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Water stress is the most important problem in plant growth and development. Greenhouse trial is
carried out on 2 durum wheat (Triticum durum Desf) genotypes (MBB and WAHA), to evaluate the effect
of water stress on the biochemical content of leaves, and the possibility of reducing this effect by
applying a growth regulator Indole-3-acetic acid (IAA) by seeds soaking and foliar spraying. Water
stress causes a large accumulation of proline and soluble sugars and a decrease in the chlorophyll
content of the leaves. The results obtained show that the effect of the hormone on the above-mentioned
parameters is different according to the genotype and the mode of treatment, as well as the growth
phase of the plant, without being able to promote application by soaking or spraying. The application of
IAA has relatively reduced the effect of water stress by promoting the synthesis of proline and soluble
sugars as osmotic regulators, and by increasing the chlorophyll content of the leaves. proline and
soluble sugars concentrations showed negative and significant correlations with those of total
chlorophyll. Our present study highlights some biochemical responses of plants to tolerate a water
deficit and the possible involvement of exogenus application of IAA, as a phytohormone, in these
regulatory mechanisms.

Key words: Triticum durum Desf, water stress, Indole-3-acetic acid (IAA), seed soaking, foliar spraying.

INTRODUCTION

Water is a vital element for the growth of plants. It is the and complex responses to these stresses depending on
most important factor that determines the growth and their degree of plasticity. When plants grow in a water-
development of organisms. Plants are exposed to a limited environment, they undergo morpho-physiological,
variety of abiotic stresses in nature and exhibit unique phenological and biochemical modifications, to maintain

*Corresponding author. Email: bendjama45@gmail.com.

Author(s) agree that this arficle remain permanently open access under the terms of the Creative Commons Aftribution
License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

constant cellular water potential, considered as water
deficiency adaptation mechanisms (Manavalan et al.,
2009; Basu et al., 2016). Plants accumulate osmolytes or
compatible solutes to protect the cellular machinery from
various environmental stresses (Giri, 2011). The most
well-known osmolytes are glycine betaine (GB), sugars
(mannitol, sorbitol, and trehalose), polyamines, and
proline. These osmolytes get accumulated under various
abiotic stresses and confer tolerance to cell without
interfering with the cellular machinery of the plant (Chen,
2002; Anjum et al.,, 2017).The accumulation of proline
and sugars is a clear marker for environmental stress,
particularly in plants under drought stress (Watanabe et
al., 2000). Proline and sugars accumulation may also be
part of the stress signal influencing adaptive responses in
drought stress conditions by helping to maintain
membrane stability, preventing and protecting membrane
fusion and; keeping protein so as to remain functional
(Maggio et al.,, 2002; Xonostle-Cazares et al., 2010;
Arabzadeh, 2012). Drought stress caused a large decline
in chlorophyll a, chlorophyll b content, and the total
chlorophyll content in all sunflower varieties investigated
Ommen et al. (1999) and Manivannan et al. (2007)
reported that leaf chlorophyll content decreases as a
result of drought stress. Severe drought stress also
inhibits the photosynthesis of plants by causing changes
in chlorophyll content, affecting cholorophyll components
and damaging  the photosynthetic ~ apparatus
(IturbeOrmaetxe et al., 1998).

Phytohormones are the key regulators of plant growth
and developmental processes and also crucial for biotic
and abiotic stress response throughout their life cycle
(Sah et al.,, 2016; Ullah et al., 2017). Phytohormones
including ABA, jasmonic acid (JA), ethylene (ET), and
salicylic acid (SA) are involved in osmotic adjustment and
other drought-related processes (Khan et al., 2015;
Vishwakarma et al., 2017). Auxins are the group of
phytohormones which play a significant role in plant
growth, development and response to various stresses
(Singh et al., 2017). IAA is an auxin that participates in
many plant processes including oxidative stress defense.
It has become more evident that adaptation to drought is
accompanied by an increase in the IAA levels
(Zholkevich and Pustovoitova, 1993). Indole acetic acid
(IAA) plays a vital role in maintaining plant growth under
stress conditions (Gulnaz et al., 1999; Igbal and Ashraf,
2007).

In the present study, we investigated the effects of
exogenous indole - 3-acetic acid (IAA) on biochemical
changes of durum wheat under drought stress conditions.
Two genotypes were selected for this study: WAHA,
which is considered a relatively drought-resistant
genotype, and MBB, which is on the other hand sensitive
to water deficit Subjected to different levels of water
stress while counteracting this constraint by soaking the
seeds in the IAA solution before transplanting, and by
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spraying the plant leaves with the IAA solution at three
growth stages. To study the plant responses, some
biochemical parameters (the ratio of proline, dissolved
sugars, chlorophyll) are evaluated, which are supposed
to contribute to plant adaptation under abiotic stress
conditions and that can be adopted in the selection of
plant varieties programs for this purpose.

MATERIALS AND METHODS
Trials management

The study was conducted in a plastic house located in the
compound of the lead section - University of Skikda, Algeria; its
estimated temperature was between 9°C and 15°C at night and
between 24°C and 42°C during the day; its humidity ranged
between 75 and 100%. The plastic house opens daily during hot
days. 3 levels of watering were used:

So level = Field capacity watering.
S, level = 50% field capacity Watering.
S, level = 25% field capacity Watering.

The hormone is applied by seed soaking (7 ppm IAA solution) and
leaf spraying (0.5ppm IAA solution). The experiment design was 2
factorials (3 water levels and 2 durum wheat genotypes (WAHA and
MBB) and two types of IAA application laid in completely
randomized design (CRD) with three replications. A total of 36 pots
(28 cm deep with 25 cm diameter at top) were prepared with each 6
kg of Homogeneous agricultural soil which is relatively rich in
organic matter.

Field capacity (100%) of the soils was determined through
gravimetric methods before use.

Seeds of each cultivar were presoaked in hormonal solution (7ppm)
in the dark for 48 h.

Proline accumulation in the fresh leaves was determined according
to the method of Bates et al. (1973). Free proline was extracted
using aqueous sulfosalicylic acid. The filtrate (1 ml) was mixed with
equal volumes of glacial acetic acid and ninhydrin reagent (1.25 g
ninhydrin, 30 ml of glacial acetic acid, 20 ml of HzPO4) and
incubated for 1 h at 100°C. The reaction was stopped by placing
the test tubes in cold water. The reaction mixtures were rigorously
mixed with 3 ml toluene. The absorbance of toluene phase was
estimated at 520 nm using a spectrophotometer. The proline
concentration was determined using a standard curve.

Soluble sugars were determined based on the phenol-sulphuric
acid method (Dubois et al., 1956). 0.1 g of dry leaves was
homogenized with deionized water, filtered and the extract was
treated with 1 ml of phenol (5%) and 5 ml of sulphuric acid (96%).
The mixture was incubated at room temperature for 1h and then
absorbance at 490 nm was read on a spectrophotometer. Contents
of soluble sugar were determined by using glucose as a standard
and expressed as pg/mg.

Chlorophyll pigments was extracted from 100 mg crushed fresh
leaves in a sufficient volume of 80% acetone; chlorophylls a, b and
total chlorophyll were estimated by following the method of Inskeep
and Bloom (1985).
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Table 1. Average proline concentration (ug / 100 mg) + standard deviation.

Stress

IAA treatment levels None Seed soaking Foliar spraying
Growth phases WAHA MBB WAHA MBB WAHA MBB
So 5.37+£0.08 4.82+0.27 26.61+2.5 6.72£1.1 3.78+0.71 3.381£0.07
Vegetative phase S; 29.93+15.08 15.04+1.77 48.18+7.6 27.63+4.33 31.83t+14.73 9.22+1.92
S 53.14+7.14 41.94+13.18 80.59+£15.06 41.32+13.93 29.48+4.57 20£2.25
So 10.51+2.32 20.154#5.11 10.51+£2.32 11.89+2.71 9.93+3.54 8.55+£1.25
Heading S1 20.15£10.1 44.97+3.99 19.22+8.27 43.4145.0 22.19+11.96 46.3118.5
S 36.1+5.65 68.54+4.8 53.99+14.55 72.24+2.17 75.91+1.01 75.05+£3.88
So 11.1+1.82 22.24+3.97 12.84+2.68 22.19+9.65 13.15+0.9 22.39+5.02
Anthesis S1 18.69+8.28 33.99+0.93 35.63+5.83 35.92+4.02 77.08+7.78 37.3845.28
S 124.77+25.31 113.87+23.17 152.71+41.71 122.63+23.18 160.06+19.78 187.16+6.21
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Figure 1. Effect of watering levels and hormone treatment on leaf

proline content.

Statistical analysis

The data are presented as the mean values + SE. Every treatment
was replicated three times. Statistical analysis was performed using
two-way ANOVA and differences between the mean values were
compared using the LSD test at P < 0.05.

RESULTS
Table 1 and Figure 1 show the effect of the genotype,

hormone treatment and the irrigation levels on the
average leaf content of proline during plant development.
Results showed significant variation in free proline
content within a variety as well as among varieties under
different treatments. Both varieties have the ability to
accumulate proline under osmotic stress to different
degrees. The amount of free proline was high under
osmotic stress compared to unstressed conditions.
Comparing the results of the three phases, the of proline



Table 2. Analysis of variance for the concentration of proline.
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Phases Vegetative Heading Anthesis
Source DDL F Pr F Pr F Pr
G 1 47.94*** 00 68.24*** 00 0.05"™ 0.8
Irg 2 86.87*** 00 283.98*** 00 346.59** 00
Hrm 2 33.66*** 00 4.34** 0.02 16.41%** 00
G*Irg 2 3.63* 0.03 12.0%** 00 1.74™ 0.18
G*Hrm 2 6.3** 0.004 5.9** 0.006 07" 0.51
Hrm*Irg 4 4.52** 0.004 8.04x+* 00 4.71** 0.003

DDL: degrees of freedom, F: F test, P: P value.

increased by increasing the duration of water stress,
Plants in the S, irrigation level recorded the highest
proline content at each stage while those in the Sg
treatment had the lowest. Proline content of the two
wheat genotypes increased significantly under drought
treatment in all plant development stages. WAHA
accumulates more proline than MBB during the
vegetative phase. The effect of hormone treatment varied
from one phase to another, where the seed soaking has
a positive effect during the vegetative phase for WAHA.
Spraying has negative effect on the two genotypes;
whereas during the other two phases it is the spraying
treatment that has a positive effect on the accumulation
of proline in both genotypes.

Analysis of variance (ANOVA) shows that the main
effects, genotype, irrigation and hormone treatment are
generally significant in all phases (Table 2). This
indicates that the two genotypes have the capacity to
modulate their endogenous proline to avoid water deficit
conditions and that the application of the hormone
significantly affects this response. First order interactions
are also generally significant which indicates that the
effect of each treatment differs from the levels of the
others; thus the effect of the hormone on the
accumulation of proline is dependent on the genotype
and the intensity of the water stress. In fact, the
accumulation of proline by each genotype is the result of
the main effects and their interactions. The NEWMAN-
KEULS test at the limit (a = 0.05%) shows the presence
of homogeneous groups for the second order interaction
between effects: genotype, irrigation and hormone
treatment (Figure 2).

Sugars

Table 3 and Figure 3 show the effect of the genotype,
hormone treatment and irrigation levels on the average
leaf content of sugars during plant development. The
accumulation of soluble sugars increased by increasing
the duration of water stress. The two genotypes

significantly increase their sugar content under stress
conditions during anthesis, in particular. Note that
genotype MBB accumulates more soluble sugar than
WAHA during vegetative and heading phases. The
opposite is noted in the anthesis. The effect of hormone
treatment varied from one phase to another, where both
seed soaking and foliar spraying by IAA have a positive
effect on the accumulation of sugars for the two
genotypes. During the heading phase this effect is less,
whereas during the anthesis phase, spraying application
has a strong positive effect on the two genotypes.

Analysis of variance (ANOVA) shows that the main
effects, genotype, irrigation and hormone treatment as
well as those first order interactions are generally
significant (Table 4; Figure 4) suggesting that the two
genotypes accumulate soluble sugars at different levels
in response to water stress and that IAA is involved in
this response. Interactions are not significant at the
vegetative stage. This indicates that the soluble sugars
synthesis is dependent only on main effects.

The NEWMAN-KEULS test at the limit (a = 0.05%)
shows the presence of homogeneous groups with the
smallest significant difference (LSD) for the first and
second order interaction between effects: genotype,
irrigation and hormone treatment (Figure 4).

Chlorophyll

The results of the 3 stages of plant development (Table
5; Figure 5) show that the total chlorophyll content
decreases significantly under stress conditions. Both
hormonal treatments significantly improve the chlorophyll
content of WAHA during the heading phase; and spraying
application was shown to be the best.

ANOVA shows that the main effects, genotype,
irrigation and 1AA treatment as well as their first order
interactions are significant at the heading and the
anthesis phases (Table 6). This indicates that the
chlorophyll synthesis is affected by water stress and 1AA
treatment. The NEWMAN-KEULS test at the limit (a =
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Figure 2. Proline content of two durum wheat genotypes grown under control and drought
stressed conditions and exogenous IAA application. Values with different letters are

significantly different at P=0.05.
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Table 3. Average dissolved sugars concentration (pg / 100 mg) + Standard deviation.

. Stress None Seed soaking Foliar spraying
IAA Applic.
levels WAHA MBB WAHA MBB WAHA MBB
So 0.32+0.14 0.41+0.16 0.33+0.10 0.54+0.1 0.14+0.03 0.42+0.08
Vegetative phase Si 0.48+0.07 0.62+0.27 0.50+0.05 0.72+0.05 0.47+0.12 0.61+0.11
S 0.69+0.13 0.77+0.11 0.95+0.44 1.16+0.28 0.84+0.06 0.93+0.05
So 15.54+1.37 19.43+1.22 15.54+1.25 15.21+1.86 13.01+2.57 15.62+1.54
Heading S1 17.28+1.30 23.79+£0.91 15.67+2.65 16.68+3.76 16.32+1.57 25.62+5.72
S, 16.31+1.93 31.10+3.04 18.97+1.4 32.60+2.02 20.94+8.38 37.97+6.26
So 83.2+15.35 12.26+3.07 85.36+6.8 9.55+2.61 91.76+2.34 10.03+1.41
Anthesis S1 122.07+33.94 17.39+2.04 176.92+33.36 14.21+0.38 196.53+65.56 15.52+3.0
S, 219.76x54.66 77.02+47.44 358.58+53.0 144.76+21.48 452.67+60.72 339.01+54.08
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Figure 3. Effect of watering levels and hormone treatment on leaves sugars content.
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Table 4. Analysis of variance for the concentration of dissolved sugars.

Phases Vegetative Heading Anthesis
Source DDL F Pr F Pr F Pr
G 1 13.19%+* 0.001 68.64*** 00 179.4%* 00
Irg 2 47.43%* 00 46.04*+* 00 194 5%+* 00
Hrm 2 4.52%* 0.017 2.44" 0.09 28.5%+* 00
G*Irg 2 0.2" 0.8 18.14%+* 00 7.31%* 0.002
G*Hrm 2 052" 0.6 2.54" 0.09 7.44** 0.002
Hrm*Irg 4 1.47" 0.2 3.56** 0.015 18.75%* 00

*** very highly significant, DDL: degrees of freedom, F: F test, P: P value.
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Figure 4. Soluble sugars content of 2 durum wheat genotypes grown under control and
drought stressed conditions and exogenous IAA application. Values with different letters are
significantly different at P=0.05.
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Table 5. Average chlorophyll concentration (pg / 100 mg FM) + Standard deviation.
IAA Applic. Stress levels None Seed soaking Foliar spraying
Growth phases WAHA MBB WAHA MBB WAHA MBB
So 13.62+4.40 1551143 13.97¥2.31  11.83%£1.87 16.44+7.88 14.04+1.49
Vegetative phase S 15.52+1.08 11.06+£1.4 14.32+1.46 14.33+1.4 15.05+£0.9 13.76£3.11
Sz 12.19+3.27 10.24x2.7 8.98+1.76 11.63+2.33 13.58+1.03 11.90+3.9
So 10.67+3.69 12.44x1.46  23.28+5.14  30.29+1.78 27.2+¥5.49 19.68+1.91
Heading S1 14.99+4.06 11.99+0.92 20.56+3.6 13.8£0.72 22.19£1.79 13.82+0.94
Sy 5.35%£1.14 4.2+2.17 10.06£1.43 3.91+£1.64 11.29+3.96 3.31+£0.90
So 24.16x1.65 12.49+1.99 18.51x0.14 13.13x5.98  25.44+3.28 18.70+1.99
Anthesis S1 24.53+5.21 10.10+£3.59  16.49+0.80 8.58+0.36 19.46+4.14 9.58+0.28
S2 5.96+1.24 9.52+0.53 3.99+2.23 6.78+0.97 1.92+0.85 7.41+0.51
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Figure 5. Effect of irrigation levels and hormone treatment on leaves total
chlorophyll content.
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Table 6. Analysis of variance for the concentration of dissolved sugars.

Phases Vegetative Heading Anthesis
Source DDL F Pr F Pr F Pr
G 1 1.71ns 0.19 21.92%** 00 47.23%* 00
Irg 2 5.91* 0.006 122%** 00 112.5%+* 00
Hrm 2 1.43ns 0.25 34.37*%* 00 7.45%+* 0.002
G*Irg 2 0.69ns 0.51 6.98*+* 0.002 39.34*** 00
G*Hrm 2 0.59ns 0.56 8.46%+* 0.001 3.33* 0.04
Hrm*Irg 4 0.79ns 0.54 10.24*** 00 4.22** 0.006

*** yvery highly significant, DDL :degrees of freedom, F : F test, P : Pvalue.
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Figure 6. Total chlorophyll content of two durum wheat genotypes grown
under control and drought stressed conditions and exogenous IAA
application. Values with different letters are significantly different at P=0.05.

0.05%) shows the presence of homogeneous groups with order interaction between effects: genotype, irrigation and
the smallest significant difference (LSD) for the second hormone treatment (Figure 6).
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Figure 7. Correlation diagram between leaf proline, soluble sugar and chlorophyll contents.
pr.m, ss.m, ab.m( proline, soluble sugars, chlorophyll at vegetative stage respectively)

pr.e, ss.e, ab.e ( proline, soluble sugars, chlorophyll at heading stage respectively)

pr.f, ss.f, ab.f ( proline, soluble sugars, chlorophyll at anthesis stage respectively).

To examine the relationships between the different
measurements made, we performed a PCA (Figure 7).
The percentage of information for axis 1 was 56.5% and
13.5% for axis 2, that is, 70%. Prol.e / prl.f, prl.e / ss.m
and prl.f / ss.f where the correlation coefficient was
(0.80), 0.78) and (0.76) respectively, noting that the ss.e /
prl.m and ss.e / ss.f correlations were weak. Correlations
between chlorophyll ratios were low except for ab.e / ab.f
which were significant (0.54). The correlations between
proline and dissolved sugar concentrations and total
chlorophyll concentrations were negative and significant,
the most important being: (-0.75), (-0.73) and (-0.70) for
ab.f/ prl. e, ab.f/ ss.ms ab / prl.e, respectively.

DISCUSSION

The concentration of proline and soluble sugars in leaves
of the two wheat genotypes significantly increased at the
different growth stages in stressed plants. The highest
levels of accumulation were in the anthesis phase. These
results suggest that the osmotic adjustment is a common
response of plants under drought conditions irrespective
of the growth stage of the plant. Proline, a compatible
osmolyte, is known to accumulate under abiotic stress
(Sandhya et al., 2010). Osmotic adjustment through the
accumulation of cellular solutes, such as proline, has
been suggested as one of the possible means for

overcoming osmotic stress caused by water loss
(Caballero et al., 2005). According to Umezawa et al.
(2006), plants have the ability to accumulate non-toxic
compounds such as proline which protects cell damage
due to low water potential of cells, which is a way of plant
adaptation to drought stress tolerance. The accumulation
of glucose in different wheat varieties was observed
under the conditions of water deficit (El-jaafari, 1993;
Brinis, 1995). Several studies have also shown a positive
correlation between the accumulation of proline and
sugars and the severity of water stress (Berllinger et al.,
1991; Gorham, 1993).

The results show that the 1AA treatment mostly led to a
greater accumulation of both proline and sugars in the
two varieties in the anthesis and heading stages in
particular, suggesting that IAA had a positive effect in
improving drought tolerance of wheat. Studies have
shown that plants pre-treated with IAA exhibited
enhanced drought resistance (Almazroue, 2014). Foliar
spraying with growth regulators (IAA and GA3 ) showed
significant effect on plant, to the extent of reducing the
hurt effect of salinity on the vegetative measurements
and some physiological components of plant
(Gherroucha et al., 2011). Shalaby and Kishk (1986)
confirmed the increase of proline accumulation in the
presence of growth regulators; stimulating hormones,
especially quinine, regulate the synthesis and
accumulation of dissolved sugars in growing plants in



1382 Afr. J. Agric. Res.

saline media. Chlorophyll content decreased significantly
under water stress in both wheat genotypes; various
reports have noted that the water deficit decreases
considerably, depending on the intensity and duration of
the stress, the total chlorophyll content in different plant
species (Mafakheri et al, 2010; Gholamin and
Khatnezhad, 2011; Din et al., 2011; Mouradi et al., 2016).
Exogenous IAA appears to have significant beneficial
effects on chlorophyll content; Zhang et al. (2020), in a
study on white clover, noted that the chlorophyll content
of leaves increased significantly when treated with
exogenous IAA. Negative and significant correlations
between proline and dissolved sugar concentrations and
total chlorophyll concentrations were found. These results
are in accordance with other researches (Schonfeld et
al., 1988; Bayoumi et al., 2008; Rad et al., 2012).

Conclusion

From the present experiment, it can be concluded that
water deficit significantly increases the leaf content in
proline and soluble sugars and decreases their
chlorophyll content in both genotypes used in this study.
The 1AA application considerably counteracts these
effects by improving the biosynthesis of these
components. The effect of hormone treatment varies from
one phase to another where the leaf spraying treatment
was shown to be the best.
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