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Abstract

In scenario of global climate changes, air temperature may increase between 1.4 - 5.8 °C and atmospheric
carbon dioxide (COz2) concentration is predicted to rise from today’s value of current 370-550 ppm by
2050 and could reach between 730 and 1010 ppm by 2100. These changes may increase the frequency of
extremes, including drought conditions, which will have significant consequences for crop growth and
seed production in the future. An investigation was carried out to study the response of elevated carbon
dioxide and temperature regimes on seed production of heat tolerant maize RCRMH-2 under Open Top
Chamber (OTC’s) at Centre for Agro-climatic studies, University of Agricultural Sciences, Raichur,
Karnataka during summer season 2019 and 2020. Morphological parameters and pysiological parameter
indicated that, maize can be positively affected by CO2 enrichment and temperature regime, in part,
because of improved water relations. The exposure of the crop elevated CO2 and temperature regime
resulted in all the treatments the temperature was more than the threshold temperature (35 °C mean)
during the reproductive stage. This might lead to pollen abortion. Also the silk might have dried at in this
temperature and relative humidity leads to non seed setting in all the treatments. The results indicated
that in summer season (Jan-May) maize exposed to elevated temperature affects the flowering stage
during the months of March and April results in wilting, leaf firing and tassel blast leads to non
availability of pollen grains for seed set.

Keywords: Heat tolerant, elevated CO2 and temperature, pollen abortion, tassel blast

Introduction
Maize (Zea mays L.) is the C4 species which is the most extensively grown in the world.
Maize production and productivity varies constantly depending on environmental changes. In
scenario of global climate changes, air temperature may increase between 1.4 - 5.8°C (Cubasch
et al. 2001) [*4 and atmospheric carbon dioxide (CO,) concentration is predicted to rise from
today’s value of current 370-550 ppm by 2050 and could reach between 730 and 1010 ppm by
2100 (Solomon et al. 2007). These changes may increase the frequency of extremes, including
drought conditions, which will have significant consequences for crop growth and food supply
in the future (Easterling et al. 2007) [24],
Focus on maize because of the importance of this crop to small holders and have a wide range
of uses than other cereal such as human food, as a feed grain, fodder crop, and for hundreds of
industrial purposes. The reason for this it broad global distribution, its low price relative to
other cereals, its diverse grain types and its wide range of biological and industrial properties
(Ammani et al. 2012) [, By 2050 demand for maize will double in the developing world, and
maize is predicted to turn out to be the crop with the greatest production globally, and in the
developing world by 2025 (Cairns et al. 2012) [,
Maize is C4 species capable of using solar energy more effectively and can tolerate relatively
high temperature up to a critical value. Both high and low temperatures have a negative effect
on the growth and development of maize (Nguyan et al. 2009; Chen et al. 2012; Ur Rahman et
al. 2013) [ 10. 31 High temperatures can induce an array of morphological, anatomical,
physiological and biochemical changes within maize (Cairns et al. 2012) ["],
A major challenge ahead for those involved in the seed industry, therefore, is to provide
cultivars that can maximize future crop production in a changing climate (Ainsworth et al.
2008a; Bruins 2009; Ceccarelli et al. 2010). Ainsworth et al. (2008b) > ° 3 considered that this
will be possible within a decade.
There are very few studies about temperature and CO,, interaction with each other. High
temperature and rising CO- level caused by global climate change and water stress which may
be a consequence of these were investigated.
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Many studies have been conducted to examine the effects of
elevated CO, and elevated temperature on growth and yield
during during kharif and Rabi season. There is a need for
more experimentation on seed production of different crops
during summer season under global warming situation. In
view of this conducted the experiment during summer and
results are discussed here.

Materials and Methods

An investigation was carried out to study the response of
elevated levels of CO; and temperature regimes on growth,
yield and seed quality of maize under Open Top Chamber at
Centre for Agro-climatic studies, Main Agricultural Research
Station during summer (Jan-May) 2019 and 2020 and the
laboratory studies at Seed Unit, University of Agricultural
Sciences, Raichur.

Maize hybrid RCRMH-2 was utilized in this study. Male
parent (CML 451) and female parent (CAL 1514) were sown
as per the staggering followed in hybrid seed production in
each OTC and in reference plot with spacing of 60 cm x 20
cm. Four male plants (First day sowing for two plants and
third day sowing for two plants) and 16 female plants (seed
sown on sixth day) were raised in each OTC with four
replications. Such plots were watered regularly and soon after
emergence, all the agronomic practices for raising the crop
were practiced as per the package of practices of the
University of Agricultural Sciences, Raichur.

Treatments Details

T1: Elevated CO, @ 550 + 25ppm with normal temperature
T.: Elevated CO, @ 550 + 25 ppm + 2 °C rise in temperature
Ts: Reference open top chamber (Ambient CO, @410 + 25
ppm)

Ts: Ambient CO,; @ 410 + 25ppm with 2 °C rise in
temperature

Ts: Reference plot (Open field)

To maintain the above said conditions, pure CO, mixed with
ambient air was supplied to the chambers and maintained at
set levels using manifold gas regulators, pressure pipelines,
solenoid valves, rotameters, sampler, pump and CO; analyzer.
The opening and closing of these valves were regulated on the
basis of actual concentration of CO, within the OTC and the
set CO; level for that particular OTC which is regulated
through linked Program Logic Control (PLC) and Supervisory
Control and Data Acquisition (SCADA) system.

Crop measurements

Plant height: Plant height was measured from base of the
plant to the collar of flag leaf at harvesting stage and mean
height was calculated and expressed in centimeters

Chlorophyll content

The chlorophyll content of five randomly selected plants were
measured at 30, 60, 90 DAS and at harvest. Chlorophyll
content was estimated by Arnon method.

Five hundred mg of fresh leaf material was taken and ground
with help of pestle and mortar with 10ml of 80 percent
acetone. The homogenate was centrifuged at 3000 rpm for 15
minutes. The supernatant was stored. The residue was re-
exctracted with 5 ml of 80 per cent acetone. The extract was
utilized for chlorophyll estimation. Absorbance was recorded
at 663 and 645nm in Spectophotometer. The amount of
chlorophyll was calculated according to Arnon (1949) I,

Where
A A = Absorbance at respective wavelength
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V = Volume of extract (ml)
W = fresh weight of the sample (g)

Number of leaves

Total number of leaves produced was counted from five
plants and their average was taken as number of green leaves
per plant.

Days to 50 per cent tasseling (Male)

The number of days taken for 50 per cent tasseling in male
parent from the date of sowing in each plot was recorded and
expressed in number.

5 Days to 50 per cent silking (Female)

The number of days taken to 50 per cent silking in female
parent from the date of sowing in each plot was recorded and
expressed in number

Seed yield (g/ha)

The F1 seed yield per plot was recorded in each treatment
from three replications. The total yield per hectare was
computed from net plot and expressed in quintal per hectre.

Stover yield (g/ha)

The weight of the stocks from net plot area was recorded after
complete drying and expressed in quintal per hectre.

The data collected were analysed statistically by the
procedure prescribed by Sundarajan et al. (1972) . Critical
differences were calculated at 1 per cent level, wherever ‘F’
test was significant.

Results and Discussion

Growth and yield parameters: The plant height and number of
leaves of female parent of maize hybrid RCRMH-2 was
significantly influenced by variation in CO, and temperature
at 100 DAS and data is presented in Table 1 and Fig.1.

The highest plant height and maximum number of leaves was
observed in elevated CO, at 550 ppm followed by elevated
CO; + elevated temperature (2 °C rise). Significantly lowest
plant height was recorded in control plot with ambient CO;
and temperature. The reason for better growth performance
viz., plant height and number of leaves under elevated CO;
regime as maize is C4 crop which is CO;, responsive wherein,
increased photosynthetic rate and reduced photorespiration
was noticed. In contrast, under elevated temperature regime
affected photosynthetic apparatus particularly chloroplast and
also morphological character of plants such as plant height
and number of leaves per plant compared to reference plot.
Growth rates of maize can be positively affected by CO;
enrichment, in part, because of improved water relations.
Similar results are noticed by Leipner et al. (1999), Adishesha
et al. (2017) % 1 in maize genotypes, and Ira Khan et al.
(2018) in maize.

The data presented in Table 1 and depicted in Figure 2
showed that significant differences for the days to 50 per cent
tasseling in male parental line (CML 451) and 50 per cent
silking in female parent(CAL 1514) due to variation in CO;
and temperature.

Among the different treatments, less number of days to 50 per
cent tasseling (63.75, 64.00, 63.88 in 2019, 2020 and pooled
mean data, respectively) and 50 per cent silking (60.25, 60.50
and 60.38 in 2019, 2020 and pooled mean data, respectively)
observed in elevated CO, followed by elevated CO, +
elevated temperature (2 °C rise). Maximum number of days to
50 per cent tasseling znd 50 per cent silking required in
ambient CO;, + elevated temperature (2 °C rise).
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Table 1: Effect of elevated CO2 and temperature on plant growth and yield parameters of female parent of maize hybrid RCRMH-2

Plant height (cm) at Days to 50 per cent of Days to 50 per cent of
Treatments harvesting stage Number of leaves tasseling (CAL 451) silkin
2019 2020 | Pooled |2019|2020Pooled| 2019 2020 Pooled | 2019 | 2020 | Pooled

131.63 | 132.02 | 131.82 [14.00(13.98 13.99| 63.75 | 64.00 63.88 [60.25|60.50 | 60.38

Ti : Elevated CO2 @ 550 + 25ppm
with normal temperature

T2 : Elevated CO2 @ 550 + 25ppm
with 2 OC rise in temperature

Ts : Reference open top chamber

(410 ppm CO»)
T4 : Ambient CO2 @410 + 25ppm
with 2 °C rise in temperature 8545 | 83.89 | 84.67 [13.0512.94/12.99| 66.50 | 67.00 66.75 |64.50|64.25| 64.38

Ts : Reference plot (Open field) 72.63 | 74.73 73.68 [13.42]13.50/13.46| 65.25 | 65.25 65.25 [62.75]63.00 | 62.88

115.60 | 117.93 | 116.76 [13.45(13.48 13.47| 64.75 | 65.00 64.88 [61.25|61.75| 61.50

95.58 | 98.80 97.19 [13.36(13.42/13.39| 66.00 | 66.50 66.25 |[62.25]|62.75| 62.50

Mean 100.18 | 101.47 | 100.82 |13.46/13.47|13.46| 65.25 | 65.55 65.40 |62.20 | 62.45| 62.33
S.Em.+ 0.76 1.20 0.76 |0.08/0.15| 0.10 | 0.39 0.25 0.23 045 ] 030 | 0.29
CD @ 1% 3.19 5.00 3.18 |0.33|0.61]| 041 | 1.64 1.04 0.95 186 | 1.23 | 121

Table 2: Influence of elevated CO2 and temperature on total chlorophyll content and stover yield in female parent of hybrid maize RCRMH-20

Total chlorophyll content (mg/g of fresh weight) Stover yield
25 DAS 50 DAS 90 DAS (g/ha
2019(2020|Pooled|2019|2020|Pooled|2019/2020|Pooled| 2019 | 2020 |Pooled
Ti: Elevated CO2 @ 550 + 25ppm with normal temperature 2.13]|2.15| 2.14 |3.24|3.29| 3.26 |0.90|/0.88| 0.89 |17.86|19.48| 18.67

Treatments

T2: Elevated CO; @ 550 + 25ppm 1.951.98| 1.96 |2.88(2.93| 2.90 |0.76/0.74| 0.75 |15.94/16.35 16.15
with 2 OC rise in temperature

Ta: Reference open top chamber 1.75|1.77| 1.76 |2.49|2.54| 2.51 |0.55(0.71| 0.63 |14.17|14.79| 14.48

(410 ppm CO2)
T4: Ambient CO2 @410 + 25ppm with 2 °C rise in temperature  [1.10|1.12| 1.11 |1.82|1.79| 1.80 |0.24|0.26] 0.25 |9.74|11.46| 10.60
Ts: Reference plot (Open field) 1.54|1.58| 1.56 |2.08(2.15| 2.11 |0.48|0.53| 0.50 [11.09|12.29| 11.69
Mean 1.69(1.72| 1.71 |2.50|2.54| 2.52 |0.58]0.62| 0.60 [13.76|14.87| 14.32
SEm.t 0.02|0.02| 0.01 |0.02{0.03| 0.02 |0.01]|0.04| 0.02 {0.20]0.36| 0.21
CD @ 1% 0.07/0.09] 0.05 |0.07|0.12| 0.09 |0.04/0.18| 0.10 [0.82|1.08 | 0. 64

(a) Tassel start drying from tip (b) Tassel blast (c) Dried silk
Plate 2: Effect of elevated CO2 and temperature in maize hybrid RCRMH-2

Ta: Elevated CO2 @ 550 * 25ppm with T2: Elevated CO2 @ 550 + 25 ppm Ts: Reference open top chamber
normal temperature + 2°C rise in temperature (Ambient CO2 @410 + 25 ppm)
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T4: Ambient CO2 @ 410 + 25ppm with 2°C rise in temperature T5: Reference plot (Open field)
Plate 2: Effect of Elevated CO2 and temperature on Cobs in hybrid maize RCRMH-2

Physiological parameters
The data on the chlorophyll content of the maize as influenced by variation in CO; and temperature at different growth stages (30,

60, 100 DAS) are presented in Table 2 and Figure.3.
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Fig 3: Influence of elevated CO2 and temperature on plant height (cm) of female parent of maize hybrid RCRMH-2
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Fig 2: Influence of elevated CO2 and temperature on days to 50% tasseling and silking of hybrid maize RCRMH-2
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Ti: Elevated CO2 @ 550 * 25ppm
T2: Elevated CO2 @ 550 * 25ppm
temperature in temperature

Ts: Reference plot (Open field)
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Ts: Reference open top chamber with normal temperature (410 ppm CO2)
T4: Ambient CO2 @ 410 + 25ppm with 2°C rise with 2°C rise in

Fig 3: Influence of elevated CO2 and temperature on total chlorophyll of seed parent of maize hybrid RCRMH-2

Among different treatments, significantly highest chlorophyll
content (2.14, 3.26 and 0.89 mg g fresh weight in pooled
mean data of two years respectively) was recorded at 30, 60
and 100 DAS in T; (elevated CO,). Which was followed by
elevated CO, with 2 °C rise in temperature (T2) and lowest
chlorophyll content was recorded in ambient CO, + elevated
temperature(2 °C) (T,4) at all the stages. The increase in
chlorophyll content may be due to the maximum utilization of
carbon in the tissues which in turn increased the chlorophyll
content. This was supported by several authors (Hamid et al.,
2009, Srivastav et al, 2012) 116 28 Adishesha et al. (2017%) [
reported similar results in maize genotypes. Mishra and
Agrawal (2014) 24 reported in mung bean.

Further, the pollen viability and silk receptivity was
calculated based on number of potential kernels per ear. But
due to non availability of pollen grains, there is no seed
setting in all the treatments (Plate 2). Seed quality parameters
are not discussed here. Probable reasons for non seed setting
are disused here.

Tassel blast and silk receptivity

Tassel blast is a typical symptom of heat stress in maize
plants. Tassel blast refers to drying of the complete tassel
without pollen extrusion (Platela and 1 b). It is quite stable,
and once symptoms appear, they remain for a long period.
Tassel blast and silk receptivity is estimated based on humber
of fertilized kernels per ear.

The most critical variable in phenological development is
temperature and each plant has a specific range of
temperature for growth as defined as the upper and lower
limit (threshold) and an optimum (Hatfield et al., 2011) 71,
For maize during the vegetative stage this has been identified
as 8 to 38 °C with an optimum of 34 °C (Badu-Apraku et al.,
1983 and Kiniry et al., 1991) 8 22 while the range for the
reproductive stage is 8-30 °C. For survival of pollens which
are sensitive to temperature, temperature exceeding 35 °C
have been proven detrimental to pollen viability (Dupuis and
Dumas, 1990 and Herrero and Johnson, 1980) [3. 191
Productivity of corn is affected by temperatures exceeding
35°C during pollination due to dehydration of the pollen

(Hatfield et al., 2011) (271,

In the present study period, the maximum temperature
recorded was 38.1 °C to 40.8 °C with RH 50.00 to 50.40 per
cent in 2019 and 36.4 °C to 39.3 °C with RH 58 to 54 per cent
in 2020 during the reproductive stage. The temperature
exceeding 35 °C would cause the pollen viability and lead to
tassel blast in high temperature and low humidity. In all the
treatments the temperature was more than the threshhold
temperature during the reproductive stage. This might lead to
pollen abortion. Also the silk might have dried at in this
temperature and relative humidity leads to non seed setting in
all the treatments (Plate 1 C).

Similar findings were noticed in maize, at temperatures above
38 °C and poor seed set in maize was been attributed to both a
direct effect of high temperature (Johnson and Herrero, 1981,
Carberry et. al., 1989) [0 81 and pollen desiccation (Schoper et
al. 1986; Lonnquist and Jugenheimer 1943) 2" 231, Diurnal
max/min day/night temperature of 40/30 °C (35 °C mean)
cause zero yield in maize (Hatfield and Prueger, 2015) [8],
Subjecting plants to a more intense heat stress (generally
greater than 4 °C above optimum) resulted in severe yield loss
extending to complete crop failure. (Ghosh et al., 2000: Sato

et al., 2000: Kadir et al., 2006 and Tesfaendrias et al., 2010)
[15, 26, 21, 30]

Conclusion

The effect of increased temperature exhibit a larger impact on
seed set than on vegetative growth. During Summer season
(Jan-May) maize exposed to elevated temperature affects the
flowering stage during the months of March and April results
in wilting, leaf firing and tassel blast leads to non availability
of pollen grains for seed set. According to future scenarios,
this situation showed that elevated CO, and temperature
brought about the increase in maize biomass.
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