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ABSTRACT

Maize and wheat are nutrient exhaustive crops whose productivity is very susceptible to climate change
driven weather parameters. Change in rainfall pattern and increase in the frequency and intensity of
extreme weather events i.e. high/low temperatures, heat waves and cold waves decreases the crop
productivity. As per the future prediction, the temperature may increase up to 2.5°C by 2050 and 2-3°C
in the end of 21% century. The present review describe the impact of a rise and fall in temperature, solar
radiation, and CO, on the productivity of maize and wheat cropping system. Agronomic management
practices during the crop growth period of selecting crop cultivars, time of planting, plant population,
dose, timing, and methods of application of in-puts are influenced by temperature, rainfall, solar radiation,
and CO, concentration in the atmosphere. By changing the planting date, adopting new short-duration
and early maturity varieties of maize and wheat are becoming significant under low-cost adoption
technologies to mitigate climate change. Maize and wheat responds well to the higher levels of nutrients
but no-till system frequently reveals suppressed yields because of less N availability due to slower soil
N mineralization, greater immobilization, denitrification and NH; volatilization, mainly during the initial
period of growing season as compared to conventional tillage systems. The review highlights the impact
of heat stress and drought on soil processes, and overall soil health. The better performance of ridge-
furrow systems could be due to proper drainage of excess water and adequate aeration during irrigation
or heavy rainfall. If climate change continues to occur without any strategy adapted, then it projects a
strong impact on crop productivity.
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Introduction

Maize (Zea mays L.), is an important cereal crop,
with various uses. Maize, one of the most versatile
emerging crops, has great adaptability in various
agro-climatic conditions. Globally, maize, due to its
higher genetic yield potential, is known as “The
Queen of Cereals”. It is one of the most versatile
crops by nature; with flexibility indifferent agro-
climatic conditions. Maize provides nutrients to
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humans and animals. Being C, crop, it has good yield
potential and is the best substitute to overcome the
risks associated with paddy cultivation including
greenhouse gases mainly methane and nitrous oxide.
Paddy cultivation also increases the outbreaks of
pests (stem borer) and fungal diseases (false smut)
and depleting the ground water level. Currently, it is
grown over 170 countries, which produce nearly
1147.7 million MT of maize from 193.7 million ha
with productivity of 5.75 t/ha (FAOSTAT, 2020).
Maize is a crop, suitable for various soils ranging
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from loamy sand to clay loam. Organic matter
containing soil along with neutral pH is considered
good for maize productivity.

Wheat (Triticum aetivum L.) is the broadly
cultivated for foodcrop, in the world and ranks first
amongst the cereals in terms of area and production.
Itis used in various forms by more than billion people
around the world. In Punjab state, wheat is a
dominant rabi season cereal crop. The normal sowing
window is from the fourth week of October to the
third week of November. However, in some parts of
the state, late planting of the crop continues until
mid-December. Wheat needs cool weather for early
stages of growth. An unusual change in climatic
parameters, particularly an increase in maximum/
minimum temperatures above normal at any stage
of crop growth, adversely affects growth and
ultimately the potential yield of the crop.

In India, the area occupied by wheat was 31.45
million hectares, with a production of 107.59 million
tonnes in 2019-20 (Anonymous, 2021). Climate
change is a major challenge in the coming decades
for sustainable agricultural production, especially by
mid-century when global food demand is expected
to be doubled. The results of different studies indicate
that a reduction of food crops, under rainfed and
irrigated conditions due to an increase in biotic
stresses (of attack of pest, diseases and weeds etc.)
induced by climatic change. However, increased
climate variability in the recent past leads to large
year-to-year fluctuations in crop production and
threatens the sustainability of agriculture. Under such
conditions, the adoption of resource conservation
technologies is a dire need of human beings to
manage the risk of climate change.

Climate Change impacts on Maize and
Wheat

Maize

In an earlier study, Prabhjyot-Kaur and Hundal
(2009) concluded that rise in temperature impact on
maize crop in Ludhiana using CERES-Maize and
indicated that grain yield decrease of 4.26, 0.02,
12.15, 10.99, 15.92 and 16.85% and advancement
in maturity days by 1, 3, 3, 1, 2, and 2 days for a
temperature increase from normal by 0.5, 1.0, 1.5,
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2.5 and 3.0°C respectively. Later, Thornton et al.
(2010) studied the effect of climate change in East
Africa and found that maize yield would decrease
by more than 5% under warm climate change
scenario.

According to Wang et al. (2011) estimated
decline in maize yield by 10-30% in the central plain
and western regions of Jilin (China), while an
increase in marginal areas of eastern countries during
the years 2050-70 under conditions of climate
change. These yield reductions in major areas are
due to changes in rainfall and temperature, and
predicted crop growing season will be shortened to
15-20 days by 2070. The marginal areas of eastern
regions may show an increase in yield, but since this
is not a major maize producing region, the overall
fall in yields would be substantial for China in the
coming decades. Similarly, a review and meta-
analysis by Knox et al. (2012) show that projected
change in maize yield is expected to be -5% across
Africa. Later, Deb et al. (2015) reported that an raised
CO, to be advantageous for maize yield, whereas
higher temperatures at constant CO, level lead to in
reduced yield.

Haris and Chhabra (2015) studied on the impact
and adaptation for kharif maize in Bihar under
different climate change scenarios and found the
yield to decline under the predicted scenarios with
the current management practices and inputs being
used. Aversion of effect of rise in temperature and
CO, is possible with agricultural practices like
advanced sowing, one irrigation in rainfed crop and
high dose of fertilizer. The study indicates that an
advancement of 7 days showed a reduction in yield
from baseline yield at Pusa during 2020 and 2050,
for Patna only during 2080 and for Madhepur during
2020, 2050 and 2080. Combination of advanced
sowing with a single irrigation will help Pusa and
Madhepura during all of the future time periods while
Patna will show reduction in decline of yield only
with different combination of adaptation strategies.
Best sowing time worked out were last week of April
for the hybrids, first week of May for early composite
variety and first week of May for local variety. Best
N application schedule for all varieties was found to
be 60+30 kg N ha!, 60 kg N ha! at sowing and 30
kg N ha'! at knee high stage.
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Bannayan et al. (2016) worked on the
vulnerability of maize yield under climate change
scenarios and found that the simulated yield showed
a decline in maize yield from baseline over the future
century at all locations in north-eastern Iran. The
compared results showed that the yield would be
reduced from -2.6% to -82%. The A2 scenarios
reported the highest negative impact on maize yield
and growth compared to B1, which showed more
optimal yield conditions, which is due to more annual
warming under A2 scenarios, as per the predictions.

Lin et al. (2017) simulated shortened maize
growth duration and reduced maize yield at higher
temperature. If the effects of CO, fertilization and
adaptation measures to prevent the effect of CO, are
not taken into account, then the projections for maize
yield indicate a decrease on an average from 2.1 to
22.7% and from 6.3 to 47.5% from 2020s to 2080s
under RCP 4.5 and RCP 8.5, respectively. The trend
of continuous decline in the maize yield was seen
for both RCP4.5 and RCP 8.5. Kaur (2016) used
PRECIS model projected data for different locations
in Punjab and revealed that CERES-Maize model
under A1B, A2, and B2 scenarios predicted a
significant decrease in crop duration from 19 to 25,12
to 21 and 7 to 16 days, respectively, by end century.
A significant decrease in grain yield of 80-89%, 52-
81% and 46-60% was also predicted for scenarios
A1B, A2 and B2, respectively. The decreased crop
duration might be the effect of high temperatures that
are predicted for the end of the century and this
reduced duration result in yield decrease under
different scenarios.

The impact study of delayed sowing of maize
(from September to December) on the quality of grain
was carried out in the central temperate regions of
Argentina using 18 commercial genotypes having
different grain hardness (Abdala et al., 2018). Late
sown and early sown maize plants yield 11003 kg
ha'and 12737 kg ha!, respectively, and later sown
genotypes produced higher dry milling quality.
Rainfall and distribution patterns affect maize
biomass and yield. An increase in maize grain and
biomass yield was observed after a decrease in
rainfall by 10% and 20% from a baseline rainfall;
however, an increase in rainfall by 30% from the
baseline caused a decrease in grain yield (by 9%)
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and bio-mass (by 6%) (Srivastava, 2018). Three
maize hybrids, i.e., FAO-290, FAO-350, and FAO-
420 were investigated during 2011-2015 to know the
effect of modeling emergence, silking, and sowing
dates on the maturity of different hybrids (Szeles et
al., 2020).

Patidar et al. (2020) researched the potential
impact of climate change on rainfed maize yield in
central India. The grain yield saw a reduction by 8%
at 1°C rise in temperature for 30" June as the sowing
date while advancement of sowing date beyond 30%
June i.e. for 7" and 14% July saw a reduction in yield
in the range from 7.5% to 7% from the normal.
Adaptation of shift in sowing date from 7" to 14%
July will assistance in reducing the temperature
change impact on maize yield. Similar trend of maize
yield reduction was found on increase in temperature
by 2, 3 and 4°C. The adverse effect of climate change
on yield can be offset by delaying the sowing dates
and shifting the water requirement in tune with the
peak of seasonal rainfall as this would reduce the
chances of exposure to drought during the silking-
tasseling stage of the crop.

Maize yield and biomass are negatively affected
by rising the temperature. The temperature rise of
1°C from the base reduced the yield and biomass by
40% and 28%, respectively. Further, rising of 1°C
could reduce the yield by 10% and biomass by 8%.
But the yield was increased with a 10% reduction in
rainfall. However, a rainfall increase of 10% or a
rainfall decrease of 20% would result in lower yields
(Patidar et al., 2020). Global Climate Models
(GCMs) have reported an increase of 3.4°C and 3.8°C
increase in maximum and minimum temperature for
the period 2040-2049, respectively, and 29%
decrease in future maize production (Ahmad et al.,
2020).

Wheat

Changes in temperature play a important role in
determining crop productivity (Szeles et al., 2020;
Pramanik et al., 2018). Slightly changes in growing
season temperature over the years appear to be the
key aspect of weather affecting yearly wheat yield
fluctuations (Fiscus ef al., 1997). Higher wheat yield
under enhanced CO, and negligible change in
temperature have been reported (Aggarwal et al.,
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1993). Yield of cereals has been reported to decrease
for different future scenarios (Peng et al., 2004; Sinha
etal., 1991). Decline in potential yield of wheat and
rice is linked to negative trend in solar radiation and
an increase in minimum temperature in the Indo-
Gangetic Plains of India (Pathak et al., 2003).
Differences in physiology of C, and C, plants make
C, plants more efficient photo synthetically than C;,
especially when the level of CO, is high. Response
of C;and C, crops to raised CO, levels when exposed
frequently to water stress or changes in climatic
factors such as temperature or rainfall may provide
in consistent results because of the feedback between
hydrology and nutrient relations (Deepak et al.,
2001).

Wheat production is severely affected by the
temperature extremes due to climate change in many
countries, and may reduce the crop yield by 6% for
each 1°C rise in temperature (Peng et al., 2004).
Drought and high temperatures are the key stress
factors with high impact on cereal yields (Rao and
Sinha, 1994), and Rubisco, the central enzyme of
photosynthesis, is disrupted if the temperature
increases from 35°C, and stops the photosynthetic
process (Sinha and Swaminathan, 1991). Due to
climate change, water deficit and temperature
extremes influence the reproductive phase of plant
growth. It was showed that the flower initiation and
inflorescence is badly affected by the water stress in
cereals (Winkel et al., 1997). Similarly, if the
temperature increases of about 30°C during floret
development it can cause sterility in cereals (Saini
et al., 1982). Drought stress influences wheat during
all developmental stages, but grain formation and
there productive stage are the most critical stages
(Pradhan et al., 2012). Wheat yield was decreased
from 1% to 30% during the mild drought stress at
post-anthesis while this reduction increased up to
92% in case of prolonged mild drought stress at
flowering and grain formation (Araus et al., 2002;
De Oliveira et al., 2013). Brown et al., (2008)
reported that wheat yield reduced by 10% with every
1°C increase in temperature. In another report it was
discovered that a 3-4% reduction in wheat yield takes
place for every 1°C increase in temperature (Ray et
al., 2015). Easterling et al. (2007) described that a
2°C increase in temperature cause 7% reduction in
yield while a further increase in temperature to 4°C
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decreased the yield by up to 34% in wheat. In the
year 2050, high temperatures and variations in
rainfall resulted in a decrease in wheat yield by 22%
in sub-Saharan Africa (Ringler et al., 2010). The
rainfall variations and disrupting rainy season has
altered the national crop production by 90 to 95%
(Kidane, 2010).

Dubey et al., (2014) studied the impact of CO,
and temperature on the yield, growth and physiology
of wheat cultivars grown in the northwest plain of
Uttarakhand and observed varieties PBW 343, HUM
234 and Raj 3765 to be the best performers w.r.t.
growth and yield. In tropical regions of Iran,
Andrazian et al. (2015) determined the sowing date
of wheat using the CSM-CERES-Wheat model. The
Wheat cultivars were sown on different dates, from
5 November to 9 January, and the results showed
that the optimum sowing date of the cultivars differed
from place to place. Kumar ef al. (2014) used the
Info Crop-wheat model to assess the vulnerability
of wheat production in India to climate change.
Simulation results revealed that climate change will
reduce the wheat yield, ranging from 6 to 23% by
2050 and 15 to 25% by 2080. Late-sown areas
suffered more than the timely-sown ones.

Srivastava et al., (2021) projected results of
maize yield for various representative concentration
pathways (RCPs). For the time slice 2021-2050 and
2051-2080 the recorded change in yield was -
10.58%, -14.80%, -21.02%, and -23.39% and -
15.20%, -18.54%, -24.75%, and -26.83%,
respectively for irrigated conditions. The record
change in yield for rainfed conditions was higher
for both the time slice 2021-50 and 2051-80 by
10.55%, 9.20%, 8.13%, and 7.47% and 10.63%,
6.65%, 7.47%, and 4.31%, respectively. Kaur and
Hundal (2009) showed the advancement in maturity
and reduced grain yield of maize due to increase in
temperature.

Gill et al. (2014) depicted that wheat crop planted
at Ludhiana acquired more days to reach
physiological maturity and use heat more efficiently,
resulting in more grain yield as compared to
Bathinda. The results also showed that the cultivar
PBW 621 was more efficient heat user as compared
to the PBW 343 variety. Irrigation levels failed to
produce difference in days required for initiation and
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completion of the various stages of crop growth.

Agronomic intervention — need of the hour

Some of the agronomic practices such as no-till
(ZT), raised bed planting and residues management
are found beneficial to preserve natural resources.
The wheat under zero-till drill has been quickly
increasing as it has greater rate of emergence and
higher leaf area index (Yonglu et al., 2000; Tripathi
et al., 2016). Malik et al. (2000) described that
there was no major difference in ear length and
effective tillers under zero and conventional tillage
under the same nitrogen levels. Keeping in view, the
changing climatic conditions and the dire need for
resource conservation technologies like nitrogen
scheduling, planting methods and tillage systems
can be identified for maize-wheat cropping
system.

Effect of Nitrogen scheduling on growth and
yield attributes of maize and wheat system

Maize

Nitrogen is an integral part of many compounds
essential for plant growth. Deficiency of nitrogen
retards growth of plants and leads to low crop yields.
Singh (2001) found that the maximum grain yield at
240 kg N ha'!, which was significantly higher than
80 kg but statistically comparable with 160 kg ha!
due to more cobs per hectare, grain row and cob
length. Mkhabela et al. (2001) and Namakka et al.
(2008) also observed similar results. Kumar (2008)
studied the effect of planting density and nitrogen
levels on sweet corn, in which increasing nitrogen
levels were observed to progressively reduce the
agronomic and physiological efficiency of nitrogen
use. The results revealed that for the highest yield
and net profitability, sweet corn should be grown
with a fertilizer at 120 kg N ha™'. Nitrogen application
also improved nitrogen uptake with an increase of
upto 120 kg ha'!, which could be due to the higher
nitrogen concentration and yield at higher level of
nitrogen application. Singh (2010) found
significantly higher grain yield @ 150 and 175 kg N
ha'than @ 125 and 100 kg N ha! in maize. Kitchen
et al. (2010) found average range of optimal nitrogen
in alluvial, clay and loess soil types to be 153, 119
and 172 kg N ha! for, respectively.
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Wheat

The most challenging task for the scientific
community is to mitigate the threat posed to global
food security caused due to climate change/
variability during the 21* century, while also
maintaining the sustainability in agricultural systems.
Fertilizer application at the right time using a suitable
method in a balanced proportion showed a better
impact on crop productivity. Nitrogen affects
vegetative and quality yield, while phosphorus plays
an essential role in metabolism and energy production
reaction and can resist adverse environmental effects,
leading to increased yield (Azink and Kajfez, 1983).
Similarly, Bahera et al. (2000) described that at
higher N levels, the sedimentation value and protein
content increased and the percentage of yellow
berries decreased. Sardana (2000) reported
significant increase in wheat grain yield up to 160
kg N ha'. Nitrogen at 120 kg ha' increased mean
grain yields by 32.5 percent over 80 kg N ha™'.

Malik et al. (2001) reported that nitrogen levels
(0, 35, 75, 100, 150 and 175 kg ha) significantly
affected yield and components of yield except
germination count m, and plant height. The highest
grain yield was recorded with nitrogen application
atthe rate of 175 kg ha'. Nehra et al. (2001) reported
that the application of increasing levels of nitrogen
through fertilizers improved dry matter accumu-
lation, effective 5 tiller number, grains per ear, grain
and straw yields, photosynthetic pigments and
photosynthesis pointedly over no-fertilizer treatment
in wheat. Saren and Jana (2001) observed that in
wheat crop, nitrogen resulted a significant increase
in all yield attributes.

Patil and Itnal (2002) studied that increasing the
N application rate from 50 to 100 kg ha increased
protein content from 13.73 to 14.10% in the wheat
crop. Further increasing N to 150 kg ha' did not
significantly increase grain protein (14.25%). Sharma
et al. (2002) reported the response of wheat (Triticum
aestivum) to nitrogen and sulfur and its residual effect
on pearl millet (Pennisetum glauccum). Uppal et al.
(2002) reported a significant effect of four levels of
N (120, 160, 200 and 240 kg ha') and observed that
increasing N level increased grain hardness, protein
content, beta-carotene content and sedimentation
value. Kumaw and Rathore (2003) also reported a
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significant increase in growth and yield of wheat with
nitrogen application up to 120 kg ha' except thousand
grain weight.

In wheat, its deficiency reduces the number of
tillers and leaf area by producing smaller and fever
leaves (Sato and Oyanagi, 2006). Application of
phosphorus fertilizer through the appropriate method
at optimum amount and duration is the main factor
in increasing agricultural production and its
sustainability (Rehman et al., 2006). Hussain ef al.
(2008) reported gradual increase in wheat grain yield
with increase in P,O; from 60 to 120 kg ha'!. Kaleem
et al. (2009) reported that the highest dose helped in
achieving the highest test weight which subsequently
ameliorates to attain maximum wheat productivity
(35.57 g ha'!). Similar results were found by Khan et
al. (2007) that treatment given 90 kg P,O; ha’!
resulted in significantly higher grain yield and gave
an increase of 22% over the control. Khan et al.
(2008) studied the mutual influence of nitrogen and
phosphorus levels in wheat and observed highest
wheat yield @ 180 kg N and 90 kg P,O; ha'! and the
minimum found in control. Brennan and Bolland
(2009) reported significant increase in protein content
of wheat with increase in N application, but K had
no significant effect on protein content. Ghamry et
al. (2009) reported that maximum grain yield (53.1
g ha'!) found with FYM whereas the minimum (52.8
q ha') found with control application. Likewise,
Bandyopadhay et al. (2010) investigated the effect
of integrated use of FYM and chemical fertilizer on
soybean productivity. They reported that application
of FYM (4 t ha!) along with recommended NPK
significantly improved the grain yield of soybean
by 14.2% over NPK and 50.3% over the control
treatment. Ooro et al. (2011) reported significant
increase in the protein content of wheat flour and
the nitrogen of the grain at higher nitrogen rate.
Conventry et al. (2011) reported significant effect
of FYM on grain yield. Addition of FYM with the
recommended NPK resulted in significantly higher
grain yield (54.2 q ha'') while (49.5 q ha!) was only
found with the recommended NPK. Asif et al. (2012)
also concluded that nitrogen has a significant impact
on the number of fertile tillers. They reported a
significantly more number of fertile tillers m2 (358.8)
with150 kg N ha'! than with 75 kg N ha'!. Nitrogen
has significantly influenced the content of starch and
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protein in wheat crop. Gluten constituted major seed
storage protein as its content was comparatively
higher when applying 90 kg N ha™! followed by 120
kg N ha'.

Haile et al. (2012) revealed that 120 kg N ha’!
resulted in significantly higher protein content in
wheat grains than 90 kg N ha'l. Ma et al. (2013)
observed that when six rates of K (Potash) were
applied (15, 22.5, 30, 45, 75, 135 kg ha') in wheat
and 135 kg K ha! it indicated significantly increase
in K use efficiency, tiller development, shoot dry
weight, leaf photosynthesis and seed yield. Rakshit
et al. (2015) investigated the effect of optimal (100%
NPK) to super-optimal doses (200% NPK) in wheat
and reported a higher grain yield (55 q ha') with
200% NPK content than with 100% NPK application
(29.2 g ha'!). It was concluded that the highest grain
yield can be obtained with the application of NPK
(150:90:60 kg ha!). The use of organic manures and
crop residue retention are recommended as the best
soil management practices in intensive wheat farming
systems (Singh et al., 2005). The optimal use of
fertilizers might come from matching the nutrient
supply with the crop demand and fertilizer losses
can be large when application is not synchronized
with crop growth and development. Now days, a soil
management strategy depends mainly on inorganic
chemical-based fertilizers, which poses a serious
threat to human health and the environment
(Bhardwaj et al., 2014). However, to meet “food
grain needs” it is indispensable to enhance wheat
yield by higher N (nitrogen) and suitable genotypes
(Tripathi et al., 2016).

Zhana et al. (2016) obtained 19% higher grain
yield of wheat without the application of K. Tripathi
et al. (2016) reported significant increase in wheat
grain yield with the application of farmyard manure
(FYM) with highest yield of 57.4 q ha'' from 100%
NPK with FYM followed by 56.3 q ha with 100%
NPK application. FYM at the rate of 10 ton ha'
incorporated 30 days before sowing had delayed
phenology and increased crop productivity in wheat
crop. Besides the yield, FYM also increases soil
water holding capacity and improves infiltration rate
(Noreen and Noreen, 2012). Yadav and Dhanai
(2017) contemplated the impact of various
measurements of nitrogen (100, 120 and 140 kg
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ha!") on different character and wheat yield and found
that nitrogen application at 140 kg N ha! was the
best for accomplishing the most astounding
characteristics of expression such as plants tallness,
dry weight, spike length, the number of spikes/ear,
the number of seed per spike, 1000-grain weight and
grain yield (40.5 g ha!).

Xu et al. (2017) studied the promotion of
potassium allocation to the stem improves the
bending resistance of maize stalks. They concluded
that application of K significantly increased the
diameter of the internodes, which ultimately
enhancing stalks lodging resistance. Aatif et al.
(2017) investigated the effect of phosphorus levels
and farmyard manure on wheat yield and yield
components. FYM (9 t ha!) resulted in the highest
spike length, grains per spike and grain yield (46.91
q ha') while the minimum (33.0 g ha'') was recorded
in plots treated without FYM. Tedone ef al. (2018)
revealed the favouable effect of N @ 90 kg ha! with
split application at three stages of wheat viz. sowing,
tillering and stem elongation on grain yield, quality
and nitrogen agronomic efficiency (NAE) with less
environmental impact. Wang et al. (2018) also
observed higher grain yield and water use efficiency
under higher N application.

Effect of tillage and planting method on
growth and yield of maize and wheat system

Tillage is as old as agriculture. Tillage has several
purposes, the most important of which is proper
seedbed preparation and weed control.

Maize

Numerous studies have shown the beneficial
effect of tillage practice with retention of crop
residues on the soil surface on maize yield (Triplett
et al., 1968; Lal, 1974, 1978, 1995; Unger, 1986;
Wicks et al., 1994). Sharma (1991) reported 25-31%
higher grain yield in maize sown in furrows with 15
cm high ridges than flat beds. Joshi and Dastane
(1966) also reported benefits of ridge planting than
flat planting in sandy loam soil. Debebe (1999)
observed better performance of ridge sown kharif
maize under excess water conditions in sandy loam
at Ludhiana than flat planting. A negative yield
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response of corn to no tillage was also reported by
Chen et al. (2011). Ramakrichenin et al. (2002)
observed that ridge and furrow planting technique
registered the highest values of growth traits and thus
resulted in higher grain yield. Kumar (2008) reported
that ridge sown kharif maize produced significantly
higher maize yield and yield attributes than that on
flat beds.

Wheat

Zero tillage or no tillage helps in reducing the
losses by advancing wheat sowing by 10-15 days
and also saves time and costs associated with field
preparation (Pal et al., 1996). Yadav et al. (2002)
reported higher no. of grains/spike and spike density
of wheat planted on raised beds than conventionally
sown wheat on a flat surface. Su et al. (2007) also
described that wheat yield significantly affected by
tillage methods. Zero-tillage planting of wheat also
permits for band application of basal fertilizer which
confirms placement of phosphate fertilizers directly
in the planting area and also saves 25% in seeding
rate to achieve sufficient plant support as compared
to traditional broadcasting. Planting wheat with zero
tillage saves time and energy, while a significant
amount of these valuable resources are spent
preparing the land for growing wheat (Dhillion et
al., 2005).

In many agricultural regions it can reduce or
eliminate soil erosion and also increase the amount
and variety of life in and on the soil. Zero tillage has
been found to improve yield attributes in comparison
to conventional tillage (Mishra et al., 2011). It has
been reported that the adoption of zero tillage in
cereal cropping systems in the IGP advances the
sowing time (Erenstein et al., 2012), which also
increases the thermal window for wheat, thus proves
helpful to escape terminal heat effect. Although ZT
inrice and wheat resulted in slightly lower rice yield,
but it significantly improved wheat yield, which
increased the overall system productivity by 0.63 Mg
ha'! year! (Jat et al., 2014). Ozpinar (2015) also
reported significant differences in stem and leaf
biomass between tillage systems. However,
Sirazuddin et al. (2019) reported that residue
retention did not influence grain yield of wheat.
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Table 1. Highest maize yield (t/ha) obtained from different nitrogen schedule in different regions

Nitrogen (kg/ha) 0 30 40 50 60 100 150 160 180 200 220
Parbati Adhikari et al. 2.80 391 351 - 3.81 - - - - - -
(2016), Nepal

Leila Hejazi and Ali 2.77 - - 2.84 - 3.62  3.59 - - - -
Soleymani (2014), Isfahan

Kripa Adhikari et al. - - - - - - - 7.25 894 9.61 10.07
(2021), Nepal

Table 2. Highest wheat yield (t/ha) obtained from different nitrogen schedule in different regions

Nitrogen (kg/ha) 0 40 50 60 80 90 100 120 150 180
Verma et al. (2005), Kanpur, U.P. - - - 4.3 - 4.6 - 4.8 - -
Kachroo and Ravinder (2006), Kashmir - 3.5 - - 5.1 - - 53 - -
Kumar ef al. (2007) Hisar, Haryana - - - - - 3.9 - 42 43 43
Singh et al. (2009), Ludhiana, Punjab 6.5 - - - - 6.6 - 6.8 7.1 -
Singh et al. (2010), Kasmir - - 4.4 - - - 4.7 - 4.7 -

Climatic change impacts on maize and wheat

Maize

High

temperature

% Morphological

% Physiological
changes occurs

% Reduced light
interception

% Increased
sterility

% Shortening of
life cycle

% Yield reduction

High CO,

# Stimulation of
photosynthesis

4 Reduction of
transpiration

# Improving water
use efficiency

# Alteration of
climatic factors
e.g. temperature
and rainfall

+ C, plant less

Wheat

High High CO,

temperature

% Pollen sterility

< Photosynthesis

and water use
efficiency
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4 Reduce spike
length

4 Reduce number
of grains, grain
size and test
weight

# Terminal heat
stress reduced

yield

% Increased shoot
and root length

% Total biomass
increased

# Grain yield
increased

effected by rising
CO,

Fig. 1. Impact of Climate change on maize and wheat

Interactive effect of tillage, planting meth-
ods and nitrogen application on growth and
productivity of Maize-Wheat systems

Phillips (1980) showed that when nitrogen
fertilizer was applied to well-drained soil, corn grain
yield was higher in no-till systems than conventional
tillage, but when no fertilizer was applied, maize

yield was higher with conventional tillage. Blevins
(1983) reported that at low nitrogen fertilization rates
the average 10-year corn yield was higher for
conventional tillage than no-till, but at moderate to
high nitrogen fertilization rates, it was equal or higher
for no-tillage. Leaf area and dry matter accumulation
were highest in crops planted in beds. An increase in
nitrogen level produced leaves per plant; higher LAI
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Agronomic interventions to combat climate change
impacts on maize and wheat

Maize

Selection of suitable varieties
Sowing time

Zero tillage and minimum
tillage

Method of planting:- surface
seeding, ridge and furrow
planting

Integrated nutrient
management

Water management

Weed management

Selection of heat tolerant varieties
Timely sowing of crop

Nutrient management

Zero tillage:- Save water, labour
and fuel, improve organic matter,
reduced soil erosion, less emission
of CO,

Bed planting method

Water management:- Laser leveling
and FIRBS (Furrow Irrigated
Ridge-till-Bed Planting system)

Fig. 2. Agronomic interventions to combat Climate change impact on maize and wheat

resulted in higher dry matter accumulation. An
increase in leaf area with an increase in nitrogen level
is attributed to better crop growth with greater
nitrogen availability, as reported by Vedivel et al.
(2001). No tillage was also found to produce
relatively higher grain yield, however, there was no
effect of P on grain yield. An important advantage
of bed planting in the field is flexibility in applying
fertilizer when and where it can be used effectively,
as reported by Sayer (2003). Fahong et al. (2004)
showed that raised beds improve nitrogen use
efficiency by 10% in China. In recent years, wheat
has often been delayed resulting in yield losses due
to terminal heat stress (Kaur and Pannu, 2008;
Sharma et al., 2007). However, delayed sowing also
increased nutrient content in grain and straw, whereas
it decreased nutrient uptake (Kumar et al., 1998).

Conclusions

From a review of the above studies, it maybe
concluded that nitrogen is an essential nutrient known
to enhance the growth and productivity of the maize
and wheat. As climate change is likely to have
adverse impacts on growth and productivity of the
maize-wheat systems, thus the combination of tillage,

planting methods and nitrogen fertilization offers the
opportunity for increasing production. The results
introduced from studies have indicated reduced yield
of Maize-Wheat in future, so there is dire need to
introduce management strategies to stabilize the
maize and wheat yield in India and Punjab state.
Different mitigation/adaptation measures viz.
alteration in sowing time, planting methods, tillage
practices like bed planting, zero tillage and Nitrogen
scheduling can be adapted to get stable yields of
Wheat-Maize. Thus, still a gap exists, that be studied
for different nutrients under various environmental
conditions and with levels of soil exploitation under
different tillage interventions.
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