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Maize (Zea mays), is a plant of economic and nutritional interest, which is often confronted with
unfavorable environmental conditions, including water stress. This phenomenon forces the plants to
considerably reduce their production by disturbing their metabolism. Seeds of maize of the variety
EV8728 were subjected to different doses of gamma radiation (100, 200 and 300 grays) in order to
induce mutations in plants that could lead to resistance to water stress. Thus, plants from gamma
irradiated seeds were used to evaluate the impact of water stress on leaf physiological parameters (leaf
area, density and pore area of stomata and assimilatory pigments). Water stress had a depressive effect
on all leaf parameters in maize plants. The degree of sensitivity or tolerance of the plants depends on
the dose of irradiation and the intensity of stress applied. The increase in the level of water stress
reduces the leaf surface and that of the stomata pores. This in turn increases the density of stomata. In
addition, chlorophyll a was more sensitive to the effect of water stress than chlorophyll b.
Key words: Maize mutants, water stress, gamma irradiation, leaves, stomata ostioles.

INTRODUCTION
Maize (Zea mays L.), a tropical annual herbaceous plant
of the Poaceae family, is an important cereal crop with
more diverse uses than other grains. Maize ranks third
after wheat and rice in world cereal production. It is
valuable as a food and feed source, not to mention its
role as a biofuel (Mohamed et al., 2021). In Côte d'Ivoire,
maize has a prominent place in agricultural activities
because of its importance in food security. Maize
cultivation is present in different regions of the country
with an annual national production of 654,738 tons, for a
total area of 327,800 ha. Its national consumption is
estimated at 28.5 kg per capita per year (Countrystat,

2013). According to Food and Agriculture Organization
(FAO) (Anonymous, 2014), production estimates and
compared to the situation in neighboring countries, Côte
d'Ivoire's maize sector seems to be growing relatively
slowly. This observation is justified by the fact that its
crop
is
confronted
with
numerous
biotic
(helminthosporiosis, streak, virus, rust, Striga, insects
and rodents) and abiotic (water and mineral deficiency,
soil degradation) constraints (Lobell et al., 2011; Baffour
et al., 2021).
Indeed, drought is a major environmental factor that
alters many physiological and metabolic processes in
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plants, ranging from a considerable decrease in growth
and development to plant death (Kapoor et al., 2020). In
addition, water loss at the plant level leads to an increase
in the pressure gradient between the ambient air and the
leaf, and consequently an increase in the transpiration
rate (Torres-Ruiz et al., 2013). For any plant, drought
imposes various physiological and biochemical limits and
undesirable effects, of which cell growth is the most
affected process (Bouranis et al., 2014; Chen et al.,
2015). Thus, under more severe drought conditions,
several phenomena such as inhibition of cell division, wall
synthesis, proteins, photosynthesis, accumulation of
solutes, closure of stomata... are observed (Taiz and
Zeiger, 2002; Zulias et al., 2021). Indeed, located
abundantly on the lower face, precisely in the epidermis
of the leaf, the stomata are responsible for almost all of
the exchange of water (stomatal transpiration) and gas
between the plant and its external environment (Zhao et
al., 2015; Buckley, 2019). Under these stressful
conditions, scientific investigations focus on various
aspects of plant physiology, such as the response of
stomata to drought stress.
This study aim to explore the photosynthetic area in
maize variety EV8728 in order to understand not only the
variation in leaf area but also the behaviour and
mechanism involved by leaf cells under water stress
conditions with a view to finding a sustainable solution to
the consequences of climate variability.
MATERIALS AND METHODS
Study site
The research work was carried out during four months (December
15, 2017 to April 20, 2018) on the research site of the University of
Jean Lorougnon Guédé, located in the city of Daloa. The town is
located in the region of Haut Sassandra, in the central-western part
of Côte d'Ivoire between 6º and 7º North latitude and 7º and 8º
West Longitude (Ayolié et al., 2016). The soil substrate is of
ferralitic type of medium denatured granitic origin with good
agricultural aptitudes and is suitable for all types of crops. The
climate is tropical with an average annual temperature of 27.5 ºC
and an average annual rainfall of between 1000 and 1500 mm per
year (Soro et al., 2015).
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natural conditions. Under this greenhouse, 360 pots perforated at
the base and then lined with a thin layer of gravel to ensure water
and air drainage were used for the experiment. These pots filled
with culture substrate (site soil) were treated with nematicides,
insecticides and fungicides.
The experimental design was completely randomized with nine
treatments (T0×CC, T0×50%CC, T0×25%CC; T1×CC, T1×50%CC,
T1×25%CC; T3×CC, T3×50%CC, T3×25%CC) and three
replications per treatment. Water supply was the only factor
controlled by the experimenter.

Experimental device
Irradiated and control seeds, disinfected with 10% sodium
hypochlorite solution, were first pre-germinated in the dark for 48 h
incubation in Petri dishes lined with sterile blotting paper and
soaked with sterile distilled water. Then, the pre-germinated seeds
were transplanted into the greenhouse pots with one seed per pot.
The randomized experimental device was made up of nine
elementary blocks, that is three per repetition (100, 50 and 25% of
the field capacity). Each elementary block contains 40 pots due to
10 pots in line per irradiation dose (100, 200, 300 grays and
control). The distance between repetitions is 60 cm, 40 cm between
two elementary blocks, 20 cm between rows and 20 cm between
seedlings on the row.

Determination and application of water stress levels
The different levels of water input in relation to the field capacity
(CC) of the soil were determined with a mass of 10 kg of cropland.
This mass of normal soil (10 kg) was taken dry for filling the pots
represented in the dry weight of the soil, that is P1 (dry weight of
the soil). The pots were then watered to saturation, while covering
them with aluminium foil to prevent water evaporation. After 48 h of
rest, the pots were weighed again, that is P2 (saturation weight).
The difference between P2 and P1 was used to determine the field
capacity of the soil (CC) contained in the pots according to the
following formula : CC = (P2-P1) / P1 × 100.
Three water treatments were selected: treatment 1 (CC),
treatment 2 (50% CC) and treatment 3 (25% CC). Eight weeks after
transplanting the plants, the different levels of water stress were
applied every two days respectively until the maturity of the ears.

Leaves physiological variables determined
The influence of water stress was evaluated only on the foliar
parameters of the different plants (100, 200, 300 grays and control)
of maize variety EV8728 under water stress conditions.

Plant material

Leaf area

The biological material consisted of maize seeds of EV8728 variety
from the Centre National de Recherche Agronomique (CNRA) of
Korhogo/Côte d'Ivoire. These seeds were transported to
Seibersdorf in Austria where they were irradiated with gamma rays
at doses of 100, 200 and 300 grays.

The total leaf area (cm²) per plant was determined 45 days after the
application of water stress. It consists of measuring the length and
median width of the leaves and then deducting the leaf area (LA) by
the following formula :

Setting up the experiment
The experiment was conducted in a traditional (in vivo)
'greenhouse' 16 m long, 7 m wide and 3 m high. The greenhouse
was represented here by a shelter covered with transparent plastic
film where the lighting and temperature conditions was close to

SF = (L × W × 0.75)
SF: Total leaf area per plant, L: length of the leaf, W : median width
of the leaf and 0.75: multiplying coefficient.

Maize leaf stomatal impressions
The stomatal impressions of maize leaves were taken using the

32

Int. J. Plant Physiol. Biochem.

Figure 1. Density of stomata at 10x magnification. A: density of leaf stomata of irrigated plants with field capacity
(controls); B : density of leaf stomata of irrigated plants with 50 % of field capacity ; C: density of leaf stomata of
irrigated plants with 25% of field capacity.

method described by Koffi et al. (2014). The upper surface of the
leaf was cleaned with distilled water and drained with blotting
paper. Part of this surface was covered with a thin layer of
colourless nail polish, while avoiding covering the central vein of the
leaf, and left to dry for 15-20 min. After drying, the varnish was
meticulously detached with transparent adhesive tape and then
glued back onto a glass slide bearing the plant's references. For
each corn plant, a leaf was taken at random and three stomata
impressions were collected.

performed according to the following formulas:
Chl a (µg/mL) = [12.25*DO663 ˗ 2.79*DO647] * V/1000m
Chl b (µg/mL) = [21.5*DO647 ˗ 5.10*DO663] * V/1000m
Total Chl (µg/mL) = [7.15*DO663 + 18.71*DO647] * V/1000m
Car (µg/mL) = (1000*DO470 ˗ 1.82*chl a - 85.02*chl b) *
V/(198*1000m)
Where V is the volume (mL) of the crude extract collected after
soaking the leaves in acetone and m is the mass of the leaves used
(g).

Observation and characterization of stomatal imprints
Once in the laboratory, each of the glass slides was observed with
an Olympus CX31 optical microscope connected to a camera
(LC20) at x10 magnification to determine the density of the stomata
(Figure 1) and at x40 magnification to measure the length and width
of the stomata opening in order to calculate the pore surface area
of the stomata (Figure 2). Stoma density is defined as the number
of stomata per unit leaf area (mm2) (Djinet et al., 2016). The surface
area of stoma pores (SPS) was used to determine the degree of
opening of the stomata. This surface was obtained from the formula
of Zgallaï et al. (2007) : SPS (mm2) = (a*b*d) / 4 with a : average
length of open stomata in mm ; b : average width of open stomata
in mm and d : number of stomata per mm2.

Extraction
pigments

and

dosage

of

chlorophyll

and

carotenoids

The second leaf of the ear was used for the dosage. Samples were
taken after the plant had released all its pollen. The extraction and
determination of the chlorophyll and carotenoids pigments were
carried out according to the method described by Lichtenthaler
(1987). A quantity of 0.1g of leaves cut into small fragments was
put into a volume of 10 mL of 95% acetone. The whole was kept in
the dark at 4ºC for 48 h. A volume of 3 mL of supernatant was then
taken for optical density (OD) reading at 663 nm and 647 nm for
chlorophylls (Chl a, Chl b and total Chl) and 470 nm for
carotenoids. The calculation of the different concentrations was

Statistical analysis
The data of the different foliar variables determined in relation to the
effect of water stress-radiation on the different irradiated plants of
the maize variety EV8728 were processed with the software
STATISTICA 7.1. The data were subjected to the two-factor
analysis of variance (ANOVA) at the threshold of α = 0.05. In case
of significance, Tukey's HSD test was used to classify the means.

RESULTS
Effect of water stress and radiation dose on
physiological parameters
Statistical analysis of the results showed a significant
effect of the interaction between water stress and
radiation dose on some of the agronomic parameters
studied.

Leaf area
The effect of water stress and irradiation dose reduces
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25%CC×D0 (7th group); 50%CC×D200 (8th group) and finally 25%CC×D300 (9th group). The stomata of
the leaves have variable opening areas.
D

Epidermal cell
Guard cell
Pore or ostiole
Subsidiary cell

E

F

Figure 2. Pore area of stomata at 40x magnification. D: stomata of the leaves irrigated plants
with the field capacity (controsl) ; E: stomata of the leaves irrigated plants with 50% of the field
capacity ; F: stomata of the leaves irrigated plants with 25% of the field capacity (ostiole) at the
target

leaf area in general, in the maize plants studied (Table 1).
The combination of water stress and irradiation dose
resulted in a considerable reduction of the average leaf
2
2
area from 8239.87 cm to 2690 cm respectively for the
control treatment (CC×D0) and the 50%CC×D300
treatment. However, for each amount of water supplied,
plants from seeds irradiated at the D100 dose (100Gy)
2
have the highest mean leaf area (10577.03cm ; 7221.23
2
2
cm and 6054.75 cm ) while those from D300 (300Gy)
2
have the lowest mean leaf area (5045.39 cm ; 4075.09
2
2
cm and 2690 cm ). On the other hand, D0 (unirradiated)
and D200 (200Gy) have an average leaf area
intermediate between D100 and D300. Thus, as the
severity of the stress increases, the leaf area is reduced.
Statistical analysis of the data confirmed a significant
effect (P= 0.046) for water stress level and irradiation
dose on the expression of leaf area of the maize variety
EV8728.
In addition, Tukey's HSD test at the 5% threshold
identified nine treatment groups: CC×D100 (1st group)
followed by CC×D0 (2nd group); 50%CC×D100 and
CC×D200 (3rd group); 25%CC×D100 and 50%CC×D0
(4th group); CC×D300 and 25%CC×D0 (5th group);
50%CC×D200 (6th group); 25%CC×D200 (7th group);
50%CC×D300 (8th group) and finally 25%CC×D300 (9th
group).

Density of maize leaf stomata
Gamma irradiation and water stress induce a general

increase in the average density of the stomata (Table 1).
The 25% CC treatment (stress) induced more stomata in
the leaves regardless of irradiation dose. However, the
plants from 300 grays irradiated seeds recorded the
highest stomata density. This increase ranges from 1050
stomates/mm² for the control treatment (CC×D0) to 1950
stomates/mm² for the 50%CC×D300 treatment.
Nevertheless, D0 and D100 have lower average stomatal
densities for each irrigation level than those in D200 and
D300, which have higher average stomatal densities. So,
analysis of variance of the data is reveal a significant
difference (P = 0.002) between the mean stomatal
densities of maize leaves at the 5% threshold. Tukey's
HSD test at the 5% threshold identified seven groups:
25%CC×D200 and 25%CC D300 (1st group) followed by
25%CC×D100
(2nd
group);
25%CC×D0
and
50%CC×D300 (3rd group); 50%CC×D200 (4th group);
50%CC×D100, 50%CC×D0 and CC×D300 (5th group);
CC×D200 (6th group) ;CC*D100 and CC×D0 (7th group).

Pores area of the stomata (ostioles) of maize leaves
The mean of stomata pore area (ostioles) of the maize
leaves studied under the influence of irradiation and
water stress are shown in Table 1. The pore area of the
stomata are reduced under the influence of irradiation
and water stress.
The reduction in the mean pore area of the stomata
ranges from 0.027 mm² in the control treatment (CC×D0)
to 0.005 mm² in the 25%CC*D300 treatment. For each
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Table 1. Influence of water stress/ irradiation interaction on leaf area, stoma density and stoma area of greenhouse maize plants.

Treatment

Irradiation dose (gry)

2

2

Leaf area (cm )

Density of stomata (stomata/mm )
b

CC*D0 (control)

D0 (control)
100
200
300

8239.87 ± 647
a
10577.03 ± 736
bd
7107.02 ± 265
ef
5045.39 ± 826

1050 ± 65
f
1089 ± 43
ef
1174 ± 91
e
1225 ± 100

0.027 ± 0.004
b
0.022 ± 0.002
bc
0.020 ± 0.002
b
0.022 ± 0.003

de

6011.77 ± 597
bd
7221.23 ± 500
f
5432.63 ± 364
g
4075.09 ± 397

e

50%CC

D0 ( control )
100
200
300

1239 ± 111
e
1238 ± 118
d
1520 ± 71c
bc
1689 ± 190

0.015 ± 0.003
c
0.018 ± 0.002
c
0.017 ± 0.003
d
0.013 ± 0.0002

ef

5182.24 ± 72
de
6054.75 ± 425
g
4329.19 ± 212 f
h
2690.00 ± 760
0.046
2.409

bc

25%CC

D0 ( control )
100
200
300

1671 ± 124
b
1723 ± 70
a
1915 ± 176
a
1950 ± 81
0.002
9.015

0.010 ± 0.001
d
0.012 ± 0.003
f
0.007 ± 0.001
g
0.005 ± 0.001 f
0.015
3.061

P
F

f

2

Pore area of stomata(mm /stomata)
a

cd

e

P = Approximate probability of the Tests ; F = Fischer's constancy. Mean values are followed by their standard deviation (±). Values with the same letters are not
significantly different (Tukey's 5% test). CC×D0: 100% field capacity - non-irradiated; CC×D100: 100% field capacity - 100 Gy dose; CC×D200: 100% field capacity 200 Gy dose; CC×D300: 100% field capacity - 300 Gy dose; 50%CC×D0: 50% field capacity - non-irradiated; 50%CC×D100: 50% field capacity - 100 Gy dose;
50%CC×D200 : 50% field capacity - 200 Gy dose; 50%CC×D300: 50% field capacity - 300 Gy dose; 25%CC×D0: 25% field capacity - non-irradiated; 25%CC×D100:
25% field capacity - 100 Gy dose; 25%CC×D200: 25% field capacity - 200 Gy dose; 25%CC×D300: 25% field capacity - 300 Gy dose.

level of stress, the mean stomatal surface area is
highest in D100 (0.018 mm² and 0.12 mm²) and
lowest in D300 (0.013 mm² and 0.005 mm²). This
reduction in the mean pore surface area of
stomata in corn variety EV8728 is significant (P =
0.015).
Tukey's HSD test at the 5% threshold identified
nine water treatment level groups : CC×D0 (1st
group) followed by CC×D100 and CC×D300 (2nd
group); CC×D200 (3rd group); 50%CC×D100 and
50%CC×D200 (4th group); 50%CC×D0 (5th
group); 50%CC×D300 and 25%CC×D100 (6th
group); 25%CC×D0 (7th group); 50%CC×D200
(8th group) and finally 25%CC×D300 (9th group).
The stomata of the leaves have variable opening
areas.

Foliar pigments of maize plants
Chlorophyll pigments
In general, water stress and irradiation have an
inhibitory effect on the synthesis of chlorophyll
pigments (Table 2). The average chlorophyll
content (a) is four times higher than chlorophyll (b)
in control. This indicates more chlorophyll (a) than
chlorophyll (b) in the leaves of the maize variety
EV8728 studied. This average chlorophyll (a) and
(b) content decreases as the water deficit in the
growing medium increases. Indeed, with a small
amount of water supplied, the average chlorophyll
(a), (b) and total chlorophyll content decrease
considerably. Thus, the reduction in content goes

from
1.304µg/ml
(CC*D0)
to
0.44µg/ml
(25%CC*D300) for chlorophyll (a), from 0.318
µg/ml (CC*D0) to 0.16 µg/ml (25%CC*D300) for
chlorophyll (b) and from 1.612 µg/ml to
0.616µg/ml for total chlorophyll. For each stress
level, the average chlorophyll (a), (b) and total
chlorophyll content are higher at D100 and lower
at dose D300. This reduction is significant (p =
0.015) for chlorophyll (b) but not for chlorophyll (a)
(p = 0.72) and total chlorophyll (p = 0.42).
Comparison of the means for chlorophyll (b) with
Tukey's HSD test at the 5% cut-off indicates eight
distinct treatment groups: the 1st group is
represented by CC×D0; the 2nd group by
CC×D100; the 3rd group by CC×D200; the 4th
group by 50% CC × D100; the 5th group by
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Table 2. Influence of Water Stress / Irradiation Interaction on Leaf Pigments in Greenhouse maize Plants.

Water stress level
CC

Irradiation dose (gry)
D0 (control)
100
200
300

Chlorophyll a (µg / ml)
a
1.304 ± 0.15
a
1.281 ± 0.13
a
1.238 ± 0.10
b
1.018 ± 0.11

50 % CC

D0 (control)
100
200
300

0.673 ± 0.13
c
0.871 ± 0.07
c
0.840 ± 0.03
d
0.720 ± 0.07

de

0.208 ± 0.003
bc
0.23 ± 0.002
bc
0.20 ± 0.003
cd
0.19 ± 0.002

c

0.882 ± 0.148
cd
1.111 ± 0.082
d
1.04 ± 0.317
e
0.898 ± 0.376

e

0.458 ± 0.020
c
0.641 ± 0.018
cd
0.570 ± 0.071
d
0.518 ± 0.080

25 % CC

D0 (control)
100
200
300

0.470 ± 0.05
e
0.55 ± 0.05
e
0.52 ± 0.01
f
0.44 ± 0.05

f

0.16 ± 0.001
cd
0.19 ± 0.003
e
0.17 ± 0.001
de
0.16 ± 0.001

de

0.620 ± 0.051
f
0.730 ± 0.033
fg
0.685 ± 0.011
g
0.616 ± 0.045

g

0.294 ± 0.016
e
0.412 ± 0.022
ef
0.381 ± 0.030
f
0.329 ± 0.031

0.001
10.08

0.015
3.061

0.01
6.025

0.001
2.039

P
F

Chlorophyll b (µg / ml)
a
0.318 ± 0.004
ab
0.280 ± 0.002
b
0.241 ± 0.002
ab
0.214 ± 0.003

Total chlorophyll (µg / ml)
a
1.612 ± 0.149
a
1.561 ± 0.111
b
1.479 ± 0.094
c
1.228 ± 0.107

Caroténoid (µg / ml)
a
0.856 ± 0.117
a
0.849 ± 0.034
b
0.806 ± 0.186
b
0.820 ± 0.075
de

g

P = Approximate probability of the Tests ; F = Fischer's constancy. Mean values are followed by their standard deviation (±). Values with the same letters are not significantly different
(Tukey's 5% test). CC*D0: 100% field capacity - non-irradiated; CC*D100: 100% field capacity - 100 Gy dose; CC*D200: 100% field capacity - 200 Gy dose; CC*D300: 100% field
capacity - 300 Gy dose; 50%CC*D0: 50% field capacity - non-irradiated; 50%CC*D100: 50% field capacity - 100 Gy dose; 50%CC*D200 : 50% field capacity - 200 Gy dose;
50%CC*D300: 50% field capacity - 300 Gy dose; 25%CC*D0: 25% field capacity - non-irradiated; 25%CC*D100: 25% field capacity - 100 Gy dose; 25%CC*D200: 25% field capacity 200 Gy dose; 25%CC*D300: 25% field capacity - 300 Gy dose.

CC×D300, 50%CC*D0, 50%CC×D200 and
50%CC×D300; the 6th group by 25%CC×D100
and
25%CC×D200;
the
7th
group
by
25%CC×D300 and the 8th group by 25%CC×D0.

average carotenoid content for the different levels
of water stress. However, statistical analysis of
the data reveal a significant difference (P = 0.001)
between the mean carotenoid content of corn
leaves at the 5% threshold (Table 2).

Carotenoids
DISCUSSION
As with all chlorophyll pigments dosed in this
work, the very high average leaf carotenoid
content in the controls is reduced with water
stress and irradiation dose severity. Values range
from 0.856 µg/ml (CC*D0) to 0.234 µg/ml
(25%CC*D0). The D100 dose has the highest

The results relating to the different physiological
variables of the leaves of corn plants of the
EV8728 variety obtained from irradiated seeds
were influenced by water stress and irradiation.
The corollary of water stress was the inhibition of

leaf expansion. Indeed, the lack of water has led
to a significant reduction in the photosynthetic
surface area (leaves). The leaf area of maize
plants receiving severe water deficit was much
smaller compared to the control treatment (CC
×D0). The reduction is more marked at the highest
level of water stress, at 25% of the field capacity
(25% CC). These results agree with the work of
Lauer (2005), on the behavior of corn in dry
weather. This author has shown that the
application of water stress during vegetative
development considerably reduces the leaf area.
Similar results were obtained by Attia (2007) on
cotton, Ayolié et al. (2016a) on tomato, Ved and
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Sukhbir (2020) in market gardeners and Ved et al. (2021)
in cucumber cultivars. According to Durand et al. (1997),
It has been shown that the expansion of aerial organs
immediately and sharply decreases with water deficit in
all plants, including those known to be resistant.
Kramer and Boyer (1995) and Lebon (2006) have
shown that the decrease in leaf area under a severe
water regime is an adaptive mechanism in plants aimed
at limiting leaf transpiration when water conditions
become unfavorable. Regarding the irradiation doses, the
results showed that the gamma ray irradiation at a dose
of 100 Gy has a stimulating effect on the leaf surface.
While high doses of gamma irradiation (200 Gy and 300
Gy) have a depressive effect on the expression of the
photosynthetic surface. Similar results have been
reported by Kim et al. (2005) on red pepper. The effects
of low dose gamma irradiation are said to stimulate
growth by altering the hormonal signaling network in plant
cells via improving the antioxidant capacity of cells to
simply overcome daily stressors such as variations in
intensity. Light, soil moisture and temperature in the
growing medium (Kim et al., 2004). The determination of
the surface of the stomatal pores (ostioles), at the level of
the upper surface of the corn leaves of the different levels
of water stress, made it possible to demonstrate the
reduction of these compared to the control. Indeed, the
severity of the water stress leads to the reduction of the
surface of the ostioles. Their results agree with those of
Zgallaï et al. (2007) on tomato and Lawson et al. (2014)
on Arabidopsis. Stomatal closure occurs when two guard
cells surrounding the stomatal opening lose turgor
pressure and close the opening. There are many signals
that induce stomatal closure, among which the most wellknown signal is probably abscisic acid (ABA). There are
several secondary messengers, such as Ca2 +, H2O2 and
nitrous oxide (NO) that contribute to stomatal closure
(Manzoni et al., 2011; Arve et al., 2013). Passive loss of
turgor pressure also results in stomatal closure (Arve et
al., 2011). According to Pantin et al. (2013) ABA
promotes stomatal closure in two ways: i) via its
biochemical effect on guard cells. Abscisic acid (ABA)
produced in roots and leaves during water stress is
transported to guard cells by ATP binding cassette (ABC)
transporters and activates signaling pathways leading to
stomatal closure, ii) an indirect water influence. This
action occurs by reducing the water permeability in the
vascular tissues of the leaf. The reactivity of leaf water
conductance to ABA varies among species and could
provide a physiological basis for isohydric or anisohydric
behavior in plants. The chlorophyll pigment content of
corn leaves is negatively affected by the lack of water in
the soil. The chlorophyll (b) content decreases
significantly with the level of water stress applied. The
reduction in the chlorophyll content (b) is more marked
with the treatment of 25% of the field capacity (CC). On
the other hand, that of the carotenoid does not present
any difference. Our results are in agreement with the
work of Beniken et al. (2013) on clementine, Ayolié et al.

(2016a) on tomato, Gizie et al. (2021) on wheat, Laura
and Davide (2021) on Vitis hybrids. According to the
latter authors, the reduction or increase in the content of
photosynthetic pigments depends on the adaptability or
sensitivity of the varieties studied. The work of Noreen et
al. (2020) on corn, in agreement with the authors,
showed that the carotenoid content does not vary
according to the varieties studied under conditions of salt
stress. On the other hand, that of total chlorophylls was
significant. According to Impes (1989), the reduction in
the content of leaf pigment in stressed plants is explained
by the fact that these leaf pigments are much degraded
during stress while in unstressed plants, these pigments
are more and more synthesized. Moreover, according to
Bousba et al. (2009), the fall in the pigment content is the
consequence of the reduction in the opening of the
stomata aimed at limiting water loss through transpiration
and by increasing the resistance to the entry of
atmospheric CO2 necessary for photosynthesis.
Conclusion
The results obtained, at the end of the study on the effect
of water stress / irradiation interaction on the leaves
physiological variables studies of the maize variety
EV8728 in central-western Côte d'Ivoire, led to the
following conclusions. Indeed, this study revealed that the
effect of the hydric deficit was well marked between the
control plants and those stressed during the experiment.
Water stress had a depressing effect on maize plants on
all foliar variables studies. The leaf expansion, leaf
pigments accumulation and stomata density depending
on seed irradiation dose and the stress intensity applied.
The increase in the level of hydric stress reduces the
foliar area and the area of the stomatal pores. This in turn
leads to an increase in the density of the stomata, which
are organs that regulate transpiration, and therefore
exchange between the plant and the atmosphere.
Chlorophyll a, chlorophyll b and total chlorophyll levels
are very sensitive parameters that represent indicators of
the degree of tolerance of the maize variety (EV8728).
On the other hand, chlorophyll a was more sensitive to
the effect of water stress than chlorophyll b.
CONFLICT OF INTERESTS
The authors have not declared any conflict of interests.
REFERENCES
Anonymous (2014). Diagnostic de la filière maïs en Côte d’Ivoire. Projet
«Redynamiser les productions, l’accès au marché et le conseil
agricole pour les filières vivrières et commerciales du Nord de la Côte
d’Ivoire».
https://www.google.com/search?client=firefox-bd&q=DIAGNOSTIC+DE+LA+FILIERE+MA%C3%8FS+EN+C%C3%9
4TE+D%27IVOIRE+https%3A%2F%2Fwww.nitidae.org. 59 p.
Arve LE, Terfa MT, Gislerod HR, Olsen JE, Torre S (2013). High

Ayolie et al.

relative air humidity and continuous light reduce stomata functionality
by affecting the ABA regulation in rose leaves. Plant Cell and
Environment 36(2):382-392.
Arve LE, Torre S, Olsen JE, Tanino KK (2011). Stomatal responses to
drought stress and air humidity. In: Abiotic Stress in Plants –
Mechanisms and Adaptations, Shanker A (Ed.), In Technology
Publication pp. 267-280.
Attia F (2007). Effect of water stress on the ecophysiological behavior
and the phenological maturity of the vine (Vitis vinifera L.) : Study of
five native grape varieties from Midi-Pyrenées. Doctoral thesis,
Option: Agronomic Sciences, National Polytechnic Institute of
Toulouse (Toulouse, France) 194p.
Ayolié K, Kouassi NJ, Angaman DM, Kouadio AB, Soro D, Kouakou TH
and Kouadio YJ (2016). Effect of water stress on morphological,
physiological and biochemical parameters of three varieties of tomato
(Lycopersicon esculentum Mill.). cultivated in Côte d’Ivoire,
International Journal of Scientific Engineering and Applied Science
2(11):148-161.
Baffour Badu-Apraku, Oluwafemi Obisesan, Adeoti Abiodun and
Ebenezer Obeng-Bio (2021). Genetic Gains from Selection for
Drought Tolerance during Three Breeding Periods in Extra-Early
Maturing Maize Hybrids under Drought and Rainfed Environments.
Agronomy 11(5):2073-4395.
Beniken L, Omari EF, Dahan R, Van Damme P, Benkirane R, Benyahia
H (2013). Assessment of the effect of water stress and rootstock on
clementine (Citrus reticulata) Swingle var.Sidi Aissa. Journal of
Applied Biosciences 71:5692-5704.
Bouranis DL, Dionias A, Chorianopoulou SN, Liakopoulos G,
Nikolopoulos D (2014). Distribution profiles and interrelations of
stomatal conductance, transpiration rate and water dynamics in
young maize laminas under nitrogen deprivation. American Journal of
Plant Sciences 5(5):659-670.
Bousba R, Ykhlef N, Djekoun A (2009). Water use efficiency and flag
leaf photosynthetic in response to water deficit of durum wheat
(Triticum durum Desf.). World Journal of Agricultural Sciences
5(5):609-616.
Buckley TN (2019). How do stomata respond to water status? Tansley
review. New Phytologist 224(1):21-36.
Chen Y, Yu J, Huang B (2015). Effects of elevated CO2 concentration
on water relations and photosynthetic responses to drought stress
and recovery during rewatering in tall fescue. Journal of the American
Society for Horticultural Science 140(1):19-26.
Countrystat
(2013).
Http//:www.countrystat.org/civ/cont/pxwebquery/ma/107spd080/fr,
Accessed December 12, 2016.
Durand JL, Gastal F, Etchebest S, Bonnet AC, Ghesquière M (1997).
Interspecific variability of plant water status and leaf morphogenesis
in temperate forage grasses under summer water deficit. In
Developments in Crop Science 25:135-143.
Gizie AB, Zhengbin Z, Ping X (2021). Physio-Morphological and
Biochemical Trait-Based Evaluation of Ethiopian and Chinese Wheat
Germplasm for Drought Tolerance at the Seedling Stage.
Sustainability 13(9):1-23.
Impes R (1989). The non-parasitic causes of diseases. In: Treaty of
plant pathology. Semad R. (Ed). Agronomic presses of Gembloux pp.
39-83.
Kapoor D, Savita B, Marco L, Arti S, Muthusamy R, Anket S (2020). The
Impact of Drought in Plant Metabolism: How to Exploit Tolerance
Mechanisms to Increase Crop Production. Applied Sciences 10:5692.
Kim JH, Baek MH, Chung BY, Wi SG, Kim JS (2004). Alterations in the
photosynthetic pigments and antioxidant machineries of red pepper
(Capsicum annuum L.) seedlings from gamma-irradiated seeds.
Journal of Plant Biology 47(4):314-321.
Kim JH, Chung BY, Kim JS, Wi SG (2005). Effects of in planta gammairradiation on growth, photosynthesis, and antioxidative capacity of
red pepper (Capsicum annuum L,) plants. Journal of Plant Biology
48(1):47-56.

37

Koffi NA, Barima YSS, Angaman DM, Dongui BK (2014). Les
caractéristiques des stomates des feuilles de Ficus benjamina L.
comme bioindicateurs potentiels de la qualité de l'air dans la ville
d'Abidjan (Côte d'Ivoire). Journal of Applied Biosciences 78:66756684.
Kramer PJ, Boyer JS (1995). Water relations of plants and soils.
Academic Press, California P 482.
Lauer J (2005). What Happens to the maize Plant in Dry Weather?
University of Wisconsin in Madison 4 p.
Laura R, Davide B (2021). Drought increases chlorophyll content in
stems of Vitis interspeciﬁc hybrids. Theoretical and Experimental
Plant Physiology 33(1):69-78.
Lawson SS, Pijut PM, Michler CH (2014). Comparison of Arabidopsis
Stomatal Density Mutants Indicates Variation in Water Stress
Responses and Potential Epistatic Effects. Journal of Plant Biology
57(3):162-173.
Lebon E (2006). Effect of the water deficit of the vine on the functioning
of the cover, the development of the yield and the quality. INERA Sup
Agro, UMR, Laboratory of Ecophysiology of Plants under
Environmental Stress, 4p Madison, Wisconsin, USA pp. 225-293.
Lichtenthaler HK (1987). Chlorophyll and carotenoids: Pigments of
photosyntetic biomembranes. Methods in Enzymology 148:350-382.
Lobell DB, Bänziger M, Magorokosho C, Vivek B (2011). Nonlinear heat
effects on African Maize as evidenced by historical yield trials. Nature
Climate Change 1:42-45. http://dx.doi.org/10.1038/nclimate1043
Manzoni S, Vico G, Katul G, Fay PA, Polley W, Palmroth S, Porporato A
(2011). Optimizing stomatal conductance for maximum carbon gain
under water stress: a meta‐analysis across plant functional types and
climates. Functional Ecology 25(3):456-467.
Mohamed A, Hashim A-F, Mohamed S (2021). Ameliorative Effects of
Calcium Sprays on Yield and Grain Nutritional Composition of Maize
(Zea mays L.) Cultivars under Drought Stress. Agriculture 1:1-13.
Noreen Z, Zulfiqar AR, Saqib M (2020). Effect of Salinity Stress on
Various Growth and Physiological Attributes of Two Contrasting
Maize Genotypes. Brazilian Archives of Biology and Technology
63:1-10.
Pantin F, Monnet F, Jannaud D, Costa JM, Renaud J, Muller B,
Simonneau T, Genty B (2013). The dual effect of abscisic acid on
stomata. New Phytologist 197(1):65-72.
Soro D, Ayolié K, Gohi Bi ZF, Yao YF, Konan-Kan KH, Sidiky B, Téhua
AP, Yatty KJ (2015). Impact of organic fertilization on maize (Zea
mays L.) production in a ferralitic soil of centre west côte d'ivoire.
Journal of Experimental Biology and Agricultural Sciences 3(6):556565.
Taiz L, Zeiger E (2002). Plant Physiology, 3rd Edn. Sinauer Associates,
Inc. Sunderland, USA 647 p.
Torres‐Ruiz JM, Diaz‐Espejo A, Morales-Sillero A, Martin-Palomo MJ,
Mayr S, Beikircher B, Fernandez JE (2013). Shoot hydraulic
characteristics, plant water status and stomatal response in olive
trees under different soil water conditions. Plant Soil 373(1):77-87.
Ved P, Sukhbir S (2020). A Review on Potential Plant-Based Water
Stress Indicators for Vegetable Crops. Sustainability 12(10):1-28.
Ved P, Sukhbir S, Sanjit KD, Glen LR, Russell WW (2021). Effect of
deﬁcit irrigation on physiology, plant growth, and fruit yield of
cucumber cultivars. Plant Stress 1:1-11.
Zgallaï H, Steppe K, Lemeur R (2007). Étude des caractères
morphologiques des plantes de tomate soumises à un déficit
hydrique en milieu hydroponique. SECHERESSE 18(1):57-64.
Zhao W, Sun Y, Kjelgren R, Liu X (2015). Response of stomatal density
and bound gas exchange in leaves of maize to soil water deficit.
Acta Physiology Plant 37(1704):1-9.
Zulias M, Tengku ES, Saripah U (2021). Biochemical Responses and
Leaf Gas Exchange of Fig (Ficus carica L.) to Water Stress, ShortTerm Elevated CO2 Levels and Brassinolide Application.
Horticulturae 7(73):1-18.

