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Abstract: Besides a proper agronomic management followed by Nepalese farmers, wheat
(Triticum aestivum L.) production has been severely affected by changing climate. There are many
interventions, including climate-smart practices, to cope with this situation and possibly enhance
crop and soil productivity. Field experiments were set up in a randomized complete block design
with six treatments (TRT) with four replications in three locations (LOC) during wheat-growing
seasons in Nepal from 2014 to 2016. Treatments included (i) Controlled Practice (CP), (ii) Improved
Low (IL), (iii) Improved High (IH), (iv) Climate Smart Agriculture Low (CSAL), (v) Climate Smart
Agriculture Medium (CSAM), and (vi) Climate Smart Agriculture High (CSAH), whereas those LOC
were Banke, Rupandehi and Morang districts. There was a significant main effect of TRT and LOC on
grain yield and a significant interactionn effect of TRT × LOC on biomass yield in 2014–2015. About
55.5% additional grain yield was produced from CSAM treatment compared to CP in 2014–2015.
Among locations, grain yield was the highest in Banke (3772.35 kg ha−1) followed by Rupandehi
(2504.47 kg ha−1) and Morang districts (2504.47 kg ha−1). In 2015–2016, there was a significant
interaction effect of TRT × LOC on grain and biomass yields. The highest grain yield was produced
from CSAH treatment in Banke district in 2015–2016. Overall, grain yield and other parameters
showed a better response with either of the climate-smart interventions (mostly CSAH or CSAM)
despite variability in geography, climate, and other environmental factors indicating the potential of
climate-smart practices to improve wheat production in southern plains of Nepal.

Keywords: climate-smart agriculture; crop residue; crop sensor; Nepal; tillage; wheat

1. Introduction

Wheat (Titicum aestivum L.) is an important food crop in Nepal in terms of production,
consumption, and economic contribution. In 2018/2019, wheat was cultivated in 0.7 mil-
lion hectare (ha) and produced 2 million metric ton (MT) of grains, which corresponds to
around 20 and 19% of total cultivated area and total production of all food crops, respec-
tively [1]. Despite the increase in cultivated area and total production of wheat in Nepal, the
productivity is lower as compared to other neighboring countries [2]. There exists a large
yield gap in wheat production due to several constraints in agronomic practices including
but not limited to unavailability of quality inputs, nutrient management, disease-pest
management, etc. [3–5]. However, the demand for wheat is ever increasing. Hence, it is
important to develop effective strategies to minimize the yield gap by improving the wheat
production practices.
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The rapidly changing climate is imposing serious threats to overall agricultural pro-
duction [6,7]. The increase in temperature can have both positive and negative impacts,
however, the negative effects of increasing temperatures and drought are likely to dominate
the benefits [8]. Studies in the past have shown decline in production of cereal crops, mainly
attributed to increasing water stress that resulted from rising temperatures and reduced
rainy days [9,10]. In particular, the variability in productivity of wheat has been found
to be largely dependent on the changes in climate parameters [11]. Abnormal changes in
temperature and precipitation and the occurrence of extreme events have direct impacts on
wheat growth and performance [12–14]. Studies have predicted that there might be around
10–50% reduction in wheat yield by 2100 due to the changed climate if no adaptation
or mitigation measures are taken [15,16]. Adaptation strategies, which involve series of
climate-smart practices like crop, land, nutrient, and water management, can minimize the
impact of climate change in farming and crop overall production system.

Climate-smart practices in agriculture can ensure the crop production from the ad-
verse effects of climate change and potentially improve the yield. Adaptation to impacts of
climate change is an important pillar of climate-smart agriculture [17–19]. The criteria of
adaptation techniques include nutrient smart and water smart practices, among others [19].
Several improvements in agronomic practices have been carried out to make agriculture nu-
trient smart, for example Jholmal (locally prepared bio-fertilizer) [20] and water smart [21]
practices. As a water smart practice, reduced tillage such as no-till and minimum tillage
are being practiced. Reduced tillage has the advantage of moisture retention [22,23], less
damage to soil physical properties [24,25], etc. over the conventional tillage. Incorporation
of crop residue from the previous season is another practice for moisture conservation
in water smart practice [26]. Similarly, nutrient management decision support tools, for
example, Soil Plant Analysis Development (SPAD) meter, leaf color chart (LCC) and optical
sensors have been devised and practiced for in-season nitrogen (N) management [27–30].
Wheat production is largely varied among different practices of tillage [31], nutrient man-
agement [32], crop residue management [33], etc. These improvements in agronomic
practices to better adapt the changing climate may be a potential strategy to elevate the
wheat production hit by the impacts of climate change.

Although there are several interventions in practice to combat against the impacts of
climate change and potentially enhance crop and soil productivity, research on the inte-
grated approach of climate-smart interventions is still negligible in Nepal. Understanding
the effectiveness of different climate-smart practices in improving the wheat yield in a
changing climatic condition of Nepal is important from both the production and policy
perspective. Exploration of simple interventions and technology that can be adapted by
small holders’ farmers in developing countries with limited resources and technology is im-
portant. Therefore, the current study aimed to explore an effective package of climate-smart
practices that can be farmer friendly to the wheat growers thriving in most vulnerable
climates of southern plains of Nepal and other similar regions around the globe.

2. Materials and Methods
2.1. Study Location

Based on geographical structure, Nepal is divided into three ecological regions: Terai
(lowland), hills (mid hill), and mountains (upland) [34]. Terai region, where the experi-
mental sites were located, is the grain basket of the country and produces 57% of the total
national wheat production [1]. The three different research locations were purposively
selected across east-west southern plains (Terai) of Nepal, which were in (i) Khajura rural
municipality of Banke district (28◦06′45.9′ ′ N 81◦32′59.2′ ′ E), (ii) Rohini rural municipality
of Rupandehi district (27◦32′19.2′ ′ N 83◦32′56.3′ ′ E) and (iii) Biratnagar metropolitan city of
Morang district (26◦31′13.9′ ′ N, 87◦15′53.2′ ′ E). The elevation of study area was 181, 110 and
81 m above mean sea level in Banke, Rupandehi and Morang districts, respectively. The
research locations represent a distinct east west variability in climate, soil and geography
of typical wheat growing belt in Nepal (Figure 1).



Climate 2021, 9, 19 3 of 13

Figure 1. Map of Nepal showing research sites in Banke, Rupandehi and Morang districts.

Rice (Oryza sativa) is typically cultivated during the monsoon season, while maize
(Zea mays) and wheat are mostly sown during the drier periods before or after the monsoon.
Maize and wheat are mostly grown under rainfed conditions and with very little use of
commercial fertilizers. Rice–wheat and maize–rice-based farming systems are common in
Terai region of Nepal, and a similar cropping system is dominant in all study areas.

2.2. Climate

Based on the modified Koppen–Geiger climate classification system, Terai region of
Nepal experiences a tropical savanna climate type with dry winters and hot summers and
a mean annual temperature of 20–28 ◦C [35]. The country receives most of the total annual
rainfall (70–90%) during the rice-growing season (monsoon) i.e., from June to September,
while winter months mostly remain cool and dry [36]. The agriculture system here is
mostly rainfed with irrigation provided for winter crops in geographically feasible areas.
There is a gradual decrease in rainfall as we go from eastern to western regions, which
is due to two major weather systems (southwest monsoon and southwest disturbances)
dominating the rainfall events [37].

The temperature and precipitation data were collected from Regional Agriculture
Research Stations (RARS), Banke, RARS Sunsari (the adjoined district of Morang) and
National Wheat Research Program (NWRP) Rupandehi. Since the research fields were
located at close vicinity to these research stations in the respective districts, the weather
data reflects their micro climatic conditions. During the crop-growing period (November
to April 2014/2015 and 2015/2016), the averaged maximum temperature ranged between
15 and 40 ◦C with the highest temperature during the month of April and minimum
temperature ranged between 7 and 21 ◦C and was at its lowest during January. In both
years, the annual average rainfall was highest in Morang (2031 mm in 2015 and 2304 mm in
2016) followed by Rupandehi (1416 mm in 2015 and 1864 mm in 2016) and Banke districts
(1087 mm in 2015 and 817 mm in 2016).

2.3. Soil

Soil sampling from experimental fields was carried out in 2014 before sowing wheat
in all locations. A hand auger was used for soil sampling. Samples were collected from five
random spots in a diagonal pattern from the experimental field at each study location and
composited to a single sample for analysis. Soils from the top 20 cm were analyzed for soil
texture; bulk density; pH; and OM, N, P, and K concentration, by following a standard lab
procedure. Soils in the current study locations varied in texture from clay loam in Banke,
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loam in Rupandehi to the silty loam in Morang district. The average bulk density was
around 1.4 g cm−3, except in the Banke district it was 1.5 g cm−3. Based on the ratings
table presented by Panday et al. [38], the nutrient status ratings are indicated beside the
values in Supplementary Table S1, where soil pH ranged from slightly acidic to neutral
(only in Banke district). Organic matter and total N were at low and very low levels in all
three locations, respectively. The available P ranged from very low, medium and high in
Banke, Rupandehi and Morang districts, respectively. Available K was at medium level in
all three locations.

2.4. Experimental Design and Treatment

The current experiment was conducted in a Randomized Complete Block Design with
six treatments and four replications in each geographic location. The treatments were
designed based on the combination of agronomic practices, intercultural operation, crop
residues retention, nutrient management, and tillage practices (Table 1).

Table 1. List of treatments used in this study.

Treatment Treatments

Controlled Practice (CP) Conventional tillage + Fertilizer (Farmer
practice) + No residue + No Green manuring

Improved Low (IL) Conventional tillage + Fertilizer (Farmer
practice) + Residue + No green manuring

Improved High (IH) No tillage + Fertilizer (Farmer practice) +
Residue + Green manuring

Climate Smart Agriculture Low (CSAL) No tillage + Fertilizer (Recommended rate) +
Residue + No green manuring

Climate Smart Agriculture Medium (CSAM) No tillage + Fertilizer (based on LCC) +
Residue + No green manuring

Climate Smart Agriculture High (CSAH) No tillage + Fertilizer (based on crop sensor
readings) + Residue + Green manuring

Improved wheat variety popular among the farmers (Gautam variety at Banke and
Morang and Bhrikuti variety at Morang) was selected to test on different tillage and man-
agement practices. Wheat was planted during the last week of November and harvested
between the first to second week of April. Around 7 t ha−1 biomass from previous rice
crop was retained at harvest in all treatments with residue. Sesbania sps. (Dhaincha) was
grown and incorporated in the plots before planting rice in a previous season in IH and
CSAH treatments. Conventional tillage plots were ploughed twice before broadcasting
seed, while seed was drilled in no-till plots.

A total of 150:60:30 NPK kg ha−1 was applied in controlled practice fertilizer treat-
ments (half dose of N and full dose of P and K while planting and remaining half during
the tillering stage), while 100:50:25 NPK kg ha−1 was applied in treatment with the rec-
ommended rate. For Leaf Color Chart (LCC) and sensor (Green Seeker from Trimble Inc.,
Sunnyvale, CA, USA) based treatments, a total of 85:50:25 and 110:50:25 NPK kg ha−1 was
applied, respectively. The N rate for LCC and sensor was determined and applied based
on calculations from the readings taken at crown root initiation stage (CRI) and heading
stage of wheat growth. For sensor-based treatment, a response index was calculated by
dividing the NDVI value from CSAH treatment plot by NDVI value from CP treatment
plot. When the index value was below 0.90 (at CRI stage for the study), fertilizer was
applied at 35 kg N ha−1. For LCC-based treatment, 30 kg N ha−1 was applied when the
reading was below four. For all no till treatments, DAP (18:46:0 as a source of P and N)
was drilled by machine simultaneously at planting and MoP (0-0-60 as source of K) was
broadcasted in line manually. DAP and MoP in conventional tilled plots and Urea (46-0-0
as source of N) in all plots were uniformly hand-broadcasted.
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2.5. Data Collection

At maturity (Feekes 11.4) stage, five plants were selected randomly in each plot to
measure plant height and spike length. A total of 3 m2 area (three random squares of one
meter) was hand harvested in each plot and tiller count was noted. The whole harvest
was air dried, hand threshed and the parameters straw biomass and grain weight were
recorded. A sub-sample of grains was analyzed for moisture, and grain yield was reported
on 12% moisture basis [39]. Biomass yield was reported on as-is moisture basis. Both
biomass and grain yields were then converted to ton per hectare. A random mass of wheat
grain was sampled to measure thousand kernel weight (TKW) from every plot.

2.6. Statistical Analysis

Statistical analysis was carried out using R 4.0.3. Analysis of variance was performed
for randomized complete block design. Duncan’s Multiple Range Test (DMRT) was used to
observe the least significant difference among yield and yield-attributing traits for different
treatments at p < 0.05 level of significance. Further, ggplot2 package in R was used for a bar
plot showing mean and standard errors. ArcGIS 10.5 was used to develop a map showing
the location of the research sites.

3. Results
3.1. Plant Population/Tiller Per Square Meter

In both years of study, a significant interaction effect of location (LOC) x treatment
(TRT) on plant population was observed (Table 2). The tiller count per square meter ranged
from 92 to 205 in 2014/2015 and from 143 to 350 in 2015/2016. The CSAH treatment resulted
in the highest plant population in Banke in 2014/2015 while the plant population was
highest for CSAM treatment in Rupandehi in 2015/2016. Furthermore, the plant population
was consistently low for CP across all locations with the lowest one in Banke in both years
except for Rupandehi in 2015/2016 where IH treatment had the lowest (Figure 2).

Figure 2. Number of tillers (mean ± SE) per square meter as affected by location × treatment interaction effect for wheat
growing season in 2014/2015 (a) and 2015/2016 (b). Treatment included Controlled Practice (CP), Improved Low (IL),
Improved High (IH), Climate Smart Agriculture Low (CSAL), Climate Smart Agriculture Medium (CSAM), and Climate
Smart Agriculture High (CSAH).
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Table 2. Analysis of variance (ANOVA) results with means for measured parameters as affected by location, treatments,
and their interaction.

Year-I

Source of
Variation Tiller Plant Height † Spike Length † Grain Yield ‡ Biomass Yield ‡ Thousand

Kernel Weight

Location (LOC)
Banke 162.92 a 100.08 a 12.81 a 3772.35 a 7696.85 a 44.13 b

Morang 138.88 b 71.14 c 10.44 b 2224.94 b 3903.60 b 48.46 a

Rupandehi 171.13 a 82.74 b 9.52 c 2504.47 b 4169.37 b 36.30 c

Significance *** *** *** *** *** ***

Treatment
(TRT)

CP 107.00 b 77.75 b 8.43 d 2011.78 b 3890.81 b 42.35
IL 119.83 b 84.28 a 10.24 c 2567.53 a 4334.92 b 43.18
IH 173.47 a 84.98 a 11.23 b 3069.25 a 5729.42 a 42.99

CSAL 179.87 a 85.62 a 11.39 ab 3125.55 a 5915.44 a 42.72
CSAM 181.41 a 87.42 a 12.01 ab 3128.08 a 5841.67 a 42.99
CSAH 184.26 a 87.88 a 12.23 a 3101.33 a 5827.39 a 43.54

Significance *** ** *** *** ** ns

Interactions
LOC × TRT ** *** ** ns * ns

Year-II

Source of
Variation Tiller Plant Height † Spike Length † Grain Yield ‡ Biomass Yield ‡ Thousand

Kernel Weight

Location (LOC)
Banke 213.77 b 97.98 a 13.12 b 3728.75 a 8204.58 a 45.93 a

Morang 174.25 c 75.73 c 8.41 c 2479.17 c 4820.83 b 40.81 b

Rupandehi 317.56 a 87.28 b 13.71 a 3236.17 b 5201.25 b 41.33 b

Significance *** *** *** *** *** ***

Treatment
(TRT)

CP 208.71 c 84.53 10.28 c 2728.08 b 5750.00 b 42.34
IL 212.38 c 85.90 11.36 b 2787.50 b 5363.83 b 41.98
IH 214.71 c 86.53 12.23 a 2925.00 b 5861.08 b 41.24

CSAL 237.71 bc 86.65 12.01 ab 2918.67 b 5520.17 b 42.79
CSAM 265.67 ab 88.29 12.25 a 3815.25 a 6813.83 a 44.07
CSAH 272.00 a 90.08 12.34 a 3713.67 a 7144.42 a 43.71

Significance *** ns *** *** *** ns

Interactions
LOC × TRT ** *** *** *** *** ns

Significance codes: ‘***’ for p < 0.001; ‘**’ for p < 0.01; ‘*’ for p < 0.05 and ‘ns’ for non-significant; † cm; ‡ kg ha−1. Means followed by same
lowercase letter are not significantly different.

3.2. Plant Height

A significant interaction effect of LOC × TRT on plant height was observed in
both years of study (Table 2). The plant height varied within the range of 66.5–108 m
in 2014/2015 and 70.4–105.7 m in 2015/2016. The highest plant height was gained in
CSAH treatment in Banke for both years. Furthermore, each treatment resulted in an
increased plant height compared to CP in all locations except in Morang for 2014/2015
and Rupandehi for 2015/2016, where IH and CSAL treatment had the lowest plant height,
respectively (Figure 3).
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Figure 3. Plant height (mean ± SE) as affected by location × treatment interaction effect for wheat growing season in
2014/2015 (a) and 2015/2016 (b). Treatment included Controlled Practice (CP), Improved Low (IL), Improved High (IH),
Climate Smart Agriculture Low (CSAL), Climate Smart Agriculture Medium (CSAM), and Climate Smart Agriculture
High (CSAH).

3.3. Spike Length

A significant interaction effect of LOC × TRT on spike length was observed in
2014/2015 and 2015/2016 (Table 2). The spike length varied from 7.65 to 14.48 cm in
2014/2015 and from 7.25 to 15.13 cm in 2015/2016. The highest spike length was observed
in CSAH treatment in Banke district for both years. Furthermore, each treatment resulted
in an increased spike length compared to CP at specific locations except in Rupandehi
district for 2015/2016, where only IL, IH and CSAH treatments had higher spike length
compared to CP (Figure 4).

Figure 4. Length of spike (mean ± SE) as affected by location × treatment interaction effect for wheat growing season
in 2014/2015 (a) and 2015/2016 (b). Treatment included Controlled Practice (CP), Improved Low (IL), Improved High
(IH), Climate Smart Agriculture Low (CSAL), Climate Smart Agriculture Medium (CSAM), and Climate Smart Agriculture
High (CSAH).
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3.4. Grain Yield

There was a significant effect of TRT on grain yield in 2014/2015 (Table 2). There was a
5.5, 55.4, 54.2, 52.6, and 27.6% higher grain yield from CSAM, CSAL, CSAH, IH, and IL treat-
ments, respectively, compared to the CP treatment. Grain yield was also varied significantly
across three locations (LOC). The highest yield was obtained in Banke (3772.35 kg ha−1)
followed by Rupandehi (2504.47 kg ha−1) and Morang (2224.94 kg ha−1) (Table 2).

In 2015/2016, there was a significant interaction effect of LOC × TRT on grain yield
(Table 2). The grain yield ranged from 1850 kg ha−1 in CP in Morang to 4757.5 kg ha−1

in CSAH in Banke districts. The results from a specific location in 2015/16 showed that
CSAH treatment outperformed other treatments with the highest grain yield in Banke and
Rupandehi, while CSAM resulted in the highest grain yield in Morang district (Figure 5).

Figure 5. Wheat grain yield (mean ± SE) as affected by location × treatment interaction effect for
wheat growing season in 2015/16. Treatment included Controlled Practice (CP), Improved Low (IL),
Improved High (IH), Climate Smart Agriculture Low (CSAL), Climate Smart Agriculture Medium
(CSAM), and Climate Smart Agriculture High (CSAH).

3.5. Biomass Yield

A significant interaction effect of LOC × TRT on biomass yield was observed in
2014/2015 and in 2015/2016 (Table 2). The biomass yield ranged from 2959 to 9359 kg ha−1

in 2014/2015 and from 3825 to 11,225 kg ha−1 in 2015/2016. The highest biomass yield was
obtained in CSAH treatment in Banke district for both years (Figure 6). Furthermore, each
treatment resulted in an increased biomass yield compared to CP in Banke and Morang
districts for both years. However, biomass yield across treatments was always lower than
the farmers’ practice in Rupandehi district (Figure 6).

3.6. Thousand Kernel Weight

There was a significant effect of LOC on thousand kernel weight (TKW) while no effect
of treatment was observed in 2014/2015 (Table 2). Wheat grains obtained from Morang had
a higher TKW compared to that obtained from Banke and Rupandehi districts. Similarly,
there was a significant effect of LOC on TKW in 2015/2016 (Table 2). The highest TKW was
obtained from CSAM followed by CSAH treatment. Across locations, TKW was higher in
Banke compared to other locations.
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Figure 6. Biomass yield (mean ± SE) as affected by location × treatment interaction effect for wheat growing season
2014/2015 (a) and 2015/2016 (b). Treatment included Controlled Practice (CP), Improved Low (IL), Improved High (IH),
Climate Smart Agriculture Low (CSAL), Climate Smart Agriculture Medium (CSAM), and Climate Smart Agriculture
High (CSAH).

3.7. Correlation among Observed Parameters

Grain yield was significantly correlated with plant height, spike length, biomass yield,
and TKW (Table 3). The positive correlation of spike length with grain yield (r2 = 0.46,
p < 0.001) suggests that the length of spike can regulate the number of grains that can be
held in a spike and hence the grain yield. However, grain yield was not correlated with
tiller count. All other parameters recorded were significantly correlated with each other
with the exception of correlation between TKW and tiller.

Table 3. Correlation coefficient (r) between different yield-attributing parameters recorded during
the study.

Tiller Plant
Height

Spike
Length

Grain
Yield

Biomass
Yield TKW

Tiller –
Plant

Height 0.39 *** –

Spike
Length 0.67 *** 0.73 *** –

Grain
Yield 0.41 0.67 *** 0.68 *** –

Biomass
Yield 0.17 * 0.74 *** 0.48 *** 0.72 *** –

TKW 0.07 0.62 *** 0.38 *** 0.60 *** 0.66 *** –

Significance codes: ‘***’ for p < 0.001 and ‘*’ for p < 0.05. TKW stands for thousand kernel weight.

4. Discussion

In the current study, yield and yield-attributing parameters were found to be affected
by the treatments and locations. The plant population was higher in other treatments
over CP, which might be the result of intervention of one or more climate smart practices.
Bartaula et al. [40] and Khalid et al. [26] reported that effective tiller per square meter was
higher for zero tillage practice compared to conventional tillage. The higher plant height
was observed in the treatments including climate smart interventions compared to CP. The
improvement in plant height in climate-smart intervened treatments might be due to the
increased efficiency of N use facilitated by timely application of N and moisture retention.
Similar results were obtained in study conducted by Malghani et al. [41]. However, Thapa
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et al. [42] reported a non-significant effect of tillage and residue management on plant
height of wheat.

Difference in TKW was observed as an effect of location and treatment. Several previ-
ous studies have shown that TKW is affected by the location, tillage, and N management
practices [40,43]. Rieger et al. [43] found that no-till system resulted in lower TKW com-
pared to conventional tillage. Thapa et al. [44] reported a significant difference in TKW
with N management while no difference was observed among the tillage treatments

Grain yield was found to be improved with CSAH and CSAM treatments. The
increased yield in CSAH and CSAM treatments over farmers practice might be attributed
to the inclusion of no-till and residue retention systems [45,46]. Pittelkow et al. [47] have
indicated that no-till practice can help achieve yield advantage over conventional tillage
when it is coupled with crop residue management. Bahri et al. [22] reported that zero-
till with residue retention resulted in the highest water use efficiency in wheat, which
might also explain the yield differences among treatments in our study. Furthermore,
the synergistic effect of green manure incorporation in rice might be attributed to the
increased wheat yield in CSAH [48]. Previous studies have reported a decline in yield with
no-till compared to conventional tilled plots [43,47]. The contrasting results observed in
the current experiment might be due to the synergistic effect of other treatments used in
combination with no-till. No-till coupled with crop rotation and residue retention have
been found to conserve soil resources by reducing wind and water erosion [49] as well as
improvement in soil quality via enhanced biological activity in soil, water use efficiency,
and soil physical properties [50,51].

Biomass yield was higher when the treatment had a combination of conventional
tillage and residue retention, among others. Thapa et al. [44] also found similar results
where no-till plots had lower biomass yield compared to conventional till plots, however,
a significantly higher biomass yield resulted in mulched plots in comparison to the non-
mulched wheat.

In general, number of tillers, plant height and grain yield were comparable or higher
in CSAM and CSAH relative to CSAL treatments. The CSAM and CSAH treatments’ plots
received a precise N rate using decision support tools (LCC and Greenseeker, respectively),
which led to a reduced N application rate. This suggested that the use of decision support
tools can potentially lead to savings in fertilizer cost without compromising the grain
yield compared to the current recommended N rate. These results are in accordance with
results from another field experiment in Banke district [52], where they found savings
of up to 50 kg N ha−1 from N application based on optical sensor. Crop sensors are
emerging tools for efficient N management globally and a thorough evaluation of such
tools in Nepalese content can be beneficial to optimize N from agronomic, economic, and
environmental aspects.

5. Conclusions

The current study revealed that the incorporation of climate smart intervention is
beneficial in improving the wheat grain yield and yield-attributing components in Nepal.
Across all locations, CSAH and CSAM proved to be the most efficient interventions as
compared to other climate smart practices as both treatments consistently gave better
performance for various yield-attributing traits like plant population, spike length, thou-
sand kernel weight, and overall grain yield irrespective to location, climate and soil type.
Furthermore, the result indicates that no till cultivation of wheat with rice-residue retained
and precisely applied N rates, with or without green manuring, can improve the grain
yield of wheat in a rice-wheat cropping system. Since there was an effect of environment in
the current study, further evaluation of these different climate smart interventions across
diverse locations is required to have a better understanding and encourage farmers to adopt
these practices. Future studies on analyzing the economic aspects of adaptation of climate
smart interventions can be important for farmer-scale recommendation of the technologies.



Climate 2021, 9, 19 11 of 13

Supplementary Materials: The following are available online at https://www.mdpi.com/2225-115
4/9/2/19/s1, Table S1: Soil test results of research sites.

Author Contributions: Conceptualization, J.J.G.; methodology, J.J.G.; software, M.A.; validation,
J.J.G., A.K.-C. and D.P.; formal analysis, M.A.; investigation, J.J.G.; resources, J.J.G.; data curation,
M.A.; writing—original draft preparation, D.G., M.A., and D.P.; writing—review and editing, J.J.G.,
M.A., D.G., A.K.-C., D.P.; visualization, D.G.; supervision, J.J.G.; project administration, J.J.G.; funding
acquisition, J.J.G. All authors have read and agreed to the current version of the manuscript.

Funding: This research was funded by Climate Change Agriculture and Food Security (CCAFS) and
International Water Management Institute (IWMI), grant number 4500033368.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to acknowledge Bhargab Dhital, Director of Research and
Publications and Institute of Agriculture and Animal Science (IAAS) for facilitating the research. We
would like to thank two anonymous reviewers and an academic editor for their valuable comments
and suggestions, which helped us in improving this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ministry of Agriculture and Co-Operatives—MOAC, Singhadarbar, Kathmandu Nepal. Statistical Information on Nepalese

Agriculture. 2014. Available online: https://nepalindata.com/resource/statistical-information-on-nepalese-agriculture-2013
-2014/ (accessed on 25 September 2020).

2. Gairhe, S.; Karki, T.; Upadhyay, N.; Sapkota, S. Trend Analysis of Wheat Area, Production and Productivity in Nepal: An Overview;
Nepal Agricultural Research Council: Khumaltar, Nepal, 2019.

3. Chatrath, R.; Mishra, B.; Ortiz Ferrara, G.; Singh, S.K.; Joshi, A.K. Challenges to Wheat Production in South Asia. Euphytica 2007,
157, 447–456. [CrossRef]

4. Kataki, P.K.; Hobbs, P.; Adhikary, B. The Rice-Wheat Cropping System of South Asia. J. Crop Prod. 2001, 3, 1–26. [CrossRef]
5. Park, A.G.; Davis, A.S.; McDonald, A.J. Priorities for Wheat Intensification in the Eastern Indo-Gangetic Plains. Glob. Food Sec.

2018, 17, 1–8. [CrossRef]
6. Ghimire, D.; Panday, D. Interconnection of Climate Change, Agriculture and Climate Justice: Complexities for Feeding the World

under Changing Climate. Development 2016, 59, 270–273. [CrossRef]
7. Malla, G. Climate Change and Its Impact on Nepalese Agriculture. J. Agric. Environ. 2008, 9, 62–71. [CrossRef]
8. Joshi, G.R.; Joshi, B. Climate Change Impact on Agricultural Sector of Nepal: Implications for Adaptation and Resilience Building.

In Agricultural Transformation in Nepal: Trends, Prospects, and Policy Options; Thapa, G., Kumar, A., Joshi, P.K., Eds.; Springer:
Singapore, 2019; pp. 119–155. [CrossRef]

9. Aggarwal, P.K.; Bandyopadhyay, S.K.; Pathak, H.; Kalra, N.; Chander, S.; Kumar, S. Analysis of Yield Trends of the Rice-Wheat
System in North-Western India. Outlook Agric. 2000, 29, 259–268. [CrossRef]

10. Maharjan, K.L.; Joshi, N.P. Effect of Climate Variables on Yield of Major Food-Crops in Nepal: A Time-Series Analysis. In
Climate Change, Agriculture and Rural Livelihoods in Developing Countries; Maharjan, K.L., Joshi, N.P., Eds.; Advances in Asian
Human-Environmental Research; Springer: Tokyo, Japan, 2013; pp. 127–137. [CrossRef]

11. Nayava, J.L.; Singh, R.; Bhatta, M.R. Impact of Climate, Climate Change and Modern Technology on Wheat Production in Nepal:
A Case Study at Bhairahawa. J. Hydrol. Meteorol. 2009, 6, 1–14. [CrossRef]

12. Hernandez-Ochoa, I.M.; Asseng, S.; Kassie, B.T.; Xiong, W.; Robertson, R.; Luz Pequeno, D.N.; Sonder, K.; Reynolds, M.;
Babar, M.A.; Molero Milan, A.; et al. Climate Change Impact on Mexico Wheat Production. Agric. For. Meteorol. 2018, 263,
373–387. [CrossRef]

13. Farhangfar, S.; Bannayan, M.; Khazaei, H.R.; Baygi, M.M. Vulnerability Assessment of Wheat and Maize Production Affected by
Drought and Climate Change. Int. J. Disaster Risk Reduct. 2015, 13, 37–51. [CrossRef]

14. Harkness, C.; Semenov, M.A.; Areal, F.; Senapati, N.; Trnka, M.; Balek, J.; Bishop, J. Adverse Weather Conditions for UK Wheat
Production under Climate Change. Agric. For. Meteorol. 2020, 282–283, 107862. [CrossRef]

15. Hussain, J.; Khaliq, T.; Ahmad, A.; Akhter, J.; Asseng, S. Wheat Responses to Climate Change and Its Adaptations: A Focus on
Arid and Semi-Arid Environment. Int. J. Environ. Res. 2018, 12, 117–126. [CrossRef]

16. Ahmad, A.; Ashfaq, M.; Rasul, G.; Wajid, S.A.; Khaliq, T.; Rasul, F.; Saeed, U.; Rahman, M.H.; Hussain, J.; Ahmad Baig, I.; et al.
Impact of Climate Change on the Rice–Wheat Cropping System of Pakistan. In Series on Climate Change Impacts, Adaptation, and
Mitigation; Imperial College, ASA, CSSA, and SSSA Publication: Madison, WI, USA, 2015; Volume 4, pp. 219–258. [CrossRef]

https://www.mdpi.com/2225-1154/9/2/19/s1
https://www.mdpi.com/2225-1154/9/2/19/s1
https://nepalindata.com/resource/statistical-information-on-nepalese-agriculture-2013-2014/
https://nepalindata.com/resource/statistical-information-on-nepalese-agriculture-2013-2014/
http://doi.org/10.1007/s10681-007-9515-2
http://doi.org/10.1300/J144v03n02_01
http://doi.org/10.1016/j.gfs.2018.03.001
http://doi.org/10.1057/s41301-017-0118-5
http://doi.org/10.3126/aej.v9i0.2119
http://doi.org/10.1007/978-981-32-9648-0_6
http://doi.org/10.5367/000000000101293329
http://doi.org/10.1007/978-4-431-54343-5_9
http://doi.org/10.3126/jhm.v6i1.5479
http://doi.org/10.1016/j.agrformet.2018.09.008
http://doi.org/10.1016/j.ijdrr.2015.03.006
http://doi.org/10.1016/j.agrformet.2019.107862
http://doi.org/10.1007/s41742-018-0074-2
http://doi.org/10.1142/9781783265640_0019


Climate 2021, 9, 19 12 of 13

17. Chandra, A.; McNamara, K.E.; Dargusch, P. Climate-Smart Agriculture: Perspectives and Framings. Clim. Policy 2018, 18,
526–541. [CrossRef]

18. Totin, E.; Segnon, A.C.; Schut, M.; Affognon, H.; Zougmoré, R.B.; Rosenstock, T.; Thornton, P.K. Institutional Perspectives of
Climate-Smart Agriculture: A Systematic Literature Review. Sustainability 2018, 10, 1990. [CrossRef]

19. Khatri-Chhetri, A.; Aggarwal, P.K.; Joshi, P.K.; Vyas, S. Farmers’ Prioritization of Climate-Smart Agriculture (CSA) Technologies.
Agric. Syst. 2017, 151, 184–191. [CrossRef]

20. Subedi, R.; Bhatta, L.D.; Udas, E.; Agrawal, N.K.; Joshi, K.D.; Panday, D. Climate-Smart Practices for Improvement of Crop Yields
in Mid-Hills of Nepal. Cogent Food Agric. 2019, 5, 1631026. [CrossRef]

21. Paudel, B.; Khanal, R.C.; Kc, A.; Bhatta, K.; Chaudhary, P. Climate-Smart Agriculture in Nepal; LIBIRD: Pokhara, Nepal, 2017; p. 12.
22. Bahri, H.; Annabi, M.; Cheikh M’Hamed, H.; Frija, A. Assessing the Long-Term Impact of Conservation Agriculture on

Wheat-Based Systems in Tunisia Using APSIM Simulations under a Climate Change Context. Sci. Total Environ. 2019, 692,
1223–1233. [CrossRef]

23. Li, Y.; Li, Z.; Cui, S.; Jagadamma, S.; Zhang, Q. Residue Retention and Minimum Tillage Improve Physical Environment of the
Soil in Croplands: A Global Meta-Analysis. Soil Tillage Res. 2019, 194, 104292. [CrossRef]

24. Kraut-Cohen, J.; Zolti, A.; Shaltiel-Harpaz, L.; Argaman, E.; Rabinovich, R.; Green, S.J.; Minz, D. Effects of Tillage Practices on Soil
Microbiome and Agricultural Parameters. Sci. Total Environ. 2020, 705, 135791. [CrossRef]

25. Sokolowski, A.C.; Prack McCormick, B.; De Grazia, J.; Wolski, J.E.; Rodríguez, H.A.; Rodríguez-Frers, E.P.; Gagey, M.C.; Debelis,
S.P.; Paladino, I.R.; Barrios, M.B. Tillage and No-Tillage Effects on Physical and Chemical Properties of an Argiaquoll Soil under
Long-Term Crop Rotation in Buenos Aires, Argentina. Int. Soil Water Conserv. Res. 2020, 8, 185–194. [CrossRef]

26. Khalid, U.; Ejaz Ahmad, K.; Niamatullah, K.; Abdur, R.; Fazal, Y.; Saleem, U.D. Response of Wheat to Tillage Plus Rice Residue
and Nitrogen Management in Rice-Wheat System. J. Integr. Agric. 2014, 13, 2389–2398. [CrossRef]

27. Alam, M.M.; Ladha, J.K.; Foyjunnessa; Rahman, Z.; Khan, S.R.; Harun-ur-Rashid; Khan, A.H.; Buresh, R.J. Nutrient Management
for Increased Productivity of Rice–Wheat Cropping System in Bangladesh. Field Crop. Res. 2006, 96, 374–386. [CrossRef]

28. Singh, V.; Singh, B.; Singh, Y.; Thind, H.S.; Singh, G.; Kaur, S.; Kumar, A.; Vashistha, M. Establishment of Threshold Leaf Colour
Greenness for Need-Based Fertilizer Nitrogen Management in Irrigated Wheat (Triticum Aestivum L.) Using Leaf Colour Chart.
Field Crop. Res. 2012, 130, 109–119. [CrossRef]
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