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ABSTRACT

INTRODUCTION. Iraq is suffering from severe drought, exacerbated by climate change. Ge-
netic patterns and timing of planting are of critical importance to improve water use
efficiency and sustainability of agricultural production.

MATERIALS AND METHODS. A field experiment was conducted at the Al-Jadriya field, Bagh-
dad University, College of Agricultural Engineering Sciences. Six maize genotypes
(G1-Agr183, G2-PAN466, G3-Ly55, G4-OH40, G5-Xq880, and G6-IK58) were planted on
three dates (1 August, 7 August, and 15 August) during the fall season of 2023-2024.
The experiment was arranged in a randomized complete block design (RCBD) with
three replications. Leaf samples were analyzed in the laboratories of the Department
of Field Crops, College of Agricultural Engineering Sciences. The least significant dif-
ference (LSD) test at the 0.05% probability level was used for mean comparisons, and
statistical analysis was performed using the GenStat statistical software.

RESULTS. The results indicated that genotype G6 exhibited higher catalase (CAT) activity
across all three planting dates, while genotype G2 showed higher peroxidase (POD)
activity during the same period, suggesting superior adaptive efficiency of these two
genotypes. Superoxide dismutase (SOD) activity also varied among genotypes, with the
highest levels observed on D3 (third planting date) and D1 (first planting date) for G6,
and on D2 (second planting date) for G5, indicating a response due to genotype x plant-
ing date (G x D) interaction. Regarding planting date, CAT activity was highest on D3,
whereas POD and SOD activities peaked on D1, reflecting the influence of planting date
on the regulation of the antioxidant defense system.

CONCLUSION. The results demonstrate that enzyme activity and maize response to plan-
ting dates vary significantly depending on genotype. Therefore, selecting an appropri-
ate planting date is essential for optimizing crop growth under specific light, humidity,
and temperature conditions.

KEYWORDS: Zea mays L., antioxidant enzymes, planting dates, genotype, enzyme activity,
high temperature

AGRARIAN BULLETIN OF THE NORTH CAUCASUS | VOL. 16 No 3/2026 1


https://orcid.org/0000-0001-8991-3305
https://doi.org/10.31279/ABNC-2026-16-3-138
https://doi.org/10.31279/ABNC-2026-16-3-138
https://doi.org/10.31279/ABNC-2026-16-3-138
https://doi.org/10.31279/ABNC-2026-16-3-138

NccnepoBaTenbckas cTaTbsl

https://doi.org/10.31279/ABNC-2026-16-3-138

U3yyeHne aKTUBHOCTV aHTUOKCUAAHTHBIX d)epMeHTOB
Y PA3JINYHLIX TEHOTUNOB KYKYPY3bl

KOPPECMOHAEHLIUA:

Haram Magxup Xamup Anb-azayun
E-mail: nagham.m@coagri.uobagh-
dad.edu.iq

AN UMTUPOBAHUA:

Anb-asayn H.M. Vi3yuyeHuie akTUBHO-
CTW aHTUOKCUAAHTHBIX GepMeHTOB
Y PasNnNYHbIX reHOTUMOB KYKYpY-
3bl. A2papHeili secmHuk CegepHo20

Kaekasa. 2026;16(3). https://doi.
rg/10.31279/ABNC-2026-16-3-1

EDN UVDLAZ

MOCTYNWUNA: 22.06.2026
JIOPABOTAHA: 20.08.2026

[IPUHATA: 26.08.2026
ONYEJIUKOBAHA OHJIAHH: 02.09.2026

KOH®JIUKT UHTEPECOB:
aBTOpPbI COO6LLAIOT 06 OTCYTCTBUN

KOHGAVKTA MHTEPECOB.

COPYRIGHT: © 2026 H.M. Anb-a3aymn

H.M. Anb-a3aymn

YHuBepcuTeT bargasa, Konnegx nHxeHepHbIX HayK B CE/IbCKOM XO35ANCTBE,
bargaga, Vipak

AHHOTALIMA

BBEAEHUE. Mipak ncnbiTbiBaeT cepbesHblil 4edULNT BAaru, ycyrybasemMblili usMeHeHnem
KnvmaTta. FreHeTn4eckme 0CO6eHHOCTN 1 CPOKM NOCeBa UMEOT peLlatollee 3HayeHne
AN NoBblleHNs 3GPeKTUBHOCTM NCMO/b30BaHMSA BOAbl U YCTOMUYMBOCTA CebCKOXO-
35ICTBEHHOIO MPON3BOACTBaA.

MATEPUAJIbI U METOJbI. MoneBoii onbIT 6611 NPOBeAEH Ha OMbITHOM none Anb-xaapus
npw bargagckom yHusepcuTeTe, Konnesx MHXeHepHbIX HayK B Ce/IbCKOM XO3ANCTBe.
LWecTb reHoTunoB Kykypysbl (G1-Agr183, G2-PAN466, G3-Ly55, G4-OH40, G5-Xq880
n G6-IK58) BbiceBanu B Tpu cpoka (1 aBrycra, 7 aBrycta u 15 aBrycra) B OCEHHWIA ce-
30H 2023-2024 rr. OnbIT 3akNabliBann No cxeme paHAOMU3MPOBAHHbIX MOJHbLIX 6/10-
KOB B TPeXKpaTHOM NoBTOpHOCTN. O6pasLbl INCTbEB aHaM3MPoBaAn B nabopaTopu-
AX kadespbl noneBbix KynbTyp Konneaxa MHXeHepHbIX HayK B CeIbCKOM XO35IACTBe.
Jnsi cpaBHEHWSI CpeaHVX 3HaYeHWIA NCNONb30BaNV TeCT HaVIMeHbLUen CyLLLeCcTBEHHOM
pa3HoOCTW Npu ypoBHe BeposATHOCTK 0,05 %, cTaTucTUYeckyto 06paboTKy AaHHbIX Bbl-
MOJIHAMN C MOMOLLbIO NporpaMmel GensStat.

PE3YJIbTATbI. Pe3ynbTaThl nokasanu, Y4to reHoTun G6 xapakTepu3oBascs 60siee BbICOKOM
aKTMBHOCTBIO KaTanasbl BO BCe TPW CPOKa Mocesa, Torga kak reHotun G2 npossns
NOBbILLEHHYIO aKTUBHOCTb NMepPOKCMAA3kI B Te XXe Nepuosbl, YTO CBUAETENLCTBYET O Bbl-
COKOV afanTUBHOM 3PPeKTUBHOCTU STUX ABYX FeHOTUMOB. AKTUBHOCTb CyrnepoKCuA-
ancmyTasbl (CO/Jl) Takxke pasnMyanace MexXzy reHoTunamu: Hanbosbluve 3HaYeHns
oTMeueHbl y reHoTuna G6 B TpeTuii (D3) 1 nepsblii (D1) cpoku nocesa, a y reHoTvna
G5 — BO BTOpPOI1 cpok (D2), uTo ykasbiBaeT Ha 3aBUCUMOCTL GepMEHTATVMBHOMO OTBETA
OT B3aMMOJENCTBUS «reHOTUM X CPOK MoceBa». YTO KacaeTcs CPOKOB MoceBa, aKTUB-
HOCTb KaTasiasbl 6bl1a MakcMmanbHo B D3, TorAa Kak akTUBHOCTU nepokcnaassl n COJ,
Jocturanu nuka B D1, uTo oTpaxkaeT BIVSIHME CpOKa MoceBa Ha perynauunto addekTus-
HOCTU aHTUOKCUAAHTHOM CUCTEMbI 3aLUThI.

3AKNIYEHUE. MonyyeHHble pe3ynbTaThbl AEMOHCTPUPYHOT, YTO aKTUBHOCTE GepMeHTOB
1 peakLumsi KyKypy3bl Ha CPOKM MOCeBa CyLLEeCTBEHHO BapbUPYHOT B 3aBMCUMOCTU OT re-
HoTuna. TaknMm 06pasom, BbI6OP OMTUMANLHOrO CPOKa MoceBa MUMeeT BaxHOe 3Ha-
YeHne ANs ONTUMM3ALMM POCTa KyJbTypbl B KOHKPETHBIX YC/IOBUSIX OCBELLIEHHOCTH,
BNAXHOCTW W TeMnepaTypsbl.

KNHYEBBIE CNIOBA: kykypy3a Zea mays L., aHTUOKCUZAAHTHbIE depMeHTbI, CPOKUN MOCEB],
reHoTun, pepMeHTaTVBHAs aKTMBHOCTb, BbiCOKasi TemrepaTtypa
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INTRODUCTION

Zea mays L. is the third most important cereal crop in the
world after wheat and rice, due to its wide nutritional and
economic importance [1]. Despite their high production
capacity, they are classified as crops that are relatively sen-
sitive to water stress, especially drought, which may neg-
atively affect plant growth, development, and productive
components [2]. Therefore, determining the appropriate
planting date is an important agricultural procedure that
should be taken into consideration, ensuring that the sen-
sitive stages of plant growth are compatible with the appro-
priate environmental and climatic conditions, and reducing
the crop’s exposure to environmental stresses [3]. Early de-
tection of the genetic behavior of varieties under different
environmental conditions is of importance in determining
the extent of response of varieties and selecting the best [4].

Global warming and increased temperatures and
droughts, especially in Iraq, are taken as a serious risk to
the growth of plants and productivity. Determining the
appropriate planting date is at the forefront of the fac-
tors affecting the success of the production process, as it
is directly linked to the different stages of plant growth,
which are affected by the availability of appropriate envi-
ronmental conditions, especially temperature, humidity,
lighting intensity, and length of the light period.

Antioxidant enzymes are one of the most important
components of the physiological defense system in
Zea mays L. plants, as they play a pivotal role in maintain-
ing oxidative balance and protecting cells from damage
resulting from the accumulation of reactive oxygen spe-
cies under conditions of environmental stress, especial-
ly drought and high temperatures. The variation in the
efficacy and activity of SOD, CAT, and POD among Zea
mays L. cultivars may reflect their different ability to cope
with oxidative stress and adapt to adverse environmental
conditions, making these enzymes important physiologi-
cal indicators in assessing cultivar tolerance and selecting
the most efficient cultivar under stress conditions.

The antioxidant activity is one of the first lines of defense
against oxidation and it is important to maintain an opti-
mal redox environment for oxidation and reduction [5].
It revealed that the efficiency of the antioxidant enzyme
system differed significantly among the genotypes and the
early planting date had a significant effect on peroxidase
activity, whereas the late planting date had the highest
activity in both superoxide dismutase and catalase. This
is a pattern of very effective complementary gene-envi-
ronmental interaction [6]. Under normal physiological
conditions, NADPH oxides NOXES are one of the major
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producers of cellular ROS and are a current research in-
terest, as they have a specific ROS-producing role [7]. CAT
is a quaternary enzyme which plays an important role in
the breakdown of hydrogen peroxide (H,0,) to water and
oxygen in a highly efficient and effective manner.

The activity of the Catalase enzyme decreased significant-
ly at high temperatures [8] and increased in Catalase en-
zyme activity during heat stress [9]. Oxidizing enzymes
play an important role in plants’ response to biotic and
abiotic stress [10, 11]. Heat stress resulted in a reduc-
tion in the percentage of the enzymatic antioxidants in-
cluding Catalase CAT, Peroxidase POD and Superoxidase
dismutase SOD [12]. It has recently been demonstrated
that O, accumulation contributes to activation of the su-
peroxidase dismutase enzyme SOD, which neutralizes
O, to H,0, and is thus one of the antioxidant enzymes
that are able to protect corn from oxidative damage, as
well as roots [13, 14]. Under high temperature condi-
tions, ROS formation is increased and enzymes like cat-
alase are activated as a defense mechanism but in se-
vere stress conditions enzymes’ activity is disrupted [15].
The antioxidant enzymes are the first defense line against
oxidative harm and it is essential to maintain the oxidation
and reduction environment at the optimum level [16].

The enzyme superoxidase is less active at higher tem-
peratures [11]. When no stress, contents of antioxidant
enzymes are increased and must select a proper plan-
ting date [5]. Optimal condition for catalase enzyme
activity was confirmed which is 37°C [17]. Heat stress
can affect the response of oxidative stress enzymes to
changes in planting dates [18]. This work focused on the
importance of antioxidant enzymes to reduce the stress
of plants with heavy metals [19]. The stress can affect
the plants negatively impacting growth and yield [20].

This study aims to evaluate the response of several
Zea mays L. varieties to different planting dates, and to
determine the effect of different planting dates on the
activity and effectiveness of some oxidative enzymes
associated with the plant’s response to environmental
stresses. It also aims to detect variation between varie-
ties in their ability to adapt to prevailing environmental
conditions, and to identify varieties that are most effi-
cientinresponding to heat stress and drought, thus con-
tributing to the selection of the best and most suitable
varieties for cultivation under Iraq’s environmental con-
ditions, and promoting their use in breeding programs,
genetic improvement, and sustainable crop production.

Average thermal degrees throughout the growing pe-
riod (Figure 1) were obtained from the Iraqgi weather
monitoring agency (2023-2024).
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Figure 1

Average maximum (Max) and minimum (Min) temperatures in autumn 2023-2024

MATERIALS AND METHODS

A field experiment was performed in the autumn sea-
son (2023-2024) at the fields of Baghdad University
College of Agricultural Engineering Sciences for six
genotypes of maize (G1-Agr183, G2-PAN466, G3-Ly55,
G4-OH40, G5-Xq880 and G6-1K58) on the following
planting dates: 1 August, 7 August, and 15 August.
A randomized complete block design (RCBD) was
employed for the experiment with three replications.
The mean squares were calculated using the least sig-
nificant difference (LSD) 0.05% test was used to com-

- Determination catalase enzyme activity (CAT)

pare the GenStat statistical program used for data
analysis. Average thermal degrees throughout the
growing period were obtained from the Iraqi weather
monitoring agency (2023-2024).

Determination of enzyme activity

At the flowering stage, 10 mL of phosphate buffer
(KH,PO,, pH 7.8) was added to each frozen leaf
sample (stored at -25 °C). To estimate enzyme activity,
the following enzymes were assayed using a spectro-
photometer:

Enzyme activity was determined in accordance with the experimental method [21].

Enzym activity CAT (U\mg protein)

where A reading - change in absorbance/reading;
At - time interval (usually in minutes);

0.1 - volume of enzyme/sample used;

3 A reading \A t
0.1 x0.01 x protein concentation

0.01 - path length/correction factor as specified by the assay;

protein concentration - protein concentration of the sample (usually mg/mL).

- Determination of peroxidase enzyme activity (POD)

Peroxidase enzyme activity was estimated according to the method of [22].

Enzyme activity POD ( U\mg protein) =

A reading \A't
0.1 x 0.01 X protein concentation
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- Determination of superoxidase dismutase enzyme activity (SOD)
Enzyme activity was determined in accordance with the experimental method [23].

(A2B — A1B) — (A2S — A1S)

SOD (inhibition) =

where  A1B - blank absorbance before lighting;

A2B - blank absorbance after lighting;
A1S - absorbance of the sample before lighting;
A2S - absorbance of the sample after lighting.

Enzyme activity SOD =

where  df - dilution factor;

U - unit;
Vs - sample size.

RESULTS
Catalase enzyme (CAT)

The plant has a complicated redox defense system
that responds to the excessive productivity of ROS and
shields the plants from the injury caused by ROS, when
their production surpasses the activity of antioxidant
enzymes like catalase, which causes damage to es-
sential components of the plant. As is observed from

(A2B - A1B)

sample inhibition
highest inhibition

x 100,

df . .
X %(Ll\mL)Measrmng unit,

results in Figure 2, the highest average protein con-
tent across the three planting dates were obtained in
G5 with protein content of 2.74, 2.51 and 2.18 unit.mg""’
protein for D3, D2, and D1 respectively. The genotype G4
recorded the maximum 2.27 average protein content in
D3, G2 genotype recorded the minimum 1.12 average
protein in D2 and G1 recorded the minimum 1.19 aver-
age protein in D3 while G2 recorded the minimum 1.12
average protein in D2. The genotype G1 in planting date
1 August D1 had average 1.34 unit.mg™" protein.

w

2.5 @ D1 — First planting date T i D2 - Second planting date
. 2.18 z L. 2.51
£ 5 2
[ 18 19 17 i 2.04
a 1.45 5o 1.69
= 15 1.34 g
&0 5 15 122 112 127
E = .

1 z 1
2 5
£ 05 T o5
2 =
2 0 S o
m
b=l G1 G2 G3 Ga G5 G6 G1 G2 G3 Ga G5 G6
B3]
Maize genotypes
LSD0.5%. 0.34 Maize genotypes LSD0.5%. 0.63
= 3 i D3 - Third planting date 2.74
o
§ 2.5 2.27
5 2
'g'n 1.66
3 1.35
5 15 1.19 1.3
|
2
S
8 05
-
S o
Gl G2 G3 G4 G5 G6
LSD0.5%. 0.48 Maize genotypes

Figure 2
Effect of planting date on Catalase CAT enzyme activity unit.mg™" protein for six genotypes of maize (G1-Agr183,
G2-PAN466, G3-Ly55, G4-OH40, G5-Xq880, and G6-IK58) in autumn season 2023-2024
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Figure 3 shows that the results differ significantly with
regard to planting date: D3 (15 August) gives the highest
average activity (1.8 unit mg™ protein), followed by
D1 (1 August) with 1.7 unit mg™" protein, while D2
(7 August) gives the lowest average (1.6 unit mg™' pro-
tein). The activity of Catalase enzyme decreased (inhibit-
ed) which contradicts the results of [26] that concluded
with an increasing in Catalase activity with increasing
temperature.

Peroxidase enzyme (POD)

The storage of reactive oxygen species ROS and the de-
gree of membrane harm in the atom promotion in re-

sponse conditions to high-temperature conditions [24].
According to [27] the variation in the enzymatic activity
between genotypes is attributed to their genetic speci-
ficity. The data presented in Figure 4 reveal large geno-
type differences at all planting dates. G2 genotype had
the highest average protein content in D3, D1, and D2
as 0.75, 0.74, and 0.72 unit.mg™" protein, respectively.
The G5 genotype had the highest average protein con-
tent on D1 0.63 unit.mg™" protein, followed by G5 geno-
type on D2 0.58 unit.mg™" protein and G3 genotype on
D3 0.55 unit.mg™' protein, while the genotype G4 had
the lowest average protein content on D3, D2, and D1
0.35,0.36 and 0.45 unit.mg™" protein respectively.

CAT;D3; 1,8
=@=CAT; D1; 1,7
\=¢=m1';‘bz; 16
D1 D2 D3

Figure 3

Means of Catalase CAT enzyme activity unit. g™ protein in three planting dates (1 August D1 first planting date, 7 August
D2 second planting date, 15 August D3 third planting date) for six maize genotypes in the autumn season 2023-2024

M D1 - First planting date
0.8

0.7
0.6

0.74
0.51 0.54
0.5 0.45
04
03
0.2
0.1
0
Gl G2 G3 G4

Maize genotypes

0.61 0.63

G5 G6

0.8

POD activity (U mg-1 protein)

LsD0.5%. 0.12

0.7
0.6
0.5
0.4

POD activity (U mg-1 protein)

LSD0.5%. 0.09
Figure 4

0.75

0.55

5 046 I
0 I

Gl G2 G3

i D2 - Second planting date

~ 03 0.72

c

E o7 0.58

[ 3

& 06 055 0.52 0.52
-

g. 0.5 036

> 04 =

z 03

Z 02

®

a 01

2 o

G1 G2 G3 G4 G5 G6

LSD0.5%. 0.11 Maize genotypes

M D3 - Third planting date

051 g5
0.35 i I
G4 G5 G6

Maize genotypes

Effect of planting date on Peroxidase POD enzyme activity unit.mg™" protein for six genotypes of maize (G1-Agr183,
G2-PAN466, G3-Ly55, G4-OH40, G5-Xq880, and G6-IK58) in autumn season 2023-2024
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As shown in Figure 5, high temperatures enhanced the ac-
tivity of peroxidase enzyme as compared to heat stress with
high average on 1 August in D1 with 0.6 unit.mg™ protein,
followed by 15 August D3 with an average of 0.52 unit.mg™
protein, while the least average was observed on 7 August
in D2 with 0.5 unitmg™ protein. The results illustrated in
Figure 5 revealed that the highest average of enzyme acti-
vity was observed on 1 August in D1 with 0.6 unitmg™" pro-
tein, followed by 15 August in D3 with 0.52 unit.mg™" protein,
whereas the lowest average was seen on 7 August in D2
with 0.5 unit.mg™" protein. According to [26], enzyme activity
goes up as temperature goes up. The results of [11] showed
that the values decreased when the temperature increased.

Superoxidase enzyme (S0D)

One of the first defense mechanisms against the su-
peroxide ions O2 in the hydrogen peroxide form

=@= POD; D1; 0,6

=== POD; D2; 0,5

H,O, and oxygen O, is the action of the superoxide
dismutase enzyme [29]. This is because there can be
natural resistance to heat stress which could have con-
tributed to the lesser production of ROS mediated by
heat stress [30]. Under heat stress situations, levels of
ROS and membrane damage in the atom build up [24].
The difference in enzyme activity among genotypes is
due to their genetic nature according to [27].

A significant difference between genotypes at each
planting date is shown in Figure 6. G5 genotype got
the highest average protein content of 64.25 and
55.68 unit.mg™' respectively at D3 and D1. Genotype
G5 showed the highest enzyme activity on D2 (51.8
unit.mg™' protein), while genotype G1 had the lowest
average enzyme activity across all planting dates, with
values of 35.91, 36.12, and 45.91 unit.mg™' protein for
D3, D2, and D1, respectively.

POD; D3;0,52

D1

Figure 5

D2

D3

Means of Peroxidase POD enzyme activity unit.mg protein in three planting dates (1 August D1 first planting date,
7 August D2 second planting date, 15 August D3 third planting date) for six maize genotypes in the autumn season 2023-2024
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Effect of planting date on Superoxide dismutase (SOD) enzyme activity (unit.mg™" protein) for six maize genotypes
(G1-Agr183, G2-PAN466, G3-Ly55, G4-OH40, G5-Xq880, and G6-1K58) during the autumn season of 2023-2024
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Figure 7

Means of superoxide dismutase SOD enzyme activity (unit.mg™' protein) across three planting dates: D1 (1 August
first planting date), D2 (7 August second planting date), and D3 (15 August third planting date) for six maize geno-

types in the autumn season of 2023-2024

A variation was found within planting dates (Figure 7).
When stressed, plants exhibit stimulation of their re-
dox defense system which looks for Reactive Oxygen
Species (ROS). The second date on 7 August showed
the lowest average of 44.2 unit.mg™"in D2. Redox de-
fense system contributes to supporting plants to toler-
ate heat stress [31]. The enzyme activity was increased
at lower temperatures, as shown in Figure 1. At high
temperatures, the activity of SOD enzyme decreases
which is confirmed by [6, 11].

DISCUSSION

The results obtained indicate that the antioxidant sys-
tem enzyme activities such as CAT, POD and SOD en-
zyme significantly varied between the different geno-
types due to the date of planting, which marked a
difference during plant response to heat stress. This
difference lies in the genetic efficiency in controlling
ROS homeostasis and reducing the toxic effects of ROS
on cellular components.

The G5 genotype demonstrated higher activities of CAT
and SOD, indicating it is more capable of scavenging
ROS and thus better able to withstand heat stress. Some
genotypes, like G1 and G2, had lower enzyme activities,
suggesting restricted adaptation to high temperatures
and leading to high sensitivity to oxidative stress.
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