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Effect of Application of Shale Deposits on Soil Physical
Properties and Yield of Rainfed Groundnut for Vertisols
of Southern Zone of Andhra Pradesh
M. Madhan Mohan*, K.V. Naga Madhuri, Ch. B.R. Reddy
and L. Prasanthi
Institute of Frontier Technology centre, Regional Agricultural Research Station,
Tirupati, ANGRAU, Andhra Pradesh
*Corresponding author: m.madhanmohan@angrau.ac.in

A field experiment conducted at Regional Agricultural Research Station, Tirupati to
assess the effect shale application on soil physical properties and yield of rainfed groundnut
during kharif 2018, 2019 and 2020. The treatments include T1: Control (No fertilizer, FYM or
shale), T2: NPK (20-40-50) + FYM @ 4 t/ha; T3: NPK (20-40-50) + Shale application @ 100 t ha1
; T4: NPK (20-40-50) + Shale @ 150 t ha-1; T5: 75 % NPK + Shale @ 200 t ha-1; T6: 50% NPK +
Shale @ 250 t ha-1; T7: Shale @ 300 t ha-1 alone along with soil application of PSB & KRB @ 5kg
ha-1. The shale mineral was applied as per the treatments during march, due to higher
temperature prevailed during summer and followed by rains, the shale rocks disintegrate
into finer particles. The crop was sown in second FN of July. The mean weed density at 30
DAS was lowest (12 & 14 no. m-2) in treatment supplied with shale @ 250 & 300 t ha-1
respectively compared to control (62 no/m2). The mean ASM was increased with dose of
shale application from 18.9 to 24.3 cm m-1, which was 28% higher than control. The soil
bulk density was also improved from 1.32 Mg m-3 to 1.62 Mg m-3 with shale application The
soil physico-chemical and fertility properties were not altered by shale application. However,
higher available potassium was evidenced in shale applied treatments compared to T1 &
T2. The mean pod yield was highest in treatment T5 (2115 kg ha-1), T6 (1987kg ha-1) and T4
(1981kg ha-1), which are 26.6 %, 18.9% and 18.6% higher yield compared to 100% NPK
along with FYM @ 5 t ha-1 (1671 kg ha-1). The application of 75 % NPK along Shale @ 200 t ha1
was the proved as the best technology (subjected to availability) to improve soil hydrophysical properties and pod yields in rainfed groundnut under vertisols of Southern Agroclimatic zone of Andhra Pradesh.
Key words: Soil physical properties, groundnut, Vertisols
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Conjoint Application of Organic and Inorganic Sources
of Nutrients on Soil Physical Properties and Yield under
Rice–Rice (Oryza sativa) System
Rajalekshmi K.*, Bastin B. and Krishnan S.
Department of Soil Science and Agricultural Chemistry, Kerala Agricultural University,
Thrissur-680656, Kerala
*Corresponding author: rajalekshmi.k@kau.in

A field experiment was conducted consecutively for two seasons on a sandy clay loam
lateritic soil (Ultisol) at Thrissur, Kerala to study the direct effect of four organic sources i.e.,
farmyard manure (FYM), Artocarpus sp. leaves (ART), Daincha green manure (DNC) and
Rice husk biochar (RHB) in combination with N fertilizer (urea) at different levels viz., 0,
35, 70 and 105 kg N ha-1 represented respectively as N0, N35, N70 and N105. The treatment,
rice husk biochar (RHB) without N showed least bulk density (1.10 Mg m-3) and highest
WHC (51.54 %) of soil compared to other treatments in both seasons. With increasing levels
of nitrogen, the BD of soil was found to be increased while the trend was reverse with WHC
of soil. The bulk density of subsurface soil was higher than the surface BD. The treatments
Artocarpus and daincha at 0 kg N ha-1 showed least bulk density and highest WHC of
subsurface soil in both seasons which might be due to increased pore space. Here as the
depth increased, the WHC of soil decreased. Plant biometric characteristics like plant height
at panicle initiation and at harvest, 1000 grain weight and harvest index were maximum
with FYM while leaf area index, percentage of filled grains, root biomass and B:C ratio
were higher with daincha as organic source. Bulk density had significant negative correlation
with WHC (-0.74**) while the latter was positively correlated with yield. Grain yield of rice
in DNC + 35 kg N ha-1 (3.78 t ha-1) in kharif was statistically on par with FYM + 70 kg N ha1
RDF. However, in rabi season the grain yield of rice was significantly higher in DNC + 35
kg N ha-1 (3.94 t ha-1) and a comparable yield was obtained with RHB (3.79 t ha-1).
Key words: Organic and inorganic sources, nutrients, yield, bulk density, rice–rice system
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Soil Properties as Influenced on Irrigation of Fodder
Crops using Domestic Sewage Treated Water in Loamy
Sand Soils
R.S. Yadav*, R.N. Kumawat, R.K. Goyal and Mahesh Kumar
ICAR-Central Arid Zone Research Institute, Jodhpur-342 003, Rajasthan
*Corresponding author: ranjeet.yadav@icar.gov.in

The domestic sewage water contains various nutrients for crop production and gaining
attention for their recycling for irrigations of crops. The sewage water was used for
production of fodder crops namely Moringa and Napier Bajra using three nitrogen levels
during 2019-20. These crops were irrigated by drip system using treated sewage water
twice a week. The soil samples were taken from 0-30cm soil depth in the months of August
and December and analysed for chemical properties. All the properties were observed
normally and mostly found comparable to soils collected from fallow land without any
deleterious effect of sewage treated water. A significant (p=0.05) difference was observed
among fodder crops for organic carbon, available K and available Cu during kharif season
and organic carbon, available P, pH and available Cu during rabi season. Similarly among
nitrogen levels, available Zn and Cu were found significant during kharif season and OC,
EC and available Fe during rabi season. The activities of phosphatase (acid and alkaline)
and dehydrogenase enzymes were increased in kharif season and alkaline phosphatase
and dehydrogenase during rabi season on application of sewage treated water. Generally
an increase was observed in organic carbon (7-20%), available P (17-43%), EC (18-32%),
available Fe (5-15%), available Zn (8 to 32% except 20kg N/ha), Cu (5-43%) and Mn (34 to
42%), whereas available K (35-52%) and pH (1-2.5%) were deceased during kharif season.
In rabi season, available P (20-65%), pH (1.5-2.8%), available Fe (2.6-28.2% except 40kgN/
ha), Cu (7-23% except Napier) and Mn (22-28%) were increased whereas OC (15% except
Napier and 40kg N/ha), available K (39-43%), EC (8-21%) and available Zn (7-36%) were
decreased. The content of OC, available P, available K and values of pH recorded increasing
trend from kharif to rabi while EC values decreased in rabi compared to kharif. Generally
higher values for these soil properties were observed under Bajra Napier than Moringa
fodder crop except soil enzymes which were found higher in Moringa crop.
Key words: Sewage water, fodder crops, moringa, napier bajra, soil properties
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Effect of Tillage, Crop Residue Mulching, Irrigation and
Nitrogen Management on Water and Nitrogen Use
Efficiency of Maize-Wheat System in an Inceptisol
Sujan Adak, K.K. Bandyopadhyay*, R.N. Sahoo, V.K. Sehgal,
P. Krishnan, A. Sarangi and Priya Bhattacharya
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi- 110 012
*Corresponding author: kk.bandyopadhyay@gmail.com
Water, nutrient and energy are the key inputs in agricultural production and recently there is
decline in the factor productivity of these inputs due to their unscientific management and deterioration
of soil health. For achieving sustainable production, the available inputs must be used most efficiently
with minimal damage to the environment. Optimum synergistic combination of water, nutrient and
tillage should be found out for different cropping systems, soil types and agro-climatic regions to
improve the resource use efficiency in agriculture. Keeping this in view, observations were recorded
during the year 2019-20 in a long term field experiment being conducted in a Typic Haplustept at the
Indian Agricultural Research Institute, New Delhi since 2014 to study the effect of tillage, crop residue
mulching, irrigation and nitrogen interactions on yield, nitrogen use efficiency and water use efficiency
of maize (cv PMH1) and wheat (cv HD 2967). The experiment was laid out in split factorial design
with two levels of tillage (conventional tillage (CT) and No tillage (NT)), two levels of mulching (with
or without crop residue mulch @ 5t ha-1) as main plot factors and two levels of irrigation (full irrigation
and deficit irrigation) and three nitrogen doses (50, 100 and 150% of the recommended dose of N as
subplot factors. It was observed that there was significant increase in the soil moisture storage due to
application of crop residue mulch. During kharif, 2019, it was observed that the grain yield, water use
efficiency (WUE) and partial factor productivity of nitrogen (PFPN) of maize under NT was
significantly higher than that of CT. Application of crop residue mulch significantly increased grain
yield, WUE and PFPN than residue removal. Under full irrigation there was significant increase in
grain yield and PFPN than deficit irrigation but WUE was statistically similar under both the irrigation
regimes. With the increase in N level there was significant increase in grain yield and WUE but
significant decrease in PFPN of maize. During rabi, 2019-20, it was observed that grain yield, WUE
and PFPN of wheat was not significantly influenced by tillage treatments. Application of crop residue
mulch also did not significantly influence the grain yield and PFPN but WUE of wheat increased
significantly under crop residue mulching. Under full irrigation, grain yield and PFPN of wheat
increased significantly but WUE decreased significantly over deficit irrigation level. With the increase
in N level, grain yield and WUE increased but PFPN of wheat decreased significantly. Thus from this
study it may be concluded that maize and wheat may be grown under no tillage with crop residue
mulch @ 5t ha-1 and with deficit irrigation and 150% of recommended dose of N to obtain higher
water use efficiency but with full irrigation to obtain higher productivity of maize-wheat cropping
system in Inceptisols of Indo-Gangetic Plain region.
Key words: Tillage, residue, mulch, factor productivity, conventional tillage
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Tillage, Cropping System and Nitrogen Management
Effect on Soil Quality and Crop Productivity in a
Medium-deep Vertisol
Nishant K. Sinha*, M. Mohanty, J. Somasundaram, Pramod Jha,
R.S. Chaudhary, K.M. Hati, Jitendra Kumar, Dhiraj Kumar and
Ashok K. Patra
ICAR-Indian Institute of Soil Science, Bhopal, Madhya Pradesh
*Corresponding author: nishant.sinha76211@gmail.com

Maintaining soil health is vital for sustainable agriculture and ecosystem services, which
is a challenging task in the semi-arid region. This study aimed to generate information on
the effect of long-term management practices on soil properties and soil quality under the
maize–wheat and maize–chickpea systems (CS) in a Vertisol. Treatments consist of two
types of tillage (no-tillage, NT; conventional tillage, CT) and CS and four nitrogen (N) levels
(150%N, 100%N, 50%N and 0%N) were conducted. Composite soil samples were collected
at 0–5 cm and 5–15 cm depth after six crop cycles, analysed, and assessed soil quality (SQ)
using the multivariate statistical approach. The SOC concentration increased by 13% and
21% at 0-5 cm and 5-15 cm in NT than CT. The higher available N, P, K and enzyme activities
were recorded under NT in maize–wheat than CT. We identified SOC as the most important
indicator for SQ evaluation. Higher SQI values and crop yields were recorded in NT than
CT after six crop cycles. Results highlighted that long–term NT with 100% N application in
maize–wheat system could be a viable option for improving SQ, crop yield, and C–storage
in Vertisols of semi-arid regions.
Key words: Vertisol, soil health, soil organic carbon, conventional tillage
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Nanosensor based on Electrophoretic Deposition of
Nanoparticles for Sensing Applications
Monika Kundu*, Prameela Krishnan and Ananta Vashisth
Division of Agricultural Physics, ICAR-IARI, New Delhi-110012
*Corresponding author: mkkundu07@gmail.com

Nanosensors are now aiding the progression of agriculture by providing scope for
miniaturization of devices. These are fabricated using different types of nanoplatforms.
Among the popularly used organic nanomaterials, carbon nanotubes (CNTs) possess high
electrical conductivity and large number of functional groups on their surfaces. During the
past few decades, there is increased interest in carbon based nanomaterials as an
immobilization matrix for applications such as cell carriers, living organisms or enzymes.
Different types of carbon nanomaterials such as graphene, fullerene and carbon nanotube.
In recent times, carbon nanotubes are found to be the lead material in fabrication of
nanosensors. The presence of carbon nanotubes film promotes charge transport kinetics
due to the increased electroactive surface area for the immobilization of biomolecules. The
carbon nanotubes based nanosensor signifies a novel electrochemical sensing platform for
quantification of various agricultural analytes. In this study, the nanosensor was fabricated
using multiwalled carbon nanotubes (MWCNT) and characterized using spectroscopic,
electron microcopy and cyclic voltammetry. The fabricated nanosensor demonstrated good
sensing characteristics due to more high electrical conductivity and electroactive surface
area of CNT film, leading to more loading of enzyme and results in improved sensing
property.
Key words: Nanosensor, carbon nanotube, sensing, enzyme
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Short Term Impact of Wastewater Irrigation on
Physical Soil Health in Tuberose
D.S. Gurjar*, R. Singh, R. Kaur and K.P. Singh
ICAR-Indian Agricultural Research Institute, New Delhi-110012
*Corresponding author: dsgurjar79@gmail.com

A field experiment was conducted to find out the short-term impact of wastewater
irrigation on physical soil health in tuberose (Polianthes tuberosa L. cv. Prajwal) at Water
Technology Centre farm of ICAR-Indian Agricultural Research Institute, New Delhi during
three consecutive seasons of 2013-16. Seven treatments were T-1; Wastewater irrigation at
0.6 irrigation depth (ID)/ cumulative pan evaporation (CPE); T-2, Wastewater irrigation at
0.8 ID/CPE; T-3, Wastewater irrigation at 1.0 ID/CPE; T-4, Wastewater irrigation at 1.2 ID/
CPE; T-5, Wastewater irrigation at 1.4 ID/CPE; T-6, Conjunctive use of groundwater and
wastewater irrigation at 1.0 ID/CPE in cyclic mode; T-7, Control groundwater irrigation at
1.0 ID/CPE in randomized block design with three replications. Results indicated that soil
physical properties such as bulk density, saturated hydraulic conductivity and porosity at
both the soil depths of 0-15 and 15-30 cm in tuberose were significantly not changed due to
application of wastewater irrigations scheduled at various ID/CPE. It is concluded that the
short application of wastewater irrigation does not alter the physical health of soil. However,
periodical monitoring of wastewater quality and health of irrigated soils needs to be
monitored.
Key word: Wastewater, groundwater, conjunctive use, irrigation
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Zinc Nanofertilization Enhances Wheat Growth
and Yield
Achchhelal Yadav*, P. Krishnan, Monika Kundu
and Ishwarchand
ICAR-Indian Agricultural Research Institute, New Delhi-110012
*Corresponding author: achchheyadav@yahoo.com

Zinc plays a very important role in growth and yield of wheat. The appropriate
application of zinc at different growth stages of wheat improves its growth, zinc content in
different edible parts as well as yield. However, higher doses of zinc in crops effect wheat
growth as well as its yield adversely. Thus, it becomes unavoidable need to have formulations
of Zn that could improve its use efficiency so that crop performance could be enhanced
with reduced inputs. Taking this in view we carried out a field experiment on wheat during
2020-21 applying zinc oxide nanoparticles (ZnO-NPs) as well as zinc sulfate (ZnSO4) as
conventional fertilizer in soil, at the research form of ICAR-Indian Agricultural Research
Institute, New Delhi. The rate of application of ZnO-NPs in the pot soil were 0, (Control),
20, 25 and 30 mg kg-1. We also apply equal amount (equal to Zinc in ZnO-NPs) of ZnSO4 in
the pot soil separately. We compared and assessed ZnO-NPs and ZnSO4 use efficiencies on
wheat growth, yield and Zn uptake in grains. Results showed that photosynthetic rate and
stomatal conductance were significantly (p<0.05) more under 25 mg kg-1 soil ZnO-NPs
treatment over its counterpart of ZnSO4. Among the crop yield parameters such as tillers
(plant-1), number of grains (spike-1), grain weight (plant-1), biomass (plant-1) and yield were
significantly (p<0.05) more under ZnO-NPs at 25 mg kg-1 treated soil as compared to any
other treatment. Zinc (Zn) concentration in grains increased with dose of ZnO-NPs and it
significantly more than ZnSO4 treated soil at each treatment level. The increased crop growth,
yield and higher concentration of zinc might be due to increased surface to mass ratio of
ZnO-NPs and increased durability of absorption via roots as compared to the conventional
ZnSO4 fertilizer. The present study aimed at to assess and compare the potential impacts of
Zn nanoparticles over the ZnSO 4 conventional fertilizer on growth, yield and zinc
concentration in grains.
Key words: Zinc, nanofertilizer, wheat, growth
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Zinc Oxide Nanoparticle-Induced Responses on Plants:
A Physiological Perspectives
Siri Chandana Vanka
Andhra Loyola College, Affiliated to Krishna University, Andhra Pradesh
Email: sirichandanavanka@gmail.com

Micro irrigation from the nanoparticles (NPs) promotes the growth of the plant. That
nanoparticles are produced by nanotechnology from the developing technology. In India,
zinc (Zn) is now considered as the fourth most important yield limiting nutrient in
agricultural crops. Zn deficiency in Indian soils is likely to increase from 49 to 63% by 2025.
At present about 48.1% of Indian soils are deficient in diethylene-triaminepentaacetate
(DTPA) extractable zinc. Mostly this zinc deficiency in Orissa, followed by Uttar Pradesh
and Gujarat. Among various micro NPs,zinc oxide nanoparticles (ZnO NPs) play a crucial
role in plants which increase plant production in adverse conditions. Enhance seed
germination, produces hormones and auxins which help in plant growth, different Amino
Acids are produced, , it also promotes the use of co-existing nutrients like nitrogen,
phosphorus in the soil, abiotic stress tolerance and is used as nanofertilizer. Despite all
positive impacts, negative effects are also observed which are influenced by size, shape,
chemical composition and surface energy. Therefore, to avoid the negative effects and exploit
the minimum benefits of ZnO, better understanding about optimum size and concentration
that influence plant thrive is necessary. ZnO NPs are biofriendly materials whose biogenic
synthesis is more desirable than chemical synthesis because of their eco-friendly nature.
We discuss various physiological responses modulated by ZnO NPs in plants.
Key words: Green synthesis, negative impacts, physiological responses, plants, zinc oxide
nanoparticles
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Tillage, Residue and Herbicide Influence Productivity
and Soil Physical Environment in Rice-Wheat Rotation
Rishi Raj1*, T.K. Das1, Debashis Chakraborty2 and Billu Singh1
Division of Agronomy, 2Division of Agricultural Physics,
ICAR-Indian Agricultural Research Institute, New Delhi-110012
*Corresponding author: rishirajiari@gmail.com
1

The conventional rice-wheat system (RWS) is more tillage-intensive, requires extensive
tilling and puddling for transplanting of rice and 5-6 ploughings followed by rotavator
cultivation for sowing of wheat. Puddling helps better seedling establishment, enhances
availability of Fe & Zn. Simultaneously, extensive tillage deteriorates soil physical conditions
and forming subsurface hard pan and leads to loss of soil organic matter through oxidation.
This system requires more labour, water, and energy and incurs higher production cost
and contributes to higher methane emission. Conservation Agriculture (CA) practices could
be a viable alternative to tillage-intensive agriculture. Tillage and crop residue practices
such as zero-tillage direct seeded rice (ZTDSR) – zero-tillage wheat (ZTW) system with
residue has advantages over Puddled transplanted rice (PTR)- conventional till wheat (CTW).
But, weeds are major biotic constraints in ZTDSR. Crop residue retention, brown manuring
and crop rotation with legume under CA could influence severity of weed infestation. The
present study was undertaken in long term CA–based RWS supplemented with weed
management practices. The objective of this experiment was to assess CA and weed
management effects on soil physical properties and productivity of RWS. The study
comprised of six tillage and crop establishment methods in main plots and four weed control
treatments in sub plots. The experiment was conducted in split plot design with three
replications. The aggregate analysis was performed as per standard procedure (Wet sieving).
The bulk density was measured using standard core method. Soil infiltration rate was
measured using a double ring infiltrometer. The zero-tillage (ZT) with or without residue
resulted in significantly higher mean weight diameter (MWD) across the depth (0-5, 5-15
and 15-30 cm) of soil as compared to PTR-CTW system. Among the tillage and crop
establishment method, TCE 5 (ZTDSR+mungbean residue -ZTW+ rice residue -ZTMB+wheat
residue) led to significantly higher values of MWD than PTR-CTW. The MWD showed a
decreasing trend as the depth of soil increased (i.e. 0-5 cm>5-15cm>15-30cm) indicating
improved aggregation at surface 0-5 cm and sub surface 5-15 cm soil layer compared to 1530 cm. Similarly, TCE 5 led to significantly lower bulk density (BD) than CT. The cumulative
infiltration was significantly higher in TCE5 over other treatments. The better physical
parameters (MWD, BD and cumulative infiltration) in TCE5 were due to the continuous
addition of crop residue of all three crops vis-à-vis no-tilling over last 10 years. As far as
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weed management are concerned, there was no significant difference in the values of MWD
among these treatments at 0-5 cm depth of soil. But W1 (un-weeded control) resulted in
slightly higher values of MWD than herbicides treatments (W2, W3, W4) at 5-15 cm and 1530 cm soil layer. Similarly, BD and cumulative infiltration were slightly improved under
this W1 compared to others. This study concluded that the CA-based triple ZT system with
three crop residue (rice, wheat and mungbean) led to improvement of all physical parameters
and gave higher productivity. The herbicide treatment (pyrazosulfuron-ethyl at 0.025 kg/
ha as PE fb cyhalofop-butyl at 0.100 kg/ha (early PoE) fb bispyribac-Na at 0.025 kg/ha (PoE)
in rice and tank-mixture of clodinafop-propargyl 0.060 kg/ha + carfentrazone-ethyl 0.020
kg/ha (PoE) in wheat) also resulted in better weed management and consequently higher
productivity of rice-wheat system but had slightly effect on soil physical properties.
Key words: Bulk density, mean weight diameter, infiltration, productivity
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Sustainable Transformation of Agri-food Systems in
Trans-Gangetic Plains of India
P.C. Sharma1*, H.S. Jat1 and M.L. Jat2
1

ICAR-Central Soil Salinity Research Institute (CSSRI), Karnal-132 001, Haryana
2
International Maize and Wheat Improvement Canter (CIMMYT),
South Asia Regional Office, Kathmandu, Nepal
*Corresponding author: pcsharma.knl@gmail.com

Indo-Gangetic plain (IGP) play an important role in food security. The region always
remains central to the Indian economy and has made spectacular progress for food selfsufficiency through significant increase in crop yields over past few decades. However,
food production still requires an increase by another 60-70% by 2050 to meet the expected
population (1.64 billion by 2050) demand under the projected climate change scenario. With
no scope for horizontal expansion of farming, the future food and nutrition demand of
growing population has to be met mainly through increasing yield per unit area with lesser
external inputs. Agricultural sustainability of conventional tillage (CT)- based principal
agri-food (rice and wheat based) system are threatened because of over-exploitation of
natural resources and inefficient use of production inputs, increasing energy cost, labour
shortages, growing challenges of climate change induced weather variability and volatile
markets leading to diminishing farm profits in the Trans-Gangetic plains. Therefore, it is
imperative to transform the agri-food systems of the region through coupling new agronomic
innovation on existing production practices. Layering precision water, nutrient and energy
management with adapted genotypes are the key elements of smart farming that may have
multiplier effects on different performance indicators of the production systems and provide
basis for sustainable farming future in IGP. Conservation Agriculture based sustainable
intensification has shown potential to sustain productivity, improve profits while arresting
the natural resource degradation in intensive RW system of NW India. We therefore
undertaken a study with innovative approaches to intensify the agri-food system to harvest
more with less input (water, nutrient, energy etc.).
Key words: Food security, sustainable intensification, conventional tillage, weather
variability
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Effect of Brown Manuring on Rice Productivity under
Rainfed Drought Prone Ecology
B.C. Verma*, S. Saha, N.P. Mandal, S. Roy, S.M. Prasad
and A. Banerjee
Central Rainfed Upland Rice Research Station (ICAR-NRRI-CRURRS)
Hazaribag-825301, Jharkhand
*Corresponding author: bibhash.ssac@gmail.com

Crop cultivation in the rainfed drought prone upland area involves a significant amount
of risk as it solely depends on highly erratic seasonal rainfall. Beside this, crops are typically
grown with no or very little external inputs along with improper nutrient management
leads to deterioration of soil fertility and quality. Brown manuring is a practice in which the
green manure crops i.e. dhaincha (Sesbania aculeata) are grown and killed using selective
herbicide at tender stage which provides a soil cover helps in moisture conservation along
with fertility improvement of soil. To evaluate the effect of brown manuring on rice
productivity, an experiment was initiated in Kharif 2021 at the research farm of Central
Rainfed Upland Rice Research Station (ICAR-National Rice Research Institute), Hazaribag,
Jharkhand. Three rice varieties (Sahabhagi Dhan, CR 205 and CR Dhan 40) with three
fertilizer management (No fertilizer, 50% RDF and 100% RDF) and two manure options
(without brown manuring and brown manuring) were evaluated under split plot design
with three replications. It was observed from the first-year trial that, main effect of brown
manuring on rice grain yield was not significant, however the interactive effect of brown
manuring with fertilizer was significant. At 50% RDF, brown manuring produced
significantly higher yield (2.62 t ha-1) as compared to without manuring (2.20 t ha-1).
Interactive effect of brown manuring, fertilizers and varieties were also significant on grain
yield. Grain yield was significantly correlated with yield attributes like panicle length
(0.91**), panicle weight (0.77**), and grain per panicle (0.58**).
Key words: Brown manuring, rice productivity
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Soil Preferential Flow in Semi-arid India:
A Watershed Approach
Pushpanjali*, K. Srinivas Reddy, Josily Samuel,
K. Sammi Reddy and V.K. Singh
Central Dryland Agriculture for Dryland Agriculture, Hyderabad, Telangana
*Corresponding author: Pushpanjali@icar.gov.in

Preferential flow (PF), a common form of soil water movement, is a concept of soil
hydrology taken a new pace in recent years. Many studies and models were already
established to describe the PF. In semi-arid regions, the connecting aboveground and
belowground processes to investigate how soil redistribute rainfall and nutrient and their
impact on subsurface flow, is a fairly overlooked phenomenon. In this era of fast changing
climate, erratic rainfall and rain water management, soil constitution plays an important
role. In semi-arid regions, watershed is the basic hydrologic unit which gives study of the
soil preferential flow a holistic look. In this regard, a study was conducted in Hayathnagar
micro-watershed, Hyderabad, in the year 2020-2021. Based on preferential flow fraction
parameters compared under different elevations and land use, the preferential flow
advantage of forestland is more evident than that of fallow land. Middle and lower reach
had heterogeneous matrix flow and fingering as major flow type in the surface while
macropores with mixed interaction in the subsurface of the soil profile. It was also evident
that the micro-watershed mainly comprises of heterogeneous matrix flow and fingering at
surface while at sub surface macropore flow with low and mixed interaction prevails. This
suggest that subsurface soils are mainly responsible for spatial redistribution of flows and
generating lateral flow than vertical flow. Thus, the watershed under study requires better
management practice to harvest water and check runoff at the time of high intensity rainfall.
The results and the methodology of the present study have relevance in studying the
preferential flow of diverse watersheds.
Key words: Soil, semi-arid, watershed
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Planning and Prioritization of Site-Specificsoil and
Water Conservation Interventions for Climate Resilient
Agriculture in Malwa Plateau of Madhya Pradesh
R. Rejani1*, K.V. Rao1, K. Sammi Reddy1, G.R. Chary1, K.A.
Gopinath1, H. Ranade2, M. Osman1, M. Prabhakar1 and V.K. Singh1
ICAR-Central Research Institute for Dryland Agriculture, Hyderabad, Telangana
2
AICRPDA Centre, Indore, Madhya Pradesh
*Corresponding author, rrejani10@gmail.com/R.Rejani@icar.gov.in

1

The Malwa plateau of Madhya Pradesh has an average rainfall of around 954 mm with
90-94% of the rainfall during south-west monsoon. Normal onset of monsoon is during the
third week of June and withdrawal is during third week of September. The dry spells during
crop season is usually experienced during September coinciding with the seed formation
stage of soybean and maize and it results in reduction of crop yield. In-situ moisture
conservation measures are generally adopted in these areas to conserve the soil moisture
and to improve the crop productivity. In addition to this, providing supplemental irrigation
to these crops during critical growth stages or prolonged dry spells can increase the crop
yield drastically. The mean annual rainfall varies spatially from 700 to 1200 mm and runoff
estimated varied from 15 to 25% of rainfall.Considerable spatial variability in rainfall, runoff,
soil and topography shows the need for site-specific planning and adoption of suitable soil
and water conservation interventions. Inorder to make the Malwa plateau of Madhya
Pradesh more resilient to climate change, a study was undertaken with the objective to
plan and prioritize suitable soil and water conservation interventions with a novel and
robust approach using geospatial techniques. For this, different thematic layers of rainfall,
soil, slope and land use land cover were intersected in GIS and criteria for adoption of
eachintervention was applied to find the suitable locations. Among the selected in-situ soil
and water conservation interventions, broad bed furrow (BBF) and contour cultivation were
suitable for almost all the districts followed by conservation furrow and ridge and furrow
systems. Contour cultivation is found suitable for 52.0% of the total area, BBF for 47.3%
area and conservation furrow for 14% area. Adoption of suitable water harvesting structures
are also very essential for the sustainable management of this area.The validation of these
results with the ground truth showed that this methodology is very easy to adopt, precise
and could be utilized by planners for planning suitable soil and water conservation
interventions even for large areas.
Key words: BBF, conservation furrow, contour cultivation, in-situ moisture conservation
measures, rainwater harvesting
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Spatio-Temporal Analysis of Meteorological Drought in
India during Phases of Kharif Season
Alka Rani*, Vinay Kumar Sehgal and Rajkumar Dhakar
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi-110 012
*Corresponding author: alka.rani1@icar.gov.in
Drought is one of the natural hazards affecting the agriculture, environment and economy. India
is amongst the most vulnerable drought-prone countries in the world. The onset of any drought
event is first marked by the deficiency in rainfall which is referred to as meteorological drought. The
understanding of the spatio-temporal trends of meteorological drought helps in undertaking informed
decisions on their preparedness and mitigation planning. The extent and severity of meteorological
drought can be assessed using Standardized Precipitation Index (SPI) given by McKee et al. (1993).
SPI is computed by taking the z-score of long-term precipitation transformed to normal distribution
from incomplete-gamma distribution. The negative values of SPI indicate dryness or meteorological
drought whereas the positive values indicate wetness. In this study, SPI was computed for India at 5
km spatial resolution from CHIRPS dataset covering the period from 1981 to 2020 at 16 days interval.
The SPI was classified into seven categories and the probability of occurrence of each class during
different phases of kharif season i.e. early (June-July), mid (August-September) and late (October),
was computed at the grid level using R programming language. The Mann-Kendall trend test was
applied to know spatio-temporal trends in SPI for each grid. It was found that the maximum probability
of occurrence of extremely dry (SPI < -2) category only upto 5% for the states of Kerala, Rajasthan and
Gujarat during the early-kharif season while it was 17.5% for severely dry (SPI: -1.5 to -1.99) category
in Himachal Pradesh. For the moderately dry (SPI: -1.0 to -1.49) category, the maximum probability of
15% was for Uttarakhand state during the early-kharif season. During mid-kharif season, the maximum
probability of occurrence of the extremely dry category was found for Kerala (7.5%) state, severely
dry category was for Himachal Pradesh (7.5%), and moderately dry category was for Himachal Pradesh
(17.5%) and Punjab (17.5%). During late-kharif season, the maximum probability of occurrence of the
extremely dry category was found for Kerala (7.5%) and Tamil Nadu (7.5%), severely dry category
was for Andhra Pradesh (7.5%), Manipur (7.5%) and Mizoram (7.5%), and moderately dry category
was for West Bengal (12.5%), Telangana (12.5%), Odisha (12.5%), Arunachal Pradesh (12.5%), Nagaland
(12.5%) and Meghalaya (12.5%). The significant negative trend in SPI was found during all the three
phases of kharif season indicating increase in the drought events. The maximum area of significant
negative trend during early-kharif season was found in Jammu & Kashmir, Ladakh, Himachal Pradesh,
Punjab, Maharashtra, Karnataka, Telangana, Chhattisgarh, and north-eastern India. During mid-kharif
season, the significant negative trend was found in Jammu & Kashmir, Ladakh, Himachal Pradesh,
Uttarakhand, Uttar Pradesh, West Bengal and north-eastern states. During late-kharif season, the
significant negative trend was found in most of the Indian states. This study indicates that the
occurrence of meteorological droughts during kharif season are increasing in India and it has higher
probability of occurnace during mid-season coinciding with the vegetative growth phase.
Key words: Standardized Precipitation Index, Mann-Kendall test, spatio-temporal trend,
meteorological drought, Rainfall, Crop
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Surface Soil Moisture Estimation using an Ensemble
of Optical, Thermal and Microwave Remote Sensing
Approaches
Pooja Rathore1*, Bappa Das1#, Debasish Roy1 and Debashis
Chakraborty1
1

Division of Agricultural Physics,ICAR- Indian Agricultural Research Institute, New Delhi-110012
#Current address: ICAR-Central Coastal Agricultural Research Institute, Goa-403402
*Corresponding author: poojarathore99@gmail.com

Soil moisture is highly relevant for agriculture, plant health, temperature variability,
and land-atmosphere feedbacks. Emerging opportunities in satellite remote sensing at high
Spatio-temporal resolution offer great potential for soil moisture retrieval at the field level.
The current study is an attempt to evaluate the synergistic use of microwave and optical/
thermal infrared remote sensing and an ensemble-of-all approaches for surface soil moisture
(SSM) monitoring over a semi-arid irrigated agricultural farm. The performance of Water
Cloud Model (WCM) using Sentinel-1 & -2, Thermal-Optical TRApezoid Model (TOTRAM),
and Optical TRApezoid Model (OPTRAM) using Landsat-8 short-wave infrared (SWIR)/
thermal infrared sensor (TIRS) data and an ensemble model were evaluated for nine dates
covering the entire post-monsoon period. The ensemble model built using Gradient Boosting
Machine (GBM) and outputs from the microwave, optical/thermal approaches provided a
better SSM estimate over the entire crop season. Although the model performances varied
with crop growth stages, the overall lowest RMSE was measured in the ensemble model
(0.056 m3 m-3) followed by OPTRAM (SWIR2) (0.065 m3 m-3) and highest for TOTRAM (0.09
m3 m-3). WCM or TOTRAM mapped SSM better during the early phases of crop growth
whereas OPTRAM (SWIR 1 or 2) was found more reliable during the latter stages. All the
approaches could effectively delineate high and low intensive irrigation zones, although
optical and optical-thermal synergy was better towards a dry-moist soil moisture regime.
The study highlights the limitations of WCM regarding its calibration requirement for
changing vegetation structure using in situ data, whereas TOTRAM needs local calibration
owing to the sensitivity of land surface temperature to ambient atmospheric conditions.
OPTRAM, being simple, low data- and resource-intensive, and surface reflectance-soil
moisture relationship independent of local calibration, is advantageous for generating soil
moisture maps during the post-monsoon period in semi-arid climate with prevailing clear
sky conditions.
Key words: Soil moisture estimation, microwave remote sensing
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Weather based Agriculture under Changing
Climate Scenario
Ananta Vashisth*, P. Krishnan, Monika Kundu and R. Baloda
Division of Agricultural Physics, ICAR-Indian Agricultural Research Institute, New Delhi-110012
*Corresponding author: ananta.iari@gmail.com

Weather is one of the most important factors determining success or failure of
agricultural production. It effects on every phase of growth and development of plant. Any
variability in the weather during the crop season would affect the crop growth and finally
the quality and quantity of the yield. The complete avoidance of all farm losses due to
weather factor is not possible but it can be minimized to some extent by making adjustments
through timely and accurate information of weather forecast. Weather based agriculture
help in increasing the production and income of the farmers by suggesting them the suitable
management practices according to the weather conditions. A study was done for analyzing
the impact of weather based agriculture during Rabi 2018-19, 2019-20 and 2020-21 season.
For assessing the impacts of weather based agriculture, farmers doing weather based
agriculture and farmers not doing weather based agriculture were selected from different
villages of NCR. Results showed that the farmers, who followed the weather based
agriculture, are able to reduce the input cost and increases in the net profit as compared to
the farmers who does not followed the weather based agriculture. Weather based agriculture
helps to increase agriculture production, increase efficiency in the use of water, reduce
costs of inputs, labor, energy, reduce losses, risks, reduce pollution and improves quality of
yield with judicious use of agricultural chemicals. Increased yield and reduced cost of
production, led to increased net returns. Thus, weather based agriculture based on current
and forecasted weather is useful for enhancing the agriculture production and income of
farmers by reducing the farm input cost by doing crop and pest management in appropriate
time.
Key words: Weather, agriculture, changing climate scenario
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Spatio-temporal Analysis of Crop Residue Burning in
India using Satellite Remote Sensing
Vinay Kumar Sehgal1*, Rajkumar Dhakar1, Niveta Jain2
and Rajender Parsad3
Division of Agricultural Physics, 2Division of Environment Science,
ICAR – Indian Agricultural Research Institute, New Delhi-110012
3
ICAR – Indian Agricultural Statistical Research Institute, New Delhi
*Corresponding author: vk.sehgal@icar.gov.in
1

In India, the practice of on-farm burning of crop residue gained traction in mid-to-late
1980s in northern India States with the increase in mechanized harvesting using combine
harvesters. It is estimated that about 140 Mt annually, is burned on-farm primarily to clear
the field from straw and stubble of the preceding crop for sowing of the succeeding crop. In
the Indo-Gangetic Plains (IGP) of India, about 12 Mha area is under rice-wheat system and a
large portion of their residues is burned on-farm. The problem of on-farm burning of residues
has further intensified in recent years due to unavailability of labour, and high cost in removing
the residues by conventional methods. Crop residue burning has serious impacts on
environmental pollution, fertility of soils and health of human and animals in the concerned
areas and their neighbourhood. Central and State schemes are being implemented in Punjab,
Haryana, UP and Delhi for in-situ management of residue and prevent residue burning. To
monitor the success of schemes, real-time spatio-temporal information is required on residue
burning events. On behalf of ICAR, the CREAM Lab of IARI (http://creams.iari.res.in) is
undertaking spatio-temporal monitoring of the active fires due on-farm residue burning in
real- time for whole India and intensively for paddy residue burning areas from 1- Oct to 30Nov for paddy and 15-April to 31-May for wheat, on daily basis and their comparison is
made with events during previous years. Thermal image from seven satellites acquired at the
IARI satellite ground station are used for the detection of fires for both day and night passes.
Daily bulletins of fire events are prepared and burning locations are put on KRISHI Geoportal
(http://geoportal.icar.gov.in:8080/geoexplorer/composer/) for visualization as maps. Total
paddy area burnt is also estimated for Punjab and Haryana using Sentinel-2A satellite
imageries. Developed a model based on remote sensing detected fire power of event and
estimated emission of pollutants (particulate matter) and Green House Gases (CO2, CO, NOx,
CH4) from paddy residue burning for different districts in three states. The paper will present
results on the spatio-temporal trends in crop burning across states of India, and for paddy
and wheat residue burning in Punjab, Haryana and UP. Besides, the paper will show examples
of how the remote sensing analysis was used as policy inputs by decision makers for
management of residue burning.
Key words: Spatio-temporal, crop residue, burning events, remote sensing
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Assessment and Mapping of Soil Quality in Flood
Affected Agro Ecological Unit of Kerala using GIS
Technique
Biju Joseph*, Shamna Raju and R. Gladis
Department of Soil Science and Agricultural Chemistry, College of Agriculture, Kerala Agricultural
University, Vellayani-695522, Kerala
*Corresponding author: biju.joseph@kau.in

A study was undertaken to evaluate the soil quality and changes in the fertility status
of flood affected soils of Agro-ecological unit (AEU) 9 in Alappuzha district of Kerala. Geo
referenced surface soil samples (0-20 cm) were collected from seventy five sites and
characterized for physical, chemical and biological attributes. Minimum data set of soil
indicators were selected using principal component analysis and quality index was
computed. GIS based thematic soil maps were prepared using ArcGIS 10.5.1 software
following Inverse Distance Weighting method (IDW).The soil texture was sandy loam,
particle density and bulk density were 2.10 to 2.60 and 1.10 to 1.80 Mgm-3respectively.
Majority (66.7%) of the soils registered porosity of 50 to 70% and moisture content between
11.33 to 24.44%. The water holding capacity and water stable aggregates were 32.12 to
74.63% and 37.3 to 70.6% respectively. Soil acidity increased after floods and 20% of the
soils became extremely acidic (3.5-4.5). Organic carbon status was also increased post flood
with 38.7 % of soils having high organic carbon content compared to 18 % before the floods.
The available nitrogen was100 and 627 kg ha-1 with 89.3 % of soils in low category. Available
phosphorous, calcium and magnesium was decreased in the post flood soils. Available P
was low in 13.3 % of soils and 64 % of soils were deficient in calcium while all the soils were
deficient in magnesium and boron. Available K was medium to high (100 to 492 kg ha-1).
Majority (93.3%) of the soils showed adequate sulphur (> 5 mg kg-1) before and after the
floods. The relative soil quality index ranged from 32.5 to 62.5%. Majority (80%) of the soils
had low soil quality index (< 30 %) and the remaining had medium soil quality index ( 3070%).
Key words: Soil quality, GIS technique, Kerala
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kharif Paddy Area Estimation in the Cauvery Delta
Region using Sentinel-2A Optical Data
Sugavaneshwaran K.*, K.P. Ragunath, S. Pazhanivelan,
R. Kumaraperumal
Dept. of Remote Sensing & GIS, TNAU, Coimbatore-641003
*Corresponding author: sugavaneshwarank@gmail.com

To identify and delineate the kharif paddy crop in the Cauvery delta comprising
Thanjavur, Thiruvarur, and Nagapattinam districts region of Tamil Nadu, research was
conducted between May 2019 to October 2019 using Sentinel-2A optical satellite data.
Supervised classification methodology was used to delineate paddy area from Sentinel-2A
optical data by developing training sites, which are representative signatures of features
available within the image using 60 percent of the ground truth data collected during the
survey. The training sites were refined and classification was iterated to attain a considerable
amount of accuracy. District and block-level statistics were generated from the extracted
paddy area using Sentinel-2A data. A total of 82231.93 ha were recorded with Nagapattinam
district having the highest area of 41170.07 ha followed by Thanjavur and Thiruvarur districts
with an estimate of 22246.01 ha and 18815.92 ha respectively. The extracted paddy area was
statistically analyzed for accuracy, which showed an overall accuracy of 91.7 per cent with a
reliability of 90.0 per cent and kappa index of 0.83 indicating good accuracy levels of the
product generated using Sentinel-2A satellite data.
Key words: Paddy, cauvery delta, Sentinel-2A optical data
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Characterizing Agricultural Trends in District Anantnag
of Kashmir Valley using Multitemporal Satellite Data
Nayar A. Kimani1*, Iram Ali1, F.A. Lone2 and Ikhlaq A. Mir2
Division of Soil Sciences, 2Division of Environmental Sciences, SKUAST-K, Srinagar-190025
*Corresponding author: nakirmani@skuastkashmir.ac.in
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Agriculture acts as backbone of the livelihood and economy of Kashmir valley. However,
over the years, the rigorous increase in the population, climate change and economic
development has resulted in unprecedented change in the agriculture sector in the region.
Therefore, this study intends to address the agricultural trends in district Anantnag of
Kashmir valley from 1981-2019. For the proposed task, multi-temporal remote sensing data
from Landsat TM/ETM+/OLI (1981-2019), ASTER (2003), IRSP6 LISS IV (2018) along with
available secondary data were used for assessing the spatial trends of agriculture in the
district. Analyses of the results show agriculture to be in degenerative phase registering a
decline of 6597 ha in area which approximates 20.5% of the total area. Decadal analysis of
the area under agriculture shows a reduction of 5.6%, 4.9%, 7.6% and 4.9% from 1981-1992,
1992-2003, 2003-2012 and 2012-2019 respectively. The results of multi-temporal transitional
pathways of agriculture to different land cover types clearly revealed built-up and
horticulture as dominant classes with minor involvement from plantation and barren land.
Further, the study concluded climate and socioeconomic factors as the main drivers of
changing agriculture. This consistency in depletion of agricultural land might have serious
implications on the livelihood and food security of the region.
Key words: Agriculture, trends, remote sensing, district anantnag, Kashmir valley
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A Hybrid Approach for Classifying Land Feature Classes
using High Resolution Multispectral Data
Arjun Hegde* and Rajeev Ranjan
Department of Agrometeorology, College of Agriculture, GBPUA&T, Pantnagar, Uttarakhand
*Corresponding author: arjunhegde19@gmail.com

Information on land use land cover including urban areas, forest, water bodies,
agricultural land etc. is important for development of strategic plans and hence policy
making. A similar study on mapping various land use land cover has been done in Udham
Singh Nagar district of Uttarakhand state. Udham Singh Nagar has a total geographical
area of about 2908 sq.km and is one among the few plain districts in Uttarakhand. This
district is divided into seven administrative blocks namely Jaspur, Kashipur, Gadarpur,
Bajpur, Rudrapur, Sitarganj and Khatima. In this study high resolution multispectral data
of sentinel-2 satellite released by European Space Agency (ESA) has been used. This
particular satellite has high spatial resolution of 10m and a good spectral resolution with 13
bands. Cloud free image of October 15th, 2021 has been acquired through official website
(https://scihub.copernicus.eu/) for more accurate differentiation of the feature classes.
Ground truth points have been collected manually and also by means of Google earth.
Sentinel Application Platform (SNAP) and ArcGis software have been used for image
processing and classification. Classification has been done through hybrid approach using
unsupervised as well as supervised mode of classification. In supervised classification,
maximum likelihood classifier algorithm has been used for better classification of different
entities such as water bodies, urban areas, fallow fields, rice fields, sugarcane fields and
orchards. Rice fields accounted for 43.23% of the total area followed by sugarcane fields
(15.4%), forest area (15.3%) and urban land (24.6%).
Key words: Image processing software, Sentinel-2, Google earth and MXL classifier
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Assessment of Microclimatic Parameters under
Agrivoltaic System in Hot Arid Ecosystem of India
H.M. Meena*, Surendra Poonia, P. Santra and N.K. Jat
ICAR-Central Arid Zone Research Institute, Jodhpur-342003, Rajasthan
*Corresponding author: hmmeena82@gmail.com

In this study, assessment of microclimate parameters in 105 kWp agrivoltaic system was
evaluated. The agrivoltaic system of three different designs was established at ICAR-Central
Arid Zone Research Institute (ICAR-CAZRI), Jodhpur. Among these designs, microclimatic
parameters recorded under one row PV designs having interspace of 3 m between arrays is
presented here. One row PV design was installed with two PV densities and these are full
density (FD) and half density (HD). There were three arrays for each of FD and HD design.
Brinjal and spinach were grown below the PV modules in both FD and HD designs during
rabi season of 2020-21. These two vegetable crops were also grown outside the ground mounted
PV installation area, which was considered as control experimental plot in this study. Row to
row distance in the experimental plot was 1.2 meter in case of brinjal and 0.6 meter in case of
spinach. Following microclimatic parameters were recorded during crop growth season:
photosynthetically active radiation (PAR), net radiation, air temperature, relative humidity
and soil temperature. These microclimatic parameters were measured at 2 h intervals on six
selected days during the crop growing season under clear sky condition. Again, these
microclimatic observations were recorded both below PV arrays and interspace area (1st, 2nd
and 3rd row in case of brinjal whereas 1st, 3rd and 5th row in case of spinach).Availability of
PAR and net radiation were observed very low in below PV areas and even in 1st row of
interspace areas compared to control condition. For example, available PAR across the crop
growth period of brinjal was only 36 µmol m-2 s-1 in below PV areas of FD design and 506
µmol m-2 s-1in below PV areas of HD design, whereas under control condition it was recorded
as 791 µmol m-2 s-1. Similarly, net radiation was observed 53.8 Wm-2 and 140.3 Wm-2 in below
PV areas of FD and HD design, respectively with brinjal crop whereas under control it was
171.7 Wm-2. In case of 1st row of interspace area of brinjal crop closer to the PV structure PAR
was observed 125µmol m-2 s-1, 360µmol m-2 s-1 and791 µmol m-2 s-1 in FD, HD and control
plot, respectively. Similarly, net radiation was 6.8W m-2, 57.4 W m-2 and 171.7 W m-2in FD, HD
and control plot, respectively. Similar trend of PAR and net radiation was also observed with
spinach crop in both FD and HD designs. Air temperature was found almost similar with
control while relative humidity was 29.8-34.5% inside agrivoltaic system 35.4-36.2% in control
plot. Soil temperature was found lower in agrivoltaic system as compared to control.
Key words: Agrivoltaic system (AVS), full density (FD) PV array, half density (HD) PV array,
microclimatic parameters, hot arid region of India
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Climatic Water Balance over Madhya Pradesh:
A GIS Approach
Nisha Sahu*, G.P. Obi Reddy, B. Dash, Nirmal Kumar
and S.K. Singh
*
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Present address: ICAR- Indian Institute of Soil Science, Berasia Road, Bhopal-462 038, Madhya Pradesh
*Corresponding author: nishasahu5@gmail.com

Climate change is one of the major challenges in 21st century faced by Agriculture in
India. The climatic data of 51 stations were collected and climatic water balance was
computed using water budgeting approach and potential evapo-transpiration (PET)
calculated by Modified Penman Method, estimated from global climate data sets. Based on
moisture index, bio-climates were classified and delineated using ArcGIS 10.5. Geo-statistical
method was used to map the spatial variation of climatic data. The results indicate that the
mean annual rainfall was lowest in Barwani (676 mm) with highest water deficit (1219.84
mm) and moisture index (-62.93) which classifies under semi- arid dry bio climatic class.
Panchmari receives highest rainfall (2124 mm) due to which lowest PET (1284.3 mm) was
recorded in this station. Based on moisture index Panchmari classifies for humid bioclimatic
class. Considerable changes in the western districts (Barwani, Alirajpur, Burhanpur,
Khargone) semi-arid climatic zones was observed. Overall, there has been a net percent
change in semi-arid (dry) area as 0.87. Thus, results are of great significance for studying
the spatial climatic water balance, which can help immensely in the management of water
resources and sustainability of crop production under changing climatic conditions.
Key words: Climate change, evapotranspiration, interpolation, GIS
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Digital Soil Mapping of Jodhpur District
Priyabrata Santra*, Mahesh Kumar, R.S. Yadav,
Mahipal Choudhury and N.R. Panwar
ICAR-Central Arid Zone Research Institute, Jodhpur-342003, Rajasthan
*Corresponding author: priyabrata.santra@icar.gov.in

Spatial soil database of Jodhpur district was developed by collecting soil samples from farmers
field during pre-kharif seasons of 2021 covering 193 locations at two depths (0-15 cm and 15-30
cm) followed by laboratory analysis of following soil properties: pH, electrical conductivity (EC),
soil organic carbon (SOC) content, available phosphorus (P) content and available (K) content.
Descriptive statistical analysis of soil properties revealed wide variation in the soil properties
e.g. pH ranged from 6.91 to 9.88 with an average value of 8.41, EC ranged from 0.08 to 2.62 dS m1
with ana average value of 0.34 dS m-1, SOC content ranged from 0.01 to 0.77% with an average
value of 0.22%, available P content ranged from 0.12 kg ha-1 to 149 kg ha-1 with ana average value
of 6,83 kg ha-1 and available K content ranged from 85 kg ha-1 to 689 kg ha-1 with an average
value of 238 kg ha-1. Spatial variation of these soil properties was determined through modelling
semivariogram using ‘gstat’ package of R. Data on soil EC and P did not follow normal distribution
and hence logarithmic transformation has been made on these data to fit it in normal distribution.
Nugget component of spatial variation was found to vary from 24% to 67% of total sill across soil
properties and it was lowest for soil pH and highest for SOC content. Range parameter of soil
properties was found 7-33 km. Long range was observed for soil P content whereas for K content
it was short. Ordinary kriging of soil properties using semivariogram parameters was further
carried out to prepare digital maps of soil pH, EC, SOC, P and K content of Jodhpur district.
Uncertainty of the developed digital soil maps were assessed through development of standard
error of prediction maps and 90% confidence interval maps (krigged prediction ± 1.64´standard
error of prediction). Error of prediction was very low surrounding sampling points whereas it
was high at unsampled locations having very low sampling density. Therefore, the confidence
interval was higher in prediction regions having low sampling density. It indicates that uncertainty
of the developed maps can be reduced by additional soil sampling in the targeted region or by
adopting uniform distributions of sampling locations. Accuracy of the developed digital soil
maps were evaluated through k-fold cross validation (k = 10) and validation indices e.g. R2, RMSE
etc were calculated. R2 value of ordinary krigged maps of soil pH, EC, SOC, P and K were found
in the range of 0.35-0.45. Accuracy of the developed digital soil maps may further be improved
by utiliosing the spatial information on environmental covariates (e.g. digital elevation model,
vegetation indices, bioclimatic variables etc) of the mapping region and adopting advanced digital
soil mapping approach such as regression krigging, random forest regression etc. The developed
digital soil maps will be very much helpful to farmers to decide on suitable soil management
practices for sustainable management of natural resources and improving productivity.
Key words: Digital soil mapping, semivariogram; ordinary krigging, hot arid region, drylands
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On-Farm Irrigation Scheduling Through Mini Pan
Evaporimeter – An Evaluation Study
N. Manikandan1,2, Sanatan Pradhan1*, P. Panigrahi1, S.K.
Rautaray1, G. Kar1,3 and S.K. Mohapatra1
ICAR- Indian Institute of Water Management, Bhubaneswar-751023, Odisha
ICAR- Central Research Institute for Dryland Agriculture, Hyderabad-500059, Telangana
3
ICAR- Central Research Institute for Jute and Allied Fibers, Barrackpore-700121, West Bengal
*Corresponding author: sanatan28@gmail.com
1

2

In order to ensure food and nutrition security vis-à-vis to sustain the agro-ecological system
requires ways and means to enhance production from available land with better water use efficient
techniques. It is impossible to increase the net cultivable area of India to feed the 130 crores plus
population of the country. On the other hand, it is envisaged that the per capita availability of
surface water in our country will reduce to 1401 m3 and 1191 m3 during 2025 and 2050, respectively,
from 1902 m3 in 2001. Effective utilization of available irrigation water and its conservation at
both micro and meso scale are important. To achieve this, a reasonable scientific irrigation
scheduling is required to help the farmers to increase the crop and water productivity. Despite
its wide scale utilization for irrigation scheduling, USWB Class A open pan has certain drawbacks
like big size and bulkiness, high cost and daily measurement. Therefore, an endeavor was made
to develop a small size evaporation pan which is less expensive, easy to operate and maintain at
farm level. Small size (30 cm, 20 cm and 10 cm diameter and 25 cm height) pan evaporimeters
were developed using GI and PVC. Statistical analysis between mini pan and USWB open pan
evaporation values showed that 30 and 20 cm GI mini pans had high correlation with USWB
open pan. So, to evaluate the performance of the selected mini pans with USWB open pan for
on-farm irrigation scheduling in paddy, a field trial was conducted during kharif 2020 in
randomized complete block design with five treatments [T1-Irrigation scheduling using 30 cm
mini pan; T2-Irrigation scheduling using 20 cm mini pan; T3-Irrigation scheduling using USWB
Class A pan; T4-Irrigation based on 3 DAD and control (rainfed)]. Irrigation to experiment plots
was given based on IW/CPE ratio of 3, where IW was 20 mm. The number of irrigations applied
for Pooja and Swarna variety were 6 and 7, respectively for the treatments T1 to T4. The yield
parameters like panicles/m2, grains/panicle, grain and straw yield (kg/ha) didn’t differ significantly
among the treatments T1 to T4 for both the Pooja and Swarna variety. However, the yield
parameters significantly varied between the treatments (T1-T4) and control. From the study, it is
observed that the performance of the paddy crops were not significantly different under mini
pan evaporimeters, USWB Class A pan and 3 DAD based irrigation. Hence, it is concluded that
the GI mini pan evaporimeter of 30 cm diameter can be used for irrigation scheduling of paddy
crop in eastern India.
Key words: Mini pan evaporimeter, water productivity, galvanized iron, irrigation scheduling
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An Alliance of Agrophysics with Phenotyping,
A Stepping Stone in Crop Improvement
S.R. Sruthi1*, G. Baradhan2 and S.M. Sureshkumar2
1

Department of Genetics and Plant Breeding, 2Department of Agronomy, Annamalai University
*Corresponding author: sruthisampathkumar1998@gmail.com

The escalating world population related with growing demands for food and energy,
limited resources, environmental impacts from agricultural processing and climate changes
have generated new challenges in crop farming. Precise and accurate phenotyping plays a
crucial part in the genetic improvement of crop plants. An advancement like association of
agrophysics with phenotyping paves way for harnessing the potentiality of genomic
resources in genetic improvement of crop plants. This marks the utilization of in-house
phenotyping and field based phenotyping in which the former is dealt by subjecting the
plants to sensors while the later is denoted by exposing the sensors to the plant. The inhouse phenotyping marks the utilization of imaging technologies, sensors, automation and
robotics, etc., which has its share of advantages like imposing of various stresses at equal
stress levels for mapping population, accurate QTL mapping with lesser environmental
variation and off season phenotyping. The field based phenotyping exploits ground based,
aerial and remote sensing phenotyping that can be used to evaluate large number of
genotypes and determination of genotype x environment interaction effect. The measurement
of leaf area, plant biomass estimation, analysis of root and shoot system, seed and fruit
phenotyping, analysis of physiological parameters, assessment of water use and soil water
content have been made possible by incorporation of agrophysics in phenotyping. The
hurdles of having an alliance of agrophysics with phenotyping include cost, technical
manpower, high-end processing computers, handling data and requirement of ground
truthing. The creation of complete and accurate metadata, deposition of data into primary
repository and development of open source community database are the thrust areas for
mitigating the risks in the consortium of agrophysics and phenotyping.
Key words: Agrophysics, phenotyping, in-house phenotyping, field based phenotyping.
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Drone Image Analytics for Enumerating Coppicing
Ability in Casuarina junghuhniana Miq ITC1761
Clone
Kulkarni A.V.*, Siddarth D.P., Sureshkumar R.,
Pandiyan Arun and Rajkumar R.
ITC Limited, ITC Life Sciences and Technology Centre, Peenya Industrial Area, 1st Phase,
Bangalore-560058, Karnataka
*Corresponding author: Ashok.kulkarni@itc.in

Casuarina junghuhniana clones are widely cultivated for various purposes like timber,
pulp and fuel. This species is mainly suited for South and South East Asia agrarian
ecosystems. It is being considered as potential alternative to eucalyptus as Casuarina has
short rotation period, enhances soil fertility and marketability. Due to coppicing ability of
the species, clones can be cultivated for 12 years covering 3- 4 cycles, which ensures
sustainable income to farming community. At present, coppicing ability enumeration is
performed by physical visit to individual sites and decision of uprooting is taken based on
the calculation, which is laborious and tedious job.
Alternate method was developed using an agricultural drone such as DJI Phantom
fitted with multispectral or RGB cameras was used to capture the images and machine
learning algorithm was applied to analyse the images. K-Means clustering (ML) model was
used in the present study. The current approach involves directly clustering the amount of
green in the drone image and calculating the ratio of that amount of clustered green to the
ideal amount of green that should have been present (by considering the plant size and
field dimensions) to calculate the coppicing ability. Using current model, coppicing ability
was estimated with 95% accuracy. The model was validated with couple of sample plots.
Developed model is robust, accurate and reduces the time taken for decision-making
and thus helps farming community to achieve sustainable income. It also enhances the
current practices of remote field management through digital technologies.
Key words: Drone image analytics, Casuarina junghuhniana
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Simulation of Soil Water and Salt Distribution
under Drip and Surface Flood Irrigation using
Hydrus- 2D Model
Seema1*, Rita Dahiya2 and Ram Prakash1
1
Department of Soil Science, 2Department of Physics,
CCS Haryana Agricultural University, Hisar-125006, Haryana
*Corresponding author: seemasheoran25@gmail.com

In arid and semi-arid areas due to scarcity of good quality irrigation water, saline water
is often used as irrigation source to fulfil the water requirement of the growing crops. In
this study, an experiment was conducted on brinjal crop cultivated in sandy soil under drip
and surface flood irrigation method with three different water qualities: 0.46, 2.5 and 5.0 dS
m-1 along with three nitrogen levels (75%, 100% and 125% RDN) 2019 and 2020 The
experimental data was used to calibrate the Hydrus-2D model for simulating the water and
salt distribution in soil profile under drip and surface flood irrigation. The model was used
for simulation of water and salt distribution at 0-15, 15-30, 30-45 and 45-60 cm soil depths at
different time intervals under drip and surface flood irrigation.. The Hydrus-2D model
performance was evaluated by using the R2, RMSE and nRMSE. The agreement between
simulated and measured values indicated that Hydrus-2D model closely simulated the soil
water content with R2, RMSE and nRMSE values varying from 0.94-0.98, 0.006-0.029 m3 m
-3
and 3.3-17.68%, respectively. The salt dynamics showed a fairly good agreement between
measured salt content and corresponding Hydrus-2D simulated values with R2, RMSE and
nRMSE varying from 0.94-0.98, 0.049-0.482 dS/m and 8.11-26.07%, respectively. The results
indicated that the agreement between measured and simulated values of soil water content
under drip irrigation was reasonably better than surface flood irrigation method. The
Hydrus-2D model also performed well for simulating the salt content in drip system under
different saline water treatments. The study concludes that Hydrus-2D model might be
used as a promising tool for monitoring water and salt dynamics, irrigation scheduling,
evaluating the different water management practices and achieving the optimum efficiency
of irrigation system in field conditions.
Key words: Drip, Hydrus-2D, saline water, simulation, surface flood irrigation
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Electromagnetic Induction (EMI) Approach for Rapid
Detection and Characterization of Soil Salinity in
Haryana
Bhaskar Narjary*, Raj Mulkopadhyay, Arijit Barman
and D.S. Bundela
ICAR-Central Soil Salinity Research Institute, Karnal-132001, Haryana
*Corresponding author: bhaskar.narjary@gmail.com

In India, 6.73 million hectares salt-affected soil is incurring an annual loss of 12 million
tonnes of food grains resulting in an economic loss of worth 6 billion US $; such area is
likely to expand to 20 million ha by 2050. One of the basic requirements to develop
reclamation and management strategies for such potentially productive soils is
characterization and mapping. Remote sensing has been widely used to detect and map
salt-affected areas on a regional scale. However, soil salinity detection and mapping through
remote sensing in slightly or moderately saline areas are not very accurate particularly at
farm- scale monitoring. On the contrary, electromagnetic induction (EMI) techniques are a
rapid, non-destructive and reliable technology that can provide information on apparent
electrical conductivity of surface and subsurface layers and have been used for farm to
regional level soil salinity studies.
In order to provide a cost-effective, rapid, easy and less labor intensive assessment of
salinity we describe herein the use of a geophysical electromagnetic induction techniques
(EMI) to map the soil electrical conductivity of a saturated soil paste extract (ECe – dS/m) to
an average depth of 0.90 m. We carried EMI survey in salt affected soils of Panipat, Sonipat,
Jind and Rohtak district of Haryana for rapid detection and characterizing salt affected
soil. The soil samples were analyzed for electrical conductivity of saturated extract (ECe),
pH, cations (Ca2+, Mg2+and Na+1) and anions (CO3-2, HCO3-1, Cl-1) using wet chemistry
procedures. . Principal component (PCA) and pearson correlation analysis was performed
and found that ECe, Na, Ca+Mg and Cl had significant correlation with apparent conductivity
and identified as soil physico-chemical properties affecting apparent conductivity.
Geostatistical method (Krigging) was used to determine the horizontal spatio-temporal
variability of soil salinity over the years and we also mapped soil salinity 3-dimensionally
(3-D). Based on range of soil salinity in Haryana, apparent conductivity were categorize to
low (< 100 mSm-1), intermediate (100-200 mSm-1), high (200-300 mSm-1) and very high (300600 mSm-1) saline category. Over all it was observed that EMI methodology can be used to
categorize salinity zones for developing potential management option for sustainable crop
production.
Key words: Soil salinity, electromagnetic induction techniques, CSSRI, Krigging
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Pusa InfoSeed: An Android Smartphone and Windowsbased Seed Morphometric Analysis Application using
RGB Images
R. Dhakar*, S. Nagar, V.K. Sehgal and P. Krishnan
1
Division of Agricultural Physics, 2Division of Plant Physiology
ICAR-Indian Agricultural Research Institute, New Delhi-110 012
*Corresponding author: rajdhakar.iari@gmail.com

Seed morphometry and phenotyping in food grain crops is an essential step in selecting
new high-yielding plants. Manual assessment of seed parameters (such as the number of
seeds per ear and seed size and shape) is laborious, time consuming and subjected to sizeable
human error and biases. Therefore, we developed an image-based software named “Pusa
InfoSeed” for assessing seed morphometry and phenotyping. The “Pusa InfoSeed” software
is an android smartphone and Windows-based application developed to estimate various
morphometry parameters of the seeds for different crops. The software calculates the
parameters of seed morphometry from RGB images, which can be captured by an ordinary
smartphone or a digital camera. The seeds morphometry parameters which can be calculated
by using “Pusa InfoSeed” are seed count (in numbers), average seed length (mm), test
weight, specific seed weight, average seed width (mm), one-sided seed surface area (mm2),
roundness, hull area (mm2), solidity, equivalent diameter, eccentricity and frequency
distribution of seed surface area.
Key words: RGB, grain, imaging, app, seed analyser
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Placement of Soil Moisture Sensor in Automatic
Basin Irrigation System
Monalisha Pramanik1*, Manoj Khanna2, Man Singh2,
D.K. Singh2, Susama Sudhisri2, Arti Bhatia2
and Rajeev Ranjan2
ICAR-Indian Institute of Soil and water Conservation, Research Centre Datia, Madhya Pradesh
2
ICAR-Indian Agricultural Research Institute, New Delhi
*Corresponding author: monalishapramanik@gmail.com

1

Sensor placement is an important factor that affects the performance of soil moisture
sensor-based automatic irrigation systems. In this study, an automatic basin irrigation system
was developed by integrating capacitance-based soil moisture sensors, check gate and cloud
servers through GSM and wireless connection networks. The check gate installed at the
field inlet automatically opened and close as the pre-set value of soil moisture reached the
field. A field experiment was carried out to determine the suitable location of the soil moisture
sensor in the basin at the research farm, IARI, New Delhi. Three soil capacitance-based soil
moisture sensors were installed in 60X14 m basin at 25%, 50% and 75% of length at 37.5, 15
and 7.5 cm depth respectively in bare soil conditions. Total 9 irrigation events were monitored
under different soil moisture deficit conditions to determine the best location of soil moisture
sensors in an automatic basin irrigation system. Irrigation events were evaluated based on
irrigation performance indicators i.e., irrigation application efficiency, distribution uniformity
and water requirement efficiency. It was found that a minimum of two-soil moisture sensors
one for opening and one for closing the check gate were required to operate the system
efficiently. The results revealed that the soil moisture deficit played a key role in the location
of sensor placement. The best location of soil moisture sensor for opening the gate at 15 cm
depth and 50% length. Sensor location at 7.5 cm & 75% length and 37.5 cm &25% length
would be suitable for closing the gate at low and high soil moisture deficit condition
respectively.
Key words: Soil moisture sensor, location of sensors, basin irrigation, automation
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Identification of Least Nitrogen Sensitive Genotypes
of Wheat from Spectral Reflectance Indices
Rajeev Ranjan1*, Rabi N. Sahoo1, C. Vishwanathan2,
Sudhir Kumar2 and P. Krishnan1
Division of Agricultural Physics, 2Division of Plant Physiology,
ICAR-Indian Agricultural Research Institute, New Delhi-110012
*Corresponding author: rajeev4571@gmail.com
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Plant stress detection is considered as one of the most critical areas for crop yield
improvement in the compelling global scenario dictated by climate change. Plant growth is
influenced by a complex interplay of biotic and abiotic stressors such as water, salt,
temperature, light exposure, nutrient availability, agrochemicals, air and soil pollutants,
pests, and diseases. On the one hand, quantitative methods provide very sensitive indicators
of most of the stressors, with the drawback of a disruptive approach, which prevents follow
up and dynamical studies. On the other hand, qualitative methods, such as VIS/IR reflectance,
provide a non-disruptive view of the action of the stressors in plants, even across large
fields, with the drawback of a poor accuracy. We tested the capacity of several published
hyperspectral indices to identify the nitrogen sensitive genotype of wheat grown under N
sufficient and N deficient condition under environmentally controlled condition at Nanaji
Deshmukh Plant Phenomics Centre, IARI, New Delhi and derived a simple canopy
reflectance index that is greatly independent of these factors. Spectral reflectance data (3502500 nm) was recorded of 192 RILS (Recombinant Inbreed Lines) of Raj 3765 and HD 2329
with the help of handheld Spectroradiometer on 90 and 110 days after sowing. Five
vegetation indices (VOG1, SR705, ND705, NDCI, and GNDCI) were chosen for further
analysis based on their sensitivity to the Nitrogen. Based on the intensive investigation of
these five indices at two growth stages of wheat (90 and 110 DAS), RIL no 177 and 181 were
found least difference of plant response to nitrogen stress in comparison to healthy for
better N use.
Key words: Wheat, spectral reflectance indices, nitrogen
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Combination of Thermal, RGB Imaging and
Multivariate Techniques for Screening Wheat
Genotypes under Salinity Stress Condition
Koushik Banerjee1,2, P. Krishnan2*, Arvind Kumar3
and Arijit Barman3
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Wheat, a cereal crop grown during winter season in India, has cultivars with varying sensitivity
and tolerance to salinity stress during critical growth phases. Screening a range of germplasm for
identifying genetic variations of the traits contributing to salinity stress tolerance is considered as one
of the major challenges in developing new salinity stress tolerant genotype which can be used as
parental material in the breeding programs. Hence, the present study was conducted to understand
the combined impact of thermal/RGB imaging and multivariate techniques to characterize and screen
wheat genotypes under salinity stress condition. 49 wheat genotypes were grown under saline
irrigation conditions (EC-4dSm/m). Simultaneously, plant biophysical parameters like normalised
difference vegetation index (NDVI), leaf area index (LAI), transpiration, stomatal conductance,
photosynthesis, were measured at different vegetative stages along with the yield and its attributes
(panicle number, tiller number, 1000 seed weight, crop yield, total dry matter, harvest index). A new
index called Normalized Salinity Stress Tolerance Index (NSSTI) was developed by incorporating
crop biophysical parameters using principal component analysis (PCA) and hierarchical cluster
analysis. Based on this index wheat genotypes grown under salinity stress condition were screened
and classified as tolerant, moderately tolerant and sensitive. Simultaneously, the study also combined
several sensitive thermal and RGB image-based vegetation indices for discriminating wheat genotypes
through non-invasive approaches. Wheat genotypes like KRL 302/340 was classified as most tolerant;
and ASN-SAN-17 as most sensitive to salinity stress with NWSTI score of > 0.66, and < 0.33, respectively.
The study also identified stomatal conductance, photosynthesis, leaf Na content and transpiration
rate as the most important parameters among the different crop biophysical parameters characterised.
Similarly, among the different vegetation indices characterised in this study, INT, ExR, ExGR, VARI,
GRVI, CWSI were identified to be the most important indices that performed significantly in screening
for sensitive and tolerant wheat genotypes for salinity stress. The sensitive vegetation indices identified
in this study can also be used for drought assessment through satellite platform over a large
geographical area. The large genetic diversity observed among wheat genotypes based on physiological
traits can be utilized in wheat improvement programme for developing genotypes with improved
salinity stress tolerance. Thus, the combination of thermal/RGB imaging and multivariate techniques
can be used in future as a constructive screening tool to characterise the salinity stress tolerance in
large number of wheat genotypes under typical field condition.
Key words: Wheat, salinity stress, Thermal and RGB imaging, PCA, HCA, Stress tolerant cultivars
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Early Detection of Downy Mildew of Salad Cucumber
using Machine Learning
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and Thajudin Ahamed V.I.1
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Government Engineering College, Kozhikode, Kerala
3
Kerala Agricultural University, Thrissur, Kerala
*Corresponding author: swathyprabha98@gmail.com
1

2

Detection and identification of plant diseases in the nascent stage are difficult in
agriculture, nevertheless, it is important for minimizing crop loss. Besides serving as a
chief contributor to the economy, agriculture guarantees our dietary security. India is one
of the main contributors to the agricultural area, however, a large percentage of farmers do
not have sufficient monetary resources to make use of technology to assist farming. The
rural regions require major assistance to enhance the production of quality products. Plant
diseases spread at a very fast rate and management measures are usually not effective if the
disease has reached an advanced stage of severity. Diseases caused by microorganisms and
shortage of suitable nutrients in the soil, the foliage is afflicted by distinctive styles of
discolouration. Mild versions in the plant leaf might not be effectively diagnosed in most
instances through observation. Manual detection is tedious and a time-consuming process.
In this regard, it is critical to develop a system that could classify diseases into distinctive
classes that perceives the infection level. The proposed system is tested on cucumber leaf
images and classifies the images according to the extent of the infection. It first segments
the leaf image to identify and separate the disease-affected area through the usage of colour
thresholding. Then textural features are extracted using the GLCM matrix. The system
subsequently performs the image classification according to infection stages. The system is
capable of early detection of the disease since it is capable of detecting disease in cucumber
leaf having about 15% of the infected area. A database having a larger number of images
can be used to detect the infection at an earlier stage. The system classifies the disease levels
with good accuracy using the SVM classifier. The final result is displayed via a graphical
user interface.
Key words: Early disease detection, color thresholding, GLCM matrix, SVM classifier
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Comparative Evaluation of SMLR and ANN for
Prediction of Rice Yield in Tarai Region of Uttarakhand
Susheel Kumar*, Parul Setiya and Rajeev Ranjan
Department of Agrometeorology, College of Agriculture, GBPUA&T, Pantnagar, Uttarakhand
*Corresponding author: susheelk5522@gmail.com

The present study has been conducted in Udham Singh Nagar district of Uttarakhand
state for prediction of rice yield. Udham Singh Nagar district, considered the rice bowl of
Uttarakhand, wherein most of farmers are dependent on groundwater for rice production.
The climate of Tarai belt is moist and humid and hence most of the farmers practice rainfed
farming during the monsoon months (June-September). However, the region is also
experiencing the ill effects of climate change, as seen in terms of rising number of heat
waves, intense and frequent rainfall events in some parts of country and prolonged dry
spells in another part, rising sea-level resulting in incursion of saline water into the rice
fields, etc. The uneven distribution of rainfall and accompanying heat load on the surface,
both in space and time, is responsible for fluctuating rice yields. Researchers across the
globe have developed several linear and non-linear regression models for predicting crop
yield in different regions. The present study examines the application and performance
wise comparison of Stepwise Multiple Linear Regression (SMLR) and Artificial Neural
Network (ANN) for predicting rice yield in Udham Singh Nagar district of Uttarakhand.
Meteorological data (Maximum Temperature, Minimum Temperature, Rainfall, Solar
Radiation) for 20 years were collected from Dept. of Agrometeorology, GBPUA&T,
Pantnagar, Uttarakhand for analysing the historical yield data. The value of coefficient of
determination (R2) for ANN was 0.92 and for SMLR was 0.87. The value of RMSE and MAE
for ANN was 0.0811 and 0.067 whereas that of SMLR was 0.097 and 0.077, respectively.
Results indicated that ANN performed better as compared to SMLR in predicting rice yield.
Key words: Rice, ANN, SMLR, Meteorological data and Historical yield data
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Application of Thermal and Visual Imaging for
Quantitative Assessment of Yellow Rust in Wheat
Varieties with Different Disease Severity Levels
R.N. Singh1*, Vaibhav K. Singh2 and P. Krishnan1
1
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*Corresponding author: rns.iari@gmail.com

Accurate estimation of wheat yellow rust (WYR) severity is important for yield loss
management. A field experiment on twenty-four wheat varieties of 4 levels of disease
resistance (High, Moderate, Low and Susceptible) was conducted for two years for
quantitative assessment of WYR using the supervised classification of thermal and visual
images using parallelepiped (PLD), Mahalanobis distance (MAD), minimum distance (MID),
maximum likelihood (MXL), support vector machine (SVM) and neural network (NN)
methods of image classification. Visible image analysis had the values of R2, NSE, d-index
and RMSE varied between, 0.22-0.95, -1.51-0.95, 0.62- 0.99, and 5.3-38.78, respectively, while
in case of thermal, they varied from 0.69-0.91, 0.52-0.90, 0.97-0.87 and 7.88-17.06, respectively.
R2, NSE, d-index and RMSE clearly showed the best performance of SVM, while the PLD
was the poorest performer. For visible images, SVM performed the best with overall accuracy
(OA) of 99.41% and kappa coefficient (KHAT) of 0.9879, while the PLD was the worstperforming model (OA = 68.43% and KHAT= 0.4349). The overall accuracy and kappa
coefficient of MAD, MXL, SVM and NN methods were above 90% and 0.90, respectively.
For thermal also, SVM performed the best (OA = 98.89% and KHAT = 0.9809) and PLD was
the worst (OA = 91.99% and KHAT= 0.828). Results revealed that in both thermal and visual
images support vector machine is giving the best estimates of the rust severity, while
parallelepiped is the worst performing method. The study provides an insight into image
classification methods that have potential in modern agriculture for plant disease
management
Key words: Wheat yellow rust, thermal image, visual image, image classification
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PROMETHEE-GAIA Multicriteria Decision Making
Method for Evaluating Performances of Different
Rice-based Cropping Systems under
Conservation Agriculture
Tufleuddin Biswas1*, Swarnali Duary1, Soumik Roy1
and Anurup Majumder2
Centurion University of Technology and Management, Odisha
2
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This investigation aims a detailed fact-based study of widely applied MCDM method
(PROMETHEE-GAIA) in a real-world application in finding the best alternative under
conservation agriculture (CA) platforms over the conventional one. Performance of different
rice-based cropping systems under conservation agriculture was evaluated with respect to
different soil, plant and energy parameters. We designed the regime of CA practices based
on energy spent for raising the crop combining different tillage practices (viz., reduced
tillage and zero tillage) with different quantities of crop residues and fertilizer application.
The PROMTHEE-GAIA showed the performance of the Rice + wheat+ green gram cropping
system was better under reduced tillage and Rice + Maize + Cowpea gave the better result
under Zero tillage. Therefore, the above two cropping systems could be opted for adoption
and promotion. Integration of PROMETHEE-GAIA helped the decision-makers to segregate
the effects of the parameters by highlighting the outcome(s) of the scope for maneuvering
the weak links for optimizing the performance of three crops (Mustard, Wheat and Maize)
under different CA-regimes.
Key words: Conservation agriculture, MCDM, PROMETHEE-GAIA, reduced tillage, zero
tillage
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Simulation of Biomass Yield and Water Productivity of
Indian Mustard Cultivars using the AquaCrop Model
K.K. Sudhanshu1, D.K. Das1*, J. Mukherjee1,
K.K. Bandyopadhyay1 and Bidisha Chakrabarti2
1
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Indian mustard or oilseed Brassica is a rabi season oilseed crop which suffer from abiotic
stresses along with biotic stresses. These stresses resulted in low productivity. For enhancing
the productivity of mustard crop a systematic study on appropriate sowing time and water
requirement need to be assessed through modelling approach. A field study was conducted
at the farm of Indian Agricultural Research Institute (IARI) in the rabi season 2020-21 with
three cultivars, two sowing dates (normal and late) and two levels of irrigation. The late
sown crop was supposed to experience terminal heat stress and the crop grown with one
irrigation was supposed to experience water stress. The data generated in the first sowing
were used to calibrate the water driven model, AquaCrop(V 6.1). The calibrated model was
run to simulate biomass, seed yield and total soil profile moisture content using weather
data of IARI Agromet observatory. The model underestimated the biomass of Pusa Vijay
and Pusa Mustard-21 for the period of 70-110 DAS and overestimated that of Pusa Bold for
the same period. It overestimated the seed yield in all cases. The difference between simulated
and observed final biomass and seed yield was within ± 10 %. The model was validated
using the data of the second sown crop. It simulated the above-mentioned parameters with
good accuracy, except water productivity. During validation, the model accounted for 87%,
85% , 85% variation of profile moisture content for one irrigation and 92%, 91%, 86% variation
of that for two irrigations for the cultivars, Pusa Vijay, Pusa Mustard-21 and Pusa Bold,
respectively. Water Productivity was validated and the model accounted for 98% variation
in water productivity.
Key words: Biomass yield, water productivity, AquaCrop model
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Soil Aggregation and Organic Carbon Pools under
Conversion of Forest Lands to Agriculture in an Alfisol
Sourav Das1, Ranjan Bhattacharyya1,2*, Pragati Pramanik Maity3
and B.K. Agarwal4
Division of Soil Science & Agricultural Chemistry, 2Division of Environment Science, 3Division of
Agricultural Physics, ICAR-Indian Agricultural Research Institute, New Delhi-110 012
4
Division of Soil Science & Agricultural Chemistry, Birsa Agricultural University, Ranchi, Jharkhand
*Corresponding author: ranjanvpkas@gmail.com
1

Aggregate-associated soil organic carbon (SOC) controls organic carbon stabilization.
The research question of this paper was: what were the effects of conversion of forest land
uses to agriculture at Ranchi, India on SOC pools, soil aggregation and aggregate-associated
C? The samples were taken from six different land uses viz. native forest (NF), agrihorticulture (AH), native grass land (NG), rice-wheat (RW), rice- vegetable (RV) and maizewheat (MW) from three soil depths (0-15, 15-30 and 30-45 cm). Soil aggregation, SOC pools
and aggregate-associated C were determined. Results revealed that SOC concentration in
NF was 36, 67 and 127% higher than RW, RV and MW land uses, respectively, in surface
layer. The microbial biomass carbon (MBC) was higher in NF land uses that rice-based
systems in the soil surface due to less disturbance. In surface soils under NF, the large
macroaggregates had 21 and 40% higher SOC concentration than RW and RV, respectively.
Similarly, NF soils had larger small macroaggregate-associated C than RW, RV and MW
systems in the 0-15 and 15-30 cm layers. This result supports that tillage and regular crop
removal under arable (MW, RW and RV) systems adversely affect loss of SOC contents in
the surface layers and C storage inside aggregates, both in the 0-15 and 15-30 cm soil layers
at Ranchi, India.
Key words: Soil aggregation, organic carbon pools, forest lands, Alfisol
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Variability of Rainfall and Temperature during Critical
Stages of Soybean and Wheat and their impact on Yield
in Bundelkhand Agroclimatic Zone
A.K. Srivastava* and Umesh Singh
College of Agriculture, JNKVV, Tikamgarh, Madhya Pradesh
*Corresponding author: ajay_weather@yahoo.com

Climate variability studies were mostly confined to seasonal or annual variability and
their impact on crop yield. However, the weekly weather variability at critical stage of
wheat and soybean is paramount importance. Some times within the optimal temperate
and rainfall ranges these determinate crops experience above or below their threshold
temperature and rainfall ranges and hence their yields are affected. In this study the weekly
temperature and rainfall variability at critical period of from anthesis to grain filling stages
of soybean and wheat was studied and their impact on yield was analyzed and presented.
Soybean yield sensitive to rainfall variability and wheat is affected by temperature stress
during critical growth period. Thus the moisture and thermal departure from their threshold
during anthesis to grain filling duration is selected and its impact on yield variability was
reported. The daily weather as well as soybean and wheat yield data from 1980 to 2019 of
Tikamgarh and Jabalpur districts was utilized for this study. The threshold for weekly rainfall
is 30mm during 33 to 34SMW and 50mm during 35 to 37mm was selected and performed
weekly rainfall analysis on decadal basis. Weekly maximum temperature 35°C during 9-13
SMW and minimum temperature 15°C during 9-11 SMW and 16°C during 12-13 SMW and
maximum-minimum temperature limit is 19°C, the variability analysis carried out on decadal
scale. Statistical analysis was carried out for normality and trend test of decadal weekly
rainfall and temperature variability. Results showed that weekly rainfall and temperature
variability has normality distributed and has not any specific trend except durinh 33-37
SMW. The above departure of temperature threshold limit negatively influenced wheat
yield from 3.5 to 9 percent and while below departure of rainfall threshold limit affected
negatively the soybean yield from 1.7 to 2.4 per cent. A frequency distribution of number of
events of above or below threshold limits were also carried out and reported. It was found
that number of daily extreme of threshold was more variable and detrimental than weekly
frequency of these weather events.
Key words: Rainfall, temperature, soybean, wheat
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Mitigation of Climate Change Hazards Through
Agromet Advisory Services – Farmer’s Opinion Study
A. Sai Kiran*, M. Shankaraiah, M. Shankar, T. Bharath,
S. Pallavi and T. Himabindu
Krishi Vigyan Kendra, Kampasagar, Nalgonda-508 207,
Professor Jayashankar Telangana State Agricultural University, Telangana
*Corresponding author: appalasai38@gmail.com

In the present scenario of climate change i.e., increasing number of floods, droughts,
raising temperatures and land inundation every year, maintaining the steady agricultural
productivity and income is ascertaining. The average annual losses were estimated to be
around US$ 9-10 billion to Indian agriculture due to extreme events. A complete control
over abnormal weather is not possible to reduce the losses but it can be minimized by
adjusting farm operations with timely and accurate forecast of weather. Most of the farmers
in the country neither aware of weather importance nor receiving regular weather advisories
to cope up with changing scenario. Keeping in view, the Ministry of Earth Science,
Government of India (GoI) taken an initiative to establish a scheme named Gramin Krishi
Mausam Sewa (GKMS) with the primary objective of issuing Medium Range Weather
Forecast (valid up to next 5 days from date of issue) inclusive of all-weather parameters
and increased Agromet Advisory Services (AAS) at the level of Agro-climatic zone to the
local farmers. Following of Agromet Advisories decreased the input cost of Paddy 4% and
increased the net profit by Rs.1041/- per acre (Vashisth et al., 2013). As part of the study,
District and block specific medium range weather forecast (valid up to 5 days from date of
issue) of all-weather elements are being issued regularly along with weather forecast,
Agromet Advisories prepared by different Subject Matter Specialist of KVK, Kampasagar
and are being disseminated regularly (Twice in a week i.e., Tuesday and Friday) to the
farmers. To assess the effectiveness and improvement in quality and reliability, feedback
was collected from farmers at end of the season through prepared google forms. Out of 60
farmers feedback on receiving of agromet advisories, 36 farmers responded positively and
remaining 24 farmers replied negatively i.e., the positiveness to the extent of 60% and
negativeness was to the extent of 40% respectively. In case of regularity in receiving
advisories, 62, 20 and 18% farmers were reported as very regular, frequent regular and
irregular respectively in helping them in managing day-to-day farm operations in accordance
with weather conditions. Regarding helpfulness of Agromet advisories, 67% of the farmers
agreed that they are following weather advisories in farming, 60% voted for very helpful.
35% agreed to helpful and only 5% chosen not helpful. A total of 95% (very helpful + helpful)
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farmers responded to supportiveness in terms of helpfulness of issued advisories. Harvesting
stage was considered as most important crop stage to receive timely forecast and advisories
by 50% of respondents, followed by post-harvest (20%) and others i.e., irrigation/ fertilizer
application/ pesticide spray and marketing (20%) and least preference was given to sowing
(10%). Regarding satisfactory level, 55% of the respondents were very satisfied with the
timely and crop specific forecast and issued advisories, followed by 30% of response towards
satisfied. Different farmers responded differently in terms of their savings. Overall, the
cost saved ranged from Rs.1000 to 10,000/- per acre and up to Rs.15,000/- per acre in some
cases. The variation in cost savings depended on the type of farm operation that got altered
upon receiving weather forecast and advisories. This resulted in difference in cost of
cultivation and net returns between the farmers following agromet advisories and those
who are not. Upon analysing the data collected, the farmers following agromet advisories
were able to save up to Rs.2400/- per ha on inputs cost.
Key words: Mitigation, climate change, agromet advisory services
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Assessment of Weather Induced Risks for Crop
Water Availability in Samastipur, Purnia and
Gaya Districts of Bihar
Abdus Sattar*, Ratnesh Kumar Jha, Gulab Singh
and N.K. Singh
Centre for Advance Studies on Climate Change,
Dr. Rajendra Prasad Central Agricultural University, Pusa (Samastipur)-848 125, Bihar
*Corresponding author: asattar@rpcau.ac.in

Climate change is now an established fact. It is expected to intensify existing weather
induced risks in agriculture in many regions around the globe. Like many parts of India,
the state of Bihar is also facing the brunt of climatic risks in agriculture. Under such situation,
effective interventions are required to slice down the impacts of climatic risks in order to
achieve sustainability. Amidst various weather induced constraints, water stress at multiple
growth stages during the growing season of crops is a real limiting factor for higher
production. Hence, correct evaluation of water availability and associated climatic risks is
necessary for harnessing full agroclimatic potential of a particular region. Keeping all this
in view, an agroclimatic study was carried out for three districts (Samastipur, Purnia and
Gaya) located in different agroclimatic zone of Bihar to evaluate length of water availability
and climatic risks based on moisture adequacy index (ratio of AET and PET) for identifying
appropriate crops and planting schedules under maize and rice based cropping systems in
different soils. For this purpose, historical weekly rainfall, PET and available water holding
capacity of soils were employed through climatic water balance model. Large variation in
length of growing period across these districts and soils has been observed. The climatic
risks involved in growing crops during both kharif and rabi seasons were evaluated at 50
and 75 per cent probability level. Water stress at different phenological stages and
appropriate crops have been identified for coarse-, medium- and fine-textured soils in three
districts based on AE/PE and crop water need. The results of the study also allowed for
substituting the long duration rice crop with short duration one and maize followed by
toria/rapeseed depending upon water availability under different agro-climatic conditions.
Water stress identified at different phenophases of crops helped precise scheduling of
irrigation. Appropriate alternate crops could be introduced in the area based on the estimated
length of growing period and water availability diagrams.
Key words: Water balance, length of growing period, climatic risks, AE, PE, probability
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Evaluation of Crop Water Stress Index (CWSI) of
Baby Corn (Zea mays L.) Under Different Irrigation
Regimes and Mulching Practices in New Alluvial
Zone of West Bengal
Abhijit Saha1*, Sonali Biswas2 and Dhananjoy Dutta2
Department of Agronomy, College of Agriculture, Tripura, Lembucherra-799210, Tripura
2
Department of Agronomy, BCKVV, Mohanpur, Nadia-799210, West Bengal
*Corresponding author: abhijitsaha80@gmail.com

1

Baby corn is such a crop which not only has high value but also higher nutritional qualities,
opening scope for agro-processing industries and employment generation. Crop water stress
index (CWSI) exploits the relationship between canopy air temperature difference (CATD)
and vapour pressure deficit (VPD) of the air. It gives a relative measure of water stress in
plants. Field experiment was carried out at the Central Research Farm, BCKV, Gayeshpur
during pre-kharif seasons (February - May) of 2016 and 2017. The design of the experiment is
split-plot with three irrigation treatments (main plot) – IW/CPE 1.0(I1), 0.80(I2) & 0.60(I3) and
four mulch levels (sub-plot) –no mulch (M0), black polythene mulch (30 µ) (M1), paddy straw
mulch@ 5t/ha (M2) and jute mulch@ 300 gsm(M3) replicated thrice. Baby corn crop (Variety-G
5414) is grown in raised-bed planting with 60 cm × 20 cm spacing and fertilized uniformly
with 10 t FYM + N:P2O5: K2O @ 120: 60: 40 kg/ha as basal. Non-stressed baselines for CWSI
were created for the field using combined data from 2016 and 2017. The equation for the
lower baseline had a strong relationship with VPD (Tc-Ta = -2.3892×VPD-2.4822, R² = 0.9814,
Upper baseline was also determined having a strong relationship with VPD (Tc-Ta = 0.1632×VPD+5.1459, R² = 0.9205. Regression analysis found significant correlation between
baby corn yield and crop water stress index (CWSI) in both the experimental years. In 2016,
CWSI explained 90.55% variation of baby corn yield whereas in 2017, changes in CWSI values
caused 88.74% variation in baby corn yield. In well irrigated treatments i.e. I1 (IW/CPE 1.0),
mean CWSI value was 0.35 in both the study years followed by I2 (IW/CPE 0.8). In case mulching
treatments, M1 (Polythene mulch) recorded the lowest mean CWSI value of 0.41 and 0.39 in
2016 and 2017 respectively followed by M3 (Jute mulch @ 500 gsm).As per as the interaction
treatments are concerned, I1M1 (Irrigation at IW/CPE 1.0 with polythene mulch application)
showed the lowest mean CWSI value of 0.27 in both years closely followed by I1M3 and I1M2.
I3M0 (Irrigation at IW/CPE 0.6 with no mulching) showed the poorest mean CWSI value of
0.60 and 0.56 in 2016 and 2017 respectively. . It was evident from the experimental findings
that application of mulching combined with irrigation regimes irrespectively diminished the
CWSI values of the particular irrigation treatment. Same trend was observed in all the growth
stages of baby corn during both the experimental years.
Key words: Baby corn, IW/CPE, Mulch, CWSI, VPD
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Quantification of Weather Relationship with Yield
of Pigeonpea Varieties through Different Phenological
Stages under Different Sowing Windows in
Western Maharashtra
Nagaraju Dharavath1*, S.B. Kharbade2, R. Balasubramanian3,
J.D. Jadhav4, V.A. Sthool5 and A.A. Shaikh6
College of Agriculture - Pune, MPKV, Rahuri, Maharashtra
2
College of Agriculture, Nandurbar, Maharashtra
3
Agricultural Meteorology Division, IMD, Pune, Maharashtra
4
ZARS, Solapur, MPKV, Rahuri, Maharashtra
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*Corresponding author: dharavathnaga@gmail.com
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Pigeonpea, a kharif season crop, is the second important pulse crop after the gram and
a major kharif crop in the country. The weather parameters play an important role in growth
and development of the crop, finally yield was affected. Hence, quantification of weather
impact on yield through different phonological stages can be highly beneficial for
management weather parameters. In this aspect, an experiment was laid out in split plot
design with three replications. The treatment comprised of four varieties viz., Vipula,
Rajeshwari (Phule T 0012), BDN 711 and ICPH 2740 as main plot and four sowing windows
viz., 24th, 26th MW, 28th and 30th MW as sub plot treatments. Correlation analysis of yield
with weather parameters revealed that in all the varieties, the maximum temperature is
significantly negatively impacted the yields. From branching to flower initiation, maximum
temperature (-0.973* and -0.0.979*) and (-0.974* and -0.988**) was significantly negative
correlated with yields in the var. Vipula and Rajeshwari during 2017-18 and 2018-19,
respectively. In var. BDN 711 and ICPH 2740 also maximum temperature (-0.969* and 0.976**) and (-0.958* and-0.981**) was significantly negative correlated with yield, during
2017-18 and 2018-19.
Key words: Pigeonpea, weather, correlations, branching to flower initiation, temperature,
yield
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Effect of Water Management Practices and Nitrogen
Sources on Global Warming Potential of Rice
P. Madhavi1*, G. Jayasree1, T. Anjaiah1, G. Pratibha3
and S.A. Hussain2
Department of Soil Science and Agricultural Chemistry, 2Department of Agronomy,
College of Agriculture, Professor Jayashankar Telangana State Agriculture University, Rajendranagar,
Hyderabad-500030, Telangana
3
Central Research Institute for Dryland Agriculture (CRIDA), Santhoshnagar, Hyderabad-50030
*Corresponding author: honey.madhu76@gmail.com
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A field study was carried out for two years on clay loam soil during Rabi 2015-16 and
2016-17 at college farm, College of Agriculture, Rajendranagar, Hyderabad, Telangana, India
with a view to study the relationship between SPAD value, plant nitrogen content and
uptake. The experiment was laid out in a Split plot design under two types of water
management practices i.e., Continuous flooding(CF) and alternate wetting and drying
(AWD) with five treatments viz., N0- N0:P2O5 @ 60 kg ha-1: K2O @ 60 kg ha-1 (Control); N1Nitrogen @ 120 kg ha-1 (Prilled Urea): P2O5 @ 60 kg ha-1: K2O @ 60 kg ha-1 N2- Soil test based
fertiliser application; N3- Nitrogen @ 60 kg ha-1+ 60 kg ha-1 through green manure and N4Nitrification inhibitor Coated Urea. MTU-1010 variety was cultivated and recommended
management practices were followed. In continuous flooding plots always 5cm level of
water was maintained, while in alternate wetting and drying, when hairline crack appeared
on surface of soil, irrigation was given. Carbon-di-oxide equivalent GWP of CF is about
20% more than AWD. The highest GWP was observed in prilled urea applied plots under
both water management practices though the N applied in STCR practice was more. Among
varied N emissions the GWP of coated urea (1290.9 and 965.4 Kg/ha/season) is significantly
lower than that of other sources under CF and AWD, respectively.
Key words: Mineralization, coated urea, green manure, agronomic use efficiency and rice
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Effect of Climate Smart Agriculture (CSA) Practices on
Surface Soil Microbial Community Composition under
Rice-Wheat System
Madhu Choudhary1, H.S. Jat1, M.L. Jat2 and P.C. Sharma1
1
ICAR-Central Soil Salinity Research Institute (CSSRI), Karnal–132001, Haryana
International Maize and Wheat Improvement Center (CIMMYT), New Delhi–110 012

2

Sustainability of rice-wheat system in under threat in western Indo-Gangetic plains
(IGP) of India mainly due to low factor productivity and degradation of natural resources
and Climate smart agriculture (CSA) practices involving tillage, crop residue, nutrient and
water management practices can able to address these issues. At ICAR-CSSRI-CIMMYT
strategic research platform at Karnal (29°702 N, 76°962 E), India, six CSA-based scenarios
consisting- Farmers’ practice [ScI; conventional-till (CT) rice-CT wheat], partial conservation
agriculture/ CA [ScII; CT rice-Zero tillage (ZT) wheat-ZT mungbean with flood irrigation],
rice based partial CSA (ScIII; ZT rice-ZT wheat-ZT mungbean), maize based partial CSA
(ScIV; ZT maize-ZT wheat-ZT mungbean), rice based CSA [ScV: ScIII with subsurface drip
irrigation (SDI)], maize based CSA (ScVI; ScIV with SDI) were evaluated for comprehensive
understanding of microbial community composition under these practices. Microorganisms
directly affect the nutrient mobilization, systems’ sustainability and soil resilience. Microbial
DNA was extracted from soil samples and sequencing was done for V3-V4 region of 16s
and ITS1 and 2 regions by Illumina Miseq sequencer. All diversity indices Shannon, Simpson,
Chao1 and OTU for both bacteria and fungi were recorded higher in maize based scenarios
(Sc IV and ScVI) as compared to rice based CA scenarios (ScIII and ScV). Total of forty
phyla of bacteria and seven phyla of fungi were observed in six scenarios. Proteobacteria
was the dominant in all scenarios followed by Acidobacteria and Actinobacteria. Ascomycota
is the dominating fungal phyla followed by Basidiomycota and Zygomycota. The relative
abundance of Proteobacteria was 29% higher in rice-based CSA scenarios and 16% higher in
maize-based CSA scenarios over farmers’ practice. Microbial enzymes dehydrogenase,
phosphatase, and â-Glucosidase were higher in CSA scenarios over CT based scenario.
Higher wheat grain yield of ~10% was recorded with CSA based scenarios over CT based
scenario. Higher microbial diversity, microbial biomasses and enzyme activities in CSA
scenarios compared to CT based management practices resulted in higher yields under
CSA based practices. Therefore, CSA based practices should be promoted in IGP for
improving the soil health and quality for system sustainability.
Key words: Conservation agriculture, available nutrients, relative abundance, diversity
indices
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Long term Effects of Fertilization on Carbon
Sequestration and Aggregate-associated Carbon in
Jute-Rice-Wheat Cropping System
Sonali Paul Mazumdar*, A.R. Saha, B. Majumdar,
R. Saha, M.S. Behera and G. Kar
ICAR-Central Research Institute for Jute and Allied Fibres, Barrackpore, Kolkata-700120, West Bengal
*Corresponding author: sonalimazumdar110@gmail.com

Carbon transformation and sequestration in soils are issues that require immediate
attention. Indiscriminate use of inorganic fertilizers has long-term impacts on soil quality,
deterioration of water resources and consequently reducing crop yield. Sequestered carbon
in agricultural soils may sustain crop production and also protect the environment.
Therefore, an attempt was made to study the impact of long-term integrated nutrient
management practices on carbon (C) dynamics, soil aggregation, structural indices and
aggregate associated C contents in jute-rice-wheat cropping system. The experiment
conducted in the lower Indo-Gangetic Plains comprised of treatments like (i) control (without
any fertilizers and manures) (ii) 100% nitrogen (N), no phosphorus (P) and potassium (K)
(iii) 100% N, P and no K (iv) 100% N, P, and K (v) 150% N-P-K (vi) 100% N, P, and K with
farm yard manure (FYM) @10 t ha-1 only before jute crop. Results indicated that incorporation
of FYM in jute-rice-wheat cropping system improved the total organic carbon content in
soil. The total water stable aggregates (WSA) ranged from 69.7% to 86.3% in different
treatments. Total macroaggregates in treatment with 100% NPK+FYM accounted for 59.7%
and were significantly higher than the other treatments. Higher large macroaggregates
(28.9%) and small macroaggregates (30.8%) were also obtained from the same treatment.
Incorporation of FYM improved soil aggregation and structural indices. Total C were
concentrated in the large macroaggregates. The C sequestration rate in the study varied
from 0.172 to 0.257 t ha-1 yr-1 under different treatments. The study indicated that long-term
integrated nutrient management practice was very effective for soil organic carbon
sequestration in soil. Combination of organics with inorganic is a better strategy to increase
carbon sequestration for better crop productivity besides sustaining soil health
Key words: C dynamics, aggregation, sequestration, long-term INM

50

Abstracts of the National Seminar on Agrophysics for Smart Agriculture
National Seminar on Agrophysics for Smart Agriculture
22-23 February 2022, NASC Complex, New Delhi

Response of Field Grown Wheat to Artificial Periodic
Heat Stresses
Jaspreet Kaur1 and S.S. Sandhu2*
Department of Agronomy, Punjab Agricultural University, Ludhiana-141004, Punjab
Department of Climate Change and Agricultural Meteorology, Punjab Agricultural University,
Ludhiana-141004, Punjab
*Corresponding authors: ssandhu@pau.edu and sssandhuagron@gmail.com
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2

Wheat can be grown under a wide range of climatic conditions and many factors limit
its growth and productivity. Out of abiotic factors, temperature has major effect of
performance of wheat. High temperature stress is generally termed as heat stress and
continual and terminal heat stress are the major constraints to wheat. A field study was
conducted at Ludhiana, Punjab, India with an objective to find out the impact of periodic
(15 days) heat stress in wheat grown under natural field conditions. The heat stress
treatments comprised of control (no heat stress), heat stress during 0-15, 16-30, 31-45, 46-60,
61-75, 76-90, 91-105, 106-120, 121-135, 136 days after sowing (DAS) to harvest. The heat
stress treatments were imposed by covering the plots with polyethene sheets mounted on
galvanized iron pipes (mini heat tents). The treatments resulted in an increase in maximum
temperature by 3.8 -7.0 and 3.3-7.5 oC and minimum temperature by 0.6-2.0 and 0.5-1.2 oC
during 2016-17 and 2017-18, respectively. The temperature increase in the mini heat tents
was not controlled by any means, however, the excessive heating in the tents was prevented
by opening the southern side during daytime. The results of pooled data (2016-17 and
2017-18) analysis showed that heat stress during 0-15 and 16-30 DAS significantly increased
leaf area index by 36.1 and 26.5 per cent as compared to control, when measured at 30 DAS
and the effects of heat stress during later phases were statistically non-significant. Pooled
analysis of the data illustrated that high temperature significantly reduced the dry matter
accumulation and chlorophyll content of second fully opened leaf from top. Heat stress
during 61-75, 76-90, 91-105, 106-120 and 121-135 DAS decreased the pooled grain yield
significantly by 13.9, 17.6, 20.5, 15.2 and 13.7%, respectively, as compared to control.
Key words: Wheat, heat stress
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Interactive Effect of Elevated Carbon Dioxide (CO2) and
Temperature on Wheat Varieties under Different
Nitrogen Treatments
B. Chakrabarti, A. Bhatia, P. Pramanik, Abhilasha Sharma*,
V. Kumar, S. Kannojiya, R.C. Harit and S. Naresh Kumar
Division of Environment Science, ICAR-IARI, New Delhi-110012
*Corresponding author: abhisharma17792@gmail.com

A study was conducted during the rabi season for two consecutive years inside the
Open Top Chamber (OTC) facility at ICAR-Indian Agriculture Research Institute (IARI) to
investigate the interactive effect of elevated CO2 and temperature on wheat varieties. Two
wheat varieties, i.e. HD 2936 and HD 3086 were grown inside the OTCs under ambient (400
ppm) and elevated CO2 level (550 ± 25 ppm). Two temperature levels were also maintained
inside the OTCs i.e. chamber control and elevated (+2.2-2.5°C). Elevated temperature was
maintained by partially covering the upper portion of the OTCs. Three treatments of nitrogen
were taken i.e. Control (no N), 100% N through neem coated urea (NCU) and 100% N
through Limus coated urea (urease inhibitor). More biomass was observed in elevated CO2
plus temperature treatment resulting in higher straw yield of the crop. Grain yield decreased
in elevated CO2 plus temperature treatment by 5.1% and 6.7% in NCU treatment in HD
2967 and HD 3086 varieties respectively. Limus application reduced the yield loss. Grain N
uptake was more in Limus applied treatment.
Key words: Carbon dioxide, nitrogen, temperature, wheat varieties
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Conservation Agriculture in Cereal-based Systems:
Impacts on Productivity, Resource-use Efficiency
and Soil Properties
T.K. Das1*, Rishi Raj1, Ranjan Bhattacharyya2, Susama
Sudhishri3, Pragati Pramanik Maity4, Debashis Chakraborty4,
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Cereal-based cropping systems immensely contribute to the food security of South Asia
including India, but are under severe threat due to a host of problems such as declining
factors productivity; deteriorating soil health; higher surface run-off and erosion; higher
biotic interferences and declining biodiversity; secondary salinization and sodicity;
susceptibility to climatic variability; and air and ground water pollution. Conservation
Agriculture (CA) involving minimum soil disturbance, permanent soil cover with crop
residue or cover crops, and diversified crop rotations including a legume can provide
numerous benefits such as reduction in yield variability, inputs saving, improving resourceuse efficiency, and improvement in soil structure, water retention, and C-sequestration,
and mitigating greenhouse gases (GHGs) emissions and climate change adaptation.
Therefore, experiments were conducted to evaluate effects of CA on productivity, resourceuse efficiency, soil properties and greenhouse gases emission in rice-based and wheat-based
cropping systems.
In rice-based systems, rice-wheat (RWS) and rice-mustard (RMsS) systems, and in wheatbased systems, cotton-wheat (CW), pigeon pea-wheat (PW) and maize-wheat (MW) systems
were studied. It was observed that in RWS, a CA-based system of ZTDSR with summer
mungbean residue - ZT wheat (ZTW) with rice residue – ZT summer mungbean with wheat
residue led to comparable rice yield but 10-15% higher wheat yield and 30-36% higher
system productivity than conventional RWS. In wheat-based systems, CA-based cottonwheat (CW), pigeon pea-wheat (PW) and maize-wheat (MW) systems, the ZT permanent
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broad (PBB), flat (ZTFB) and narrow (PNB) beds with residue gave higher crop and system
productivity than CT. Cotton-wheat system under ZTFB and PBB with residue and 100% N
gave 10-15% higher system productivity than CT. A saving of 25% N (60 kg N/ha in ricewheat; 67.5 kg N/ha in CW and MW systems) could be achieved due to CA-based system.
The CA-based systems led to higher radiation-use and energy-use efficiency in rice. The
CW, PW and MW systems led to 60.3, 67.9 and 63.5% savings in irrigation water, and 215.4,
172.5 and 150.8% higher system water productivity, respectively. There was reduction in
soil bulk density, improvement in hydraulic conductivity and water holding under CA
over CT. The MW system had highest proportion of macro-aggregates followed by PW and
CW systems. The triple ZT system resulted in an increase of almost 396 kg/ha/yr total SOC
stock over TPR-CTW system and showed highest microbial biomass carbon. Also, CAbased DSR significantly influenced glomalin content, alkaline phosphatase and nitrate
reductase activity of soil. There was significant reduction in global warming potential (GWP)
upon shifting from TPR to DSR. Thus, the triple ZT rice-wheat-mungbean system with
residue retention, and cotton-wheat, pigeon pea-wheat and maize-wheat systems under
ZT permanent broad beds performing consistently better compared to CT system could be
adopted in the Indo-Gangetic Plains of India and in similar agro-climatic situations of the
tropics and sub-tropics.
Key words: Conservation agriculture, Resource-use efficiency, soil properties
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Flood Susceptibility Mapping using GIS-AHP Multi
criteria Analysis: A Case Study of Samastipur, Bihar
Vikas Kumar Rai1*, Ratnesh Jha2 and Ravish Chandra1
1

Centre of Excellence on Water Management, 2Center for Advance Studies on Climate Change,
DRPCAU, Pusa-848125, Bihar
*Corresponding author: vikas.soils@rpcau.ac.in

Bihar has been highly affected due to the catastrophic flood events occurring every
year. Mapping flood inundation is a vital input for decision makers to take effective response.
In respect to social, economic and environmental perspective, flood is one of the most
devastating disasters in Northern Bihar for the last several years. Remote sensing augmented
with GIS technologies has shown outstanding potential in flood mapping in recent years.
This paper develops a spatial multi-criteria decision production prototype for the evaluation
of flooding susceptibility for the Samastipur district of Bihar. Flood susceptibility mapping
using GIS-AHP Multi criteria analysis method was done for the Samastipur District of Bihar.
Flood Susceptibility map was generated using GIS-AHP Multi criteria analysis by
considering ten different independent variables (landuse/land cover, NDVI, soil type,
elevation, slope, topographic wetness index (TWI), distance from the river, distance from
the roads, Precipitation, drainage density) through Analytical Hierarchy weighted-based
analysis. The flood susceptibility map was prepared in order to identify and assess the
spatial distribution of flood prone zones using Geographical Information System (ArcGIS).
The analytical hierarchy process (AHP) is a mathematical technique for flood hazard
modeling and decision support based on the weight and rank of each flood factor in order
to calculate Flood Hazard Index (FHI) to generate a flood susceptibility map. This was
classified from very low to very high classes flood potential. Five classes are observed:
5.52% (very low), 7.62% (low), 9.40% (moderate), 31.52% (high), and 45.93% (very high).
FHI was coupled with a sensitivity analysis to derive the Flood Hazard Index with sensitivity
(FHIS). This index evaluates the effect of each criterion which allows for better assessment
of the role of each parameter in flood susceptibility. The results of this study provide a basis
to access the impacts of flood on agricultural fields and its protection against inundation.
Key words: Flood, GIS-AHP, Bihar
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Energy Analysis of Onion Crop under Different
Weed Management Practices in Chhattisgarh
Manju Tiwari*, Shrikant Chitale and Nitish Tiwari
Indira Gandhi Krishi Vishwavidyalaya, Raipur-492012, Chhattisgarh
*Corresponding author: manjushukla2003@gmail.com

Energy utilization pattern is the vital characteristic for successful crop production. In
the present paper energy analysis of onion under different weed management practices
has been studied at Indira Gandhi Krishi Vishwavidyalaya (IGKV), Raipur (C.G.).
Significantly the highest bulb yield (28.33 and 26.33 t/ha) was registered with the stale seed
bed followed by pendimethalin 0.75 kg/ha as pre emergence (PE) over rest of the treatments
during the year 2018-19 and 2019-20. It was also found that the PE application of the stale
seed bed followed by pendimethalin 0.75 kg/ha could be a very effective in terms of energy
output (mean 43728 MJ) and energy output efficiency (mean 323.91MJ/ha/day) whereas,
energy efficiency (mean 2.03) and energy productivity (1.27 kg/MJ) were highest under
oxyfluorfen 0.12 kg/ha PE.
Key words: Onion crop, weed management practices, Chhattisgarh
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Influence of Ameliorants on Crop Growth and
Soil Physico-Chemical Properties in an Inceptisol
of Coastal Soil
Shishir Raut*, D. Burman, S.K. Sarangi and T.D. Lama
ICAR-Central Soil Salinity Research Institute, Regional Research Station,
Canning Town, S24PGS-743329, West Bengal
*Corresponding author: shi_cssri21@yahoo.com

An experiment was conducted in a split plot design with three replications in an
Inceptisol in the Central Soil Salinity Research Institute, Canning Town research farm, India
to study the effect of different ameliorants on soil physico-chemical properties and crop
growth. Four ameliorants namely, farm yard manure (F.Y.M.), poultry manure, green leaf
manure and tank silt were used. The ameliorants were put in the main plots and their doses
in the subplots. Soil samples were collected from 0-15 cm depth after two year of
decomposition and were processed. Rice cv. Canning 7 was grown in winter (2020-21) for
studying the effect of salinity and ameliorants on its growth. Saturated moisture content,
bulk density, saturated hydraulic conductivity and organic carbon were also determined.
Results showed that Leaf area index and NDVI values were slightly higher in F.Y.M. and
poultry manure treatments (4.3-3.9 and 0.54-0.52, respectively) which were higher than
green leaf and tank silt treatments (3.2-3.7, 0.50-0.51, respectively). Similarly, rice grain and
straw weights were higher for F.Y.M. and poultry manure treatments (3.4, 4.2 and 3.3, 4.6 t/
ha, respectively) than other treatments. Soil bulk density decreased with increase in amount
of doses, 1.28 Mgm-3 for 12 t/ha amendments. The value was 1.45 Mgm-3 for control. The
saturated hydraulic conductivities were also dependent on the treatment and doses. The
hydraulic conductivity values were little higher for F.Y.M. and poultry manure treatment
(4.9-5.2 cmh-1) than to green leaf manure and tank silt treatments (3.8-4.8 cmh-1) for the soil.
The use of different ameliorants did not bring about significant change in soil parameters
like bulk density (B.D.) (avg. 1.35 Mgm-3) and saturated hydraulic conductivity (H.C.) (4.7
cmh-1). However, saturated HC for different plots treated with different doses of ameliorants
differ significantly (C.D. t0.05= 1.24 for the treated soil).
Key words: Ameliorants, soil physico-chemical parameters, rice growth
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Characterization of Soil Resources for Climate Smart
Agricultural Land Use Planning in High Mountain
Region of North-West Himalayas: A Case Study of Pangi
Block, Chamba District of Himachal Pradesh
R.K. Meena1*, Vikas1, J.N. Surya1 and B.S. Dwivedi2
ICAR-National Bureau of Soil Survey and Land Use Planning, Regional Centre,
IARI Campus, New Delhi-110 012
2
ICAR-National Bureau of Soil Survey and Land Use Planning, Nagpur- 440 033, Maharashtra
*Corresponding author:Rajesh.Meena2@icar.gov.in
1

Pangi block is remote, high altitude and poorly developed tribal area located of Chamba
district, Himachal Pradesh and characterized by rugged and steeper topography. The satellite
imageries have been used for delineation of land use/land cover, landform, slope and
landscape ecological units. More than 62% area of the block is under rocks, snow cover and
glacier. The detailed soil survey (1:10,000 scale) of the block has been carried out using base
map. Soils of the block classified into Entisols (36%) and Inceptisols (1.1%) and further
mapped into 29 soil phases of 13 soil series. Sandy skeletal and loamy skeletal soils cover
about 18% and 17%, respectively. Shallow soils covers about 19% of the area, followed by
moderately shallow (14.2%), moderately deep (2.8%) and very deep (1.7%) soil. About 32%
area is severely to very severely degraded due to soil erosion. Block is divided into 10 land
management units (LMUs) on the basis of soil-site characteristics, their problems and
potentials. LMU-1 covers 13% area, followed by LMU-3 (7.4%), LMU-5 (7.1) and LMU-6
(5.6%). Crops suitability analysis depicts that 17% area is marginally suitable for apple
cultivation while 15% area of block are marginally suitable for pea cultivation, respectively.
Perceptions about climate change are experienced in the form of decreased snowfall
(98.3%), temperature rise (97.5%), late onset of monsoon (90.8%), decreased rainfall (76.7%)
and reduced snow-melted water availability (86.7%) and decline in crop yield (70%).
Respondents have adopted crop diversification (96.7%), crop rotation (94.2%), mixed
cropping (83%) and mixed farming (79.2%) as the adaptive strategies to reduce climate
change associated risks. The climatic, topographical and soil constraints (soil depth, soil
erosion, excessive drainage, gravelliness and stoniness) threatens management of soil and
water resources and limits crops suitability in the High mountain region of North-West
Himalaya.
Key words: Soil resources, high mountain, geospatial technologies, North-west Himalayas
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A Comparative Evaluation of Infiltration Models
Across Soils and Land Uses
Tridiv Ghosh1*, Debasish Roy1, Bappa Das2 and
Debashis Chakraborty1
1

Division of Agricultural Physics, ICAR-Indian Agricultural Research Institute, New Delhi - 110012
2
ICAR-Central Coastal Agricultural Research Institute, Ola Goa – 403402, Goa
*Corresponding author: tridiv2012@gmail.com

Characterization of soil infiltration is essential in designing and evaluating hydrological
processes. The present work deals with an inter-comparison of six infiltration models
(Kostiakov, modified Kostiakov, Philip, Horton, Holtan and Green-Ampt) over 73 locations
across the Indian subcontinent. Basic infiltration rates were estimated as 2.88, 4.26, 0.78 to
10.92 and 0.84 to 12.78 cm hr-1 in grassland, forest, fallow and cultivated fields, respectively.
Model performance was evaluated based on nine statistical parameters including R2, dindex, RPD and RPIQ, and was ranked in order. Both Kostiakov and Philip models had the
same average-summed rank indicating their comparable performance in predicting the
steady-state infiltration rate. However, Kostiakov model was simpler, and had a narrower
range of rankings across locations indicating its better applicability over the Philip model.
Key words: Infiltration, model, land uses
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Response of Direct Seeded Rice to Different Seed Rates
and Knocking Down Days of Sesbania
Botha Prashanthi1*, P.V.N Prasad1, K. Srinivasulu1,
P. Venkata Subbaiah2 and S. Ratna Kumari1
Department of Agronomy, 2Saline water scheme,
Agricultural College, Bapatla - 522101, Andhra Pradesh
*Corresponding author: bothaprashanthi423@gmail.com
1

Direct seeded rice technique because of its low input demanding nature coupled with
resource conservation options like “brown manuring” is becoming prominently developed
for paddy eco-system. Interference by Sesbania plants at initial stage (0-35 DAS) may affect
rice population/growth and yield, which needs proper optimization through Sesbania seed
rate, and time of 2,4-D application for improving productivity. Keeping this in view, a field
experiment was conducted at the Agricultural College Farm, Bapatla, during kharif season
of 2020 in direct seeded rice. The experiment was laid out in split plot design replicated
thrice. First factor consisted of three seed rates of brown manuring (BM) i.e (20, 30, 40 kg
ha-1). Second factor included four knocking down days (20, 25, 30 & 35 DAS) of Sesbania.
This result indicated that higher seed rate produced the maximum plant population than
lower seed rate which resulted in higher production of biomass and nutrient status, which
ultimately improved the growth parameters in rice. Among the different days of knockdown
tried, significantly higher brown manure crop biomass, maximum amounts of added
nitrogen and carbon and greater performance of direct seeded rice in terms of growth were
obtained with BM at 35 DAS followed by BM at 30 DAS.
Key words: Direct seeded rice, brown manuring, dhaincha, seed rate, knockdown
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Effect of INM Practices on Soil Physical Properties in
Maize-Groundnut Cropping System
N. Prabhavathi*, K.V. Naga Madhuri, P. Ratna Prasad
and M.V.S. Naidu
Department of Soil Science and Agricultural Chemistry, S.V. Agricultural College, Acharya N.G. Ranga
Agricultural University, Tirupati - 517502, Andhra Pradesh
*Corresponding author: prabhasac26@gmail.com

A field experiment entitled “Dynamics of soil carbon under integrated nutrient
management practices in maize - groundnut cropping sequence” was carried out under
field conditions during both kharif and rabi seasons of 2019-2020 and 2020-2021 at Field No.
50B of Wetland Farm, S.V. Agricultural College, Tirupati campus (under the judicatory of
Acharya N. G. Ranga Agricultural University). Soil physical properties like bulk density,
particle density and porosity of soil during both the years of study (kharif 2019-2020 and
rabi 2020-2021) on maize-groundnut cropping sequence was not significantly affected by
the levels of NPK while significantly affected by the application of organic sources. The
pooled analysis results also showed similar trend. However, interaction effect was non
significant between inorganic and organic sources during both the years
Key words: Maize, Groundnut, Kharif, rabi, Soil bulk density, particle density and porosity,
FYM, Poultry manure, urban compost and NPK
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Legume Effect and Sustenance of Soil Health with
Residue Incorporation in a Pigeonpea-Fodder Maize
Cropping Sequence
Anjana Devaraj, D., Sheeba Rebecca Isaac* and Chithra, N.
College of Agriculture, Kerala Agricultural University, Vellayani, Thiruvananthapuram - 695522, Kerala
*Corresponding author: sheebarebecca@yahoo.co.in

Pulses are attractive propositions in cropping systems on account of their nutritive
importance and soil enriching properties. The effect of pigeonpea residue incorporation on
soil and succeeding crop were investigated in a factorial experiment conducted at College
of Agriculture, Vellayani from April to August 2019. The residues of two varieties of pigeon
pea [APK1 and Vamban Rg(3)] raised under two different spacings (60cm x 30cm, 40cm x
20cm) and three nutrient doses (20:40:20, 30:60:30, 40:80:40 kg NPKha-1) were incorporated
in the respective plots after the harvest of the pods and left to decompose. The variations in
soil chemical and biological properties were monitored at 20 days intervals for a period of
two months and fodder maize was raised without any nutrient management to assess the
impact of the residual soil properties on its growth and yield. Residue incorporation
enhanced the soil C pool and available nutrient status and it was the highest at 60 DAI
indicative of the time needed for decomposition and mineralization. Dehydrogenase activity
was also maximum towards the end of decomposition. Comparing the treatment effects,
the influence was found correlated to the quantum of the residues added. The varieties,
APK 1 and Vamban Rg (3) recorded maximum seed and haulm yields at a closer spacing of
40cm x 20cm and an NPK dose of 40:80:40 kg ha -1 and the higher residue realized, contributed
to the better fertility of the soil. Maximum green fodder yield, 33.61 Mg ha-1 in Vamban
Rg(3) was nearly 90.2% that under recommended package and 70.9% higher than the absolute
control. The study highlights the significant influence of pigeonpea and its residue
incorporation in sustaining soil health and reducing the dependence on external inputs in
the succeeding maize, despite maize being a nutrient exhaustive crop.
Key words: Legume, soil health, pigeonpea, fodder maize, cropping sequence
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Effect of Polymer-coated Urea Application on Crop
Yield and Nitrogen Use Efficiency in Rice and
Maize Crops
Jarupula Suman1*, Amitava Rakshit1, Manichandana Vasireddy2
and Shiva Devika Ogireddy3
1,3

Department of Soil Science and Agricultural Chemistry, 2Department of Agronomy, Institute of
Agricultural Sciences, Banaras Hindu University, Varanasi - 221005, Uttar Pradesh
*Corresponding author: nscsuman2018@gmail.com

Climate change caused by an increase in the concentration of atmospheric greenhouse
gases is likely to affect adversely food security and agricultural sustainability. Indian
agriculture is highly prone to risks due to climate change. In India, food grain production is
closely related to the use of nitrogenous fertilizer which will increase several folds by 2050
to meet the demand of increased food production. The application of N fertilizer results in
the loss of reactive forms of N such as ammonia, nitrate, and nitrogen oxides as well as
nitrous oxide, a major greenhouse gas. Slow/controlled release fertilizers and other
amendments, which lead to increased N-use efficiency while limiting the N-losses, hold
the key to mitigating Nr (Reactive nitrogen) emissions. Efficient management of N in
agriculture could be the driving force for climate change mitigation and adaptation.
Reduction of excess nutrient application and balanced fertilizer use are the key mitigation
options in agriculture. Compared to conventional fertilizers, their gradual pattern of nutrient
release better meets plant needs, minimizes leaching, and therefore improves fertilizer use
efficiency. The excessive and unwise application of N fertilizers results in nutrient losses
and lower nutrient use efficiency that leads to low crop productivity. This study aimed to
evaluate the effect of polymer-coated urea on yield and nitrogen use efficiency.
Key words: Climate change, slow/controlled-release fertilizers, reactive nitrogen (Nr)
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Response of Seedlings Age & PGRs on Quality, Bolting
and Bulb Yield of Onion
Desh Raj Choudhary1*, Satesh Kumar1 and Dushyant Parihar2
Division of Vegetable Science and Floriculture, 1Sher-e-Kashmir University of Agricultural Sciences
& Technology, Jammu - 180009, Jammu & Kashmir
2
ICAR-Central Arid Zone Research Institute, Jodhpur - 342003, Rajasthan
*Corresponding author: desraj1992@gmail.com

The response of 6, 8 and 10 week old seedlings of onion cv. N-53 was studied along
with foliar application of Cycocel (500 & 1000 ppm), Ethephon (2000 & 2500 ppm) and
Paclobutrazol (1000 & 2000 ppm) in factorial Randomized block design replicated thrice
during late kharif season of 2014-2015 at Research Farm of the Division of Vegetable Science,
SKUAST, Jammu. The results showed maximum equatorial diameter (6.11cm), TSS (9.63°B),
bulb yield/ plot (9.54 kg), total bulb yield (212.06 q/ha) in 8 week old seedlings. The minimum
bolting was recorded in 8 week old seedlings (16.99%) which were statistically superior 6
and 10 week old seedlings. It is obvious from the results; application of paclobutrazol
2000ppm recorded the maximum polar diameter (4.13 cm), equatorial diameter (5.79cm),
TSS (9.49°B), bulb yield/plot (8.57 kg) and total bulb yield (190.78 q/ha) along with the
lowest bolting (35.99%). Interactive results between seedling age and plant growth hormones
showed maximum equatorial diameter (6.80cm), TSS (11.50°B), bulb yield/plot (12.77 kg),
total bulb yield (283.70 q/ha) and lowest bolting (9.64%) in the treatment having 8 week old
seedlings with 2000 ppm paclobutrazol (A2P2).
Key words: Bolting, bulb yield, PGRs, quality, seedling age
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Effect of Varying Maize Residue and Nutrient
Management Practices on Growth and Yield of
Direct Seeded Rice in Rice-Maize Sequence
Billa Suresh Kumar1*, M. Martin Luther2, K. Chandrasekhar2
and P. Venkata Subbaiah3
Department of Agronomy, Agricultural College, Acharya N.G. Ranga Agricultural University,
Bapatla - 522101, Andhra Pradesh
2
Acharya N.G. Ranga Agricultural University, Lam, Guntur - 522034, Andhra Pradesh
3
Department of Soil Science and Agricultural Chemistry, Saline Water Scheme, Agricultural College Farm,
Acharya N.G. Ranga Agricultural University, Bapatla - 522101, Andhra Pradesh
*Corresponding author: sureshkumarcbm@gmail.com
1

The present investigation was carried out with direct seeded rice in kharif season of
2020-21 on a sandy clay loam soil at the Agricultural College Farm, Bapatla with an aim to
study the effect of various maize residue and nutrient management practices on the growth,
yield attributes and yield of rice. The experiment was laid out in split-plot design with four
maize residue management techniques (M1: Exportation of maize stover, M2: In-situ burning
of maize stover (farmers practice), M3: Mulching maize stover with rotary mulcher and M4:
Incorporation of maize stover with rotary plough/rotovator) as main plot treatments and
three nutrient levels (100% RDF, 75% RDF and 50% RDF) as sub plot treatments. Mean
values for maize crop residue management practices revealed that plant height (cm),
drymatter production (kg ha-1) at 90 DAS, panicles m-2, 1000-grain weight (g) and grain
yield (kg ha-1) of direct seeded rice were maximum with incorporation of maize stover with
rotary plough/rotovator (M4), but however it was comparable with Mulching maize stover
with rotary mulcher (M3). Mean values for nutrient levels revealed that plant height (cm),
drymatter production (kg ha-1) at 90 DAS, panicles m-2, 1000-grain weight (g) and grain
yield (kg ha-1) of direct seeded rice were significantly higher at 100% RDF. Interaction effects
were significant with drymatter production (kg ha-1) at 90 DAS and grain yield (kg ha-1)
with incorporation of maize stover with rotary plough/rotovator (M4) and 100% RDF (S1).
Thus, Incorporation of maize stover with rotary plough/rotovator (M4) with 100% RDF (S1)
may be an optimum and sustainable approach to enhance the growth and yield of direct
seeded rice in rice-maize system.
Key words: Maize crop residue, Nutrient levels, Growth, Yield and Direct seeded rice
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Long-term Zero Tillage Favours Profile Aggregate
Strength not the Carbon Recalcitrance in Soil under
Maize-wheat Rotation
Raghuveer Singh Jatav1, Anupam Das2*, Surajit Mondal,
Rajbir Yadav3 and Debashis Chakraborty1*
1
Division of Agricultural Physics, 3Division of Genetics,
ICAR-Indian Agricultural Research Institute, New Delhi - 110012
2
Bihar Agricultural University, Sabour, Bhagalpur - 813210, Bihar
*Corresponding author: anusoil22@gmail.com

Tillage is one of the important components of agricultural system. Ancient agriculture
could get higher produce from good tilth soil. Now a days, soil degradation, climate change
and other related issues restrained tillage. The voluntarily initiative “4 per mille” put forward
a significant step in enhancing carbon concentration in soil. Zero tillage, conservation
agriculture etc. are some of the avenues to achieve “4 per mille”. Keeping these in view the
present study was carried out in a 12-years old long-term experiment with two contrasting
tillage practices viz. zero tillage (ZT) and conventional tillage (CT) to reveal the influence of
tillage on soil pore dynamics and carbon (C) retention. Bulk density was significantly higher
in NT than CT in surface soil; however, tillage impact diminished in the subsurface layers.
Zero tillage also attributed higher mean weight diameter (0.589 mm) as compared to CT
(0.395 mm). However below 30 cm depth the impact of tillage was non-significant. Similarly
macro-aggregates were higher in ZT than CT particularly in the upper layer, whereas microaggregates dominated in the sub-surface layers. The MWD values obtained through slow
wetting (SW), fast wetting (FW) and mechanical breakdown (MB) were always higher than
CT, irrespective of depths and followed the order MB>SW>FW. Labile pools of soil organic
C concentration were higher in ZT than CT; the recalcitrance C was however higher in CT
than ZT particularly in deeper layer (>30 cm depth). It may be concluded that ZT favours
soil aggregation and aggregate stability and SOC content, however, CT promotes more
recalcitrance nature in SOC.
Key words: Aggregate stability, soil organic carbon, maize-wheat, zero tillage, long-term
experiment
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Invitro Effect of Different Botanical and Biorational
Pesticides on Vegetative Growth of M. anisopliae
Band S.S.1* and Kabre G.B.2
Department of Agriculture Entomology, Post Graduate Institute,
Mahatma Phule Krishi Vidyapeeth, Rahuri - 413722, Maharashtra
2
Agriculture Entomology Section, College of Agriculture, Dhule - 424004, Maharashtra
*Corresponding author: sagarband74@gmail.com
1

The experiment was conducted in Biological Control Laboratory, Department of
Agriculture Entomology, MPKV, Rahuri. The results on compatibility of M. anisopliae with
various botanical and biorational pesticides revealed that highest mycelial growth (74.75
mm) was observed in azadirachtin 0.03 % EC (300 ppm) and was significantly superior
over rest of the pesticides tested. The minimum (16.94 per cent) growth inhibition of M.
anisopliae was observed in pesticidal treatment with azadirachtin 0.03% EC (300 ppm)
followed by pyriproxyfen 10% EC (18.61 per cent). The results on compatibility of botanical
and biorational pesticides with M. anisopliae clearly indicates that the pesticides having
better compatibility with M. anisopliae is having maximum mycelial growth in descending
order are azadirachtin 0.03% EC (300 ppm) > pyriproxyfen 10% EC > spinosad 45% SC >
eucalyptus oil > novaluron 10% EC > karanj oil.
Key words: Compatibility, M. anisopliae, botanical, biorational, PPM
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Effect of Pre and Post Emergence Herbicide on Weed
Control in Diect Seeded Lowland Rice
V.R. Pusdekar*, P.C. Pagar, K.S. Atram, R.B. Kothikar
and N.R. Mairan
Agronomy Section, College of Agriculture, Nagpur - 440001, Maharashtra
*Corresponding author: pusdekarvaishali@gmail.com

A field experiment was conducted during kharif 2019-20 at Agronomy Research Farm,
College of Agriculture, Nagpur, to study the effect of pre and post emergence herbicides on
weed control in direct seeded lowland rice. Among the weed control treatment, the lowest
dry matter of weeds and highest weed control efficiency was recorded by weed free treatment
(T2) over all the treatments. Among herbicidal treatments pre emergence application of
Pretilachlor 50% EC @ 0.75 kg a.i. ha-1 fb post emergence application of Bispyribac sodium
10% SC @ 20 g a.i. ha-1 at 20 DAS fb hoeing at 35 DAS (T8) and pre emergence application of
Oxydiargyl 6 % EC @ 100 g a.i. ha-1 fb post emergence application of Bispyribac sodium
10% SC @ 20 g a.i. ha-1 at 20 DAS fb hoeing at 35 DAS (T9) were found reduced weed
population thereby increasing weed control efficiency. Weed free check treatment being at
par with herbicidal treatment provided most effective control of weeds throughout the
crop growth period of direct seeded lowland rice, thereby improving growth and yield
contributing characters and consequently recorded highest grain and straw yield.
Key words: Rice, pretilachlor, oxydiargyl, bispyribac sodium, weed control
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Cultural and Morphological Characterizations
of Beauveria bassiana
Wargane V.S.*, R.L. Parate, S.B. Bramhankar, P.N. Rakhonde,
B.D. Sonune and K.K. Mane
Department of Plant Pathology, College of Agriculture, Nagpur - 440001, Maharashtra
*Corresponding author: vilaswargane33@gmail.com

An investigation entitled “Cultural and Morphological Characterizations of Beauveria
bassiana” was carried out during 2018-2019. Effects of nutrition, pH, temperature and
humidity were assessed on the basis of radial growth. The mummified bodies of lepidopteran
pest larvae with symptoms of fungal infection were collected from field conditions from
different places. Detailed morphological studies of effective isolate (Bb3) show that the
fungus grew well on SDA (sabouraud dextrose agar). The mycelium on this medium,
appeared white, dense and powdery. The colonies appeared raised in the center and
developed radial furrows. The culture was turned yellowish white and powder type. Spore
structures was globose to sub-globose. Two different semi synthetic media namely sabouraud
dextrose agar and potato dextrose agar were evaluated for better growth of B. bassiana and
it was observed that SDA medium (41.50 mm) support the growth of isolate. Significantly
higher radial growth was however, seen in media on the basis of these results, pH value 6.0,
temperature of 25°C and 95 per cent relative humidty was considered as optimum for growth
and sporulation of B. bassiana.
Key words: Entomopathogenic fungi, Beauveria bassiana, radial growth
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Impact of Conservation Agriculture on Root Growth,
Crop Productivity and Water Productivity in a
Maize-Wheat-Mungbean System
Sonaka Ghosh1, T.K. Das2, Y.S. Shivay2, Susama Sudhishri3
and K.K. Bandyopadhyay4
2

1
Scientist, ICAR-Research Complex for Eastern Region, Patna - 800014, Bihar
Division of Agronomy, 3Water Technology Centre, 4Division of Agricultural Physics,
ICAR-Indian Agricultural Research Institute, New Delhi - 110012
*Corresponding author: sonakaghosh@gmail.com

Conservation agriculture (CA) is being promoted and adopted to achieve sustainable
crop intensification in the maize-wheat-mungbean system (Saad et al., 2016). The aboveground growth and biomass yield is greatly dependent on the root system and root
development and distribution in the soil profile (Guan et al., 2014). Superficial reshaping of
beds done in the permanent raised beds reduces the cost of tillage as well as enhances
water productivity and sustainability of the maize-wheat-mungbean system (Das et al.,
2018). A field study was undertaken in a long-term CA experiment during 2018-19 and
2019-20 to evaluate the impact of CA-based crop establishment techniques on above and
below ground biomass as well as water productivity. The experiment was conducted in a
randomized complete block design with ten treatments and three replications. In this system,
different CA-based practices were compared with conventional tillage (CT) practice.
Different methods of crop establishment (permanent narrow bed, broad bed and flat bed
with and without residue retention of maize, wheat and mungbean), along with 75% and
100% recommended doses of nitrogen (N) were integrated in CA practices. Root length,
mass and volume density were found to be higher under permanent broad bed with residue
retention with 100% N which resulted in increased root activity leading to increase in crop
yield. Plots under this treatment also resulted in higher water productivity compared to CT
plots. Conservation agriculture-based permanent broad bed with residue retention led to
higher crop root growth, crop productivity and water productivity than conventional tillage.
The application of 75% and 100% of the recommended doses of N along with this treatment
were comparable in these regards. This permanent broad bed with residue practice may be
recommended for adoption under the maize-wheat-mungbean system in Indian Indo
Gangetic Plains and similar agro-ecologies of the tropics and sub-tropics.
Key words: Conservation agriculture, root growth, crop and water productivity, maizewheat-mungbean system
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Water Soluble Carbon Nano Onion (wsCNO)
and Chilli Plants
Guna M.1* and Sabyasachi Sarkar2
Agro Climate Research Centre, Tamil Nadu Agricultural University, Coimbatore - 641003, Tamil Nadu
2
Department of Chemistry, Indian Institute of Engineering Science and Technology,
Shibpur - 711103, West Bengal
*Corresponding author: hawkgunams@gmail.com

1

Carbon Nano Onions were first discovered by Ugarte in 1992, who obtained them by
intense electron irradiation of carbon soot. Water soluble Carbon Nano Onion (wsCNO)
finds application mainly in the bio imaging and in medicine, early detection of disease and
drug delivery. Carbon Nano Tubes (CNTs) which are mainly insoluble in water and are
introduced in dispersed phase using strong sonication. Treating the chilli plants wsCNO
shows an increased growth rate of the plant including the roots, shoots, branches and also
in yield. Chilli plants grown in soil supplemented with wsCNO’s produce two times more
flowers and yield compared to plants grown in normal soil. Our work shows that these
CNOs effectively promote the overall growth of the biomass of the plant with an increase
in the yield while maintaining, to a degree, the elemental composition. There is no doubt
that a large scope exists to investigate the impact of carbon-based materials as promoters in
the development of plant systems. This new nano-technological prospect of carbon
nanoparticles could be used in the field of agriculture as a ubiquitous, benign growthpromoter. The wsCNO’s are non-toxic to plant cells that conserve water transport in plants.
Key words: Carbon nano onion, carbon nano tube, biomass, chilli
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Evaluation of Summer Green Manuring and Nano-ZnO
Coated Urea in Basmati Rice-wheat Cropping System
Kirttiranjan Baral1*, Y.S. Shivay1, Radha Prasanna2,
Sunil Mandi1, Somanath Nayak1 and K. Sreenivasa Reddy1
Division of Agronomy, 2Division of Microbiology,
ICAR-Indian Agricultural Research Institute, New Delhi - 110012
*Corresponding author: kirttiagroiari111@gmail.com
1

An experiment was conducted at IARI New Delhi during 2020-21 Rabi (Wheat) and
2021-2022 in Kharif (Rice) season. The treatment consists of two summer green manuring
i.e., Sesbania aculeata (Dhaincha) and Vigna unguiculata (Cowpea) incorporated to Basmati
rice and one control in main plot, and six sub-plot treatments i.e., 5 kg Zn/ha-ZnO soil
application (Control for N), N through prilled urea + No Zn (Control for Zn), N through
prilled urea + 5kg Zn/ha-ZnO, 1% bulk ZnO coated urea (BZCU), 0.1% nano ZnO coated
urea (NZCU), 0.2% nano ZnO coated urea (NZCU) in split plot design with 3 replications.
Along with main effect of summer green manuring and coated urea materials on both rice
and wheat, we have also investigated the residual effect of summer green manuring and
soil application of bulk ZnO on wheat. Additional grain yield benefit by Sesbania and cowpea
were 0.42 t/ha and 0.23 t/ha respectively during 2020-21 when compared with control.
Residual effects of Sesbania and Cowpea on succeeding wheat crop was prominent as it
produced 8.4% and 6.2% higher grain yield respectively over the control which have not
been incorporated with any green manure crops. Application of 1% BZCU to either rice or
wheat produced more grain yield, straw yield and biological yield and have higher harvest
index than combined application of bulk ZnO with prilled urea (without coating); suggesting
that coating of ZnO along with prilled urea is more remunerative than separate application
of both. However, application of nano zinc oxide coated urea at lower rate e.g., 0.1% also
resulted in at par yield both in rice and wheat which is 10 times lesser application than 1%
BZCU indicating superiority of nano zinc oxide in sustaining productivity of both basmati
rice and wheat.
Key words: Summer, green manure, nano-ZnO coated urea
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Productivity and Profitability of Summer Cowpea + Baby
Corn Intercropping System as Influenced by Fertility
Levels and Stress Mitigating Chemicals
Anju Bijarnia* and J.P. Tetarwal
Department of Agronomy, College of Agriculture,
Agriculture University, Borkheda, Kota - 324001, Rajasthan
*Corresponding author: anji94bijarnia@gmail.com

A field experiment was carried out during summer of 2019 & 2020 season to study the
effect of NP fertilization and foliar spray of stress mitigating chemicals on yield, productivity
and profitability of cowpea and baby corn intercropping system. Field experiment was
conducted at agriculture research station, Ummedganj, Kota of Agriculture University, Kota,
Rajasthan, India The experiment was taken in Split split plot design with five intercropping
systems [sole cowpea, sole baby corn, cowpea + baby corn (2:1), cowpea + baby corn (3:1)
and cowpea+ baby corn (4:1)] in main plot, three fertility levels (100, 125 and 150% RDF) in
sub plot and two stress mitigating chemicals (0.5% CaCl2 and 1% KNO3 at flowering and
pod development stage of cowpea) in sub sub plot and replicated four time. Results from
data revealed that 2:1 row ratio of cowpea and baby corn significantly increased the cowpea
equivalent yield, and economics (Gross return, net return, B:C ratio) of cowpea and baby
corn intercropping system. In the sub plot cowpea equivalent yield, gross return, net return
and B:C ratio were higher with the fertility level of 150% over lower levels (100% & 125%).
Our results further suggest that foliar application of 0.5% of CaCl2 at flowering and pod
development stage were significantly increased the cowpea equivalent yield and economics
(gross return, net return, B:C ratio) of cowpea and baby corn intercropping system over 1%
KNO3.
Key words: Fertility, stress, intercropping, B:C ratio, economics
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The Influence of Soil Physico-Chemical Properties of
Sandy Loam Soil by Various Integrated Nutrient
Management Practices in Custard Apple based
Horti-pastoral System
S. Jhonson Raju1*, A. Krishna2, T. Chaitanya3,
A. Madhavilata2 and K. Geetha4
1

Department of Agronomy, 4Department of Soil Science & Agricultural Chemistry, College of Agriculture,
2
AICRP on Agroforestry, PJTSAU, Rajendranagar, Hyderabad - 500030, Telangana
*Corresponding author: Johnsonsankati@gmail.com

A field experiment was conducted during rabi, 2021 at Agroforestry research block, Professor
Jayashankar Telangana State Agricultural University, Rajendranagar, Hyderabad. Telangana.
The soil of the experimental site was sandy loam with a pH (6.70), EC (0.125 dS m-1) and organic
carbon (0.66%). Soil was medium in available nitrogen (247.2 kg ha-1) and phosphorus (30.65 kg
ha-1) while low in available potassium (179.1 kg ha-1). The experiment was laid out in Split plot
design with three replications. Two main plot treatments comprised of two fodder species anjan
grass and guinea grass and seven integrated nutrient management treatments viz., T1-Control
(no fertilizer and manure), T2-100% RDF (60:60:40 NPK kg ha-1), T3-75% RDN + 25% N through
Pongamia green leaf manure (PGLM), T4-75% RDN + 25% N through neem green leaf manure
(NGLM), T5-75% RDN + 25% N through Subabul green leaf manure (SGLM), T6-75% RDN + 25%
N through poultry manure (PM), T7-75% RDN + 25% N through farm yard manure (FYM). Soil
pH and EC were not influenced significantly by type of fodder species and integrated nutrient
management practices compared to initial values. Higher organic carbon content was observed
with guinea grass (0.76 %) among nutrient management practices, T3 -75% RDN + 25% N through
PGLM (0.83 %), and T2, T6 were on par comparing with initial values (0.66%). Available NPK
was found non-significant with regard to type of fodder species. Among nutrient management
practices, available N was found significantly higher with T6 -75% RDN + 25% N through PM
(261.4 kg ha-1) and T3, T2, T7 were on par when compares with initial (247.2 kg ha-1). Available
P205 and K20 are found non-significant with pertaining to different fodder species and nutrient
management practices. Improvement of soil carbon is might be due to the nutrient availability
by different green manuring sources residues leads to more root biomass and root activity in soil
might be the reason for improvement of organic carbon. The significant available nitrogen might
be due to the higher N content in poultry manure when compared to the 100% RDF and control,
which hasten the process of mineralization. Inorganic source of N helps in decreasing the C:N
ratio which increases the decomposition of mineral nutrients also one of the reasons for increased
availability of Nitrogen.
Key words: Sandy loam, physico-chemical properties, NPK, organic carbon
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Nanotechnology in Agriculture
Anju Bijarnia
Department of Agronomy, Agriculture research station,
Agriculture University, Kota - 324001, Rajasthan
Email: anji94bijarnia@gmail.com

Nanotechnology monitors a leading agricultural controlling process, especially by its
miniature dimension. Additionally, many potential benefits such as enhancement of food
quality and safety, reduction of agricultural inputs, enrichment of absorbing nanoscale
nutrients from the soil, etc. allow the application of nanotechnology to be resonant
encumbrance. Agriculture, food, and natural resources are a part of those challenges like
sustainability, susceptibility, human health, and healthy life. The ambition of nanomaterials
in agriculture is to reduce the amount of spread chemicals, minimize nutrient losses in
fertilization and increased yield through pest and nutrient management. Nanotechnology
has the prospective to improve the agriculture and food industry with novel nanotools for
the controlling of rapid disease diagnostic, enhancing the capacity of plants to absorb
nutrients among others. The significant interests of using nanotechnology in agriculture
includes specific applications like nanofertilizers and nanopesticides to trail products and
nutrients levels to increase the productivity without decontamination of soils, waters, and
protection against several insect pest and microbial diseases. Nanotechnology may act as
sensors for monitoring soil quality of agricultural field and thus it maintain the health of
agricultural plants. This review covers the current challenges of sustainability, food security
and climate change that are exploring by the researchers in the area of nanotechnology in
the improvement of agriculture.
Key words: Sustainable agriculture, nanotechnology, nanofertilizer, nanopesticides,
nanoencapsulation, nanoemulsions
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Response of Phosphorus and Sulphur Fertilization
on Oil Content and Yield in Sunflower
(Helianthus annuus L.)
Farhat Kousar Md.*, Visalakshi Devi, P.A., Sujani Rao Ch.
and Sree Rekha M.
Department of Soil Science and Agricultural Chemistry,
Agricultural College, Bapatla - 522101, Andhra Pradesh
*Corresponding author: farhatkousar31@gmail.com

A field experiment entitled “Phosphorus and sulphur management in sunflower” was
conducted on sandy clay soil of Agricultural College Farm, Bapatla, during rabi, 2018. The
experimental soil was neutral in reaction, non-saline, medium in organic carbon, available
N, available P2O5, available K2O and deficient in sulphur. The soil was sufficient in all the
cationic micronutrients except zinc and manganese. The experiment was laid out in
randomized block design with factorial concept replicated thrice with ten treatments. The
treatments comprising of three levels each of phosphorus (45, 90 and 135 kg P2O5 ha-1) and
three levels of sulphur (10, 20 and 30 kg S ha-1) with a single control. The results revealed
that, application of 135 kg P2O5 ha-1 being on par with 90 kg P2O5 ha-1 recorded significantly
higher oil content (47.88 %) over corresponding lower level of 45 kg P2O5 ha-1 and lowest oil
content (38.12 %) was observed in control. With respect to sulphur levels, application of 30
kg S ha-1 recorded significantly higher oil yield (788.47 kg ha-1) over 10 and 20 kg S ha-1.
Whereas, the lowest oil content (482.18 kg ha-1) was observed in plots with no sulphur
application.
Key words: Phosphorus, sulphur, fertilization, yield, sunflower
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Influence of FYM and Gypsum on Growth, Yield
Traits and Seed Yield of Radish Applied with
High RSC Water
Desh Raj Choudhary1* and Avtar Singh2
1
KVK, Swami Keshwanand Rajasthan Agricultural University, Bikaner, Rajasthan
Department of Vegetable Science, CCS Haryana Agricultural University, Hisar - 125004, Haryana
*Corresponding author: desraj1992@gmail.com

2

In this study, the response of treatments comprising of three levels of farmyard manure
(0, 10 and 20 t/ha) and three levels of gypsum (0, 50 and 100% neutralization of RSC) were
laid out in factorial RBD with three replication having a net plot size of 3.0x3.0 m and
Punjab Safed cultivar was used for this study at Research Farm of the Department of
Vegetable Science, CCS Haryana Agricultural University, Hisar, India during period of 201718 and 2018-19. The application of farmyard manure and gypsum individually and in
combination significantly influenced the growth, yield traits and seed yield. Among the
interaction combinations, the plant height at harvest (cm), number of pods per plant, pod
weight (g), pod length (cm), number of seeds per pod, seed recovery (%), seed yield (g/
plot), seed yield (kg/ha), biological yield (q/ha) and harvest index (%) were recorded
significantly maximum in F2G2 treatment where farmyard manure was applied at the rate
of 20 t/ha in combination with 100% neutralization of RSC by gypsum both the years of
study.
Key words: Radish, growth, yield traits, seed yield, FYM, gypsum, RSC water
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Influence of Nano-fertilizers on Growth and Yield of
Summer (boro) Rice
Swagata Das1, Swarnali Duary2*, Tufleuddin Biswas2
and Kajal Sengupta1
Department of Agronomy, Bidhan Chandra Krishi Viswavidyalaya, Nadia - 741252, West Bengal
2
Centurion University of Technology and Management, Bhubaneswar - 751013, Odisha
*Corresponding author: Swarnali.duary@cutm.ac.in

1

In the developing country like India rice (Oryza sativa L.) is the most important cereal
crop and also the staple food for more than half of the world’s population. Achieving food
security for the increasing population in the country is now one of the key challenges. This
increasing food demand has forced farmers to use more fertilizer which causes a great
alteration in soil physiology and reduce the soil fertility. Hence, world is gradually shifting
to replace the use of conventional fertilizers by using modern initiative techniques among
which the application of nano-fertilizer is an innovative, efficient, and eco-friendly substitute
of synthetic fertilizers. A field experiment was conducted in the year 2019-20 at the
institutional farm of B.C.K.V, West Bengal on “Influence of nano-fertilizers on growth and
yield of summer (boro) rice” to study the effect of nano-fertilizers on growth, yield and
economics of summer rice cultivation. The experimental design was Randomized Block
Design with 10 treatments and 3 replications. The treatments were as follows: T1=Control1 (No fertilizer), T2=Control-2 (Two spray of tap water), T3=Recommended Dose of Fertilizers
(RDF) [i.e., 100% N-P-K-Zn] T4=Foliar application of Nano N T5=Foliar application of Nano
Zn, T6=Foliar application of Nano Cu, T7=50% RDN + 100% P - K– Zn + Foliar application of
Nano N, T8=50% RDZn + 100% N - P - K + Foliar application of Nano Zn T9=RDF + Foliar
application of Nano Cu, T10=50% RDN & Zn + 100% P & K + Foliar application of Nano N at
25 DAT + Foliar application of Nano Zn at 28 DAT + Foliar Spray of Nano Cu at 31 DAT [All
the IFFCO nano fertilizer@ 4 ml / litre at 25& 50 DAT]. Maximum grain yield and straw
yield was recorded from T8 treatment (5.61 t/ha and 6.18 t/ha) followed by T9 treatment. It
was observed that highest B:C ratio was also seen in T8 treatment followed by T9 and T3
treatment. So, T8 treatment is beneficial in economical aspect also.
Key words: Rice, nano-fertilizer, foliar spray, grain yield, economic
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Effect of Conservation Agriculture and Nitrogen
Management on Profile Soil Moisture Content in
Rainfed Maize (Zea mays)-pigeonpea (Cajanus cajan)
Cropping System under Alfisols
A.K. Indoria*, K. Sammi Reddy, G. Pratibha, V.K. Singh,
K. Srinivas, S. Kundu and M. Prabhakar
ICAR-Central Research Institute for Dryland Agriculture, Hyderabad - 500059, Telangana
*Corresponding author: ashok.indoria@icar.gov.in

For the improvement of soil profile moisture content, appropriate soil-crop management
technologies such as conservation agriculture and nitrogen management are essential in rainfed
areas. In this context, a long-term field experiment with three tillage practices viz., CT
(conventional tillage)-summer ploughing+one pass of cultivator+one pass of disc harrow before
sowing the crop and no residue retention of previous crop; RT-(reduced tillage)-one pass of
cultivator+one pass of disc harrow before sowing the crop +residue retention (up to 60 cm plant
height of maize crop/30 cm plant height of pigeonpea; and NT (no-tillage)-residue retention (60
cm stem height of maize crop/ 30 cm plant height of pigeonpea, and four nitrogen levels viz., N0= no nitrogen application (control). N-1= 75% of RDN (recommended dose of nitrogen), N2=100% of RDN and N-3=125% of RDN was initiated during 2012 at Gunegal Research Farm of
CRIDA, Hyderabad. The experiment was conducted in split-plot design with three replications.
Results of the study revealed that, over the year (2012-2018), no-tillage and reduced tillage
recorded the higher soil moisture content as compared to the conventional tillage. During the
study years, the analysis of soil moisture data revels that about 10-22 and 6-13 % higher soil
moisture recorded in no tillage and reduced tillage, respectively as compared to the conventional
tillage during entire crop growing period of maize and pigeonpea crops in 0-60 cm soil depth.
Although, during initial period of the crops (15-30 DAS), slightly higher soil moisture recorded
in reduced tillage and conventional tillage as compared to the no-tillage only in the upper soil
depth (0-15 cm), but as the crop stage advanced, the higher soil moisture recorded under notillage as compared to the reduced and convention tillage in 0-15 cm soil depth. The added level
of nitrogen significantly reduced the soil moisture content and lower soil moisture content was
recorded in N-125% as compared to the rest of the nitrogen treatments. The added level of the
nitrogen decreased the soil moisture content in soil profile ie, N-0>N-75>N-100>N-125 during
maize and pigeonpea growing seasons. Results also revealed that the effect of NT and RT was
more, in terms of the soil moisture content, during drier/lesser rainfall years as compared to the
normal/high rainfall years.

Key words: Conservation agriculture, nitrogen management, soil moisture content, Alfisols
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Ecosystem Services from Agriculture:
A Measurement Towards Sustainability
Nandita Mandal and Pragati Pramanik Maity
Division of Agricultural Physics, ICAR-Indian Agriculture Research Institute, New Delhi - 110012
*Corresponding author: nanditamandal0034@gmail.com

Ecosystem is the complex of living and non-living organisms (animal, plant, and
microorganism), and interaction among them as a system with their physical environment
(MEA, 2005). Basically, can be represented as a geographic area where living as well nonliving component of environment work together to form a unit of life. Ecosystem services
was defined by Daily (1997) as “the condition and processes through which natural
ecosystem, and the species that make them up, sustain and fulfil human life”. As per report
published by MEA (2005) there are fore major types of ecosystem services and these are i)
cultural service ii) regulating service iii) supporting service iv) provisioning service.
Agricultural being largest engineered ecosystem become the world’s largest land uses,
consists of over 40% of the total global land area but rely upon services provided by the
natural ecosystem practices (FAOSTAT, 1999). Agriculture contributes towards food security,
improving livelihood, reduction of poverty (Rasheed et al., 2021). The most important
services provided from agriculture are provision of food, fibre and fuel and other services
from agriculture are such as soil conservation, water quality, carbon sequestration,
biodiversity conservation etc (Rasheed et al., 2021), but indiscriminating use of natural
resources, soil erosion, loss of biodiversity has raised the issue of sustainability. So, to reduce
environmental foot print of agricultural production understanding the relationship between
natural ecosystem, environmental and social system now become necessary. For this it is
necessary to understand the biophysical aspect of ecosystem services to evaluate the trade
off with other land management practices, make policy decision, and estimate economic
value of ecosystem services. So that appropriate initiative and investment can be designed
for increasing the ecosystem services as well as economic development which indirectly
leads toward sustainability.
Key words: Ecosystem services, agriculture, sustainability
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Productivity of Maize (Zea mays L.) as Influenced by
Nutrient Management through Soil Test Crop Response
(STCR) Approach at Varied Soil Fertility Gradients
Roopa K. Muttappanavar* and Chandrashekara C.P.
Department of Agronomy, University of Agricultural Sciences, Dharwad - 580005, Karnataka
*Corresponding author: roopakm6813@gmail.com

A field experiment was conducted during 2018-19 at Main Agriculture Research Station,
University of Agricultural Sciences, Dharwad. There were two phases of the field
experimentation. Gradient experiment (Phase I) was conducted during summer by growing
an exhaustive crop (fodder maize) to create gradient in soil fertility. Phase II experiment on
validation of STCR equations carried out during Kharif in split plot design with three soil
fertility gradients (low, medium and high) as main plots and four STCR equations developed
for maize at Jabalpur, Jagtial, Rahuri and Coimbatore, RDF and absolute control as sub plot
treatments. Among soil fertility gradients, significantly higher cob length (15.3 cm), cob
girth (13.6 cm), number of kernels row-1 (31.1), number of kernels cob-1 (434), kernels weight
cob-1 (161 g), shelling percentage (84.6), grain yield (82.3 q ha-1) and stover yield (101.2 q ha1
), respectively were recorded with medium fertility gradient (MFG) than low FG. However,
high FG was on par with MFG. Among sub plots, nutrients applied as per Jabalpur STCR
equation recorded significantly higher cob length (17.6 cm), cob girth (14.7 cm), number of
kernels row-1 (36.6), number of kernels cob-1 (549), kernels weight cob-1 (199.2 g), shelling
percentage (85.8), grain yield (101.4 q ha-1) and stover yield (120.9 q ha-1), respectively than
other STCR equations, RDF and absolute control. Among overall interactions, nutrients
applied as per Jabalpur STCR equation at MFG recorded higher cob length (18.5 cm), cob
girth (15 cm), number of kernels row-1 (38.1), number of kernels cob-1 (590), kernels weight
cob-1 (207.9 g), shelling percentage (86.1), grain yield (105.1 q ha-1) and stover yield (124.1 q
ha-1), respectively than other treatments. However, the Coimbatore STCR equation at LFG
and Jabalpur STCR equation at HFG were on par with the best treatment.
Key words: Maize, nutrient management, STCR
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Soil Hydro-physical Characterization of Jute Growing
Soils in Nagaon District of Assam
R. Saha1*, A.S.N. Zaman2, S. Mitra1, Alka Paswan1,
S.P. Mazumdar1, N.M. Alam1 and G. Kar1
All India Network Project on Jute & Allied Fibres, ICAR-Central Research Institute for Jute & Allied
Fibres, Barrackpore, Kolkata - 700121, West Bengal
2
Regional Agricultural Research Station, Assam Agricultural University, Nagaon - 782002, Assam
*Corresponding author: saharitesh74@rediffmail.com

1

Soil hydro-physical characterization of jute growing soils in Nagaon district, Assam
were done with multi-location soil samples, collected from six jute-growing blocks, namely
Khagorijan, Raha, Rupohi, Dhing, Laowkhowa and Juria. Soil samples from various depths
were processed and thereafter analyzed for soil hydro-physical properties as per standard
methodologies. The soils were acidic in reaction and clay loam in texture. The soils were
enriched in organic carbon content (1.02 to 1.11 %) and medium to marginally high in
available nutrient contents. The water stable aggregate (WSA) and mean weight diameter
(MWD) showed that of all the locations has significantly higher aggregate stability. The
characteristics of soil water retention indicated that at any given suction, the magnitude of
water retention follow the order: Rupohi > Raha > Khagorijan > Dhing > Laowkhow > Juria.
Available water capacity among the various soils varied in between 0.18 and 0.30 m3 /m3.
Wide variations among the soils were observed in unsaturated hydraulic conductivity K(q)
and water diffusivity D(q). The K(q) fluctuated from 0.12 x 10-11 to 0.33x 10-3 cm/min whereas
the soil water diffusivity among the various land use systems varied in between 0.08 x 10-7
and 0.02 x 10-3 cm2/min. The study showed that jute growing soils of Nagaon district had
medium moisture retentivity and available water and relatively high K(q) and D(q).
Key words: Hydro-physical soil properties, water retention and transmission, jute soils,
Nagaon, Assam
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Long-term Application of Organic Inputs Improves
Soil Aggregation and Organic-C Status under
Rice-Wheat System
Sunil Mandi1#*, Y.S. Shivay1 and Debashis Chakraborty2
1
Division of Agronomy, 2Division of Agricultural Physics,
ICAR-Indian Agricultural Research Institute, New Delhi - 110012
#Present address: ICAR-CTRI, Research Station Dinhata - 736135, West Bengal
*Corresponding author: mandi.sunil@gmail.com

Basmati rice-wheat cropping system is covered considerable area in Indo-Gangetic plain
zone due to its climatic suitability. Nutrients requirements of organic Basmati rice and wheat
can be fulfilled by the application of different locally available organic materials. A long
term organic farming experiment was conducted at the research farm of the Indian
Agricultural Research Institute, New Delhi. Locally available organic materials such as
Sesbania green manuring, Leucaena green leaf manuring, FYM, and biofertilizers (i.e. Bluegreen algae and Azotobacter) were used. These materials were classified as low quality
(FYM) and high quality (Sesbania green manuring, Leucaena green leaf manuring, Bluegreen algae) to asses long term C-stabilisation and impact on physical properties. The results
revealed that plough layer (0-15cm) was obtained higher soil organic carbon content (17.2 g
kg-1) and carbon stock (38.9 kg ha-1). Similarly soil layer of 7.5-15 cm depth was found
higher soil water stable aggregate (90.2 %) and mean weight diameter (3.27 mm). Among
different treatments, applied low quality with super high quality organic substrate to both
rice and wheat was recorded higher soil organic carbon and carbon stock in all soil depth.
The low quality with super high quality organic substrate to both rice and wheat resulted
4.3-fold higher soil organic carbon stock in 0-15 cm soil depth, in 15-30 cm soil depth by 1.8fold higher, in 30-45 cm soil depth by 1.3-fold higher and in 45-60 cm soil depth by 2.4-fold
higher soil organic carbon stock than control. Moreover, applied low quality with super
high quality organic substrate to both rice and wheat was recorded higher mean weight
diameter and soil aggregation. The low quality with super high quality organic substrate
to both rice and wheat was resulted 3.2, 2.8, 1.6, 3.3 and 2.1-fold higher mean weight diameter
in 0-7.5 cm, 7.5-15 cm, 15-30 cm, 30-45 cm and 45-60 cm, respectively than control. Thus,
locally available low organic substrate along with high quality organic substrate may
improves soil carbon stock and soil aggregation than applied only high quality organic
substrates.
Key words: Soil aggregation, organic-C, rice-wheat system
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Impact of Irrigation Regimes, FYM and Mulch
Application on Wheat Growth
Tushar and M.S. Kahlon*
Department of Soil Science, Punjab Agricultural University, Ludhiana - 141004, Punjab
*Corresponding author: dr.mskahlon@pau.edu

The use of manures and mulches under different irrigation regimes affect the crop
growth by altering soil moisture conditions. Therefore, a field experiment was conducted
on wheat in split plot design with three replications. In main plots three irrigation regimes
imposed includes I1- tensiometer (35 kPa), I2- IW/PAN-E ratio 0.9 and I3- IW/PAN-E ratio
0.6, whereas, in sub plots, the application of three amendment were imposed including: T1
(control), T2 (FYM, 15 t ha-1) and T3 (straw mulch 6 t ha-1). It was observed that the soil
moisture content varied significantly with the application of mulch and farm yard manure
application. The soil moisture content at surface soil layer (0-15 cm) was observed to be
significantly higher by 12.2% and 11.6 % in T3 and T2 than T1 (9.7 %), respectively at time
of harvesting. The soil water holding capacity was also observed to be increased by 9.3 % in
T2 as compared to T1. Among various treatments the moisture % on volume basis at field
capacity ranged from 24.3% to 30.3%. The maximum moisture content was observed in T2
(29.2%) and minimum in T1 (25.3%). The moisture content at 15 bar i.e, at permanent wilting
point ranged from 11.9% (T1) to 13.3% (T2). Maximum plant height was recorded in T2
(94.8 cm) and minimum in T1 (91.5 cm). Irrigation regime had no apparent effect on the
plant height of wheat. The tiller count also increased by 11.6% in T2 as compared to T1. The
biological yield was also observed to be maximum in T2 (14.4 t ha-1), while the minimum
was recorded in T1 (12.4 t ha-1).
Key words: Irrigation regimes, FYM, mulch, wheat
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Organic Farming – Society’s Brightest Hope for
Positive Change
Ravi Kishan Soni
College of Agriculture, Agriculture University, Kota - 324001, Rajasthan
Email: soniravikishan@gmail.com

Food quality and safety are the two important factors that have gained ever-increasing
attention in general consumers. Organic farming has a history of being contentious and is
considered by some as an inefficient approach to food production. Yet organic foods and
beverages are a rapidly growing market segment in the global food industry. Organic food
is beneficial to human health and the practice of organic farming keeps the environment
clean. Organic agriculture should be recognized and integrated in main policies of the central
government like those on agriculture, food, health and environment. Organic farming
systems produce lower yields compared with conventional agriculture. However, they are
more profitable and environmentally friendly, and deliver equally or more nutritious foods
that contain less (or no) pesticide residues, compared with conventional farming. Organic
farming also protects the environment and has a greater socio-economic impact on a nation.
Although organic agriculture has an untapped role to play when it comes to the
establishment of sustainable farming systems, no single approach will safely feed the planet.
Therefore, organic farming has a great impact on the health of a nation like India by ensuring
sustainable development. On the area point of view, 78 million hectares of farms have been
under Organic farming the country which is 2% of the 140.1 million hectares of net sown
area. Madhya Pradesh tops the list among the states with 0.76 million hectares of area
under Organic Farming - which is more than 27% of India’s total Organic Farming area
Madhya Pradesh along with Rajasthan and Maharashtra account for about half of the area
under Organic farming. Sikkim has been the only Indian state to have fully become organic.
Key words: Organic farming, food production, conventional farming, sustainable farming
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Periodic Variations in Temperature and Rainfall
at Amritsar, Punjab
Kavita Bhatt*, K.K. Gill and Vakeel Singh
Communication Center, Punjab Agricultural University, Ludhiana - 141004, Punjab
*Corresponding author: kbhatt@pau.edu

Amritsar weather data had been collected from State Meteorological Centre, Chandigarh.
To examine the changing pattern of various climatic parameters, daily data of minimum
and maximum temperature and rainfall of past 45 years (1971-2015) were collected and
averaged out on weekly, monthly and at season basis. The data was further grouped into
three periods of fifteen years each i.e. Period – I (1971-85), Period –II (1986-2000) and Period
– III (2001-15) and overall 45 years period as Period – IV (1971-2015). Weather data was
tested for their significance using t-test at ten, five and one per cent probability level. Weekly
analysis of minimum temperature showed deviation in mean minimum temperature during
Period-II over base Period-I showed significant increment at 6th week (1.2°C) at ten per cent
level. The analysis of coefficient of variation during winter season showed that CV extended
during different periods indicating lower limit has been decreasing continuously over the
periods, while the upper limit has been increasing regularly. Analysis showed that higher
variation of minimum average temperature was observed during winter weeks. Coefficient
of variation (CV) during monthly analysis showed that during January, February, March,
April, May, October, November and December in Period-I, Period-II, Period-III and PeriodIV, variation in average minimum temperature was found to be double-digited indicating
higher variation. Variation in average maximum temperature during winter weeks increased
from Period-I to Period-III, except 4th, 5th and 7th weeks. The coefficient of variation during
all seasons strengthened during all periods. Monthly maximum temperature in Period-III
over base Period-I showed increase CV in January, May, June, July, October and December
months while decrease for remaining months. CV during kharif season was 11.1 per cent in
Period-I, 10.7 per cent in Period-II, 11.8 per cent in Period-III and 11.2 per cent in overall
Period-IV. During rabi season it was 23.4 per cent in Period-I, 23.3 per cent in Period-II, 26.7
per cent in Period-III and 24.5 per cent in overall Period-IV. CV for weekly average rainfall
during post monsoon weeks revealed that CV strengthened during all Periods though the
44th and 47th weeks of Period-III showed no variation due to absence of rainfall. On monthly
analysis, the average rainfall decreased during the July while increased during June, August
and September in Period-II over the base Period-I. The shift in rainfall trend turned around
in Period-III over the base. The average rainfall downfall during kharif and rabi season rainfall
over the periods came out to be statistically non-significant.
Keywords: Climatic parameters, Decades, Coefficient of variation, kharif, rabi
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Historical and Projected Trend Analysis of Rainfall
over North Interior Karnataka, India
Mahadeva Prasad A.C.* and Raveendra H. Patil
Department of Agricultural Meteorology, University of Agricultural Sciences,
Dharwad - 580005, Karnataka
*Corresponding author: kowshiklucky196@gmail.com

Annual and seasonal variability of precipitation across 13 districts of North Interior
Karnataka (NIK) over past 40 years (1981 to 2020) and projected period of coming 20 years
(2021 to 2040) was analysed with the following objectives; i) Pattern and trend analysis of
rainfall distribution, ii) Mapping of spatio-temporal variations in rainfall using GIS and iii)
Identify variation in rainy days and rainfall intensity. Rainfall data of CMIP-6 / IPSL at 0.5ˆ
× 0.5ˆ resolution was taken into account and were then formulated into seasonal and annual
series. Seasonal series were prepared based on the guidelines given by IMD (Indian
Meteorological Department), Karnataka, and the seasons were categorised as pre monsoon,
southwest monsoon, and northeast monsoon. Basic statistics related to rainfall like mean,
standard deviation (SD), coefficient of variation (CV) and percentage contribution to annual
rainfall were computed monthly and season-wise. Mann-Kendall test was used at 5% level
of significance to detect trend for rainfall and rainy days. Results showed a negative trend
in both rainfall and rainy days for the historical period, but positive trend for the projected
period. The southwest monsoon contributes the highest rainfall (74.6%) and rainy days
(69.3%) annually. Northeast monsoon (18.8% and 21.2%) contributes lesser than southwest
monsoon, but more than pre monsoon (6.6% and 9.5%) to annual rainfall and rainy days.
More variation in southwest monsoon was observed than other seasons. These changes in
rainfall and rainy days during coming two decades require changes to choose crop varieties
and management practices.
Key word: Rainfall, rainy days, trend, Men Kendal, Southwest monsoon
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Trends in Extreme Temperature Events Over
Different Districts of Chhattisgarh
Manoj Kumar Back1*, Ananta Vashisth1 and Anil Patel2
Division of Agricultural Physics, ICAR-Indian Agricultural Research Institute, New Delhi - 110012
Department of Agrometeorology, Indira Gandhi Agricultural University, Raipur - 492012, Chhattisgarh
*Corresponding author: beck.manoj05a@gmail.com
1

2

The major impacts of climate change on the earth’s surface will be in the form of
increasing frequency and intensity of extreme weather events. Effects of climate change
will lead to more extreme temperatures and more hot days than cold days (IPCC, 2013).
Therefore a study was focused on observing maximum temperature, minimum temperature
and changes in monthly extremes of summer and winter temperatures in twenty districts
of Chhattisgarh state for last sixty-eight (1951-2019) years by analysing daily maximum
temperature and minimum temperature data. The number of extreme events days are
defined by the absolute value criteria. The absolute hot events named are hot days (HD)
(>350C), very hot days (>400C) and extreme hot days (>430C) and cold events named are
cold night (CN) (<100C), very cold nights (<50C), extreme cold nights (<20C). For each district
in Chhattisgarh, we employed linear regression to assess trends in extreme events such as
hot days and cold nights were ascertained following the test of statistical significance for
maximum temperature and minimum temperature. Results showed that extreme maximum
temperature during the summer month April to June have significantly increasing trends
at different districts and during winter months December, January and February cold nights
had significantly decreasing trends at most of the district.
Key words: Climate change, temperature, Chhattisgarh
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Rice Area Estimation of Punjab and Haryana
using L Band Microwave Data
Bibhuti Bhusan Sethi, Joydeep Mukherjee*, Anuradha Sharma,
Raj Kumar Dhakar and V.K. Sehgal
Division of Agricultural Physics, ICAR-Indian Agricultural Research Institute, New Delhi -110012
*Corresponding author: joydeep.icar@gmail.com

Rice is the main diet of nearly 65 per cent of the Indian population, and Punjab and Haryana
have contributed most in total rice production. Due to increasing population and the growing
demands of food in India we should have knowledge on the spatial extent of rice crop. The objective
of this study is to classify the rice area from the other non-rice areas and to prepare a map of
Punjab and Haryana state. The microwave and optical remote sensing data were derived from
Sentinel 1 and Sentinel 2 satellites respectively. Time series (May-Oct 2019), dual polarised (VV+VH)
Sentinel 1A data were used to delineate temporal signatures of crops which are generally grown
in both the states in kharif season. Time series of VH polarized data have shown more dynamic
variation starting from land preparation to harvesting than the VV polarization for rice crop. In
this study rice area was also estimated from Sentinel-2, optical data and area were classified using
NDVI based threshold technique. But due to the presence of cloud cover during kharif 2019, use of
time series data was not possible so images at vegetative stage (September, 2019) and reproductive
stage (October, 2019) of rice crop were considered to classify the rice area. For rice detection a
threshold a is used -5 dB as this threshold can minimize the incident angle effect and b and c were
-19dB and -20 dB, for water threshold -20 dB is used. The minimum and maximum NDVI values
obtained from the image processing of Sentinel-2 data sets is 0.07 and 0.89 with a mean value of
0.51.It has been observed that in most of the cases the NDVI based estimated rice area is less than
the area estimated by SAR data. The total area estimated for rice crop for Punjab and Haryana by
Sentinel-1 (SAR) is 31, 12,700 ha and 14, 25,250 ha respectively and by Sentinel-2 (NDVI) is 30,
01,700 ha and 10, 02,880 ha respectively. When area derived from both the data were compared
against the government reported area, the microwave estimated area having less deviation
compared to optical data. SAR data overestimated the rice area for Punjab and Haryana by 9,690
ha and 3,250 ha respectively whereas Sentinel-2 data underestimated for both the states by 10,
13,000 ha and 42, 23,700 ha respectively. In this study we found that though the trend of backscatter
dynamics for rice crop is similar for both the VH and VV polarization, the VH polarization had a
larger dynamic range in the entire rice growth period. It can be concluded that area estimated
from SAR data is more accurate as it is very close to rice area reported by the Government and rice
area estimated from NDVI derived threshold is unable to estimate the rice area accurately in the
kharif season. Recommendations from present study are for future SAR-based crop area estimation
studies is use of cloud free optical imagery may be used for crop mask, multi-polarized data is
necessary for further improvement of the accuracy.
Key words: Rice, Punjab, Haryana, L Band
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Spatial Variability of Saline Soil Properties in Karnal
District of Haryana
Abhradip Sarkar1, Pragati Pramanik Maity1*, Mrinmoy Ray2,
Debashis Chakraborty1, Prameela Krishnan1, Arti Bhatia3
and Aditi Kundu4
Division of Agricultural Physics, 3Division of Environment Science, 4Division of Agricultural Chemical,
ICAR-Indian Agricultural Research Institute, New Delhi - 110012
2
ICAR-Indian Agricultural Statistics Research Institute, New Delhi - 110012
*Correspondence author: pragati.iari@gmail.com

1

The inability to maintain proper soil structure, soil hydraulic properties and soil organic
carbon levels can seriously hamper soil health and crop production. Soil salinity can degrade
soil quality, decrease crop yields. To evaluate the effect of soil salinity on structural stability
and hydraulic properties, and to predict those properties, total 121 soil samples were
collected from 0-15 and 15-30 cm of soil depths from eighteen villages of Nilokheri, Nissang
and Assandh block of Karnal district, Haryana. Result showed that in 0-15 cm soil depths,
soil pH varied from 8.24 to 10.08 and EC of 0-15 cm soil layer varied from 2.46 to 16.4 dS/m.
The range of MWD varied from 0.18 to 1.21 mm and showed high variability. Fractal
dimension of the soil particles ranged from 2.59 to 2.97 and it has lowest variability among
all the parameters. The results of D showed that D is positively related with the clay and silt
% but negatively related with sand %. Hydraulic conductivity (HC) of the study area varied
from 1.59 to 19.16 cm/hr with a SD of 3.72 and highly variable in nature. Out of 121 soil
samples, 65.3% (79) were under low carbon category, whereas, 14.87 % (18) were under
medium and high carbon content classes. Total organic carbon (TOC) in class 2 (pH>9.5)
soils were 0.02% more than class 1 (pH= 8-9.5) soil, though the difference was not statistically
significant. Average MWD was 0.11 mm more in class 2 soils as compared to class 1 soils.
Glomalin content had positive correlation with HC and sand content and negative correlation
with BD, clay and silt %, but the correlations were not significant. No significant correlation
was obtained with MBC and other soil parameters. The soil pH had significant negative
correlation with sand content whereas, it showed significant positive correlation with sand
content. Soil EC showed a strong positive correlation with soil pH. Labile pool of 0-15 cm
soil was 3.13 g C/kg soil and was 15.49% more than 15-30 cm. Recalcitrant pool of 0-15 cm
soil layer was 2.85 g C/kg soil and was 21.79% more than 15-30 cm.
Key words: Spatial variability, saline soil, Karnal
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Evaluation of Satellite-derived Soil Moisture Products
with Observed Data over India
Alka Rani1*, Vinay Kumar Sehgal1, Rajkumar Dhakar1,
K.K. Singh2 and S.K. Goroshi2
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi-110 012
2
Agromet Division, India Meteorological Department, Lodi Road, New Delhi-110003
*Corresponding author: alka.rani1@icar.gov.in

1

Soil moisture content is an essential parameter for the comprehensive understanding
and modelling of terrestrial climatology, hydrology, ecology, and agriculture. The soil
moisture content varies spatially and temporally which is assessed through satellite remote
sensing. However, these satellite-derived soil moisture products are of coarser spatial
resolution and their validity under field conditions is dubious. Therefore, these satellitederived soil moisture products need to be evaluated with the observed soil moisture data
for their validity in various agricultural applications. In this study, we have evaluated the
soil moisture products from SMAP (Soil Moisture Active Passive) and AMSR-2 (Advanced
Microwave Scanning Radiometer-2) with the volumetric soil moisture measured through
the soil moisture sensors installed at 134 stations across India for the year 2021. The spatial
resolution of SMAP and AMSR-2 soil moisture products are 9 km and 10 km, respectively.
These products were downloaded and soil moisture data of the pixel was extracted for the
134 locations from which ground observations were taken. These products were evaluated
with observed data. It was found that the nRMSE of AMSR-2 soil moisture product ranged
from 16.1% (C2-band of descending pass for Deoghar station of Jharkhand) to 99.6% (Xband of ascending pass for Purnea station of Bihar) with the mean error of 46.38%. The
nRMSE for SMAP L3 was 4.9% (Balaghat station of Madhya Pradesh) to 94.2% (Jalandhar
station of Punjab) with mean error of 39.14%. For modelled SMAP L4 product, the nRMSEwas
for surface soil moisture ranged from 5.9% (Balaghat station of Madhya Pradesh) to 84.8%
(East Godavari station of Andhra Pradesh) with the mean error of 38.68%, while for root
zone soil moisture, it ranged from 4.3% (Birbhum station of West Bengal) to 94.3%
(Mahasamund station of Chhatisgarh) with mean error of 36.85%. The correlation coefficient
of all these products with observed soil moisture ranged from -0.94 to 0.99, with mean
value ranging from 0.11 to 0.13 for AMSR-2 products, 0.40 for SMAP L3 surface soil moisture
product, 0.53 for SMAP L4 surface soil moisture, and 0.51 for SMAP L4 root zone soil
moisture product. The ideal soil moisture product should have finer spatial resolution,
near-real time availability, no data gaps, lower error and higher correlation with observed
soil moisture, and soil moisture up to root zone depth instead of surface only. In our study,
91

Abstracts of the National Seminar on Agrophysics for Smart Agriculture
National Seminar on Agrophysics for Smart Agriculture
22-23 February 2022, NASC Complex, New Delhi

we have found that AMSR-2 and SMAP L3 products havecomparable error and lower
correlation than SMAP L4 product along with data gaps. Therefore, SMAP L4 product
could be used as it provides soil moisture for both surface and root zone at every threehourly interval, no data gaps, and the comparatively higher correlation with the observed
moisture. However, there is still need to develop algorithms for better soil moisture product
having higher spatial resolution with better accuracy for field scale agricultural applications.
Keywords: AMSR-2, SMAP, soil moisture, correlation
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Mapping of Soil Moisture using Sentinel - 1A SAR
Image: Multiple Linear Regression Model
Selvaprakash Ramalingam1* and Jagadeeswaran Ramasamy2
Department of Remote Sensing and GIS, 2Agricultural College & Research Institute, Tamil Nadu
Agricultural University, Coimbatore - 641003, Tamil Nadu
*Correspondence author: selvaprakashak@gmail.com

1

In recent days more groundwater is being lost in Tamil Nadu, because of more water
used in crop sowing, irrigation. We investigated and mapping of soil moisture using Sentinel1A Synthetic Aperture Radar (SAR) data in Perambalur district of Tamil Nadu was conducted
during September 2018 to January 2019. In order to retrieve soil moisture from the
backscattering coefficient value of multiple linear regression analysis was performed to
develop a relationship between soil moisture and backscattering coefficient and local
incidence angle for VV and VH polarization. VV polarization ranged from 4.26 to 7.01 per
cent with the majority of the locations recorded value between 4 and 5 per cent, VH
polarization ranged from 4.12 to 6.09 on 19 January 2019.
Key words: Mapping, soil moisture, Sentinel - 1A
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Spatio-temporal Changes in Rice Crop Cultivation
in India
Mohammed Shafeeq P.M.1*, Krishnan P.1, Rajkumar Dhakar1,
N.P. Singh2 and Rajni Jain3
1

Division of Agricultural Physics, ICAR-Indian Agricultural Research Institute, New Delhi - 110012
2
Commission for Agricultural Costs and Prices, Ministry of Agriculture and Farmers Welfare,
New Delhi 110001
3
ICAR-National Institute of Agricultural Economics and Policy Research, New Delhi - 110012
*Correspondence author: peeyemshafeeq@gmail.com

Agriculture plays a crucial role in Indian socio-economy. Thus, it is essential to monitor
utilization of agricultural resources and crop growth both spatially and temporally. Spatial
variability in crop yield and acreage in 15 agro-climatic zones of India is quite apparent
which experience different weather, soil conditions, water quality, and availability of farm
inputs. In addition, due to small land holding per capita, high spatio-temporal variability
exists in cropping pattern in India. Therefore, the emerging hot and cold spot analysis along
with space time cube and space-time cluster density analysis was used to study the spatial
changes in rice crop production, area and yield. A comprehensive analysis of the changes
in rice crop production, area and yield on pan India basis was analysed for the period from
1999 to 2020. The major findings were: (a) During the study period, significant increase in
rice yield occurred within the states of Tamil Nadu, Andhra Pradesh and Telangana in the
south and Punjab and Haryana in the North. Intensifying hot spots appeared within the
Indo-Gangetic plains and the east coast states. New hotspots were seen in North-eastern
states and Orissa. (b) The analysis of the rice production showed significant intensifying
hot spots in West Bengal and Chattisgarh. (c) The Analysis of the area under rice cultivation
showed intensifying hot spot in the North Eastern states and diminishing hotspots in west
Bengal and Orissa. Thus, the present study revealed the potential of GIS based data models
when related with additional background information, to segregate the most significant
clusters of changes (increase / decrease) happening over active rice crop cultivation. We
expect the results from this study would help to give better intelligible directions for deciding
the distribution of input resources to enhance the rice crop yield and production.
Key words: Spatio-temporal changes, rice
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Evapotranspiration Estimation for Wheat crop using
Penman-Monteith FAO (56) Equation
Bhavya T.R.1*, Ananta Vashisth1, Prameela Krishnan1,
Monika Kundu1, Achal Lama2 and Shiv Prasad1
ICAR-Indian Agricultural Research Institute, New Delhi - 110012
ICAR- Indian Agricultural Statistics Research Institute, New Delhi - 110012
*Correspondence author: bhavyatrgowda@gmail.com
1

2

Evapotranspiration (ET0) is a combined loss of water from surface of the earth and
vegetative surface to atmosphere under the influence of weather parameters. Understanding
the nature of Evapotranspiration (ET0) and its application is very important in agriculture.
Evapotranspiration (ET0) is the major loss of water received by the crop through rainfall
and irrigation and also it represents major portion of total water budget of crop. The weather
parameters that are influencing ET0 are air temperature, solar radiation, relative humidity
and wind speed. The estimation of accurate value of ET0 using different equations helps in
irrigation scheduling at different critical stages of crop and also for hydrological and water
resource planning in different stations based on available weather data. Precise estimation
of Evapotranspiration value is essential for irrigation scheduling of crops and also for
maximum crop production. For estimating ET0 standard Penman-Monteith FAO 56 equation
(PMF-56) was used for different location (IARI, New Delhi, Ludhiana, Amritsar) during
wheat crop growing period. From the results it was observed that Evapotranspiration (ET0)
value for Amritsar was ranged between 325-572 mm having lowest during 2013-14 and
highest during 1970-71. For Ludhiana ET0 value was between 293-572.71 mm having lowest
during 2015-16 and highest during1970-71.For IARI,New Delhi ET0 value was between
349-439.94 mm having lowest during 2018-19 and highest during 1984-85.The average value
of estimated ET0 during wheat crop growing periods was highest 469.93mm for Amritsar
followed by 445.68 mm for Ludhiana and 395.19 mm for IARI,New Delhi .This study
conclude that water requirement is more during wheat growing period for Amritsar followed
by Ludhiana and IARI, New Delhi.
Key words: Evapotranspiration, wheat crop, Penman-Monteith FAO (56) Equation
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Digital Mapping of Some Macronutrients using
Airborne Hyperspectral Data of AVIRIS-NG
Bhabani Prasad Mondal#*, Rabi N. Sahoo, Bappa Das,
Nirmal Kumar, K.K. Bandyopadhyay, Shalini Gakhar,
Nayan Ahmed, Joydeep Mukherjee and Alka Arora
Division of Agricultural Physics, ICAR-Indian Agricultural Research Institute, New Delhi -110012
#Present address: SR University, Ananthasagar, Hanamkonda - 506371, Telangana
*Corresponding author: bpmondal1@gmail.com

1

Accurate and detailed mapping of soil properties is significant for effective soil
management. Since, the application of traditional soil mapping techniques for huge number
of samples are challenging, an alternate approach has been implemented to explore airborne
imaging spectroscopic data of Airborne Visible/InfraRed Imaging Spectrometer-Next
Generation (AVIRIS-NG) along with other environmental variables for detailed mapping
of few important macronutrients like soil organic carbon (SOC), available nitrogen (N),
phosphorus (P) and potassium (K). Therefore, a study was conducted in the Katol block of
Nagpur district of Maharashtra, India to produce digital soil maps for those nutrients using
the airborne hyperspectral data of AVIRIS-NG, topographic data of Shuttle Radar
Topographic Mission-Digital Elevation Model (SRTM-DEM), vegetation indices of remotely
sensed data (Sentinel-2 data) and lab measured soil properties data using random forest
(RF) technique. The study showed that DEM derived variables like elevation (DEM), multi
resolution valley bottom flatness (MRVBF), valley depth, channel network base level, total
catchment area, slope, analytical hill shading and profile curvature etc. were the major
factors for controlling the spatial distribution of the studied soil properties. Inclusion of
airborne AVIRIS-NG data with other variables significantly improved the prediction
performances of the RF model for SOC, N and P prediction. However, for predictive mapping
of available K, bands of Sentinel-2 and spectral indices played major role. The prediction
uncertainty associated with RF model was estimated by applying a nonparametric boot
strap technique and result showed good accuracy in prediction. The result suggests that
the airborne imaging spectroscopy (AVIRIS-NG) based modeling is a promising technique
for predictive mapping of those nutrients and these maps will be valuable for site specific
nutrient management of those nutrients in the study site.
Key words: AVIRIS-NG, digital soil mapping, hyperspectral data, macronutrients, RF
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Trend Detection in Climatic Parameters using
Mann-Kendall Test for Tarai Region of Uttarakhand
Shubhika Goel*, Jaya Dhami and R.K. Singh
G.B. Pant University of Agriculture and Technology, U.S. Nagar, Pantnagar-263153, Uttarakhand
*Corresponding author: shubhikagl@gmail.com

Trend has been assessed for the Tarai region of Uttarakhand in the different weather
parameters namely, maximum temperature, minimum temperature, rainfall, sunshine hours
and evaporation by using non-parametric test i.e., Mann-Kendall test. This test has been
used to calculate the actual change in the magnitude of the above stated weather parameters
which has already occurred and this will further help in future predictions. The present
study focuses on detecting the trend in the different weather parameters by taking 40-year
data from 1981-2021 both on annual and seasonal basis. Mainly four seasons has been taken
into consideration i.e., monsoon, post monsoon, winter, summer season. Statistical trend
analysis, namely Mann-Kendall test and Sen’s slope estimator has been used to assess the
trends in the different weather parameters at 5% level of significance by using the software
XLSTAT. According to the results found, increasing trend has been observed in the maximum
and minimum temperature annually of about 0.002ºC & 0.003ºC per year respectively.
Decreasing trend has been observed in the rainfall, sunshine hours and evaporation of about
0.043mm, 0.004hr and 0.024mm per year, respectively on the annual basis over Tarai region
of Uttarakhand from 1981-2021. Decreasing trend has been observed in maximum
temperature during monsoon and winter season while increasing trend has been observed
during summer and post monsoon season. While increasing trend in the minimum
temperature was prevalent during all the seasons. Decreasing trend in the rainfall, sunshine
hours and evaporation can be observed during all the seasons for Tarai region of
Uttarakhand.
Key words: Mann-Kendall test, climatic parameters, Uttarakhand
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Projecting Future Evapotranspiration Status Over
Lower Gangetic Plains of India
Abhilashaa Das*, Saon Banerjee and Sarathi Saha
Department of Agricultural Meteorology and Physics,
Bidhan Chandra Krishi Vishwavidyalaya, Nadia - 741252, West Bengal
*Corresponding author: abhilashaadas6802@gmail.com

Effective crop planning and management requires analysis of evapotranspiration and
rainfall pattern. Ensemble of three GCMs namely, GFDL-ESM2G, HadGEM2-ES and
MIROC5 have been used to investigate the changes in PET and rainfall of the Lower Gangetic
Plain (LGP) in India for the two time periods of future: 2030-2040 (mid-century) and 20702090 (late century) under two Representative Concentration Pathway (RCP) scenarios (RCP
4.5 and RCP 8.5) and downscaled using MarkSim DSSAT Weather File Generator. Calculation
of PET was done using two temperature-based empirical methods - Hargreaves-Samani
and Turc, and a radiation -based Makkink method. Soil moisture determination has been
made by calculating the difference between ER and PET (ER - PET). Results obtained showed
that the Makkink method outperformed the other two methods in estimating PET. Simulated
data exhibited an increase in temperature, solar radiation and rainfall over the century
with some variations within decades. Variation in PET was almost uniform and showed
marginal increase in all the six stations. The ensemble mean PET has been projected to
increase at ~2mm/year (2030 - 2050) and ~1mm/year (2070-2090) for RCP 4.5 and 2.5mm/yr
(2030-2050) and ~3.9mm/year (2070 - 2090) for RCP 8.5. The highest monthly PET has been
recorded in the month of May. Rainfall showed high variability within decades, although,
an overall increasing trend was observed under RCP 4.5 (5.5 % approx.) but RCP 8.5,
however, exhibited a decrease in rainfall. Kalyani (New alluvial zone) showed maximum
decline (22.38%) by the late century time slice (RCP 8.5). The value of “ER - PET” is seen to
decrease over projected time period, making evapotranspiration a dominant contributor to
the hydrologic cycle. The deficit in soil moisture content calls for suitable management
processes to mitigate augmented water scarcity.
Key words: Climate change, hydrologic projection, PET, effective rainfall, MarkSim weather
generator, GCMs, RCPs
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Satellite Based Approach for Monitoring Yellow Rust
Disease in Tarai Region of Uttarakhand
Ankita Jha1*, A.S. Nain2 and Rajeev Ranjan2
ICAR- Indian Institute of Water Management, Bhubaneswar - 751023, Odisha
Department of Agrometeorology, College of Agriculture, G.B. Pant University of Agriculture and
Technology, U.S. Nagar, Pantnagar - 263153, Uttarakhand
*Corresponding author: yesankita10@gmail.com
1

2

Geospatial techniques in combination with ground truth data has been used to monitor
yellow rust disease in wheat in US Nagar district of Uttarakhand using a four step approach:
a) discrimination of wheat and development of normal growth profile of crop by employing
remote sensing technique, b) identification of yellow rust incidence by identifying
depressions/dips in growth profile and correlating them with congenial weather conditions,
c) computing inter annual deviation in mean NDVI from normal value to quantify the
effect of yellow rust disease on wheat d) developing a spectral/spectro-meteorological model
for predicting and estimating yellow rust disease. LULC map which gives an idea about
acreage under different entities (especially the cropped area); was generated using ENVI4.8 image processing software through the use of LANDSAT-TM/ETM+/OLI images for the
years 2005-06 to 2014-15. In order to identify wheat and different rabi crops; ground truth
was carried out in the months of February and March (2013-2015). The spectrometeorological model was developed using SPSS software. Normal growth profile of wheat
crop was generated for each season from 1st November to 30th April by using mean NDVI
values derived through SPOT satellite data. Mean NDVI was calculated for each year and
disease impact was analyzed using observed and predicted NDVImean. As observations on
disease severity are unavailable, disease severity index has been developed for the period
(2005-06 to 2014-15) by comparing the value of dip NDVI and the previous decadal NDVI.
Spectro-meteorological model was also developed using remote sensing derived index of
January (at 10 days interval) and the respective decadal meteorological parameters. The
coefficient of determination for model 3 was 0.91, which suggest that remote sensing based
model could prove to be an important tool for foretelling yellow rust incidence in wheat.
Key words: Spectro-meteorological model, disease severity index, weather data and remote
sensing
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Assessment of Micronutrient Status of Soils and
Develop Maps using Geo-statistical Approach
Indra Raj Yadav, G.S. Tagore* and Megha Vishwakarma
Department of Soil Science, College of Agriculture,
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur - 482004, Madhya Pradesh
*Corresponding author: gstagore@gmail.com

Soil fertility is crucial component for increasing agricultural production. Now it is being
increasingly emphasized that, for sustaining soil health. We need spatial information on
soils along with its fertility levels. Towards this end, GIS plays a very effective role, especially
geo-statistical techniques. Keeping above in view, the investigation was carried out at
Department of Soil Science, College of Agriculture, JNKVV, Jabalpur (M.P). GPS based 121
soils samples were collected from each of 1 ha unit and analyzed in the laboratory for
micronutrients. The results revealed that the status of DTPA zinc was low and medium by
79.34 and 20.66 % with soils samples nutrient index of 1.21 in low rating. While, Fe was
found to be low, medium and high in 34.71, 40.50 and 24.79 % soil samples, respectively
with 1.9 which falls under medium. Cu and Mn both were found sufficient hence no
additions were needed in Farm. Geo-statistical analysis was used to describe spatial
characteristics through semivariogram and the respective surface maps were prepared
through ordinary Kriging. Geo-statistical results suggested that exponential model was
best fitted for Zn, and Mn, while Gaussian model was used for Cu and Fe. GIS based maps
showed the deficiency and variation of micronutrients thus, Farm manager to decide the
precise nutrient to be applied for optimum returns.
Key words: Geo-statistics, semi-variogram, Powarkheda farm, ordinary Kriging, GIS
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Economic Impact of Agro Meteorological Advisory
Services in Rewa District of Madhya Pradesh Region
Shraddha Bhople*, Abhijeet Dubey, Anay Rawat
and P.P. Singh
College of Agricultural Engineering, Jawaharlal Nehru Krishi Vishwa Vidyalaya,
Jabalpur - 482004, Madhya Pradesh
*Corresponding author: shraddhabhople@gmail.com

A study was conducted to study the economic benefits of farmers adopting the Agromet
Advisory Services (AAS) under the “All India Coordinated Research Project on
Agrometeorology National Innovation on Climate Resilient Agriculture” (AICRP-NICRA)
project for the selected villages in Rewa district during the year 2020 in kharif season. The
two villages Rithi and Padiya in Rewa district were selected for this study and two groups
of farmers were selected, a group adopting the Agromet Advisories (20 farmers), regularly
in their operation (AAS Farmers) and other group of farmers not aware of Agromet
Advisories (Non AAS Farmers). In these two villages total 40 farmers was identified, AAS
information issued for 20 farmers in two villages each during kharif season and care was
taken to implement the advisories by this group. The crop situation of these farmers was
compared with nearby fields having the same crops, where forecast is not adopted in Non
AAS farmers field. The data was recorded from both the farmers group particularly on
crops expenditure incurred by the farmers from land preparation to harvest at every stage,
has been worked out and crop growth and yields were observed regularly. The result
observed that those farmers who adopted AAS information and implemented it in their
field, found the better crop growth and high yield over the non adopted AAS farmers. The
net return of AAS farmers was about Rs. 56500.73 for paddy while non AAS farmers about
Rs. 46354. Those farmers have adopted the Agromet Advisories on their day to day operation
carried out the additional benefits.
Key words: Agromet advisory services, climate resilient agriculture, Rewa, Madhya Pradesh
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Regression Relationship of Different Indices with Grain
Yield of Rapeseed and Mustard Cultivars as Influenced
by Microclimate and Growth Alterations
Lovedeep Singh, K.K. Gill* and Kavita Bhatt
Department of Climate Change and Agricultural Meteorology,
Punjab Agricultural University, Ludhiana - 141004, Punjab
*Corresponding author: kkgill@pau.edu

A field experiment was conducted during rabi season 2019-20 at Department of Climate
Change and Agricultural Meteorology, Punjab Agricultural University, Ludhiana to study
the chlorophyll content of different rapeseed and mustard cultivars as influenced by
microclimate and growth alterations. Significantly higher chlorophyll content was observer
for GSC 6 cultivar at all the stages of the crop. RLC 3 cultivar showed significantly lower
chlorophyll content. Among microclimate conditions, higher chlorophyll content was found
when crop was sown in north-south direction while lowest in east-west sowing direction.
Significantly lower chlorophyll content was observed in detopping up to start of siliqua
development stage and at later stages a non-significant difference was observed. A positive
correlation coefficient was observed between grain yield and chlorophyll content up to pod
filling stage. Positive regression relationships were found between canopy temperature,
stress degree days, crop water stress index and average soil temperature with grain yield of
the crop.
Key words: Detopping, mustard, microclimate and chlorophyll content
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Historical and Projected Rainfall Analysis for South
Interior Karnataka, India
Vishwanath Venkappa Maraddi* and Raveendra H. Patil
Department of Agricultural Meteorology,
University of Agricultural Sciences, Dharwad - 580005, Karnataka
*Corresponding author: vishwanathvish1998@gmail.com

Annual and seasonal variability of precipitation across 15 districts of South Interior
Karnataka (SIK) over past of 40 years (1981 to 2020) and projected period of coming 20
years (2021 to 2040), was analysed with the following objectives; i) Pattern and trend analysis
of rainfall distribution, ii) Mapping of spatio-temporal variations in rainfall using GIS, and
iii) Identify variation in rainy days and rainfall intensity across SIK. Rainfall data with a
resolution of 0.5Ú × 0.5Ú (CMIP-6 / IPSL) was used and were classified into seasonal and
yearly series. Seasonal series were created using the standards provided by Karnataka’s
IMD (Indian Meteorological Department), and categorised into Pre monsoon, southwest
monsoon, and northeast monsoon. For monthly and season-wise rainfall, basic statistics
such as mean, standard deviation (SD), coefficient of variation (CV), and percentage (%)
contribution to yearly rainfall were computed. The Mann-Kendall test was used to detect a
trend in rainfall and rainy days at 5% level of significance. The results revealed that rainfall
and rainy days have a negative trend in the historical period, but a positive trend for the
projected period. The southwest monsoon (SWM) accounts for almost two-third of yearly
rainfall (66.4%) and rainy days (62.3%). The northeast monsoon (23% & 22.2%) provides
less to the yearly total than the southwest monsoon, but more than the pre monsoon (10.6%
& 15.5%). Southwest monsoon showed more variability than other seasons. Positive trend
in RF & RDs during coming two decades may positively for future crop performance, hence
needs to be studied.
Key words: Rainfall, rainy days, Mann-Kendall test, SWM

103

Abstracts of the National Seminar on Agrophysics for Smart Agriculture
National Seminar on Agrophysics for Smart Agriculture
22-23 February 2022, NASC Complex, New Delhi

Multi-temporal SAR Data for Crop Growth Monitoring,
Area Estimation and Accuracy Assessment of Kharif
Paddy Crop
Poonam Sharma*, Pawan Kumar, Ompal and V.S. Arya
Haryana Space Applications Centre (HARSAC), Hisar - 125004, Haryana
*Corresponding author: psharmanarwana@gmail.com

Agriculture is the mainstay of Indian economy. The country has the second largest
population in the world whose demand of food is sustained by agriculture. Geo-informatics
plays a vital role in management of agricultural activities on sustainable basis. The estimation
of crops during kharif season becomes difficult due to non-availability of optical satellite
data in cloud cover at required stage. A Synthetic Aperture Radar (SAR) system operating
in the microwave region of the electromagnetic spectrum has an ability of imaging the
earth surface day and night even during cloudy weather. To explore the potential of Cband SAR data for crop discrimination, present study was carried out for identification and
area estimation of paddy crop using multi- date Sentinel-1A, SAR data for Sirsa district of
Haryana. Multi-date SAR images from the month of June to August covering all main
phenological stages of crop were acquired. SAR backscatter values for paddy and other
associated major kharif season crops were noted on multi-date SAR data. The rule-based
classification approach was used for monitoring and identification of paddy crop with the
other landuse/ land cover classes. The study demonstrates the potential of C-band VV
polarized SAR data for the classification and acreage estimation of paddy crop during kharif
season. The total area of paddy crop as obtained by the analysis of the multi-date SAR data
using hierarchical decision rule-based classification was 52917 ha. The overall accuracy
was found to be 94.27%. These results suggest the scope for using multi-temporal Sentinel1 VV polarized C- band SAR data to develop an operational paddy crop identification and
estimation framework during Kharif season when the optical satellite data is difficult to
obtain due to cloud cover.
Key words: Paddy, backscattering, SAR, hierarchical decision rules, Sentinel-1A
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Trend Analysis of Rainfall by Using Mann-Kendall and
Sen’s Slope Estimator Test in Mid Hills of Himachal
Pradesh: A Case Study in Nauni
Purnima Mehta*, M.S. Jangra and S.K. Bhardwaj
Department of Environmental Science, Dr. Y.S. Parmar University of Horticulture and Forestry,
Nauni, Solan - 173230, Himachal Pradesh
*Corresponding author: purnima.mehta19@gmail.com

The spatio-temporal variability of rainfall, particularly in the context of climate change,
has been imperative for examining the cropping patterns, farming sustainable crop
production and food security in rainfed areas. It is important to monitor the climate-induced
changes and suggest realistic adaptation and mitigation strategies. To that end, trend analysis
was done to study the change in rainfall patterns in the mid-hills of Himachal Pradesh. The
study investigated the historical rainfall and rainy day data from 1971-2020 on a monthly,
annual, seasonal, and decadal basis by using the variability analysis methods viz., standard
deviation (SD), coefficient of variance (CV), and transformed annual precipitation departure
(Z). The trend analysis was also done by Mann-Kendall (MK) and Sen’s slope estimator
(SSE) test and linear regression model. The annual rainfall in the region was 1115.1 mm,
which showed a decreasing trend (Z =-0.79). On the basis of the linear regression model,
the decrease in annual rainfall was about -2.12 mm/year. The monthly and seasonal
variability of rainfall exhibited a sensitivity to change. The months of January, April, July,
and September showed an increasing trend, whereas the rest of the other months showed a
decreasing trend. The rainfall in all the seasons (winter, summer, monsoon and postmonsoon) showed a decreasing trend. The trend analysis of rainy day data enforced that
the monthly, seasonal, and annual rainy days are increasing. However, the trend was
significant for April, November, December, summer season, and annually. The highest
annual (2205.0 mm) and monsoon (1653.0 mm) rainfall was recorded in the year 1988 during
the entire study period. The decadal analysis of the rainfall on an annual basis revealed a
decrease in rainfall during the periods 1993–2003, 2004–2014, and 2015–2020 as compared
to 1982–1992. The findings of this paper could help researchers understand the annual and
seasonal variability of rainfall over the study region.
Key words: Trends, rainfall variability, Mann-Kendall, Sen’s slope and linear regression
model
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Weather Based Multistage Wheat Yield Prediction
Using Machine Learning
Shreya Gupta1, Ananta Vashisth1*, P. Krishnan1,
Achal Lama2 and Shivprasad1
ICAR-Indian Agricultural Research Institute, New Delhi - 110012
ICAR-Indian Agricultural Statistics Research Institute, Pusa, New Delhi - 110012
*Corresponding author: ananta.iari@gmail.com
1

2

Wheat crop is highly affected by the influence of weather parameter, adverse weather
drastically reduce wheat yield. Thus, there is need to develop and validate weather-based
models using machine learning for its reliable prediction at multiple stages. Wheat yield
and weather data during crop growing period were collected from IARI, New Delhi, Hisar,
Amritsar, Ludhiana and Patiala. The yield prediction model was developed using stepwise
multi linear regression (SMLR), support vector regression (SVR), least absolute shrinkage
and selection operator (LASSO) and hybrid model LASSO-SVR, and SMLR-SVR in R
software. Analysis was done by fixing 70% of the data for calibration and remaining data
for validation. Wheat yield prediction was done at tillering, flowering and grain filling
stage for wheat crop by considering 46th to 4th, 46th to 8th and 46th to 11 th standard
meteorological week for model development. On examining these models for yield
prediction at tillering, flowering and grain filling stage, LASSO performed excellent having
nRMSE value ranged between 0.02 % at grain filling stage for IARI, New Delhi to 8.36 % for
Hisar at flowering stage. The model performance of SVR is increased if hybrid model in
combination with LASSO and SMLR is applied. Hybrid model LASSO-SVR has shown
more improvement in SVR model compared with SMLR-SVR.
Key words: Weather, wheat yield prediction
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Calibration and Validation of DSSAT Model for
Bt. Cotton Hybrids
Divya R.*, K.G. Sumesh and R.H. Patil
Department of Agricultural Meteorology, University of Agricultural Sciences,
Dharwad - 580005, Karnataka
*Corresponding author: divyaravindra99@gmail.com

Cotton, often referred to as the White Gold and also King of Fibre, is an important cash
crop of India and it plays a key role in the Indian economy. The quantum leap in Cotton
production of India during the last decades can be attributed to the introduction of Bt Cotton
in 2002. Climate change with rising temperature and erratic rainfall patterns is threatening
the productivity of the crops including Cotton. This requires to study and quanitify impact
of changing climate on cotton. To do this the Crop Simulation Models are employed as they
simulate crop growth and yield in interaction with climate and management. However,
any model to be used for this purpose first needs to be calibrated for the chosen crop cultivars,
in this case for Bt cotton hybrids. This must be validated before application. Hence, this
study was taken up using DSSAT-CROPGRO-Cotton model to calibrate and validate for
six Bt. Cotton hybrids. The model was first calibrated with 2018-19 data (phenology, biomass
and yield components) and validated using data of 2019-2020. Experimental data required
to calibrate and validate the model were collected from experiments at KVK Jalna, Kharpudi,
Maharashtra as a part of WWF project. The model simulated values matched well with
observed data during calibration and model performance was found excellent after
validation, hence can be used to simulate Bt Cotton crop growth and yield under different
climatic and management systems to study impact and devise adaptation strategies.
Key words: Bt. cotton, CSM-CROPGRO-cotton model, calibration, validation

107

Abstracts of the National Seminar on Agrophysics for Smart Agriculture
National Seminar on Agrophysics for Smart Agriculture
22-23 February 2022, NASC Complex, New Delhi

Wheat Yield Estimation at Different Growth Stages
Using Multiple Linear, Neural Network and Penalised
Regression Models
Aravind K.S., Ananta Vashisth*, P. Krishnan,
A. Lama, S. Prasad and M.C. Meena
Division of Agricultural Physics, ICAR-Indian Agricultural Research Institute, New Delhi - 110012
*Corresponding author: ananta.iari@gmail.com

Wheat contributes around one-third of total food grain production. Weather is a vital
uncontrollable factor causes direct and indirect influence on crop yields. Weather based
empirical model using long term weather and yield data can be used to estimate the crop
yield at different growth stage. Weather and wheat yield data were collected for last 34
years (1985-2018) for Hisar. Wheat yield estimation was done at tillering, flowering and
grain filling stage of crop by considering 46th to 4th, 46th to 8th and 46th to 11th standard
meteorological week. Stepwise multiple linear regression (SMLR), principal component
analysis in combination with SMLR, artificial neural network (ANN) alone and in
combination with principal components analysis (PCA), least absolute shrinkage and
selection operator (LASSO) and elastic net (ENET) techniques was used by fixing 70% of
the data for calibration and remaining dataset for validation. On examining these
multivariate models for wheat yield estimation at different growth stage, percentage
deviation of estimated yield done by different modal by actual yield was between -2.85 to 13.95, -1.64 to -12.66 and 4.97 to -11.12% during tillering, flowering, and grain filling stage
respectively. During validation the value of nRMSE for mustard yield estimation at tillering
stage by different models was less than 10 % for elastic net and LASSO and between 10 to
15 % for SMLR, PCA-SMLR, PCA-ANN and ANN. At flowering stage value of nRMSE was
less than for LASSO, elastic net and SMLR and between 10 to 15 % for PCA-ANN, PCASMLR and ANN. At grain filling stage the value of nRMSE was less than 10% for elastic net,
LASSO, SMLR and ANN and between 10 to 15 % for PCA-ANN and PCA- SMLR. On the
basis of percentage deviation of estimated yield by observed yield, excellent prediction
accuracy was achieved at all the three growth stages by using LASSO and elastic net model
as compared to others.
Key words: Neural network, wheat yield, estimation
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Evaluation of Machine Learning Models for Soil
Moisture Estimation Using a Smartphone
Debasish Roy1*, Raghuveer Singh1, Bappa Das1#, Deepak Sethi1
and Debashis Chakraborty1
Division of Agricultural Physics, Indian Agricultural Research Institute, New Delhi - 110012
#Current address: ICAR-Central Coastal Agricultural Research Institute, Old Goa - 403402, Goa
*Corresponding author: roydeba93@gmail.com
1

The colour of soil is an important indicator of the status of its moisture content.
Smartphones have become an integral part of our life and revolutionized the concept of
digital photography. In the current investigation, a smartphone (Model Redmi 4) was used
to capture the images of 14 different Indian soils varying in mineralogical compositions
and texture. The images were processed and 33 covariates were generated, following which
a set of 10 machine learning models was employed to predict soil moisture content. Random
forest (RF), multivariate adaptive regression splines (MARS), support vector regression
(SVR) and Cubist models performed satisfactorily with R2 values of 0.78, 0.74, 0.72 and
0.71; and RMSE values of 5.98, 6.35, 6.83 and 6.96% during validation. Overall, random
forest (RF) provided the best results. Results of the present study showed potential for soil
moisture estimation using smartphone-based digital photographs and machine learning
models.
Key words: Soil moisture, estimation, smartphone
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Spectral Characterization of Rice Blast Disease Using
Hyper Spectral Remote Sensing
Nandita Mandal1, D.K. Das1, R.N. Sahoo1*, Sujan Adak1, A.
Kumar2, C. Viswanathan3, J. Mukherjee1, B. Das1 and Rajashekar4
1

Division of Agricultural Physics, 2Division of Plant Pathology, 3Division of Plant Physiology, ICAR-Indian
Agricultural Research Institute, New Delhi - 110012
4
ICAR-Vivekananda Parvatiya Krishi Anusandhan Sansthan, Almora - 263601, Uttarakhand
*Corresponding author: rnsahoo.iari@gmail.com

Rice blast Caused by a fungus Pyricularia Oryzae is one of the most serious diseases of
rice which Causes up to 75% crop loss. So that for better crop performance, a proper and
early assessment of disease is required. Now a days Remote sensing is being increasingly
used for detection and monitoring of crop developmental stages. There is hardly any basic
information available for detection and monitoring of rice blast by remote sensing. This
study emphasizes on spectral reflectance of rice blast disease in order to identify sensitive
spectral ranges.10 different genotype of rice with varying degree of susceptibly with rice
blast was selected and graded with 0-9 range based on the host organ covered by the
symptoms. Grade 9 have lowest reflectance as it was healthy plant and grade 9 have higher
reflectance as it was severely infected and almost dead. Severely infected plant of grade 9
have higher reflectance at visible region and lower reflectance at NIR and SWIR region.
Change in the reflectance from infected plant to the healthy plant is more in the VNIR, 550
to 760nm and 1140 and 1300nm for disease scores having R2 above 0.6. Region (>0.6). change
in reflectance that is 1st derivative (Red edge) is reported that VNIR region have high
correlation with the disease. REV (red edge value) maximum rate of change value at red
edge position have shown a good relation with disease stress level. Present study identifies
that VNIR and red edge region are sensitive for detection of rice blast disease.
Key words: Spectral characterization, rice blast disease, hyper spectral remote sensing
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Identification of Tomato Fruit Growth Stages Using
Image Processing Technique
Sona Kumar1, P. Krishnan1, P.K. Singh2, Ananta Vashisth1,
Shiv Prasad3, M.K. Kundu1 and K.M. Manjaiah4
Division of Agricultural Physics, 2Centre for Protected Cultivation Technology,
Division of Environment Science, 4Division of Soil Science & Agricultural Chemistry,
ICAR-Indian Agricultural Research Institute, New Delhi - 110012
*Corresponding author: prameelakrishnan@yahoo.com
1

3

An experiment was conducted to identify the tomato fruit growth stages using visible
images, based on image analysis. For this study tomato (cv. Pusa Protected 1) crop was
grown under protected condition following standard methods of cultivation. Biophysical
and biochemical parameters of the tomato fruits like citric acid, Ascorbic Acid (mg/100gm),
Lycopene (mg/kg fr. wt), Beta carotene (ppm), Fresh weight (g/fruit), Dry weight (g/fruit),
Moisture content (%), Firmness (lbs), TSS (oBrix) along with visible (RGB) images were
characterized at 14 different fruit growth stages of the tomato crop. At first, the non-fruit
canopy portion was masked by using ENVI 4.8, then the pixel-wise RGB values were used
to prepare the image-based indices maps, for each tomato fruit growth stages using R
software. Image maps for 17 different image-based indices (GRRI, GBRI, RBRI, INT, WI,
GRVI, IKAW, ExG, NDI, ExR, ExGR, GLI, VARI, CIVE, VEG, COM1 and COM2) were
prepared and calculated. Among the biophysical parameters tested in this study, parameters
like Lycopene - mg/kg of Fr. wt (0.690), Beta carotene – ppm (0.697), Firmness- lbs (-0.743),
fruit fresh and dry biomass (0.993) were observed to be significantly correlated with the
fruit growth stages. Similarly, among the different image-based indices estimated in this
study, image indices like GRRI (-0.774), RBRI (0.857), GRVI (-0.757), (IKAW (0.877), NDI
(-0.757) and ExR (0.781) were observed to be significantly correlated with the tomato fruit
growth stages. Thus, this study clearly demonstrates the ability of the image-based indices
to identify the fruit growth stages of the tomato crop, which could be much helpful in the
mechanization of the tomato fruit harvest using robotics.
Key words: Image processing, technique, tomato
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Sensor Based Irrigation Management in Finger Millet
(Eleusine coracana Gaertn)
Abhishek Nanda*, Hanumanthappa, D.C. and Suprava Nath
Department of Agronomy, GBPUAT, Pantnagar, Uttarakhand
*Corresponding author: abhishekagro21@gmail.com

The field experiment on “Sensor based irrigation management in finger millet (Eleusine
coracana Gaertn)” was conducted during summer-2021 at ZARS, University of Agricultural
Sciences, GKVK, Bangalore 560065. The experiment comprised of seven treatments viz., T1:
Surface irrigation as per Package of practice, T2: Drip irrigation at weekly interval, T3: Drip
irrigation at 50 per cent depletion of available moisture (DASM), T4: Drip irrigation at 75
per cent DASM, T5: Green SMI based drip irrigation, T6: Red SMI based drip irrigation, T7:
Sensor based automated drip irrigation at 25 per cent DASM replicated thrice in Randomized
Complete Block Design. Hall effect water meter was installed to measure the quantity of
water flows. To measure the soil moisture instantly, resistance type single point sensors
were installed in the field at a depth of 15 cm, in turn all were connected to IoT based field
controller and gateway. The results showed that, sensor based automated drip irrigation at
25 per cent DASM recorded significantly higher grain and straw yield (3984 kg ha-1 and
4913 kg ha-1, respectively). However, it was on par with green SMI based drip irrigation
(3658 and 4540 kg ha-1, respectively) and drip irrigation at 50 per cent DASM (3560 and
4496 kg ha-1, respectively). Net return (Rs. 66045 ha-1) and B: C ratio (2.31) was also higher
in sensor based automated drip irrigation at 25 per cent DASM. Drip irrigation at 50 per
cent DASM recorded the highest water use efficiency (92.7 kg ha cm-1) and saved 41.7 per
cent water as compared to surface irrigation. Whereas lower water use efficiency (39.1 kg
ha cm-1) observed in surface irrigation.
Key words: Sensor, finger millet, irrigation management
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Site Specific Nitrogen Management in Wheat Using
Dilution Curve and Crop Simulation Modeling
Koushik Bag1*, Rajkumar Dhakar1, Vinay Kumar Sehgal1,
K.K. Bandyopadhyay1, Manoj Shrivastava2 and
Tapan Jyoti Purakayastha3
1

Division of Agricultural Physics, 2Division of Environment Science, 3Division of Soil Science &
Agricultural Chemistry, ICAR-Indian Agricultural Research Institute, New Delhi - 110012
*Corresponding author: amikoushikbag@gmail.com

Wheat is the second largest consumer of total nitrogen (N) (23.3%) and largest per
hectare N consuming cereal in India. Unfortunately, the nitrogen use efficiency (NUE) of
the crop is very low of about 30% and improper N fertilizer application (dose and timing)
is one of the most important reasons of it. A field experiment was conducted to optimize the
amount and timing of N fertilizer in wheat based on the critical N (Nc) dilution curve
approach and linking it to crop simulation model InfoCrop-Wheat. The variety HD-3086 of
wheat was given five N doses (N @ 0kg/ha, 60 kg/ha, 120 kg/ha, 180 kg/ha and 240 kg/ha) in
three replications for generation of in-season N dilution curve during 2020-21 in IARI farm
at New Delhi. For independent validation, separately three validation plots of wheat with
varying basal N dose of 0 kg/ha (VL0), 30 kg/ha (VL30) and 60 kg/ha (VL60) were grown,
their actual canopy N concentration were periodically analyzed and above ground biomass
was simulated from simulation model to recommend in-season urea fertilization. Based on
the difference between Nc and actual N concentration at a given biomass level, N deficit for
the validation plots were calculated periodically over the growth season and compared
with recommended N of 120kg/ha in three splits treatment. Based on the approach, over
the season the total urea dose applied were 41Kg N/ha (38Kg/ha at CRI and 3Kg/ha in
Flowering) in VL0 and 63kg N/ha (30Kg/ha in basal + 33kg/ha at CRI) in VL30. No fertilizer
was needed in VL60 plot. The grain yield realized in VL0, VL30, VL60 and control plots
were 5.05, 5.75, 5.57 and 5.52 t/ha, respectively. The validation plots VL0, VL30 and VL60
showed higher NUE (ratio of grain yield to that of N applied) of 168%, 99% and 102%,
respectively in comparison to recommended N treatment (N@120kg/ha in 3 splits). Thus,
experiment showed that N dilution curve-based N application can be a promising approach
for site-specific N management to improve the NUE, lower the cost of N fertilization and
reduce environmental pollution.
Key words: Nitrogen, fertilizer, wheat, use efficiency, simulation model
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Artificial Intelligence Based Image Classification for
Identification of Seeds of Wheat Cultivars
Tarun Kumar1*, P. Krishnan1, Ananta Vashisth1, Monika Kundu1,
Amrender Kumar2, Shiv Prasad3 and Anju M. Singh4
Division of Agricultural Physics, 2Division of Agricultural Statistics, 3Division of Environment Science,
4
Division of Genetics, ICAR-Indian Agriculture Research Institute, New Delhi - 110012
*Corresponding author: tarunsh2424@gmail.com

1

At present, Artificial Intelligence could be used in the agricultural sector to produce
healthy crops, control pests, keep an eye on the soil and growth circumstances. Image
processing, machine learning, and deep learning were utilized in agriculture in the recent
years, to identify varieties and cultivars of different crops. Convolutional Neural Networks
(CNN) were used in deep learning for image classification. In this work, experiments were
conducted to compare the performance of 5 state of art CNN architectures namely VGG16,
VGG19, ResNet50, ResNet101 and InceptionResNetV2. The goal of the study was to apply
the principles of CNN to classify the seed images of wheat cultivars. Total of nine thousand
images were captured from 10 different wheat cultivars in controlled illuminated chamber.
Results showed that the InceptionResNetV2 based model trained on seed images of wheat
cultivars performed better than other CNN architectures used in this study. This is because
InceptionResNetV2 can extract and learn more features from images with help of Inception
and ResNet module. In addition, augmented dataset was generated from original seed
image dataset which was used to train InceptionResNetV2 - CNN architecture to improve
its performance. To enhance the further application of this technology, an attempt was made
to use hyperparameter optimization technique in the best selected CNN architecture InceptionResNetV2 model that was trained on augmented seed image dataset. Results
showed that the overall performance of hyper parameter optimized model, trained on
augmented seed image dataset, was enhanced. This was supported by the evaluation of
model on test seed image dataset. Hyper parameter optimized model showed an overall
accuracy of 86.37 %. Thus, the present study clearly showed that CNN based
InceptionResNetV2 model could be applied as a non-destructive, rapid, objective technique
to identify the seed images of different wheat cultivars.
Key words: Artificial intelligence, image classification, wheat cultivars
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Combining Ability Analysis in Bread Wheat
(Triticum aestivum L.)
A. Kumari* and H. Sharma
Department of Genetics and Plant Breeding, Rajasthan College of Agriculture,
Maharana Pratap University of Agriculture and Technology, Udaipur - 313001, Rajasthan
*Corresponding author: sevda.anju@gmail.com

The present study was carried out in 9 diverse parents, their 36 hybrids (evolved through
half diallel analysis) and 2 checks evaluated during Rabi 2020-21 at RCA, Udaipur in RBD
in three replications in three different environments. Analysis of variance revealed
differences between parents and crosses for GCA and SCA, respectively due to GCA and
SCA effects were significant for all the characters on pooled basis. Similarly, mean squares
due to GCA x E and SCA x E were significant for all characters except total protein content
in grains revealed influence of environment on GCA and SCA, respectively. The variance
due to GCA was higher than their respective SCA for chlorophyll stability index indicated
that additive type of gene action played role in the expression of the trait. Among parents,
RAJ 3777, RAJ 4120, HD 2967, DBW 173 and GW 451 were exhibited significant GCA effects
for grain yield and heat tolerance traits. Parent GJW 463 was exhibited maximum GCA
effects for proline content (2.64) and DBW 173 for grain yield (1.80) over the environments.
Among crosses, ten crosses were exhibited significant SCA effects for grain yield and heat
tolerance traits. Over the environments cross HD 2967 x DBW 173 exhibited maximum
SCA effects (4.00) for grain yield. Whereas, cross DBW 173 x RAJ 4120 were exhibited
maximum SCA effects for proline content (3.25) and total chlorophyll content (0.29).
Attempting cross combinations involving different parents with high GCA for desirable
grain yield along with heat tolerance parameters could be useful.
Key words: Bread wheat
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Interactive Effect of Elevated CO2 and Temperature
on Growth and Productivity of Rice
Partha Pratim Maity*, B. Chakrabarti, A. Bhatia,
S. Naresh Kumar, T.J. Purakayastha, D. Chakraborty,
A. Sharma and S. Kannojiya
Division of Environment Science, ICAR-Indian Agricultural Research Institute, New Delhi - 110012
*Corresponding author: ppmaity35@gmail.com

Anthropogenic activities in past few decades have increased the concentration of the
atmospheric greenhouse gases (GHGs) which resulted into climate change. Rice accounts
for more than 40% of India’s food-grain production. Elevated carbon dioxide (CO2)
concentration in the atmosphere and rise in temperature can have a significant effect on
different morphological and physiological processes affecting the productivity of rice crop.
The following study was undertaken during the kharif season in the year of 2019 inside the
open top chamber (OTCs) in IARI farm, New Delhi to quantify the interactive effect of
elevated CO2 and temperature on growth and productivity of rice crop. Rice (cv. Pusa Basmati
1509) was grown in crates under two different CO2 levels: ambient (400 ppm) and elevated
(550±25 ppm) with two temperature levels: ambient and elevated (partially covered OTC).
Nitrogen and other nutrients were applied as per the recommended dose. Results from the
experiment showed that duration of the crop was reduced under elevated temperature
condition. High temperature treatment also reduced tiller number of rice plants. But under
elevated CO2 concentration tiller number and crop biomass of the crop was increased. Plant
photosynthesis and leaf area was increased at elevated CO2 condition. Plant height remained
unaffected in all the treatments. Grain number per panicle was significantly reduced in
higher temperature while increased under elevated CO2. The study showed that although
high temperature has negative effect on crop growth and development, but the fertilization
effect of elevated CO2 might offset these negative impacts to certain extent.
Key words: Elevated CO2, temperature, productivity, rice

116

Abstracts of the National Seminar on Agrophysics for Smart Agriculture
National Seminar on Agrophysics for Smart Agriculture
22-23 February 2022, NASC Complex, New Delhi

Response of Chickpea Varieties to Elevated Carbon
Dioxide (CO2) and Temperature
B. Chakrabarti, A. Bhatia, S. Kannojiya*, Abhilasha Sharma,
V. Kumar and S. Naresh Kumar
Division of Environment Science, ICAR-Indian Agricultural Research Institute, New Delhi - 110012
*Corresponding author: ky.sudha11@gmail.com

The rising carbon dioxide (CO2) levels and increased temperature will affect growth
and productivity of crops. An experimental study was undertaken during the rabi season of
year 2019-20 inside the Open Top Chamber (OTC) located at ICAR-Indian Agriculture
Research Institute (IARI) to investigate the interactive effect of elevated CO2 and temperature
on chickpea crop. Both desi (BG 372) and kabuli (Pusa 5023) chickpea varieties were grown
inside the OTCs under ambient (400 ppm) and elevated CO2 level (550 ± 25 ppm). Two
temperature levels were also maintained i.e. chamber control and elevated temperature by
partially covering the top of the OTCs. Mean seasonal temperature in elevated CO2 plus
temperature treatment was 1.9°C higher than the chamber control. Seed weight and straw
weight of chickpea varieties increased under elevated CO2 plus temperature treatment.
Seed weight of BG 372 and Pusa 5023 varieties increased by 9.4% and 8.8% respectively
under elevated CO2 plus temperature treatment. Seed nitrogen (N) content in chickpea also
increased under elevated CO2 and temperature condition. The results of the study indicated
that elevated CO2 concentration of 550 ppm was able to nullify the harmful effect of increased
temperature by 1.9°C in chickpea crop. Chickpea being a leguminous crop was able to fix
more atmospheric nitrogen under elevated CO2 plus temperature condition resulting in
higher seed N of the crop.
Key words: Chickpea, temperature, carbon dioxide
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Soil microbial Characteristics as Bioindicators
of Soil Health
Shankar Lal Bijarnia1*, Harish Kumar Bijarnia2
and Anju Bijarnia3
Department of Soil Science and Agricultural Chemistry, College of Agriculture,
Swami Keshwanand Rajasthan Agricultural University, Bikaner - 334006, Rajasthan
2
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3
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*Corresponding author: slbijarniya93@gmail.com
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Soil health is important for the sustainable development of terrestrial ecosystem. In
this review, we summarizes the relationship between soil quality and soil microbial
characteristics such as soil microbial community structure, soil microbial biomass and soil
enzymatic activity in order to illustrate the function of soil microbial characteristics as bioindicators of soil health. Many studies have showed that the soil nutrient is correlated with
the quantity or the composition of bacteria, fungi and actinomycetes in soils. In general,
higher ratio of soil bacteria indicates better soil quality and higher soil nutrient content.
Soil microbial bio-mass is closely correlated with soil organic carbon, and the ratios of soil
microbial biomass carbon to soil organic carbon and microbial metabolic quotient (q CO2)
reflect the use efficiency of soil organic C. The activity of soil enzymes are positively
correlated with soil microbial biomass carbon and nitrogen. Therefore, soil microbial
characteristics reflect the changes of soil quality and thus can be used as bio-indicators of
soil health.
Key words: Soil microbial community structure, soil microbial biomass, soil health,
bio-indicator
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Role of Biofertilizers in Conservation Agriculture
Harish Kumar Bijarnia1*, Shankar Lal Bijarnia2,
Anju Bijarnia3 and Nisha Nitharwal4
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3
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In the present time, chemical fertilizers are more in practice for crop production which
affected the soil and environment quality. The higher amount of chemical inputs in
agricultural production system affected the sustainability of the agricultural crop production
systems, increased cost of cultivation, and caused partial factor productivity decline, and
maintaining the global food security and environmental quality became a daunting
challenge. Indiscriminate and imbalanced use of fertilizers, mostly urea, and the poor
application of organic matter to cropland have led to considerable reduction in soil health.
Nowadays our agriculture has shifted to old-age practice like conservation agriculture. It is
using old tool and techniques with incorporation of modern science and scientific principles.
In general, biofertilizer is organic in nature containing an effective particular microorganism
in a concentrated form which originated either from the plant root nodule or from the soil
of the rhizosphere. Biofertilizers have emerged as potential environment-friendly inputs
that are benefited for agricultural crop production system. They hold vast prospective in
fulfilling the plant nutrient requirements, which are reducing the chemical fertilizer
application and minimizing environmental pollution. The bioinoculants are used as a seed
treatment or soil treatment, improving plant nutrient availability and finally crop growth
and yield. These contain living cells of diverse types of microorganisms and have the
potential to solubilize and mobilize plant nutrient elements from insoluble form through
biological process and also fix atmospheric nitrogen. The adequate use of biofertilizers
helps in maintaining soil quality and thus provides a low-cost approach to manage crop
yield along with protecting the environment.
Key words: Biofertilizer, climate change, conservation agriculture, plant nutrients

119

Abstracts of the National Seminar on Agrophysics for Smart Agriculture
National Seminar on Agrophysics for Smart Agriculture
22-23 February 2022, NASC Complex, New Delhi

Response of Summer Groundnut Varieties to the
Changing Climate in North Interior Karnataka
Using DSSAT Model
Mohammed Rizwan Saif1*, R.H. Patil1, K.G. Sumesh1
and Basavaraj S. Yenagi2
1
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Groundnut is an important crop of NIK and Groundnut varieties JSP-39, KDG-123,
TG-37-A, TGLPS-3 and JL-1085 are adapted in the Northern part of Karnataka as well as
the neighbouring state of Maharashtra. Climate change with rising temperature and erratic
rainfall patterns is threatening the productivity of the crops. Hence, study was taken up to
find the effect of projected climate (2021-2050) on the productivity of groundnut crop across
NIK and find adaptation measures using DSSAT model. Experimental data required to
calibrate, validate and run the model were collected from experiment conducted during
summer 2019-2020 and 2020-2021 at AICRP-Groundnut, MARS, UAS, Dharwad. The seasonal
analysis was done under current (1991-2020) and projected climate (2021-2050) following
recommended practices of UAS, Dharwad for representative black and red soils of each
district of NIK under irrigated conditions across five dates of sowing from 15-Dec to 15-Feb
at fifteen days interval. Average yield simulated under black soils current climate in irrigated
conditions was 30 per cent higher than red soil irrigated conditions indicating that there is
an opportunity to improve grain yield of groundnut in NIK with better management of
crop water requirement. Under projected climate in irrigated situation crop duration reduced
by 5 days but yield increased by 4-19 per cent in all the varieties compared to yield under
current climate. This yield increment was overcome when crop was grown under irrigated
conditions, which mostly masked the negative effects of climate change on crop in the
projected period. Each district of NIK differed in terms of optimum sowing window in
irrigated situation under both current and projected climate, whereas, under irrigated
conditions in majority of the districts early sowing i.e., 15-Dec and 30-Dec simulated higher
yields.
Key words: DSSAT model, groundnut, varieties, climate
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Impact of Long-term Conservation Agriculture on Soil
Physico-chemical Parameters and Carbon Footprint
Under Intensified Rice-wheat Cropping System
Sourav Ghosh1*, T.K. Das2, K.S. Rana2, D.R. Biswas2, D.K. Das2,
Geeta Singh2, Arti Bhatia2 and Debarati Datta1
1
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A field experiment was undertaken during 2016-18 at ICAR-Indian Agricultural Research
Institute, New Delhi to assess the soil physico-chemical parameters and carbon-footprint under
long-term (started 2010) conservation agriculture (CA) based rice-wheat cropping system.
CA treatments were classified under double zero till (ZT) systems comprising ZT direct seeded
rice (ZTDSR) and ZT wheat (ZTW) and triple ZT systems with additional ZT mungbean
(ZTMb) intensification, having additional components of residue retention (+R) and Sesbania
brown manuring (BM). Conventional till (CT) systems comprising puddled transplanted rice
(PTR) and CT wheat (CTW) / ZT wheat (ZTW) were included as controls. Maximum total
organic carbon and wettable biomass carbon after eight years cropping cycle was observed
under ZTDSR + mungbean residue – ZTW + rice residue – ZTMb + wheat residue (ZTRWMb+R)
system, which was 56% and 51% higher respectively compared to the PTR–CTW system. At
0-5 cm soil depth, maximum ‘very labile’ pool (fraction I) of C was observed under the
ZTRWMb+R (0.42%) being at par with ZTDSR + wheat residue + BM – ZTW + rice residue
(ZTRW+BM+R) and ZTDSR + wheat residue – ZTW + rice residue (ZTRW+R) systems. Bulk
density (BD) in surface soil (0-15 cm) was lowest under ZTRWMb+R (~1.42 Mg m-3), while at
15-30 cm maximum BD was observed in PTR-CTW system (1.83 Mg m-3). In 0-15 cm soil
depth, the ZT+R systems being comparable with CTRW recorded 17% lower soil penetration
resistance (SPR) compared to ZT without residue. Mean weight diameter (mm) of soil
aggregates under the ZTRWMb+R system was 82 and 92% higher in 0-5 cm and 5-15 cm soil
respectively compared to CTRW. The ZTRWMb+R system obtained 71% lower yield scale C
footprint (248 kg CO2-eq. t-1) compared to PTR-CTW (860 kg CO2-eq. t-1) and also had highest
C efficiency (14.7), C sustainability index (13.7) and C efficiency ratio (5.1). Therefore, this
study highlights that the CA based triple ZT system i.e., ZTRWMb+R in a long term practice
can improve soil physico-chemical parameters and lower C footprint compared with the
conventional PTR-CTW system, and may be recommended for adoption (higher system
productivity and net returns) in the north-western Indo-Gangetic Plains of India.
Key words: Conservation agriculture, soil, physico-chemical, parameters
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Carbon Sequestration Potential of Rainfed Vertisols
under Cotton and Maize Production Systems
Sherene Jenita Rajammal, T.
Soil Science & Agricultural Chemistry, Tamil Nadu Agricultural University, Department of Fruit Science,
Horticultural College & Research Institute (W), Trichirapalli, Tamil Nadu
Email: shereneraj@yahoo.co.in

Carbon sequestration potential of Vertisols under rainfed conditions varied for cotton
and maize production systems and showed significant interaction with various levels of
bio char application. The experimental soil of Cotton Research Station farm, Veppanthattai,
Perambalur district, TamilNadu is under six years cultivation of rainfed crops viz., Cotton
and Maize. The climate is semiarid with mean annual rainfall is 908 mm and maximum,
minimum air temperature is 41Úc and 26.7Úc respectively. The soil is black, calcareous,
Vertisols, alkaline in reaction with low organic Carbon. The experiment was laid out in a
randomized block design with various combinations of maize straw biochar, cotton stalk
biochar, redgram stalk biochar, prosopis wood biochar. Depth wise soil sampling (0.15 m
intervals up to 1.05 m deep) was taken in a profile and estimated for soil organic carbon
(SOC), Soil Inorganic carbon (SIC) and Total Carbon Stock (TCS) under each production
systems and expressed on a per hectare basis. The experimental soil applied with Biochar
has SOC stock, SIC stock and TOC of 77.72, 407.8 and 484.7 Mg /ha respectively compared
to other manures. In general, SIC stock was larger than SOC stock in Vertisols. The surface
soil storage of organic carbon was greater than deeper layers, whereas the reverse was the
trend in case of SIC. At post harvest soil, the highest TOC was seen in cotton production
systems than maize production systems. The greatest SIC contribution to TOC stock was
observed under cotton based system in post harvest soil whereas it was almost equal for
maize production systems. Due to the presence of characteristic Smectite minerals, black
soils (Vertisols) have the projected potentiality of sequestering SOC stock. The increase in
SOC was evident although the higher level of SIC indicates a warning signal for soil
degradation & it warrants a fine tuning of the existing management interventions. This
information is relevant in terms of comparing the soil ‘C’ stocks among the bio char applied
soil types, production systems, climate and accordingly suitable management practices
could be identified for better carbon sequestration in rainfed soils due to Biochar application.
Key words: Carbon sequestration, Vertisols, cotton, maize
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Simulated Yield Reduction in Greengram and
Irrigation Scheduling Under Changing Climates of
North Interior Karnataka
Hemmareddy Thimmareddy*, K.G. Sumesh and R.H. Patil
Department of Agricultural Meteorology, College of Agriculture,
University of Agricultural Sciences, Dharwad - 580005, Karnataka
*Corresponding author: hemaraddi4138406@gmail.com

Greengram is one of the major legumes predominately cultivated in North Interior
Karnataka (NIK). This simulation study using CROPWAT aimed to quantify yield reduction
under rainfed condition and schedule irrigation in greengram variety DGGV- 2. This would
help farmers of NIK consisting of 12 districts in tapping the potential yields of this crop
through proper irrigation management. Crop management input in the model was based
on the recommended practices of UAS, Dharwad across four dates of sowing from 7th to
28th June at weekly interval on black clay and red loamy soils. The simulated outputs were
analyzed at decadal interval for both past (1991-2020) and projected climate (2021-2050).
The spatial distribution of yield reduction on both the soils under past and projected climates
for all the 12 districts of NIK was interpreted using ArcGIS software. On both black clay
and red loamy soils under past climates one irrigation was simulated to be enough, which
increased by 0.3 and 1.2 under projected climates, respectively. Under projected climate
one irrigation two weeks after sowing on both the soils was simulated to be required due to
decreased rainfall in June, while second irrigation at flowering stage (35-45 DAS) was
simulated on red loamy soil. Yield reduction in rainfed condition on black clay and red
loamy soils under past climates were 12.5 % and 1.8 %, respectively, which in contrast,
increased by 6.6 % and 3.3 %, respectively under projected climates. Sowing late i.e., on 28th
June under projected climate (2021-2050) simulated the lowest yield reduction (rainfed)
and require fewest irrigations across 12 districts of NIK.
Key words: CROPWAT, yield reduction, number of irrigation, irrigation scheduling, NIK
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Establishing a Convenient Soil Quality Index for
Foothills of Shiwalik Hills
Akshita Tomar* and Suresh Kumar
Agriculture and Soils Department, Indian Institute of Remote Sensing, ISRO,
Dept. of Space, Dehradun, Uttarakhand
*Corresponding author: akshitatomar1996@gmail.com

Profounding soil quality index (SQI) could be a common agenda in established soil
adequacy. Different types of SQIs will be prepared and employed in soil evaluations upon
different feature of soil. The goal of the study was to develop a soil quality index in the
alluvial plains lying at the foothills of outer Shiwalik hills and alluvial plains in different
regions of Saharanpur district of Uttar Pradesh. Analysis of total carbon, total nitrogen,
percentage of sand, percentage of silt, percentage of clay, available water holding capacity,
pH, electric conductivity, cation exchange capacity of 117 soil samples of surface (0-20cm)
and sub-surface (20-40cm) soil were carried out. For the determination of Soil quality index
(SQI) by Minimum Dataset Method and Total Dataset Method by Two model, IQI and NQI.
In IQI’s model we used weightage procedure and in NQIs we used linear transformation
method. The principal component analysis (PCA) was used to select the soil parameter for
minimum dataset were firstly, Eigen vector was used for calculating weight of each soil
parameter for Total Dataset. Sensitivity Index (SI) and Efficiency Ratio (ER) were used as
two criteria to select suitable and best SQIs. It was seen, Minimum dataset of NQI model is
the best approach in soil quality assessment on the foothills of Shiwalik hills.
Key word: Soil quality index, principal component analysis, minimum dataset, nemoro
quality index, integrated quality index, Shiwalik hills
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Impact of Climate Change on Arid Lands Agriculture
Kapil Kumar Nagar* and Shankar Lal Yadav
Agriculture University, Kota - 324001, Rajasthan
*Corresponding author: kapilnagar842@gmail.com

The planet earth, on which we live in communities, is being increasingly ‘ruptured’
because of human activities; its carrying capacity is under great stress because of
demographic pressures. The pressure is especially affecting the people living in the dry
areas because of the marginal and fragile nature of the resources they have access to. There
are over 2,000 million hectares of land that have been degraded, with a loss of agro
biodiversity, increased water scarcity and increased natural resource destruction.
Superimposed on this is the fact that the neglectful and exploitive use of natural resources
has set the train of global climate change in motion. It is anticipated that the impact of
climate change will cut across all boundaries. Crops, cropping systems, rotations and biota
will undergo transformation. To maintain the balance in the system, there is a need for new
knowledge, alternative policies and institutional changes. The marginalized people in dry
areas are likely to be most seriously hit by the shifts in moisture and temperature regimes
as a result of the global climate change. To help them cope with the challenges, there is a
need for a new paradigm in agricultural research and technology transfer that makes full
use of modern science and technology in conjunction with traditional knowledge. This
necessitates more investment by international agencies and national governments for
supporting the relevant integrated research and sustainable development efforts, with full
participation of the target communities. Only such an approach can enable the vulnerable
communities of the dryland areas to use the natural resources in a sustainable manner and
thus help protect the environment for future generations. The clock is ticking and the future
of the world lies in the collective responsibility and wisdom of all nations on this planet.
This should be reflected in the endorsement of a solid future plan.
Key words: Adaptation, arid lands, biotechnology and nanotechnology, climate change,
drought tolerance, dry lands, mitigation, water resources
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Influence of Production Factors on Spatial Spectral
Variability in Cotton Between UKP and TBP Irrigation
Commands of Karnataka
Vinayak Hosmani* and B.M. Chittapur
University of Agricultural Sciences, Raichur - 584104, Karnataka
*Corresponding author: vinayakhosmani2033@gmail.com

NDVI, SPAD and LRI were higher in UKP irrigation command (0.64, 36.7 and 2.12,
respectively) compared to TBP irrigation command while leaf anthocyanin was lower in
UKP command compared to TBP irrigation command and so were leaf reddening index,
consequently, average seed cotton yield was higher in UKP command compared to TBP
(2980kg ha-1 and 2683 kg ha-1¸ respectively). Black soils fared better with higher spectral
indices, and lower leaf anthocyanin contents and lower leaf reddening index and reddening
percentage which resulted in higher seed cotton yield. Foliar spray of 19:19:19 NPK fertilizer
at 1% resulted in higher NDVI and SPAD values, and lower leaf anthocyanin, leaf reddening
index and reddening percentage over no spray control. Nitrogen application ranged from
< 150 kg ha-1 to > 300 kg ha-1 while, P and K ranged between below 30 to above 60 kg ha-1
each. NDVI and SPAD linearly increased as the NPK applied increased while; leaf
anthocyanin, leaf reddening index and reddening percentages decreased. Yield followed
the NDVI and SPAD trend and increased from 1503 to 4454 kg ha-1 with < 150 kg to > 300 kg
ha-1, respectively. Higher yield (3367 and 4288 kg ha-1) was recorded with P/K > 60 kg ha-1
over medium (30-60 kg ha-1), and low rates (< 30 kg ha-1) of application. Further, early
planting (up to July 15) recorded higher NDVI and SPAD values, and lower leaf anyhocyanin,
LRI and redding percentage which decreased with the further delay in sowing. Correlation
between SPAD chlorophyll values and NDVI were positive and were highly correlated
while, correlation between SPAD chlorophyll and leaf anthocyanin content, and also leaf
reddening index were negative and highly significant. Similarly, NDVI was also negatively
and significantly correlated with leaf anthocyanin content and leaf reddening index, while
it was positively and significantly correlated with yield.
Key words: Production factors, spatial spectral, variability, cotton, irrigation commands
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Effect of Phosphorus, Liquid Biofertilizer and Growth
Regulator on Productivity and Profitability of
Summer Mungbean
Roshan Kumawat and Baldev Ram
Department of Agronomy, College of Agriculture,
Agriculture University, Borkheda, Kota - 324001, Rajasthan
*Corresponding author: kumawatroshan675@gmail.com

A field experiment was carried out during summer of 2019 & 2020 season to study the
effect of phosphorus, liquid biofertilizer and growth regulator on productivity and
profitability of summer mungbean. A field experiment was conducted during summer
seasons of 2019 and 2020 at Research farm, Agricultural Research Station, Ummedganj,
(Kota). The treatment comprising 4 levels of phosphorus (P0, P20, P30 and P40 kg/ha) along
with biophos liquid fertilizer (no seed inoculation and seed inoculation) in main plot and
three levels of salicylic acid (control, 75 and 100 ppm sprayed at pre flowering and pod
development stage) in sub plots was laid out in a split plot design replicated three time.
Results from data revealed that P30 being at par with P40 and recorded significantly higher
yields (1132, 1988 and 3120 kg/ha grain, straw and biological yields, respectively), Gross
return ( 82292/ha), net return ( 61285/ha), B:C ratio (2.91) as compare to control and P20.
Seed inoculation with biophos recorded significantly higher yields (1056, 1850 and 2907
kg/ha grain, straw and biological yields, respectively), Gross return ( 76355/ha), net return
( 55580/ha), B:C ratio (2.66) yields as compare to no inoculation. Spray of 75 ppm SA, being
at par with 100 ppm SA and recorded significantly higher yields (1031, 1806 and 2838 kg/ha
grain, straw and biological yields, respectively), Gross return ( 74565/ha), net return ( 55859/
ha), B:C ratio (2.57) as compare to control.
Key words: Phosphorus, liquid biofertilizer, growth regulator, summer mungbean
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Response of Lentil Varieties to Microclimatic Variation
Due to Different Growing Environment
Meena Sewhag*, D.S. Ahlawat, Meenakshi Sangwan
and Neeraj Pawar
CCS Haryana Agricultural University, Regional Research Station, Rohtak - 123501, Haryana
*Corresponding author: meenasewhag@gmail.com

A field experiment was conducted during Rabi 2020-2021 at Research farm of CCSHAU
Regional Research Station, Rohtak. The experiment was laid out in Split plot design with
five dates of sowing viz. D1: 30th October 2020, D2: 10th November 2020, D3: 20th November
2020 D4: 30th November 2020 and D5: 10th December 2020 in main plot and three lentil
varieties viz. V1: Sapna, V2: HM1 and V3: Garima in subplot replicated thrice. The results
showed that significantly taller plants and higher no. of branches /plant was recorded in
timely sown lentil (30th October to 30th November) as compared to late sown (10th December
2020). Lentil variety Sapna and Garima sown from 30th October to 20th November registered
higher seed yield. Delaying sowing to 30th November and 10th December caused significant
reduction in seed yield of both Sapna and Garima varieties. Significantly higher seed yield
of Garima variety was recorded in case of 30th October sowing (1440 kg/ha). The lentil
variety Garima sown on 10th, 20th and 30th November were at par in seed yield, however,
significantly lower seed yield was recorded in Varity Garima sown on 10th December as
compared to the earlier sowings. From the investigation, it can be concluded that variety
Sapna perform better than HM1 and Garima varieties of lentil at all the dates of sowing,
except in case of 30th November sown lentil where seed yield recorded in variety HM 1 was
significantly higher than Sapna and Garima varieties. Among three lentil varieties, the
optimum date of sowing for varieties Sapna and HM 1 were from 30th October to 20th
November whereas variety Garima may be sown upto 30th November, however it was
statistically lower than Sapna and HM 1 variety at all the dates of sowing.
Key words: Lentil, varieties, microclimatic, environment
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Analysis of Combining Ability for Grain Yield in
Paddy (Oryza sativa L.)
Ravi Kishan Soni* and N.R. Koli
College of Agriculture, Agriculture University, Kota - 324001, Rajasthan
*Corresponding author: soniravikishan@gmail.com

An experiment was conducted for study the combining ability effects and their variances
in paddy involving ten diverse parents and their forty-five hybrids made through diallel
mating excluding reciprocals. SCA variances were found to be greater than GCA variances
for most traits, including days to 50% flowering, days to 75% maturity, panicle length,
number of spikelets per panicle, kernel length, kernel length-breadth ratio, 1000 grain weight,
elongation ratio, kernel length after cooking, hulling and milling percentage, indicating the
predominance of non-additive gene action. The parents viz., P-1592, P-1121, P-2511, Surabhi
and Mahi Sugandh were found best general combiner for quality traits, earliness and
dwarfness based on per se performance and combining ability. The majority of cross pairs
exhibited good × average, good × bad, and poor × good gene interactions, indicating that
non-additive gene action expression of these features is operating. Pratap-1 × P-2511, P1592 × P-2511, P-1121 × P-2511, P-1612 × P-2511, P-1592 × P-1612, P-1592 × P-1121, Pratap-1
× P-1612, P-1592 × Mahi Sugandha and P-1592 × Pratap-1 were determined to be the most
promising crosses for grain yield per plant and most of the grain quality attributes among
the crosses.
Key words: Combining ability, diallel design, crosses, grain yield
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Effect of Elevated Carbon Dioxide and Temperature
on Growth of Soybean with Different Cyanobacterial
Treatments
Shravani Sanyal*, B. Chakrabarti, Radha Prasanna, A. Bhatia,
S. Naresh Kumar, T.J. Purakayastha, R. Joshi, A. Sharma
and V. Kumar
Division of Environment Science, ICAR-Indian Agricultural Research Institute, New Delhi
*Corresponding author: shravani12sanyal@gmail.com

Increase in the concentration of atmospheric greenhouse gases (GHGs) along with rise
in the earth’s temperature is affecting humanity’s growth and development. The changing
climate is having both direct and indirect effect on crop plants. Soybean (Glycine max (L.)
Merrill) is a popular crop with high protein and fat content. Effect of three cyanobacterial
formulations was studied on growth of soybean under elevated CO2 and temperature
conditions. Soybean crop (variety Pusa 9712) was grown inside Open Top Chambers under
ambient (400 ppm) and elevated (550 ppm) CO 2 concentrations and with elevated
temperature (+2.5°C-2.8°C) treatment. Four different treatments of cyanobacterial inoculation
i.e. no cyanobacterial inoculation, cyanobacterial inoculation using Calothrix elenkinii, RPAN8
(Anabena laxa) and biofim (Anabena torulosa and Bradyrhizobium japonicum) were applied.
Cyanobacterial biofilm inoculation increased photosynthesis rate and leaf area under
elevated CO2 concentration. Total chlorophyll content of leaf was significantly higher in
elevated CO2 treatment (2 mg g-1) as compared to ambient (1.8 m g-1) treatment. Elevated
temperature decreased total chlorophyll in soybean leaf. Biomass of the crop increased
under elevated CO2 condition. Cyanobacterial inoculation through biofilm and Calothrix
further increased crop biomass.
Key words: Greenhouse gases, temperature, Cyanobacterial
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