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Abstract: Maize is one of the major cultivated crops in Turkey. There has been a significant increase in studies
of maize under interactive effects of elevated CO, concentration and other factors, but the interactive effects of
elevated CO, and increasing irrigation and temperature on maize has remained unclear. In this study, the effects of
different temperature regimes (16/30 °C and 22/36 °C day/night), CO, (ambient CO, and elevated CO,) conditions
and irrigation treatments (full irrigated and reduced irrigated) on early growth characteristics of maize were studied
as pot experiments under greenhouse conditions. The plant height (PH), chlorophyll content index (CCl), leaf area
(LA), leaf fresh weight (FW), leaf dry weight (DW), relative water content (RWC), paraquat sensitivity index
(PSI) and relative cell injury (RCI) were examined. Results suggested that the temperature was a primary important
factor because of the direct influence on all observed characteristics in maize. Water stress-associated with high
temperature was often considered to be a limiting factor in maize production. In addition, it was observed that CO,
and irrigation also influential climate factors depending on the temperature.

Keywords: Climate change, CO,, maize production, temperature, irrigation.

Sera Kosullarinda Sicaklik, Karbon Dioksit ve Sulama Seviyelerine Misirin TepKisi

Oz: Misir Tirkiye’de kiiltiirii yapilan en onemli bitkilerden biridir. Artan CO,ve diger kosullarin
interaksiyonu ile ilgili misir {izerine yapilan ¢aligmalarda énemli bir artis bulunmaktadir, fakat artan CO, artan
sulama ve sicakligin musir {izerine birlikte etkisi belirsiz kalmistir. Bu ¢aligsmada, farkli sicaklik rejimleri (16/30 °C
ve 22/36 °C giindiiz/gece), CO, kosullar1 (normal CO, ve yiiksek CO,) ve sulama uygulamasinin (tam sulama ve
azaltilmig sulama) musirin erken gelisim parametreleri iizerine etkisi sera kosullarinda saksi denemesi olarak
yiiriitiilmiistiir. Bitki boyu (BB), klorofil icerigi (KI), yaprak alani (YA), yaprak yas agirlik (YYA), yaprak kuru
agirhik (KA), nisbi nem igerigi (NNT), paraquat hassasiyet indeksi (PHI) ve nisbi hiicre zarart (NHZ) incelenmistir.
Sonuglar sicakligin misirda goézlenen tiim 6zellikler iizerine dogrudan etkisi nedeniyle birincil 6nemli faktor
oldugunu gostermistir. Su stresi yiiksek sicaklik ile birlikte misir iiretimini sinirlayici bir faktoér olarak kabul
edilmistir. Ayrica, CO, ve sulamaninda sicakliga bagl etkili bir faktor oldugu gozlenmistir.

Anahtar Kelimeler: 1klim degisikligi, CO,, misir iiretimi, sicaklik, sulama.

1. Introduction of global climate changes, air temperature may
Maize (Zea mays L.) is the C4 species which is  increase between 1.4 -5.8 °C in association with
the most extensively grown in the world. Maize rises in atmospheric CO, (Cubasch et al. 2001).
production and productivity varies constantly These changes may increase the frequency of
depending on environmental changes. In scenario  extremes, including drought conditions, which
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will have significant consequences for crop
growth and food supply in the future (Easterling et
al. 2007). We focus on maize because of the
importance of this crop to smallholders 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).
Due to the C4 plant, maize is capable of using
solar energy more effectively and can tolerate
relatively high temperature up to a critical value.
Heat stress can be described as temperatures
above a threshold level that results in irreversible
loss to crop growth and development (Cairns et al.
2012). 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). High temperatures can
induce an array of morphological, anatomical,
physiological and biochemical changes within
maize (Cairns et al. 2012). Low temperature also
has adverse effect on germination, seedling
growth, early leaf development (Nguyan et al.
2009). The early growth stage of maize coincides
with in May and June. Long term average
minimum and maximum temperatures are 16 °C
and 30 °C respectively in Aydin. Demir et al.
(2008) revealed that day/night temperatures may
increase 5-6 °C during growth period according to
2071-2100 years scenario in Turkey. Maize is
usually disposed to present little or no additional

growth in reaction to elevated CO,. At elevated
CO, conditions, maize showed an increase in
CO, assimilation during periods with less rain.
These increases are based on the high intracellular
concentration of CO, at low stomatal conductance
and decreased transpiration (Jodo et al. 2012;
Bunce 2014). The influence of high CO, depends
on temperature. Based on the differential
temperature susceptibility of the solubility of CO,
and O,, it could be expected that increasing
temperature would increase the affinity of ribulose
bisphosphate carboxylase/oxygenase for CO,,
causes a raise in the CO, stimulation of
photosynthesis with temperature (Cairns et al.
2012). Maize is the most important crops in
irrigated semiarid areas of the world. Thus it is
very sensitive to water stress which affects growth
and decreases the conversion of radiation into
biomass (Rimski-Korsakov et al. 2009; Cavero et
al. 2009).

There are very few studies about temperature,
CO,, irrigation and 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.

2. Materials and Methods

2.1. Greenhouse experiment

The pot experiment was conducted at the
greenhouse of the Faculty of Agriculture, Adnan
Menderes University, Aydin-Turkey in 2011-
2012 and 2012-2013. Maize cultivar (Zea mays L.
cv. PR31G98) was utilized in this study. The long
term average minimum and  maximum
temperature (16/30 °C) (12 h/12 h) was used as
present-day temperature values at early growth
stage (May-June) in Aydin (Anonymous 2009).

Table 1. The temperature, humidity and CO, values at the greenhouse in 2011/12

Temperature regime CO, Temperature ( C) CO; (ppm) | Relative hum.(%)
regime
Night Day | Night | Day Night Day
16/30 °C Ambient CO, 17 30 592 519 85 68
Elevated CO, 17 30 787 792 87 72
22136 °C Ambient CO, 21 35 515 472 77 58
Elevated CO, 22 36 783 799 82 66

Night regime: 18:00-06:00; Day regime: 06:00-18:00
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Table 2. The temperature, humidity and CO, values at the greenhouse in 2012/13

Temperature regime CoO, Temperature (°C) CO, (ppm) Relative hum. (%)
regime Night | Day Night Day Night | Day
16/30 °C Ambient CO, 17 30 549 427 82 58
Elevated CO, 16 29 800 753 88 71
29/36 °C Ambient CO, 23 36 492 405 82 63
Elevated CO, 22 36 834 772 84 69

Night regime: 18:00-06:00; Day regime: 06:00-18:00

High temperature regimes are set at 22/36 °C
(a temperature rise of 5.8 degrees as the upper
limit given) (IPCC 2002). CO, values were 400
ppm which is present rate and 700-800 ppm
which is expected to reach at the beginning of this
century. Thus, different temperature regimes, CO,
concentrations and irrigation levels were studied.
Studies were conducted in 4 chambered
greenhouses where temperature and CO, was
controlled. Plants were grown in growing
chamber at 12 h (06:00-18:00) light conditions
and 200 micromol m?sn™ photosynthetic active
light with 12 lamp. Plants divided into two
irrigation groups in each chamber. The irrigation
applications were full and reduced irrigated.
Desired temperatures were provided through
cooling/heating units at each chamber. The
manifold which had 12 CO, tubes (out of the
greenhouse) and pipe (in a greenhouse) were used
for CO, applications. The temperature, humidity
and CO, values in the greenhouse were measured
through Hobo data recorder. Each pots (18x18x15
cm) filled with field soil/peat/sand/perlite mixture
(1:1:1:1) with volume 3.8 liter. Maize was sown 4
seeds per pot and thinned to 1 plant per pot after
emergence. There were no fertilizer applications.
Full and reduced irrigated applications were
started at the 2-4 leaf stage of maize. All plants
were irrigated at required amount until this period.
Drip irrigation system was used in greenhouse.
The calculation of full irrigated amount was
measured as; firstly the water was given until the
water drained from the bottom of the pots and
then irrigation time was measured for this
application. In reduced irrigated application, water
was provided as half of that time. Amount of
water in different treatment was full irrigated (395
mm) and (406 mm) in 2012 and reduced irrigated
(197.5 mm) and (203 mm) in 2013. Harvest was
done 10.06.2012 and 10.06.2013 (V6 growing
staae). In the study, five plants were selected for
112

observations in each application. The temperature,
humidity and CO, values at the greenhouse in
2011/12 and 2012/13 were given at Table 1 and
Table 2. The experiment was laid out using
Randomized Complete Block Design with three
factors and three replications. Factors were CO,
concentrations (main plot), temperature regimes
(subplot) and irrigation levels (sub-sub plot),
respectively.

2.2. Crop measurements

Plant height (cm): One week after starting of
irrigation applications, measurements were made.
Plant height was measured from the soil surface to
top of leaf with the help of a meter rod and
average height was calculated in the greenhouse.

Chlorophyll content index: For the portable
Apogee, CCM-200 plus meter, readings were
taken on the fully expanded leaf from the top of
the plant and about halfway between the tip and
the base of the leaf. Readings were taken from
each pot.

Leaf area (cm?): Leaf area was measured
from 4th leaves with the help of area meter
(model CI-202) by averaging the leaf value taken
from five plant samples from each application.

Leaf fresh and dry weight (g): After the
leaves were harvest from each pot, above-ground
leaf weights were weighed. And then, leaves in an
oven set to heat (65 degrees) two days.

Relative water content (RWC) (%b): It was
calculated according to Barr and Weatherley
(1962): RWC = (FW-DW) / (TW-DW) x 100
(FW: Fresh weight, DW: Dry weight, TW: Turgor
weight).

Paraquat sensitivity index (PSI): Firstly
leaves were floated for 24 h within sterilized
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water containing 100 uM Paraquat under 1200 lux
light conditions for paraquat applications. After
that chlorophyll contents were measured. These
measurements were used to determine percent
chlorophyll loss of plants. After paraquat
treatment, values were divided by control
condition values and in this was Paraquat
Sensitivity Indexes (PSI) were determined

Cakmak  (1994). PSI<1  (sensitive to
photochemical injury); PSI=1 (tolerant to
photochemical injury); PSI > (resistant to

photochemical injury)

Relative cell injury (RCI) (%0): It is highly
correlated to yield (Farooq et al. 2011). RCI, an
indicator of cell membrane thermostability (CMT)
was measured according to Sullivan (1972) from
the formula: RCI (%) = 1-[{1-(T1/T2)} / {1-(C1/
C2)}] x 100. T1: EC of sap of treated discs (50
°C) before autoclaving; T2: EC of sap of treated
discs (50 °C) after autoclaving; C1: EC of sap of
treated discs (25 °C) before autoclaving; C2: EC
of sap of treated discs (25 °C) after autoclaving

2.3. Statistical analysis
All data were statistically analyzed with the
SPSS (1999). Probabilities equal to or less than

0.05 were considered significant. Differences
between treatments were performed with LSD test
to separate them.

3. Results and Discussion

The results of the experiments were tested
statistically to determine the effects of climate
factors. The results showed that CO,, irrigation
and temperature levels were significantly affected
maize agronomic and physiologic characters
(Table 3 and Table 4). Mean values of maize were
given at Table 5 and 6 in 2011/12, Table 7 and 8
in 2012/13. The highest plant height values were
obtained from at increased temperature (22/36 °C)
in 2011/12. The values of plant height were 84.8
cm and 107.7 cm at ambient CO, and elevated
CO, conditions, respectively. Full irrigation levels
showed that the highest values were observed
with 99.5 cm at ambient CO, and 95.7 cm at
elevated CO,. Besides, high temperature and
elevated CO, levels were increased the plant
height. The results are in line with the findings of
Koti et al. (2007), who revealed that there was
CO;’s positive influence on plant height in
soybean. Similarly, Odiyi (2013) stated that
drought stress significantly reduced plant height
of maize seedlings.

Table 3. Analysis of variance of some agronomic and physiological characters for maize in 2011/12

Source of df PH FW DW PSI RCI RWC LA ccl
variation

Replication | 2 32 6.6 0.0 0.0 1.9 26 1.9 0.1
Factor A | 1 66157 | 2555%* | 14.3%* | 0.3** | 422.5%* | 21.1 39758 | 0.0
Factor B 1 192.7** 109.7** 0.1 0.5** 627.3*%* 2206.1** | 7069.2** 1.7*%*
AxB 1 80.7** 113.1** 1.8** 0.2** 49.0** 2.9 5397.0** 0.0
Factor C 1 5280.7** | 3021.8** | 95.1** 0.4** 7815.7** | 2055.4** | 4985.3** 0.3**
AxC 1 912.7** 412.5** 17.7** 0.1** 24.2%* 2.0 13286.9** | 0.3*
BxC 1 0.2 19.6* 0.3*% | 0.2%* | 384.8** | 3084.9** | 2036.9** | 3.3**
AxBxC 14 4.2 10.8* 0.7** 0.2** 36.8** 3.6 5224 5** 0.0
Error 23 6.8 2.2 0.2 0.0 2.4 13.0 7.04 0.0

* Significant at the 0.05 level, ** significant at the 0.01 level

Factor A: CO,, Factor B: Irrigation, Factor C: Temperature, PH: Plant height, FW: Fresh weight, DW: Dry weight, PSI: Paraquat
sensitivity index, RCI: Relative cell injury, RWC: Relative water content, LA: Leaf area, CCI: Chlorophyll content index
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Table 4. Analysis of variance of some agronomic and physiological characters for maize in 2012/13

Source

of df PH Fw DW PSI RCI RWC LA CClI
variation

Replicat. 2 0.8 0.0 0.0 0.0 3.3 9.0 14.2 0.2
Factor A 1 35.0** 330.8** 3.6** 0.0* 108.4 490.5** 5244.8** 1.8**
Factor B 1 477.0** 100.5** 8.1** 0.07** 125.1 5627.3** | 11042.0** | 1.2**
AxB 1 35.0** 145.5*%* 4.6%* 0.01** 2.9 86.3** 634.6** 26.3**
Factor C 1 108.4** | 3320.6** 1.5%* 0.02** 153.0 147 .5*%* 4134.1** | 84.8**
AxC 1 2.0%* 490.5** 3.8** 0.01** 45.4 12.8 2173.8** | 11.9**
BxC 1 0.4 13.1** 0.2** 0.00** 596.0* 437.8** 2790.5** 0.5
AxBxC 14 0.4 15.5** 3.6** 0.00 24.8 65.0** A4777.4*%* | 22.6**
Error 23 0.2 0.0 0.0 0.00 111.0 4.7 4.7 0.1

* Significant at the 0.05 level, ** significant at the 0.01 level
Factor A: CO,, Factor B: Irrigation, Factor C: Temperature, PH: Plant height, FW: Fresh weight, DW: Dry weight,
sensitivity index, RCI: Relative cell injury, RWC: Relative water content, LA: Leaf area, CCI: Chlorophyll content index

PSI: Paraquat

This result is contradictory to the previous
findings of Koti et al. (2007). However,
Mulholland et al. (1997) found that elevated CO,
had not significant effect on chlorophyll content
relative to the control. Results were consistent
with earlier results by Coskun et al. (2011), who
reported chl a varied from 1.361 mg g ™ to 1.839

mg g " and it may be owing to high temperature
stress conditions. Alberte et al. (1977) stated that

the majority of chlorophyll lost in response to
water  stress  occurred.  Gholamin  and
Khayatnezhad (2011) also observed that drought
stress was a negative effect on the chlorophyll
parameters. In this study, it was found that
elevated CO, conditions were reduced chlorophyll
content but Mulholland et al. (1997) found that
elevated CO, hadn’t significant effect
chlorophyll content relative to the control.

on

Table 5. Mean values of some agronomic and physiological characters of maize in 2011/12

Treatments FW (g) | DW (g) | PSI RCI LA (cm?)
Ambient CO, | Fullirrigated 16/30 °C 9.3a 1.0a 094a | 109b | 208.8a
22/36 °C 26.6b 34b 0.98a | 345b | 121.9b
Reduced irrigated 16/30 °C 3.8a 0.5a 1.07a | 135b | 1334a
22/36 °C 14.8b 27D 1.82a | 58.1b | 68.6b
Elevated CO, | Fullirrigated 16/30 °C 45D 0.7b 0.85b | 17.7a | 76.5b
22/36 °C 35.7a 5.8a 0.98a | 50.3a | 142.7a
Reduced irrigated 16/30 °C 50a 0.6a 098b | 195a | 120.1b
22/36 °C 353a 6.8a 1.07b | 63.2a | 904 a
LSD (0.05) 2.6 0.2 0.09 2.7 4.7

FW: Fresh weight,

The highest leaf area value was obtained from
ambient CO,, full irrigated and 16/30 °C with
208.8 cm” The second year the highest value
(214.5 cmz) was observed at ambient CO,, full
irrigation and 22/36 °C conditions. The values of
leaf area were influenced by CO,, irrigation and
temperature applications. Full and reduced
irrigated conditions gave the lower leaf area than
that obtained from ambient CO, and full irrigated
conditions. It has been reported by Human et al.
(1990) that leaf area reduced proportionally with
increased water stress. These results were also
parallel to the findings of Prasad et al. (2008) who
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DW: Dry weight, PSI: Paraquat sensitiviyty index, RCI: Relative cell injury, LA: Leaf area

concluded that the drought and heat stress can
negatively affect leaf area production and also
green leaf area duration. However, Kim Soo et al.
(2007) indicated that leaf area values were not
changed in response to CO, enrichment.

The highest fresh weight was 35.7 g and 35.3
g at elevated CO, and high temperature in
2011/12. The second year the best values were
observed at 22/36 °C conditions. Similarly the
highest fresh weight was obtained from this
application together with full irrigation. Because
there is not difference each other as statistically.
The results are supported by the finding of
Maroco et al. (1999) in maize and Koti et al.
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(2007) in soybean. Similarly, it was observed that,
the CO; enrichment increased the fresh weights of
the mint and thyme by 3.1 and 5.8 fold,
respectively (Anonymous 2014). Researcher
stated that drought stress decreased fresh weight
of shoot in maize (Hussain 2009). Bilgin et al.
(2008) found that 75% available irrigation
treatment caused in increasing the dry matter root
and shoot. It was observed that dry matter was
reduced with reduced irrigated conditions. Odiyi

(2013) obtained similar results when he observed
the fresh weight and dry weights of the plant of
maize were significantly decreased with drought
conditions. Reimer (2010) observed that maize
plants were accumulated more leaf dry weight at
optimum temperature and under heat stress. They
found that the effects of CO, (500 ppm or 1000
ppm CO,) and/or relative humidity (37% or 79%)
on C3 plants and corn were accelerated by an
elevated concentration of CO..

Table 6. Mean values of plant height, relative water content and chlorophyll

content index of maize in 2011/12

Treatments PH (cm) | RWC (%) | CCI
. Full irrigated 80.8b - -
Ambient CO, "reficed irrigated | 715b - -
Full irrigated 87.7a - -
Elevated CO; e uced irrigated | 85.7a - -
. 16/30 °C 67.5a - -
Ambient CO, > 36C 848D - i
16/30 °C 65.7 a - -
Elevated CO, =, 36 oc 107.7a - -
16/30 °C Full irrigated - 78.7 a 4.4h
Reduced irrigated - 82.2a 5.6a
o Full irrigated - 828 a 49a
22/36°C Reduced irrigated - 41.0b 4.7 a
LSD (0.05) 3.2 45 0.2

PH: Plant height, RWC: Relative water content, CCI: Chlorophyll content index

The RWC decreased with increasing water
deficit conditions. Leaf RWC is of the best
growth indices indicating the stress intensity
(Arjenaki et al., 2012). Jiang and Huang (2001)
found that the leaf RWC was not affected by heat
until 12 d for perennial ryegrass and tall fescue.
These results were in confirmation with those of
Farooq et al. (2011) who reported that leaf relative

water content and leaf water potential were not
influenced by heat stress when soil water content
was close to field capacity, but relative water
contents were sligltly affected by day/night
temperatures of 40/35 °C. The sensitivity of maize
to paraquat was especially observed at reduced
irrigation and high temperature conditions in
2011/12 and at elevated CO, levels in 2012/13.

Table 7. Mean values of some agronomic and physiological characters of maize in 2012/13

Treatments FW (g) | DW (g) | RWC (%) | LA (cm?) CClI
Full irrigated 16/30 °C 95a 57a 48.8 a 2100 a 54a
Ambient CO, 22/36 °C 27.1b 6.4a 50.0a 2145a 6.1b
Reduced irrigated 16/30 °C 3.6b 46a 78.0a 206.6 a 54a
22/36 °C 150b 3.3b 89.7 a 1115hb 94a
Full irrigated 16/30 °C 46h 5.6a 48.3a 179.3 b 36b
Elevated CO, 22/36 °C 37.0a 6.3a 40.0b 165.5b 10a
Reduced irrigated 16/30 °C 53a 4.7a 68.3 b 140.1b 3.3b
22/36 °C 38.0a 6.6 a 78.7b 139.5a 6.2b
LSD (0.05) 0.2 0.2 3.8 3.8 0.6

FW: Fresh weight, DW: Dry weight, RWC: Relative water content, LA: Leaf area, CCI: Chlorophyll content index
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Table 8. Mean values of plant height, relative cell injury and paraquat sensitivity

index of maize in 2012/13

Treatments (EH) RCI (%) PSI
. Full irrigated 99.5a - 0.77b
Ambient CO, Reduced irrigated 88.2b - 0.69 a
Full irrigated 99.5a - 0.80 a
Elevated CO, Reduced irrigated 93.0a - 0.67b
. 16/30 °C 92.0b - 0.73b
Ambient CO, 22736 °C 95.7b - 0.72a
16/30 °C 93.8a - 0.78 a
Elevated CO, 22136 °C 9%8.7a - 0.68 b
16/30 °C Full irrigated - 23.9a 0.80 a
Reduced irrigated - 185a 0.71b
o Full irrigated - 189b 0.76 a
22/36°C Reduced irrigated - 335a 0.64b
LSD (0.05) 0.6 13.1 0.01

PH: Plant height, RCI: Relative cell injury, PSI: Paraquat sensitivity index

The results showed that the relative cell injury
values generally increased with high temperature.
By only evaluating carbon dioxide, Baczek-
Kwinta and Koscielniak (2003) determined that
leaf membrane injury was significantly lower in
elevated CO, than that of ambient CO, in maize.
Naveed et al. (2014) stated that high temperature
decreases cell membrane thermostability (CMT) a
high values are considered as tolerant to high
temperature stress which indicates lower value of
cell membrane injury. The highest relative cell
injury was 63.2 observed with elevated CO,,
reduced irrigation and high temperature
conditions. The second year the values showed
that the relative cell injury was increased with
reduced irrigation and 22/36 °C.

4. Conclusions

CO, x irrigation x temperature interaction was
significant in terms of fresh weight and dry
weight in both years. The highest values were
obtained from both full irrigation and reduced
irrigation at elevated CO, and higher temperature
conditions. According to future scenarios, this
situation showed that elevated CO, and
temperature brought about the increase in maize
biomass. The paraquat sensitivity index (PSI) will
increase at higher temperature and reduced
irrigation regardless of ambient or elevated CO,
conditions. However relative cell injury (RCI) is
increasing at ambient and elevated CO, regardless
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of reduced irrigation and 16/30°C conditions. In
this case, it was appeared that the main effective
factor was irrigation in terms of both features
regardless of the CO, and temperature. The
highest leaf area values were observed at ambient
CO, x full irrigation x normal temperature
conditions in both years. On the other hand the
lowest values were obtained from ambient CO, x
reduced irrigation x higher temperature conditions
in 2011/2012 and 2012/2013. However, it has not
been established similarities between the other
combinations and years. These results showed
that reduced irrigation and temperature increase
may affect leaf area values. Therefore, if research
performs with less factors, it will give better
results. There were important interaction between
CO, and irrigation on plant height in both years.
While the highest values were obtained from full
irrigation application both ambient and elevated
CO, conditions, the lowest values were from
reduced irrigation. On the other hand, the
interaction between temperature and
CO, concentration were significant. The highest
values observed with elevated CO, and 22/36°C
but elevated CO, and 16/30 °C conditions caused
a decrease in plant height. It was indicated that
reduced irrigation may decrease the plant height at
elevated CO, and higher temperature conditions.
The interaction of temperature x irrigation was
significant on relative water content (RWC) in
2011/2012 and CO, x irrigation x temperature in
2012/2013. While the highest values were
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observed at reduced irrigation and high
temperature conditions, the other applications
gave similar results. It was observed that the
ambient CO,, full irrigation and both temperature
conditions. Similarly elevated CO,, full irrigation
with higher temperature conditions gave the
highest values in 2012/2013. However, the lowest
values were found at elevated CO,, reduced
irrigation and both temperature regimes. These
results showed that the amount of irrigation may
be more important factor than CO, and
temperature application for RWC. The interaction
of temperature x irrigation was significant on
chlorophyll content index (CCl) in 2011/2012 and
CO, x irrigation x temperature in 2012/2013. The
highest values for CCl were obtained from
ambient CO, and higher temperature conditions
followed by elevated CO,, reduced irrigation and
higher temperature conditions. The lowest values
for this parameter were obtained under elevated
CO,, full irrigation and higher temperature
conditions. It can be said that reduced irrigation
caused higher CClI values.

Acknowledgements

This research was financially supported by the
The Scientific and Technological Research
Council of Turkey (TUBITAK; project no:
1100184).

References

Alberte RS, Thornber JP and Fiscus, EL (1977). Water
Stress Effects on the Content and Organization
of Chlorophyll in Mesophyll and Bundle Sheath
Chloroplasts of Maize. Plant Physiol., 59 (3): 351-
353.

Ammani AA, Ja’afaru AK, Aliyu JA and Arab Al (2012).
Climate Change and Maize Production: Empirical
Evidence from Kaduna State, Nigeria. Journal of
Agricultural Extension, 16 (1): 1-8.

Anonymous (2009). The climatic data of Aydin province.
The General Director of State Meteorological
Service, Ankara, Turkey (Accessed to web:
07.02.2014).

Anonymous (2014). Growth Response to Very High
CO, Concentrations (Terrestrial Plants)
http://www.co2science.org/subject/v/summaries/v
eryhighco2.php (Accessed to web: 10.02.2014).

Arjenaki FG, Jabbari R and Morshedi A (2012).
Evaluation of drought stress on relative water
cotent, chlorophyll content and mineral elements
of wheat (Triticum aestivum L.) varieties.

International Journal of Agriculture and Crop
Sciences, 4 (11): 726-729.

Baczek-Kwinta R and Koscielniak J (2003). Anti-
oxidative effect of elevated CO, concentration in
the air on maize hybrids subjected to severe
chill. Photosynthetica, 41: 161-165.

Barr HD and Weatherley PE (1962). A re-examination of
the relative turgidity technique for estimating
water deficit in leaves. Australian Journal of
Biological Science, 15: 413-428.

Bilgin O, Baser I, Korkut KZ, Balkan A ve Saglam N
(2008). The Impacts on Seedling Root Growth of
Water and Salinity Stress in Maize (Zea mays
indentata Sturt.). Bulgarian Journal of Agricultural
Science, 14 (3): 313-320.

Bunce JA (2014) Corn Growth Response to Elevated CO,
Varies with the Amount of Nitrogen Applied.
American Journal of Plant Sciences, 5 (3): 306-
312.

Cairns JE, Sonder K, Zaidi PH, Verhulst PN, Mahuku G,
Babu R, Nair SK, Das B, Govaerts B, Vinayan
MT, Rashid Z, Noor JJ, Devi P, Vicente FS and
Prasanna BM (2012). Maize production in a
changing climate: Impacts, adaptation, and
mitigation strategies. Advances in Agronomy,
114:1-65.

Cavero J, Farre |, Debaeke P and Faci JM (2009).
Simulation of Maize Yield under Water Stress
with the EPICphase and CROPWAT Models.
Agronomy Journal, 92: 679-690.

Chen J, Xu W, Velten J, Xin Z and Stout J (2012).
Characterization of maize inbred lines for drought
and heat tolerance. Journal of Soil and Water
Conservation, 67 (5): 354-364.

Coskun Y, Coskun A, Demirel U ve Ozden M (2011).
Physiological response of maize (Zea mays L.) to
high temperature stress. AJCS., 5 (8): 966-972.

Cubasch U, Meehl GA, Boer GJ, Stouffer RJ, Dix M,
Noda A, Senior CA, Raper S and Yap KS (2001).
Projections of future climate change, in Climate
Change 2001: The Scientific Basis: Contribution
of WGI to the Third Assessment Report of the
IPCC, edited by J. T. Houghton et al., Cambridge
Univ. Press, New York, p. 525-582.

Cakmak 1 (1994). Activity of ascorbate-dependent H,O,-
scavenging enzymes and leaf chlorosis are
enhanced in magnesium-and potassium-deficient
leaves, but not in phosphorus-deficient leaves. J.
Exp. Bot., 45: 1259-1266.

Demir I, Kilic G, Coskun M ve Sumer UM (2008).
Tiirkiye’de maksimum, minium ve ortalama hava
sicakliklar1  ile yagis dizilerinde gozlenen
degisiklikler ve egilimler. TMMOB Iklim Degisimi
Sempozyumu, 13-14 Mart 2008, s.69-84, Ankara.

Easterling WE, Aggarwal PK, Batima P, Brander KM,
Erda L, Howden SM, Kirilenko A, Morton J,
Soussana JF, Schmidhuber J and Tubiello FN
(2007). Food, fibre and forest products. Climate
Change 2007: Impacts, Adaptation and
Vulnerability. Contribution of Working Group 11
to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change.
Parry ML, Canziani OF, Palutikof JP, van der

117


http://www.google.com.tr/url?sa=t&rct=j&q=water%20stress%20and%20maize%20chlorophyll&source=web&cd=3&cad=rja&ved=0CD8QFjAC&url=http%3A%2F%2Fwww.plantphysiol.org%2Fcontent%2F59%2F3%2F351&ei=7ggHU4TbMOOGywOA3oGoDQ&usg=AFQjCNGwVIsL1gDluH_qTnJD5WNjGe0ihA&sig2=9UxYFkrEhO6DsI63kxhXdg
http://www.google.com.tr/url?sa=t&rct=j&q=water%20stress%20and%20maize%20chlorophyll&source=web&cd=3&cad=rja&ved=0CD8QFjAC&url=http%3A%2F%2Fwww.plantphysiol.org%2Fcontent%2F59%2F3%2F351&ei=7ggHU4TbMOOGywOA3oGoDQ&usg=AFQjCNGwVIsL1gDluH_qTnJD5WNjGe0ihA&sig2=9UxYFkrEhO6DsI63kxhXdg
http://www.google.com.tr/url?sa=t&rct=j&q=water%20stress%20and%20maize%20chlorophyll&source=web&cd=3&cad=rja&ved=0CD8QFjAC&url=http%3A%2F%2Fwww.plantphysiol.org%2Fcontent%2F59%2F3%2F351&ei=7ggHU4TbMOOGywOA3oGoDQ&usg=AFQjCNGwVIsL1gDluH_qTnJD5WNjGe0ihA&sig2=9UxYFkrEhO6DsI63kxhXdg
http://www.co2science.org/subject/v/summaries/veryhighco2.php
http://www.co2science.org/subject/v/summaries/veryhighco2.php

YAVAS and UNAY/ JAFAG (2015) 32 (3), 110-118

Linden PJ, Hanson CE, Eds., Cambridge
University Press, Cambridge, UK, 273-313.

Faroog M, Bramley H, Palta JA and Siddique KHM
(2011). Heat Stress in Wheat during Reproductive
and Grain-Filling Phases. Critical Reviews in
Plant Sciences, 30: 1-17.

Gholamin R, Khayatnezhad M (2011). The effect of end
season drought stress on the chlorophyll content,
chlorophyll fluorescence parameters and yield in
maize cultivars. Scientific Research and Essays, 6
(25): 5351-5357.

Human JJ, Du Preez WH and De Bruyn LP (1990). The
Influence of Plant Water Stress on Net
Photosynthesis and Leaf Area of Two Maize (Zea
mays L.) Cultivars. Journal of Agronomy and
Crop Science, 164 (3): 194-201.

Hussain | (2009). Genetics of drought tolerance in maize
(Zea mays L.). Doctor of Philosophy in Plant
Breeding and Genetics Department of Plant
Breeding & Genetics University of Agriculture,
Faisalabad, Pakistan. P. 158.

IPCC (2002). Climate change and biodiversity, Edited by:
Gitay, H., A. Saurez, R.T. Watson, and D.J.
Dokken. IPPC (Intergovermantal panel on Climate
Change)-Tecnical paper 5, ISBN:92-9169-104-7,
p. 76.

Jodo B, da Silva L, Ferreira PA, Pereira EG, Costa LC and
Miranda GV (2012). Development of experimental
structure and influence of high CO, concentration
in maize crop. Eng. Agric. Jaboticabal, 32 (2):
306-314.

Jiang Y and Huang B (2001). Physiological Responses to
Heat Stress Alone or in Combination with
Drought: A Comparison between Tall Fescue and
Perennial Ryegrass. Hortscience, 36 (4): 682-686.

Kim Soo-H, Gitz DC, Sicher RC, Baker JT, Timlin DJ and
Reddy VR (2007). Temperature dependence of
growth, development, and photosynthesis in maize
under elevated CO,. Environmental and
Experimental Botany, 61: 224-236.

Koti S, Reddy KR, Kakani VG, Zhao D and Gao W
(2007). Effects of carbon dioxide, temperature and
ultraviolet-B radiation and their interactions on
soybean (Glycine max L.) growth and
development. Environmental and Experimental
Botany, 60: 1-10.

Maroco JP, Edwards GE and Ku MSB (1999).
Photosynthesis acclimation of maize to growth
under elevated levels of carbon dioxide. Planta,
210:115-125.

Mulholland BJ, Craigon J, Black CR, Colls JJ, Atherton J
and Landon G (1997). Impact of elevated
atmospheric CO, and Oz on gas exchange and
chlorophyll content in spring wheat (Triticum
aestivum L.). Experimental Botany, 48 (315):
1853-1863.

Naveed S, Aslam M, Magbool MA, Bano S, Zaman QU
and Ahmad RM (2014). Physiology of high
temperature stress tolerance at reproductive stages

118

in maize. The Journal of Animal & Plant Sciences,
24(4): 1141-1145.

Nguyan HT, Leipner J, Stamp P and Guerra-Peraza O

(2009). Low temperature stress in maize (Zea

mays L.) induces genes involved in photosynthesis

and signal transduction as studied by suppression
subtractive hybridization. Plant Physiology and

Biochemistry, 47 (2): 116-122.

Odiyi BO (2013). The Effects of Flooding and Drought
Stress on the Growth of Maize (Zea mays, LINN)
Seedlings. Journal of Biological and Food Science
Research, 2 (3): 30-32.

Prasad PVV, Staggenborg SA and Ristic Z (2008).
Impacts of Drought and/or Heat Stress on
Physiological, Developmental, Growth, and Yield
Processes of Crop Plants. Advances in
Agricultural Systems Modeling Chapter, 11 (1):
301-355.

Reimer R (2010). Response of maize (Zea mays L.)
seedlings to low and high temperature: association
mapping of root growth and photosynthesis-
related traits. Doctora Thesis, p 98.

Rimski-Korsakov H, Rubio G and Lavado RS (2009).

Effect of Water Stress in Maize Crop Production

and Nitrogen Fertilizer Fate. Journal of Plant

Nutrition, 32 (4): 565-578.

Inc. (1999) SPSS for Windows:

Applications Guide. Chicago, Illinois.

Sullivan CY (1972) Mechanism of heat and drought
resistance in grain sorghum and methods of
measurement. In: Rao NGP and House LR (eds).
Sorghum in the Seventies. Oxford and IBH
Publishing Co., New Delhi.

Ur Rahman S, Arif M, Hussain K, Hussain S, Mukhtar T,
Razag A, Igbal RA (2013). Evaluation of Maize
Hybrids for Tolerance to High Temperature Stress
in Central Punjab. Columbia International
Publishing American Journal of Bioengineering
and Biotechnology, 1 (1): 30-36.

118

SPSS Base 10.0


http://onlinelibrary.wiley.com/doi/10.1111/jac.1990.164.issue-3/issuetoc
http://www.sciencedirect.com/science/journal/09819428
http://www.sciencedirect.com/science/journal/09819428

