sub-1 and DBW 187, along with moisture conservation
techniques, have improved productivity while lowering emissions. Livestock management
practices, including the use of mineral mixtures and improved shelters, have reduced methane
emissions and enhanced manure management, thereby contributing to carbon footprint
reductions. The transition to clean energy sources, such as LPG, in over 90% of households
and decreased dependence on fuelwood in NICRA villages further highlight successful
emission reduction efforts. Conservation initiatives like organic manuring, residue recycling,
and water harvesting structures have improved soil carbon sequestration while enhancing crop
yields and economic returns. The results demonstrate that integrating climate-resilient
technologies yields dual benefits mitigating carbon emissions and improving farmers'
livelihoods. Future efforts to link these interventions with carbon credit mechanisms will
further enhance their impact. Continued efforts in scaling these interventions across NICRA
villages are crucial to addressing climate change while ensuring sustainable agricultural
growth.
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Influence of Weather Parameters on Pod Yield of Groundnut in Scarce
Rainfall Zone of Andhra Pradesh

G. Narayana Swamy, S. N. Malleswari Sadhineni, K. Ashok Kumar, K. V. S. Sudheer,
G. D. Umadevi, A. V. M. Subba Rao and S. K. Bal

AICRP on Agrometeorology, Agricultural Research Station, Ananthapuramu
Acharya NG Ranga Agricultural University, Andhra Pradesh
Crop growth and yield are influenced by multiple factors, including management practices,
cultivar selection, and environmental conditions under changing climate scenario. Among the
climatic parameters, solar radiation, temperature, humidity, and rainfall are critical in
determining crop performance. Oilseed crops like groundnut are particularly sensitive to
changes in climatic factors such as radiation and temperature (Prathima et al., 2022). The
interaction between genotype and environmental conditions directly affects seed maturity and
overall crop performance as weather variations influence the duration of growth phases. A
decline in minimum temperatures, especially with delayed sowing, can slow pod formation,
while high temperatures may impair crop physiology by promoting partial stomatal closure,
limiting photosynthesis. The time of sowing plays a crucial role in aligning crop phenology
with favorable weather conditions. Patel et al. (2013) reported that groundnut yields may
decline by 19-31% when sown at the onset of monsoon and by 21-38% if delayed by 15 days.
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In the context of climate change, this study was undertaken to analyze the effect of weather
variables on yield of groundnut in the Scarce Rainfall Zone of Andhra Pradesh.

Methodology

A field experiment was conducted from 2016 to 2023 at the Agricultural Research Station
(ARS), Ananthapuramu, to study the crop-weather relationship of groundnut in the Scarce
Rainfall Zone of Andhra Pradesh. The experiment was arranged in a split-plot design with three
replications. The main treatments consisted of three sowing dates: the first fortnight of July,
the second fortnight of July, and the first fortnight of August. Sub-treatments included four
groundnut varieties. The plot size was 5.4 m x 4 m, with plants spaced 30 cm apart between
rows and 10 cm within rows. A uniform fertilizer dose of 20:40:50 kg/ha of N, P20s, and K>O
was applied at sowing, and all other crop management practices were consistently followed
across treatments. Both biotic and abiotic factors were effectively managed throughout the crop
growth period to ensure unbiased results. Weather data were collected from the Class B
meteorological observatory located at ARS, Ananthapuramu. Statistical analysis, including
correlation coefficients, was used to determine relationships between weather parameters and
dry matter production.

Results

Pod yield of groundnut

The data pertaining to pod yield of groundnut for different dates of sowing and varieties are
presented in Table 1. The results revealed that sowing of groundnut at 2" fortnight of July (D2)
produced higher pod yield in almost all years except 2021, 2022 & 2023. On an average, 2™
fortnight of July (D2) produced pod yield of 1152 kg ha'! and it was on par with 1% fortnight
of July (D1) (1136 kg ha'!). Lower yield was recorded with 1% fortnight (FN) August (D3)
(744 kg ha'). Thus, 34% higher yield was recorded in D1 & D2 treatment as compared with
D3. The higher yield at optimum sowing time made maximum utilization of rainfall, whereas
late sown crop yielded lesser due to dry weather conditions for considerable period after
cessation of monsoon rains in middle of September. Among the cultivars, on an average, all
varieties performed better. Groundnut is a tropical crop and requires long warm growing
season. The favourable climate for rainfed groundnut is well-distributed rainfall of at least 500
mm during crop-growing season, and abundant sunshine and relatively warm temperature.
Temperature in the range of 25 to 30°C is optimum for plant development (Prathima et al,
2022).

The correlation coefficients between weather variables and dry matter production during pod
development phase indicated that rainfall, relative humidity morning and afternoon have
positive correlation with dry matter production. The temperature maximum and evaporation
prevailed during this corresponding phase showed negative correlation with dry matter
production.
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Fig 1. Weather parameters during the crop growth stages at ARS, Anantapuramu (2016-

2023)
Table 1. Pod yield (kg ha™') of groundnut as affected by dates of sowing and varieties
Treatments Pod yield (kg/ha)
2016 2017 2018 2019 2020 2021 2022 2023 Pooled

Dates of sowing

D1 —TFN July 566 2200 233 1432 584 1025 1703 1350 1136
D2 — T FN July 728 2528 231 1997 643 987 1581 525 1152
D3 — T FN August 376 1726 194 1740 272 787 633 227 744
Sem (£) 19.7 67.6 246 683 263 243 678 253 21.9
CD (5%) 793 2726 NS 2576 106.1 982 2735 105.1 88.5
Varieties

K6 598 1987 202 1537 497 969 1042 692 940
KH 507 2373 249 1809 515 943 1166 459 1003
Dharani 546 2156 188 1872 569 1009 1150 801 1036
Kadiri Anantha 576 2091 237 1674 417 812 1863 850 1065
Sem (%) 18.8 70.3 164 91.1 420 29.1 1148 207 20.3
CD (5%) 564 2105 NS NS NS 87.1 3437 620 60.7

Relationship of dry matter production and weather parameters

Table 2. Correlation coefficients between weather parameters and dry matter production
of groundnut during different phenophases.

o . Pod
Sowing — Emergence- >0 A). Pegging initiation
Weather parameters/Phenophase 50% Flowering - Pod
Emergence Flowering - Pegging initiation .
Maturity
Rainfall (mm) -0.600** 0.307 0.023 -0.552%  0.545%
T max (°C) 0.325 -0.305 -0.420 -0.078  -0.498*
T min (°C) 0.224 -0.173 -0.264 -0.003 0.246
RH1(%) -0.509* 0.229 0.443%* 0.402 0.733%*
RH2 (%) -0.566* 0.382 0.353 0.240 0.577*
WS (kmph) -0.054 -0.178 -0.206 -0.124 -0.490
SS (hr) 0.103 -0.387 -0.007 -0.247 -0.235
EVP (mm) 0.254 -0.463* -0.377 -0.071 -0.560*
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Conclusion

It can be concluded that the recommended optimum time sowing for scarce rainfall zone of
Anantapuramu i.e., 1%t fortnight (FN) of July to 2" FN of July still holds good even during the

erratic rainfall situation as experienced during kharif 2016 to 2023.
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An extreme weather event is defined as ‘an event that is rare at a particular place and time of
year’ (IPCC, 2021). Global warming, the driver of climate change, theoretically increases the
convection energy, which is likely to increase the rainfall extremes. The occurrence of these
weather aberrations inflicts huge damage to crops, livestock, humans & properties (Bal and
Minhas, 2017). Odisha state, which lies on the east coast of the Indian peninsula, is one of the
most disaster-prone states in India with frequent occurrences of natural disasters like droughts,
floods, cyclones, dry spells, heat waves, and other climate extremes occurring alone or in
combination in the same year. The documentation of extreme weather events will be a vital
data source for understanding present and future climate risks. The East & South Eastern
Coastal Plain Zone covers seven districts of the state namely Cuttack, Ganjam, Jagatsinghpur,
Kendrapara, Khordha, Nayagarh and Puri. Considering the vulnerability of the zone to climate
change, natural calamities and livelihood security of people dependent on agriculture, this
study was made to document the occurrence of extreme rainfall events, their frequencies and
trend in the region.
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Methodology

The analyses was done using daily observed rainfall data from 81 stations (located at the block
headquarters) spread across seven districts for 32 years (1991-2022) obtained from the SRC,
Govt. of Odisha. The IMD classification of 24-hour accumulated rainfall viz. Heavy Rain: 64.5
to 115.5 mm, Very-Heavy Rain: 115.6 to 204.4 mm, and Extremely Heavy-Rain: >204.4 mm,
were used for analysis of extreme rainfall in the present study. The block-wise number of very
heavy and extremely heavy rainfall events, i.e. rainfall greater than 115.5 mm were calculated
for annual, monsoon (June to September), and non-monsoon (January to May & October to
December) months. District average was obtained by dividing the total number of events by
the number of blocks for the respective district (Table). The non-parametric Mann-Kendall test
(Kendall, M.G., 1948 & Mann, H.B., 1945) was used to detect the trends of rainfall extremes.

Results

The annual incidence of the average number of events was maximum in Puri (50.7) followed
by Kendrapara district (44.0). Ganjam district received the minimum number of events (20.1)
followed by Nayagarh (25.0). Events were maximum in 1991-2000 (1st decade) in the zone
and then decreased. The monsoon period analysis revealed that Puri district experienced the
maximum number of events (37.4) followed by Jagatsinghpur (30.1) and minimum rainfall
events occurred in Ganjam (8.0) followed by Nayagarh (17.8). Decade-wise analysis for
monsoon months revealed that the zone received maximum events during the 2001-2010
period. During non-monsoon months, the events were maximum in Kendrapara (14.4) followed
by other coastal districts namely Puri (13.4), Ganjam (12.2), Jagatsinghpur (12.9), and events
were minimum in Nayagarh (7.3). The recent decadal period (2011-2020) experienced the
maximum extreme rainfall events during non-monsoon months in the zone as compared to the
previous two decades.

Conclusion

This study revealed that Puri district is more vulnerable to the extreme rainfall (> 115.5 mm)
events during annual and monsoon period. However, Kendrapara is more vulnerable during
non-monsoon period. Ganjam district showed a significant increasing trend of Heavy-Rainfall
events during annual and monsoon, whereas Cuttack and Jagatsinghpur showed increasing
trends during non-monsoon period. Kendrapara showed a decreasing trend of Very-Heavy
Rainfall events during monsoon period whereas increasing trend was found in Jagatsinghpur
and Puri during non-monsoon period. A significant decreasing trend in Extremely-Heavy
Rainfall was found only in Puri during monsoon period. These rainfall extremes when occur
during November and 1st fortnight of December coincide with the ripening stage of kharifrice
and cause crop loss. However, the rainfall during October helps rainfed kharif rice at the grain
filling stage and rainfed rabi non-paddy crops for sowing and establishment.
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District-wise extreme rainfall (= 115.5 mm) events (number) during annual, monsoon and
non-monsoon period

SL. - No. of 1391-2000 21301-2010 2&11-2020 1991-2022
No. District Blocks (1* decade) (2" decade) (3" decade) (32 yrs)
Average Total Average Total Average Total Average Total
Annual
1 Cuttack 13 9.5 123 17.0 221 10.8 141 394 512
2 Ganjam 22 6.8 149 43 94 7.9 173 20.1 443
3 Jagatsinghpur 8 154 123 12.3 98 12.0 96 43.0 344
4  Kendrapara 9 17.1 154 13.7 123 10.7 96 44.0 396
5 Khordha 10 8.8 88 9.2 92 8.7 87 28.3 283
6  Nayagarh 8 7.0 56 8.8 70 7.4 59 25.0 200
7  Puri 11 17.2 189 17.2 189 13.8 152 50.7 558
Monsoon
1  Cuttack 13 6.2 81 14.5 189 6.7 87 29.5 383
2 Ganjam 22 2.6 58 2.9 63 2.0 44 8.0 175
3 Jagatsinghpur 8 114 91 9.5 76 7.3 58 30.1 241
4  Kendrapara 9 11.0 99 10.6 95 6.9 62 29.6 266
5  Khordha 10 5.1 51 8.4 84 3.6 36 18.7 187
6  Nayagarh 8 4.0 32 8.4 67 3.5 28 17.8 142
7  Puri 11 12.1 133 15.5 170 7.6 84 37.4 411
Non-Monsoon
1  Cuttack 13 3.2 42 2.5 32 4.2 54 9.9 129
2 Ganjam 22 4.1 91 1.4 31 59 129 12.2 268
3 Jagatsinghpur 8 4.0 32 2.8 22 4.8 38 12.9 103
4  Kendrapara 9 6.1 55 3.1 28 3.8 34 14.4 130
5 Khordha 10 3.7 37 0.8 8 5.1 51 9.6 96
6 Nayagarh 8 3.0 24 0.4 3 3.9 31 7.3 58
7 Puri 11 5.1 56 1.7 19 6.2 68 13.4 147
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gowdauma0@gmail.com

Rainfed agriculture is likely to be more vulnerable in view of its high dependency on monsoon
and the likelihood of increased extreme weather events due to aberrant behaviour of South-
West (SW) monsoon. Climate resilience involves adapting to the changing climate patterns,
reducing vulnerabilities, and ensuring sustainable development. The risk of crop failure and
poor yields always influence farmers’ decision on investing on new technologies and level of
input use. Andhra Pradesh is one of the prominent agricultural States in India facing the
vagaries of climate change effects such as droughts and dry spells in Rayalaseema region. The
choice of the crops and cropping systems for an agro-ecosystem could further be narrowed
down by matching crop requirements with prevailing location specific climatic and soil
information. The analysis of long-term climatic data on drought vulnerable mandals serve as a
good guide to select climate resilient crops and cropping systems.

Methodology

A study has been conducted to assess the drought vulnerable mandals in different districts of
Andhra Pradesh based on the data collected from Directorate of Economics and Statistics
(https://des.ap.gov.in), Andhra Pradesh from 1996 to 2023. Based on Normal rainfall data of
different districts (Ananthapuramu, Sri Sathya Sai, Kurnool, Nandyala, YSR Kadapa,
Annamayya, Chittoor, Tirupati and SPSR Nellore) of Andhra Pradesh, the mandals are divided
in to rainfall of less than 500 mm, 500 — 750 mm, 750 to 1000 and more than 1000 mm.

Results

The Southern region of Andhra Pradesh, comprising districts such as Ananthapuramu, Sri
Sathya Sai, Kurnool, Nandyala, YSR Kadapa, Annamayya, Chittoor, Tirupati and Prakasam is
vulnerable districts for drought. Among the 335 mandals in these predominantly rainfed
districts, 16 mandals receive less than 500 mm of annual rainfall, 172 mandals receive rainfall
between 500 and 750 mm, 106 mandals receive between 750 and 1000 mm, and 41 mandals
received over 1000 mm (Table 1).

The major crops grown are Groundnut, Redgram, Castor, Cotton and Chickpea in these areas.
As a general rule, rainfed crops are sown early with the onset of monsoon to realize higher
yields. Beyond the sowing window, choice of alternate crops or cultivars depends on the
farming situation, soil, rainfall and cropping pattern in the location and extent of delay in the
onset of monsoon (Sahadeva Reddy er al., 2021). For example, pulses and oilseeds are
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preferred over cereals with respect to water requirement and for delayed kharif sowing.
Clusterbean and horsegram are better choice for low rainfall areas as compared to other kharif
season pulses. For cultivation on conserved soil moisture during rabi season, chickpea and
safflower are preferred. Similarly, among oilseeds, groundnut, castor, sesame and niger
perform well under rainfed conditions during kharif season. Among the kharif cereals, coarse
cereals (millets, ragi and sorghum) are better choice over maize and rice. Among the millets,
setaria is most suited for late sown condition without any serious effect on productivity. A good
intercropping system gives optimum productivity and higher LER in normal/good season,
while brings reasonable yield for either of the crop in poor seasons as an insurance against
weather aberrations. In general, intercropping with additive series was found better than
replacement series under most of drought situations. However, intercropping systems were
more favourable in kharif than rabi season in Indian rainfed regions. Traditionally, double
cropping including relay cropping is practiced in rainfed regions with sufficient rains (usually
>750 mm) and good soil moisture holding capacity (>150 mm). However, some more areas
could bring under double cropping through use of available dryland technologies viz. rainwater
management, choices of crops, short duration varieties and agronomic practices. Out of the two
crops, one could be short durations (usually legumes) and another, medium duration (usually
cereals) for optimum use of available growing season (Ravindra Chary et al., 2020).

Table 1: Drought Vulnerability of mandals based on normal rainfall

Average
District rainfall <500 500-750 750-1000 >1000 Total

(mm)
Srisatyasai 596 3 29 -- - 32
Ananthapuramu 525 11 20 -- -- 31
Kurnool 627 25 - -- 25
Nandyal 747 18 11 -- 29
Prakasam 781 1 16 19 2 38
Bapatla 928 - 2 15 8 25
Palnadu 805 - 9 18 1 28
Chittoor 856 0 4 22 4 30
Tirupati 1044 0 2 7 24 33
YSR Kadapa 659 1 29 3 1 34
Annamayya 727 0 18 11 1 30
Total 16 172 106 41 335
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Conclusion

The adoption of drought management and climate-resilient agricultural technologies in Andhra
Pradesh has shown significant potential to mitigate drought impacts. These practices not only
enhance agricultural productivity and resource use efficiency but also strengthen the
livelihoods of farming communities. Expanding these interventions with government support
and community participation can make Andhra Pradesh's agriculture more resilient to future
climate challenges.
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This study was performed based on actual observation from Agromet observatory, CCS HAU,
Hisar (Latitude: 26° 10°N; Longitude: 75° 46’ E & Altitude: 215 mts) from 2012-13 to 2022-
23. The objective of this works to known the statistical characteristics and frequencies of dry
and wet western disturbance, The state influenced the variable weather conditions which
includes favourable that mean to optimum influenced the growth and development of crops)
and unfavourable, abrupt/abnormal (not favour in the positive influence always damage or
losses ours in field of agriculture) weather as influencing in the state such as Western
disturbance (WD) influenced the from October to May month. Under our state two type of WD
influenced i.e. dry WD (not rainfall happen only cloudy weather, lightning & thundering
associated with moderate westerly wind) and wet WD (associated amount of rainfall, sometime
event associated with hailstorm specially during month of Jan, Feb and first fortnight of
March). Hailstorm, an average was resulted two to three activity noticed in winter season
during study period. Dry periods, its frequent weather event happened during monsoon season
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(South West Monsoon) which were influenced from July to September month in the state. One
of the severe weather event as high temperature (day temperature) in the May & June and low
night temperature or frosting night/frost, cold wave etc. (events occurred during December to
January month). Dew night (November to March) i.e. also act as the micro irrigation in the
pulses crop, foggy weather (moderate in month of November & February, Denser Dec and
January month). Western and Eastern Agroclimatic zone influenced & noticed the smog
events-in last week of October to first fortnight of November (this period was notice as peak
period of Harvesting & threshing of paddy crops in the state). As per the meteorological event
data analyzed. The results reveal that the variation in frequencies occurred as western
disturbance either dry and wet WD was observed among the different month of study period.
Over all resulted the 37 percentage of the wet western disturbance (WWD) and 46 percentage
of dry western disturbance (DWD) analyzed period under which considered the month Oct,
Nov, Dec, Jan, Feb, March, April and May in the state. These months are under actual observed
the events at agromet observatory, CCS HAU Hisar and resulted, it was occurred either dry
and wet western disturbance in the state of Haryana.

UID: 1481

Role of Weather Based Technology for Climate Resilient Crop Production
in Haryana, India

Chander Shekhar Dagar!, Anil Kumar!, and S. K. Bal?

1- CCS Haryana Agricultural University, Hisar, India and
2 - PC Unit-AICRPAM, ICAR-CRIDA, Hyderabad
csdagar@gmail.com
Weather-based technology is crucial in crop production because it enables farmers to optimize
their operations, mitigate risks, and increase efficiency. The weather-based technology in the
form of Agromet Advisories provided to the farmers of Ludas and Arya Nagar villages adopted
under AICRPAM-NICRA project during the year 2021-22 and 2022-23. The village Shahpur
was taken as control where no AAS was provided and the farmers were considered as non-
AAS adopted. A comparison was made between AAS-adopted farmers and non-AAS-adopted
farmers. The AAS bulletins were prepared and disseminated through mobile massages, calls
and personal contacts during both the crop seasons. The feedback was collected from the AAS
as well as non-AAS farmers on the crop condition, agricultural operations undertaken, input
used etc. after each advisory and finally the crop yield outputs. The economic impact
assessment of AAS for cotton crop shows that B:C ratio of AAS adopted farmers were higher
(1.20 and 1.24) as compared to the non-AAS farmers (1.07) during kharif 2021 and similar
impact was observed during kharif 2022. The net return of AAS adopted farmers of Ludas and
Aryanagar is Rs. 16465 ha! and Rs. 21431 ha!, which is Rs. 9408 and Rs. 14374 ha! more
than the Non-AAS farmers, respectively during kharif 2021 and Rs. 17001 ha™! and Rs. 17026
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ha!, respectively, higher over non-adopter farmers during kharif 2022. In case of wheat AAS
farmers received higher net benefit of Rs 9408 ha! and 14374 ha-'during 2021-22 and Rs 18604
ha! and Rs 22742 ha™! during 2022-23 over the Non-AAS farmers, respectively.
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Performance of Climate Resilient Technologies for Resource Conservation
in Wheat Cultivation in Northern Bihar: A Comparative Analysis with
Conventional Practices

Shivam Kumar Singh, Purbasha Priyadarshini Padhi, Sarathi Saha, Vivekananda
Singh, Shreya Anand, Ratnesh Kumar Jha

Centre for Advance Studies on Climate Change, Dr. Rajendra Prasad Central Agricultural
University, Pusa, Bihar

Agriculture in Bihar is predominantly rainfed. So, it faces a host of challenges due to climate
variability, water scarcity, and inefficient resource management. Wheat, a major crop in the
state, is highly sensitive to these climatic fluctuations, impacting its yield and productivity.
With increasing climate stress, there is a growing need for sustainable agricultural practices
that can enhance productivity, conserve natural resources, and improve farmer livelihoods. In
this context, climate-resilient agricultural (CRA) technologies have emerged as promising
solutions. These technologies, including zero tillage, community irrigation, raised bed planting,
and Green Seeker-based nutrient management, are designed to optimize resource use and
increase agricultural resilience. This study evaluates the performance of these CRA
technologies in wheat production across different regions of northern Bihar, comparing them
with conventional farming practices in terms of yield, resource efficiency, and economic
outcomes.

Methodology

The study was carried out in multiple districts of northern Bihar under Climate Resilient
Agriculture (CRA) Programme, where wheat is a major crop. Four CRA interventions were
taken into consideration for the study:

1. Zero Tillage (ZT): No soil tilling before sowing to reduce soil erosion and water
evaporation.

2. Community Irrigation (CI): A collective irrigation management system that
optimizes the distribution and use of water resources.

3. Raised Bed Planting (RBP): Elevated planting beds to improve water drainage and
enhance soil fertility.

4. Green Seeker-based Nutrient Management (GS): Precision agriculture technology
using sensors to optimize the application of fertilizers based on crop needs.

Resource Characterization, Conservation, Management and Governance 81 | Page



%% _ % International Conference on Rainfed Agriculture: Building Pathways for Resilience &
%#m s Sustainable Livelihoods during 29-31, January 2025 at ICAR-CRIDA, Hyderabad

Conventional practices involved traditional tillage, individual farmer-managed irrigation, and
standard fertilization methods. Data on wheat yields were collected from plots under both CRA
and conventional practices across several regions in Bihar. The following parameters were
measured:

1. Wheat Yield (q/ha): Yield data were recorded at harvest from both CRA and
conventional plots.

2. Water Use Efficiency (WUE): Water consumption was compared between CRA and
conventional methods, with water savings calculated.

3. Cost Savings: A detailed comparison of input costs, including labor, seed, water, and
fertilizers.

4. Income Increment: The difference in total income per hectare under CRA versus
conventional practices.

Statistical analyses, including analysis of variance (ANOVA), were conducted to determine the
significance of differences in yield and other parameters between the two sets of practices.

Results

The results indicated that all CRA interventions significantly improved wheat yields in
comparison to conventional practices across the study regions. The average wheat yields under
CRA interventions were 39.74 g/ha for zero tillage, 42.90 g/ha for community irrigation, 42.08
g/ha for raised bed planting, and 41.37 g/ha for Green Seeker-based nutrient management. In
contrast, conventional practices yielded 33.43 g/ha, 34.38 g/ha, 34.53 g/ha, and 35.71 g/ha,
respectively. The yield increases across the CRA interventions ranged from 15.8% to 24.8%,
with an average increase of 20.3%. These results demonstrate that CRA technologies can
substantially enhance wheat productivity in Bihar, where crop yields are often constrained by

climatic and resource limitations.

Regarding water use, CRA interventions resulted in significant water savings. Water use
efficiency increased by 31-39% under CRA technologies compared to conventional practices.
This water conservation is critical for rainfed regions of Bihar, where irrigation resources are
scarce and unevenly distributed. Community irrigation, in particular, proved to be effective in
optimizing water distribution, ensuring that more farmers had access to water for their crops.

In terms of cost efficiency, CRA interventions led to significant cost savings. The reduction in
input costs ranged from 15% to 21%, primarily due to decreased water usage, reduced fertilizer
application with Green Seeker technology, and more efficient management of labor. These cost
savings, combined with higher yields, resulted in an income increase ranging from 40% to
48%. The economic benefits of CRA technologies are particularly significant in Bihar, where
many farmers struggle with low and uncertain incomes.
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The findings of this study highlight the potential of CRA technologies to address the challenges
faced by farmers in Bihar's rainfed regions. By improving wheat yields, conserving water,
reducing costs, and increasing income, these technologies can contribute to both the economic
and environmental sustainability of farming systems. Additionally, the success of community
irrigation and precision nutrient management demonstrates the importance of collective action
and technological innovation in enhancing resource use efficiency and building climate

resilience.

Performance of Climate Resilient Technology over

conventional practices on Wheat productivity (g/ha)

42.08 41.37 42.90 41.52

Zero tillage Raised Bed Nutrient Community Average
Planting management Irrigation 1
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G rain vield (g/ha) Farmer practice
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5
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Conclusion

In conclusion, this study underscores the importance of scaling up CRA technologies in Bihar,
particularly in rainfed areas. By improving wheat productivity and promoting sustainable
agricultural practices, CRA technologies can play a vital role in enhancing food security,
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promoting climate resilience, and improving the livelihoods of farmers. The findings also
highlight the need for supportive policies, training, and infrastructure development to facilitate
the adoption of these technologies, ensuring their widespread impact in Bihar’s agricultural
landscape.
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Impact of Borewell Recharge Structures on Groundwater Quality and
Quantity in North-Eastern Dry Region of Karnataka
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Groundwater, which is the source for more than 85 percent of rural domestic water
requirements, 50 percent of urban water requirement and more than 50 percent of irrigation
requirement of the country, is depleting fast in many areas due to its large-scale withdrawal for
various sector. The rapid development of groundwater resources for varied usage has
contributed in expansion of irrigated agriculture, overall economic development and improving
the quality of life in India. Management of natural resources needs long term planning to match
demand and supply. The ground water development with time has changed the hydrogeological
regime and as a result natural recharge component have altered to a greater extent.
Augmentation of the depleting groundwater water resources and maintaining its quality is very
essential for preservation of this resource. Harvesting of excess monsoon runoff, otherwise
being lost to the sea, is one of the best options to achieve the objective of groundwater
augmentation. In India, the groundwater in most of the areas is fresh and it is brackish in the
arid zones of Rajasthan, close to coastal tracts like Saurashtra and Kutch, and in some zones in
the east coast and certain parts of Punjab, Haryana, Western Uttar Pradesh, etc., which are
under extensive surface water irrigation. Pollution due to human and animal wastes and
fertilizer application has resulted in high levels of nitrate and potassium in ground water in
some parts of the country. Groundwater recharge is very much essential in these areas due to
depleting water resource day by day. In India, the groundwater quality is also deteriorating in
many parts of the country. Hence, the groundwater pollution can be minimized through
recharging as it dilutes the groundwater by rain water addition. The runoff generated from
rainfall can be harvested and diverted to the defunct or lesser yield bore wells so as to increase
the quantity and this recharged water could be used as supplemental irrigation during the dry
spells. Therefore, the artificial recharge techniques can also be utilized in improving the quality
of groundwater by diluting the groundwater with rainwater. Owing to the above problems and
causes of the present scenarios, the project was being operated on augmenting groundwater
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quality and quantity by demonstrating artificial ground water recharge techniques in three
districts of Karnataka North-Eastern Dry zone of Karnataka where there is huge problem of
groundwater quantity as well as quality.

Methodology

Groundwater recharge is essential in this area because of depleting water resource day by day
in the region due to uncertainty in the rainfall. The ground water quality is also deteriorating.
The parts of Bidar and Kalaburagi districts have already been identified as fluoride
contaminated regions. The salt content in the bore wells of almost all the talukas of Kalyana
Karnataka surveyed were shown higher saline water. Hence, to diluting the groundwater with
recharged water is very mush essential. In ground water recharging, there are number of
techniques for recharging. Here, in this project, the normal method i.e. artificial recharge
technique was followed by excavating and making the defunct bore wells and tube wells as
working. The regions were identified as safe groundwater potential zones in the region where
the ground water is under exploited.

The artificial ground water recharge technique was implemented in hobli wise, one step maller
unit than tehsil or taluka. In each hobli of Raichur, Yadgiri and Kalaburagi districts, two bore
wells were selected from different farmer’s fields and borewell recharge structures were
installed. Total 170 problematic borewells were selected from these selected districts through
each Raitha Samparka Kendra (RSK). These recharged borewells structure were also used for
demonstrating and exposure visits to the farmers of the different regions of Kalyana Karnataka.
The farmers and stakeholders are the major beneficiaries of this technology in efficient
management of rain water/ runoff water by enhancing the ground water levels of the bore wells.

Procedure for construction of borewell recharge pits

The beneficiaries who are having defunct borewells and kept idle due to poor quality and lesser
yields were identified based on the guidelines prepared for three districts of semi-arid region
i.e. Kalaburagi, Yadgiri and Raichur. In all 170 (One hundred seventy) defunct borewells 64
are in Kalaburagi, 34 in Yadgiri and 72 borewells in Raichur districts, and recharge pits were
installed in these borewells. With through survey, the necessary areas of rehabilitation works
are to be taken up, identified and selected the defunct borewells which are in the low areas. It
was also ascertained that whether the runoff water can flow through these boreholes. In some
cases, diversion channels were constructed to divert the runoff water to the borewells.

A pit measuring 3.05 x 3.05 x 3.05 m was constructed around the casing pipe of a suitable
borehole at all the farmers’ field (Fig). Small hole of 3-4 mm diameter were drilled with the
help of drilling machine at 6 feet middle section of the casing pipe allowing maximum 2 inch
water into the casing. Then two layers of geotextile filter material was wrapped up around the
casing pipe then 8 to 10 layers of plastic screen / nylon (waterproof) screen was tightly wrapped
around the perforated casing pipes.
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Boulders with 120-150 mm size were laid 0.61 m at the bottom of the dug pit as first layer.
Then in second layer, 40 mm granite stones were set for 0.61 feet depth. 20 mm gravel stones
were filled as third layer upto 0.61 feet and 10 mm jelly (aggregates) was also filled in 0.61
feet as a forth layer. In between the entire (five) layers, one layer of nylon mesh was covered.
15 cm coarse sand has been filled and then 30 cm charcoal was spread on the layers. Above
these, 0.45 cm thick coarse sand was filled and the remaining space was kept as empty to collect
and store the rainwater.
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Plan and cross section of borewell recharge pit

A 1.0 m high embankment/ brick wall was built around this pothole with inlet and outlet
provision. It was ensured that the fallen rainwater first flows through the silt trap and then
enters to this pit. The flowing water should be stopped and was stored in silt trap and detention
time was given to settle the silt. Only over flowed water was reached to the recharge pit. The
silt trap was constructed with the size of 1.5 x 1.5 x 1.5 m with brick and should be plastered.
The water table depths below ground level during before onset of monsoon and after the season
were measured in selected farmer’s field with sensor-based water level indicators. The quality
parameters for the collected samples during before onset of monsoon and after the season were
measured with Hanna multi parameter analyzers, Flame photometer, Single Beam Visible
spectrophotometer etc.

Results

Artificial recharge is important for groundwater management as it provides storage space free
of cost and avoids evaporation losses and allows the use of stored water in dry seasons. To
demonstrate artificial groundwater recharge techniques in Kalyana Karnataka region, the
experiment was initiated during 2021-22 and continued for 2023-24. The farmers details and
initial data’s on borewell details like total depth of borewells, present and past water level
through water level indicator, discharge, pump details and suitability were recorded. The water
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samples were also collected to know the initial water quality of the borewells before installation
of the pits. The water quality of borewells such as EC, pH, TDS, Ca?", Mg?*, Potassium (K),
K>0, CI', SO4*, PO4*, P, P,Os and fluoride were collected before and after installation of
recharge pit in all the three districts. The water levels before installation of recharge pit were
8.20 m to 30.06 m bgl and after installation the levels were, 7.10 m to 28.35 m bgl. The EC
and TDS of the water ranged from 0.435 dS m™! to 8.37 dS m™!' and from 217 ppm to 7324 ppm
respectively before installation i.e. during pre-monsoon. After installation i.e. post-monsoon
the EC and TDS were ranging from 0.392 dS m™! to 7.45 dS m™' and 190 ppm to 6523 ppm
respectively in one season. The advantages observed from these borewell recharge pits were
harvested runoff water had increased the groundwater level, the water quality also slightly
improved towards favorable conditions. Due to the poor water quality and quantity, the ideal
and left out defunct borewells were made to reuse again. With this technique, farmers could be
able to give one or two supplemental irrigations to their crops during prolonged dry spells.
Finally, the water table in the borewell and quality had improved slightly in one season after

the installation of recharge pits at farmer’s field.
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Cotton (Gossypium spp.) is a key global fibre crop, essential for the textile industry. India is
the second-largest cotton producer and grower, after China. Cotton is grown on 130.49 lakh
hectares in India, with a production and productivity of 337.27 lakh bales and 439 kg/ha,
respectively. In Gujarat state, it is grown on 25.49 lakh hectares with a production and
productivity of 87.12 lakh bales and 581 kg/ha, respectively, DES, (2022). In India, around 30
million tonnes of cotton stalks are produced annually mostly treated as waste. Only 5-6% is
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used commercially and 15-20% as fuel. The rest is burned in fields, causing significant
environmental pollution. Burning cotton residues helps with stalk management and field
preparation but negatively impacts soil properties. Recycling residues is crucial for improving
soil fertility and crop productivity. Proper management and decomposition of cotton stalks can
enhance soil health and support plant growth, ultimately boosting crop yields.

Methodology

A study on the recycling Cotton stalks and its effect on yield and yield attributes was carried
out at Main Dry Farming Research Station, Junagadh Agricultural University, Targhadia
(Rajkot) during the kharif 2015-16 to 2022-23. The experiment was laid out in a strip plot
design, replicated thrice, comprising fifteen treatment combinations. The main plot treatments,
namely Si(Removal of cotton stalks from plot), Sa(Surface burning of cotton stalks),
S3(Incorporation of cotton stalks using rotavator), Ss(Incorporation of cotton stalks using
mobile chopper) and Ss(Ex-situ composting of cotton stalks using shredder), were combined
with subplots consisting of three fertigation schedules: Di(One irrigation for decomposing),
D2(One irrigation + addition of N @10kg/ha through urea + compost culture @5kg/ha) and
D3(Addition of N @10kg/ha through urea + compost culture @5kg/ha at sowing). The cotton
variety G.cot. Hy.-8 BGII was grown using standard package of practices. Irrigation was
applied after ploughing to facilitate the decomposition of stalk residues. The Gross and net plot
size was 10.8 m X 6.0 m and 9.6 m X 3.6 m, respectively. Cotton was sown at the distance of
120 cm X 30 cm on 26 June 2018, 24 June 2019, 08 June 2020, 19 June 2021 and 28 June 2022
under conserved soil moisture. Data on growth, yield performance and economic of cotton was
pooled over 5 years.

Results
Effect on yield attributes

The results in Table revealed that the stalks management practice Ss(ex-situ composting of
cotton stalks using shredder) recorded significantly higher plant height (93.11cm), number of
sympodia/plant4.41/plant and number of balls/plant (30.32/plant), while number of
monopodia/plant was found non-significant. The effect of different de-composting practices
on plant height, numbers of monopodia and number of bolls per plant of cotton were found
non-significant. Significantly higher number of sympodia/plant 4.31 was recorded under stalk
management practices D> (One irrigation+addition of N @10kg/ha through urea + compost
culture @5kg/ha). Interaction effect of stalk management and de-composting practices (SxD)
were found non-significant in respect of growth and yield attributes parameters.

Effect on yield

The results revealed that significantly higher seed cotton yield (1770 kg/ha) was recorded under
S5 (ex-situ composting of cotton stalks using shredder). Whereas, effect of de-composting
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practices on seed cotton yield was found non-significant. However, the maximum seed cotton
yield (1631kg/ha) was recorded under de-composting practice D> (One irrigation + addition of
N @ 10kg/ha through urea + compost culture @ Skg/ha). While in seed cotton yield interaction
effect of stalk management and de-composting practices (SxD) were found significant in
pooled result Table. Significantly higher seed cotton yield was recorded under treatment
combination of Ex-situ composting of cotton stalk using shredder and addition of 10 kg N/ha
through urea + compost culture @ Skg/ha at sowing (SsD3) in pooled result. Similar results
have been reported by Vora ef al. (2019) in cotton and Kumari et al. (2018) in rice-wheat
cropping system.

Effect of stalk management and de-composting practices on yield attributes and seed
cotton yield of Bt. cotton (pooled mean of five years)

Plant No. Of. No. of Seed cotton
Treatment e Mon(;)liodla/ st No. of balls/pl yield (kg/ha)

Stalks management practices(S)

S 85.17 1.31 (1.72) 4.18 (17.48) 22.93 1477

Sa 85.59 1.33 (1.77) 4.13 (17.04) 25.26 1580

S 89.36 1.32(1.74) 433 (18.74) 26.48 1651

Sq 89.51 1.35 (1.83) 4.31 (18.61) 27.22 1642

Ss 93.11 1.36 (1.86) 4.41(19.41) 30.32 1770
S.Em. + 1.36 0.02 0.05 0.86 28
CD.at5% 4.08 NS 0.13 2.58 79
CV.% 6.45 11.04 7.40 12.77 11.44
De-composting practices(D)

D 87.66 1.31(1.73) 4.21(17.69) 26.06 1624

D; 89.29 1.34 (1.79) 4.31 (18.60) 26.58 1631

Ds 88.70 1.35 (1.84) 4.29 (18.45) 26.68 1617
S.Em. + 0.63 0.02 0.03 0.33 21
CD.at5% NS NS 0.08 NS NS
CV.% 6.20 11.0 5.63 10.85 11.12
Interactions
Interaction SXD
S.Em.+ 1.50 0.04 0.08 1.14 51
CD.at5% NS NS NS NS 148
CV.% 6.56 10.86 7.06 12.79 9.13

Conclusion

Maximum seed cotton yield was recorded under Ex-situ composting of cotton stalks using
shredder and adding 10kg N/ha through urea + compost culture @ Skg/ha at sowing. OR
incorporating cotton stalks using a mobile chopper and one irrigation for decomposting along
with 80kg N+40kg P.Os+250kg gypsum/ha for obtaining higher yield and net monetary return
as well as sustaining soil health under rainfed conditions.
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Sorghum is increasingly valued for its diverse uses in food, feed, and bioenergy (Stamenkovic¢
et al., 2020; Rao et al., 2019). Its adaptability to drought tolerance, high productivity, and low
nutrient requirements make it a cost-effective crop, particularly in Africa and Asia (Maina et
al., 2022). Bibliometric analysis serves as a powerful tool for assessing research trends,
examining journal citations, and identifying emerging themes in publications. This quantitative
method, endorsed by leading scholars (Donthu et al., 2021), provides a systematic approach to
understanding the evolving research landscape, particularly in areas such as sorghum and
sustainable agriculture.

Methodology

Strategic search terms covered sorghum's agricultural sustainability and crop yield to ensure
diverse scholarly inclusion. The search spanned titles, abstracts, and keywords for
comprehensive data collection. A five-year temporal restriction (2020-2024) was applied to
capture recent, relevant literature, ensuring the analysis reflects current research trends and
contributions. Bibliometric and content analysis was done using PRISMA. This comprehensive
approach aimed to address key research inquiries concerning sorghum studies. By leveraging
the combined power of VOS viewer and Bibliometrics, this study sought to provide an
extensive and nuanced understanding of sorghum research in contemporary and future
directions.
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The bibliometric and content analysis followed a structured approach, using Bibliometrics and
co-occurrence analysis via VOS viewer. This process identifies thematic relationships by
examining keyword co-occurrence frequency. Frequently co-occurring keywords indicate
closer thematic links, visualized through network maps or clusters. A minimum occurrence
threshold was applied to ensure reliability, identify significant keywords, and provide insights
into literature themes. This method allows for a systematic exploration of relationships within
the research, enhancing understanding of key topics and emerging trends.

Results

The findings emphasize intercropping as an effective strategy to increase sorghum yields and
enhance resilience in crop production. Stress-tolerant varieties resistant to drought and floods
align with sustainable agriculture principles, addressing climate change-induced economic
impacts on yields and informing adaptive strategies. This study provides valuable insights for
future research.

The cluster investigates the tolerance and plant stress response which is committed to
advancing sorghum research within the domain of cereal crops and yield. The cluster is
involved in research related to sorghum's utilization for biomass and productivity, and
simultaneously, it specializes in exploring metabolism and genetic expression. Investigating
the link between extreme climate indices and sorghum yields across various climatic zones will
provide insights into enhancing sorghum resilience to climate change (Sanaou et al., 2023).
This study contributes valuable insights into global sorghum research patterns and emerging
trends, encouraging further multidisciplinary research and promoting sustainable agricultural

practices.
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Fig 1 and 2: Co-occurrence network diagrams for certain keywords
Conclusion

This study used bibliometric and content analysis to examine research patterns, emerging
topics, and future trends in sorghum. It highlights significant improvements in sorghum yields
through adaptation strategies. The findings emphasize integrated approaches to enhance
agricultural productivity and resilience, particularly in changing climates, with sorghum's role
in food security under drought conditions as a potential future focus.
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Rainfall Runoff Relation for Sustainable Fingermillet Production System in
Rainfed Areas
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Rainwater harvesting is important to get better crop yields by utilizing rainfall under rainfed
ecosystems. Rainfall runoff relation facilitates to harvesting runoff and provides supplemental
irrigation to obtain sustainable yields. Rainfed area over 55% of the net cultivated area in the
country is contributing 40% of the food grains, supporting 60% livestock and 80% of the pulses
and oilseeds (Anon., 2011). Fingermillet in India is 1.38 M ha with a production of 2.13 M t
and the productivity 1552 kg/ha. Largest area under fingermillet (0.84 M ha) in India is in
Karnataka followed by Uttarakhand (0.14 M ha). Most important districts in Karnataka include
Bangalore, Kolar, Tumkur and Hassan. In fingermillet production system dry spells occurs
frequently during months of September, October and sometimes November coinciding with
flowering and pod filling stages. Runoff collection into rainwater harvesting structures like
farm ponds and use as supplemental irrigation can increase and stabilize crop production
(Krishna et al., 1987). There is an abundant scope and opportunity for harvesting excess runoff
in the rainfed region in different states of the country. An experiment on rainfall — runoff
relationship was conducted to obtain sustainable yield of fingermillet under the present weather

aberrations in rainfed conditions.

Methodology

A field study was conducted based on the concept of harvesting of

rainwater from a defined agricultural catchment and establishing a
rainfall-runoff relation to obtain sustainable production in rainfed
agriculture at All India Coordinated Research Project on Dryland
Agriculture, Bengaluru center representing the domain districts of

Central eastern and southern dry zone in Karnataka, India (Fig 1). p e
L i rnata

The soils in the regions are alfisols with semi-arid (Hot-moist
climate) with average rainfall of 928 mm out of which 60% Fig 1. Study area
received in the monsoon season (June—September) in kharif and in rabi 35% as winter and rest

as summer rainfall and the soils are lateritic and sandy loam in texture with low water holding
capacity and higher seepage rate.
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Catchment area for the water harvesting structure was demarcated (165 m x 34 m, 5610 m?),
at the lower side constructed a water harvesting farm pond with capacity 180 m?® (10.5 m x
4.5 m x 3m with slope 1:1) and bottom and sides lined with brick pointing and brick
compartment at 1 m2 with soil + cement (8:1) overlaying to a depth of 5 cm. Crops grown in
catchment area were Fingermillet+Pigeonpea (8:2), Field bean, greengram, blackgame and
sesame including vegetables. Conservation furrows were made 30 DAS in the crop rows.
Observations on rainfall, runoff using a staff in structure, yield attributes recorded from 2012
to 2022 expect in 2016 as it was a severe drought year and crops were vitiated. Water harvested
for each runoff event was worked out by calculating the difference in the volume of water
before and after the runoff event. Since the catchment is an agricultural micro watershed, some
of rainwater was conserved due to land configuration and crop cover etc., Runoff generated
beyond these in-situ conservation measures was enroute to the FP. Runoff data was used to
establish rainfall-runoff relationship.

Results
A. Rainfall Runoff Relation

The runoff volume harvested from different runoff yielding storms from 2012 to 2022 was
recorded with in monsoon season from June to December. The maximum runoff volume (573.5
m?) was recorded in 2021, which is mainly a wet year with 1121 mm (excess 22% average).
The minimum runoff volume (17.11 m?) recorded in 2013, which was mainly due to drought
conditions with more than 50% deficit rainfall. A relation between rainfall and runoff was
established by plotting runoff-producing rainfall in mm on the x-axis and total seasonal runoff
in mm on the y-axis with a linear trend line and a coefficient correlation of 0.77 (Fig 2);

B. Design of threshold storage

From Fig 2 it can be inferred that an average seasonal runoff-producing rainfall received in a
season is 700 mm, which is able to produce a runoff of 55 mm. For 1.0 ha catchment the volume
of runoff can be harvested is 550 m3. Assuming at least two fillings in a crops season.
Therefore, threshold design capacity of the farm pond is 275 m3 with dimensions of Farm pond
(12.0 m x 6.0 m and depth 3.0 m with slope 1:1) occupies 1.5% of the catchment area.
Assuming a supplemental irrigation of 5 cm to be provided at the time of dry spells/critical
stages in kharif for fingermillet and at critical stages during rabi season, so that command can
cover up to a maximum of 0.55 ha.

These results are on par with earlier studies too (Patode et. al. 2020), in vertisols for crops like
cotton and soybean. Efficient utilization of harvested water can also be profitable by using farm
pond with HDPE polythene lining, as reported by earlier researchers for this region to reduce
the cost of lining material when compared to cement, brick, and concrete lining (4non., 2019-
20).
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Fig 2. Rainfall runoff relationship in an agricultural watershed for the period 2012—
2022

Conclusions

For the domain districts of Central eastern and southern dry zone in Karnataka, India. A
threshold storage of 275 m3 was designed with an assumption of two fillings occurring in a
crop season from an agricultural catchment of 1.0 ha with land configurations and crop cover.
The dimensions of farm pond are top 12.0 m x 12.0 m, bottom 6.0 m x 6.0 m with depth 3.0 m
and side slope of 1:1. Assuming a supplemental irrigation of 5 cm to be provided at the time of
dry spells/critical stages in kharif for fingermillet and at critical stages during rabi season, so

that this can cover up to a maximum of 0.55 ha.
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Effect of In-situ Moisture Conservation Practices on Growth and Yield of
Castor

M. Mallikarjun and E. Chandrayudu
Krishi Vigyan Kendra, Kalyandurg- ANGRAU - 515 761

Two thirds of cultivated area in India is under rainfed farming which is often influenced by
aberrant weather conditions, by which the poor rainfed farmer suffers with low productivity
and low net returns. The main aim of extension in dryland areas is to increase net returns of the
dryland farmer by improving the economic returns and by reducing the cost of production with
minimum risk of crop failures, besides sustaining natural resources (Reddy et a/ 2022). Castor
(Ricinus communis L.) is the premier non-edible oilseed crop, mostly grown under rainfed
situation during kharif season in Ananthapur district. Though the state of Andhra Pradesh
stands second in area (1.86 1 ha) and third in production (1.20 1 t), the productivity levels of
castor are very low (645 kg/ha) as compared to Gujarat (1,978 kg/ha), Haryana (1,600 kg/ha)
and Rajasthan (1,417 kg/ha). The major reasons being growing castor under rainfed conditions
in marginal and sub-marginal soils with low input management, occurrence of prolonged dry
spell during mid/ terminal stages at flowering/capsule development stage during kharif season.
Further, neither effective drought proofing mechanisms are available. Consequently, the
realized productivity is only 25 to 30% of actual potential yield. Thus, castor cultivation during
kharif season has become non-remunerative. Rainwater conservation is a critical factor in
stabilizing and stepping up of crop yields in drylands. To increase the soil moisture availability
to the agricultural crops and to increase the infiltration and percolation of rain water into the
root profile, the in-situ moisture conservation techniques are recommended. As moisture is the
key limiting factor in the rainfed farming and rainfall is the only source of water for this vast
stretch of lands. It is necessary to harvest maximum rain water and to adopt methods to
maximize the retention of the available moisture. Hence in rainfed areas, the in-situ rainwater
harvesting through Deep ploughing and making conservation furrows assumes greater priority.
Considering the above facts, attempt was made to study the effect of chisel ploughing and
conservation furrows on the growth, yield and economics of castor under rainfed conditions.

Methodology

Front Line Demonstrations (FLDs) were conducted for two years from 2023-24 to 2024-25 at
KVK operated mandals of Kalyandurg area of Ananthapur district. Average rainfall during the
crop growing period was 287.4mm and 584.8 mm during the year 2023-24 to 2024-25
respectively. The demonstration practice comprised of in-situ soil moisture conservation
practices viz., Chisel ploughing and conservation furrow. Deep ploughing (40-55 cm) was
done with Chisel plough which is used for breaking hard pans with less disturbance to the top
layers. Its body is thin with replaceable cutting edge so as to have minimum disturbance to the
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top layers. It contains a replaceable share to shatter the lower layers. Conservation furrows are
made with bullock drawn country plough near the row zone of castor leaving 20 cm apart on
one side of the row. In case of farmers practice no such in-situ moisture conservation practices
were followed. Sowing of castor was taken up in the month of June during both the years.
Seeds of Castor hybrid ICH 66 was used for the study in both demonstration and farmer’s
practice. Line sowing was done with a seed rate of 5 kg ha'!. All other agronomic practices like
fertilizer application and weed management was done uniformly in both demonstration and
farmer’s practice. Five randomly selected plants from all the farmers field were used for
biometrical observations and yield data were recorded at the time of harvest in 5X5 m? plot.

Results

Two years pooled analysis data in Table reveals that chiseling and in-situ moisture conservation
furrow was responsible for significantly increase in various growth and yield characters of
castor. Chiseling followed by in-situ moisture conservation furrow produced higher primary
spike length, more number of spikes per plant, more capsules in primary spike and yield/ha.
The castor bean yield recorded under demonstrated practice was 634 kg/ha in 2023-24, 986
kg/ha in 2024-25 and 810 kg/ha when pooled over the years. This was about 17.6% higher in
2023-24 and 15.45% higher in 2024-25 over farmer’s practice. The increase in yield is
attributable to more spikes per plant and more capsules per spike. From the pooled data
demonstrated practice of Chiseling followed by in-situ moisture conservation furrow produced
16.52% additional yield as compared to farmers practice of conventional tillage. The results
clearly showed the need of Chiseling and in-situ moisture conservation practice for higher yield
attributing characters that ultimately helped in increasing the castor productivity. Biradar et al.
(2020) also reported more differences in yield attributes and yield in-situ moisture conservation
methods in redgram. The cost of cultivation was higher in demo practice over the farmers
practice during both the years and on mean data. Farmers adopting Chiseling and in-situ
moisture conservation practice (Rs. 32,185/-) recorded 13.7% additional cost than farmers
practice over the pooled data (Rs.28,295/-). Year-to-year variability in cultivation costs can be
explained by differences in the local social and economic conditions. The average gross returns
from the pooled data recorded was Rs. 46,029/ha as compared to Rs. 39,469 in farmer’s
practice. The demo practice registered an increase of 16.6% gross returns over farmer’s
practice. The pooled data on net returns also showed the superiority of demo practices over
farmer’s practice. It was also noticed that net returns recorded under Chiseling followed by in-
situ moisture conservation furrow (Rs.13,844/-) was 23.8% higher than farmers practice
(Rs.11,174/-). Economic analysis of the yield performance revealed that benefit cost ratio of
demonstration plots was observed to be higher than control plot of farmer practice.
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Effect of in-situ moisture conservation practices on growth and yield of castor during
kharif 2023-24 to 2024-25 in farmers field at Ananthapuramu district.

Parameters 2023-24* 2024-25* Mean
LP F.P LP F.P LP F.P

Primary Spike length (cm) 38.6 37.8 45.2 44 41.9 40.9
spikes per plant (No) 3.82 3.65 5.6 5.15 4.71 4.4
Maturity period for the first picking (days) 92 90 86 82 89 86
Capsules in primary spike (No) 54 50 62 56 58 53
Bean Yield (kg/ha) 634 539 986 853 810 696
Cost of cultivation (Rs/ha) 31570 27570 32800 29020 32185 28295
Gross Returns (Rs/ha) 34870 29464 57188 49474 46029 39469
Net Returns (Rs/ha) 3300 2075 24388 20454 13844 11174
B:C Ratio 1.11 1.08 1.74 1.7 1.43 1.39
% Yield Increase 17.6 15.45 16.52
C.D (P=0.05) for bean yield 32.64 46.22 38.95

* Anantapur, Area-08 ha, No. of farmers-20, IP-Improved Practice, FP-Farmers Practice
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An investigation has been carried out to study the variation in annual and seasonal distribution
of daily precipitation based extreme indices for the period 1991 to 2021 in Upper Brahmaputra
Valley (UBV) zone of Assam, India. Initially, twelve numbers of extreme precipitation indies
viz.,, CDD, CWD, R10mm, R20mm, PRCPTOT, r95p, 195pTOT, 199p, r99pTOT, SDII,

98 | Pa ge Resource Characterization, Conservation, Management and Governance



International Conference on Rainfed Agriculture: Building Pathways for Resilience & §%%
Sustainable Livelihoods during 29-31, January 2025 at ICAR-CRIDA, Hyderabad E Aﬁﬁe

Rx1day and Rx2day which were based on the ETCCDI and ET-SCI classification systems were
derived using Climpact v3.1.6 web-based software. Mann-Kendall trend test and Sen’s slope
estimator techniques were applied for identifying shifts in extreme climatic indices. To further
analyse the spatial pattern, the trend surface was interpolated in a GIS platform using Inverse
Distance Weighted (IDW) interpolation technique over the 5 districts (i.e., Golaghat, Jorhat,
Sivasagar, Dibrugarh and Tinsukia) of UBV zone of Assam. Mean climatology of the indices
revealed that highest value of CDD (i.e., 46 days) and the lowest CWD (i.e., 14 days) were
observed in Golaghat district while Tinsukia district observed the highest value of CWD (i.e.,
35 days). Rainfall frequency indices (R 10mm and R20mm) showed peaked values in Dibrugarh
(i.e., 77 days) and in Tinsukia (i.e., 41 days) respectively. Annual rainfall (PRCPTOT) values
varied between 1636.5 mm in Golaghat and 2377.3 mm in Tinsukia with a zone-wide mean of
2056 + 321 mm. Very wet days (r95p) and extremely wet days (r99p) showed maximum
intensities in Tinsukia while Golaghat and Sivasagar reported lower values. Precipitation
intensity indices (Rxlday, Rx2day, and SDII) followed similar patterns with Tinsukia
consistently recording the highest values. Amongst the five districts, Golaghat, Jorhat and
Tinsukia showed sharp declines in total wet-day precipitation (PRCPTOT) of 2.93 mm/year,
14.48 mm/year and 12.95 mm/year respectively indicating potential meteorological drought in
near future. Tinsukia experienced significant increases in consecutive dry days (CDD) by 0.72
days/year and decreases in consecutive wet days (CWD) by 0.23 days/year. Sivasagar and
Dibrugarh districts showed positive trends in heavy precipitation indices (R10mm, R20mm)
and maximum 5-day precipitation (Rx5day) increased significantly in Dibrugarh by 1.96
mm/year. Rainfall intensity (SDII) rose across most districts except Jorhat which showed a
decrease of 0.17 mm/day. In addition, correlation matrix of the indices revealed that PRCPTOT
was positively correlated with most extreme precipitation indices, except in Golaghat district,
where it showed a negative correlation with r99pTOT (-0.22) and Rxlday (-0.11). CDD
exhibited an inverse relationship with PRCPTOT across the UBV zone. A strong negative
correlation was observed between CDD and CWD, while indices like 195p and r95pTOT (r =
0.92) and r99p and r99pTOT (r = 0.96) demonstrated strong positive correlations in Golaghat.
Similarly, indices related to one-day and five-day maximum precipitation and wet-day
fractions showed high positive correlations (>0.8) in Jorhat. SDII exhibited strong positive
correlations (r > 0.7) with most indices but was poorly or negatively correlated with CWD in
several districts. The study highlighted a robust relationship between PRCPTOT and the
frequency of heavy precipitation days (r = 0.8 to 0.9), emphasizing potential for informing
regional contingency crop planning including crop insurance schemes, adjustment of
transplanting and sowing windows, improvement of suitable agronomic practices and
sustainable utilization and management of natural resources in the zone.
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in Sirsa District
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Groundwater is a vital natural resource that plays a crucial role in supporting agricultural
activities. The NICRA project is currently being implemented in three villages of the Nathusari
Chopta block in Sirsa District, Haryana, where groundwater serves as a significant source of
irrigation. Due to the insufficiency of canal water to meet the irrigation needs of the crops
grown, reliance on groundwater has increased. The exploitation and contamination of surface
water sources have exerted immense pressure on groundwater resources. The suitability of
groundwater for various uses largely depends on its quality, making the evaluation of
groundwater a critical concern (Packia Lakshmi et al., 2011; Vishwanath et al., 2016). In this
semi-arid region, mapping groundwater quality for irrigation is essential to ensure its safe use
and to guide the selection of crops that can thrive under the available water conditions. This
study was undertaken to assess groundwater quality parameters and provide farmers with
practical advice on its safe and effective use.

Methodology

60 water samples were collected from three villages ( Rupana Khurd, Nirban and Ludesar)
adopted under NICRA project in Nathusari Chopta block of Sirsa District. These samples were
then analyzed for hydrochemical parameters viz. calcium (Ca™), magnesium (Mg™) and
sodium (Na™). The physical parameters like pH and electrical conductivity were also measured
by using respective measuring devices. All chemical parameters are expressed in milli
equivalent per liter except EC. To categorise quality of ground water, SAR and RSC were
calculated using suitable formula. For ease of understanding these samples were categorized in
various categories using ACRIP classification.

Results

From the table 1 it is clear that electrical conductivity (EC) varied widely, indicating salinity
levels from low (0.4 dS m™) to very high (24.0 dS m™), with a mean of 5.02. Carbonates
(COs*) and bicarbonates (HCOs") are present at low to moderate levels, averaging 1.10 and
4.22 me L', respectively. Chlorides (C17) and calcium-magnesium (Ca™ + Mg"™) levels are
variable, with high means of 19.31 and 12.90 me L. Residual sodium carbonate (RSC),
sodium (Na*), and sodium adsorption ratio (SAR) indicate low sodium hazard, averaging 0.70,
3.81, and 3.99, respectively.
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Table 1. Geometric Mean and Range of different quality parameters (analysis of 60

samples)
Quality Parameters Range Mean
EC (dSm™) 04-24.0 5.02
COs;*(me L) 0.1- 44 1.10
HCO;5(me L) 0.5- 49 04.22
Cl (me L) 1.2- 1113 19.31
Ca"™ + Mg (me L") 03- 43.0 12.90
RSC (me L) 0.01-2.7 0.70
Na" (me L") 1.2-48 3.81
SAR (m mol L") ' 0.73-12.53 03.99

Categorisation of water according to AICRP classification: The classification of water
quality samples indicates that 45% are good, 16.6% are marginally saline, and 25% are saline.
High SAR saline water accounts for 6.6%, while marginally alkali and alkali waters represent
5% and 1.6%, respectively. No samples were categorized as high alkali. These proportions
highlight the dominance of good-quality water but such water exists near the canal banks.
Shahid et al (2008) also reported similar results in Julana block of Jind district and Kumar et
al (2012) in Rohtak block of Rohtak district and Ram Prakash et a/ (2016) in Hodal block of
Palwal district.

SI. No. Water Class No of Samples Percent of water samples
1. Good 27 45
2. Marginally saline 10 16.6
3. Saline 15 25
4 High SAR saline 4 6.6
5. Marginally alkali 3 5
6. Alkali 1 1.6
7. High alkali 0 0
Conclusion

Groundwater quality analysis in NICRA villages in Nathusari Chopta block revealed
significant variability among samples. While 45% of the water samples were classified as good,
salinity issues were evident, with 16.6% marginally saline and 25% saline. High SAR saline,
marginally alkali, and alkali waters accounted for smaller proportions (6.6%, 5%, and 1.6%,
respectively). No high-alkali samples were found. The results highlight the dominance of good-
quality water, especially near canal banks, but emphasize the need for careful management of
saline and marginally alkali waters to ensure sustainable use. Hence it is suggested that farmers
should get their waters checked in nearby laboratory to use the water under prescriptions where

salinity is detected.
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Bund Farming of Pigeonpea for Mitigating Climate Change

Saket Dubey, S. K. Verma, K. K. Lodhi and Kunal Chandrakar
IGKV-Krishi Vigyan Kendra, Mahasamund, Chhattisgarh - 493 445, India

Agriculture is one of the most vulnerable sectors to the impacts of climate change, with
unpredictable weather patterns, rising temperatures, and depleting water resources posing
severe challenges to food security and livelihoods. Bund farming of pigeonpea emerges as a
climate-smart agricultural practice that offers resilience and sustainability in the face of these
challenges. By combining traditional methods with ecological principles, this approach aligns
with the need for adaptive strategies in a changing climate. It is a practical solution for
maximizing land use, improving soil health, and managing water efficiently, especially in
rainfed areas. It is the fifth most important pulse crop in the world and in in Chhattisgarh
Pigeonpea is cultivated in an area of 89.96(‘000 ha.) (Anon,2024).The districts where
pigeonpea is mostly grown in Chhattisgarh include Surguja, Raigarh, Jashpur, Jagdalpur,
Mahasamund, Kanker, Rajnandgaon, and Korba. Among these district sarguja has the highest
productivity.

Climate Change Impacts on Agriculture

1. Unpredictable Rainfall: Erratic monsoon patterns result in droughts and floods,
severely affecting crop yields.

2. Soil Degradation: Increased soil erosion due to intense rains and overuse of chemical
inputs threatens agricultural productivity.

3. Water Scarcity: Prolonged dry spells reduce water availability for irrigation.

4. Biodiversity Loss: Monoculture practices and climate pressures harm soil organisms
and beneficial insects critical for agriculture.
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Bund farming of pigeonpea offers an integrated solution to mitigate these impacts while
fostering agricultural resilience.

Why Pigeonpea is Climate-Smart

1. Drought Tolerance: Pigeon pea’s deep-root system allows it to access water from
deeper soil layers, making it resilient to water scarcity.

2. Carbon Sequestration: Pigeonpea captures atmospheric carbon and stores it in the
soil, contributing to climate mitigation.

3. Nitrogen Fixation: As a legume, it improves soil fertility by fixing atmospheric
nitrogen, reducing the need for synthetic fertilizers that contribute to greenhouse gas
emissions.

4. Versatility: It adapts to a wide range of agro-climatic conditions, making it a reliable
crop under climate variability.

Role of Bund Farming in Climate Adaptation

Bund farming of pigeonpea amplifies the benefits of this crop by integrating it into a landscape
management system. The method directly addresses climate challenges:

1. Soil Conservation: Bunds reinforced with pigeonpea reduce soil erosion, a common
problem under intense rainfall conditions. The plant’s root system stabilizes the bund
structure, preventing runoff and nutrient loss.

2. Water Management: Bunds act as barriers to water flow, enhancing water retention
in the fields. This is particularly crucial in areas experiencing erratic rainfall or
prolonged dry spells. Pigeonpea thrives with minimal water, ensuring productivity even
in water-limited scenarios.

3. Crop Diversification: Bund farming supports mixed cropping systems, reducing the
risks associated with monoculture. This enhances biodiversity, which is vital for

ecosystem resilience under climate stress.

4. Climate-Resilient Yield: Pigeon pea’s ability to withstand high temperatures and
variable precipitation ensures consistent yields, providing food and income security to

farmers.

Mitigating Climate Change through Bund Farming

1. Reduction in Carbon Footprint: By minimizing the need for chemical inputs and
optimizing land use, bund farming reduces greenhouse gas emissions.

2. Promotion of Agro forestry: Pigeonpea on bunds can complement other agroforestry
practices, enhancing carbon sequestration and creating microclimates favorable for
other crops.
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3. Sustainable Land Use: This method maximizes land productivity without expanding
agricultural footprints, preventing deforestation and habitat loss.

Methodology

The KVK Mahasamund has introduced and demonstrated the Bund Farming of Pigeon Pea in
NICRA adopted village “Paraswani”. The KVK has made a demonstration on pigeonpea
variety “CG Arhar-2”. Before sowing, the seeds were treated with Carbendazium as well as
with Rhizobium. Seed requirement was calculated considering seed rate as 20kg/ha. and the
planting distance was to be 80 cm between two rows and plant to plant distance was maintained
at 20 cm however the planting distance varies due to size of the bund. The crop was harvested
at 175 days after sowing.

Results

The demonstrated field has a yield of 15g/ha against the 12g/ha in farmers field. In terms of
monetary benefits the Farmers were getting a net return of Rs 35000/- /hectare while
demonstration field gives a monetary return of Rs 50000/ ha. Formation of conservation
furrows is one of the important in-situ moisture conservation measures which facilitate
rainwater to infiltrate by reducing the velocity of runoff flow and thus providing more
opportune time for the rainwater to infiltrate where it falls.(Reddy et. al,2022)

Rao et al. (2018) reported that, in-situ moisture conservation practice of paired row planting
with conservation furrow treatment realized higher net monetary returns (40540 ha ) and BCR
(8.5) as compared to farmers' practice in Pigeonpea. There is scope to grow Pigeonpea in mid
rabi season also which would not only help to increase pulse production in the state as well as
country but also possible to increase productivity per unit area. It was also noticed that maturity
period reduced by 25 day in Rabi sowing as compared to Kharif sowing (Chandrakar et.al,
2015) flow and thus providing more opportune time for the rainwater to infiltrate where it falls.
Low hp tractor drawn two row intercultivator cum conservation furrow opened.

Challenges and Opportunities
Challenges:

» Limited awareness of bund farming benefits among farmers.
» Initial labour investment for bund construction.
» Access to quality pigeonpea seeds.

Opportunities:
» Government and NGO programs promoting climate-smart agriculture can integrate

bund farming as a key component.

» Research and development can enhance pigeonpea varieties for greater climate
resilience.
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» Digital platforms and farmer cooperatives can facilitate knowledge-sharing and market
access.

Conclusion

Bund farming of pigeonpea is a beacon of hope in the era of climate change. The results
observed in village “Paraswani” shows that the Bund Farming of Pigeonpea” is a very
productive and useful technology that can be further propagated for mitigating climate change.
It embodies the principles of climate-smart agriculture by addressing soil health, water
conservation, and sustainable livelihoods. This method not only mitigates the adverse effects
of climate change but also equips farmers with the tools to adapt and thrive in uncertain
conditions. By scaling up this practice, agricultural systems can transition toward greater
resilience and sustainability, ensuring food security and ecological harmony for future
generations.
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Precipitation Patterns and Extreme Rainfall Events in Telangana: A
Current and Future Scenario
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M. A. Sarath Chandran!, V. Visha Kumari', Aysha Rosna A. N., S. Naresh Kumar?, P.
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!Section of Design and Analysis, ICAR-Central Research Institute for Dryland Agriculture,
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Rainfed agriculture, which covers 51% of India's net sown area and contributes 40% of the
country's food supply, is highly vulnerable to unpredictable monsoon patterns, climate change,
and water scarcity. These challenges lead to variable crop yields and food insecurity in semi-
arid states like Telangana. Successful crop production these regions largely depends on
quantum and distribution of rainfall. High variability in rainfall, especially during critical crop
growth stages, often results in water stress, significant yield losses, and reduced food
production in dryland regions (Bal et al., 2022). Despite these challenges, proper management
can unlock the potential of these areas. Analysing the spatiotemporal patterns of rainfall is
essential for planning effective adaptation strategies to safeguard the livelihoods of vulnerable
farming communities. This study examines high-resolution rainfall data (1980-2014) and
future projections under the SSP245 scenario, emphasising critical rainfall thresholds that
impact major crop-growing seasons in Telangana.

Methodology

This study utilised baseline data (1980-2014) from the India Meteorological Department and
CMIP6-based climate projections from Climate Hazard Center. The indicators are annual
rainfall, June rainfall, July rainfall, drought incidence, dry spell events, number of rainy days,
and extremes (>100mm for three consecutive days). These indicators were calculated yearly
and averaged for baseline and 2050s. Annual rainfall was computed as the period average,
while June and July rainfall were averaged specifically for these months. Dryspell is a period
of dry weather with no rainfall for at least 14 days. Dry spells shorter than 14 days were
assumed to have minimal crop impact, whereas those exceeding 42 days were considered
significantly detrimental. Values were truncated at these limits. The dry spell was calculated
using the following formula (Rama Rao et al., 2019).

Score =Y [Exp{(length of dryspell/14) — 1}]
Drought was calculated as

Drought = (Annual rainfall/Average rainfall over the period) * 100
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Drought was categorised as low (>75%), moderate (50-75%), or severe (<50%). Final drought
proneness was derived by combining severe and moderate drought probabilities with weights
of 2:1 and expressed as a percentage. Indicators were calculated at the grid level and aggregated
to the block level using weighted averages based on Thiessen polygon areas. MATLAB was
used for data analysis, and ArcGIS was employed for visual representation.

Results and Discussion

The analysis of annual rainfall revealed that, during the baseline period, the state's south-
western region receives less than 1000 mm of rainfall, the central and eastern areas receive
between 1000—1300 mm, and the north-eastern region receives more than 1300 mm. Future
projections indicate a more uniform rainfall distribution across the state. Most areas are
expected to receive over 1300 mm, while the central and southern regions are likely to receive
between 1000-1300 mm. Additionally, the projections highlight a notable northward shift in
rainfall patterns. In case of June rainfall, future projections indicate a significant decline with
most mandals receiving less than 100 mm. For July, future projections suggest increased
rainfall across the state. The study also highlights a potential delay in the monsoon onset, which
may require adjustments to crop planting schedules. The results indicate a possible reduction
in incidence of drought and dry spells. These findings highlight the need to adjust cropping
patterns and agricultural planning in alignment with future projections. Such adjustments could
enhance crop yields, improve economic returns, and optimise the use of climatic conditions,
contributing to sustainable livelihoods in the region (Lal, 2013; IPCC, 2022). However, it is to
be noted that the uncertainties associated with downscaling climate projections and
interpolating historical climate data are to be borne in mind while taking decisions.

Conclusion

The analysis of historical rainfall data and future projections reveals significant shifts in the
spatial distribution of rainfall, with a tendency towards more uniform rainfall patterns across
the state. However, these changes, including reduced rainfall in June and a potential delay in
the monsoon onset, may pose challenges for agriculture. The study’s findings on drought
proneness and dry spell events indicate a possible reduction in drought risk, which could benefit
agricultural productivity. Due to the susceptibility of rain-fed agriculture in Telangana,
implementing proactive strategies, including adopting climate-resilient cropping patterns and
effective water management practices, will be crucial for alleviating the effects of climate
change. However, it is to be noted that the uncertainties associated with downscaling climate
projections and interpolating historical climate data are to be borne in mind while taking
decisions.
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Impact of Watershed Development Projects on Natural Resources and
Rural Livelihood in Western India — Case Study of Dhuwala Watershed in
Bhilwara District

Manoranjan Kumar, K. V. Rao, P. K. Pankaj, B. Venkatesh and V. K. Singh
ICAR- Central Research Institute for Dryland Agriculture, Santoshnagar, Hyderabad

The Watershed Development Fund (WDF) of NABARD is a financial mechanism established
to support and promote watershed development projects in India. The primary objective of the
WDF is to provide financial assistance for integrated watershed development projects across
the country to enhance rural livelihoods, improve natural resource management, and promote
sustainable agricultural practices through watershed-based interventions. One such WDF
project was implemented at Dhuwala watershed, located in Mandal block of Bhilwara district,
Rajasthan between 25935 and 25935’ north latitude and 74°07” and 74908 East longitude.
Average maximum temperature of this region is 32.94°C and minimum temperature is
16.27°C. Annual average rainfall received in the region is 570.3 mm out of which 531.0 mm
received from Southwest monsoon which contributes to 93%. Total area of the watershed is
1180 ha comprising of 488 households. The watershed development activities in Dhuwala
watershed was initiated during March, 2016 and completed by March, 2021 with major a aim
to achieve climate proofing in terms of improved adaptation to climate variability specific to
agriculture by maintaining soil and moisture regime, promotion of climate resilience farming

system and diversification of livelihood specific to small and marginal farmers.

In case of soil fertility analysis, available N was found to be optimal whereas available
potassium was very high which can significantly reduce the nutrient use efficiency. Also. In
most of samples, soil pH and organic carbon was found to beyond optimal limit. There was no
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significant improvement in fertility of soil from watershed project compared to field without
any treatment (Table 1). Improvement were observed in ground water recharge of well. The
average ground water level improved to 9.84 meter after watershed from 12.24 meter before
watershed project. This could be achieved through intensive water resource development in the
watershed. Significant area now had water availably. Fairly good improvement in vegetative
cover was observed. The NDVI values before the start of the project was extremely low to
0.232 during December specifying virtually no vegetation. The same has been improved to
0.352. However, it may take more time to reach NDVI value for optimal vegetation (Table 2).

Table 1. Chemical characteristics of soil samples collected from the farmers field in the

watershed
Sample ECc oc Aval Avail Avai o p Mn 7
Nv Moam % (NP E  opm) (ppm)  (ppm)  (ppm)
Kg/ha Kg/ha Kg/ha
1 505 005 115 188 197 1195 226 11136 10242 0.70
2 816 02 052 213 902 527 098 1046 829  0.54
3 744 012 112 176 374 381 058 819 1336 115
4 801 046 083 213 751 336 059 350 1184  0.66
5 711 01 063 226 272 630 088 545 1484  0.54
6 683 005 055 201 224 405 087 755 1624  0.50
7 774 023 054 176 170 282 037 210 1371 036
g 818 023 055 163 627 65 152 742 1282 03I
9 835 035 107 201 1875 1309 104 771 1758 092
10 735 008 092 213 633 560 065 716 858  1.00
1 680 006 041 163 208 211 169 800 880 032
12 827 066 147 263 2117 810 218 1002 2612 14l
13 836 019 136 238 1187 415 102 1324 1821 140
14 681 005 047 176 374 334 148 1647 1342 047
5 679 028 096 226 278 335 093 563 1239 144
Normal 05  240- 110-  03- 0.5-

range 55-75 1.1-57 0.8 280 11-22 280 1.0 6.0-8.0 1.0-2.0 1.0

Table 2. Change in vegetation index after completion of the project
NDVI Before project  After project  Weighted mean of Weighted mean of

S No class Area (Ha) Area (Ha) NDVI NDVI
1 0-0.2 1003.88 2.46

2 0.2-0.4 186.67 351.56

3 04-06 3.26 770.69 0.232 0.352
4 0.6-0.8  nil 68.93

5 >0.8 nil 0.18
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Resilient Rainfed Agro-Ecosystem Rainfall Pattern in Dindori District

Shivam Mishra! and P. L.Ambulkar 2

1- ICAR-ATARI, Zone-1X, Jabalpur

2 - Krishi vigyan Kendra , Dindori

mishrashivamnovi995@gmail.com
With an estimated 1.386 billion km? of water, rainfall is an essential natural phenomenon that
keeps life on Earth going. The global distribution is unequal, with an annual average of about
1000mm. The study focuses on the temporal and spatial variability of rainfall patterns in
Madhya Pradesh state's Dindori districts. From 2019 to 2024, the Department of soil & Water
conservation Research Centre Dindori (M.P.), provided long-term weather data. The yearly
rainfall in the dindori district decreased significantly, trending at 1.9 mm annually, a 9%
decline. With a wetter season during the south-west monsoon, the district received fewer than
three months of rainfall annually. With a moderate concentration during the previous years,
the Precipitation Concentration Index (PCI) revealed a very erratic rainfall distribution.

One of the major natural occurrences that provides us with water, which is necessary for life
on Earth, is rainfall. One estimate places the total volume of water on Earth at around 1.386
billion km?*.Rainfall is the main source of water for all living things and contributes the most
to the total amount of water. The average annual rainfall worldwide is roughly 1000 mm,
however the distribution varies widely. Rainfall patterns are typically divided into two
categories: temporal rainfall patterns, which are characterized by time, and spatial rainfall
patterns, which are characterized by space and region. The current study, "Spatial and temporal
variability of rainfall pattern in the parental districts," is based on the rainfall pattern.
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Methodology

Long-term weather data for each district from 2019 to 2024 was gathered from the Department
of soil & Water conservation Research Centre Dindori (M.P.), Long-term daily data (from 2019
to 2024) was used to meet the goals of the current study. This data was averaged monthly,
annually, and seasonally in accordance with the requirements of the Mann-Kendall test and the
Ms-Excel linear graph method. Using the formulas provided by Walsh and Lawler (1981) and
Oliver (1980), the "Seasonality Index" and the "Precipitation Concentration Index" were
calculated on a seasonal and annual basis in order to quantify the rainfall distribution pattern
and the rainfall concentration throughout the state district-wise.

Results

The findings of a trend analysis of the Dindori district's rainfall showed a notable decline of
5% in yearly rainfall at a rate of 1.9 mm annually. The outcome of annual rainfall Seasonality
Index of long term data of rainfall recorded for Dindori district found an average values of SI
for the last 5 years for Dindori district reported that the rainfall happens in less than 3 months
in a year. The result of rainfall during the southwest monsoon, average values of the Seasonality
Index (SI) for the south-west monsoon for the previous 8 years for Dindori district were 0.36,
indicating that the rainfall was distributed throughout the season but had a wetter season. This
was based on long-term data (June-September) of rainfall recorded for the district. Dindori
district's average Precipitation Concentration Index (PCI) values during the previous 8§ years
were 22.8, indicating a highly concentrated and very erratic rainfall distribution. Over the
previous 8 years, the district's precipitation concentration was modest.
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Real-Time Monitoring and Management of Agricultural Drought in
Pigeonpea

R. A. Nandagavi, S. B. Patil, M. A. Gaddanakeri, M. P. Potdar, P. S. Pattar, V. S.
Devaranavadagi, G. Ravindra Chary and J. V. N. S. Prasad
AICRP for Dryland Agriculture, Regional Agricultural Research Station, Vijayapura — 586 101

University of Agricultural Sciences, Dharwad, Karnataka, India
maguasd70@gmail.com
Pigeonpea [Cajanus cajan (L.) Millspaugh] is the second most important pulse crop in India
after chickpea, primarily cultivated under rainfed conditions. It is grown in almost all the states,
with a larger portion of the cultivated area in Karnataka, Maharashtra, Uttar Pradesh, and
Madhya Pradesh. Among the different pulses grown in Karnataka, pigeonpea holds first place
in both area and production. It is largely grown in the northern parts of Karnataka, particularly
in the Kalaburgi, Vijayapura, Bidar and Raichur districts. Pigeonpea is a staple food grain that
contribute to nutritional security due to its high protein (21%), with essential amino acid such
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as methionine, lysine and tryptophan along with mineral supplementation viz., iron and iodine.
The abscission of leaves from plants and symbiotic nitrogen fixation improves soil fertility,
while its deep, strong root system makes it to recognize as a “biological plough”. It is vital to
increase pulse crop yield and productivity to fulfill the demands of an ever-increasing
population. Boosting productivity by maximizing the use of existing resources is the only
viable solution (Saritha et al., 2012).

Strategies such as moisture conservation practices, foliar nutrient sprays, supplemental
irrigation, and the use of drought-resistant varieties can significantly enhance the crop’s
resilience. By integrating drought monitoring systems with actionable management practices
including both preparedness and real-time contingency plan, farmers can reduce yield losses
and ensure better productivity in pigeonpea grown under rainfed conditions. Proactive drought
management is not merely an option but a necessity to sustain pigeonpea cultivation in the face
of climate variability. The real-time monitoring and adoption of mitigation measures during
long dry spells may help in overcoming the effect of moisture stress during crop growth stages.

Methodology

A field experiment was conducted during the kharif season from 2019 to 2022 at the Regional
Agricultural Research Station, Vijayapura, Karnataka, on vertisol soil. The experimental site
was located at a latitude of 16°77” North, a longitude of 75°74” East, and an altitude of 516.29
meters above mean sea level in the Northern Dry Zone of Karnataka (Zone 3). The soil
characteristics included a pH of 8.12 and an EC of 0.39 dSm!. It was low in organic carbon
content (0.54%), low in available nitrogen (242.1 kg N ha'!), medium in available phosphorus
(15.2 kg P2Os ha'!), and high in available potassium (364.2 kg K>O ha™').

The experiment was non-replicated and focused on real-time agricultural drought management
using proven contingency measures to mitigate water stress during the cropping period. These
measures were compared against a control representing farmers' conventional practices. The
study aimed to address the impacts of early, midseason, and terminal drought conditions, which
are common challenges in rainfed agriculture.

The contingency plan included several timely interventions. Sowing across the slope was
implemented to reduce runoff and improve water retention. Thinning was carried out to
minimize plant competition for soil moisture. Conservation furrows were opened to enhance
in-situ moisture conservation, and repeated intercultivation was performed to control weeds
and improve soil aeration. Additionally, foliar application of potassium nitrate (KNOs) at 0.5%
concentration was applied at the flowering and podding stages to mitigate moisture stress and
support reproductive growth. This real-time drought management approach was designed to
evaluate the effectiveness of these interventions in overcoming the adverse effects of water
stress. The findings highlight the potential of integrated and timely strategies in ensuring
sustainable pigeonpea production under rainfed conditions.
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Results

The four-year mean data demonstrated that the adoption of real-time contingency plan (RTCP)
interventions during early, mid-season, and terminal drought significantly improved growth
attributes, yields, and economic returns compared to farmers' practices, which involved no
interventions (Table 1). RTCP interventions, including sowing across the slope, thinning,
opening conservation furrows, repeated intercultivation, and foliar application of KNO; at
0.5% during flowering and podding stages, effectively managed moisture stress at critical
growth stages of pigeonpea. As a result, RTCP treatments achieved 16.25% and 19.24% higher
grain and stalk yields, respectively (1278 and 4319 kg/ha), compared to farmers’ practices
(1099 and 3622 kg/ha). This significant yield improvement can be attributed to enhancements
in growth and yield parameters, such as a 4.79% increase in plant height, 9.57% more branches
per plant, 9.22% more pods per plant, an 11.06% increase in seed weight per plant, and a 3.88%
higher 100-seed weight. Furthermore, the RTCP interventions resulted in a 16.69%
improvement in rainwater use efficiency and an 8.9% increase in the benefit-cost (B:C) ratio
compared to farmers’ practices. These findings align with the observations of Ramachandrappa
et al. (2016), who reported that implementing real-time contingency techniques effectively
enhances crop productivity. The study highlights the critical role of timely drought
management practices in sustaining pigeonpea yields and improving the profitability of rainfed

agriculture.

Effect of real time agricultural drought management on growth, yield and economics of
pigeonpea (Mean of 4 years)

Seed  Stalk Net B:C RWUE Plant No.of No.of Seed :g;:i
Treatments yield yield Returns Ratio (kg/ha- height branches pods weight/plant weight
(kg/ha) (kg/ha) (Rs/ha) mm) (cm) /plant /plant (2) (gg)
T1: RTCP* 1278 4319 59905 3.5 233 170.70 830  196.03 178.25 11.91
T2: Farmers
practice 1099 3622 50931 3.2 2.00 16290 7.58 179.48 160.50 11.47
(Control)
o
o change o5 1924 1762 89 1669 479 957 922 11.06 3.8

over control

*RTCP: real-time contingency plan

Conclusion

The real-time management of agricultural drought is vital for sustaining productivity and
improving the livelihoods of farmers in the northern dry zone of Karnataka, a key pigeonpea-
growing region. The implementation of timely mitigation measures, such as sowing across the
slope, thinning, opening conservation furrows, repeated intercultivation, and foliar application
of KNOs3 at 0.5% during flowering and podding stages, proves effective in addressing moisture
stress during critical crop growth stages. These practices not only mitigate the adverse effects
of long dry spells but also enhance productivity, improve rainwater use efficiency, and boost
the economic returns of pigeonpea cultivation under rainfed conditions.
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Impact of CRT: Water Harvesting Structures for supplemental irrigation
on Rabi crops during dry spell in Western Himalayan Region of India

Aalok Yewale, Sumit Tewari and Udit Joshi
Krishi Vigyan Kendra VCSG UUHF, Ranichauri, Tehri Garhwal, Uttarakhand - 249 199, India

Agriculture in the hills of Uttarakhand is characterized by fragmented land ownership, limited
irrigation facilities, soil and water erosion and various other eco-physical challenges. Farmers
in the region only achieve about 60% of the potential yield of the crop varieties they use
(Bhattacharyya et al., 2016). Low productivity in many rainfed agricultural systems is often
attributed to reduced soil fertility and inadequate water and nutrient supply during critical plant
growth phases (Qin et al., 2015). Crop success and failure, especially in rainfed areas, are
closely related to rainfall distribution (Bal and Minhas, 2017). Understanding the effects of
drought on soil moisture availability and crop performance is critical in dryland agriculture. In
view of this, present study was conducted to demonstrate the climate resilient agriculture
technology of providing supplemental irrigation through water harvesting structures during the
period of dry spells to enhance climate resiliency and methods of farming on farmer field.

Methodology

The demonstration was conducted at farmer fields in the Kaleth village (30.4327 °N, 78.4004
°E at 1350 m above sea level) of Thauldhar Block in Tehri Garhwal district of Uttarakhand,
India. The climate of the region is sub-tropical to sub-temperate, characterized by moderate
summer, chilling winter and general dryness, except during the south-west monsoon season.
The mean rainfall of crop growth period during 2021 was ~935 mm. Wheat (VL- 907), Onion
(AFLR), and Vegetable pea (PSM-3) were demonstrated at the farmers field along with climate
resilient technology of supplementary irrigation through water harvesting structures during the
dry spell. Total 40 farmers were selected for the study. Economics was evaluated using the
information collected on the field. Impact of the intervention was observed and analyzed.
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Results

Supplementary irrigation has improved the productivity of wheat, onion, and vegetable pea
over fully rainfed conditions. Wheat productivity increased from 8.00 to 13.24 q ha!, a rise of
39.57%, while onion yields went up from 166.00 to 245.00 q ha’!, showing an increase of
24.64%. Similarly, vegetable pea productivity improved from 68.00 to 90.24 q ha™! witha 32.24
% increase. These findings highlight the critical role of supplementary irrigation in improving
crop yields, particularly in rainfed agricultural systems. The increase in production can be
attributed to the application of supplemental irrigation, which alleviated moisture stress during
the dry period in the growing season and provided sufficient moisture during the active
vegetative growth and flowering phases, thereby significantly increasing crop yield compared
to rainfed conditions.

Table 1. Productivity of Wheat, Onion and Vegetable Pea (q ha') under rainfed and
supplementary irrigation

Crop F(ul\l/izaﬁii;]i)'e)d Su?f:iegl:fiz?ry % increase t-value
(MeanzSD)

Wheat 8.00+2.47 13.24£1.2 39.57 3.815

Onion 166.00+£10.00 245.00+8.87 24.64 11.82°

Vegetable Pea 68.00+7.07 90.24+6.48 32.24 4.636"

*Significant at 5 % level of significance

Economic analysis revealed that supplemental irrigation significantly improved the
profitability and benefit-cost ratio (BCR) of all three crops except for BCR of Wheat. For
wheat, supplementary irrigation increased net return from 12,600 to 322,896 and improved
BCR from 1.4 to 1.69, indicating moderate economic gains. Onion showed the highest
economic benefit with net return increased from 112,500 to ¥192,000 and BCR increased
from 2.1 to 3.6, highlighting its superior profitability. Vegetable peas also showed notable
improvements with net return increasing from 88,000 to ¥123,980 and BCR improving from
1.83 to 2.19. Overall, onion was found to be the most economically viable crop under
supplemental irrigation, followed by peas and wheat, highlighting the significant role of
irrigation in increasing economic yields, especially for high-value crops such as onion.

Conclusion

The result highlights the significant benefits of supplemental irrigation significantly increasing
the yields with wheat recording an increase of 39.57 %, vegetable pea increasing by 32.24 %
and onion increasing by 24.64 %. The economic analysis further highlighted the benefits, with
onions emerging as the most economically viable crop, showing the highest net yields and BCR
improvements, followed by vegetable pea and wheat. These results support adoption of
supplementary irrigation in regions that rely on rain-fed agriculture to ensure sustainable crop
production and economic returns.
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Table 2. Economics of Wheat, Onion and Vegetable Pea (Rs ha!) under rainfed and
supplementary irrigation

Net Return Benefit-Cost Ratio
Cro Fully Supplementar Fully Supplementary
P Rainfed y Irrigation  t-value Rainfed Irrigation t-value
(MeantSD)  (MeanSD) (MeanzSD) (Mean+SD)
Wheat 1260043892 22896+2075  4.67 1.4+0.43 1.69+0.16 1.26™
Onion 1125006777 192000+6950  16.38"  2.1+0.12 3.6+0.13 16.75"

Vegetable Pea 88000+9151  123980+8910  5.63°  1.83+0.19 2.19+0.16 2.93"
* Significant at 5 % level of significance; M Non-Significant
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Tillage and Crop Residue Effects on Productivity, Profitability and Soil
Health under Pigeonpea-Wheat and Maize-Mustard Systems

Rishi Raj, T. K. Das, Subhash Babu and Sanjay Singh Rathore
ICAR-Indian Agricultural Research Institute, New Delhi — 110 012, India
rishirajiari@gmail.com

Deteriorating natural resources-bases and alarming contribution to the carbon footprints
accelerating global warming emerges as the prime cause for concern from conventional
agriculture for sustainable crop production in future. Conservation Agriculture (CA) with three
interrelated principles of minimum soil disturbance, permanent soil cover with crop residue
mulch and diversified crop rotations offers a plethora of benefits (Das et al. 2020). It has
potential to achieve higher crop yields with concurrent improvement /restoration in soil health
and environmental quality. Judicious tillage, crop residue management, and crop
diversification are the paramount practices among diverse array of agro-techniques under the
aegis of CA even though paradoxical views on pros and cons of maneuvering tillage and
residue management impede successful adoption of the CA technology. Thus, a pragmatic
understanding on these issues insisted upon the need of generating cognitive information from
field studies addressing different tillage management with or without crop residues retention
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under CA. The predominant rice-wheat cropping system in the Indo-Gangetic plains (IGPs)
has encountered a host of problems. A remunerative non-rice crop is required to diversify this
system. Thus, a study was carried out involving two major non-rice cropping systems, viz.,
pigeon pea-wheat and maize-mustard with suitable CA practices. The objectives of the study
were 1) to evaluate tillage, residue and cropping sequence effects on productivity, profitability
and resource use efficiency and ii) to find out impacts of CA and cropping sequence on soil
physico-chemical and microbiological parameters.

Methodology

The field experiments were carried during 2022-23 and 2023-24 at ICAR-Indian Agriculture
Research Institute New Delhi during. The four tillage and crop residue treatments namely, zero-
tillage (ZT) maize+25 MdR (mustard residue)-ZT mustard+25MzR (maize residue), ZT maize
+ 50 MdR-ZT mustard+50MzR, ZT maize + 75 MdR-ZT mustard+75MzR and conventional
tillage (CT) maize-CT mustard were adopted in maize-mustard cropping system. Whereas, in
pigeonpea-wheat system tillage and crop residue treatments were ZT pigeonpea+25 WR
(wheat residue)-ZT wheat+25 PR (Pigeonpea residue), ZT pigeonpea+ 50 WR-ZT
wheat+50PR, ZT pigeonpeat+ 75 WR-ZT wheat+75PR and CT pigeonpea-CT wheat. The
experiments were conducted in randomized complete bock design with five replications.

Results

Results of the study revealed that zero-tillage pigeonpea with 50% wheat residue (ZTP+50WR)
followed by zero-tillage wheat with 50% pigeon pea residue (ZTW+50PR) resulted in
significantly higher yield of pigeonpea (1.42 t/ha), wheat (5.53 t/ha) and system in terms of
pigeonpea equivalent yield (3.20 t/ha) as compared to conventional tillage pigeonpea-
conventional tillage wheat (CTP-CTW) system (Table 1). In maize-mustard cropping system,
the yield of maize (7.03 t/ha), mustard (2.98 t/ha) and system (in terms of maize equivalent
yield) (15.30 t/ha) were significantly higher in zero-tillage maize with 50% mustard residue
(ZTMz+50MdR) followed by zero-tillage mustard with 50% maize residue (ZTMd+50MzR)
as compared to CTMz-CTMd treatment (Table 2). We also performed the combined analysis
to compare the performance of these cropping systems (i.e., pigeonpea-wheat and maize-
mustard) for system productivity (in terms of maize equivalent yield) across the tillage and
crop residue treatments. A result revealed that maize-mustard cropping system resulted in
44.5% higher system productivity (MEY) over pigeonpea-wheat cropping system (Fig).

Conclusion

From this study, it can be concluded that application of zero-tillage in combination of 50%
crop residue in both pigeonpea-wheat and maize-mustard cropping systems may be
recommended for higher yield and system productivity in north western plains zone of India.
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Table 1. Effect of tillage and crop residues on grain yield of pigeonpea, wheat and system
under pigeonpea-wheat system

Treatment

Pigeonpea Wheat yield

CT pigeonpea-CT wheat

ZT pigeonpea + 25 WR (wheat residue)-ZT

wheat + 25 PR (pigeonpea residue)

ZT pigeonpea + 50 WR-ZT wheat + S0PR
ZT pigeonpea + 75 WR-ZT wheat + 75PR

yield (t/ha) (t/ha) SP (PEY) (t/ha)

b c .

1.17 4.46 2.60
a be be

1.33 4.61 2.81

142 553 3.20
a ab ab

1.35 5.08 299

Table 2. Effect of tillage and crop residues on grain yield of maize, mustard and system
under maize-mustard cropping system

Maize yield Mustard yield

Treatment (t/ha) (t/ha) SP(MEY) (t/ha)

CT maize-CT mustard 5.94¢ 2.44° 12.70¢
ZT maize+25% MdR (mustard residue)- 6.46 2.7748 14.16°
ZT mustard+25%MzR (maize residue)
7T maize + 50% MdR-ZT 7.03% 2.98% 15.30*
mustard+50%MzR
ZT  maize + 75%  MdR-ZT 6.81%° 2.70° 14.328
mustard+75%MzR
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Residue Management in Tillage Systems: Pathways to Carbon Stabilization
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Kumar B. and 2Nymisha

'ICAR-Central Research Institute for Dryland Agricultural Research Institute, Hyderabad — 500 059,
India

’ICAR-Indian Agricultural Research Institute (IARI), New Delhi — 110 012, India
Jayakishorel436(@gmail.com

Intensive conventional agriculture, while boosting food production, has created environmental
problems like soil erosion, nutrient depletion, and biodiversity loss, threatening sustainability,
especially for small-scale farmers. Conservation agriculture (CA) offers a solution by
minimizing soil disturbance, maintaining soil cover, and diversifying crops. These practices
enhance biodiversity, improve resource use efficiency, boost productivity, and mitigate climate
change by increasing soil carbon sequestration and improving soil quality (Georgiou et al.,
2022). A key mechanism is the reduction of the carbon mineralization decay rate constant. Zero
tillage, central to CA, increases soil organic carbon compared to conventional tillage due to
reduced disturbance and decomposition (Naresh et al., 2017). Reduced disturbance protects
soil aggregates and their organic matter from rapid decomposition. Permanent soil cover further
insulates the soil, reducing temperature and moisture fluctuations that accelerate
decomposition. Increased carbon inputs from cover crops and residues create a favourable
environment for soil microbial activity (Marinari et al., 2000), which shifts towards forming
stable soil organic matter under CA. This shift in microbial activity, coupled with the physical
protection afforded by reduced tillage and soil cover, contributes to a lower Kc, meaning that
carbon is mineralized and released back into the atmosphere at a slower rate (Singh et al.,
2018). Consequently, CA systems experience greater accumulation and stabilization of SOC
over time, leading to improved soil health and contributing to climate change mitigation.

Methodology

A field study exploring the effects of conservation agriculture on soil organic carbon stocks
was conducted at ICAR-IARI, New Delhi, from 2010-11 to 2021-22. The study site has a sub-
tropical semi-arid climate. Initial soil analysis in June 2010 revealed a sandy clay loam texture
with pH 7.9, and specific organic carbon, phosphorus, and potassium levels. The study
employed a randomized block design with seven treatments in triplicates, comparing various
double and triple cropping zero-tillage systems with and without residue retention against
conventional tillage controls. Cropping systems evolved over the study period due to
environmental factors and allelopathic effects. Initially, a rice-maize rotation was used (2010-
11 to 2012-13), followed by rice-mustard (2013-14 to 2017-18), and finally maize-mustard
from 2018-19 onwards. Conservation agriculture treatments adhered to principles of minimal
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soil disturbance, residue retention, and crop rotation. Specific residue retention percentages
were implemented for each cropping system. The study aimed to evaluate the impact of these
practices on SOC sequestration by influencing the carbon decay rate.

Results

1. Decay rate (Kc) of soil organic carbon mineralization

The decay rates (Kc) of SOC in bulk soils significantly varied according to tillage and residue
management under conservation agriculture practices. At 27 °C, T7 treatment had highest Kc
value which was 94.5 % higher than Kc of Ts treatment (Table 1). While at higher temperature
(37 °C), decay rate was higher than 27 °C temperature. CTMz—CTM had highest decay rate at
37 °C, which was 110 and 134 % higher than T4 and Ts treatments, respectively. The Ts
treatment had similar Kc to T7 treatment at 27 and 37 °C temperatures. The conventional tillage
plots always had higher values of Kc compared with the zero tillage plots.

Table 1: Rate of carbon mineralization (Kc) as affected by 11-years of conservation
agriculture under a maize-mustard system in an Inceptisol in the 0-5 cm soil

layer
Treatment Rate of carbon mineralization (Kc*107 ) day!

27 °C 37°C
T, : ZTMz(-R)-ZTM(-R) 1.11° 1.38°
T, : ZTMz+R-ZTM+R 1.05° 1.40°
Ts : ZTMz+R+BM-ZTM+R 1.13° 1.31°
T4 : ZTMz(-R)-ZTM(-R)-ZTMB(-R) 0.85¢ 1.01¢
Ts: ZTMz+R—ZTM+R-ZTMB+R 0.73¢ 0.91°
Ts : CTMz(-R)-ZTM(-R) 1.42° 2.03°
T7: CTMz-CTM 1.42% 2.13°
LSD (<0.05) 0.13 0.18

*Bars with similar lowercase letters are not significantly different at p < 0.05 according to Tukey’s HSD test
2. Total carbon (TC) stock (Mg ha') content in bulk soils and soil aggregates

Fig contains the results of total carbon (TC) stock (Mg ha™!). After 11-years of CA practices,
the ZT plots had significantly higher TC content than CT, irrespective of crop residue addition
in the topsoil (0-5 cm) (Table 1). The Ts treatment resulted highest TC stock (7.39 Mg ha™!) in
bulk soil. This was 16.64 % higher than T7 treatment at surface soil layer. The lowest carbon
stock was found in T7 (6.35 Mg ha™'). The TC stock within macro and micro-aggregates were
60.81 and 55.72 % higher in the Ts treatment compared with T7, respectively (table 4.20). The
silt + clay associated-C content was not improved by ZT. In general, it was observed that higher
TC stock content was associated with macro-aggregates followed by micro-aggregates and silt
+ clay.
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*Bars with similar lowercase letters are not significantly different at p < 0.05 according to Tukey’s HSD test
Fig 1. Total carbon (TC) stock (Mg ha™) in bulk soil, macro-aggregates, micro-
aggregates and silt + clay as influenced by 11-years of tillage and residue management
under a maize-mustard system in an Inceptisol

Discussion

The rate of carbon mineralization (Ct) is lower in residue retention plots due to enhanced soil
protection provided by minimal disturbances. This promotes better aggregate stability, which
reduces microbial access to soil organic carbon (SOC). Additionally, residue retention
influences external factors such as temperature, moisture, aeration, pH, and nutrient supply, all
of which regulate SOC decomposition. Elevated thermal regimes, such as a temperature of
37°C, increase the physiological reaction rates of organisms and microbial activity (Verma,
2010), resulting in higher carbon mineralization under such conditions. However, in zero-
tillage (ZT) treatments, crop residue retention fosters SOC accumulation through physical
protection mechanisms (Six et al., 2002; Jat et al, 2019). This leads to greater SOC
stabilization, characterized by lower decay rates and reduced temperature sensitivity compared
to conventional tillage (CT) systems. As a result, conservation tillage plots exhibit lower decay
rate constants and reduced carbon mineralization rates, culminating in higher SOC stocks
compared to CT systems.

Conclusion

Conservation agriculture practices, through reduced soil disturbance and increased organic
matter inputs, enhance soil carbon stocks by lowering the decay rate constant. This, in turn,
reduces temperature sensitivity of soil carbon and decreases carbon dioxide emissions.
Therefore, conservation agriculture offers a sustainable approach to climate change mitigation.
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Impact of Concurrent Dry Spells and Heatwaves on Kharif Crops in India

Santanu Kumar Bal, Harish Kumar S., Shailza Sharma, Sarath Chandran M. A.,
A. V. M. Subba Rao, Timmanna, and Sravan Kumar
ICAR-Central Research Institute for Dryland Agriculture, Hyderabad — 500 059, India

The simultaneous occurrence of two or more extreme events could be more disastrous than
their occurrence in isolation. Dry spells significantly affect crop productivity within the crop
growing season; however, the impact of dry spells is amplified with the concurrence of heat
waves. Although the impacts of dry spells and heatwaves are widely studied individually in
Indian agricultural regions, the impacts of their simultaneous occurrence on crop yields have
not yet been explored in India. This study investigates the concurrence of dry spells and
heatwaves using India Meteorological Department (IMD) high-resolution gridded rainfall and
temperature data. Dry Spell Index (DSI) is used to quantify the impact of dry spells on Kharif
crops and heatwaves as the period of consecutive days with conditions hotter than normal. The
study's results highlight the impact of climate change on crop productivity in India. Changing
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characteristics of dry spells and heatwaves in the warming climate could be detrimental to crop
yields, creating acute water stress and heat stress at the same time during crop growth stages.

Methodology

In this study, the focus is on identifying and investigating the strength and relationship between
yield productivity and rainfall during South West Monsoon (SWM). Maize yield productivity
data during the period (2000-2020) is collected from the web portal of the Ministry of
Agriculture & Farmers Welfare, Government of India (Economics, Statistics & Evaluation
Division) (http://www.aps.dac.gov.in), for the Kharif season (June-September). The daily
gridded rainfall with spatial resolution (0.25° x 0.25°) (Pai et al., 2014) and temperature
(Srivastava et al., 2009) data (1° x 1°) is collected from the India Meteorological Department
(IMD). The temperature data is re-gridded to the spatial scale of rainfall data using bilinear
interpolation. The gridded data is rescaled to the district level using the area-weighted average
of grid values falling inside each district shapefile.

A day with rainfall less than the specific thresholds is considered a dry day during the SWM
season. Different spell lengths (i.e. 6, 7, 8, 9, 10) with the thresholds 2.5 mm, 5.0 mm, and 10.0
mm are used to extract the dry spell index. Dry Spell Index (DSI) is calculated as the number
of dry days below a specific threshold rainfall divided by the spell length. The impact of the
dry spell index on maize yield is investigated using Pearson’s correlation coefficient at the
district scale. In addition, the districts are segregated based on the statistical significance levels
to explicitly describe the impacts.

Results

The association of dry spells and crop yields is investigated using Pearson’s correlation
coefficient. The spatial variation of correlation is shown in Fig. The colored districts show a
statistically significant association and the grey color is used to represent a statistically
insignificant association of dry spells with maize.

" - = A o w

Correlation between DSI (rainfall thresholds as <2.Smm and <5.0mm) and maize yield
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Conclusions

The changing characteristics of extreme events can severely influence crop yield in a warming
climate. Our results emphasize studying the concurrence of dry spells and heatwaves for
improving agricultural productivity in India.
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Rainfed agriculture is pivotal in India's economy and food security. It covers 55% of the net
sown area and supports 61% of the rural population. It contributes approximately 40% of the
country’s food grain production, and 80% of small and marginal farmers are directly impacted
by rainfed agriculture (NRAA, 2022). Rainfed agriculture dominates Telangana’s agricultural
production, with over 54% of the cultivated area dependent on seasonal rainfall. The state
primarily cultivates cotton, pulses, maize, and oilseeds under rainfed conditions, with their
cropping patterns closely tied to the monsoon cycle and temperature regimes. The increasing
frequency of temperature extremes poses significant challenges to these crops. It affects crop
phenology, yield stability, and farmer livelihoods. It is essential to understand the
spatiotemporal dynamics of temperature indicators, which is crucial for developing targeted
adaptation strategies for these vulnerable farming communities. This study analyses high-
resolution temperature data (1980-2014) and future projections under the SSP245 scenario,
focusing on critical temperature thresholds that influence major crop-growing seasons in
Telangana.

Methodology

The study utilised baseline data (1980-2014) from the India Meteorological Department (IMD)
and climate projections for SSP 245 scenario obtained from Climate Hazard Centre. The
indicators included Annual Maximum Temperature (Tmax), Minimum Temperature (Tmin),
the number of hot days (March to May), and the number of cold days (December to February).
These indicators were calculated annually and averaged over the period. Tmax and Tmin were
derived as averages over the study period. Hot days were identified when the daily temperature
exceeded the average temperature over the years by 4°C or more, while cold days were
determined for December to February when the daily temperature was at least 4°C below the
average. The indicators were computed at the grid level and then aggregated to the block/
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mandal level by taking the weighted average with the areas of the Thiessen polygons in a block.
Data analysis was performed using MATLAB, and visual representations were generated using
ArcGIS.

Results and Discussion
Maximum Temperature

During the baseline period, the maximum temperature across the state has ranged between 30
to 33 °C, with the western and northern sides having a higher temperature (> 33 °C). The future
projections (SSP245) showed that the Tmax is expected to increase across the state (figure 1).
It could pose a significant challenge for the crops in the sensitive growth stage. Crops like
cotton and maize yield might be reduced by 5- 8% for a 1 °C rise in the optimal temperature
(Kumar et al., 2019; Rao et al., 2021). Red gram may face reduced pod formation and seed
filling, leading to overall yield losses.

Minimum Temperature

During the baseline period, minimum temperatures exhibited a west-east gradient, ranging
from 18 to 21°C in the western regions and 21 to 24°C in the central and eastern areas.
However, future projections indicate a significant increase in temperature. The east and central
regions are projected to experience temperatures exceeding 24°C, while the western areas are
expected to fall within the 21 to 24°C range. This warming trend negatively impacts crop yield
and quality, mainly maize and sorghum. It reduces flowering and pod-setting efficiency for
pulses, especially in pigeon peas, highly sensitive to elevated minimum temperatures (Sreejith
et al., 2020). Additionally, the warming trends suggest a shift in the duration of favourable
conditions for these crops.

Hot Days & Cold Days: The state had less than two hot days yearly in the baseline period from
March to May. Cold days showed a gradient in the northern (>3 days), southern (<2 days), and
central regions (2-3 days). However, in the future scenario, there will be no change in the hot
days as there will be a slight increase in the maximum temperature. However, the cold days
nearly disappeared due to the increase in the minimum temperature. This change will cause
heat stress on Kharif crops like maize and pulses and harm rabi crops like chickpeas and wheat,
necessitating adaptive crop management strategies (Sreejith et al., 2020; IPCC, 2021).

Conclusion

Rainfed agriculture is crucial to Telangana’s economy, with a significant portion of the
cultivated area dependent on seasonal rainfall. However, the study highlighted that the rising
temperatures, as projected under the SSP245 scenario, threaten crop productivity, especially
for rainfed crops like cotton, maize, and pulses. The projected increase in temperature and the
reduction of cold days would exacerbate heat stress during critical growth stages and disrupt
the reproductive phases of rabi crops. Adaptation strategies such as heat-tolerant varieties,
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adjusted crop calendars, and climate-smart practices are essential for building resilience in
Telangana’s rainfed agriculture to safeguard crop yields and ensure sustainable farming.
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Pigeon pea (Cajanus cajan), is an important legume and staple food crop in many tropical and
subtropical regions due to its high nutritional value, drought tolerance, and soil-enriching
properties. However, in the recent past, pigeon pea production has faced significant challenges
from various pest species, such as the Spotted pod borer, (Maruca vitrata Geyer), pod borer,
(Helicoverpa armigera Hub), and pod fly, (Melangromyza obtusa) causing substantial yield
losses (Sharma, 2016). Traditional pest management strategies, including chemical pesticides,
incur higher input costs and have proven ineffective and environmentally unsafe, leading to an
urgent need for sustainable alternatives.

One promising solution to combat pest infestations is weather-based pest management. This
approach relies on the understanding that weather conditions, such as temperature, humidity,
and rainfall, significantly influence the behaviour, biology, growth and development, and
proliferation of pest populations. Farmers can receive timely forewarnings about pest outbreaks
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by integrating weather forecasts, allowing them to take preventive or corrective actions before
pest populations reach damaging levels. Weather-based forewarning systems offer several
benefits. They enable more precise and timely interventions, reducing the dependency on
chemical pesticides and promoting eco-friendly pest control measures (Srinivasa et al., 2023).
Furthermore, this method enhances the efficiency of pest management by targeting
interventions when they are most needed, improving crop yield and farmer profitability while
safeguarding the environment.

In this context, integrating weather data with pest management strategies for pigeon pea can
potentially revolutionize crop protection. By providing farmers with advanced knowledge
about potential pest outbreaks linked to specific weather patterns, it becomes possible to
optimize pest control measures, reduce losses, and promote sustainable agricultural practices.
This approach not only benefits farmers economically but also contribute to the broader goals
of food security and environmental conservation.

Methodology

The study has been formulated to develop a decision support system for the real-time pest
management of pigeon pea in selected agro-climatic zones of India with three objectives viz.,
the impact of climatic variability on the occurrence of major pod borers of pigeon pea
(Helicoverpa, Maruca, Pod fly), to develop weather-based thumb rules and forewarning
models. The weekly data on pests and their natural enemies along with prevailing weather
parameters of the last five years (2018-2022) was recorded from the four major pigeonpea (cv
PRG 176) growing locations of India viz., Anantapur, Raichur, Parbhani, and Bengaluru. The
data was subjected to statistical analysis, and the outcome would be used for the Designing and
development of a Decision support system (Fig. 1)

Results

The results revealed that, all three pests are pod-infesting pests, their incidence started from
pre-flowering to the pod development stage, the biofix dates were identified (first-time pest
appearance), spotted pod borer:45-48 DAS (Days after sowing), Helicoverpa, and pod fly:50-
55 DAS, and the infestation level of three pests recorded, spotted pod borer (20-35%),
Helicoverpa (13-20%), Pod fly (10-30%).

The stepwise regression equations were developed, the evening relative humidity, minimum
temperature, and rainfall exhibited more influence on the occurrence of all three pod borers,
across four locations. The web-enabled DSS platform design and development is under
progress. The developed stepwise regression equations will be validated with the ongoing
cropping season data, then thumb rules will be developed, and further data of different
components will be loaded to a web-enabled decision support system.
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Flow chart for the development of a Decision support system for pigeon pea pests
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The Sundarban region of the coastal West Bengal is highly vulnerable to tropical cyclones,
tidal surges and erratic distribution of rainfall, leading to intensive rain spells and dry spells
(Mandal et al., 2013). High storm surge often breaches the river embankment, forcing saline
river water to inundate the inland. Intensive rainfall within short period of time leads to
prolonged submergence of the ill drained and low-lying crop fields where long duration and
low yielding traditional rice varieties are the only option. The winter and summer seasons
witness acute dearth of freshwater for irrigation, rendering huge areas to remain fallow. Such
climatic vagaries add anguish to the livelihood of the 4.5 million people residing in the coastal
Sundarbans, who primarily depend on agriculture and forest resources for their sustenance.
Poor economic return from farming forces the population to migrate to the nearby towns, in
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search of alternate livelihood. To safeguard agriculture against such climatic vulnerabilities, a
project titled “National Innovations on Climate Resilient Agriculture” (NICRA) is being
implemented by Ramkrishna Ashram Krishi Vigyan Kendra (RAKVK), in collaboration with
ICAR-CRIDA, Hyderabad and ICAR-ATARI, Kolkata, since 2012, in cyclone prone villages
of Sundarbans (NICRA News, 2011). The present study was aimed at comparing the
performance of the broad bed cum trench technology in the coastal Sundarbans situation, both
during climate stress and normal weather condition, against the traditional farming practice.

Methodology

Study Area

The study was conducted in Bongheri village under the Kultali block of the South 24 Parganas
district in West Bengal (Latitude: 22°2°3” N to 22°3°11” N; Longitude: 88 °37°5” E to 88
°38°11” E).

Farmers practice

Long duration rice (var. Sabita) was grown on 0.13 ha plot under low land situation (>1.5 ft
water stagnation), during July to December. Greengram was grown during February to April
as second crop.

Broad bed cum trench technology (BBT) and crop planning

Low-lying fields of 0.13 ha area were selected where series of trenches of 3 ft depth and 4-6 ft
width were dug parallelly at 4-6 ft interval. The strips of land, in between the trenches, were
raised up to 3 ft height and 3-4 ft width at the top. Various vegetable crops were grown on the
raised broad beds, in a relay system (Pic. 1). The rainwater, collected in the trenches, was used
for irrigation and culturing fish for 6-8 months. During winter, vegetables are also grown in
the trenches with the help of residual moisture.

Data collection

2019 was considered as “stress year” as it encountered two cyclones (Fani in May and Bulbul
in November), intensive rainfall (120 mm and 94 mm), prolonged submergence after
transplantation of rice (August), dry spells of more than 10 days (June and July), untimely rain
(February and November) and 39% rainfall deficiency in kharif. The data of 2023 was taken
as “normal year”. Both the practices (farmers practice and BBT) were implemented in 20
farmers’ field of 0.13 ha size, separately.

Results

The BBT system offered scope of multiple cropping to the farmers as the cropping intensity
increased to 238%. The elevated broad beds became suitable for growing multiple vegetables
that were saved from prolonged water stagnation during intensive rainfall. The rainwater
collected in the trenches was used for irrigation during dry spells in 2019 and sustaining fishery
throughout the rainy season. The residual soil moisture in the trenches also allowed to grow
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vegetables in winter and summer season. The net income from the BBT plots were 10 times

more than the farmers’ plots (Table).

Both during a normal year and stressful weather, the average net income was significantly

higher from the BBT plot in comparison to farmer’s practice. Even after heavy submergence

due to cyclone Bulbul (November, 2019), the BBT farmers suffered a minimum crop loss due

to improved drainage from the raised beds. The excess water collected in the trenches helped

to increase the duration of fish cultivation (from 6 to 8 months) and extended irrigation to the

winter vegetables, whereas there was 25-30% loss of rice under farmers’ practice. Land

development have been reported to maximize farm income, even during climatic hazards in

Sundarbans (Rahman et al., 2016).

Comparison of broad bed cum trench plot over farmers’ practice (Rs./ 0.13 ha/ year)

Yield Gross Cost of Net
Lrg e i) (9 return cultivation return LHEIR
Broad bed cum trench (0.13 ha plot)
Normal Bittergourd 0.05 15.9 44520 12500 32020 3.56
year  Brinjal 0.05 15.4 33880 7600 26280 4.46
(2023) Cow pea 0.05 8.25 20625 6780 13845 3.04
Snake gourd 0.05 10.2 22440 6350 16090 3.53
Pumpkin 0.05 16.35 14715 4625 10090 3.18
Fish (trench) 0.06 0.9 10800 3072 7728 3.52
Total 106053
Stress  Bittergourd 0.05 14.6 40880 12500 28380 3.27
year  Brinjal 0.05 15.2 33440 7600 25840 4.40
(2019) Cow pea 0.05 7.25 18125 6780 11345 2.67
Snake gourd 0.05 9.75 21450 6350 15100 3.38
Pumpkin 0.05 15.95 14355 4625 9730 3.10
Fish (trench) 0.06 1.08 12960 3072 9888 4.22
Total 100283
Farmers’ practice (0.13 ha plot)
Normal Rice 0.12 3.48 7656 3840 3816 1.99
year  Greengram 0.12 1.2 9000 3600 5400 2.50
(2023) Total 9216
Stress  Rice 0.12 2.52 5544 3840 1704 1.44
year  Greengram 0.12 0.888 6660 3600 3060 1.85
(2019) Total 4764

|

Crops in a broad bed cum trench system
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Conclusions

BBT technology is an effective climate resilient technology for the coastal Sundarbans farming
situation. It not only provides additional income to the marginal farmers but also engages the
family members in farming, throughout the year, thus reducing chance of migration.
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Rainfall variability driven by climate change poses significant risks to rainfed hill agriculture,
which forms the backbone of rural livelihoods in the northeastern region of India (NEI).
Understanding spatiotemporal rainfall trends and their implications is crucial for developing
sustainable farming practices and mitigating climate-induced risks (Saha et al. 2018).

Methodology

This study analyzed the high-resolution gridded (0.25° X 0.25°) daily rainfall data of the India
Meteorological Department (IMD) from 1901-2023 to unveil the long-term patterns (Pai et al.
2014). The analysis was confined to all the northeastern states namely Arunachal Pradesh,
Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, and Tripura.

Results

The spatial analysis of annual rainfall and its coefficient of variation (CV) over the NEI
provides critical insights into the changing precipitation patterns and their variability over time.
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Results reveal distinct trends in both rainfall magnitude and variability across the region (Fig
1). The figure illustrates (a) the spatial distribution of annual rainfall across different time
periods: 1901-1930, 1931-1960, 1961-1990, and 1991-2023. During the early period (1901—
1930), large portions of the region experienced rainfall exceeding 2,300 mm annually, with
certain pockets receiving over 3,500 mm. These trends were relatively stable in the subsequent
period (1931-1960), though slight spatial shifts in the areas of higher rainfall were observed.
From 1961-1990, the distribution of rainfall began to show a decline in the areas receiving
higher rainfall, with a noticeable reduction in regions exceeding 3,500 mm. In the most recent
period (1991-2023), a further contraction in high-rainfall zones (>=3,500 mm) is evident, with
a greater prevalence of moderate rainfall zones (1,700-2,600 mm) dominating the landscape.
This pattern suggests an overall declining trend in annual rainfall across the NEI, particularly
in high-precipitation zones. Further, the CV of annual rainfall (b), reflects the extent of
variability in rainfall distribution. During the early period (1901-1930), most of the region
exhibited relatively low CV values (<14%), indicating a consistent rainfall pattern. However,
over subsequent decades, CV values increased significantly in many parts of the region. By
1961-1990, areas with moderate CV (22-30%) began to emerge, particularly in the southern
and western parts of NEI. This trend further intensified during 1991-2023, with regions
exhibiting high CV values (30-38%) becoming more widespread. Notably, regions with
extremely high variability (>38%) have also emerged, signifying an alarming trend of increased

unpredictability in rainfall patterns.
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Fig 1. Spatial changes in the annual rainfall (a) and its coefficient of variation (CV) over
the northeastern region of India (1901 — 2023).

The trend analysis results clearly revealed a predominance of negative rainfall trends across
the northeastern region, particularly in southern and central areas, with declines exceeding -50
mm/decade in red-highlighted zones (Fig 2). These trends are statistically significant (p <0.01),
emphasizing potential long-term rainfall reductions. Conversely, a few scattered regions,
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especially in the western and southeastern parts, display positive trends with increases of >10
mm/decade (in blue).
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Fig 2: Trends in the annual rainfall over the northeastern region of India (1901 — 2023)

Conclusion

The implications of these findings are profound for agricultural practices and water resource
management in the NEI. Rainfed agriculture, which dominates the region, is highly sensitive
to changes in both rainfall magnitude and variability. The declining trend in annual rainfall,
coupled with increased CV values, poses a dual challenge for farmers—ensuring adequate
water supply during critical growing periods and mitigating the risks of extreme events such
as droughts or floods. The increasing spatial heterogeneity in rainfall patterns further
complicates regional adaptation strategies, underscoring the need for localized interventions
tailored to specific sub-regions within NEI. Moreover, the reduction in annual rainfall,
particularly during the monsoon season, threatens the availability of surface and groundwater
resources essential for irrigation and drinking water. Increased variability exacerbates these
challenges by intensifying periods of water surplus and deficit. Innovative water management
strategies, including rainwater harvesting, efficient irrigation systems, and crop diversification,
are imperative to enhance resilience in the agricultural sector. Overall, the observed spatial
changes in annual rainfall and its variability across NEI highlight the urgency for region-
specific climate adaptation measures. Sustainable water resource management and climate-
resilient agricultural practices are essential to mitigate the adverse impacts of changing rainfall
patterns and ensure the livelihoods of millions dependent on agriculture in this vulnerable
region. Further research focusing on high-resolution climate modeling and region-specific
adaptation strategies will be crucial for informed decision-making in the face of evolving
climatic challenges.
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Climate change is a critical global challenge with profound implications for agro-ecosystems,
economies, and societies. It poses significant threats to agriculture, water resources, and
economic stability (Economic Survey of India, 2023). North-East India, comprising eight
mountain bound states like Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram,
Nagaland, Sikkim, and Tripura, is particularly susceptible to changing climate due to its diverse
ecology and predominantly agrarian driven economy. The region has experiencing erratic
rainfall patterns, rising temperatures, and increased soil erosion, which have adversely affected
agricultural productivity. Agriculture in North-East India is especially vulnerable to climate
change impacts, given its complete dependence on monsoon rains, sensitivity to temperature
variations, and exposure to extreme weather events. Existing studies on vulnerability in the
region have largely focused on localized areas, leaving broader patterns unexplored. This study
aims to address this gap by assessing climate change vulnerability at district and block levels,
employing the [PCC 2014 framework and targeted to deliver a detailed analysis of vulnerability
across Meghalaya.

Methodology

Spatial secondary data from 2020 were sourced from the Ministry of Rural Development,
Government of India, encompassing approximately 180 village-level parameters. Using
exploratory factor analysis, relevant sub-indicators associated with adaptive capacity and
sensitivity were identified. These sub-indicators underwent data cleaning and descriptive
statistical testing to ensure readiness for further analysis. The vulnerability index was
constructed following the IPCC 2014 framework (Sharma and Ravindranath, 2019) and
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categorized into five levels: Very Low, Low, Medium, High, and Very High. Classification
ranges at the district level were derived from the overall vulnerability index values of all
districts, while block-level ranges were calculated based on individual block indices.

Results

Key Drivers o Vulnerability: In Meghalaya, health and nutrition factors significantly contribute
to vulnerability, with Total Anemic Pregnant Women (11.49%) emerging as a major concern,
highlighting maternal health challenges. Economic vulnerability, underscored by the
contribution of Self-Help Groups (9.24%), and agricultural sensitivity, as indicated by
Drip/Sprinkler Irrigation (9.10%), are also critical drivers. Additionally, the role of child
nutrition and maternal care services is evident through parameters like Registered Anganwadi
Children (8.93%) and beneficiaries of the Pradhan MantriMatruVandanaYojana (PMMVY)
(8.90%).

District-Level Vulnerability Patterns: Among Meghalaya's 11 districts, 72.73% (8 districts)
fall under the high vulnerability category, including East Khasi Hills, South West Garo Hills,
and East Jaintia Hills. West Jaintia Hills (9.09%) exhibits medium vulnerability, while South
Garo Hills and West Khasi Hills (18.18%) are classified as very high vulnerability areas. These
districts face significant challenges in health, nutrition, and socio-economic resilience (Table).

District level vulnerability profile in Meghalaya

Very ° P

State 0w % (%]"J; 4?_ M(f]d(‘)‘;j;_ﬁ’ High % Very high %

(0.0140- 0 b146) 0 '0149) (0.0149-0.0151) (0.0151-0.0154)

0.0143) : )
ML - - 9.09 (1) 72.73 (8) 18.18 (2)
(11) West Jaintia East Khasi Hills, South South Garo Hills,

Hills West Garo Hills, West Khasi Hills
East Jaintia Hills, Ri Bhoi,
South West Khasi Hills,

North Garo Hills, West
Garo Hills, East Garo Hills

Block-Level Vulnerability Analysis:The block-level analysis provides a more granular
perspective, highlighting localized disparities within Meghalaya (Fig). Blocks were
categorized into five vulnerability levels—very low to very high—enabling precise
identification of critical areas for targeted interventions. The analysis reveals that 69.57% (32
blocks) and 21.74% (10 blocks) are categorized as high and very high vulnerability,
respectively. The remaining blocks include 6.52% (Mawryngkneng, Mylliem, and Amlarem)
under medium vulnerability and 2.17% (Mawpat) under low vulnerability. The most vulnerable
blocks include Mawshynrut, Rongara, Jirang, Dadenggiri, Nongstoin, Dalu, Gambegre,
Baghmara, Chokpot, and Songsak. Notably, Mawshynrut, Dadenggiri, Nongstoin, Dalu, and
Gambegre are in the West Khasi Hills district, while Rongara, Baghmara, and Chokpot are in
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the South Garo Hills district. This highlights these two districts as the most vulnerable regions
in Meghalaya. The mapping of climate change vulnerability in Meghalaya underscores the
critical need for a comprehensive, integrated, and participatory approach to policy-making.
Prioritizing community involvement, bolstering agricultural resilience, and enhancing
governance and institutional capacities are essential steps to mitigate climate-related risks and
foster sustainable development for the region's diverse populations. Achieving these policy
objectives will require dedicated commitment, collaborative efforts, and innovative strategies
from all stakeholders invested in shaping the region’s future.
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Block level vulnerability profile of Meghalaya
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Impact Assessment of Climatic Resilient Practices on In-situ Moisture
Conservation through Direct Seeded Rice under farmer’s field

Vijay Jain, Kamal Narayan and Harshana Chandrakar

National Innovation on Climatic Resilient Agriculture (NICRA) Project
Krishi Vigyan Kendra, Durg, Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh, India
kamalnarayan37@gmail.com
Production of conventional puddled transplanted rice is facing severe constraints because of
water and labor scarcity and climatic changes. Direct-seeded rice (DSR) is a feasible alternative
to conventional puddled transplanted rice with good potential to save water, reduce labor
requirement, mitigate green-house gas (GHG) emission and adapt to climatic risks. In the
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traditional transplanting system (TPR), puddling creates a hard pan below the plough-zone and
reduces soil permeability. It leads to high losses of water through puddling, surface evaporation
and percolation. Water resources, both surface and underground, are shrinking and water has
become a limiting factor in rice production with the help of DSR technology all those
constraints can be mitigated. The yields and cost of cultivation are comparable with
transplanted rice if crop is properly managed. In this view efforts have been made in promoting
the DSR technology at NICRA village Karga by KVK, Durg II (C.G.) in kharif season under
NICRA Project. Here, we observed Plant height, Tillers, Panicle length and yield of rice sowed
under DSR technology. Rice verity Swarna, dry seeds has been directly sowed with seed drill
machine @ of 75 kg per ha farmer’s field at NICRA village. The row-to-row distance in rice
field has been maintained 22.5 c.m. under DSR technology. Our observations of Plant height
of swarna were 122.8 c.m. found. The Panicle length of DSR fields Rice was recorded 25.3 cm
for Swarna also Tillers found on an average 9.6 for Swarna. Also, it found feasible for water
inputs, labor costs and labor requirements.

UID: 1731

Conservation Agriculture for Improving Resource Use Efficiency in
Rainfed Conditions

Reddy Pavan Kumar, Sumanta Kundu, G. Pratibha, A. K. Indoria, H. B. Santosh
ICAR- Central Research Institute for Dryland Agriculture, Hyderabad, Telangana — 500 059, India
reddypavankumar2000@gmail.com
Over half (around 51%) of India's cultivated land relies solely on rainfall, contributing nearly
40% of the nation’s food grains (MoA & FW). Farming in these rainfed regions faces
significant challenges due to unpredictable rainfall patterns, leading to low productivity, water
scarcity and unstable yields. Climate change further exacerbate these problems. However,
Conservation Agriculture (CA) offers a promising solution. This sustainable farming approach
emphasizes minimal soil disturbance (zero tillage preferred), diverse crop rotations, and
permanent soil cover. By adopting CA practices, farmers can cultivate rainfed lands more
sustainably, leading to improved soil health (both physical and chemical properties), and
enhanced yields with moisture conservation practices. CA has been recognized as an
environmentally friendly tool for improving resource use efficiency, sustainability and
productivity. The benefits of CA are realized only when all the three principles of CA are
adopted and applied simultaneously. Moreover, CA requires lower energy inputs, reducing

cultivation costs and making it an attractive option for resource-constrained farmers.

1. We have reviewed and synthesize existing literature on the impacts of conservation
agriculture practices on water use efficiency (WUE) and energy use efficiency (EUE) in rainfed
agricultural systems.
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2. Comprehensive review was conducted to examine the effectiveness of conservation
agriculture practices in enhancing system productivity and yield stability on rainfed crop
production.

Methodology

A comprehensive search was conducted in Google Scholar, Research gate, J-Gate and the
CeRA database using keywords related to CA, rainfed systems, and key performance indicators
(energy use efficiency, water use efficiency, system productivity, and yield stability). Peer-
reviewed journal articles meeting specific addition criteria (e.g., rainfed systems, explicit CA
practices) were included. Exclusion criteria included reviews and grey literature. The risk of
bias in included studies was assessed using appropriate tools. A narrative synthesis approach
was used to integrate and summarize findings. The search may not have captured all relevant

studies, and the heterogeneity of study methodologies could introduce some bias.
Key Findings
1. Water use efficiency (WUE)

Pratibha et al. (2021) reported a significant enhancement in rainwater use efficiency (RWUE)
in Alfisols of southern India. Under zero tillage (ZT) with residue retention, pigeon pea
exhibited a 26% higher RWUE compared to conventional tillage (CT). Residue retention
consistently boosted rainwater productivity and RWUE across various crops. Corroborating
this finding, Handiso et al. (2023) observed that conventional tillage resulted in lower soil
moisture content (SMC) at 13.73%, compared to 15.08% and 15.11% SMC under zero tillage
and reduced tillage, respectively. These findings strongly suggest that conservation agriculture
(CA) practices effectively conserve soil moisture and enhance water use efficiency compared
to conventional tillage.

2. Energy use efficiency (EUE)

The results (table-1) highlight the significant impact of different agricultural practices on
energy use efficiency as reported by G. Pratibha et al., 2021. ZT and CA consistently showed
higher EUE compared to CT, mainly due to lower energy inputs associated with reduced tillage
and efficient soil management. Similarly, Gozubuyuk et al., 2020 reveal that the NT practice
in rainfed was very advantageous compared to the CT practice in terms of saving both diesel
fuel (3.2 times less) and working time (4.5 times less).

3. Sustainable yield index (SYI)

As depicted in fig-1 the increase in SYI (0.72) within the ZT-RB (Zero Tillage-Raised Bed)
system researched by Shivanand et al., 2021 with crop residue is likely a result of synergistic
effect of CA practices and Raised bed. The combined effect of these factors appears to be
driving the observed increase in SYI, indicating a more sustainable and productively
agricultural system.
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Conclusion

This review demonstrates that Conservation Agriculture practices, by concurrently
implementing three core principles, offer significant potential to improve resource use
efficiency and enhance agricultural sustainability in rainfed environments relative to
conventional farming methods.

Table 1: Impact of conservation agriculture practices on energy use efficiency (EUE)
observed between CT and CA in different cropping systems (G. Pratibha et al.,

2021)
AF 7

Cropping Systems Crops CT CA % mcreasgrlrn ol
. Pigeon pea 4.94 9.81 49.64
Pigeon pea-Castor system Castor 598 287 20.5
Maize-Pigeon pea system Maize 349 352 36.7
geon pea sy Pigeon pea 1.72 1.9 9.47
Finger millet + Pigeon pea 7.2 21.7 66.8
Soybean-Chickpea 5.66 6.11 7.36

0.51

CT

ZT-Raisedbed-R+ 0.72

ZT-Raisedbed-R- 0.64

ZT-Flatbed-R+ 0.67

Tillage Practices

ZT-Flatbed-R- 0.59

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Sustainable yield index

Fig 1. Effect of conservation agriculture practices on sustainable yield index (Shivanand
etal., 2021)
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Organic farming is the practice that relies more on using sustainable methods to cultivate crops
and it avoids chemical inputs that do not belong to the natural eco system. Organic agriculture
can contribute to meaningful socioeconomic and ecologically sustainable development,
especially in developing countries. This is due to the application of organic principles, which
advocates the application of local resources viz., indigenous seed varieties, manure, etc. and
therefore cost effectiveness. Organic farming is one of the several approaches found to meet
the objectives of sustainable agriculture. Ecological friendly Organic farming is the answer to
the problems being faced by agriculture in India today. It will also keep agriculture more
sustainable. This form of agriculture conserves our soil and water resources, protects our
climate, improves agro-diversity, ensures biodiversity, meets the demand for food and
safeguards livelihoods. In brief, it ensures that the environment blooms, the farm is productive,
the farmers makes a net profit and society has adequate nutritious food. The impact of organic
farming on biodiversity and soil fertility is discussed in comparison with conventional systems.
A significant barrier for wide application and future development of organic farming is the
existing diversity of national and international policy instruments in this sector. Special
attention is paid to up-to-date research techniques that could help solve a number of the
problems typically faced in plant organic farming. It is argued that organic farming is still not
productive enough to be considered fully sustainable. This underlines the necessity of strong
support for more effective implementation of scientific research innovations and improvement
of the networking between all stakeholders — organic producers, scientists and corresponding
policy makers at the national and international level.
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Utilizing Smoke for Frost Protection: A Sustainable Approach to
Mitigating Cold Stress
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Frost, a significant abiotic stressor, notably impacts agricultural productivity and quality,
posing substantial challenges in tree and native plant nurseries globally. The severity of frost
stress is influenced by a myriad of environmental conditions, making timely and precise frost
detection, and forecasting critical for effective management and mitigation. The frost detection
and prevention techniques focus on the array of strategies employed in agriculture to modify
the microclimate, thereby improving the physical environment for crops. Various field
techniques are employed in valuable crops and generally involve interfering with the freezing
environment by the use of turbines to mix cold and warm layers of air or by smoke blankets to
prevent the crop losing long wave radiation (Kalma et al., 1992). Creating a cloud of smoke in
the orchard by burning waste material on a night when frost is expected helps to minimize its
effects in two ways. Firstly, the smoke forms a sort of screen over the plants thus warding off
the frost. Secondly it raises the temperature of the orchard to some extent thereby decreasing
the incidence of frost.

Materials and Methods

The present study was conducted at the College of Temperate Sericulture (CoTS), Mirgund
SKUAST-Kashmir. The study was conducted during 2022-23 & 2023-2024. The cuttings of
two mulberry varieties viz., Goshoerami and Kokuso-21, obtained from 8-9 month old
branches of mulberry were used for raising the mulberry saplings in the polyhouse. Cuttings of
the length of 13-15 cm and of pencil thickness with 3-4 active buds were taken and planted in
the rooting medium contained in small polytubes of size 4 x 12 inch. The rooting medium
comprised of sand, soil and farm yard manure (FYM) in the ratio of 6:3:1. The cuttings were
treated with 0.1% carbendazim to ensure their surface disinfection and one cutting was inserted
in each polytube. The polytubes with the cuttings were placed in zero energy polyhouse. The
saplings were allowed to grow for three months approximately from March to May. Then the
mulberry saplings of uniform size raised under polyhouse were selected and transplanted to
main nursery during mid-June. The treatment like, modification of micro-climate in nursery
through smoke were started with the onset of freezing temperature. The frost damage of
saplings was observed and the extent of damage was measured weekly till March, and various
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growth parameters were recorded during spring. It was recorded by measuring the total height
of sapling and the height damaged by winter frost as:

Length damaged
Frost damage (%) = & 8

X
Total length of sapling
Results

The data presented in Table 1 reveals that the variety Goshoerami experienced the highest level
of frost damage compared to Kokusu-21. However, despite the notable damage in Goshoerami,
both varieties exhibited a significantly lower degree of frost-induced harm when compared to
the control group, demonstrating their relative resilience under frost conditions.

Further insights are provided by Table 2, which highlights several growth parameters including
the number of leaves per sapling, leaf area (cm?), shoot length (cm), fresh shoot weight per
sapling (g), dry shoot weight per sapling (g), and shoot diameter (cm). Across all these
indicators, both Goshoerami and Kokusu-21 outperformed their respective controls. This
suggests a marked improvement in plant vigor and growth characteristics despite exposure to
frost conditions, emphasizing the potential adaptability and robustness of these varieties when
compared to the control group under challenging environmental stresses.

Table 1. Influence of smoke on frost damage (cm) of mulberry saplings under nursery

conditions
Dat'e / 15/12 01/01 15/01 01/02 15/02 01/03
Variety

Goshoerami 18.018  26.666 34.054 37.958 38.750 38.900
Goshoerami (control) 30 42.6 49.8 54.8 57.1 57.8
Kokusu-21 17171 25.959 27.939 28.959 29.618 29.871
Kokusu-21
(Control) 24.444 33 39.888 42.111 44.222 44.555

Table 2. Influence of smoke on growth parameters of mulberry saplings under nursery
conditions during spring

Mulberry Variety / Goshoerami Goshoerami Kokusu-21 Kokusu-21
Growth Parameter (control) (Control)
No. of leaves per sapling ~ 23.81 20.02 22.93 19.42
Leaf area (cm?) 224.46 198.75 194.28 168.85
Shoot length (cm) 110.84 92.58 98.64 78.98
Fresh shoot weight per 122.12 110.8 105.81

X 118.02
sapling (g)
Dry shoot weight per 26.23 26.68 24.53
. 28.38
sapling (g)
Shoot Dia (cm) 1.52 1.12 1.49 1.09
Conclusion

The study demonstrated the potential benefits of microclimate modification through smoke in
reducing frost damage and enhancing growth parameters in mulberry saplings. Although
Goshoerami experienced greater frost damage than Kokuso-21, both varieties showed
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improved performance over their respective controls. These findings highlight the efficacy of
smoke-based interventions and the adaptability of selected mulberry varieties to frost stress
conditions, paving the way for improved nursery management strategies in frost-prone regions.
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Uttar Pradesh is the largest producer of sugarcane in India followed by Maharashtra and
Karnataka. Sugarcane is the major cash crop grown in the Gonda district. The area under
sugarcane is 105645 ha in sandy loam soil with productivity 83.5 t/ha. Trash burning of
sugarcane is the major problem in the area. An experiment was conducted at the farmers field
under NICRA Village during the year 2021-22 & 2022-23 under the Scientific technical
guidance of LBS Krishi Vigyan Kendra Gonda (U.P.) under north east plain zone. The
treatments comprising studies regarding the trash management of sugarcane crop on yield of
wheat and also to stop the burning of sugarcane crop residue and incorporation of trash in the
soil for increasing organic matter content which retain the in- situ moisture conservation in
soil. In this experiment treatment T1 (sowing of wheat after burning of sugarcane trash) and
treatment T2 (sowing of wheat after crop residue management of sugarcane trash through
rotary mulcher). Due to mulching of sugarcane trash and incorporation of sugarcane crop
residue in the soil that enhances the biomass in the soil. The experiment results showed that
the yield of wheat due to incorporation of trash in the soil enhanced by 12.78% and the net
return of Rs. 44825/ha. It also enhanced the biomass in the soil so that organic carbon
percentage increased from 0.27 to 0.35% and the saving of water throughout the crop period
upto 25% due to in-situ moisture conservation under the treatment T2 (sowing of wheat after
crop residue management of sugarcane trash through rotary mulcher). Due to this reason
farmers were accepted this technology of crop residue management of sugarcane instead of

burning of sugarcane trash.
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Climate variability describes the natural changes in the climate system that occur over a range
of timescales, spanning months to decades or even centuries. Trend analysis is a technique used
to assess spatial variations and temporal changes in various climate-related parameters by Arun
et.al., (2012). Climate change is expected to improve agricultural land suitability in high-
latitude regions of the Northern Hemisphere while decreasing it in tropical areas (Ramankutty
et al., 2002). Climate variability led to changes in spatial and temporal variation in vegetation
and water distribution, we could see more epidemics as the vector moves to new areas
(McMichael et al., 2006). Expected changes in rainfall and temperature variability in the future,
there is high uncertainty: IPCC (2012). The impact of yield anomalies on production can be
intensified by a reduction in cropping frequency and a smaller harvested area as a result of
climate variability (Cohn et al., 2016). In India, the distribution of land area based on rainfall
patterns is classified as follows: 15 million hectares receive less than 500 mm of rainfall, 15
million hectares receive between 500—750 mm, 42 million hectares receive 750—1150 mm, and
25 million hectares receive more than 1150 mm. Tamil Nadu experiences tropical, subtropical,
and temperate climates, with average annual rainfall ranging from 650 mm in Thoothukudi
district to 1460 mm in Kanyakumari district. The southern regions of Tamil Nadu are
predominantly classified as drylands, comprising districts with the lowest annual rainfall. The
cropping period in these regions aligns with the rabi season, coinciding with the Northeast
Monsoon. Crops such as pulses, maize, sorghum, minor millets, sesame, and sunflower are
raised during a 70-90 day growing period, receiving approximately 400 mm of seasonal rainfall.
In dryland agriculture, a comprehensive understanding of rainfall climatology is essential, as it
is a key factor affecting the success of farming in semi-arid regions. Therefore, this study aimed
to critically analyze historical rainfall data from selected districts in the southern agroclimatic
zones of Tamil Nadu, namely Virudhunagar, Thoothukudi, and Madurai, where dryland areas
are extensively distributed.

Methodology

The southern agroclimatic zone of Tamil Nadu comprises the districts of Madurai, Sivagangai,
Ramanathapuram, Virudhunagar, Tirunelveli, Tenkasi, and Thoothukudi. Geographically, it
is located between 8°9' and 10°50' North latitude and 77°10" and 79°25' East longitude.. The
region has a mean annual rainfall of approximately 857 mm. Major crops cultivated in this area
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include rice, maize, cucumber, sorghum, ragi, black gram, green gram, groundnut, fodder
crops, gingelly, castor, cotton, chillies, banana, jasmine, coriander, onion, lime, cashew, and
amla. Spanning an area of 36,655 sq. km, this zone is highly prone to frequent droughts.
Rainfall is a crucial factor in determining crop productivity, the choice of crops, and the length
of the growing period. Daily rainfall data accumulated during the cropping period (September—
December) over 73 years for Thoothukudi district, 40 years for Virudhunagar district, and 53
years for Madurai district were collected from the TNAU research station/Institute and
analyzed to assess deviations from normal rainfall patterns over time. This analysis aimed to
assess rainfall trends to guide cropping patterns and crop selection.

Results

During the cropping period, the percentage change in rainfall per decade at Thoothukudi
showed an increasing trend in September (3.1%), October (1.4%), and December (0.8%), while
November exhibited a decreasing trend (-1.7%). The predominant soil type in the district is
black cotton soil. Farmers typically practice in pre-monsoon sowing during the second fortnight
of September. However, increased rainfall during this period can disrupt pre-cultivation
practices and delay sowing activities. In November, when crops are in the vegetative to
flowering stage, deficient rainfall can adversely affect crop yields. In Virudhunagar district, the
percentage change in rainfall per decade showed a decreasing trend in September (-2.5%) and
October (-9.2%). In contrast, November (0.2%) and December (8.2%) exhibited an increasing
trend. The predominant soil type in the district is black cotton soil. A decrease in rainfall during
September and November can impact sowing and affect all dry land crops at the vegetative
stage, subjecting them to moisture stress and initial drought conditions. For Madurai district,
percent change over decade for the month of September (-1.7%), November (-1.6%) and
December (-3.9%) it was decreasing trends. Whereas October (6.1%) was in increasing trends.
The predominant soil type in the district consists of red alluvial soils, followed by black soil.
A decrease in rainfall during September impacts cotton crops at the vegetative stage, while
reduced rainfall during November and December affects other rainfed crops sown in October,
leading to initial drought conditions. Even paddy grown under irrigation faces challenges,
ultimately resulting in a decline in crop yields.

Conclusion

Based on the rainfall analysis on decade wise and the results obtained it can be concluded that
the rainfall showed in all the three districts rainfed crops under moisture at maximum
vegetative stage which affects the source sink relationship. Hence, farmers to be planned the
crops based on the forecast of each year need to be further. The study showed that all three
districts were most prone to moderate drought.
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India is the largest producer of pulses even; the domestic requirements will be 26.50 m.t. in
2050, necessitating us to increase the production by 82%. Blackgram mostly grown under
rainfed condition faces a problem of excess soil moisture and water logging during early season
and moisture deficit at reproductive phase resulted low productivity. Under such condition
appropriate land configuration and drought mitigation technologies play an important role in
increasing production. Hence, field experiments were conducted during 2017-18 and 2018-
2019 in Rabi season at Agricultural Research station, Kovilpatti, Tamil Nadu to study the
response of different drought mitigation technology on blackgram growth, physiological
parameter, yield and economics under rainfed situation. The research trials were conducted in
strip plot design and replicated thrice. The results of the experiment revealed that significantly
higher grain yield (899 and 459 kg ha''), RWC (89.6 and 92.8 %), CSI (84.7 and 87.6 %) and
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lower proline content (35.0 and 34.5 ug g'') were recorded by broad bed and furrow method
during 2017-18 and 2018-19 respectively. Among the drought mitigation technology, the
higher yield of 920 and 480 kg ha' was registered by the combined application of Pusa
hydrogel with mulching + PPFM spray which was followed by combined application of Pusa
hydrogel with mulching + KCl spray ( 900 and 458 kg ha™') against the hydrogel alone applied
plot (795 and 391 kg/ha). Significantly higher RWC (92.8 and 93.5 %) and CSI (87.6 and 88.7
%) and lower proline content (34.5 and 34.5 pg g'') were recorded in the combined application
of Pusa hydrogel with mulching and PPFM spray.
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Soybean is one of the most important oil-bearing leguminous crops of the world with high
productivity potential than other legumes. It is a richest source of quality protein which can be
used for alleviating protein calorie malnutrition (IISR, 2021). Globally India stands in fourth
position with the cultivable area of 12.81 million hectare with 12.90 million tone production.
The Telangana state of India is producing 0.24 million tonnes of soybean from an area of 0.16
million hectares (Directorate of Economics and Statistics, 2021) and the northern region of
Telangana state in India shares 2% of the total soybean production of the country. Adilabad
district contributes 39.6% area with the production of 38.2% of total states area and production,
respectively (Raghuveer et al., 2024).

Redgram, also known as pigeonpea (Cajanus cajan L.), stands as the fifth most prominent grain
legume crop globally and holds second position in India after chickpea. It holds a significant
position in the agricultural landscape as a vital pulse crop due to its nutritional value and
economic importance. Globally, redgram is grown in an area of 63.57 lakh hectares with a
production of 54.75 lakh tonnes and productivity of 861 kg ha''. India ranks first in redgram
production globally with 42.2 lakh tonnes cultivated under 49.0 lakh hectares with productivity
of 861 kg ha™! (Sowmyasri et al., 2023). Pigeonpea is a drought tolerant, deep-rooted, often
cross-pollinated, C3, short-day plant and hypogeal germination in nature. It is a common food
grain crop and offers nutritional security due to its richness in protein (21%) with essential
amino acids such as methionine, lysine and tryptophan, along with mineral supplementation,
viz., iron and iodine. The drought resistance and nutritional value, making it essential for

resource-poor farmers in semi-arid regions.

Strip intercropping has the potential of reducing interspecies competition, and increasing yields
per unit area. Strip cropping is like any other intercropping strategy based on the management
of plant interactions to maximize growth and productivity caused by efficient use of plant
growth resources such as light, water and nutrients. Soybean and redgram can improve overall
land productivity by effectively utilizing resources such as light, water, and nutrients (Ali et al.,
2023). The complementary growth habits of these crops facilitate better pest management and
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reduce competition for resources, ultimately leading to higher yields and profitability.
Furthermore, this practice promotes soil conservation and reduces erosion, making it a
sustainable option for farmers. In light of the aforementioned, an experiment aimed at analyzing
the soybean-pigeonpea strip intercropping was conducted at Agricultural Research Station,
Adilabad.

Methodology

A field experiment was conducted during kharif seasons of 2021-22 to 2023-24 at Agricultural
Research Station, Adilabad, PITAU, Telangana to study the influence of soybean-pigeonpea
strip cropping on yield, economics and Rain water use efficiency (RWUE) under rainfed
condition. The experiment was laid out in randomized block design with 6 treatments i.e. Ti-
Soybean 4.5 m (+) pigeonpea 5.4 m strip cropping (10:6 rows), T>- Soybean 6.75 m (+)
pigeonpea 8.1 m strip cropping (15:9 rows), T3- Soybean 9.0 m (+) pigeonpea 10.8 m strip
cropping (20:12 rows), T4- Sole Soybean 4.5 m strip cropping (10 rows), Ts- Sole Pigeonpea
5.4 m strip cropping (6 rows) and Ts- Soybean (+) pigeonpea (7:1 ratio).

Results

It is evident from the mean data (Table) that the cultivation of soybean 9.0 m (+) pigeonpea
10.8 m strip cropping (20:12 rows) recorded higher soybean equivalent yield (3345 kg ha™'),
LER (1.87) and RWUE (2.48 kg/ha-mm) than other strip cropping and it was found on par with
soybean 6.75 m (+) pigeonpea 8.1 m strip cropping (15:9 rows) and traditional intercropping
method of soybean (+) pigeonpea (7:1 rows). Similarly, same trend was observed in terms of
net returns (Rs. 87803 ha') and B:C ratio (2.55:1) with same cropping systems. Cost of
cultivation for Soybean 4.5 m (+) pigeonpea 5.4 m strip cropping (10:6 rows) is Rs. 56218 ha-
I, Soybean 6.75 m (+) pigeonpea 8.1 m strip cropping (15:9 rows) is Rs. 54729 ha'!, soybean
9.0 m (+) pigeonpea 10.8 m strip cropping (20:12 rows) is Rs. 56218 ha™!, Sole Soybean 4.5 m
strip cropping (10 rows) is Rs. 53362 ha™!, Sole Pigeonpea 5.4 m strip cropping (6 rows) is Rs.
47729 ha-'and Soybean (+) pigeonpea (7:1 ratio) is Rs. 55752 ha'!. The implementation of a
strip cropping of soybean at 9.0 m (+) pigeonpea 10.8 m (20:12 rows), resulted in yield
enhancement ranging from 7.7% to 50.5% showcasing the superior productivity of this
configuration. Moreover, the land equivalent ratio (LER) demonstrated more efficient land use
and higher productivity per unit area, reflecting the synergistic benefits of intercropping. Net
returns were increased by 11.4% to 70.6% compared to other treatments. Resource-use
efficiency, measured in terms of RWUE (kg/ha-mm), showed significant improvement,
representing optimized utilization of water resources for crop production.

Conclusion

The adoption of soybean 9.0 m (+) pigeonpea 10.8 m strip cropping (20:12 rows) has proven to
be a highly advantageous agronomic practice, resulting in higher yields, improved economic
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returns, better land use efficiency, and optimized resource utilization, thereby contributing to
sustainable and profitable agricultural systems.

Effect of treatments on yield, economics and rain water use efficiency (Pooled data of
2021-22 to 2023-24)

Soybean Pigeonpea SEY"* Cost of Net B:C RWUE
Treatments yield yield 1 LER MAI cultivation returns . (kg/ha-
(Kgha') (kgha?y (K&ha) (Rs.ha’) (Rs.ha) ™9 oim)
T, 1883 970 2853 1.56 42462 53184 69174  2.31:1 2.07
T, 1815 1274 3089 1.71 53504 54729 77986  2.42:1 2.26
T; 1770 1575 3345 1.87 65652 56218 87803  2.55:1 2.48
Ty 2072 0 2072 1.00 0 53362 34961 1.67:1 1.54
Ts 0 1655 1655 1.00 0 47729 22327 1.46:1 1.16
Ts 2165 877 3042 1.64 49642 55752 75071 2.34:1 2.24
S. Em+ 128 131 178 0.13 8698 1504 7995 0.12 0.19
(p:(;)].)()S) 2165 418 569 0.42 27763 4802 25518 0.40 0.63
CV (%) 13.6 21.4 11.5 15.7 427 14.8 22.6 10.2 17.5

“Soybean equivalent yield
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Pulses are important for diversification and intensification of agriculture across the globe
because of their intrinsic values such as nitrogen fixing ability (15-35 kg N/ha), high protein
content and ability to survive in less endowed environment. Different FLDs (Front Line
Demonstrations) were conducted to demonstrate the production potential of yellow mosaic
resistant var. MH-421 of mungbean on the farmer's fields at Lohani and Dhareru villages of
Bhiwani district of Haryana state in kharif 2023 in a given farming system. . Mungbean is
drought tolerant crop and short life cycle of 75-90 days to maturity with a good potential for
crop intensification and relay cropping with cereals using residual moisture. Plant grain yield
was used for performance evaluation. Farmers used a wide range of techniques, such as [IPM
practices, biofertilizer treatment, fertilizer administration based on soil test results, and seed
rate. The results showed that front-line demonstrations increased moong output by 24 percent
as compared to the farmers' practices. It was also revealed that front-line demonstrations had a
higher yield, larger gross and net return than local checks i.e 7.2 g/ha, Rs. 61560 and Rs. 17988,

respectively, whereas in farmer's practices, they were 5.8 g/ha, Rs. 49932 and Rs. 7840.

UID: 1048

Livelihood Security of Farmers through Water Harvesting in Farm Pond
under Rainfed Area of Ramanathapuram District

Vallal Kannan S, Ramya P, Vidya V and Sangeetha Jebalin VV
Programme Coordinator, Krishi Vigyan Kendra, Ramanathapuram, Tamil Nadu — 623 536
vallalkannan.s@tnau.ac.in
Ramanathapuram district, located in the south eastern corner of Tamil Nadu, lies in a rain-
shadow area and is highly prone to drought, making it one of the least developed districts in the
region. Rainfall here is influenced by both the southwest and northeast monsoons, with the
northeast monsoon being the primary source. Most rain arrives in the form of cyclonic storms
by depressions in the Bay of Bengal, while southwest monsoon rainfall is unpredictable, and
summer rains are minimal. Paddy is the main grain crop, and livestock plays a key role in
supporting agricultural livelihoods, especially for small and marginal farmers as well as landless
agricultural labourers. Agriculture in the district is largely dependent on rainfall, so crop
performance varies with annual rainfall patterns. Farm ponds and recharge shafts have been
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identified as effective rainwater harvesting techniques, particularly suited to the district’s clay
soil belts. Farm pond models were introduced in 2012 by the district administration, NICRA,
and other initiatives to help farmers capture rainwater during the northeast monsoon and provide
supplemental irrigation during critical moisture stages. This study was conducted with the aim
of assessing the impact of farm ponds on the livelihood security of farmers in the rainfed areas
of Ramanathapuram district.

Methodology
Category of farmers

Farmers (50) of NICRA operational area was selected for study and categorized (10 each) as

follows
Ty :  Farmer before establishment of farm pond
T, :  Farmers having farm pond during Good year
Ts; :  Farmers having farm pond during Bad year
T4 :  Farmers not having farm pond during Good year
Ts :  Farmers not having farm pond during Bad year

The details of annual average rainfall received in Ramanathapuram district from 2009 to 2023
was considered for the study. The average rainfall of Ramanathapuram district is 827 mm.
Rainfall analysis and Paired T- test were used for comparative study. The survey was conducted
at Malangudi village of Ramanathapuram district. Year of 2015 was considered as period before
farm pond establishment. 2021 year was considered as period of good year (+101mm), whereas
2022 was considered as period of bad year (-167 mm) after farm pond establishment. Number
of year extremities, parameters on change in the area under cropping, change in the net income
in agriculture and allied sectors, contribution of income from agriculture and other sectors, total
net income and employment of farmers were studied in farmers holding having farm ponds
during good and bad year and farmers are not having farm pond.

Results
Rainfall variability

The rainfall received during north east monsoon (NEM: Oct to Dec) is indicated that there was
a deviation in quantity of rainfall distribution. The deviation indicates that, out of 15 years of
NEM, 7 years recorded deficit of rainfall from 52 mm to 327 mm. The remaining period of 8
years recorded excess rainfall of 35 mm to 393 mm (Fig 1).
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Fig 1. Extremities of rainfall in study area of Ramanathapuram district

Change in the annual net income

The total income of farmers with farm pond achieved the highest annual net income of Rs.11479
by the contribution of enhanced production of rice by changing the duration of rice from short
duration to medium duration, increase in the milk yield and revenue from the sale of animal and
efficient utilization of farm pond for fish rearing in farm pond with during good year. The
difference of net income in farmer good and bad year in the category of farmers having farm
pond and during good year and bad year is wider. The difference in net income of farmers is
minimum irrespective of good or bad year under the category of farmers not having farm pond.
Even under bad year, total net income is higher than the net income of farmers not having farm
pond. The similar findings also reported by researchers (Owels and Hachum, 2006 and Ahmed
etal., 2019).

120000 - 111479 H Total income(Rs./year)

100000 -
84060
76934

80000 1 68545 69570
60000
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0 T T T 1
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Fig 2. Total net income (Rs. /year) of each category of farmers
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Among total income, animal husbandry enterprise contributed higher per cent in all the category
of farmers. The net income difference is higher in cropping when compared to other enterprises
by the influence of rainfall variability.

Conclusion

The result of the survey analysis indicates that construction of farm pond changed the cropping
pattern of mono cropping to sequential cropping of rice. Comparison of farm pond with good
year and bad year with and without farm pond beneficiary indicates that possible for additional
area under cultivation, reduction in crop risk, additional income, short duration to medium
duration rice, increase in higher number of filling, enhanced milk yield, increase in number of
sale of animals, increase in total net income and employment opportunity by increase in man
days. Establishment of farm pond under rainfed area is important to support for the maintenance
of livelihood security with less risk of crop failure and also obtaining higher income through
the contribution of cropping, animal husbandry and fisheries.
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The rice-wheat rotation is the principal cropping system in south Asian countries that occupies
about 13.5 million hectares in the Indo-Gangetic Plains (IGP), of which 10 million hectares are
in India, 2.2 million hectares in Pakistan, 0.8 million hectares in Bangladesh and 0.5 million
hectares in Nepal (Mahajan and Gupta, 2009). Continuous practice of cereal—cereal, especially
the rice-wheat (R-W) system, has led to a decline in productivity and fertility status of soils in
north-west India (Brar ez al., 2023). Indian agriculture is currently facing second-generation
challenges, including declining water tables, nutrient imbalances, soil degradation, salinity, pest
and disease resurgence, environmental pollution, and reduced farm profitability. Additionally,
with globalization, Indian agriculture faces increased competition in the global market across
various commodities. Among these, edible oilseeds are particularly significant, as the country
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faces a shortage of edible oils, leading to substantial expenditure on imports from overseas.
Addressing these issues is critical to ensuring the sustainability and competitiveness of Indian
agriculture. To overcome these shortcomings, crop diversification has been considered an
important agriculture practice for improving agroecosystem productivity and lowering the
carbon footprint (Harker ez al., 2009). Crop diversification could also improve the management
of natural resources, such as soil, water, and solar radiation and space (Watson 2019).
Diversifying cropping systems is essential to enhance oilseed production resiliency in a
changing climate. With the aim of improving oilseeds production in Eastern part of Uttar
Pradesh, KVK, Maharajganj conducted a field level demonstration (FLD) of high yielding
variety of Indian Mustard on farmer’s field.

Methodology

KVK plans to examine the effects of the adoption of mustard variety RH 749 along with the
recommended dose of bentonite sulphur (25 kg ha'), on yields and economics of farmer in a
two-year (Rabi 2022-23 and 2023-24) demonstration trial. The demonstration took place in
three villages of Maharajganj viz. Karauta urf Nebuiya, Laxmipur Mahant of Ghughali block
and Lendwa in Mithoura block where after harvesting of rice wheat is the major crop.

Sixty farmers from all three villages were selected for the study and randomly assigned a
treatment and makes two sets of randomly selected farmers: those who received RH-749 seeds
along with recommended dose of bentonite sulphur and those who did not. For making
comparison, data from treatment farmers who received RH-749 and who did not receive were
collected on mustard yields while economics was calculated by taking MSP as market price.
For recording grain yield a 1 m? quadrates were used and a random sample from five places of
each farmer’s field were harvested. Data collected from five places of a plot were mixed and
weight was weight in kg from 5 m? area and further converted to kg ha! by taking suitable
conversion factor.

Results

Results show that grain yield of mustard was 16.9 and 18.1 q ha™! which is 25.19 and 27.46%
higher than farmers practice in 2022-23 and 2023-24 respectively. In terms of the economic
benefits, gross return was 17170 and 21255 Rs. ha! and net return was 31.18 and 33.43% higher
than farmers practice during 2022-23 and 2023-24 respectively. Bohra et al., also studied the
diversification of Rice-wheat system and opined that mustard is a good option for wheat in rabi
season to get more profit in terms of yield, economics and soil health as well. With the above
findings, it might be concluded that adoption of high yielding variety of mustard is one of the
promising options to replace some areas of wheat and help the country to achieve self-
dependency in oilseeds production to fulfil the demands of our country’s populations.
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Table 1. Treatments detail.

Variables Treatment (30 farmers) Comparison (30 farmers)
10 farmers from each village received 2 10 farmers from each village who did
kg seed of RH-749 along with 10 kg not receive seed were followed making
bentonite sulphur for one acre of land. comparison.

Table 2. Effects of adoption of high yielding variety of mustard on grain yield and
economics of farmers

Variables 2022 2023
Demo* FP* Demo FP
Grain yield (kg ha™) 1690 1350 1810 1420
Gross return (Rs. ha™) 85345 68175 98645 77390
Net return (Rs. ha™) 59865 45635 72105 54040
B-C ratio 2.34 2.02 2.72 2.31

*Demo= Demonstration, “FP= Farmers practices, mustard MSP Rs. 5050 for 2022-23 and 5450 for 2023-24.
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In rainfed agriculture, the crop productivity was low due to degradation of natural resources,
build up pests and diseases, this is further aggravated by climate change, market fluctuations,
policy changes, which in turn increases distress among Indian farmers. In India, around 85
percent of the operational holdings are small and marginal, i.e. holdings of less than 2 ha. Due
to increase in population, further fragmentation of land holdings is happening, and the
operational size of holding has reduced from 1.84 ha to 1.08 ha during 1980 -81 to 2015-16.
(GOI, 2015-2016). Small farmers could not afford farm investment from their own saving to
transform traditional agriculture into modern scientific farming. In fact, the component and
commodity—based research project for developing animal breed, farm implement and crop
variety, mostly conducted in isolation and institution level (Behera et al., 2008) found
inadequate in addressing the multifarious problem of small farmers (Jha, 2003). Due to such
approaches, several ill effects have appeared in Indian farming, such as addressing factor
productivity, resource-use efficiency and declining farm profitability and productivity.

To overcome the problems encountered by specialized, input driven agriculture, the integration
of crops, livestock, and fishery components that sustain food and nutritional security with
regular and periodic income to farmers is vital. The objective of the review was development
of integrated farming system modules at local level by diversification of cropping system and
different enterprises have been found successful to bring improvement in livelihood security,

nutritional improvement, environmental safety and economic condition of small families.
Materials and Methods

The present experiment was carried out in 1 ha area at AICRP for Dryland Agriculture
Research, Dr. PDKV Akola during 2023-2024. The location specific integrated field crops,
horticultural crops livestock, kitchen garden and farm pond in different combinations were tried.
To carry out this experiment, two farming systems were taken in which conventional cropping
systems were compared with the IFS model. In the conventional cropping system, farmers
adopted cropping systems such as cotton + pigeon Pea (6:1) and soybean - chickpea on 1 ha of
area. The developed location specific Integrated rainfed farming system model (FS:)
comprising different components like crop (0.60 ha.) + Horticulture (0.15 ha.) + Alternate land
use systems (0.15 ha.) + Livestock (0.03 ha.) + Compost (0.02 ha.) + Kitchen garden (0.02) +
Farm pond (0.03 ha.) + Boundary plantation were considered.
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Results

The perusal of data presented in Table showed that, Integrated farming system showed 2.708-
time higher productivity over conventional system. Ravishankar ez. al., (2007) and Jayanthi et.
al., (2003) also reported similar findings. Cropping (0.60 ha) in IFS led to maximum net returns
of T 64395 followed by livestock components (X 58914). Net returns obtained from all the
components were X 147072 with 236 percent higher than conventional cropping. Also, IFS
model generated 254 Man-day per year which was 285 percentage more than conventional
system.

System productivity (q), GMR & NMR, (Rs.), B:C ratio and Mandays in conventional
cropping system and IFS Model

Man —
Sr. SCEY GMR NMR
Treatment B:C days
No. ® @ Q your!
1 Crops alone 1780 129244 62203 1.92 89
2 Integrated farming system Model
A. Cropping system
a Cotton + Greengram
b Soybean + Pigeonpeas
Green gram + foxtail millet - 1773.2 121188 64395 2.16 56
“ Chickpea + coriander
d. Soybean -Chickpea+ linseed
A Horticulture 126 12120 6878 2.31 16
C Alternate land use system 167 11495 8710 1.48 22
D Livestock 2548.4 148344 58914 1.74 142
E. Kitchen garden 59 4100 1875 1.84 06
F. Compost 102 7200 4900 2.6 08
G Boundary Plantation 45 3000 1800 2.50 04
Grand Total 4820.6 307447 147072 2.09 254
Conclusion

The integration of crops with horticulture, alternate land use systems and livestock resulted in
higher system productivity, improved economics, and more employment generation compared
to conventional systems. It benefited small holders for better living standards to secure
livelihood security and achieve climate resilience.
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Baruah and Pallab Kumar Sarma
AICRP on Dryland Agriculture Biswanath College of Agriculture, AAU

Integrated Farming System (IFS) is a sustainable system of agriculture where sequential
linkages between two or more farming activities are utilized. IFS ensure maximum utilization
of resources reduces risk of crop failure and provides additional income to farmers (Kumar &
Ghosh, 2021). It can be recognized as a solution to the continuous increase of demand for food
production, providing stability to the income and nutritional security particularly for the small
and marginal farmers with limited resources. Hence, the situation calls for efforts to intensify
the production in both time and space (Mamun et al., 2011). In traditional farming system, the
small and marginal farmers generally included various agro components which are of low cost
and input requiring in nature. Therefore, the present work has been planned to improve the
existing IFS practices with proper combination of different enterprises in scientific ways with
the following objectives:

Methodology

An on-farm trial was conducted at 24 nos. (Table 1) of both marginal and small farmer’s field
in four different villages under RIFs in three different modules by integrating improved
technologies to assess the farm productivity, profitability by increasing diversification and
resource integration. For assessment of different IFS modules, three modules viz. CLR (crop +
large ruminant); CHLR (crop + hort + large ruminant) and CHLRSRPL (crop + hort + large
ruminant + small ruminant + poultry) were accommodated in all the selected villages
separately for small and marginal farmers. Data on household crop/livestock production, gross
income were collected from farmers during 2021-21 & 2021-22 and presented in table 1 & 2 as
mean of both the years.
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Results and Discussion

The average data of two years of experiment (Table & Table) revealed that under rainfed
situation, the RIFs module of CHLRSRPL involving the farmers of marginal and small category
were found superior amongst the other modules of RIFs and categories of farmers with highest
gross return of Rs.1, 34,999.60 and Rs. 2, 74,688.00 respectively from different components.
Similar findings were also reported by Mukherjee (2013) & Vinodakumar et al., (2017). The
performance of the module CHLRSRPL is superior over others may be due to the inclusion of
a greater number of enterprises mainly horticultural and animal components which are more
remunerative as compared to crop components. On the other hand, different land holding of
small and marginal farmers also contributed in higher production and profitability of the
superior IFS module.

Table 1. Performance of different IFS modules (Average of two years data i.e. 2020-21 &

2021-22)
Horticulture .
Crop Component Component Animal Component
Farming Farm Yield (q) i‘:ﬂ p (Nos)
System size (ha) Tu);'meric
Rice Potato (q)/0.03 ha LR YS SR PL
. Traditional 0.30 2000 1225 - 1 2 6
Marginal system
Farmer CLR 0.734 41.43 18.37 - 3 1 - -
CHLR 0.295 12.00 74.73 7.45 2 1 -
CHLRSRPL 0.875 33.99 19.20 7.70 2 1 2 8
Traditional 0.89 2652 23.40 - 1 2 4
Small system
Farmer CLR 1.033 58.94 84.87 - 3 1 - -
CHLR 1.066 45.72 31.01 7.60 5 2 - -
CHLRSRPL 1.631 72.95 48.21 7.55 6 2 8 8
Table 2. Economics of different IFS modules (Average of two years data i.e. 2020-21 &
2021-22)
. Income from Gross farm
Farming Income from crop Horticulture Income from income
System (Rs/-) (Rs/-) Livestock/Poultry /Rs/- Rs/-
Marginal farmers
Traditional 40,800.00 12,250.00 - 5,000 7,000 3,900 68,950.00
System
CLR 84,517.20 18,370.00 - 6,000 - - 1,08,887.20
CHLR 24,480.00 74,730.00 23,100.00 6,000 1,28,310.00

CHLRSRPL 69,339.60 19,200.00 23,100.00 6,000 8.400 8,960 1,34,999.60

Small farmers

Traditional 54,100.80 23,400.00 - 5,000 7.000  2.600 92,100.00
System
CLR 1,20,237.60  84,870.00 - 6,000 - - 2,11,107.60
CHLR 93,268.80 31,010.00 23,100.00 12,000 1,59,378.80

CHLRSRPL 1,48,818.00  48,210.00 23,100.00 12,000 33.600 8.960  2,74,688.00
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Conclusion

Data collected from the farmers during 2020-21 & 2021-22 revealed that, inclusion of
horticulture and livestock components in existing system can increase the overall income of the
participating farmers. The study shows that the module CHLRSRPL is the best module
compared to other modules as it includes the integration of all the components together.
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Integrating trees with crops can satisfy local demands while simultaneously preserving the
environment. Trees in farm lands have been known to increase farmers' socioeconomic
standing, boost agricultural output, less soil erosion and enhanced fertility, and carbon
sequestration to solve global warming issues. Melia dubia an emerging tree in the northern
states of India has shown immense potential in present decade. It could be a great option for
diversification of farming systems, enhancing farm income and simultaneously ecosystem
services. Fast-growing trees are a need rather than a desire given the deteriorating
environmental conditions. With its characteristic features this tree can tackle multiple issues the
world is facing. Melia dubia fits ideally in integration with other crops because of its straight
growing habits and least interference with the adj