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ABSTRACT

Maize production and productivity are highly prone to changes in weather conditions due to global
warming related environmental alterations. Maize crop is particularly sensitive to temperature and water
stress. High temperature and low rainfall are found to adversely affect maize yield. The present
investigation was carried out to manage the effect of climatic variability in maize by adjusting sowing
time. A field experiment was conducted at the Research Farm, Department of Climate Change and
Agricultural Meteorology, Punjab Agricultural University Ludhiana during kharif 2016 and 2017
comprising three sowing environments (D1: Third week of May, D2: Second week of June, D3: First
week of July), two irrigation levels (I1: Irrigation Water/Cumulative Pan Evaporation1.0, I2: Irrigation
water/Cumulative Pan Evaporation 0.75) and straw mulch application (M1: mulch application @5t ha-1,
M2: Without mulch). In the earlier sown crop, the maximum and minimum temperature was higher
during initial and lower during later crop growth stages and the reverse pattern was observed with delay
in sowing. As relative humidity is inversely proportional to temperature, thus relative humidity was
lower during initial crop growth stages and increased at later stages of crop growth with delay in
sowing. The crop received a total rainfall of 468.5 and 308.2 mm, 475.9 and 362.4mm and 282.3 and
258.0 mm under D1, D2 and D3, during 2016 and 2017, respectively. Yield attributing characters i.e.
number of grains per cob, length of cob and 1000-grain weights were higher under D2followed by D1

and D3 during both the years. The highest grain yield was produced in D2 (54.35 and 53.37 q ha–1)
which was statistically at par with D1 (52.39 and 50.86 qha–1) and was significantly higher than D3

(44.48 and 41.04 q ha–1) during both the years. The study concluded that sowing of maize during second
week of June with mulch application and irrigation at IW/CPE = 0.75, provided best combination to
increase the yield of maize crop.
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thousand hectares area with a production of 410.5
thousand tonnes during 2020 (Anonymous, 2020).
Presently while the developing countries have about
68 per cent area under maize cultivation, their
contribution to world maize production is only 46
per cent. The maize crop has adapted well to the
divergent climatic conditions prevailing in the
tropical to temperate regions. Maize requires mean
temperature of 18-20°C for good growth and yield.
Maize production and productivity are prone to quick
and continuous changes in weather conditions due
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Introduction

Maize (Zea mays L.) plant is the one of the
nature’s most efficient and amazing energy storing
devices. It is world’s third major food crop after
wheat and rice and is also called as “Queen of
Cereals” due to its high productivity. India occupies
fifth in area and eleventh place in production of maize
in the world. In Punjab, it was grown on 144.6

Research Article



160 Journal of Agricultural Physics [Vol. 22

to global warming related environmental alterations.
It is highly sensitive to temperature and water stress.
High temperature and low rainfall are found to
adversely affect the maize yield. Although, a C4 plant,
maize is capable of utilizing solar energy more
efficiently and can withstand comparatively high
temperature but temperature has detrimental effect
on its growth and development leading to significant
reduction in yield when it reaches up to 35°C during
pollination and grain filling stages. Moreover, higher
temperature (45 to 48°C at flowering and grain
formation stages) is the most alarming factor that
determines the crop growth and yield. It is estimated
that for every 1°C increase in temperature, there is
nearly 10% yield reduction in maize (Hatfield and
Dold, 2018).

Maize crop is quite sensitive to the effects of
climate anomalies. Thus, date of sowing is an
important production component which can be
altered to manage the adverse effects of
environmental stress. This can be achieved by
altering time of sowing to avoid environmental
stresses during sensitive crop growth stages. Most
appropriate sowing time can be chosen to coincide
the sensitive crop growth stages with favourable
environmental conditions to avoid stress and obtain
maximum yield and resource use efficiency under
changing climatic scenarios. Drought can cause
considerable delays in maize female organ
development (Barnabas et al., 2008). During the
reproductive stage, water shortage can also result in
the inhibition of photosynthesis, thus also reducing
the nutrient supply to generative organs. In addition,
reduced soil moisture availability can further increase
the likelihood of heat stress (Lobell et al., 2013;
Zampieri et al., 2016).

Temperature and rainfall are the two important
parameters, which affect crop growth and production.
The past two decade have witnessed rapid increase
in the awareness of global climatic changes and
triggered widespread apprehension amongst
scientists and governments about their implications
(Kaur et al., 2006). Global warming and climatic
changes are expected to increase in future. Global
circulation models have predicted rise in global
average temperature by about 2°C by 2100 (Holli,
2010). Although total precipitation is also predicted

to increase during kharif season, but trends may vary
at local level (Hoegh-Guldberg et al., 2018). Under
such conditions, snow cover is expected to contract
and frequency and intensity of extreme weather
events like heat and cold waves, intense rainfall
events etc. are likely to increase. There are evidences
of increased heavy precipitation and decreased light
precipitation in widespread parts of the globe due to
global warming (Hoegh-Guldberg et al., 2018). Due
to highly erratic rainfall, there is an increased risk of
drought as a result of increased prolonged dry spells,
total dry days and decreased light precipitation days
over India as a consequence of global warming
(Kingra and Kaur, 2017).

Climatic changes have been experienced under
Punjab conditions during the recent decades. The
decadal analysis indicated that mean minimum
temperature during kharif season, has increased at
the rate of 0.044 °C per year in north-east regions,
0.051 °C per year in central region and 0.047 °C per
year in south-west (Kingra et al., 2017), although
no significant trend was observed in maximum
temperature and rainfall. In addition to this, depleting
ground water table at alarming rates is posing a
serious threat to water availability for agriculture
(Hira, 2009). Maize crop can also be considered as
good alternative to rice to diversify cropping pattern
in the state. As Punjab state is already suffering from
increasing temperature and depleting water
resources, hence there is need to assess the weather
variability effect on yield of maize crop to explore
viable management strategies to manage climate
change impacts and sustain crop productivity in the
region. In view of this, the present investigation was
conducted to assess meteorological parameters
during various growth stages and evaluate maize
productivity under different dates of sowing,
irrigation levels and mulch application.

Materials and Methods

Site and climate

Ludhiana is situated at 30°54′ N latitude, 75°56′
E longitude and at an altitude of 247 meters above
the sea level. The research farm, located in central
plain region of Punjab, has semi-arid, sub-tropical
climate with very hot summer during April-June and
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cold winter during December-January. The summer
temperature touches 47°C with dry spells and winter
experiences frost during December and January with
minimum temperature reaching up to 0.5°C. The
region is dominated by north-west winds during
winter season. The average annual rainfall at
Ludhiana is 733mm, 75-80 per cent of which is
received during monsoon period from June to
September. During winter, rains are scanty and only
few showers of cyclonic rains are received by western
disturbances.

Meteorological observations

The maximum and minimum temperatures
during crop growing period were recorded with
maximum and minimum thermometers installed in
Stevenson’s screen at 1.2 m height above the ground
level. The data was recorded at 0730 and 1430 IST
daily. Dry bulb and wet bulb temperatures were
measured by dry and wet bulb thermometers installed
in the Stevenson screen at 0730 and 1730 IST daily
which were used to calculate morning and evening
relative humidity from the hygrometric tables. The
sunshine duration was recorded with a Campbell
Stoke’s sunshine recorder at 8.30 a.m. daily. The
rainfall was recorded at the meteorological
observatory with the help of ordinary rain gauge at
0830 IST daily.

Field experiment and crop biometric
observations

The field experiment was conducted at the
research farm, Department of Climate Change and
Agricultural Meteorology, Punjab Agricultural
University, Ludhiana. Maize variety PMH1 was
sown on three dates i.e., third week of May (D1),
second week of June (D2) and first week of July
(D3) during kharif season 2016 and 2017. Yield
attributing characters viz. number of grains per cob,
cob length and 1000-grain weight were recorded at
the time of threshing. Inner rows of each subplot were
harvested by removing the two side rows, sun dried
and threshed to record grain yield per plot. All the
cobs from the respective net plot were dried in the
sun and threshed with hand thresher and grain yield
was recorded and expressed as kg ha-1. Total biomass
from each plot was recorded at the harvest of the

crop and was converted to kg ha-1. The harvest index
was calculated by using the following formula:

Grain yield (kg ha-1)
Harvest index (HI) = –––––––––––––––––––

Biomass yield (kg ha-1)

Results and Discussion

Variation in meteorological conditions during
crop growth and development

Maximum temperature (°C)

Temperature is a variable used to calculate the
thermal time that determines crop growth stages.
During 2016, the mean maximum temperature from
sowing to emergence, emergence to 5 leaf stage, 5
to 8 leaf stage, 8 to 12 leaf stage, 12 leaf to knee-
high, knee-high to tasselling, tasselling to silking
stage and silking to physiological maturity was 38.2,
39.3, 41.0, 37.7, 33.8, 34.1, 33.1 and 33.5 °C for D1,
38.4, 37.4, 33.6, 34.8, 33.7, 33.1, 33.2 and 33.1 °C
for D2 and 34.5, 33.6, 34.4, 33.1, 33.0, 33.5, 33.1
and 34.5 °C for D3 (Table 1). Similarly, during 2017,
the mean maximum temperature for the
corresponding stages was 40.2, 37.1, 41.7, 38.4, 35.7,
34.9, 33.4 and 34.4 °C for D1, 38.5, 37.7, 35.4, 35.3,
34.7, 33.4, 34.4 and 32.7 °C for D2 and 35.5, 35.2,
34.4, 32.8, 34.9, 34.1, 32.6 and 34.1 °C for D3 (Table
2). The data indicated that under D1, temperature was
higher during initial growth stages and decreased
towards maturity, whereas reverse pattern was
observed with delay in sowing. It directly affects the
crop growth rate and development. Increased
temperature affects crop development by increased
water requirement which reduces the economic yield
(Wheelar, 2000).

Minimum temperature (°C)

During 2016, the mean minimum temperature
from sowing to emergence, emergence to 5 leaf stage,
5 to 8 leaf stage, 8 to 12 leaf stage, 12 leaf to knee-
high, knee-high to tasselling, tasselling to silking
stage and silking to physiological maturity was 24.6,
25.0, 28.3, 28.8, 27.1, 27.8, 27.3 and 26.1 °C for D1,
29.2, 28.4, 27.6, 27.7, 27.6, 27.2, 26.1 and 25.2 °C
for D2 and 27.2, 28.2, 27.2, 27.2, 27.0, 25.8, 25.3
and 25.8 °C for D3 (Table 1). Similarly, during 2017,
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Table 1. Variation in meteorological parameters during phenological development of maize sown on different
dates during kharif 2016

Meteorological S-E E - 5 5 - 8 8 -12 12 KH - T T- S S-PM S – PM
parameters Leaf Leaf Leaf Leaf -KH

Third week of May
Tmax (ºC) 38.2 39.3 41.0 37.7 33.8 34.1 33.1 33.5 35.7
Tmin (ºC) 24.6 25.0 28.3 28.8 27.1 27.8 27.3 26.1 27.2
RHmax (%) 63.4 60.6 55.7 72.6 77.4 85.1 82.1 86.0 75.9
RHmin (%) 30.9 26.0 27.3 52.2 66.1 62.5 66.3 65.4 54.3
SShr (hrs) 9.7 11.4 9.3 6.7 5.0 6.4 4.9 5.7 6.8
Rainfall (mm) 2.0 0.0 3.2 22.6 201.2 99.5 66.0 74.0 468.5

Second week of June
Tmax (ºC) 38.4 37.4 33.6 34.8 33.7 33.1 33.2 33.1 34.3
Tmin (ºC) 29.2 28.4 27.6 27.7 27.6 27.2 26.1 25.2 27.1
RHmax (%) 68.9 74.2 77.1 83.4 85.1 82.1 85.6 87.2 81.8
RHmin (%) 44.8 57.3 68.0 59.6 65.4 65.1 66.5 63.7 62.4
SShr (hrs) 6.7 7.1 3.9 7.9 5.7 4.8 5.4 8.0 6.1
Rainfall (mm) 5.0 17.6 173.4 57.6 104.1 31.6 80.6 6.0 475.9

First week of July
Tmax (ºC) 34.5 33.6 34.4 33.1 33.0 33.5 33.1 34.5 33.7
Tmin (ºC) 27.2 28.2 27.2 27.2 27.0 25.8 25.3 25.8 26.5
RHmax (%) 82.3 85.4 85.2 83.0 82.8 85.8 87.2 85.1 84.8
RHmin (%) 62.7 63.4 60.7 67.4 64.8 66.3 63.8 53.8 62.6
SShr (hrs) 6.8 5.8 7.7 5.3 4.3 5.9 7.9 8.2 6.6
Rainfall (mm) 57.6 27.5 42.2 66.0 8.0 72.6 6.0 2.4 282.3

S = Sowing, E = emergence, KH = Knee-High stage, T = Tasselling stage, S = Silking stage, PM = Physiological
maturity

the mean minimum temperature for the
corresponding stages was 26.0, 25.0, 27.9, 28.6, 27.2,
28.1, 27.6 and 27.4 °C for D1, 28.7, 28.8, 27.9, 27.1,
28.2, 27.6, 27.4 and 25.5 °C for D2 and 25.2, 28.3,
28.2, 27.5, 28.0, 27.1, 25.1 and 24.6 °C for D3 (Table
2). The minimum temperature during second date of
sowing proved to be favourable for growth and yield
of maize crop.

Morning relative humidity (%)

During 2016, mean morning relative humidity
from sowing to emergence, emergence to 5 leaf stage,
5 to 8 leaf stage, 8 to 12 leaf stage, 12 leaf to knee-
high, knee-high to tasselling, tasselling to silking
stage and silking to physiological maturity was 63.4,
60.6, 55.7, 72.6, 77.4, 85.1, 82.1 and 86.0% for D1,
68.9, 74.2, 77.1, 83.4, 85.1, 82.1, 85.6 and 87.2%

for D2 and 82.3, 85.4, 85.2, 83.0, 82.8, 85.8, 87.2
and 85.1% for D3 (Table 1). Similarly, during 2017,
mean morning relative humidity for corresponding
stags was 51.0, 58.4, 57.8, 63.1, 77.0, 77.9, 81.9 and
81.5% for D1, 56.0, 72.0, 80.0, 77.0, 78.0, 82.0, 82.0
and 86.0% for D2 and 80.0, 75.0, 80.0, 83.0, 81.0,
81.0, 87.0 and 85.0 % for D3 (Table 2). The mean
morning relative humidity for the entire growth
period during 2016 and 2017 was 75.9 and 72.3%,
81.8 and 78.3% and 84.8 and 82.1% for D1, D2 and
D3, respectively (Figs. 1, 2 & 3). As relative humidity
is inversely proportional to temperature, thus under
first date of sowing, relative humidity was lower
during initial crop growth stages and higher at later
stages of crop growth whereas with delay in sowing,
relative humidity increased during initial crop growth
stages and decreased at later stages of crop growth.
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Table 2. Variation in meteorological parameters during phenological development of maize sown on different
dates during kharif 2017

Meteorological S-E E - 5 5 - 8 8 -12 12 KH - T T- S S-PM S – PM
parameters Leaf Leaf Leaf Leaf -KH

Third week of May
Tmax (ºC) 40.2 37.1 41.7 38.4 35.7 34.9 33.4 34.4 36.3
Tmin (ºC) 26.0 25.0 27.9 28.6 27.2 28.1 27.6 27.4 27.6
RHmax (%) 51.0 58.4 57.8 63.1 77.0 77.9 81.9 81.5 72.3
RHmin (%) 26.0 39.2 30.3 41.1 62.2 59.0 68.3 64.7 53.4
SShr (hrs) 10.4 10.5 9.0 9.7 6.2 7.3 4.7 7.1 7.6
Rainfall (mm) 0.0 21.6 26.6 23.8 116.8 72.2 20.6 26.6 308.2

Second week of June
Tmax (ºC) 38.5 37.7 35.4 35.3 34.7 33.4 34.4 32.7 34.8
Tmin (ºC) 28.7 28.8 27.9 27.1 28.2 27.6 27.4 25.5 27.5
RHmax (%) 56.0 72.0 80.0 77.0 78.0 82.0 82.0 86.0 78.3
RHmin (%) 32.0 52.0 66.0 59.0 59.0 68.0 65.0 67.0 60.7
SShr (hrs) 9.4 9.2 5.4 7.3 6.9 4.7 7.1 6.7 6.9
Rainfall (mm) 5.0 18.8 96.6 30.0 62.4 20.6 26.6 102.4 362.4

First week of July
Tmax (ºC) 35.5 35.2 34.4 32.8 34.9 34.1 32.6 34.1 34.0
Tmin (ºC) 25.2 28.3 28.2 27.5 28.0 27.1 25.1 24.6 26.6
RHmax (%) 80.0 75.0 80.0 83.0 81.0 81.0 87.0 85.0 82.1
RHmin (%) 59.0 59.0 60.0 69.0 66.0 65.0 67.0 54.0 62.6
SShr (hrs) 8.4 7.5 6.1 4.9 5.4 7.3 7.2 8.6 6.9
Rainfall (mm) 36.2 9.8 62.4 20.6 0.0 26.6 102.4 0.0 258.0

S = Sowing E = emergence, KH = Knee-High stage, T = Tasselling stage, S = Silking stage, PM = Physiological
maturity

Evening relative humidity (%)

During 2016, mean evening relative humidity
from sowing to emergence, emergence to 5 leaf stage,
5 to 8 leaf stage, 8 to 12 leaf stage, 12 leaf to knee-
high, knee-high to tasselling, tasselling to silking
stage and silking to physiological maturity was 30.9,
26.0, 27.3, 52.2, 66.1, 62.5, 66.3 and 65.4% for D1,
44.8, 57.3, 68.0, 59.6, 65.4, 65.1, 66.5 and 63.7%
for D2 and 62.7, 63.4, 60.7, 67.4, 64.866.3, 63.8 and
53.8% for D3. Similarly, during 2017, mean evening
relative humidity for corresponding stags was 26.0,
39.2, 30.3, 41.1, 62.2, 59.0, 68.3 and 64.7% for D1,
32.0, 52.0, 66.0, 59.0, 59.0, 68.0, 65.0 and 67.0%
for D2 and 59.0, 59.0, 60.0, 69.0, 66.0, 65.0, 67.0
and 54.0% for D3. The mean evening relative
humidity for the entire growth period during 2016
and 2017 was 54.3 and 53.4%, 62.4 and 60.7% and

62.6 and 62.6% for D1, D2 and D3, respectively (Figs.
1, 2 & 3). The moderate moisture conditions under
second date of sowing proved to be most favourable
for growth and yield of maize crop.

Sunshine hours (hrs)

Solar radiation is an essential variable for crop
growth, and it is often represented by sunshine hours
(SSH) in agriculture studies. During 2016, the mean
number of bright sunshine hours (hrs) from sowing
to emergence, emergence to 5 leaf stage, 5 to 8 leaf
stage, 8 to 12 leaf stage, 12 leaf stage to knee-high,
knee-high to tasselling, tasselling to silking stage and
silking to physiological maturity stage was 9.7, 11.4,
9.3, 6.7, 5.0, 6.4, 4.9 and 5.7 hrs for D1, 6.7, 7.1, 3.9,
7.9, 5.7, 4.8, 5.4 and 8.0 hrs for D2 and 6.8, 5.8, 7.7,
5.3, 4.3, 5.9, 7.9 and 8.2 hrs for D3 (Table 1).
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Fig. 1. Daily variation in (a) temperature and rainfall and (b) relative humidity and sunshine hours during
growing season of maize sown on third week of May during kharif 2016 and 2017

Similarly, during 2017, the mean number of bright
sunshine hours (hrs) for corresponding stages was
10.4, 10.5, 9.0, 9.7, 6.2, 7.3, 4.7 and 7.1 hrs for D1,
8.4, 7.5, 6.1, 4.9, 5.4, 7.3, 7.2 and 8.6 hrs for D2 and
8.4, 7.5, 6.1, 4.9, 5.4, 7.3, 7.2 and 8.6 hrs for D3

(Table 2). The mean number of bright sunshine hours
was maximum at emergence – 5 leaf stage (11.4 and

10.5 hrs) for both the seasons under D1. Under D2 it
was maximum at silking – physiological maturity
(8.0 hrs) during 2016 and at sowing- emergence (9.4
hrs) during 2017, respectively. Under D3 it was
maximum at silking – physiological maturity (8.2
and 8.6 hrs) for both the seasons, respectively (Figs.
1, 2 & 3). The sunshine hours was declined with delay
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Fig. 2. Daily variation in (a) temperature and rainfall and (b) relative humidity and sunshine hours during
growing season of maize sown on second week of June during kharif 2016 and 2017

in sowing. The decline in solar radiation could have
reducedcrop photosynthesis and affect production
(Song and Jin, 2020).

Rainfall (mm)
During 2016 and 2017, the total rainfall (mm)

received for the entire crop growth was 468.5 and
308.2 mm, 475.9 and 362.4 mm and 282.3 and 258.0
mm, for D1, D2 and D3 respectively. During 2016,
the maximum amount of rainfall received at 12 leaf-
knee high stage was 201.2 and 104.1 mm under D1

and D2, respectively. Under D3 it was maximum at

knee-high- tasselling stage i.e.72.6 mm. During 2017,
maximum amount of rainfall received at 12 leaf- knee
high stage, silking-physiological maturity and
tasselling- silking stage was 116.8, 102.4 and 102.4
mm under D1, D2 and D3, respectively (Table 1 & 2).
Akpalu et al. (2011) showed that a change in rainfall
amount is the primary driver of maize yields. The
rainfall distribution can have an influence on maize
yields regardless of the total seasonal rainfall. The
climate change could alter the total amount of rainfall
received in an area, which may be higher or lower in
future scenarios, known as seasonal variability.
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Fig. 3. Daily variation in (a) temperature and rainfall and (b) relative humidity and sunshine hours during
growing season of maize sown on first week of July during kharif 2016 and 2017

Yield attributing characters

Number of grains per cob

The cob bearing capacity is one of the most
important crop yield components. The analysis of
data showed that the number of grains per cob was
significantly affected by the sowing dates. The
number of grains per cob under D2 (393.45) was
statistically at par with that of D1(395.09) and it was
significantly lower in D3 (336.13). During 2017, the
number of grains per cob under D2 (377.57) was
significantly higher than that of D3 (332.90) and
statistically at par with D1 (373.56). Among the
irrigation levels, the number of grains per cob were

higher in I2 (382.93 and 363.55) but it was statistically
at par I1 (366.93 and 359.14) irrigation treatment.
Between the mulching levels, number of grains per
cob were more in M1 (380.97 and 363.73) as
compared to M2 (368.81 and 358.96) but the effect
of mulching was non-significant on the number of
grains per cob during 2016 and 2017, respectively
(Table 3).

Cob length (cm)

During 2016,data showed that the cob length was
significantly higher in crop sown on second week of
June (19.9 cm) followed by third week of May (18.4
cm) and first week of July (17.6 cm). During 2017,
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the cob length was significantly higher under crop
sown on third week of May (17.2 cm) followed by
first week of July (14.9 cm) but statistically at par
with second week of June (16.8cm). Among
irrigation treatments, the cob length was significantly
higher in I2 (19.1 cm and 16.7 cm) than I1 (18.1 cm
and 15.9 cm). Similarly, the cob length was higher
in mulch treatment as compared to non-mulch
treatment but the mulch application had no significant
effect on the cob length during both the years (Table
3).

Singh and Singh (2000) also found increased cob
length at higher moisture regimes as compared to
moderate moisture regimes which in turn recorded
higher cob length than the lower moisture regimes.
Jaliya et al. (2008) studied the effect of sowing date
(10, 20 and 30 June) on yield and yield components
of maize (Zea mays L.) at Nigeria and found that
sowing on 30th June produced significantly lower
number of grains per cob, cob yield per plant, cob
yield per ha, 100-grain weight, grain yield per plant
and grain yield per ha than the earlier sown crop.

1000 grain weight (g)

The analysis of data showed that the 1000-grain
weight was significantly affected by the sowing

dates. The 1000-grain weight was significantly higher
in the crop sown on second week of June (419.2 g
and 355.8 g) followed by third week of May (380.6
g and 347.2 g) and first week of July (375.8 g and
337.1 g), during 2016 and 2017, respectively. During
2016, among the irrigation levels, 1000-grain weight
was higher in I1 irrigation treatment (394.3 g) than I2

(389.4 g) but no significant effects was observed in
these irrigation treatments. Among the mulch
treatments, the 1000-grain weight was significantly
higher in M1 (405.7 g) as compared to M2 (377.9 g).
During 2017, among the irrigation treatments, 1000-
grain weight was higher in case of I2 irrigation
treatment as compared to I1. But irrigation and mulch
did not show any significant effect (Table 3).

Namakka et al. (2008) in a study to find effect
of sowing dates (end of June, mid-July and end of
July) on maize at Nigeria revealed that maize sown
in the end of June had the highest cob length, cob
diameter and cob weight and grain yield as compared
to late sown crops. Shinde et al. (2014) found that
the plant height, dry matter production per plant and
1000-grain weight increased significantly when
irrigation scheduled at 0.75 IW/CPE ratio compared
with irrigation at critical growth stages. Jasemi et al.
(2013) carried out a field experiment on maize at

Table 3. Yield attributing characters of maize under different dates of sowing, irrigation and mulch levels during
kharif 2016 and 2017

Treatment            Yield attributing characters
Number of grains Length of cob 1000 grain

per cob (g/m2) (cm) weight (g)
2016 2017 2016 2017 2016 2017

Dates of sowing
D1 (Third week of May) 393.45 373.56 18.40 17.20 380.55 347.16
D2 (Second week of June) 395.09 377.57 19.88 16.75 419.18 355.83
D3 (First week of July) 336.13 332.90 17.56 14.89 375.84 337.08
CD (p=0.05) 30.15 12.38 0.56 1.34 20.86 NS

Irrigation levels
I1 (IW/CPE=1.00) 366.92 363.55 18.13 15.87 394.31 352.33
I2 (IW/CPE=0.75) 382.85 359.14 19.10 16.69 389.41 341.05
CD (p=0.05) 14.27 NS 0.79 0.45 NS NS

Mulch levels
M1 (with straw mulch @ 5t/ha) 380.97 363.74 18.78 16.62 405.74 349.33
M2 (without mulch) 368.81 358.96 18.45 15.94 377.97 344.06
CD (p=0.05) NS NS NS 0.45 19.27 NS
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Iran during 2010-2011 under three sowing dates
(May 14, May 22 and July 13) and showed that
sowing date had significant effect on grain yield,
number of kernels per row, number of kernels per
ear, 1000-grain weight, biomass, harvest index and
plant height. The highest grain yield obtained was
11654 kg ha-1 on May 22.

Yield and harvest index

Biological yield

During 2016 and 2017, the biological yield (q/
ha) was higher in D2 (206.75 and 178.09 q/ha) as
compared to D1 (204.91 and 153.81 q/ha) and D3

(182.46 and 146.90 q/ha), respectively, although
difference was non-significant. The effect of different
irrigation levels and mulch levels on the biological
yield was found to be non-significant (Table 4).

Straw yield

During 2016, the effect of date of sowings,
irrigation treatments and mulch levels wasfound to
be non-significant. However, during 2017,
significantly higher straw yield was produced when
crop was sown on second week of June (124.72 q/
ha) as compared to first week of July (105.86 q/ha)

and third week of May (102.94 q/ha). The effect of
irrigation levels and application of mulch was not
significant (Table 4).

Grain yield

The date of sowing, irrigation and mulch
application did not show any significant effect on
grain yield, although grain yield was found to be the
highest in D2(54.35 and 53.37 q/ha) followed D1

(52.39 and 50.86 q/ha) and D3 (44.48 and 41.04q/
ha), during both the years, respectively. Among the
irrigation treatments, the difference in grain yield was
found to be non-significant with higher grain yield
recorded in I2 (49.79 q/ha) as compared to I1 (47.05
q/ha). Among the mulch treatments, the grain yield
was found to be significantly higher in mulched
treatment (M1) (50.71q/ha) as compared to non-
mulched treatment (M2) (46.14 q/ha) during 2017,
whereas the difference was non-significant during
2016 (Table 4).

Khan et al. (1996) found maximum grain yield
of maize with irrigation level of 0.75 IW/CPE ratio
(I2) which was at par with that of 1.0 IW/CPE ratio
(I3). The highest grain yield (q ha-1) was reported
with 0.75 IW: CPE ratio (I2) as compared to0.50 IW/
CPE ratio (I1) and this reduction in grain yield might

Table 4. Yield and harvest index of maize under different dates of sowing, irrigation and mulch levels during
kharif 2016 and 2017

Treatment                             Yield and Harvest Index
Biological yield Grain Yield Straw yield Harvest index

(q/ha) (q/ha) (q/ha)
2016 2017 2016 2017 2016 2017 2016 2017

Dates of sowing
D1 (Third week of May) 206.75 153.81 52.39 50.86 152.50 102.94 0.26 0.34
D2 (Second week of June) 208.75 178.09 54.35 53.37 154.40 124.72 0.25 0.31
D3 (First week of July) 182.46 146.90 44.48 41.04 137.98 105.86 0.24 0.30
CD (p=0.05) NS 13.29 NS 5.22 NS 16.95 NS NS

Irrigation levels
I1 (IW/CPE=1.00) 198.03 150.31 50.06 47.05 147.27 103.26 0.25 0.31
I2 (IW/CPE=0.75) 198.03 168.88 50.75 49.79 147.98 119.09 0.25 0.32
CD (p=0.05) NS NS NS NS NS NS NS NS

Mulch levels
M1 (with straw mulch @ 5t/ha) 199.16 161.27 51.92 50.71 150.27 111.56 0.26 0.33
M2 (without mulch) 196.91 157.93 48.89 46.14 144.99 109.79 0.24 0.30
CD (p=0.05) NS NS NS 3.5 NS NS NS NS
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be due to water deficit causing reduction in number
of grains per cob and 1000-grain weight (Varughese
and Iruthayaraj, 1996). Tariq et al. (2003) also found
that maximum yield was obtained when plots were
irrigated according to 0.75 pan evaporation.

Harvest index

The harvest index was not significantly affected
by sowing dates. Higher harvest index was obtained
when the crop was sown in third week of May (0.26
and 0.34) followed by second week of June (0.25
and 0.31) and first week of July (0.24 and 0.30)
during 2016 and 2017, respectively. Harvest index
was statistically at par under different irrigation levels
and mulch application (Table 4).

Conclusions

The study concluded that sowing during second
week of June with mulch application and irrigation
at IW/CPE = 0.75 can be an effective practice to
manage the effects of climate change on growth and
yield of maize under Punjab conditions. However,
more management strategies need to be explored to
manage climatic risks on maize productivity in the
region. In addition to this there is a dire need to
develop early maturing and less water consuming
cultivars to adapt the changing climatic conditions
and sustain productivity.
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