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ABSTRACT

The aim of this study was to evaluate the activity of some oxidative enzymes in
three genotypes of maize namely (Baghdad, 5018, Sara) under three sowing dates:
(26July, 4August and 12August) and denote (D, D, and Ds3). A field experiment was
conducted at field of College of Agricultural Engineering Sciences, University of
Baghdad/Al- Jadriya for the fall season 2021- 2022, factorial experiment was conducted
using randomized blocks (RCBD) with three replicates. Significant differences were
found among genotypes for the number of grains in the row, and the number of kernels
in the ear. The results showed that superiority of the genotype (Baghdad) in the
characteristic of Tasseling and Silking flowering 50%, plant yield with averages of
58.89d, 62.89d and 164.6g, respectively. While the genotype (Sara) was superior to the
weight of 100 kernels, with an average weight of 27.34g. Genotype (5018) gave the highest
value for Catalase (CAT) and Peroxidase (POD) enzyme, which was 2.16 u/mg and 0.51
u/mg, respectively, while genotype (Sara) gave the highest value for Superoxide
dismutases (SODs), which was 50.15u/mg The (D;) showed an increase in most of the
traits averages, especially (50% tasseling which gave 65.00d),(50% Silking which gave
68.00d),(weight of 100 grains which reached 26.91g) and (POD enzyme 0.56 u/mg).

The (D3) gave the highest value for plant yield which was 162.1g, CAT enzyme 2.54u/mg
and SOD enzyme 57.34u/mg.
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INTRODUCTION

The most important thing that the plant breeder needs is the productivity that is
achieved by increasing the cultivated area and providing the appropriate environmental
conditions, the most important of which is the planting date because of its direct effect of
growth and development stages of the crop.

Cultivars has decreased causing the loss of original local cultivars. The response of
crops to planting dates varies according to their types. Determining or choosing the appropriate
date for planting is very important in creating a regulation of the growth stages of the crop and
the formation of its organs in the appropriate conditions of temperature, humidity and light.
Also, the detection of early genetic behavior in different environmental conditions is one of the
breeding programs that aim to increase the production of a unit area and improve its
characteristics (Nagham et al., 2020).

NADPH oxides (NOXES) are one of the major sources of cellular Reactive Oxygen
Species (ROS), and remain a subject of intense research interest due to their exclusive function
in the production of reactive oxygen species under normal physiological conditions (Hayyan et
al., 2016). Catalase (CAT) was divided into three subgroups which are typical, atypical and
catalase-peroxidase that has an important role in the oxidative enzyme system by breaking
down hydrogen peroxide (H,0O>) into water and oxygen with high efficiency and effectiveness.
High temperature significantly reduces the activity of Catalase enzyme (Scandalios, 2000),
There is presence of an increase in the activity of Catalase enzyme under heat stress conditions
(Singh, 2020).The Catalase family(CAT) consists of highly conserved enzymes that Catalyze
the hydrolysis of H,0O, to water and oxygen and thus play an important role in plant responses
to biotic and abiotic stresses (Yuan et al.,2017 ; Zhou et al., 2018). Because of the
heterogeneous regulation of gene expression Peroxidase is involved in many cellular processes
during plant development stages and is stress responsive (Cosi & Dunand, 2009). High
temperatures cause a decrease in the percentage of Peroxidase enzyme(Yang et al., 2017). It
has recently been shown that the accumulation of O, leads to the activation of the enzyme
SOD, which detoxifies - O, by converting it to H,O, and is thus one of the antioxidant
enzymes that protects corn roots from oxidative damage. (Keyster et al., 2012 ; Klein et al.,
2013). Higher temperatures reduce the activity of the enzyme superoxidase (Zhu et al., 2010).

MATERIALS AND METHODS

A field experiment was carried out in the fields College of Agricultural Engineering
Sciences - University of Baghdad for the fall season (2020-2021), A total of three genotypes of
maize namely (Baghdad — 5018 — Sara ), and denote (V1, V2 and V3) were used in this study by
using RCBD with three replications, under three sowing dates (D;, D, and D3). Average
temperatures during the sowing season were got from the Iragi Meteorological Authority.

Estimation of enzyme activity

The samples were taken during flowering period of each experimental unit and for three
sowing dates, 1g of fresh leaves were mashed for each sample with addition of 10.mL of
protective potassium phosphate pH =7.8 and frozen at-18°C. used device Spectrophotometer to
estimate the enzymatic activity of each following enzymes.
Estimation of activity catalase (CAT)

The enzyme activity was estimated according to the method Aebi (1974) using the
following solutions:
Solution A: is prepared by dissolving 1.7420g of KH,PO, in little of distilled water and
complete the volume to 200mL of distilled water.
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Solution B: is prepared by dissolving 1.3608g of KH,PO, in little of distilled water and
complete the volume to 200mL of distilled water.
The First Solution

Potassium phosphate buffer KH,PO, solution, which is prepared by adding a calculated
volume of solution A to 50mL of solution B.
The second solution:

Hydrogen peroxide H,O; solution at a concentration of 30mm, we take 0.34mL of H,0,

(30%) and complete the volume to 100mL using the buffer solution. Preparation method:- 1000
uL of the sample were added with 1000uL of buffer solution and 1000uL of the prepared
hydrogen peroxide were added and measured with a spectrophotometer at wavelength 240nm

and the change was followed for five consecutive readings.
Areading

At
0.1 X 0.01 X protein concentation

Enzyme activity CAT (u/mg) =

0.1=mL sample volume
0.01 = 1 unit of enzyme
mg. mL = protein concentration

Estimation of activity peroxidase (POD).

The activity of the peroxidase was estimated according to the nezih (1985) method. A
guaiacol substance was prepared. 1.36mL of guaiacol was placed in a beaker and the volume
was completed to 250mL with distilled water.

Method of preparation: - Mix 1000uL of hydrogen peroxide with 1000uL of prepared guaiacol
and 1000uL of the sample. The data was read by a spectrophotometer at wavelength 420nm
and the change was followed every 30s for 3min.

Areading
At
0.1 X 0.01 X protein concentation

Enzyme activity CAT (u/mg) =

Estimation of activity superoxidase dismutase (SOD)

The activity of the enzyme (SOD) was estimated by Beyer & Fridoich (1987) using 6
solutions :
Solution (1)

Prepare (82.4 Mm) of K,HPO, and (165 uM) of EDTA-2Na by dissolving 3.5880 g of
K,HPO,4 and 0.0154 g of EDTA in sum of distilled water and then fill the volume to 250.mL
of distilled water.

Preparation method (82.4 Mm) of K,HPO, (165 uM) of EDTA-2Na Dissolve 3.5880g of
K,HPO and 0.0154g of EDTA in sum of distilled water and then complete the volume to
250mL of distilled water.

The buffer potassium phosphate was prepared by gradually adding solution B to solution A
until pH value = 7.8
Solution (2)

Prepare by dissolving 150mg of L- methionine in 5mL of distilled water.
Solution (3)
It was prepared by dissolving 0.1mL of Triton X-100 in 10mL of distilled water.
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Solution (4)
It was prepared by dissolving NBT Nitro blue titrazolum 14.4mg in 10mL of distilled water
and kept in an opaque vial.
Solution (5)
Mix the solutions (1,2,3,4) with a volume of 18.35mL of solution 1, 1.50 of solution 2, 0.75 of
solution 3 and 1.00 of solution 4, so that the total volume becomes 21.60mL.
Solution (6)

It was prepared by dissolving 0.0018g of riboflavin in alittle of distilled water and
completing the volume to 100mL of distilled water.
Method of preparation: 1500uL of the prepared mixture were added to the test tubes and
500uL of distilled water were added to it, then 40uL of the sample were added to the tubes.
The plank treatment was prepared in the same way with the difference that the tube contains
distilled water instead of the sample, and a 40pL of riboflavin dye (solution 6), then the
absorbance was read by a spectrophotometer at a wavelength of 560nm, then the tubes were
exposed to illumination for 7-10min and the absorbance was read again at the same
wavelength. The highest inhibition rate of the sample was estimated, as well as the enzyme
activity was estimated according to the following equations.

e _ (A2B-A1B)-(A25-A1S)
SOD(inhibition) = (AZB_A1D) x 100

A1B = blank absorbance before lighting

A2B = blank absorbance after lighting

ALS = absorbance of the sample before lighting
A2S = absorbance of the sample after lighting

sample inhibition % df

Enzyme activity SOD =
df = dilution factor

U = unit

Vs =sample size

. ——— (u/mL) Measruing unit
highest inhibition Vs

growth traits
Number of days from planting to 50%o tasseling:
The number of days from planting (the first irrigation) until the totasseling was recorded
by 50% (Al-Sahoke, 1990)..
Number of days from planting to 50% silking:
The number of days from planting (the first irrigation) until the emergence of the silking
was recorded by 50% (Al-Sahoke, 1990).
Number kernels\ row :
The number ofgrains in one row was calculated from the sum of all five random ear per
plants from each unit experimental.
Number kernels \ear:
The number of grains in the ear was calculated by (number of rows per ear) X ( the number
of grains per row).
Weight of 100 grains (g):
the yield of five grain plants was weighed (Al-Sahoke, 1990).
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RESULTS AND DISCUSSION
Catalase (CAT)

Plants use complex antioxidant defense systems to overcome uncontrolled production
of ROS and protect plants from oxidative damage when ROS production exceeds the activities
of antioxidant enzymes such as catalase, causing damage to essential cellular components,
(Hussain et al.,, 2019). The results in (Figure, 1) indicated that there were significant
differences between the genotypes, as the genotype (V) gave the highest average of 2.16u/mg,
followed by the genotype (V3), which gave an average of 1.85 u/mg, compared to the genotype
(V1) which gave the lowest mean of 1.37 u/mg.

The results in (Figure, 1) indicated significant differences between the sowing date,
where the sowing date D3 out performed by giving it the highest average of 2.54 u/mg,
followed by the sowing date D,, which gave an average of 1.84 u/mg compared to the sowing

date Dy, which gave the lowest mean of 0.99 u/mg, (Table, 1) indicates a rise in temperatures
in pla date D, D,. The activity of the catalase decreased and this is due to the inhibition of the
biosynthesis of antioxidants (Yin et al., 2008) and this was reached by Zhu et al., (2010) that
when the temperature increased, the activity of the catalase decreased and this is not confirmed
by the results of Kumar et al., (2012) when he concluded that the activity of the Catalase
enzyme increases when temperatures rise. The results of the interaction in (Figure, 1) showed
that sowing date D3 gave the highest mean for genotype (V3) of 4.03 u/mg, while sowing date
D; gave the lowest average for genotype (V3) 0.75 u/mg.

D1 D2 D3 Mean genotypes
4.5
4
4.03

ﬁ 3.5 ﬁ_
£ 3
3
2 25 =
2 2.54
i3] 2
© 2.16
2 15 1.95 1.85 —""]
£ 1.65 [
-E 1 1137 .
u 1:@5 1'12 0.99

0 ‘ |

V1 V2 V3 Mean sowing dates
Data Sowing

Figure (1): Effect of sowing dates on activity of catalase (CAT) (u/mg) for genotypes of maize
in fall season 2020-2021.
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Table (1): Effect Average maximum and minimum temperatures in fall season. 2020-2021.

Month ‘ Jul ‘ Aug ‘ Sep ‘ Oct

AT Max | 47,71 | 46,75 | 44,61 | 45,76 | 46,00 | 39,28 | 39,04 | 40,35 | 36,60 | 31,44
AT Min | 40,31 | 35,81 | 34,09 | 34,66 | 36,79 | 31,61 | 29,27 | 31,13 | 26,39 | 23,42

Peroxidase (POD)

The accumulation of ROS species and the levels of membrane damage in maize
increase under heat stress conditions (Hussain et al., 2019). The results of (Figure 3)
indicated that there were significant differences between the genotypes, as the genotype (V>)
gave the highest average Peroxidase enzyme 0.51u/mg, followed by the genotype (V3) which
gave an average of 0.48u/mg, compared to the genotype (Vi) which gave the lowest mean
0.38u/mg. This is because the differences between the genotypes in terms of enzyme activity
are due to the specificity of the genotype according to Chakraborty & Pradhan (2011).
While there were significant differences between the three sowing dates, where the date D;
outperformed, giving the highest average 0.56u/mg, followed by the D3 date, which gave an
average 0.44u/mg compared to the D, date, which he gave the lowest average 0.36u/mg,
because the activity of the Peroxidase enzyme increases at high temperatures as a defense
mechanism against heat stress (Yin et al., 2008), and when the enzyme activity is higher, H,O,
is efficiently converted to water and oxygen and the integrity of the membrane is preserved
under heat stress (Dogru, 2021). This is what Kumar et al., (2012) concluded that the activity
of the enzyme increases at higher temperatures. This is not confirmed by the results of (Zhu et
al., 2010) that by increasing the temperature, the activity of the peroxidase decreases. The
results of the interaction in (Figure 3) showed sowing date D; showed the highest mean of
genotype (V>) 0.70u/mg, while sowing date D, showed the lowest mean of genotype (V2)
0.31u/mg.

D1 D2 D3 Mean genotypes
0.8
0.7
0.7
w 0.6
£
2 05 —— - 0.56
Z 0.51
% 0.4 045 ?E 42
o 03 8:3% 0:36
_f;é 031 031
% 0.2
o
& 01
0 T T T 1
Vi V2 V3 Mean sowing dates
Data Sowing

Figure (3): Effect of sowing dates on activity of peroxidase (POD) (u/mg) for genotypes of
maize in fall season 2020-2021.

59



gl Wlmy Byl iyl 431, 2

Iraqi Journal of Market Research and Consumer Protection

Wahed & Al-Azawi
(2023) 15(1): 54-65

Superoxidase (SOD)

Superoxidase is the first line of defense used by plants to inhibit O,- in H,0, and O,
(Hussain et al., 2016). Results (Figure, 4) indicated that there were significant differences
between genotypes, as genotype (V3) gave the highest average 50.15u/mg, followed by
genotype (V1), which gave an average 45.14u/mg compared to genotype (V2). Which gave the
lowest average 43.69u/mg, and the reason is due to the possibility of natural resistance to heat
stress, which may be the reason for less generation of ROS under heat stress (Ranjeet et al.,
2014). While there were significant differences between the sowing dates, where the D3 gave
the highest average of 57.34u/mg, followed by the D; which gave an average of 43.74u/mg
compared to the D, which gave the lowest an average 37.91u/mg, because when plants are
exposed to heat stress, the antioxidant systems become active and start searching for ROS,
Where the antioxidant defense system plays a vital role in helping plants to withstand heat

stress (Yadav et al., 2017). (Table, 1) for temperature indicates that the enzyme activity
increased by the third date at lower temperatures, and this is what Zhu et al., (2010) found
when high temperatures, the activity of the Superoxidase enzyme decreases, and this is not
confirmed by the results of Kumar et al., (2012) where they found that the activity of the
enzyme increases at higher temperatures. The results of the interaction in (Figure 4) showed
that D3 gave the highest mean for genotype (V3) of 64.24u/mg, while D, gave the lowest mean
for genotype (V,) of 22.97u/mg.

D1 D2 D3 Mean genotypes

70

60 64.24
? 50 55.96 5629 57.34
2 i
- | 121 =T 2433
Y 4314 43.69 4374
£ 39 37.91
‘g 30 35.92 '
u
@
= 20 22.97
2
g 10
=3
wh

O T 1
V1 V2 V3 Mean sowing dates
Data Sowing

Figure (4): Effect of sowing dates on activity of superoxidase (SOD) (u/mg) for genotypes of
maize in fall season 2020-2021.

Tasseling and silking flowering 50%

According (Figure 5. a and b) it is clear that there are significant differences between
the genotypes for the number of days of sowing trait up to 50% tasseling and silking straight.
followed by genotype (V.), which gave an average number of days 58.22d and 62.33d,
respectively, compared to genotype (V1), which took the most number of days 58.89d and
62.89d, respectively. This is attributed to the gene action and the genetic combination of each
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genetic structure and the different influence of the environment on the performance of the
genotypes, and this was confirmed by Tollenaar et al., (2006) there is a significant effect of
sowing dates, as the D3 took the lowest average number of days from sowing to 50% silking,
reach 52.78d and 57.78d, respectively. Followed by the sowing D, it gave an average of
57.11d and 61.22d, respectively, while the sowing D; had the most nhumber of days to tasseling

and silking was 65.00d and 68.00 days, respectively. (Table, 1) that the accumulated
temperatures were higher on sowing date D;, then began to decrease on sowing date D, and
sowing D3, and this led to the flowering of the plants of the third date early due to the lack of
accumulated heat units (Parthasarath et al., 2013), where he found in his results that plants of
the late date accompanied by a drop in temperature bloomed early. The results of the
interaction in (Figure 5. a and b) showed that the date D3 took the least number of days from
planting up to 50% Tasseling and silking for all genotypes, and the genotype (V3) took the least
number of days of 52.00d and 57.00d for tasseling and silking respectively. The maximum
number of sowing date days for genotype (V>) was 65.67d and 68.67d for tasseling and silking,
respectively, for the sowing date D;.

D1 D2 D3 Mean genotypes D1 D2 D3 Mean genotypes

-
S

70
68
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64
62

68.67
68.33 68
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6533 6567 6
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Silking (d)

6289 6233 62733

60 61.67 -
. - = oer 613§ 5122
57.67 57.38 57.11 58
56.33 58.67
<6 s7.67 57.78
54
52
50

V1 v2 v3 Mean sowing dates Vi v2 V3 Mean sowing dates

Tasseling (d)

52.78

w
=}
0

s
gl

Data Sowing Data Sowing

(Figure 5.a): Effect of sowing dates on (Figure 5.b): Effect of sowing dates on 50%
50%Tasseling for genotypes of maize in fall Silking for genotypes of maize in fall season
season 2020-2021. 2020-2021.

Number kernels row and number kernels ear

Indicates (Figure, 6. a and b) no significant differences between the genotypes of
maize in number kernels row and number kernels ear. Also showed no significant differences
between sowing dates for traits. While the results of the interaction showed significant
differences between the genotypes and sowing dates for number kernels row. genotype (V) the
best in D, gave the highest average 39.40kernels row while genotype (V1) gave lowest average
32.27kernels row. As for interaction between genotype (V3) and D; showed the highest mean
of number kernels ear, genotype 620.8kernels ear while genotype (V1) gave the lowest average
512.3kernels ear for D,.
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Number kernels row

Figure (6.a): Effect of sowing dates on
number kernels row for genotypes of maize in
fall season 2020-2021
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v3 Mean sowing dates

Data Sowing

Weight 100 kernels g
Evident from (Figure, 7) there are significant differences between the genotypes of trait
weight 100 kernels g, genotype (V3) gave a higher average 27.34g, followed genotype (V1)
gave an average 24.69g compared to genotype (V2),which gave the lowest average 24.62g.
noticed there is significant effect of sowing dates in trait, D; was superior with the highest
average 26.91¢g, followed by D, which gave an average 26.46g compared to the D3, which
gave lowest average 23.29g, (Table, 1) shows that the delay in sowing date led to a decrease in
length of grain filling period, which affected the weight 100 kernels and finally the grain yield,
which may be due to the low accumulation of nutrients in seeds. Qian et al., (2016) and this is
supported by Rabbani & Safdry (2021).
The results of the interaction in (Figure, 7) Showed the D; gave the highest average for
genotype (V3) 28.67g, while the D3 for genotype (V,) gave the lowest average 21.00g.

579.5

5123

Vi

D2 D3 Mean genotypes

— . 6208

603.9
S92

5813 2957

5284

V2 V3

Data Sowing

—+—D1 D2 D3 Mean genotypes
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29 /\
. 28 28.67
2 27 * = = ¢
o 2742 -
g 26 77/ /26:3 26.46
5 .
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8 2 25.13 2555
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2 5 22,93 )
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20 21 :

V1 V2 V3 Mean sowing dates
Data Sowing

.
6114

584.3
5749
566.6

Mean sowing dates

Figure (6.b): Effect of sowing dates on
number kernels ear for genotypes of maize
in fall season 2020-2021

Figure (7): Effect of sowing dates on weight 100 kernels g for genotypes of maize
in fall season 2020-2021.
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The kernels yield per plant (g per plant)

The results in (Figure 8) shows that the significant differences between the genotypes
for trait kernels yield, genotype (V1) gave the highest averagel65g/plant followed genotype
(V2) gave an average 150g/plant. Compare genotype (V>) to the genotype (V3),which gave the
lowest average 134g/plant, the reason is due to the morphological difference between
genotypes in addition to difference between average traits of vegetative part and the traits of
the yield and this is confirmed by Wahaib (2012). (Figure, 8) evident there are significant
differences between the genotypes of trait plant yield. Genotype (V1) gave a higher average
165g/plant Followed by genotype (V) gave average 150g/plant compared to the genotype
(V3), which gave the lowest average 134g/plant. The reason is due to morphological difference
between the genotypes in addition to difference between average traits of the vegetative part
and the traits of yield (Wahaib,2012).

The D3 recorded the highest average 162g/plants followed by the D, which gave an
average 144g/plants compared with D, which gave the lowest average 143g/plants because
the high kernels yield is related to the number of grains and the period of their filling. early or
late sowing dates affect plants due to the environmental conditions to which the plant is
exposed at the time of flowering, and thus affect the kernels yield (Tsimba et al., 2013).
(Table, 1) show the temperatures associated with the sowing dates. the, D; was exposed to
high temperatures more than D, and Ds.

The results of the interaction in (Figure, 8) between D3 and genotype (V1) showed the highest
average 178g/plant while D, with genotype (V3) gave the lowest average 111g/plant.

D1 D2 D3 Mean genotypes
190
180
—~ 170 178
=
§ 160 | e -
= 183 162
20 150 158
s 133 150 150 150
(1]
2 140 —~
; 142 44
2 130 s 14
£ 120
110
111
100 T |
Vi V2 V3 Mean sowing dates
Data Sowing

Figure (8): Effect of sowing dates on kernel yield g/plant for genotypes of maize in fall
season 2020-2021.

CONCLUSION

The best activity enzyme observed in catalase and superoxidase at the first sowing
date (D1). Genotype (Baghdad) the best for 50%Tasseling, silking flowering and plant yield
.g/plant. The best activity catalase and peroxidase observed in genotype (5018). Genotype
(Sara) was the best for the weight 100 grain g.

63



gl Wlmy Byl iyl 431, 2

Wahed & Al-Azawi

Iraqi Journal of Market Research and Consumer Protection

(2023) 15(1): 54-65

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Aebi, H., Wyss, S. R., Scherz, B., & Skvaril, F. (1974). Heterogeneity of erythrocyte
catalase Il: Isolon and characterization of normal and variant erythrocyte catalase and their
subunits. European Journal of Biochemistry, 48(1), 137-145.

Beyer, Jr., Wayne, F. & Fridovich, 1. (1987). Assaying for superoxide dismutase activity:
some large consequences of minor changes in conditions. Analytical Biochemistry, 161(2),
559-566.

Chakraborty, U., & Pradhan, D. (2011). High temperature-induced oxidative stress in Lens
culinaris, role of antioxidants and amelioration of stress by chemical pre-
treatments. Journal of Plant Interactions, 6(1), 43-52.

Claudia Cosio, Christophe Dunand. (2009).Specific functions of individual class Ill
peroxidase genes. Journal of Experimental Botany 60, 391-408.

Dogru, A. (2021). Effects of heat stress on photosystem II activity and antioxidant
enzymes in two maize cultivars. Planta, 253(4), 1-15.

Hayyan, M., Hashim, M. A., & AlNashef, I. M. (2016). Superoxide ion: generation and
chemical implications. Chemical Reviews, 116(5), 3029-3085.

Hussain, H. A., Men, S., Hussain, S., Chen, Y., Ali, S., Zhang, S., & Wang, L. (2019).
Interactive effects of drought and heat stresses on morpho-physiological attributes, yield,
nutrient uptake and oxidative status in maize hybrids. Scientific Reports, 9(1), 1-12.
Hussain, 1., Ashraf, M. A., Rasheed, R., Igbal, M., Ibrahim, M., & Ashraf, S. (2016). Heat
shock increases oxidative stress to modulate growth and physico-chemical attributes in
diverse maize cultivars. International Agrophysics, 30(4), 519-531.

Keyster, M., Klein, A. & Ludidi, N. (2012). Caspase-like enzymatic activity and the
ascorbate-glutathione cycle participate in salt stress tolerance of maize conferred by
exogenously applied nitric oxide. Plant Signaling and Behaviour, 7, 349-360.

Klein, A., Keyster, M. & Ludidi, N. (2013). Caffeic acid decreases salinity-induced root
nodule superoxide radical accumulation and limits salinity-induced biomass reduction in
soybean. Acta Physiologiae Plantarum,35, 3059-3066.

Kumar, S., Gupta, D., & Nayyar, H. (2012). Comparative response of maize and rice
genotypes to heat stress: status of oxidative stress and antioxidants. Acta Physiologiae
Plantarum, 34(1), 75-86.

Mufttgil, N. (1985). The peroxidase enzyme activity of some vegetables and its resistance
to heat. Journal of the Science of Food and Agriculture, 36(9), 877-880.

Nagham, M., Al-Azawi, Plyushchikov, V.G, Gadzhikurbanov A., Bekuzarova SA,
Kozyrev A. Kh. (2020).Analysis of genetic parameters and estimation of oil and protein
percentage by using full diallel cross in maize. Plant Archives, 20(1), 3421-3425.
Parthasarathi, T., Velu, G. & Jeyakumar, P. (2013). Impact of crop heat units on growth
and developmental physiology of future crop production: A review. Journal of Crop
Science and Technology, 2, 1-11.

Qian, C., Yu, Y., Gong, X., Jiang, Y., Zhao, Y., Yang, Z., & Zhang, W. (2016). Response
of grain yield to plant density and nitrogen rate in spring maize hybrids released from 1970
to 2010 in Northeast China. The Crop Journal, 4(6), 459-467.

Rabbani, B. & Safdary, A. (2021). Effect of Sowing date and plant density on yield and
yield components of three maize (Zea mays L.) genotypes in Takhar climatic conditions of
Afghanistan. Asian Journal Plant Science Innovation, 1(2), 109-120.

Kumar, R. R., Sharma, S. K., Rai, G. K., Singh, K., Choudhury, M., Dhawan, G. & Rai, R.
D. (2014).Exogenous application of Putrescine at pre-anthesis enhances the

64



gl Wlmy Byl iyl 431, 2

Wahed & Al-Azawi

Iraqi Journal of Market Research and Consumer Protection

(2023) 15(1): 54-65

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

thermotolerance of wheat (Triticum aestivum L.). Indian Journal Biochem Biophys,
51(5),396-406.

Scandalios, J. G., Acevedo, A. & Ruzsa, S. (2000). Catalase gene expression in response
to chronic high temperature stress in maize. Plant Science, 156(1), 103-110.

Singh, I., Debnath, S., Gautam, A. & Yadava, P. (2020). Characterization of contrasting
genotypes reveals general physiological and molecular mechanisms of heat-stress
adaptation in maize (Zea mays L.). Physiology and Molecular Biology of Plants, 26(5),
921-929.

Tollenaar, M., Deen, W., Echarte, L. & Liu, W. (2006). Effect of crowding stress on dry
matter accumulation and harvest index in maize. Agronomy Journal, 98(4), 930-937.
Tsimba, R., Edmeades, G. O., Millner, J. P. & Kemp, P. D. (2013). The effect of planting
date on maize: Phenology, thermal time durations and growth rates in a cool temperate
climate. Field Crops Research, 150, 145-155.

Wuhaib, K. M. (2012). Testing introduced maize germplasm by line x tester method 1-
Yield and Yield Component. Iragi Journal of Agricultural Science, 43(1), 38-48.

Yadav SK, Pavan Kumar D, Tiwari YK, Jainender, Jyothi Lakshmi N, Vanaja M,
Maheswari M. (2017). Exogenous application of bio-regulators for alleviation of heat
stress in seedlings of Maize. Agricultural Research, 2, 1-16

Yang, H., Huang, T., Ding, M., Lu, D. & Lu, W. (2017). High temperature during grain
filling impacts on leaf senescence in waxy maize. Agronomy Journal, 109(3), 906-916.
Yin, H., Chen, Q. & Yi, M. (2008). Effects of short-term heat stress on oxidative damage
and responses of antioxidant system in Lilium longiflorum. Plant Growth
Regulation, 54(1), 45-54.

Yuan H.M, Liu W.C & Lu Y.T. (2017). Catalase2 coordinates SA-mediated repression of
both auxin accumulation and JA biosynthesis in plant defenses. Cell Host and Microbe,
21, 143-155.

Zhou, Y. B., Liu, C., Tang, D. Y., Yan, L., Wang, D., Yang, Y. Z & Liu, X. M. (2018).
The receptor-like cytoplasmic kinase STRK1 phosphorylates and activates CatC, thereby
regulating H,O, homeostasis and improving salt tolerance in rice. The Plant Cell, 30(5),
1100-1118.

Zhu, X., Song, F & Xu, H. (2010). Influence of arbuscular mycorrhiza on lipid
peroxidation and antioxidant enzyme activity of maize plants under temperature
stress. Mycorrhiza, 20(5), 325-332.

65



