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ABSTRACT

Crop show morphological and physiological responses to microbial, physical or chemi-
cal factors which are known as elicitors. Chitosan is a natural biopolymer modified
from chitin, which is the main structural component of squid pens, cell walls of some
fungi and crab shells. Water stress is one of the most important abiotic stresses that af-
fect plant physiological and morphological traits. In order to study the effects of chito-
san foliar spraying on total chlorophyll, seed yield and its components of wheat under
water stress conditions a split plot experiment based on randomized complete block
design with three replications was conducted at Agricultural Research Center of Roud-
hen Islamic Azad University in 2017. The main plots included different irrigation re-
gime at three levels (I;: normal irrigation, I,: water stress at heading stage, I5: water
stress in grain filing period) and chitosan foliar application at tillering and stem elonga-
tion stages by three concentrations (C;:0, C,: 0.05%, Cs: 0.1% chitosan in acetic acid is
1%) was belonged to sub plots. The results of analysis of variance showed that yield
and its components in normal irrigation conditions have the best result and drought
causes damage to the plant. The use of chitosan in the form of spraying had positive
effects on some of the important characteristics of the wheat. Lowering the plant
height, total chlorophyll, yield and yield components, as well as growth and develop-
ment under drought stress conditions, are partially offset by the use of various concen-
trations of chitosan. The effect of chitosan on growth and yield of plant can be attrib-
uted to the production of plant hormones. The results of mean comparison showed that
the highest economic yield was related to consumption of chitosan 0.1% in normal ir-
rigation (6495.199 kg.ha™') and The largest reduction of economic yield was observed
under water stress in seed filing stage and in the absence of chitosan application
(1511.49 kgha™). The use of chitosan and normal irrigation has increased 76% to eco-
nomic yield than control. It is concluded that foliar application of chitosan at vegeta-
tive stage enhanced the plant growth and development, which resulted from increased
fruit yield in wheat. Among the concentrations, 0.1 percentages had superiority for
plant growth, yield components and seed yield than the others. Finally recommend that
in the region under drought stress conditions, foliar application chitosan will be useful.
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INTRODUCTION

Abiotic stress is the major cause of
crop loss worldwide (Xiong et al.,
2002). Water deficit affects every aspect
of plant growth by modifying the anat-
omy, morphology, physiology, bio-
chemistry and finally the productivity of
a crop. Moisture stress during spike
emergence and anthesis has been re-
ported to reduce grain yield up to 20%
mainly through reduction of individual
grain weight. Other study number of
grains per spike which results in the re-
duction of grain yield crop during
growth stages is known to have cumula-
tive effects expressed as a reduction in
total biomass as compared to well-
watered conditions by 20% mainly due
to 16% reduction in individual grain
weight measure of plant productivity
per unit of water used, depends on the
unit with which productivity (photosyn-
thesis or biomass accumulation) and
WU (transpiration, evapotranspiration
plant or canopy level (Shamsi and Ko-
brace, 2013). The limitation of water
resources in arid and semi-arid areas
was the main reason that we considered
water as the most important material in
the production lines, although people
often do not obey the irrigation water
consumption rules and regulations
(Cakir, 2004). Drought is one of the
greatest abiotic stresses to agriculture,
inhibiting plant growth and reducing
productivity (Zhang et al, 2008).
Drought is a long period with precipi-
tates less than average, with no suffi-
cient moisture for maximum potential
growth of the plant (Blum, 2012).
Drought stress is one of the most com-
mon environmental stresses and almost
every year affects about 25 percent of
global crop production (Liang et al.,
2003). Iran with average 250 millime-
ters of rainfall per year is considered as
the arid region of the world (Ghamarnia
and Gowing, 2005). Bittelli et al. (2001)

reported that occasional or episodic
drought events can be counteracted
through the use of anti-transpirants,
compounds applied to foliage to limit
the water loss. They include both film-
forming and stomata closing com-
pounds, able to increase leaf resistance
to water vapor loss, thus improving
plant water use in assimilating carbon,
and, in turn, producing biomass or yield
(Tambussi and Bort 2007). Another ap-
proach to reducing water loss due to
transpiration is by increasing the reflec-
tion of sunlight from leaves, through
reflecting types of anti-transpirants, thus
limiting water loss from evaporative
leaf cooling (Gaballah and Moursy
2004). Among anti-transpirant com-
pounds, chitosan has previously proved
to be effective in pepper (Bittelli et al.,
2001). After drought stress is the most
important and most common environ-
mental stress throughout the world, in-
cluding Iran. Now many compounds are
used in order to reduce the damaging
effects of stress on plants. The use of
biological elicitorin many plants is one
of the ways to reduce the harmful ef-
fects of abiotic stresses. Biological
elicitors include polysaccharides, pro-
teins, glycoproteins or parts of the cell
wall of fungi, plants (cellulose and pec-
tin) and micro-organisms (chitin and
glucan) is (Esma'ilzadeh Behabadi and
Sharifi, 2013). Chitosan is one of the
incentives including incentives that
stimulate plant defense mechanisms in
response to stress (Kowalski et al,
2006). It can also greatly affect the re-
duction of salinity and increased plant
growth (Esma'ilzadeh Behabadi and
Sharifi, 2013). Chitosan works as a bio-
stimulant that came through the induc-
tion of plant defense systems and alters
and enhances the production of secon-
dary metabolites in medicinal plants
(Cheng et al., 2006). Chitosan is a poly-
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saccharide resulting from the deacetyla-
tion of chitin, the linear polymer of (1-
4)-B-linked N-acetyl-D-glucosamine. It
is obtained from the outer shell of crus-
taceans such as crabs and shrimps
(Ruiz-Garcia and Gomez-Plaza, 2013).
In plants, the chitosan is largely used to
mimic biotic and abiotic stresses (Sharif
et al., 2018). Chitosan is harmless to
crops, animals and humans, and is bio-
degradable and friendly to the environ-
ment (Dzung et al., 2011). Chitosan is a
cationic polysaccharide, a derivative of
chitin obtained from waste materials
from seafood processing (Ye and Lou,
2009). They have been introduced as a
material to improve grain yield under
unfavorable conditions due to their bio-
activities to plants such as inducing the
plants resistance against a wide range of
diseases through antifungal, antibacte-
rial, antivirus activities (Wang et al.,
2006); stimulating the growth of plants
and seed germination (Chandrkrachang,
2002); improving soil fertility and en-
hancing the mineral nutrient uptake of
plant (Dzung, 2005; Dzung, 2007); in-
creasing the content of the chlorophylls,
photosynthesis and the chloroplast
enlargement, escalating nitrogen fixing
nodes of species of leguminous plants
and reducing the effects of abiotic stress
on plants (Song et al., 2006). Chitosan
is an anti transpirant compound that has
proved to be effective in many crops
(Karimi et al., 2012). It was used to pro-
tect plants against oxidative stress
(Guan er al., 2009) and to stimulate
plant growth (Farouk et al., 2011). Chi-
tosan is a natural, low toxic and inex-
pensive compound that is biodegradable
and environmentally friendly with vari-
ous applications in agriculture. Chitosan
is a natural, low toxic and inexpensive
compound that is biodegradable and
environmentally friendly with various
applications in agriculture; it is obtained
by the deacetylation of chitin. In agri-

culture, chitosan has been used in seed,
leaf, fruit and vegetable coatings, as fer-
tilizer and in controlled agrochemical
release, to increase plant productivity
(New et al, 2004), to protect plants
against microorganisms (Farouk et al.,
2011) and against oxidative stress
(Guan et al., 2009) and to stimulate
plant growth (Farouk et al., 2011). Chi-
tosan and their derivatives are non-
toxic, biodegradable, and friendly to the
environment and have a great potential
for agricultural application and enhanc-
ing crop production (Chandrkrachang,
2002; Sharath chandra et al., 2004).
Also, due to its cationic character, chi-
tosan presents a wide variety of phys-
icochemical and biological properties,
including antimicrobial, antioxidant and
antihypertensive properties (Aranaz et
al., 2009). It has proved to be effective
in many crops to protect plants against
oxidative stress (Teran and Singh,
2002) and to stimulate plant growth
(Gornik et al., 2008). Some researchers
reported that chitosan has been widely
used as growth stimulator, germination
acceleration, and yield enhancement in
many crop species such as orchid (Nge
et al., 2006), faba bean (El-Sawy et al.,
2010) and corn (Lizarraga-Paulin et al.,
2011). Finally, Saharan et al. (2015)
stated that Cu-chitosan NPs improved
growth, seed germination, seedling
length, fresh and dry weight of tomato
at 0.08, 0.10 and 0.12% levels. Under-
water stress, plants can avoid drought
harm through several ways such as
stomatal closure, leaf rolling, osmotic
adjustments, reductions and conse-
quently decreases in the cellular expan-
sion, and alterations of various essential
physiological and biochemical proc-
esses by use of chitosan (Farouk and
Amany, 2012). In this respect, Bittelli et
al. (2001) reported that occasional or
episodic drought events can be counter-
acted through the use of compounds
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such as chitosan. Chitosan is a natural
polysaccharide derived by N deacetyla-
tion of chitin, and a major component of
the shells of a crustacean such as a crab,
shrimp, and crawfish (Orgaz et al.,
2011). Recently, the use of chitosan has
been considered as a non-toxic, biode-
gradable and compatible with various
stresses such as drought stress (Dzung
et al., 2011). In the latter studies, a posi-
tive effect of chitosan was observed on
the growth of roots, shoots and leaves
of various plant species Polysaccharide
was a more effective way to improve
the capacity of drought resistance
(Bautista-Banos, 2006). The existing
results (Shu, 2007) showed that certain
concentration of polysaccharide can en-
hance the capacity of cold, salt and
drought resistance for crops. Chitosan
and its derivatives from aquatic prod-
ucts such as waste shrimp, crab shells
were mainly inexhaustible marine re-
sources. Moreover, plants treated with
chitosan may be less prone to stress
evoked by un-favorable conditions,
such as drought, salinity and low or
high temperature (Jabeen and Ahmad,
2013). Abdel-Meng et al. (2008) on
strawberry showed that chitosan appli-
cation improved plant height, number of
leaves, fresh and dry weights of the
leaves and yield components. Sheikha
and AL-Malki (2011) indicate that ap-
plication of different concentrations of
chitosan enhanced bean shoot and root
length, fresh and dry weights of shoots,
root and leaf area as well as the level of
chlorophyll in leaves. The role of chito-
san in alleviating the harmful effect of
water stress on yield may be due to an
increase in stomatal conductance and
net photosynthetic CO,-fixation activity
under water stress (Khan et al., 2002),
and to its role in reducing transpiration
to save water. Abdel-Aziz ef al. (2018)
investigated the effect of foliar applica-
tion of nano chitosan NPK fertilizer on

the chemical composition of wheat
grains and reported nano chitosan-NPK
fertilizers could be used to improve the
chemical composition of wheat grains
(accumulation of carbohydrates). The
least concentration (Nano 10) was the
best to obtain better wheat grains and
the best type of soil was clay-sandy soil.
The mechanism by which nano chitosan
fertilizer improves wheat grain quality
should be further elucidated with spe-
cial emphasis on human safety of such
application. Salehi et al. (2017) by
evaluate effect of foliar application of
chitosan on yield and essential oil of
savory under salt stress reported appli-
cation of chitosan as a biological stimu-
lus can adjust such stress via inducing
the herb's defense routes. Moreover,
chitosan treatment caused changes in
the amount of metabolites of savory and
such changes can be affected by chito-
san concentration. However, the benefi-
cial effect of chitosan is generally de-
pending on its concentration, applica-
tion methods, environmental condition
and growth status. Although conducted
some research about influences of chi-
tosan application on different plants, but
low information available about how
chitosan foliar application alleviate
growth trend and yield of wheat crop
under different irrigation regime in
semi-arid environments. The purpose of
this study was to investigate the ability
of chitosan to decrease the deleterious
effects of water stress condition on
wheat crop grown in Iran.

MATERIALS AND METHODS
Field and Treatment Information

In order to study the effects of chito-
san foliar spraying on total chlorophyll,
seed yield and its components of wheat
under water stress conditions a split plot
experiment based on randomized com-
plete block design with three replica-
tions was conducted at Agricultural Re-
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search Center of Roudhen Islamic Azad
University in 2017. The main plots in-
cluded different irrigation regime at
three levels (I;: Normal irrigation, I»:
water stress at heading stage, I3: water
stress in grain filing period) and chito-
san foliar application at tillering and
stem elongation stages by three concen-
trations (C;:0, C;: 0.05%, C;: 0.1% chi-
tosan in acetic acid is 1%) was belonged
to sub plots. The Farms located in
Roudhen city, Tehran province (Iran)
(35°73 Lat. N; 51°9 Long. E, 1690 m
above sea level). The soil properties are
shown in Table 1.

Table 1. Soil properties of the field site

Depth Fe

(cm) 0-30 (PPM) 3.7
Silt K
(%) 50 (PPM) 378
Clay Mn
(%) 24 (PPM) 6.75
Sand 2% Zn 55.5
(%) (PPM) 8
Cu

(PPM) 1.13 pH 7.2

P EC
(PPM) 20.9 (ds.m™) 4.5

Farm Management

Agronomic practices including till-
age operations, leveling, nitrogen and
phosphorus fertilizers, organic manure,
and weed and pest managements were
done. The wheat cultivar used in this
experiment is Sivand was obtained from
Seed and Plant Improvement Institute in
Karaj. Land preparation began in the
second half of October. The necessary
fertilizer according to land soil test and
recommendations of soil and water de-
partment is given to the land. Experi-
mental cultivation in the second half of
November was conducted by means of
cereal seeder experiment. Each sub plot
was consisted of four stacks with a
width of 60 cm and on each stacks 20
lines planting and the length 0f 4.2 m.

Measured Traits

To determine the yield and its com-
ponents, the two side rows and half a
meter of the beginning and end of each
plot were eliminated as the marginal
effects and finally the ultimate samples
were taken from an area of 1 m”. In or-
der to determine the number of spikes
per area unit, the spikes were taken
from an area of 1 m” of then three mid-
dle lines of each plot after considering
half a meter of beginning and end of
each line as the margin and after count-
ing the spikes their mean was consid-
ered as the number of spikes per area
unit. As many as 10 spikes were ran-
domly selected from the middle lines of
each plot and the number of seeds was
counted carefully and their mean was
recorded. Two 500-seed samples were
randomly selected from the produced
seeds by each plot and if the weight dif-
ference of the two samples was less
than 5%, the total weight of the two
samples was considered as weight of
1000-seed. After full maturity of seeds,
spikes were taken from three middle
lines of each plot in area of 1 m” and the
seed yield of each plot with moisture of
14% was calculated per area unit and
then was recorded. Chlorophyll content
was determined by froze and Archioze
method (Ferus and Arkosiva, 2001).

Statistical Analysis

Data were analyzed via SAS soft-
ware (Ver.9). Means were compared by
LSD (least significant difference) test at
5% probability level.

RESULTS AND DISCUSSION
Plant height

The ANOVA results showed effects
of irrigation regime and chitosan on
plant height was significant at 1% prob-
ability level but interaction effect of
treatment was not significant (Table 2).
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The results of mean comparison of
different irrigation regime revealed that
the highest plant height was related to
normal irrigation (110.54 cm) and the
lowest one belonged to water stress at
heading stage (101.80 cm), normal wa-
ter consumption increased by 9% to
plant height (Table 3). The reason for
reducing the plant height is due to de-
creased cell torsion due to increased
stress, decreased growth and cell devel-
opment, especially in the stem. Water
stress leads to increases in abscisic acid
levels in roots, which is transported
from roots to shoot where it acts in the
apical region of the plant as an antago-
nist of the auxine and cytokinin, respon-
sible for growth and cell division, re-
spectively (Abdalla, 2011) as well as
inhibiting DNA synthesis. The results
of mean comparison of different con-

19

centration of chitosan indicated that the
highest plant height was related to 0.1%
chitosan (130.93 cm) and the lowest one
was related to non chitosan consump-
tion (73.12 cm), so chitosan consump-
tion increased by 43% to plant height
(Table 3). Chitosan contains nitrogen in
its chemical structure, which is recog-
nized as one of the most important nu-
trients for plants and soil. When nitro-
gen is dissolved in chitosan, it gradually
penetrates and remains in the soil for
longer periods of time and can be effec-
tive in this regard. The significant effect
of chitosan on plant growth may be at-
tributed to an increase in the key en-
zyme activities of nitrogen metabolism
(nitrate reductase, glutamine synthetase
and protease) and increased photosyn-
thesis which enhanced the plant growth
(Gornik et al., 2008).

Table 2. Result of Analysis of variance of measured traits

S.0.V daf Plant Total Chlo- No. of spike  No. of seed 1000-seed Seed
height rophyll per plant per spike weight yield
Block 2 9308 0.211™ 29.27" 77.48™ 89.97"  1060390™
Irrigation ) 503 437 4.89° 1.24™ 47403 957247 16244064”
regime (a)
Error I 4 210.65 0.01 1.04 1614 27.41 341824
Chitosan (b) 2 7744.16" 248" 51.72" 584.14” 968.69"  14245902™
a*b 4 98.41™ 0.06" 1.19™ 9.14™ 6996.105™ 2737406
ErrorI1 12 146.19 0.01 3.95 31.09 105.3 173138
CV (%) - 12.8 15.8 17.3 16.4 21.2 12.4

ns: non-significant, ** and * are significantly at 1% and 5% respectively.

Table 3. Mean comparison effect of irrigation regime and chitosan on measured traits

Plant No. of No. of .
. . 1000 grain
Treatment height spike per seed per .
(cm) plant spike weight ()
Irrigation
regime
I, 110.54" 11.43° 37.43 48.29
I, 101.80° 10.88™ 27.43% 34.06°
I; 102.94® 11.56* 23.32° 28.24°
Chitosan
C, 73.21¢ 8.54° 20.54¢ 25.10°
C, 111.14° 12.41* 31.32% 40.76°
C; 130.93? 12.92° 36.32° 44.73*

*Values having the same alphabetical letter(s) in each column did not significantly different according to LSD test at

5% probability level.

I;: Normal irrigation, I,: water stress at heading stage, I3: water stress in grain filing period

C;: 0, C,: 0.05%, C5: 0.1% chitosan concentration
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Total chlorophyll

The results of analysis of variance
showed that the effects of irrigation re-
gime, chitosan and interaction were sig-
nificant at 5% level (Table 2). The re-
sults of the mean comparison interac-
tion effect of treatment showed that the
highest total chlorophyll content was
related to 0.1% chitosan foliar applica-
tion and normal irrigation (3.68 mg.g”
fresh leaf weight) and the lowest total
chlorophyll content in the absence of
chitosan and water stress at seed filling
stage (1.06 mg.g” fresh leaf weight), so
the use of chitosan and normal irriga-
tion has increased the total chlorophyll
content by 70% (Fig. 1).
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Fig. 1. Interaction effect of irrigation re-
gime and chitosan on total chlorophyll via
LSD test at 5% probability level

I;: Normal irrigation, I,: water stress at
heading stage, I;: water stress in grain filing
period.

Ci: 0, Cy: 0.05%, Cs: 0.1% chitosan con-
centration.

Drought stress also reduced the uptake
of essential elements and photosynthetic
capacity (Kandil ef al., 2001) as well as
increased synthesis of chlorophyll. The
decrease in chlorophyll content under
drought is a commonly observed phe-
nomenon (Nikolaeva et al., 2010). The
decrease in chlorophyll under water
stress might be due to reduced synthesis
of the main chlorophyll pigment com-
plexes encoded by the cab gene family
(Allakhverdiev et al., 2003), or to de-
struction of the pigment protein com-

plexes which protect the photosynthetic
apparatus, or to oxidative damage of
chloroplast lipids and proteins (Lai et
al., 2007). The effects of chitosan, in
increasing chlorophylls and total carbo-
hydrate contents were confirmed in cu-
cumber, radish and cowpea (Farouk et
al., 2011). These results are consistent
with Khan et al. (2002) who reported
that application of chitosan increased
photosynthesis in leaves of maize and
soybean. Chitosan may alleviate the wa-
ter stress effect on photosynthetic pig-
ments by enhancing endogenous Levels
of cytokinins, which stimulate chloro-
phyll synthesis. Malekpoor et al. (2016)
by evaluate effect of foliar application
of chitosan on morphological and
physiological characteristics of basil
under reduced irrigation and reported
water stress decreased the content of
photosynthetic pigments and growth
parameters, foliar-applied chitosan, in
particular 0.4 gL' increased plant
growth under stressed or non-stressed
conditions compared with untreated
plants.

Number of spikes per plant

The results of analysis of variance
revealed that the effects of different
concentration of chitosan on number of
spikes per plant was significant at 1%
probability level but effect of irrigation
regime and interaction effect of treat-
ments was not significant (Table 2). The
results of mean comparison of different
concentration of chitosan showed that
the highest number of spikes per plant
was related to consumption of 0.1% chi-
tosan (12.92) and the lowest number of
spikes per plant (8.53) belonged to not
consumption chitosan. The use of chito-
san caused 33% increase in the number
of spikes per plant (Table 3). El-
Tantawy (2009) reported that applica-
tion of chitosan increased photosyn-
thetic pigment thereby the photosynthe-
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sis and reproductive growth increased.
In this concern, Ghoname et al. (2010)
observed that foliar application of chito-
san on sweet pepper significantly in-
creased the number of fruits per plant
and the mean weight of fruit, as well as
fruit quality characteristics.

Number of seeds per spike

The results of analysis of variance
showed that the effect of irrigation re-
gime and chitosan on the number of
seeds per spike were significant at 1%
probability level, but interaction effect
of treatments was not significant (Table
2). The results of mean comparison of
different irrigation regime showed that
the highest number of seeds per spike
was related to normal irrigation (37.43)
and lowest one belonged to water stress
in grain filing period (23.32), normal
water consumption increased by 37% to
the number of seeds per spike (Table 3).
Leaf injury and reduction of number of
seeds per spike from water deficit stress
is correlated with vulnerability to oxida-
tive stress, accompanied by chlorophyll
loss changes in the ratio of chlorophyll
a:b (Farouk et al., 2011). The mean
comparisons results of different concen-
tration of chitosan indicated that the
highest number of seeds per spike was
related to 0.1% chitosan foliar applica-
tion (36.32) and the lowest one (20.54)
was related to control, so the use of chi-
tosan caused 44% increase in the num-
ber of seeds per spike (Table 3). The
increases in plant biomass may be due
to improving photosynthetic machinery
so vyield components will increase
(Khan et al.,2002).

1000- Seed weight

The results of analysis of variance
showed that the effect of irrigation re-
gime and chitosan consumption on
1000-seed weight was significant at 1%
probability level but interaction effect

of treatments was not significant (Table
2). The results of mean comparison
showed that the highest 1000 seed
weight was related to the application of
normal irrigation (48.28g) and the low-
est one belonged to water stress in grain
filing period (28.23g), so the consump-
tion of ordinary water resulted in 41%
increase in the weight of one thousand
seeds (Table 3). Song et al. (1998)
showed that water stress induced swol-
len pollen and filament development,
decreased filament fertility and resulted
in reductions in seed number and
weight per ear. The results of mean
comparison of chitosan consumption
revealed that the highest 1000 seed
weight was related to the consumption
of 0.1% chitosan foliar application
(44.73 gr) and the lowest one (25.10 gr)
belonged to control, so chitosan con-
sumption increased by 43% to 1000
seed weight (Table 3). Recently, some
researchers reported that chitosan en-
hanced plant growth and development
(Khan et al., 2002; Gornik et al., 2008).
They reported that application of chito-
san increased key enzymes activities of
nitrogen metabolism (nitrate reductase,
glutamine synthetase and protease) and
improved the transportation of nitrogen
(N) in the functional leaves which en-
hanced plant growth and development.
The increase in cowpea yield due to chi-
tosan application may be due to its ef-
fects in stimulating physiological proc-
esses, improving vegetative growth, fol-
lowed by active translocation of photo
assimilates from source to sink tissues,
increasing leaf-blade thickness as well
as the dimensions of the vascular bun-
dles, as indicated in our results.

Seed yield

The results of analysis of variance
indicated that the effect of irrigation re-
gime and chitosan on seed yield were
significant at 1% probability level, also
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interaction effect of treatments was sig-
nificant at 5% probability level (Table
2). The results of mean comparison of
interaction effect of treatments showed
that the highest seed yield was related to
consumption of chitosan 0.1% in nor-
mal irrigation (6495 kg.ha') and the
lowest one was observed under water
stress in seed filing stage and in the ab-
sence of chitosan application (1511
kg.ha'), so the use of chitosan and
normal irrigation has increased 76% to
seed yield than to control (Fig. 2).
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Fig. 2. Interaction effect of irrigation re-
gime and chitosan on seed yield via LSD
test at 5% probability level.

I;: Normal irrigation, I,: water stress at
heading stage, I;: water stress in grain filing
period

Ci: 0, Cy: 0.05%, Cs: 0.1% chitosan con-
centration

The reduced yield may by due to the
negative effect of water stress on the
yield components resulting in a reduc-
tion in the supply of carbon assimilate
and photosynthetic rate by plants and
consequently less biomass produced as
well as decreased translocation of as-
similates towards the developing fruits
(Kumar ef al., 1994). Chibu and Shiba-
yama (2003) reported that application of
chitosan at early growth stages in-
creased plant growth and development,
thereby increased seed yield in rice and
soybean. Chitosan induce to synthesize
plant hormones such as gibberellins.
Furthermore, it enhances growth by
some signaling pathways related to

auxin biosynthesis via a tryptophan in-
dependent pathway (El-Bassiony et al.,
2014). Also, may be attributed to an in-
crease in the availability and uptake of
water and essential nutrients through
adjusting cell osmotic pressure, and re-
ducing the accumulation of harmful free
radicals by increasing antioxidants and
enzyme activities (Guan et al., 2009).
Behboudi et al. (2018) by evaluate of
chitosan nanoparticles effects on yield
and yield components of barley under
late season reported drought stress
drought stress affected the biomass, en-
zyme activity, leaf color, RWC, harvest
index, yield and yield components of
barley plants; whereas, using chitosan
nanoparticles, especially 60 and 90
ppm, decreased the harmful effects of
drought stress. Also they suggested that
chitosan NPs can be applied to barley
plants either through soil or foliar appli-
cation with different doses in both irri-
gation regimes to get desired results.
Janmohammadi et al. (2014) by investi-
gated influences of chitosan solutions
on  morphological  characteristics,
growth and yield components of lentil
(Lens culinaris) under rainfed condi-
tions reported that chitosan application
could significantly improve the number
of pods per plant, 100-seed weight,
grain yield per plant and harvest index
in comparison to control plants. They
suggest that application of chitosan as
agronomic management strategy be fur-
ther investigated for an efficient tech-
nique to induce resistance in lentil
plants against biotic and drought stress
in semi arid regions, in other hand foliar
application of chitosan during reproduc-
tive stage could be effective; however,
its effect depends on genotypes.

CONCLUSION

All plant growth characters, yield
components and seed yield significantly
decreased due to water stress in grow-
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ing seasons. The largest reduction was
observed under water stress in seed fil-
ing stage. Foliar application of chitosan,
improved all plant growth measures
compared to untreated control plants. It
is concluded that foliar application of
chitosan at vegetative stage enhanced
the plant growth and development,
which resulted from increased fruit
yield in wheat. Among concentrations,
0.1 % had superiority for plant growth,
yield components and seed yield than
others. It can be concluded that wheat
plants treated with chitosan induced
ability to grow under water stress condi-
tions, perhaps because they can produce
various metabolites which cause closure
of stomata, resulting in a reduction in
transpiration. In other hand chitosan
may play an important role in growth
and productivity of basil plants grown
under water deficit stress conditions,
perhaps because they can produce vari-
ous metabolites, which cause a reduc-
tion in transpiration and thus more wa-
ter becomes available to plants for bet-
ter growth and production. Overall, it is
possible to propose that chitosan could
be promising material used to reduce
harmful effect of water deficit on
growth of basil plants and as a whole,
treatment with chitosan partly could al-
leviate effect of water deficit. In conclu-
sion, it is suggested that chitosan could
be used to reduce the harmful effect of
water stress on growth of wheat crop.
However, more experiments should be
conducted in different locations and
seasons to draw a valid conclusion re-
garding chitosan foliar application for
fruit yield improvement of wheat.
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