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ABSTRACT

In the current study, the aim is to investigate
regulation of water balance especially deteriorating
in the heat conditions due to low water uptake and
resistance to drought conditions by decreasing
water deficit through transpiration in sour orange
seedlings under arid or semi-arid conditions. The
current study was conducted under greenhouse
conditions, at three different water deficit cycles
(once per 2 days, four days and eight days). As anti-
transpirant matters, silicon surfactant (0.01% and
0.02%), Fatty acids (0.2% and 0.4%) and PEG 6000
(polyethylene glycol) (5% and 10%) were applied
through spraying the leaves. The effects of the
water shortage and antitranspirant treatment on the
plant height (cm), stem diameter (mm), leaf and
root dry weight (%), total chlorophyll (chlorophyll
a+b) (mg.g"), carotenoid (mg.g"), membrane per-
meability (%), relative water content (RWC) (%)
and lipid peroxidation (MDA) (nmol.g") were
studied. The results obtained revealed that increas-
ing irrigation water interval, the plant height de-
creased to a great extent, when compared to more
frequent irrigation. While PEG was found to be
more effective in terms of increasing the plant
height, fatty acid was found to be more effective in
terms of increasing the stem diameter. Membrane
permeability increased parallel to increasing
drought. Both the antitranspirants and the drought
conditions decreased RWC more than the control.
While MDA decreased with antitranspirant treat-
ments, it exhibited an important increase in 8-day
water deficit cycle.

While different antitranspirants decreased
transpiration, the plant growth was not negatively
affected from this situation. It was observed that the
use of antitranspirants in drought conditions result-
ed in positive outcomes in the reducing of leaf
water loss.
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INTRODUCTION

As known well, the extent to which fruit trees
are affected from environmental conditions particu-
larly from heat and drought conditions depending
on their growth period. Especially when they are
young plants, they are highly sensitive to heat stress
and drought stress compared to fully grown trees.
Therefore, in regions where there is a severe short-
age of water, some precautions need to be taken to
improve the resistance of young trees to drought
stress, which enables the plant to make optimum
and efficient use of the water and thus positively
affects the growth of the plant.

As known, transpiration in plants has effects
on the ascending movement of the water, absorp-
tion and transport of mineral nutritional elements
and the plant surface temperature. One way of im-
proving plants’ resistance to heat is the reduction of
transpiration [1]. Some measures have been sug-
gested to protect plants from drought stress. This
suggests that to prevent transplant shock by heat
and drought it is desirable to prevent leaf dehydra-
tion [2]. Foliar application of antitranspirants is a
promising tool for regulating transpiration to main-
tain a positive plant water status [3].

Present study reveals that leaf water content,
dry matter content and growth rate of plant were
markedly reduced under low water regime. It is
therefore suggested that the improvement of growth
and plant water status could be done through appli-
cation of antitranspirants [4]. Antitranspirants have
different modes of action [5, 6]. Antitranspirants
are chemical compounds to reduce transpiration and
maintain high plant water status. The compounds
are generally classified under three groups accord-
ing to their impact mechanisms; film forming mate-
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rials, reflecting and physiological antiranspirants [7,
8].

Silicon and fatty acid which are reflecting type
and PEG 6000 (polyethylene glycol) are film type
antitranspirants. Kaolin clay and Chitosan are re-
flective materials and are used as antitranspirants
[9, 10, 11, 12]. Emulsions of wax, latex, or plastics
that dry on the foliage and form thin films can also
minimize escape of water from the plant [8]. Sili-
con (Si) is one of the potential beneficial elements
for the growth of plants [13, 14]. It has been report-
ed that silicon increases plant resistance or toler-
ance in drought stress [15, 16]. Fatty acids, once
applied as a liquid foliar spray, form a thin glassy
film-coat, which reflects the excess light, which is
going to heat up the tissues and thereby reduces the
chances of leaf damages. When PEG is used in the
rhizosphere area, it limits water transport and thus
contributes to the formation of drought conditions
[17, 18, 19, 20, 21, 22, 23, 24]. PEG is an acrylic
polymer.

It was thought that the effect of PEG on the
root will be the same for the plant leaf and so it was
used as an antitranspirant in the current study.

The aim of this work was to determine the ef-
fects of drought stresses on growth, physiology and
water status of sour orange seedling, and the re-
sponses of stress tolerance mediated by foliar appli-
cation of antitranspirants. For this reason, the appli-
cations were performed in the seedling period when
plants are the most sensitive towards drought and in
summer season when the need for water is the
highest.

MATERIALS AND METHODS

Experiments were conducted in a greenhouse
at the Mugla City, during May and September
2014. As the plant materials in the study, 7-month
sour orange seedlings (Citrus aurantium L.) were
used. Seedlings were grown in 15-liter plant pots in
a greenhouse. Until the applications were initiated,
fertilizer and water needs of the plants were provid-
ed as homogenous. Plant pot medium consists of
soil, peat, pumice and perlite with the ratios of
4:2:1:1 respectively. Each plant was treated with 50
g NPK compound fertilizer (N:18, P,O5:18 K,0:18,
B:0.01, Cu:0.01, Fe: 0.05, Mn:0.02, Mo:0.001,
7Zn:0.02). At the end of trial, nutritional element
contents of plant growth media: total N (0.35%),
available P (49.3 mgkg"), K (204 mgkg"), Ca
(205 mg.kg") and Mg (198 mg.kg™) were found to
be at the sufficient levels.

The greenhouse temperature and humidity
values (Hobo® data logger temperature/relative
humidity (onset)) were measured by half an hour
intervals.

The measurements conducted within the
greenhouse between 07.04.2014 and 09.08.2014,
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the maximum temperatures were measured to be
40.0-49.1 °C, mean temperatures were measured to
be 28.0-35.8 °C and minimum temperatures were
measured to be 20.0-30.2 °C. Furthermore, maxi-
mum relativity humidity was found to be 59.1-
92.8%, mean relative humidity was found to be
22.4-67.4% and minimum humidity was found to
be 8.0-35.1%.

The experiment was conducted using a com-
pletely randomized design. The experiment was
designed as three replicates and each replicate was
conducted with two different plant pots. The exper-
iment was conducted at three different water deficit
cycles (during transient 2,4 and 8-day water deficit
cycles). Thus, with regular irrigation, it was created
in limited water conditions.

The applied antitranspirants and their concen-
trations are given below:

1. Control (water)

2. Silicon Surfactant 1 (% 0.01) (Innogard 309®)
(® Dow Corning organic silicon)

3. Silicon Surfactant 2 (% 0.02) (Innogard 309®)
(® Dow Corning organic silicon)

4. Fatty Acids 1 (% 0.2) (® Green Miracle) (Butyr-
ic acid, Hexanoic acid (Caproid acid)

5. Fatty Acids 2 (%0.4) (® Green Miracle) (Butyric
acid, Hexanoic acid (Caproid acid)

6. PEG 1 (% 5) (PEG 6000) (polyethylene glycol)
7. PEG 2 (%10) (PEG 6000) (polyethylene glycol)

The treatments were conducted at 25-day in-
tervals and as three-time leaf spraying. As the
possible highest PEG doses were considered to be
implemented, a pretesting was conducted by using
PEG 6000. 0.5, 1, 2, 5 and 10% concentrations
were tried. As no negative effect such as defolia-
tion, paleness, toxic effect etc. was detected, it was
decided to use 5% and 10% concentrations in the
actual application. Only water was sprayed to the
control plants. The first application was conducted
on 13 July 2014.

Until one day before the initiation of the ap-
plication (12 July), all the pots were received equal
amount of water. During the period when water
need increased as a result of increasing temperature
(since 12 July), restricted water treatments were
initiated by using different irrigation intervals (once
in 2, 4 and 8 days).

Six days after the start of antitranspirant
treatments, plant samples were collected for the
analysis. Sample collection was performed after the
application of water stress. Thus, at the beginning
of the application (7" day), in the middle of it (30™
day) and at the end of it (55" day) (19 July, 12
August and 08 September, respectively), samples
were collected three times. Sample collection was
performed one day before irrigation.

In order to determine the antitranspirants ef-
fects on seedling growth features, plant height (cm),
stem diameter (mm), and leaf and root dry weight
(%) were determined. Plant height and stem diame-
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ter were measured at the beginning and at the end
of the trial. In order to determine leaf and root dry
weight (%), leaf samples were taken from the mid-
dle of the shoot at the end of the trial. From each of
the two plants, an entire leaf was collected and its
fresh weight (FW) was recorded. Then, they were
dried at 65 °C in stove and their dry weights were
determined. For metabolic changes, total chloro-
phyll (chlorophyll a+b) (mg.g"), carotenoid (mg.g”
", membrane permeability (%), relative water con-
tent (RWC) (mg.g"') and lipid peroxidation (MDA)
(nmol.g™") values were determined. Total chloro-
phyll, carotenoid, membrane permeability and
RWC values were calculated three times, once at
the beginning, once in the middle and once at the
end of the experiment, and lipid peroxidation value
was calculated twice, once at the beginning and
once at the end of trial. In the plants, leaf chloro-
phyll and carotenoid content was determined ac-
cording to Strain and Svec [25], membrane perme-
ability was determined according to Lutts et al. [26]
and relative water content (RWC) was determined
according to Yamasaki and Dillenburg [27]. MDA
was analyzed following Cakmak & Horst [28] with
some modifications as suggested by Weisany et al.
[29].

In the analysis of the data, SAS statistical pro-
gram package was used and comparisons between
the means were made by using LSD test [30].
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RESULTS

Plant Growth. Though not statistically signif-
icant, one of the plant growth features, plant height
increased less with the application of antitranspirant
substances when compared to the control. The
highest change in the plant height was obtained
through PEG 2. treatment (13.17 cm). The effect of
water deficit cycle on plant height was found to be
significant, with decreasing water deficit cycles,
higher increase was obtained in plant height. Shoot
growth (FW) was significantly suppressed by
drought (8 day) stresses compared with wet soil
moisture condition (2 day). The higher plant height
increase was obtained as a result of 2-day interval
watering (13.55 cm) (Table 1).

The interaction between antitranspirant sub-
stances and water deficit cycle was found to be
significant in terms of height increase and the high-
est value was obtained for the control plants treated
with 2-day water deficit cycle (18.5 cm). In 4-day
and 8-day water deficit cycles, greater height in-
crease was obtained with Silicon 2. (silicon’s se-
cond concentrations) and PEG treatments compared
to the control (Table 2).

While the effect of applied antitranspirant
substances on the change of stem diameter was
found to be non-significant, water deficit cycles
caused significant effects. Moreover, the interaction
between antitranspirant substances and water deficit
cycles was found to be significant.

TABLE 1
The effect of different antitranspirants and water deficit cycles on plant height
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Plant height (cm)

Treatments Time (days) Plant height change (cm)

7 55

Antitranspirants (A)
Control 63.67 a 75.28 a 11.61 ab
Silicon Surfactant 1 59.56 ab 70.44 ab 10.89 ab
Silicon Surfactant 2 63.94 a 74.22 a 10.28 ab
Fatty Acids 1 61.00 ab 70.28 ab 8220
Fatty Acids 2 58.28 b 67.11b 8.83 ab
PEG 1 61.39 ab 74.56 a 13.17 a
PEG 2 57.50 b 69.11 ab 11.61 ab
Water deficit cycle (I)

2 days 62.95a 76.98 a 13.55a
4 days 62.24 a 72.33 b 10.07 b
8 days 57.10 b 65.41 ¢ 8.36 b

Significance
A N.S. N.S. N.S.
I sk3k skskosk sk
AxI N.S. N.S. *

Means within columns followed by different letters are significantly different according to the t- test (LSD test; p
= 0.05). N.S: Not statistically significant. The level of significance shown are *p < 0.05, **p < 0.01 or *** p <
0.001.
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TABLE 2
Interaction between plant height change and water deficit cycle

Plant height change (cm)

Treatments Water deficit cycle (day) Mean plant height
- - change (cm)
Antitranspirants (A) 2 4 8
Control 18.50+£8.54 7.83£4.48 8.50£1.32 11.61 ab
Silicon Surfactant 1 18.334£3.69 10.66£2.25 3.67£1.89 10.89 ab
Silicon Surfactant 2 8.83+6.29 12.33£2.52 9.67+2.84 10.28 ab
Fatty Acids 1 9.83£3.88 10.33£0.58 4.50+1.73 822b
Fatty Acids 2 15.17+£8.08 4.67£2.93 6.67£3.75 8.83 ab
PEG 1 14.33£2.52 11.67£5.11 13.50+6.26 13.17a
PEG 2 9.83+9.70 13.00£3.97 12.00+3.04 11.61 ab
Mean water deficit cycle (I) 13.55a 10.07 b 8.36 b *

Means values by different letters are significantly different according to the t- test (LSD test; p = 0.05).
The level of significance shown are *p < 0.05.

TABLE 3
The effect of different antitranspirants and water deficit cycles on leaf and root dry weights (%)

Treatments Leaf dry weight (%) Root dry weight (%)
Antitranspirants (A)
Control 35.97 ab 33.70b
Silicon Surfactant 1 35.22 ab 34440b
Silicon Surfactant 2 36.03 a 36.58 ab
Fatty Acids 1 35.72 ab 37.29 ab
Fatty Acids 2 35.34 ab 40.67 a
PEG 1 35.00 ab 35.18b
PEG 2 34.10 b 36.67 ab
Water deficit cycle (I)
2 days 34.52b 3544 b
4 days 3582 a 34.17b
8 days 35.68 ab 39.47 a
Significance
A N.S. *
I N.S. *x
AxI N.S. N.S.

Means within columns followed by different letters are significantly different according to the t- test (LSD test; p
= 0.05). N.S: Not statistically significant. The level of significance shown are *p < 0.05 or **p < 0.01.
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TABLE 4
The effect of different antitranspirants and water deficit cycles on leaf total chlorophyll and carotenoid
values
Treatments Total chlorophyll (mg.g™) Carotenoid (mg.g™)
Time (days) Time (days)
7 30 55 7 30 55
Antitranspirants (A)
Control 3.18¢ 2.93 3.60a 0.19b 0.18b 0.25a
Silicon Surfactant 1 3.67 ab 3.22 3.55ab 0.25 ab 0.20 ab 0.24 ab
Silicon Surfactant 2 3.55 abe 3.40 3.30 abe 0.24 ab 024a 0.20 be
Fatty Acids 1 3.74 ab 3.07 3.21 abe 0.26 ab 0.21 ab 0.20 be
Fatty Acids 2 393a 3.10 3.18 be 030a 0.19 ab 0.18 ¢
PEG 1 3.45bc 3.28 3.11c 0.22b 0.21 ab 0.19 be
PEG 2 3.46 abc 3.29 3.23 abc 0.23 ab 0.20 ab 0.20 be
Water deficit cycle (I)
2 days 3.60 3.31 3.35 0.24 0.22 0.21
4 days 3.56 3.06 3.32 0.25 0.19 0.21
8 days 3.56 3.18 3.26 0.23 0.20 0.20
Significance
A N.S. N.S. N.S. N.S. N.S. N.S.
I N.S. N.S. N.S. N.S. N.S. N.S.
AxI N.S. N.S. N.S. N.S. N.S. N.S.

Means within columns followed by different letters are significantly different according to the t- test (LSD test; p

=0.05). N.S: Not statistically significant.
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TABLE §

The effect of different antitranspirants and water deficit cycles on membrane permeability, relative water
content (RWC) and lipid peroxidation (MDA)

Membrane permeability (%) RWC (%) (nmg;[.]g)ﬁFW)
Treatments Time (days)
7 30 55 7 30 55 7 55
Antitranspirants (A)
Control 26.71 22.24 ab 19.88 ab 63.05a 68.01 a 78.28 2270 3.38a
Silicon Surfactant 1 23.38 21.89 ab 16.85b 6292 a 66.04 ab 80.94 2.15b 3.10 ab
Silicon Surfactant 2 28.30 2336 a 21.84 ab 63.77 a 64.03 abc 77.11 2470 3.08 ab
Fatty Acids 1 28.75 19.82 be 2450 a 61.55 ab 57.82d 77.45 2340 2.85ab
Fatty Acids 2 22.66 20.14 be 18.10 ab 62.61 a 62.23 bed 78.71 2.05b 2.83 ab
PEG 1 22.47 22.57 ab 20.62 ab 57.94b 63.57 abc 80.63 2.02b 2.79b
PEG 2 27.22 18.92 ¢ 20.59 ab 57.33 b 60.29 cd 78.73 2.96a 2.78 b
Water deficit cycle (I)
2 days 21.76 b 19.64 b 19.85 61.51 6573 a 80.37 a 2.11b 291b
4 days 27.02a 22.04a 19.10 60.53 61.19b 76.11b 2.16b 2.72b
8 days 28.15 a 22.16 a 22.08 61.89 62.93 ab 80.03 a 2.70 a 3.29a
Significance
A N.S. * N.S. * *x N.S. *K N.S.
AxI N.S. HoAE N.S. N.S. N.S. * N.S. N.S.

Means within columns followed by different letters are significantly different according to the t- test

(LSD test; p = 0.05).

N.S: Not statistically significant. The level of significance shown are *p < 0.05, **p < 0.01 or ***p < 0.001.

TABLE 6

Interaction between membrane permeability and water deficit cycle (30" day)

Membrane permeability (%)

Treatments Water deficit cycle (day) Mean mgpbrane
- - permeability (%)
Antitranspirants (A) 2 4 8
Control 20.66+0.51 25.21+1.79 20.84+3.90 22.24 ab
Silicon Surfactant 1 22.31+1.49 22.66+4.21 20.70+4.48 21.89 ab
Silicon Surfactant 2 19.36+0.35 27.41+8.33 23.32+2.41 2336 a
Fatty Acids 1 21.73+£1.73 18.63+0.82 19.12+0.23 19.82 be
Fatty Acids 2 19.60+0.62 14.86+1.54 25.96+1.58 20.14 be
PEG 1 15.52+1.41 27.87+4.62 24.3343.67 22.57 ab
PEG 2 18.29+1.74 17.64+2.01 20.84+2.97 18.92 ¢
Mean water deficit cycle (I) 19.64 b 22.04 a 22.16 a HAE

Means values by different letters are significantly different according to the t- test (LSD test; p = 0.05).
The level of significance shown are *p < 0.05.

TABLE 7

Interaction between RWC and water deficit cycle (55" day)

Treatments RWC C6)

Water deficit cycle (day) RWC mean (%)
Antitranspirants (A) 2 4 8
Control 76.40+2.29 80.17+4.02 78.28+1.84 78.28
Silicon Surfactant 1 78.96+0.54 82.24+3.54 81.61+3.69 80.94
Silicon Surfactant 2 81.03+5.97 69.15+3.30 81.15+2.75 77.11
Fatty Acids 1 76.6317.45 74.80£10.73 80.93+0.55 77.45
Fatty Acids 2 81.90+3.20 75.50+1.15 78.73+2.08 78.71
PEG 1 82.80+4.64 76.66+1.16 82.4443.60 80.63
PEG 2 84.89+4.24 74.23+0.48 77.07+4.63 78.73
Mean water deficit cycle (I) 80.37 a 76.11b 80.03 a *

Means values by different letters are significantly different according to the t- test (LSD test; p = 0.05).
The level of significance shown are *p < 0.05.
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Leaf dry weight (%) was found to be non-
significant; on the other hand, root dry weight (%)
was found to be considerably higher in antitranspi-
rant treatments compared to the control. In fatty
acid 2. concentrations, the highest value was deter-
mined to be (40.67%) and relative to the control, by
nearly 21% more increase was observed. Eight-day
water deficit cycle resulted in higher root dry
weight ratio (39.47%) than the other two water
deficit cycles. Less watering increased root dry
weight (%) to a considerable extent (Table 3).

Plant Physiology and Water Status. Total
chlorophyll and carotenoid were not significantly
affected either from antitranspirant treatments or
from different water deficit cycles. On the other
hand, the values obtained on 19 July and 12 August
(7th and 30™ days) as a result antitranspirant treat-
ments were found to be higher compared to the
control. In the 19 July (7" day) treatments, while
fatty acids increased by %24 more than the control,
in the 12 August (30" day) treatment, Silicon Sur-
factant 2 increased by 16% more than the control.
In general, with increasing water deficit cycle,
though small, a decrease was observed in chloro-
phyll and carotenoid contents (Table 4).

Though antitranspirant substances affected
membrane permeability in different manners, this
effect was in general found to be statistically non-
significant. However, increasing drought conditions
led to a significant increase in membrane permea-
bility. RWC; on the other hand, recorded consider-
ably lower values in the face of antitranspirants and
increasing level of drought compared to the control.
In the treatments, 10% PEG 7™ day recorded 9%
and 30" day recorded 11% lower value than the
control. As a result of the treatment with an-
titraspirant substances, lipid peroxidation showed
considerably lower values in general when com-
pared to the control. Drought increase caused a
considerable increase in MDA (Table 5).

The interaction between antitranspirant sub-
stances and water deficit cycle was found to be
statistically significant in the middle of the treat-
ment (30th day) in terms of membrane permeability
(Table 6). The highest value was obtained with 4-
day water deficit cycle in 5% PEG treatment
(27.87%). With 2-day water deficit cycle, Silicon
0.01% and Fatty acid 0.2% showed higher values
than the control but the other treatments showed
lower values. In four-day water deficit cycle, Sili-
con 0.02% and PEG 5% were found to be higher
compared to the control. In eight-day water deficit
cycle, Silicon 0.02%, Fatty acid 0.4% and PEG 5%
were found to be higher compared to the control.

For RWC level, interaction between antitran-
spirant substances and water deficit cycle was
found to be statistically significant at the end of the
treatment (55™ day) (Table 7).
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In this interaction, the highest value (84.89%)
was obtained with 2-day water deficit cycle in 10%
PEG treatment. In 2-day water deficit cycle, anti-
transpirant treatments increased RWC level more
than the control. In four-day water deficit cycles,
while Silicon 0.01% was found to be higher than
the control, the other antitranspirant treatments
showed lower values. In 8-day water deficit cycle,
except PEG 10%, all the other antitranspirants were
found to be higher values compared to the control.

DISCUSSION

The interaction between antitranspirant sub-
stances and water deficit cycle was found to be
significant in terms of height increase; the highest
value was obtained in the control plants treated with
2-day water cycle (18.50 cm). With 4 and 8-day
water deficit cycles, larger height increase was
obtained in Silicon 2. concentration and PEG treat-
ments compared to the control. With increasing
water deficit cycles, the plant height decreased to a
great extent when compared to more frequent wa-
tering. In terms of plant height, substances used as
antitranspirants did not negatively affect the plant
growth. Similarly, in a study where Transfilm and
Vapor Gard were used as antitranspirants, plant
height was not affected significantly. They act as a
physical barrier to water lost from leaves [3].

While among the antitranspirants, PEG was
found to be more effective than the others in terms
of plant height increase, in terms of stem diameter
development, Fatty acid was found to be more
effective. Root dry weight increased more by Fatty
Acid 2 dose at the antitranspirant treatments and in
drought conditions it has increased according to the
control group. This shows that depending on the
decrease in water deficit cycles, the ratio of water in
the plant decreases. Similar findings were reported
by Wu and Xia [31].

Though the changes in leaf chlorophyll and
carotenoid values are statistically non-significant, in
drought conditions lower values were obtained
compared to the control. On the other hand, at the
beginning and in the middle of the trial, with the
effect of antitranspirants, higher values were ob-
tained compared to the control but at the end of the
treatment lower values were obtained. This shows
that substances used as antitranspirants in drought
conditions did not affect chlorophyll and carotenoid
values negatively. Goreta et al., [3] also found that
film-forming antitranspirants during water deficit
stress did not significantly affect physiological
parameters of pepper seedlings. In another study it
was observed that as irrigation intervals were in-
creased, the leaf chlorophyll content decreased [32].
In another study, it was determined that varieties of
leaf of pomegranate total chlorophyll increased by
the amount of irrigation [33]. The interaction be-
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tween antitranspirant substances and water deficit
cycle was found to be statistically significant in the
middle of the experiment period (30" day) in terms
of membrane permeability. Membrane permeability
increased depending on drought increase. In a simi-
lar study, it was determined that kaolinite applied to
Ruby red grapefruit trees as antitranspirant by foliar
increased photosynthesis and water use efficiency
[10]. In another study the results showed that sto-
matal conductance and transpiration were reduced,
while AT (antitranspirant) impaired photosynthesis
at standard. Drought had a minor impact on chloro-
phyll fluorescence. AT minimized the reductions in
leaf water potential. AT could significantly improve
drought tolerance in sweet pepper plants [34].

Plant water relations were determined by
measurements of relative water content (RWC %).
Both the applied antitranspirants and drought condi-
tions decreased RWC more than the control. RWC
level at the end of interaction between antitranspi-
rant substances and water deficit cycle (55" day),
were found to be statistically significant. In 2-day
water deficit cycle, antitranspirant treatments in-
creased RWC level more than the control. In 4-day
water deficit cycle, while Silicon 0.01% was found
to be higher compared to the control, the other
antitranspirant treatments showed lower values. In
8-day water deficit cycle, except PEG 2, all the
antitranspirants were found to be higher than the
control. However, in a study, no improvement in
RWC or reduction of cell membrane injury was
found with the application of film-forming materi-
als [3]. Drought stress caused a decrease in leaf
water potential and stomatal conductance [35]. In
another similar study reported that relative water
content was significantly affected with the irriga-
tion treatment irrespective of antitranspirant treat-
ments. Reportedly in the works, the turgidity of
leaves was much higher in normal irrigation
throughout the growth period over limited water
supply [4]. In the current study, while MDA de-
creased as a result of antitranspirant treatments, it
exhibited a considerable increase in 8-day water
deficit cycle.

As known well, as an indicator of oxidative
stress, MDA levels are of great importance. Antiox-
idant enzymes play a role in drought resistance
[16]. Therefore, reduction of MDA level by the
applied antitranstpirants can be evaluated as a posi-
tive valuable result.

Davenport et al. [5] reported similar results of
increased water status by antitranspirants which
might be due to reduced transpiration and increased
stomatal resistance affecting membrane system and
influx of water.
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CONCLUSION

While the applied different antitranspirant
substances decreased evapotranspiration, plant
growth was not negatively affected. This shows that
these substances can be used as antitranspirants in
the citrus cultivation on the sour orange seedling by
reducing the evapotranspiration in arid regions.

As PEG used to create drought conditions ex-
hibited an effect similar to that of silicon and fatty
acid, this substance can be used as antitranspirant.
As a result, in future research higher concentrations
of PEG should be tested.
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