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ABSTRACT

Rice (Oryza sativa L.)-wheat (Triticum aestivum L.) production systems are the major contributor to national
food security, which became unsustainable with passing of time due to inappropriate management and use of natural
resources, inputs and technologies and is further aggravate with climate change induced risks. And if the business
as usual in production approaches may not be able to cope up with the projected climate changes effects. Therefore,
a multi-location farmer’s participatory strategic research was conducted to evaluate the effects of layering of key
technologies, practices and services in varied combinations and compared with business as usual (farmer’s practice)
for sustainability of rice and wheat productivity. In our present study, six scenarios: Farmer's practice (FP); Improved
FP (IFP) with low intensity of adaptive measures; [FP with high intensity of adaptive measures (IFP-AM); Climate-
smart agriculture (CSA) with low intensity of adaptive measures (CSA-L); CSA with medium intensity of adaptive
measures (CSA-M); CSA with high intensity of adaptive measures (CSA-H) were compared. The results revealed
that CSAPs (CSA-L, CSA-M, and CSA-H) recorded higher plant height, panicles per sq m and biomass accumulation
but lesser grains per panicle and 1000-grain weight compared to FP (transplanted rice; TPR). Rice yield was not
much influenced under different management scenarios. The unfilled grains per panicle under IFP-AM, CSA-L,
CSA-M, and CSA-H were 17, 18, 15 and 14% higher compared to FP. Growth and yield parameters of wheat were
recorded higher under CSAPs during all the years. Three years mean, CSA-H, CSA-M and CSA-L recorded 16,14
and 11% higher grain yield compared to that of FP (5.06 q/ha), respectively. Improved farmer’s practices (mean of
IFP and IFP-AM) recorded 4% higher yield over FP in all the years. Intensive tillage-based scenarios (FP) showed
water stagnation for long period (6 days) due to untimely rainfall (on 2 March 2015 with the amount 98.8 mm) which
ultimately turned into lower grain yield but such factors did not influence grain yield under CSAPs. Therefore, our
study results suggest that CSA practices should be promoted in dominated RW production region for increasing

productivity and climate change mitigation.
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Rice-wheat (RW) is the most important cropping system
for food security in South Asia, providing food for more
than 400 million people (Ladha et al. 2003). In India, the
system contributes 26% of total cereal production and 60%
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of total calorie intake (Gupta et al. 2003) and contributes
about 40% of the country’s total food basket (Gupta and
Seth 2007). The area under the RW system covers around
32% and 42% of total rice and wheat area, respectively
(Saharawat et al. 2012). The productivity and sustainability
of the system are threatened because of the inefficiency
of current production practices, shortage of resources and
socio-economic changes (Ladha et al. 2003, Chauhan et al.
2012). Pressure is increasing on the limited land, water, and
environmental resources for producing more food to match
the demand of the burgeoning population.

The conventional farmers’ practices of transplanting
rice seedlings manually after repeated dry and wet tillage
(Puddling) followed by conventionally tilled wheat seed
broadcasting contributes significantly to the challenges
like, declining soil fertility (Jat et al. 2014), depletion of
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ground water, increasing shortage of labor and energy,
rising problem of salinity and alkalinity (Bhattacharyya
et al. 2015), multiple micronutrient deficiency, emergence
of herbicide resistant and shift of weed flora besides
environmental pollution through emission of greenhouse
gases (GHGs) and large scale burning of rice straw are very
complex and serious issues in RW belt of IGP (Hobbs et al.
2008, Timsina and Connor 2001). Intensive puddling in rice
increase in soil strength in surface and sub-surface layers
due to illuviation of clay, iron and manganese compounds;
decrease in hydraulic conductivity and infiltration leads to
water stagnation, poor root development, and low recharge
of aquifers (Gathala et al. 2011, Bhushan and Sharma 1999).
Economically, RW cropping system is becoming less and
less profitable because of increasing input costs involved
with conventional tillage (CT) practices (Gathala et al.
2014). High temperature during wheat maturity suppress the
current photosynthesis, inhibits starch synthesis, shortens
grain filling duration and rate of grain filling (Lobell et al.
2012) and all leading to shrivelled grain, poor grain quality
and lower yields. Pathak et al. (2003) reported a yield loss
of 15-60 kg/ha/day if wheat planting is delayed beyond
mid-November in NW India.

Nonetheless, having high risks of climate change
induced extreme weather events, the crop yields in the
region are predicted to decrease from 10 to 40% by 2050
with risks of crop failure in several highly vulnerable areas.
Moreover, climate change, on the one hand, can intensify
the degradation process of natural resources which are
central to meet the increased food demand, while on the
other hand; changing land use pattern, natural resource
degradation, urbanization and increasing pollution could
affect the ecosystem in this region directly and also indirectly
through their impacts on climatic variables (Lal 2016, Jat
et al. 2016). For example, about 51% of the Indo-Gangetic
Plains may become unsuitable for wheat crop, a major food
security crop for India, due to increased heat-stress by 2050
(Lobell et al. 2012, Ortiz et al. 2008). Therefore, adaptation
to climate change is no longer an option, but a compulsion
to minimize the loss due to adverse impacts of climate
change and reduce vulnerability (IPCC 2014). Moreover,
while maintaining a steady pace of development, the region
would also need to reduce its environmental footprint
from agriculture. Considering these multiple challenges,
agricultural technologies that promote sustainable
intensification and adapting to emerging climatic variability
yet mitigating GHG emissions (climate-smart agricultural
practices) are scientific research and development priorities
in the region (Dinesh et al. 2015).

Climate-smart agriculture, a set of smart management
practices, viz direct seeded rice, precision land levelling
(PLL), tensiometer, and weather forecast based irrigation,
site specific nutrient management through nutrient expert
tools, green seeker, slow release nitrogen fertilizer, right
placement of fertilizers, residue retention/incorporation,
index based crop insurance, weather forecast, zero tillage
and Information and communication technology (ICT); are
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such innovative approaches that have demonstrated as the
potential strategies to enhance farm productivity, making
crop production resilient to changing climate and to reduce
ecological footprint of agricultural production system for
sustainable food security.

To the best of our knowledge, there is no systematic
research evidence available on the layering of different
management practices on crop growth attributes, yield
parameters and yields under favorable as well as unfavorable
climate risk scenarios in most of the production systems.
RW system of IGP being important for food security and
challenged by projected climate change consequences, we
conducted participatory strategic research trials to evaluate
the portfolios of agriculture practices (CSAPs) under six
scenarios to understand what combination of practices
(portfolio of practices) are more important in terms of
maximizing crop growth attributes, yield parameters, and
yields.

MATERIALS AND METHODS

Field experiment was carried out during kharif and
rabi seasons of 2014-15 to 2016-17 with RW system at
farmers’ fields in three different climate smart villages
(CSVs; https://ccafs.cgiar.org/publications/climate-smart-
villages-haryana-india#.WO3-50Q6yUk) at Birnarayana
(29°75'N, 76 ° 86 E), Anjanthali (29 °83'N, 76 © 88'E) and
Chandsamand (29 °80'N, 77 © 10'E) of Karnal, Haryana,
India. These three research trails were under continuous
rice-wheat rotation for several years and also before the
establishment of the experimental trials. The climate of
Karnal region is sub-tropical characterized by hot and dry
summer and cold winters. The area receives about 700 mm
annual rainfall, 80% of which occurs during the months of
June to September. The soil of the experimental field was
silt loam in texture, with pH; 8+0.12, electrical conductivity
(Ec); 0.494£0.05 dS/m (1:2: soil: water), Walkley-Black
organic carbon (OC); 0.66+0.087%, KMnO, oxidizable N;
185+12.3 kg/ha, 0.5 M NaHCOj extractable P; 26.2+3.2 ha,
and 1N NH,OAc extractable K; 314434.8 kg/ha. Soil bulk
density at the start of the experiment was 1.54+0.03 Mg/m.
The treatment initiated in different scenarios as research
protocol (Table 1).

The field experiment was started in the kharif season
2014, with six treatments referred to as scenario (s).
Six scenarios with the layering of various management
practices are Farmers’ practice (FP), Improved FP with low
Intensity of adaptive measure (IFP), Improved FP with high
intensity of adaptive measure (IFP-AM), CSA with low-
intensity of adaptive measure (CSA-L), CSA with medium
intensity (CSA-M) and CSA with high intensity of adaptive
measure (CSA-H). These scenarios basically consisted of 9
interventions, i.e. tillage and crop establishment, precision
land-leveling (PLL), cultivars, crop residue management,
water management, nutrient management, information, and
communication technology (ICT) and index-based crop
insurance. Each scenario was evaluated in production scale
plots (about 1500-2000 m?) and repeated in three locations.
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Before the start of the experiment, about 60 random
farmer's families were surveyed from nearby villages to find
out the portfolios of their current practices in RW rotation.
Manual transplanting of rice in puddled fields is commonly
practiced in this region. About 30-35 days old rice seedling
was used for transplanting into puddled field in a random
pattern (2 seedlings/hill). Wheat was sown at the end of
November to the first week of December depending on the
type (coarse rice/ basmati rice) and duration (short day/long
day) of rice grown. The optimum time for wheat sowing is
the first half of the November month. Wheat was sown by
manual broadcasting of seeds after conventional (intensive)
tillage practices (Table 2). Although the recommended dose
of nitrogen, phosphorus and potash (NPK) for both rice and
wheat crop is 150:60:60 kg/ha, but farmers in this region
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apply excess N, optimum P and no K (Table 3). Residue
burning is still a widely prevalent practice among the
farmers in the region, however, in our trial; rice residue
was removed at ground level instead of burning to avoid
the risk of unfortunate burning of residue-retained scenarios.

In this scenario, all the management practices were
same as in FP except residue management. This scenario
was planned to improve soil quality and reducing the
GHG emissions by incorporating crop residues into the
field instead of residue burning. Fertilizer application was
given as per FP.

This scenario was designed to address the issues of
labour, water, and energy which are becoming scarce and
more expensive in present situation. In this scenario tillage
operation was reduced by 33 and 40% in rice and wheat,

Table 2 Crop management practices for rice-wheat (RW) rotation under different scenarios

Scenario 4
(CSA-L)

Scenario 5
(CSA-M)

Scenario 6
(CSA-H)

Scenarios/ Scenario 1 (FP) Scenario Scenario 3
Management 2 (IFP) (IFP-AM)
practices
Field Rice- 2 pass of harrow, Same as Rice-1 pass of harrow,
preparation 1 pass of rotavator, 2  in FP 1 pass of cultivator fb
pass of puddle harrow planking;
followed by (fb) Wheat- 1pass of
planking; harrow, 1 pass of
Wheat- 2 pass of cultivator fb planking
harrow and rotavator
each fb planking
Seed rate (kg/ 12.5-100 Same as 20 — 100
ha)® in FP
Crop Random geometry Same as 22 cm — 20 cm
geometry in FP
Source of Urea (46:0:0) and Di- Same as Urea, DAP, muriate
fertilizers ammonium phosphate  in FP of potash (MOP)
(DAP) (18:46:0) (0:0:60), and NPK
complex (12:32:16)
Fertilizer Rice-195:58: 00; Same as Rice- 150:60:60;
(N:P:K)(kg/  Wheat- 185:58:00 in FP Wheat- 150:60:60
ha)
Water Rice- Continuous Sameas Rice- Soil was kept
management  flooding of 5-6 cm  in FP  wetup to 20 days after

depth for 30-40 days
after transplanting fb
irrigation applied at
alternate wetting and
drying.

Wheat- 4-6 irrigation as
per requirement

sowing fb irrigation
applied at hair-line
cracks.

Wheat- 4-6 irrigation
as per critical crop
growth stages

Rice- Same as

in IFP-AM;
Wheat- Zero
tillage

Same as in IFP-
AM

Same as in IFP-
AM

urea (46:0:0),
DAP, MOP and
NPK complex

Same as in IFP-
AM

Same as in IFP-
AM

Zero tillage

Same as in IFP-
AM

Same as in IFP-
AM

Same as in CSA-L

Rice- 147:60:60 (in
18tyr) 153:60:60
(in 2Mdyr) and
158:60:60 (in
3"yr);

Wheat- 143:60:60
(in  1styr),
120:60:60 (in
20dyr)  and
134:60:60 (in
3rdyr)

Rice- Soil was kept
wettill germination
fb irrigation at -20
to -30 kPa matric
potential;

Wheat- Irrigation
at -50 to -55 kPa
matric potential

Same as in CSA-M

Same as in IFP-AM
Same as in [FP-AM

Neem coated urea
(46:0:0), DAP, MOP
and NPK complex

Rice- 138:39:70 (in
15tyr), 140:42:57
(in 2Myr) and
145:44:57 (in 3'dyr);
Wheat- 135:62:60
(in 1%4yr), 111:58:55
(in 2"dyr) and
122:56:55 (in 3"yr)

Same as in CSA-M

aRefer Table 1 for scenario description. PSeed treatment was done with Bavistin + Streptocycline @ 10+1 g per 10 kg seed-Raxil
® Tebuconazole 2DS (2% w/w ) at 0.2 g a.i/kg seed
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respectively compared to FP. Wheat was sown by rotary disc
drill (RDD) under residue incorporation and rice by multi-
crop planter (MCP) under residue incorporation conditions.
The recommended dose of fertilizers (RDF) was 150:60:60
kg NPK/ha for each crop based on the recommendation of
CCS Haryana Agricultural University, Hisar, India (Table
2). A foliar spray of iron sulphate (FeSO,) @ 0.5% was
done at 20 DAS in rice.

In this scenario, partial layering of CSA technologies
over farmer’s practices was done with the objective of
addressing water, labour and energy crisis in RW production
system. Before the start of the experiment, the area was
levelled (zero gradient) using a laser-equipped drag scraper
with an automatic hydraulic system powered by a 60-HP
tractor. Wheat was sown using a Happy Seeder over full
(100%) rice residue. All fertilizers but N was applied as in
IFP-AM. N was applied through neem coated urea (NCU).

The main focus on this scenario was minimizing the
effect of climatic variability (temporal as well as spatial)
by the layering of component technologies. For nutrient
management, RDF was given to both the crops as in IFP-
AM except the third dose of nitrogen. Third N dose was
given based on Green Seeker reading at 62 and 65 days after
sowing in rice and wheat, respectively (Singh et al. 2011
and 2015). A foliar spray of iron sulphate (FeSO,) @0.5%
was done at 20 DAS in rice. Application of irrigation,
herbicides, and insecticides were tailored based on short-
term weather forecast (STWF) bulletin. Indian Farmers
Fertiliser Cooperative (IFFCO) Kisan Sanchar Limited
(IKSL) aired STWF through voice and text messages on
registered farmer's cell number. Both the crops were insured
with weather-based crop insurance during all the years.
Weather Based Crop Insurance was done through Agriculture
Insurance Company (AIC) of India Limited (http://www.
aicofindia.com/) to mitigate the financial loss on account of
anticipated crop yield losses from the incidence of adverse
conditions of weather variability like excess rainfall, cold
and heat stress. For this, 2 and 1.5% of total sum insured
(62500 and 55000 “/ha for rice and wheat, respectively)
were paid to AIC as a basic premium for rice and wheat,
respectively. In all the seasons, crops were insured for
abnormality but we did not face the weather abnormalities.

This scenario was designed for increasing productivity
and profitability by adapting and building resilience to
extreme weather and climate variability. In this scenario,
all practices followed were same as CSA-M except nutrient
management. Site-specific nutrient management (SSNM)
approach was used to tailor the recommended nutrient doses
using Nutrient Expert (NE) layered with Green Seeker
guided N. Nutrient Expert® is an interactive, computer-
based decision-support tool that enables implementation of
SSNM in individual fields without soil test data (Pampolino
et al., 2012 and Sapkota et al. 2014). The algorithm for
calculating fertilizer requirements was developed from on-
farm research data and validated over 5 years of testing. The
software is currently available without charge for wheat,
rice and maize systems in South Asia (http://software.ipni.
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net/article/nutrient-expert), confirmed on May 25, 2014.

Crop residue management, weed management and
Irrigation management:These practices were done as per
kakraliya et al. (2018).

Ten plants in each scenario were randomly selected
and marked for recording of plant height of rice and wheat
crops. In both the crops, at harvesting stage the numbers of
effective tillers were counted from the 1 m? area randomly
from four spots in each scenario, averaged and expressed
as number of effective tillers/m” area. Panicles/spike length
was measured in cm from 10 randomly selected tillers of
tagged plants from each scenario at harvest. The length was
measured from neck to the tip of the panicles/spike and
average length was computed. The total number of filled
grains for the 10 panicles/spike of randomly selected per
plot was counted and their mean was worked out. From the
representative samples of each scenario yield, the weight
of 1000 grains (g) was recorded separately.

Crops were harvested manually from 8x5 m? randomly
selected quadrate from three places within each plot for grain
and straw yields. To express the overall impact of treatments
on system productivity was calculated on rice equivalent
yield (REY) basis for wheat grain yield. Grain yield of rice
and wheat were recorded at 14% moisture content basis.
System productivity (t/ha) was computed using Eq. (1).

REY (t/ha)= [ {Wheat yield (t/ha)xMSP of Wheat X t)}/

MSP of Rice (R/t)] (1)

where, MSP is the Minimum support price.

The data recorded for different crop parameters were
analysed using analysis of variance (ANOVA) technique
(Gomez and Gomez 1984) for randomized block design
using SAS 9.1 software (SAS Institute, 2001). Where
ANOVA was significant, the treatment means were compared
using Tukey’s honestly significant difference (HSD at 5%
level of significance).

RESULTS AND DISCUSSION

Rice growth and yield parameters

Three year results of this study revealed that CSAPs
(CSA-L, CSA-M and CSA-H) recorded higher plant height
and panicles/m? with the lower, number of grains/panicle,
1000-grain weight and harvest index as compared to
farmer's practice (FP) (Table 3). Higher plant height may
be due to greater competition for light with higher plant
population in CSAPs as compared to FP. The results are
in conformity with the findings of Choudhary ef al. (2016)
contrarily, more plant height was recorded with transplanted
rice than DSR by Javaid et al. (2012). Higher panicle was
due to more plants per unit area in CSAPs, which resulted
into more number of effective tillers than farmers' practice
(FP; TPR) (Table 3). The higher number of grains/panicle
and 1000-grain weight in FP (TPR) might be attributed to
comparatively lesser plant competition for water, nutrients
and light due to availability of optimum space and an
extended soil rhizosphere. These results are in consistent
with findings of who also observed more grains/panicle and
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Table 3  Effect of different management practices on growth parameters, yield attributes and yields of rice under different scenarios

in 3 years (pooled of 3 yrs )

Scenarios Plant height Tillers /m*>  Grains/panicle Panicle length 1000-grain ~ Biomass (t/ha) Grain yield (t/
(cm) (cm) weight ha)
FP 98.72B 213b 2402 26.27% 23.58 16.352 6.732
IFP 100.0? 219b 2422 26.75% 23.86% 16.612 6.852
IFP-AM 96.92 3552 15b 24.28¢ 22.14¢ 16.742 6.64%
CSA-L 97.72 3543 153b 24.32b¢ 22.27b 16.912 6.65
CSA-M 98.12 360° 157° 24.65% 22.52b¢ 16.972 6.732
CSA-H 100.32 3682 163b 25.09° 22.71b 17.322 6.902

ARefer table 1 for scenario description. BMeans followed by a similar uppercase letters within a column are not significantly different

at 0.05 level of probability using Tukey’s HSD test.

test weight in TPR relative to DSR.

CSAPs produced a significantly higher number of
effective tillers/m? in comparison to FP (Table 3). This
was due to higher plant population per m? (Nawaz et al.
2017). The lower number of grains/panicle was recorded
under CSAPs compared to FP. Probably, it was due to more
competition for light and nutrients, a lower photosynthetic
rate which resulted in reduced panicle length, a lesser number
of grains/panicle and higher spikelet sterility under CSAP
compared to FP. A higher number of grains/panicle under
PTR as compared to DSR was reported by Akhgari and
Kaviani (2011), and Choudhary ef al. (2016).

During three year study, the higher number of sterile
spikelets/unfilled grains/panicle was recorded under
scenarios IFP-AM to CSA-H compared to FP (Fig 1). This
was due to high plant density and unsuitable cultivation
arrangement of the plant in CSAP (DSR) that might have
caused compact canopy and decreasing the air circulation
within the canopy. Full CSAP scenario (CSA-H) produced
lesser chalky kernel per panicle as compared to IFPs and
partial CSAP (CSA-L and CSA-M) (Fig 1). This could be
due to the cumulative effect of high degree of layering
management practices and appropriate use of all inputs
during the growth period. Appropriate management practices
might have increased grains per panicle by preventing the
degeneration of spikelets when grain development takes
place (Lalondeer al. 1997, Garrity et al. 1986, Kumar
2016, Nawaz et al. 2017). Singh et al. (2015) ascribed
that application of nitrogen with optical sensor at critical
growth periods ensure the fulfilments of crop requirement
for better crop growth.

Total biomass and grain yield

In this study, similar or higher biomass and yield trends
under CSAPs as compared FP (Table 3). This might be due
to synergetic effects of improved management practices
(conservation tillage, smart crop establishment, PLL,
suitable cultivars, precise water, and nutrient management
and effective weed management etc.). Our results are in
close conformity with the finding of (Kumar and Ladha
2011, Gathala et al. 2014, Nawaz et al. 2017). Higher
grain yield (by 2.5%) under CSA-H relative to FP due

to synergetic effect of layering of different management
practices, viz residues retention maintain proper moisture
level, SSNM practices facilitated balanced fertilization and
better synchronization of nitrogen with plant needs that
resulted into similar or higher yield (Singh et al. 2015, Jat
et al. 2016) with greater nutrient use efficiency (Singh et al.
2015). But our results are in contrast to the lower yields of
DSR found in some studies in the IGP region (Saharawat et
al.2010) because of they used isolation practices compared
to a portfolio of management practices. The biomass was
recorded higher under CSAPs compared to FP due to profuse
tillering and higher plant growth (Nawaz et al. 2017). DSR
has the advantage of early maturity of around 10 days than
TPR allowing timely planting of succeeding wheat crop
(Sidhu et al. 2007, 2015, Saharawat et al. 2010).

Wheat

Growth and yield parameters: Growth parameters, viz.
plant height, tillers/m? of wheat recorded comparatively
higher under CSAPs (mean of CSA-L, CSA-M, and CSA-H)
than farmer's practice (FP) during all the years of study
(Table 4). This might be due to proper placement of the seed
and fertilizer in the narrow slit made by a zero-seed drill,
early emergence of wheat seedling and availability of higher
soil moisture which helped the crop to perform better than
the crop sown under farmer practice. These results are in

Erp EIFp B IFP-AM ECSA-L [ CSA-M [ CSA-H

fg 18%
316 15% 14%
514
2121 10%
£10
o
E ¢
54
2
0 £
IFP IFP-AM  CSA-L  CSA-M  CSAH
Scenarios

Fig 1 Layering of different management practices influences
unfilled grains of a panicle of rice under different scenarios
(pooled of 3 yrs).
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Table 4 Effect of different management practices on growth parameters, yield attributes and yields of wheat under different
scenarios in 3 years (pooled of 3 years)
Scenarios® Plant height Tillers/ Grains/ Spike length 1000-grain Biomass Grain yield
(cm) m?2 spike (cm) weight (t/ha) (t/ha)
FP 96.844B 368¢ 47.434 10.14 41.19¢ 11.454 5.064
IFP 98.4¢d 374¢ 48.624 1034 41.72b 11.66¢ 5.154
IFP-AM 99,3bed 376° 50.73¢ 10.7°¢ 42,532 12.16° 5.39¢
CSA-L 100.52b¢ 3890 53.02% 11.1° 42.90% 12.71° 5.64°
CSA-M 101.6% 4002 53.974b 11.5% 43312 13.022 5.773%
CSA-H 103.02 4032 54.80% 11.52 43.422 13.142 5.852

Prefer Table 1 for scenario description. BMeans followed by a similar uppercase letters within a column are not significantly

different at 0.05 level of probability using Tukey’s HSD test

agreement with the finding of Nawaz et al. (2017). Studies
have shown that shallow hard pan caused by repeated wet
tillage/puddling generally reduces root growth (Saharawat et
al. 2010, Gathala et al. 2011) resulting in reduced tillering
and ultimately lower grain yield.

Yield attributes of wheat also followed a similar trend
as growth parameters. All the yield attributes, viz. spikes/
m?, grains/spike and 1000-grains weight were significantly
influenced by the layering of different management practices
(Table 4). These attributes were higher under CSAPs as
compared to farmer's practice. The cumulative effect of
CSAPs over the cropping cycles leads to improvement in
yield attributes. The higher number of productive tillers were
in line with higher number of total tillers and increase in
1000-grain weight could be due to increased accumulation
of photosynthates in sink (grain) owing to it better growth
and development and higher dry matter production with its
translocation to reproductive plant parts (Kumar et al. 2013,
Kakraliya ef al. 2016). Spike length indicates the numbers
of spikelets, which in turn affect the number of grains.
Ear differentiation and development would depend on the
availability of carbohydrates in the early stages of growth
when there is competition with strong sinks like tillers,
leaf, and stem. The sink capacity of grains is the product
of a number of grains set and growth characteristics of
individual grains (Reddy and Bhardwaj 1982). The increase
in the length of spike also contributed to increasing in the
number of grains/spike. Precision use of inputs might have
increased grains per spike by preventing the degeneration
of spikelets when grain development takes place (Reddy
and Bhardwaj 1982).

Total biomass and grain yield: CSAPs increased the
values of total biomass and yields of wheat than farmer's
practices (FP) and IFPs (mean of IFP and IFP-AM), which
might be attributed to the better availability of soil moisture,
moderated soil temperature and improved soil fertility due
to a continuous supply of nutrients through mineralization
of crop residues.

Wheat grain yield was influenced significantly with
the layering of various crop management practices in
all the years (Table 4). CSA-L, CSA-M, and CSA-H
recorded 15.6, 14.0 and 11.5% (pooled of 3 yrs) higher
yield compared to that of FP. Improved farmer’s practices

(mean of IFP and IFP-AM) and CSAPs recorded 6 and 14%
(pooled of 3 years mean) higher yield respectively, over
FP (Table 4). This might be due to improved management
practices/technologies, precise land leveling, proper crop
establishment, precise water management, effective and
efficient weed and nutrient management. Better performance
of zero tillage wheat with residue retention (Table 4) might
be attributed to better soil physical conditions (Gathala et
al. 2011) and high soil organic matter which might have
helped in deeper root penetration and thus improving the
uptake of water and nutrients. On the other hand, multiple
tillage operations (conventional tillage wheat, CTW)
degraded soil properties by increasing soil bulk density, soil
compaction and lesser aggregation stability, which suppress
the activities of beneficial microbes (Erenstein and Laxmi
2008) and thus subsequently affected the performance of
wheat production (Saharawat et al. 2010, Gathala et al.
2011). Nutrient expert (NE) based management approach
and Green Seeker guided N applications helped in higher
yields and N-use efficiency over farmer’s practices. Higher
wheat productivity and N-use efficiency were recorded
under precision nutrient management practices compared
to conventional nutrient management practices (Sapkota
et al. 2014, Singh et al. 2015). The biomass of wheat was
significantly higher under CSAP followed by IFP-AM as
compared to FP. These results are also in agreement with
earlier researchers (Singh et al. 2011) who reported higher
wheat yield with CA-based management practices. One of
the important benefits of the happy seeder technology is
that it provides an alternative to burning by managing rice
residues and allows direct drilling of wheat in standing as
well as loose residues (Sidhu ef al. 2007, 2015).

System yield

RW system yield was found in the order of increasing
trends with the intensity level of CSAPs or layering of
CSAPs one over the others (Fig 2). Mean (pooled of 3 years)
rice equivalents grain yield of RW system under CSA-H,
CSA-M and CSA-H were increased by 8.2, 6.2 and 4.3%,
respectively compared to farmers practice (Fig 2). Higher
system grain yield with CSAPs might be due to improved
management practices (Jat et al. 2011, Gathala et al. 2011).
Similarly, our results are also in agreement with the work of
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Fig 2 Layering of different management practices influences
system grain yield different scenarios in 3 years (pooled
data of 3 years).

Laik et al. (2014) who reported that the productivity of rice
and wheat based cropping systems of South Asia increased
substantially with an integrated approach.

Conclusion

Climate-smart agriculture is found to be an important
vehicle to increase the productivity of RW system, increase
food security, and reduce the climatic risk. Climate-smart
agriculture practices (CSAPs) significantly influenced the
growth parameters and yield attributes of rice and wheat,
respectively. In our study, rice yield and biomass were not
much influenced under different management scenarios.
However, wheat yield was found in the order of increasing
trends with the intensity level of CSAPs or layering of
CSAPs over farmers practices (FP). Wheat yield under CSA
based scenarios was 14% higher (mean of CSA scenarios
over 3 years) compared to FP. RW system yield (rice
equivalent) were increased (pooled 3 years) by 6.2% under
CSAPs compared to FP. CSAP not only helps in maximizing
crop productivity but also minimizes the adverse effects of
associated climatic risks by improving adaptive capacity.
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