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ABSTRACT 

This study aimed to estimate the morphological and physiological effects of chitosan foliar spray 

and/or three irrigation levels of 100%, 60%, and 40% of field capacity on grapevines grown in plastic 

containers to simulate water shortage conditions. The results showed that water irrigation deficit signifi-

cantly reduced leaf area, trunk cross-sectional area, plant dry weight, root dry weight, relative chlorophyll 

content, leaf total carbohydrates, catalase activity, leaf midday water potential (ψ), relative water content 

(RWC), and crop evapotranspiration (ETc), but increased the proline content. Under well-watered condition, 

foliar-applied chitosan, in particular, 5 and 10 g·dm-3 increased plant growth and biomass production 

compared with untreated plants. Also, chitosan sprays during deficit irrigation conditions significantly 

improved plant tolerance to water deficit by enhancing the morphological and physiological parameters 

of grapevines. The results of this work suggest the opportunity to grow grapevines under deficit irrigation 

conditions using chitosan foliar spray. Increased plant biomass and root weight, and the positive impacts 

of chitosan as antitranspirant on increased ψ, RWC, and decreased ETc play the main role in drought stress 

avoidance mechanisms in grapevines raised under moderate deficit irrigation conditions. 
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INTRODUCTION 

 

Water deficit is considered the most common 

abiotic factor that limits plant growth and productiv-

ity of fruit trees in many areas of the world, especially 

in arid and semi-arid regions. Approximately one-

third of the cultivated area of the world suffers from 

chronically insufficient supplies of water (Massacci 

et al. 2008). It has been reported that 70% of the total 

water consumption in the world occurs in the agri-

cultural sector (FAO 2015), and the need for water 

is increasing in other sectors such as domestic 

consumption and industry. This will add more pres-

sure to water availability for horticulture production. 

A periodical reduction in the yields of rain-fed crops 

due to drought and the continuing global climate 

change may increase the severity of the problem (IPCC 

2013). Therefore, it is important to use wise irrigation 

such as deficit irrigation and to improve drought tol-

erance in horticultural crops. Water deficit can stim-

ulate production of reactive oxygen species (ROS) in 

plants, which can cause damage to plants by oxida-

tion of DNA, lipids, and proteins. Plants grown under 

drought stress are capable of introducing morpholog-

ical modifications to cope with water scarcity, in-

cluding reduction of leaf area, shoot elongation, and 

shoot-to-root ratio, as well as increasing root growth 

(Toscano et al. 2014; Khalil & El-Ansary 2015, 2020). 
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Some plants can modify their structures that help 

them survive under drought conditions, such as the 

thickness of the upper and lower epidermis (Ennajeh 

et al. 2010) and thick cuticle (De Micco & Aronne 

2012). They also established physiological strate-

gies involved in leaf water potential maintenance, 

stomatal conductance control, and osmotic adjust-

ment during drought (Karimi et al. 2012; Khalil 2015). 

It is widely known that the deliberate withholding of 

irrigation water by the deficit irrigation technique 

and the use of drought-adapted trees to cope with 

water shortage can be effective management strate-

gies for controlling crop water use. Deficit irrigation 

is a useful production technique for fruit crops that 

can control their growth and improve fruit quality 

(Khalil & El-Ansary 2015). This is done by adding 

water at a rate or amount lower than evapotranspi-

ration. Deficit irrigation at any growth stage could 

pose negative impacts on physiological, morpho-

logical, and biochemical processes in plants, which 

could include decreased stem elongation, leaf area, 

root size, and depth, and changes in stomatal for-

mation and plant-water relations with reduced water 

use efficiency and crop production (Li et al. 2009). 

Elicitation is an effective strategy to induce 

drought tolerance and physiological changes in plants 

(Baenas et al. 2014). Chitosan is one of the most 

common elicitors inducing cell defense reactions 

in plants (Shibuya & Minami 2001). Chitosan is 

a natural polysaccharide derived from a low-acetyl 

form of chitin, mainly composed of glucosamine 

and N-acetyl glucosamine and is commercially 

produced from crab shells, shrimp shells, lobster and 

squid, and filamentous fungi (Kumaresapillai et al. 

2011). Previous studies have shown that chitosan can 

stimulate plant growth indices (Farouk et al. 2008), 

increase yields, induce plant resistance to bacterial, 

fungal, and viral infections, and reduce transpiration 

(Karimi et al. 2012). Moreover, chitosan-treated 

plants may be less susceptible to stress induced by 

adverse conditions, such as low or high temperature, 

salinity, and drought (Lizárraga-Paulín et al. 2011; 

Pongprayoon et al. 2013). Chitosan has decreased 

transpiration in pepper plants, and hence, reduction 

of water loss while maintaining biomass and yield. 

This result suggests that chitosan can effectively 

counteract transpiration, protecting water in drought 

conditions (Bittelli et al. 2001). Foliar application 

of chitosan may induce stomatal closure. However, 

the mechanisms of action of chitosan on plant growth 

remain unclear. Yang et al. (2009) reported that 

pretreatment of leaves of apple seedlings with chitosan 

solution (100 mg·dm-3) prior to drought stress 

significantly enhances leaf membrane stability and 

antioxidant enzyme activities. Górnik et al. (2008) 

found that chitosan significantly enhanced rooting of 

the cuttings, increased the number of new canes and 

their length as well as the number of nodes and chlo-

rophyll content in the leaves developed on grapevines 

grown under drought stress conditions. El-Kenawy 

(2017) described morphological and physiological re-

sponses, such as the increase in shoot length, leaf sur-

face area, and total chlorophyll content in grapevines 

subjected to chitosan. However, studies on the inter-

action effects of foliar application of chitosan and 

drought stress on grapevine growth are still lacking. 

Grapevine (Vitis vinifera L.) is one of the most 

ancient and widely cultivated fruit trees grown in 

a temperate and semi-arid climate, where it may be 

afforded consecutive cycles of water deficit and re-

watering either through rainfall or irrigation. Vines 

are considered drought-tolerant plants, characterized 

by diverse stomatal behaviors and hydraulics, de-

pending on the cultivar and can be classified based on 

their water potential as tolerant to water limitations 

(Martorell et al. 2015). Grapevine is able to perform 

physiological drought avoidance mechanisms, such 

as effective stomatal management of transpiration 

and xylem embolus, and the potential for osmotic 

adjustment. Therefore, the aim of this study was to 

determine the morphological and physiological re-

sponse of young grapevines to various doses of foliar 

applied chitosan under deficit irrigation conditions. 

The morphological indices chosen were leaf area, 

trunk cross-sectional area, plant dry weight, and root 

dry weight. Physiological stress-associated charac-

teristics are leaf midday water potential (ψ), relative 

water content (RWC), crop evapotranspiration rate 

(ETc), chlorophyll content, proline content, leaf to-

tal carbohydrates, and catalase activity. 
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MATERIAL AND METHODS 
 
Plant materials and growing conditions 

Experiments were conducted in the glasshouse of 

the Soil Science Department, Alexandria University, 

Egypt. Own-rooted one-year-old ‘Crimson’ grapes 

(Vitis vinifera L.) obtained from the nurseries of the 

Faculty of Agriculture farm were singly transplanted 

into 5 liter pots. The average high and low temperatures 

recorded during the experimental period were 33.4 and 

20.5 °C day/night and the photoperiod varied from 9.3 

to 10.8 hours. Relative humidity of air ranged from 

64 to 69%. The growing substrate was sandy soil 

that contained 0.4% organic matter, 10 meq·dm-3 Na, 

3 meq·dm-3 K, 9.4 meq·dm-3 Ca, 2.8 meq·dm-3 Mg, 

and a pH of 7.35 according to a soil test performed. 

Soil field capacity and wilting point were 0.1 and 

0.03 gm3·gm-3, respectively. The soil field capacity 

and wilting point were determined directly at the four 

soil samples at 0.1 and 15 bar, respectively, using the 

pressure plate apparatus as described by Israelsen 

and Hansen (1962). Before the commencement of the 

treatments, the plants were irrigated twice a week with 

tap water. In addition, Ezzogreen Compy blue fertilizer 

(4% iron, 4% manganese, 4% zinc, 0.5% copper, and 

0.5% magnesium per dm3) was added to each plant as 

a foliar spray at a rate of 0.75 mL per dm3 in mid-May. 

The plants were irrigated for full field capacity prior to 

the initiation of experimental treatments for 2 months. 

During the period of adaptation, all plants seemed vig-

orous, healthy, and well established. The experimental 

treatments were begun on the July 30 and August 8, 

and were terminated after 120 and 112 days, in the 

2017 and 2018 seasons, respectively. 

Treatments 

Grapevines were subjected to the three irrigation 

levels of 100%, 60%, and 40% of field capacity for 

four months, along with 3 doses of weekly foliar 

applications of chitosan (low molecular weight, 

40 kDa, from crab shells) at rates of 1, 5, and 

10 g·dm-3. Chitosan obtained from the commercial 

product Chitosan Powder, manufactured by Chitosan 

Egypt. Chitosan was dissolved in 5% acetic acid 

and diluted with distilled water to the required 

concentrations. 100 mL of this solution per plant 

was sprayed at the dew point using a hand sprayer. 

In untreated control plants, chitosan was replaced 

with an equivalent volume of distilled water. Irriga-

tion levels assumed well-irrigated conditions 

(100%), moderate deficit irrigation (60%), and se-

vere deficit irrigation (40%). During the time of the 

treatment period, the amount of water required to 

attain the pot field capacity exhibited the consump-

tion of water during the prior days. The irrigation 

level reached 100%, 60%, and 40% of the soil field 

capacity by adding 800, 480, and 320 mL of water 

for each pot, respectively, at the beginning of the 

experiment. Thereafter, the volume of water added 

to each pot was estimated by weighting the pots of 

each treatment periodically at weekly intervals. The 

plants were distributed on four blocks, and each 

treatment was represented by four replicates with 

a total number of 192 plants in each experimental 

season. The plant pots were placed on the tables and 

spaced 50 cm between plant pots and 50 cm be-

tween the rows. 

Measurements 

At the termination of the experiment, the data were 

collected in November 2017 and 2018 after four 

months of deficit irrigation. Relative chlorophyll 

content was determined according to Yadava (1986), 

using a Minolta SPAD chlorophyll meter (SPAD-502 

plus, Konica Minolta Sensing, Japan). The field 

portable, hand device measured the relative chlorophyll 

content using dual-wavelength optical absorbance 

(620 nm and 940 nm wavelength). The results were 

expressed as SPAD units. The measurements were 

performed on fully expanded mature leaves with an 

area of 30–115 cm2, in the middle of the canopy. 

The trunk circumference of each plant was measured 

using a Vernier caliper, and the trunk cross-sectional 

area (cm2) was calculated. The plants were then 

lifted from the pots, and the leaves, stems, and roots 

of each plant were separated, washed with tap water, 

and then with distilled water. The total leaf area 

(cm2 per plant) was measured using a planimeter. 

The leaf, stem, and root tissues of each plant were 

then oven-dried at 70 °C until reaching a constant 

weight and plant dry weight (g per plant) and root 

dry weight (g per plant) of each plant was recorded. 
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To determine the daily crop evapotranspiration rate 

(ETc), four replicates of each treatment were irri-

gated with enough water and left to dry for 2 hours, 

then each replicate was weighed, re-irrigated every 

24 hours and the daily differences in weight ex-

pressed the daily ETc. At the end of the experiment, 

estimations of leaf water potential (ψ) and relative 

water content (RWC) were performed at midday us-

ing fully expanded leaves from the middle part of the 

shoots of these plants. RWC was measured in fully 

opened leaves. The leaves were cleaned, and their 

fresh weights (FW) were determined. The turgid 

weight (TW) of the leaves was determined after 

floating in distilled water in a covered Petri dish for 

24 hours at 4 °C. Thereafter, the leaves were oven 

dried at 70 °C to a constant weight and their dry 

weights (DW) were determined. RWC was calcu-

lated using the following formula (Smart & Bingham 

1974): RWC (%) = (FW − DW)/(TW − DW) × 100 

was used for RWC calculation. The midday ψ esti-

mations were done one day before irrigation. Five 

leaves were taken from the middle part of the shoot 

and their ψ was measured immediately using a pres-

sure chamber (Model PMS 1505D-EXP, USA). At 

the end of the experiment, total carbohydrates, pro-

line content, and catalase activity were determined 

in samples of dry materials taken from the entire 

leaves of the plant in each replicate. Total carbohy-

drates (TC) were determined in 0.5 g of dry materi-

als of the leaves, according to the method of Nelson-

Somogyi as described by Thimmaiah (2004). Leaf 

proline content was determined spectrophotometri-

cally at 520 nm according to the methodology of 

Bates et al. (1973). This was done as follows: 0.1 g 

from the dry ground leaf materials was homogenized 

with 10 mL aqueous sulfosalicylic acid (3%) and 

then filtered, and 2 mL of the filtrate stands to react 

with 2 mL glacial acid and 2 mL acid-ninhydrin for 

1 hours at 100 °C. The reaction was terminated in 

an ice bath. The reaction mixture was extracted 

with 4 mL toluene and mixed for 15–20 seconds. 

The chromophore containing toluene was aspirated 

from the aqueous phase and the absorbance was read. 

Catalase (CAT) enzyme activity was determined in 

frozen leaf samples according to Kar and Mishra 

(1976), analyzed according to KMnO4 titration 

method and expressed as μmol H2O2 reduced per 

g FW per min (μmol H2O2·g FW-1·min-1). 

Statistical analysis 

Statistical analysis was performed for a factorial 

experiment with a completely randomized block 

design with four biological replicates. The factors were 

three irrigation levels (100%, 60%, and 40% F.C.) 

and four chitosan treatments (1, 5 and 10 g·dm-3, and 

control). Statistical analysis was done by ANOVA, 

F-test, and LSD procedures available within the 

SAS software package (version 9.13, 2008).  
 

RESULTS 
 

Leaf area, trunk cross-sectional area, and dry 

weights 

The effect of irrigation with different soil moisture 

levels 100%, 60%, and 40% of the field capacity as 

well as the effect of chitosan sprays was significant 

for leaf area, trunk cross-sectional area, plant dry 

weight, and root dry weight (Fig. 1). A significant in-

teraction was found between irrigation levels and 

chitosan doses on leaf area, trunk cross-sectional area, 

plant dry weight, and root dry weight. 

Decreasing the irrigation level from 100% 

to 40% resulted in a significant reduction in leaf 

area, trunk cross-sectional area, plant dry weight, 

and root dry weight (Fig. 1). This reduction was 

evident during both experimental seasons. For 

example, in the 2017, the leaf area reduced from 

89.9 to 59.1 cm2 per plant when the irrigation level 

decreased from 100% to 40%, and the trunk cross-

sectional area reduced from 11.9 to 8.4 cm2. Sprays 

with chitosan of 1, 5, and 10 g·dm-3 significantly in-

creased the leaf area, trunk cross-sectional area, 

plant dry weight, and root dry weight compared 

with the control plants in both experimental sea-

sons. Considering the interaction effect between 

drought and chitosan treatments in Figure 1, it was 

noticed that under deficit irrigation (60% and 40% 

irrigation level), the highest leaf area, trunk cross-

sectional area, plant dry weight, and root dry weight 

values were obtained with 5 and 10 g·dm-3 chitosan. 
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For example, in the 2017 season, at the 40% irrigation 

level × 10 g·dm-3 chitosan treatment, the trunk cross-

sectional area increased from 7.5 (1 g·dm-3) to 10.1 cm2, 

and plant dry weight increased from 68.3 (1 g·dm-3) 

to 91.9 g per plant. Significant differences were found 

in most morphological indices when the chitosan 

spray doses increased from 1 to 5 or 10 g·dm-3 in 

plants subjected to lower irrigation levels of 60% 

and 40%. However, in most cases, there were no 

significant differences between the chitosan sprays at 

5 and 10 g·dm-3 (Fig. 1). Moreover, in both seasons, 

the results indicated that the highest leaf area, trunk 

cross-sectional area, plant dry weight, and root dry 

weight values obtained at spraying 5 and 10 g·dm-3 

chitosan under 100% irrigation level, and the lowest 

values were obtained with control and spraying of 

1 g·dm-3 chitosan under 40% irrigation level. 

Chlorophyll content, proline content, leaf total 

carbohydrates, and catalase activity 

Irrigation levels and chitosan spray had significant 

effects on the relative chlorophyll and proline 

contents, leaf total carbohydrates, and catalase 

activity (Fig. 2). Increasing irrigation deficiency 

decreased the relative chlorophyll content, leaf total 

carbohydrates, catalase activity, and increased the 

proline content. For example, in 2017, decreasing 

irrigation levels from 100% to 40% significantly 

reduced the relative chlorophyll content from 27.4 

to 17.9 SPAD; leaf total carbohydrates from 15.4 

to 11.1 mg per 100 g DW; and catalase activity 

from 12.9 to 9.1 μmol H2O2 per g FW per min, 

while increased the proline content from 58.9 to 

69.3 mg per 100 g DW. Chitosan spray significantly 

increased the relative chlorophyll content, leaf 

total carbohydrates, leaf catalase activity, and 

decreased leaf proline content in both seasons.  

In the leaf tissues of grapevines sprayed with 

10 g·dm-3 chitosan, the proline content values 

reached as much as 54.5 and 54.3 mg per 100 g 

DW in 2017 and 2018, respectively (Fig. 2). As 

for the interaction effect between irrigation levels 

and chitosan treatments, the data of the present 

study showed that deficit irrigation coupled with 

chitosan sprays at 5 and 10 g·dm-3 significantly 

increased the relative chlorophyll content, leaf total 

carbohydrates, and catalase activity, but reduced 

the proline content compared to 1 g·dm-3 and control. 

For example, in the 2018 season, chitosan-treated 

plants with 10 g·dm-3 chitosan and water to 40% 

irrigation level showed a significant increase in 

the relative chlorophyll content from 16.1 

(1 g·dm-3) to 21.1 SPAD. This increase in the rel-

ative chlorophyll content coincided with an in-

crease in total leaf carbohydrates from 10.5 to 

15.1 mg per 100 g DW, and catalase activity from 

6.9 to 12.1 μmol H2O2 per g FW. However, the 

proline content was reduced from 77.9 (1 g·dm-3) 

to 56.2 mg per 100 g DW. With an increased 

concentration of chitosan spray from 1 to 5 or 

10 g · dm-3, the relative chlorophyll content, leaf 

total carbohydrates and catalase activity increased 

significantly, in most cases there was a decrease 

in proline content below 60% and 40% irrigation 

levels. The 5 and 10 g·dm-3 chitosan-treated plants 

did not show significant differences (p ≤ 0.05) 

under control, moderate, and severe deficit irrigation 

conditions in most cases (Fig. 2). 

Leaf midday water potential, relative water con-

tent, and crop evapotranspiration rate 

At the end of the experiment, irrigation levels, 

chitosan sprays, and their interactions had signif-

icant effects on leaf midday water potential (ψ), 

relative water content (RWC), and daily crop 

evapotranspiration rate (ETc) (Figs. 3–5). De-

creasing irrigation levels from 100% to 40% in 

control plants significantly reduced ψ, RWC, and 

ETc. Chitosan sprays increased ψ, RWC, and de-

creased ETc under 100%, 60% and 40% irrigation 

levels compared to the control plants in both ex-

perimental seasons. Chitosan sprays at 5 and 

10 g·dm-3 significantly increased ψ, RWC, and 

decreased ETc compared to 1 g·dm-3 under 60% 

and 40% irrigation levels. Differences were also 

significant for ψ in the second season and for 

RWC in both seasons with the 10 g·dm-3 chitosan 

treatment (Figs. 3–5). In the first season, increas-

ing chitosan doses from 1 to 5 g·dm-3 increased 

RWC, but these increases were not significant at 

the 100% irrigation level. 
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Figure 1. Effect of foliar application of chitosan and irrigation levels on leaf area, trunk cross-sectional area (TCA), 

total dry weight and root dry weight of grapevines ‘Crimson’. Means followed by different lowercase letters indicate 

significant differences between treatments based on LSD test (p = 0.05) 

e

g

h

d

e
f

a

b

c

a

b

c

0

20

40

60

80

100

120

140

100 60 40

Le
af

 A
re

a 
(c

m
2
)

Irrigation Level %

2017

0 g/L

1 g/L

5 g/L

10 g/L

e

g

h

d

e

f

a

b

c

a

b
c

0

20

40

60

80

100

120

140

100 60 40

Le
af

 A
re

a 
(c

m
2
)

Irrigation Level %

2018

0 g/L

1 g/L

5 g/L

10 g/L

e
e e

c

d

e

a

b

d

a

b

d

0

2

4

6

8

10

12

14

16

18

100 60 40

Tr
u

n
k 

cr
o

ss
-s

e
ct

io
n

al
 a

re
a 

(c
m

2
)

Irrigation Level %

2017

0 g/L

1 g/L

5 g/L

10 g/L

d
d d

b
b

d

a

a

c

a

a

b

0

2

4

6

8

10

12

14

16

18

100 60 40

Tr
u

n
k 

cr
o

ss
-s

e
ct

io
n

al
 a

re
a 

(c
m

2
)

Irrigation Level %

2018

0 g/L

1 g/L

5 g/L

10 g/L

cd
ef

h

bc

ef

h

a

de

g

a

b

f

0

10

20

30

40

50

60

100 60 40

R
o

o
t 

d
ry

 w
e

ig
h

t 
(g

)

Irrigation Level %

2017

0 g/L

1 g/L

5 g/L

10 g/L

ab

c

e

ab b

d

ab

b

c

a
ab

c

0

10

20

30

40

50

60

100 60 40

R
o

o
t 

d
ry

 w
e

ig
h

t 
(g

)

Irrigation Level %

2018

0 g/L

1 g/L

5 g/L

10 g/L

c

f

g

b

e

g

b

e

f

a

d
e

0

20

40

60

80

100

120

140

100 60 40

To
ta

l d
ry

 w
e

ig
h

t 
(g

)

Irrigation Level %

2017

0 g/L

1 g/L

5 g/L

10 g/L

b

e

f

ab

d

f

ab

c

e

a

c
d

0

20

40

60

80

100

120

140

100 60 40

To
ta

l d
ry

 w
e

ig
h

t 
(g

)

Irrigation Level %

2018

0 g/L

1 g/L

5 g/L

10 g/L



Treating grapevines with chitosan under deficit irrigation...................     ...................................................................................15 
____________________________________________________________________________________________________________________ 

 

 
Figure 2. Effect of foliar application of chitosan and irrigation levels on relative chlorophyll content, proline content, 

leaf total carbohydrates, and leaf catalase activity. Means followed by different lowercase letters indicate significant 

differences between treatments based on LSD test (p = 0.05) 
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Figure 3. Effect of foliar application of chitosan and irrigation levels on leaf water potential and relative water content. 

Means followed by different lowercase letters indicate significant differences between treatments based on LSD test (p = 0.05) 

 

 
Figure 4. The effect of irrigation levels and chitosan 

treatments on the evapotranspiration (mL per day) during 

four months of drought and chitosan treatments of 

grapevines in 2017. Values are mean ± S.E. (n = 16). 

Irrigation levels: A = 100% of field capacity, B = 60% 

of field capacity, C = 40% of field capacity 

 
Figure 5. The effect of irrigation levels and chitosan 

treatments on the evapotranspiration (mL per day) during 

four months of drought and chitosan treatments of 

grapevines in 2018. Values are mean ± S.E. (n = 16). 

Irrigation levels: A = 100% of field capacity, B = 60% 

of field capacity, C = 40% of field capacity 
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DISCUSSION 
 

The results of the present study show that irri-

gation levels alone and jointly with chitosan applica-

tion had significant effects on most studied morpho-

logical indices (Fig. 1). There was a reduction in leaf 

area following decreased irrigation levels in control 

plants, which is in line with the previous investiga-

tions on grapes (Gómez-del-Campo et al. 2002; 

Buesa et al. 2017). The reduction in leaf area is con-

sidered as one of the adaptation mechanisms in plants 

to avoid drought stress conditions by minimizing the 

evapotranspiration rate and reducing water consump-

tion (Toscano et al. 2014). The reduction in plant 

trunk cross-sectional area following decreasing irri-

gation levels is expected as a result of drought stress 

and lessen growth rate (Boland et al. 2000) and is also 

a morphological adaptation of plants to water stress 

(Bañon et al. 2006). A reduction in grapevine dry 

weight was found in this investigation following de-

creasing irrigation levels. This result has been 

shown in previous studies on the grapevines (Teh-

rani et al. 2016; Conesa et al. 2016). In contrast to 

our results, increased root dry weight under moder-

ate deficit irrigation is considered as a defense 

mechanism to cope with drought conditions and in-

duce water uptake in some plants (Toscano et al. 

2014) and could be attributed to the accumulation of 

photoassimilates in the roots more than in the shoots. 

The redistribution of dry matter in favor of the root at 

the expense of the shoot is considered the plant’s de-

mand to keep enough surface leaf area under drought 

stress (Conesa et al. 2016). Drought stress reduced 

the plant vegetative growth, which appears to be the 

result of disrupted plant water relations in specific 

turgor potential (Hussain et al. 2009). The application 

of chitosan at 1, 5, and 10 g·dm-3 improved all the 

growth indices under well-watered and drought con-

ditions and resulted in a significant increase in veg-

etative growth features compared to the untreated 

control plants. Malekpoor et al. (2016) found that fo-

liar-applied chitosan increased plant growth (com-

mon bean and basil) under stressed or non-stressed 

conditions. Moreover, Ait Barka et al. (2004) re-

ported that chitogel, a derivative of chitosan, im-

proved the vegetative growth of grapevine plantlets. 

The increase in total dry weight due to chitosan ap-

plication may be due to its effects in stimulating the 

photosynthetic process (Khan et al. 2002). Moreo-

ver, the stimulating effect of chitosan on plant 

growth under drought conditions might be ex-

plained by increasing nutrient and water uptake by 

adjusting cell osmotic pressure and reducing free 

radicals by stimulating antioxidant activity (Guan et 

al. 2009). Physiological determinations of grape-

vine leaves responding to drought have revealed 

that chlorophyll content decreased, which in turn in-

hibited the photosynthetic activity. Similar to the re-

sults of this study, the reduction in chlorophyll con-

tent (SPAD values) has been reported in grapevines 

in response to drought stress (Haider et al. 2017). 

This could be due to the destruction of the pigment-

protein complexes, which defend the photosyn-

thetic machinery (Lai et al. 2007), or to a reduction 

of specific enzymes such as HemA glutamyl-tRNA 

reductase 1 and magnesium chelatase H subunit, 

which are important for the construction of photosyn-

thetic pigments (Murkute et al. 2006). The increase 

in chlorophyll content following chitosan application 

supports the previous suggestion that chitosan en-

hances the photosynthesis process by increasing 

photosynthetic pigments (Dzung et al. 2011). The 

proline level in grapevines increased substantially 

as drought stress intensified. Proline accumulation 

is considered as one of the initial responses of many 

plants to drought stress. It is well known that proline 

accumulation reduces the water potential of plant 

tissues, particularly in leaves, thereby enabling them 

to restrict water loss and/or continue to absorb water 

from soil under drought stress conditions. In con-

trast, foliar spraying of chitosan in both seasons 

showed a significant decrease in the proline content 

under normal or stressed conditions. The effect of 

chitosan on the reduction of the proline content was 

at least partly due to its role in reducing the water 

potential of plant tissues. The reduction in total car-

bohydrate content induced by water deficit treat-

ments may be due to their inhibitory effect on pho-

tosynthetic pigment concentrations (Fig. 2) as well 

as the decrease in photosynthetic rate (Jie et al. 2010). 
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Moreover, under drought conditions, the breakdown of 

polysaccharides caused an accumulation of osmolytes 

such as soluble sugars, which helped the plants to 

maintain the cell turgor (Nazarli et al. 2011), and this 

is considered as an adaptive mechanism to drought 

stress conditions. The effects of chitosan, especially 

at 10 g·dm-3, on increasing total carbohydrate content 

were confirmed by Farouk et al. (2008) on cucumber. 

The influence of chitosan on alleviating drought 

stress effects on photosynthetic pigments leads to 

stimulate photosynthetic activity and carbohydrate 

accumulation (Farouk et al. 2008). 

In the current study, substantially lower CAT 

levels were detected in plants grown under drought 

stress than in those in well-watered conditions. 

These results are in agreement with the earlier re-

ports indicating that drought stress decreased CAT 

activity in the leaves of pomegranate seedlings 

(Khalil 2015). Chitosan application to grapevines 

alleviated some of the negative impacts of drought 

and increased CAT activity (Fig. 2). This result sup-

ported the results of Guan et al. (2009), who indi-

cated that the application of chitosan on maize 

plants significantly decreased lipid peroxidation, 

due to stimulation of some antioxidant enzymes. 

The gradual reduction in ψ values following 

deficit water treatments found in this research is in 

agreement with those previously reported by Conesa 

et al. (2016) and Buesa et al. (2017) working on 

grapevines. A short period of mild water deficit may 

promote plants to reduce the leaf water potential 

substantially (Pérez-Pastor et al. 2014). Decreased 

leaf water potential acts as a hydraulic signal that 

triggers reduced leaf area expansion and partial clo-

sure of stomata (Shahnazari et al. 2007). Several re-

ports on grapevines revealed that drought stress 

negatively affects leaf water potential due to sto-

matal closure and a decrease in stomatal conduct-

ance (Conesa et al. 2016; Tehrani et al. 2016). The 

reduction in stomatal conductance was strongly as-

sociated with a reduction in photosynthetic activity 

and leaf area, which are well known in plants grown 

under drought stress conditions (Medrano et al. 2002). 

In this study, deficit irrigation treatments de-

creased RWC, while significantly higher RWC 

values were observed in chitosan-sprayed plants. 

The decrease in RWC values following water deficit 

treatments found in this study is consistent with those 

reported by Abdi et al. (2016). They agreed that with 

increasing moisture stress in the growing medium, 

a noticeable decrease in the RWC of the leaves was 

noticed. The results presented here showed that pro-

longed water deficit causes a decrease in RWC values, 

and these reductions may be lessened when spraying 

chitosan. Undoubtedly, this might be due to the role 

of chitosan in reducing plant transpiration. Bittelli et 

al. (2001) suggested that chitosan could be used as an 

effective anti-transpirant to reduce irrigation water 

use. The decrease in crop evapotranspiration (ETc) 

following increased drought stress conditions of less 

irrigation water in fruit trees have been reported in 

several studies (Çamoğlu 2013). The decrease in the 

ETc values coupled with an increase in leaf water po-

tential values in most treatments was recorded. The 

results generally indicated that the ETc obviously de-

creased as a result of chitosan application. The mag-

nitude of this reduction at 40% field capacity reached 

as much as 29.3% and 23.9% for the 5 and 10 g·dm-3 

chitosan treatments, respectively. The influence of 

chitosan in reducing ETc during drought stress condi-

tions could be attributed to the induction of stomatal 

closure (Bittelli et al. 2001). 

 

CONCLUSION 

 

Deficit irrigation, as expected, markedly re-

duced leaf area, trunk cross-sectional area, plant dry 

weight, and root dry weight, which proved biomass 

production and distribution. Water deficit decreased 

leaf midday water potential (ψ), relative water con-

tent (RWC), and crop evapotranspiration rate (ETc), 

causing changes in plant water status. Chitosan ap-

plication under all irrigation levels increased leaf 

area, trunk cross-sectional area, plant dry weight, 

and root dry weight, relative chlorophyll content, 

leaf total carbohydrates, catalase activity, and rela-

tive water content, but reduced the proline content. 

Reduction of plant biomass under drought stress and 

the positive impacts of chitosan as anti-transpiring 

agent play the main role in drought stress avoidance 

mechanisms in potted-vines grown under moderate 

and severe deficit irrigation conditions. 
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