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ABSTRACT
Field experiment carried out at Nubaria Agricultural Research station, National Research Centre, Egypt to
study the role of antitranspirants application{Salicylic Acid (SA), K2SO4 and MgCO3} in alleviating droughtinduced changes of some sensitive barley varieties. Foliar application of the antitranspirants compounds
registered a positive effect on plant pigment, relative water content, nutrient contents and proline accumulation
under water stress condition especially after spraying SA. The barley varieties Tamellalet and Giza 125 highly
responded to antitranspirants application especially after foliar application of SA and MgCO 3 over remaining
varieties. Application of MgCO3 produced the most balanced nutrients for Tamellalet variety under normal
irrigation system whereas, under stress condition. The data together provide some indication that Ksar-Megrine
and Tombari cultivars has more efficient H2O2 scavenging machinery at least in peroxisomes under drought
stress. Application of antitranspirants treatments led to significant increase of CAT, POD and GR activity which
could alleviate the adverse effect of water stress on barley leaves. Results concluded that antitranspirants
application could be effective for barley production in arid and semi-arid areas to reduce the adverse effects of
water deficit.
Keywords: SA, K2, SO4, MgCO3, chlorophyll, DRIS indices, proline, antioxidant enzymes
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المستخلص

أجريتتت تجتتارب حقليتتح فتتل محطتتة التجتتارب الخاصتتة بتتالمركز القتتومل للبحتتوث الواقعتتح فتتى زمتتام منطقتتة النوباريتتة التتتاب لمحافظتتة البحيتترة بجمهوريتتح مصتتر

العربيح لدراستة دور الترا التورقى بمضتادات النتتح والمتم لتح فتل ححمتا الساليستيل و كبريتتات البوتاستيوم و كربونتات الماغنستيوم( فتل تقليتل التتا يرات
الستلبية لظتروف الجفتتاف علتى نمتتو بعتا أصتتناف الشتعير المصترية حصتتنف جيز  ، )125التونستية حصتتنف تمبتارا) ،الجزائريتتة حصنف قصتر مجتترين)،

والمغربيتتة حصتتنف تاميلالت) فتتى اررا الرمليتتة حدي تتة ارمستصتتال

أوضتتحت النتتتائم المتحصتتل عليهتتا انهناكتتتي يرمعنوا متتن التستتميد التتورقل بمضتتادات

النتتتح علتتى محتتتوا الكلوروفيتتل فتتى اروراق ختتالل مراحتتل النمتتو المختلفتتة حاستتتطالة الستتاق  ،وختتروج البتتادرات ) لتتبعا أصتتناف الشتتعير الحساستتة حجيتتزة

 ،125تمبارا،قصتر ميجرينوتتتاميلالت) وكتتان هنتتا ايضتاتي ي ارً إيجابيتتا علتتى المحتتتوا المتائى النستتبى لتتالوراق بارضتتافح التى تتراكم البتترولين تحتتت ظتتروف

نقص الميا والتى كانت واضحح على ارصناف تاميلالت وجيز  125والتى كانتت عاليتة ارستتجابة لمضتادات النتتح وخاصتة فتى المعتامالت التتى تتم رشتها
بحما الساليسيل ايضا هنا تي ير معنوا على المحتوا المعدنى للنبات نتيجة الرا بمضادات النتح تحت ظتروف الترا العاديتح وتحتت ظتروف اارجهتاد

كان افضل حارت ارتزان الغذائل داخل النبات فى المعتامالت التتى تتم رشتها بحمتا الساليستيل يلتى ذلت المعاملتح لتتل تتم رشتها بتت كربونتات الماغنستيوم
م معامالت كبريتات البوتاسىوم وذل تحت ظروف الجفاف ونقص المياة مقارنة باضافة ارحتياجات المائية للنبات كان رستخدام مضتادات النتتح لتح تتا ير

عالى المعنوية على زيادة نشاط ارنزيمات المضادة لالكسدة تحت ظروف اجهتاد الجفتاف مقارنتة بظتروف الترا المعتتاد حيتث وجتد ان الرشتبتركيز 10جتز

فتتل المليتتون حمتتا الساليستتيل و %2كربونتتات المغنيستتيوم ادت التتى زيتتادة نشتتاط انزيمتتات البيروكستتيديز والكتتتاليز والجلوتتتا يون المختتتزل تحتتت ظتتروف
الجفاف
الكلمات المفتاحية نقص الميا  -الكلوروفيل – مؤشر الدرس -البرولين – ارنزيمات المضادة لالكسدة
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improved significantly as influenced by
spraying
anti-transpirants
which
were
responsible for reducing water consumptive
use(26). Antioxidant enzymes are very
important in scavenging dangerous free
oxygen radicals, produced as the usual
secondary consequence of environmental
stresses, from plant cells. SOD converts the
toxic O2 radicals to H2O2 which scavenged to
O2 and water by the antioxidant enzymes such
as CAT and POD(24). Glutathione reductase is
the last enzyme of the ascorbate/glutathione
cycle and plays a principal role in the
protection of cells from damage induced by
oxidative stress. In drought conditions, GR
favors maintenance of the GSH pool, thereby
intensifying the antioxidative response of the
plant. The effect of mild drought examined on
glutathione reductase activity in two species of
cotton and concluded that GR activity was
greater in drought-stressed plants during
recovery strongly which indicates that drought
may result in acclimation to greater water
deficit and/or cross-tolerance to other stresses
later(27).The aim of research work was to
study the effect of some antitranspirants
compounds on the biochemical changes of
barley under water stress condition.

INTRODUCTION
A biotic stress has now been recognized as the
biggest and potential threat for agricultural
productivity all over the world. Nevertheless,
anthropogenic activities in the developmental
era have aggravated the degradation of
agricultural system and its productivity due to
major a biotic stress. Anti-transpiration play
important roles in the regulation of plant
developmental processes and signaling
networks as they are involved either directly or
indirectly in a wide range of biotic and a biotic
stress responses and tolerance in plants
(2).Anti-transpiration are the materials or
chemicals which decrease the water loss from
plant leaves by reducing the size and number
of stomata. Nearly 99 % of the water absorbed
by the plant is lost in transpiration. Antitranspirations were grouped into three kinds,
namely film-forming types which coat leaf
surface with films that are impervious to water
vapor, reflecting materials which reflect back a
portion of the incident radiation falling on the
upper surface of the leaves and stomatal
closing types which affect the metabolic
processes in leaf tissues (25). Salicylic acid
(SA) is a phenolic compound involved in the
regulation of growth and development of
plants, and their responses to biotic and a
biotic stress factor (21).SA is involved in the
regulation of important plant physiological
processes such as photosynthesis, nitrogen
metabolism, proline metabolism, production of
glycine, betaine, antioxidant defense system,
and plant-water relations under stress
conditions and thereby provides protection in
plants against a biotic stress (15). Apart from
its involvement in the induction of defenserelated genes and stress resistance in biotic
stressed plants (16), SA has been shown to
improve plant tolerance to major drought
stress (9). Foliar application of anti-traspirants
such as Magnesium Carbonate positively
affected all the growth and physiological
criteria of the tested plants compared with
control treatment and also cause marked
reduction in transpiration rate. Generally,
under irrigation water shortage, application of
anti-transpirants effectively reduced water
consumption use and enhanced water
productivity. Additionally, most of the growth
and yield parameters and seed quality were

MATERIALS AND METHODS

Field experiments were conducted at the
experimental research station of National
Research Centre, El-Nubaria region, Boheira
Governorate, Egypt (altitude of 27 m above
sea level, latitude 30° 72' 66" and longitude
30° 20' 18" E) during the winter growing
seasons of 2018/2019 to study the effect of
foliar
application
of
anti-transpiration
compounds on some biochemical parameters
(chlorophyll, proline and enzymes) of barley
varieties grown under water stress condition in
newly reclaimed sandy soil. The experimental
area was classified as arid region with cool
winter and hot dry summer prevailing in the
experimental area. There was no effective
rainfall (low intensity) that can be taken into
consideration throughout the two growing
seasons. The field capacity and available water
of the experimental soil was 14.8 and 10.2 ml
/100g soil, respectively. Soil pH was 8.1;
Electrical conductivity 1.31 dS m-1, organic
matter 0.54%, CaCO3 3.11% and available N,
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proportional to the amount of chlorophyll in
the leaf (20).
Relative water content
Leaf relative water content (RWC) estimated
at ear emergence according to (4).For these 10
fully matured leaves of 5 plants per plot (2
leaves per plant) were selected from the same
heights and their fresh weight (FW) recorded.
The leaves soaked into distilled water under
low lighting conditions for 24 h to measure
their saturated weight. After recording
turgescence weight (TW), leaves dried at 75
°C for 48 h and their dry weights (D.W)
measured. RWC calculated using the
following formula: RWC = (FW-DW)/(TWDW) × 100
Determination of proline
Proline was estimated at booting and ear
emergence stages. First, 0.4 g of fresh plant
material homogenized in 1.5 ml of distilled
water and then incubated in water bath at 100
°C for 30 min. Then, the samples cooled to
room temperature (22 °C) and centrifuged for
10 min at 4 000 rpm. Next, 1 ml of a 1%
solution of Ninhydrin in 60% acetic acid
added to 0.5 ml of the supernatant and
incubated at 100 °C for 20 min. After cooling
to 22 °C, 3 ml of toluene added and the
samples shaken and left in the dark for 24 h for
phase separation. One ml of proline extract
introduced to a cuvette and the absorbance
measured by spectrophotometer at a
wavelength of λ = 520 nm according to (18).
Nutrient content analysis
At ear emergence stage, representative leaves
analyzed for the nutrient content (N, P, K) in
barley varieties and determined according to
(22).
DRIS indices
DRIS indices which are used in the current
investigation are quantitative evaluations of
the relative degree of imbalance of the
nutrients under study and as calculated from
the following equations:

1-Experimental design and treatments
The Mediterranean barley varieties were the
Egyptian variety (Giza 125), Tunisian variety
(Tombari), Algerian varieties (Ksar-Megrine) and
Morocco variety (Tamellalet). The seeds of the
selected varieties obtained from National gene
bank of Tunisia. Drip irrigation regime was applied
through two types of in line emitter according to its
discharge (4 and 2 liter), which fulfill 75 and 40 %
of water holding capacity named as normal and
stress condition, respectively. The antitranspirant
applied as foliar fertilization of 2% K2SiO4, 2%
MgCO3 and 10 ppm salicylic acid were randomly
distributed within the sub-plots. The net area of
each experimental plot was 10.5 m2. The assigned
levels of antitranspirant were foliar sprayed twice
during the growth period of barley plant after 40
and 60 days from sowing date. Salicylic acid
(HOC6H4COOH, Mwt: 138.122) was initially
dissolved in absolute ethanol and the final volume
of prepared solution was reached, using distilled
water. A few drops of Tween-20 as a surfactant
agent were added to ensure spreading of the
applied solution on the plant leaf surface. All
antitranspirant sprayed out in the early morning
and the volume of the spraying solution was
maintained just to cover completely the barley
plant foliage till drip. The field experiment laid out
in a split plot design with three replicates. The
agricultural practices for barley production under
drip irrigation in the growing area were followed
according to the recommendations of Ministry of
Agriculture and Land Reclamation.

2. Estimation during growth stages
Chlorophyll content
Leaf greenness present in a plant at stem
elongation, booting and ear emergency stages
determined
with
the
Minolta-SPAD
Chlorophyll Meter (Minolta Camera Co.,
Osaka, Japan). The SPAD-502 chlorophyll
meter measures the chlorophyll absorbance in
the red and near-infrared regions and
calculates a numeric SPAD value which is

 f ( N / P)  f ( N / K ) 
N , index   

2


 f ( N / P)  f ( K / P) 
P, index   

2
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K , index   
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N/P
 1000


f
(
N
/
P
)



1
where
 n/ p
 C.V


when the actual value of N / P > n / p.
or

n / p  1000

f ( N / P)  1 

N / P  C.V

ABTS per min at 25oC under the assay
conditions.
Glutathione reductase (GR)
The
activity
of
GR
determined
spectrophotometry at 30°C following the
decrease in absorbance at 340 nm according to
the method described by (31).The assay
reaction mixture contained in a total volume of
1 mL, 50 mM potassium phosphate buffer, pH
7.0, 1 mM EDTA, 0.1 mM NADPH, 0.5 mM
oxidized glutathione, and the enzyme solution.
One unit of GR activity defined as the amount
of enzyme which oxidizes 1 µmole of NADPH
per min.
Statistical analysis
Data statistically analyzed using analysis of
variance (ANOVA) and the means of varieties
included in this trial compared using fisher test
run by Least Significant Difference (L.S.D.) at
(P ≤ 0.05) according to (10).
RESULTS AND DISCUSSION
1-Chlorophyll content
Data in Table (1) illustrated the effect of
different antitranspirants compounds on the
SPAD chlorophyll at different growth stages
(stem elongation, booting and ear emergence)
of some sensitive barley varieties (Giza 125,
Tombari, Ksar-Megrine and Tamellalet) under
normal and stress conditions. Data on hand
revealed that the highest values under water
stress conditions observed at the barley
varieties: Giza 125, Tombari and Tamellalet
after spraying salicylic acid (SA) and MgCO3
for SPAD chlorophyll at stem elongation,
booting and ear emergence, respectively. The
application of antitranspirant immediately
prior to booting stage may conserve water and
improve grain set which could outweigh the
photosynthetic limitations (14). Regarding to
the reduction percentage of SPAD chlorophyll
under water stress, the maximum reduction
was found at Tombari and Ksar-Megrine under

where
when the actual value of N / P > n / p.
or When the actual value of N / P < n / p, n/p
is the mean value for N/P, and CV is the
coefficient of variation for high-yielding
populations. The other terms of f (N/K) and f
(K/P) are derived in a similar way using the
means of n/k for N/K and k/p for K/P,
respectively in place of n/p. The DRIS indices
have positive and negative values which
always sum to zero as they measure the
relative balance among N, P and K or other
elements that might be included. The order of
plant nutrient requirements is affected by the
value of the index, the most negative index
reflects the most required nutrient(30).
Antioxidant enzyme activities
Catalase
(CAT):
Catalase
activity
determination carried out according to the
method described by [1].The method is based
on monitoring the rate of decomposition of
H2O2 at 30°C. Suitable volume of crude
enzyme was added to 1 mL of substrate
mixture, which consisted of 0.02 M H2O2 in 50
mM phosphate buffer, pH 7.0. The
decomposition of H2O2 followed as a decline
in absorbance at 240 nm for 1 min. One unit of
activity defined as the calculated consumption
of 1µmole of H2O2/min at 30 °C. The
extinction coefficient of H2O2 taken to be 43.6
M-1 cm-1.
Peroxidase assay
Peroxidase (POD) activity determined
according to the method of (5), using ABTS as
a reducing substrate, in a reaction mixture (1
ml) containing 6 mM H2O2, 0.36 mM ABTS,
100 mM sodium acetate buffer (pH 6) and
POD concentration which gave linear response
over a period of 3 min. The change in
absorbance at 405 nm followed at 1 min
intervals. One unit of POD activity defined as
the amount of enzyme that oxidized 1 mmol
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control treatments at stem elongation, booting
elongation, Giza125 (13%) at booting stage
and ear emergence growth stages, respectively.
and Ksar-Megrine (14%) at ear emergence
While the minimum reduction recorded at
stage, respectively. According to the effect of
Giza 125 + SA, Tombari + MgCO3 and
sprayed antitranspirant compounds, the
Tamellalet + SA in same sequences. Farooq et
maximum chlorophyll content observed with
al. (8) indicated that the treatment of rice
after spraying SA (stem elongation), MgCO3;
leaves (Oryza sativa L.) with SA (100 mg L-1)
SA (booting) and SA, K2SO4 (ear emergence).
had a positive effect on photosynthesis and
The minimum reduction of SPAD Chlorophyll
plant growth compared to other treatments of
found after spraying SA= MgCO3 at stem
50 and 150 mg L-1 and induced better
elongation and booting stages while at ear
resistance to drought stress than soaking the
emergence stage, the lowest ones observed
seeds in the same SA solutions. Regardless
after spraying K2SO4 and MgCO3 under water
spraying antitranspirant compounds, data
stress condition. Several studies support the
indicated that the maximum and minimum
stimulatory effect of SA on a number of
values attained at Giza 125 and Tamellalet for
morphological and physiological processes of
SPAD chlorophyll at stem elongation, booting
plants, including growth, photosynthesis and
and Ksar-Megrine and Tamellalet for ear
other metabolic processes. This demonstrates a
emergence, respectively. Also, data noticed
function as a protective agent in plants,
that the maximum reduction of SPAD
modulating the plant response to drought stress
chlorophyll found at Tombari (15%) at stem
(11).
Table 1. Effect of Antitranspirants on SPAD Chlorophyll of barley varieties under water
stress
Variety

Treatment

Tamellalet

KsarTombari Giza 125
Megrine

Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
LSD (0.05) (V)
(T)
(V * T)

Stem elongation
Normal
Stress
42.1
34.6
53.3
49.4
49.0
44.1
47.0
43.2
40.8
32.1
44.8
38.6
41.8
35.6
48.1
42.9
42.4
34.2
49.9
44.2
46.1
41.1
45.1
40.1
38.2
33.5
42.6
39.7
46.6
42.4
43.0
38.8
0.27
0.28
0.44
0.28
0.60
0.47

Booting
Normal
Stress
47.1
37.7
49.0
44.2
49.4
43.8
51.2
45.8
42.3
35.4
55.8
51.1
45.0
42.1
48.9
46.6
41.4
32.7
44.4
40.1
48.3
42.6
47.4
44.6
39.5
32.4
44.4
40.2
47.8
42.3
45.4
40.8
0.32
0.23
0.18
0.27
0.42
0.42

Ear emergence
Normal
Stress
35.2
30.4
39.4
35.9
37.3
35.3
36.2
34.0
33.1
29.6
36.1
33.3
36.6
34.0
35.2
33.9
38.1
30.5
39.6
33.4
39.6
36.3
39.8
35.7
37.0
31.1
40.0
36.8
38.5
35.4
40.2
37.3
0.28
0.14
0.25
0.21
0.45
0.30

minimum ones attained at Tamellalet+
K2SO4= MgCO3 (5.5%), Tamellalet + SA
=Tombari + K2SO4 (7.7%), respectively.
Magnesium Carbonate (MgCO3) is considered
to be an antitranspirants that close stomata and
thus affect metabolic processes in leaf tissues
(12). Regardless spraying antitranspirant
compounds, the highest values of the RWC at
ear emergence obtained at Tombari (88.4) and
Tamellalet (81.0) under both normal and stress
conditions, respectively. Whereas, the lowest
ones recorded at Giza 126= Ksar-Megrine (74)
under stress conditions. Also, it is clear to

2-Relative water content (RWC)
Data in Table (2) illustrate the effect of
sprayed antitranspirants on relative water
content (RWC), proline content at booting and
ear emergence for sensitive barley varieties.
Data on hand indicated that the highest values
of RWC attained at Tamellalet, Tombari=
Ksar-Megrine after spraying MgCO3, under
both
normal
and
stress
conditions,
respectively. The maximum reduction
percentage found at barley Giza 125= KsarMegrine (20%) without application of
antitranspirant
(control),
whereas
the
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mention that the highest and lowest reduction
under normal and stress conditions,
percentage in RWC were 14% (Giza 125) and
respectively. The highest increased percentage
8% (Tamellalet). According to the effect of
under water stress were 32% and 30% at Giza
sprayed antitranspirants on the RWC at ear
125 for control treatment at booting and ear
emergence, MgCO3 had a promotive effect on
emergence growth stage, respectively.
the RWC under both normal and stress
Whereas, the lowest percentage for proline
condition and gained the highest values under
content at booting were 11% after spraying SA
both stress conditions (90.1 and 82.3) which
and 10% at ear emergence stage after spraying
increased by about 8 and 20% relative to the
K2SO4 for Tamellalet variety, respectively.
control, respectively.
Regardless
spraying
antitranspirant
compounds, the maximum and minimum
3-Proline content
Data in Table (2) showed the proline content at
values of proline content attained for Tombari
booting and ear emergence as affected by
and Tamellalet at booting stage and Ksarnormal and stress condition.The control
Megrine and Tombari at ear emergence stage
treatment of Tombari variety gained the
under water stress condition, respectively.
highest values (3.1 mg/g fresh weight) and the
Also, data noticed that the maximum increased
lowest ones (1.2 mg/g fresh weight) observed
percentage of proline content found at
after spraying SA for Tamellalet under stress
Tombari (21%) at booting stage and Giza 125
condition at booting stage. At ear emergence,
(19%) at ear emergence stage, respectively.
the maximum values found at control of KsarExogenous treatment of drought stressed
Megrine (4.1 mg/g fresh weight) and the
plants with different levels (0.5 and 1.0 mm)
minimum values were (1.1 mg/g fresh weight)
of SA not only caused a decline in the adverse
for Tombari after spraying MgCO3. The
effect of drought in yellow Maize (Zea mays
differences between the highest and lowest
L.) plants, but also stimulated physiological
values in percentage were 23, 38 and 36, 35%
traits, productivity and plant resistance to
for proline % at booting and ear emergence
drought stress (7).
Table 2. Relative water content (%) and proline (mg/g fresh weight) of barley under water
stress
Variety

Treatment

Tamellalet

Ksar
Tombari Giza 125
Megrine

Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
LSD (0.05) (V)
(T)
(V * T)

RWC%
Normal
83.5
90.6
85.4
86.6
85.2
90.1
87.7
90.4
82.3
82.3
86.3
90.1
81.5
87.3
89.7
93.3
2.08
1.56
3.06

Stress
66.8
78.6
75.1
78.4
70.6
78.6
81.1
82.1
65.8
75.7
74.8
80.5
70.5
80.6
84.8
88.2
1.81
0.55
1.98

Proline at booting
stage
Normal
Stress
2.28
3.02
2.13
2.42
1.51
1.78
1.48
1.66
2.36
3.12
2.15
2.54
2.20
2.59
2.05
2.34
2.19
2.75
1.74
2.02
1.62
1.98
1.93
2.27
1.87
2.36
1.10
1.21
1.41
1.58
1.62
1.90
0.65
0.36
0.51
0.20
0.97
0.47

Proline at ear
emergence stage
Normal
Stress
2.13
2.79
1.72
1.98
1.59
1.81
1.71
1.91
1.90
2.29
1.78
2.05
1.12
1.32
1.04
1.15
3.49
4.11
2.88
3.22
2.31
2.68
2.98
3.34
2.57
3.12
2.50
2.79
2.42
2.65
2.45
2.75
0.19
0.41
0.25
0.14
0.37
0.46

normal condition observed at Tombari +
MgCO3, Giza 126 + K2SO4, and Tamellalet +
K2SO4 and under water stress condition, Giza
125+ MgCO3, Tombari + K2SO4 and
Tamellalet + MgCO3 for N, P and K,
respectively. While the smallest ones were

4-Macronutrients
Table (3) illustrated N, P and K content as
affected by sprayed antitranspirant compounds
for examined barley varieties under normal
and stress conditions. Results indicated that
the highest values of N, P and K content under
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attained at control of Tamellalet, KsarTamellalet (28.5%) and Giza 125 (21.8%) for
Megrine and Giza 126 under normal and stress
N, P and K content, respectively. Whereas, the
conditions in same sequences.The rate of
lowest reduction in % of N, P and K were
reduction in percentage relative to the water
attained at Giza 126 + SA (6.2 %), Ksarstress effect indicated that, the highest
Megrine + MgCO3 (4.2%) and Ksar-Megrine
reduction was found at control of
+ K2SO4 (5.0%), respectively.
Tombari=Ksar-Megrine
(24.7%)
and
Table 3. Macronutrient content of barley varieties under water stress
Variety

Treatment

Tamellalet

KsarTombari Giza 125
Megrine

Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
LSD (0.05) (V)
(T)
(V * T)

Nitrogen (%)
Normal
Stress
2.17
1.68
2.85
2.67
2.51
2.01
3.17
2.85
2.35
1.77
2.43
1.98
2.84
2.32
3.19
2.52
2.93
2.21
2.81
2.45
3.01
2.55
2.24
2.10
1.60
1.25
2.49
2.01
1.93
1.74
2.97
2.66
0.782
0.232
0.622
0.313
1.180
0.458

Regarding to the mean values of the N, P and
K content by eliminating stress effect, Giza
(MgCO3), Tombari (K2SO4) and Tamellalet
(MgCO3) scored the highest values, while the
lowest ones were obtained at control of
Tamellalet and Ksar-Megrine, in same
sequences. Regardless sprayed antitranspirant
compounds, resulted data pointed out that
Ksar-Megrine gained the highest N values
under both normal and stress conditions, while
the lowest value was recorded at Tamellalet
variety. But, Tombari (phosphorus) and
Tamellalet (K) scored the highest values under
normal and stress condition. Whereas the
lowest values were observed at Ksar-Megrine
(P) and Giza 126 (K). The reduction
percentage relative to the stress effect were
estimated, the highest and lowest reduction
were 21% (Tombari), 17% (Tamellalet) and
14% (Giza 125) and 14% (Giza 125), 10% and
9 % Ksar-Megrine for N, P and K content,
respectively.
5-DRIS Indices
Data in Table (4) indicated that the highest
absolute total in control treatment under
normal irrigation condition, recorded from
Tombari variety (175) which recorded highest
negative signal K index (-87.4) if compared

Phosphorus (%)
Normal
Stress
0.286
0.206
0.365
0.329
0.424
0.365
0.381
0.336
0.346
0.252
0.378
0.328
0.422
0.394
0.370
0.315
0.230
0.186
0.295
0.270
0.297
0.267
0.270
0.257
0.293
0.209
0.333
0.271
0.329
0.291
0.330
0.297
0.057
0.087
0.049
0.047
0.089
0.112

Potassium (%)
Normal
Stress
1.32
1.03
1.79
1.46
1.93
1.79
1.81
1.62
1.32
1.13
1.79
1.59
1.99
1.82
1.81
1.61
1.42
1.19
2.19
2.04
2.16
1.97
1.71
1.63
1.74
1.36
2.06
1.78
2.46
2.18
2.52
2.29
0.098
0.098
0.166
0.166
0.222
0.222

with other treatments. However, for (N and P)
were (34.0, 53.4) considered excessive when
the DRIS indices are negative and positive in
these case imbalances. Whereas, under stress
condition in control treatment, the highest NBI
was found in Giza 125 variety (153) with
highest negative K index (-76.5), N index
(42.3) and P index (34.1). After addition of
antitranspirants the nutrient imbalance
reduced,
the
treatment
combination
(Tamellalet + MgCO3) was most balanced
treatment among the studied combinations,
with the absolute nutrient index (32.5) which
resulted from DRIS indices are (16.2, -5.3,
10.9) for (N, P and K index), respectively
under normal irrigation system. Whereas,
under stress condition, the most balanced
treatment was (Ksar-Megrine + SA), with the
absolute nutrient index (11) which resulted
from DRIS indices (1.42, 4.03, 5.45) for (N, P
and K index), respectively. The negative index
the more deficient the nutrients. A positive
index indicates that the nutrient levels are
above the optimum and more positive index
the excessive the nutrients that are relative to
normal. If the DRIS index is equal to zero
indicating that the nutrient is at optimum
level(3).
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Table 4. DRIS indices of barley under water stress and antitranspirants application

Tamellalet

KsarTombari Giza 125
Megrine

Varieties

Treatment
Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3
Control
Salicylic acid
K2SO4
MgCO3

Normal irrigation
DRIS index
N
P
K
39.6
27.7
-67.3
30.2
27.2
-57.4
7.43
42.7
-50.2
31.6
33.3
-64.9
34.0
53.4
-87.4
13.2
36.2
-49.5
17.5
35.1
-52.6
41.1
24.2
-65.3
72.1
-9.08 -63.0
23.2
-6.24 -16.9
30.5
-7.58 -22.9
19.5
7.77
-27.3
-13.2
26.7
-13.4
11.2
12.5
-23.7
-18.2
10.5
7.71
16.2
-5.30 -10.9

Under normal irrigation, in the treatment of
Tamellalet spayed with MgCO3, the N index
was decreased from (34.0) to (16.2) in this
time the nitrogen increased the nutrient
balance in treatment combination in this time
the N a positive DRIS index indicates that the
nutrient level is above the optimum.
Phosphorus index was recorded (53.4) reduced
to (-5.3) and a negative DRIS index indicates
that the nutrient level is below the optimum in
these treatment combinations. Also, and the
DRIS index for potassium was recorded (87.4) increased to (-10.9), the potassium a
positive DRIS index indicates that the nutrient
level is above or near the optimum. Under
water stress, in the control treatment of Giza
125, the N index was decreased from (42.3) to
(1.42) in this time the nitrogen a positive DRIS
index indicates that the nutrient level is above
or near to the optimum. Phosphorus index was
recorded (34.1) reduced to (4.03) and a
positive DRIS index indicates that the nutrient
level is above or near to the optimum in these
treatment combinations. Also, and the DRIS
index for potassium was recorded (76.5)
decrease up to (-5.45), the potassium a
negative DRIS index indicates that the nutrient
level is below the optimum.This outcome is to
be coupled with higher yield with the smaller
absolute total for value nutrient index elements

NBI
134.5
114.7
100.4
129.8
174.8
98.9
105.3
130.6
144.2
46.4
61.1
54.5
53.3
47.4
36.5
32.5

Water stress
DRIS index
N
P
K
42.3
34.1
-76.5
18.7
27.2
-45.9
0.86
48.4
-49.2
34.8
20.2
-55.0
-10.6
49.1
-38.6
-16.0
47.1
-31.1
-6.0
45.4
-39.4
11.4
6.81
-18.3
33.6
-3.61 -30.0
1.42
4.03
-5.45
18.0
10.3
-28.3
17.9
8.48
-26.4
-18.9
21.4
-2.5
7.54
9.31
-16.9
-16.5
9.55
6.92
15.2
-5.65 -9.55

NBI
152.9
91.9
98.4
110.0
98.2
94.1
90.9
36.5
67.3
10.9
56.5
52.8
42.9
33.7
32.9
30.4

agreed with (6). From the DRIS index
calculation proved that after addition of
antitranspirants the nutrient imbalance reduced
and application of SA was most nutrient
balanced treatment followed by MgCO3 and
K2SO4.
6-Antioxidant enzyme activities
6-1Guaiacol peroxidase
Peroxidases (POX) are another group of nonchloroplastic enzymes that detoxify H2O2 in
the cytosolic part of the cell. They are nonspecific in using electron donor for
detoxification of H2O2 showed the activity of
guaiacol peroxidase decreased sharply at 40%
watering treatment being 0.125, 0.158 and
0.152 unit/ml for Giza 125, Tombari and KsarMegrine cultivars even after application of
chemicals enhancers (SA, MgCO3, K2SO4) in
Fig. (1). However, POX activity showed high
activity with Tamellalet cultivar which shoed
higher activity in control sample comparing to
remining cultivars. Magnesium carbonate and
salicylic acid treatments showed highly
positive interaction against POX activity under
drought stress with Tamellalet cultivar (0.373
and 0.308 unit/ml). Overall the peroxidase
assay for Giza 125, Tombari, Ksar-Megrine
and Tamellalet cultivars magnesium carbonate
revealed high correlation with higher POX
activity even in lower levels.
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Fig 1. Peroxidase activity of barley as affected by water stress and antitranspirant
Results showing exogenous MgCO3-induced
cultivars. Then it increases gradually in Ksarenhanced activities of POX enzyme as
Megrine and Tombari cultivars (3187, 3183
observed in previous reports in the different
unit/ml, respectively) specially with salicylic
species under salt stress[29]. The results
and magnesium carbonate (Fig. 2). While, in
indicate that barley maintained significantly
Giza 125 and Tamellalet cultivars the CAT
higher POX activity throughout drought stress
activity was low in control sample (1127
exposure as compared to normal condition. In
unit/ml) without enhancers or after applying
spite of the activity increasing of other two
chemical enhancers. The data revealed that
antioxidant enzymes (CAT and GR) still the
exogenous application of 10 ppm SA and 2%
peroxidase enzyme activity was higher under
Magnesium carbonate that helps barley plants
water stress specially Tamellalet cultivars.
to perform well under drought condition by
Peroxidases are non-specific in using electron
enhancing
photosynthetic
rate
and
donor such as guaiacol and pyrogallol
antioxidative enzyme activity (17). The
depending on the species and even
Giza125 and Tamellalet cultivars showed
environmental conditions. Keeping this in
lower CAT activity under 40% watering
mind, it becomes difficult to draw any
treatment even after applying three different
conclusion based on the activity. However,
enhancers (SA, MgCO3 and K2SO4). This
results obtained in this work pinpoint more
differential behavior of these varieties
efficient maintenance of the POX activity in
indicates the early adaptive potential of
barley.
tolerant cultivars in terms of CAT activity. The
data together provide some indication that
6-2 Catalase activity
Catalase (CAT) is one of the H2O2
Ksar-Megrine and Tombari cultivars has more
detoxifying enzymes and mostly associated
efficient H2O2 scavenging machinery at least
with peroxisomes where it removes H2O2
in peroxisomes under drought stress. Similar
formed during photorespiration. CAT activity
results concerning antioxidant protective
was found higher in Ksar-Megrine cultivar
effects, high activity of CAT is noticed with
(2020 unit/ml) under drought stress without
drought tolerance in tomato cultivars (28).
any enhancers comparing to other three
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Fig 2. Catalase activity of barley as affected by water stress and antitranspirant
with the exogenous chemical enhancers to
6-3 Glutathione Reductase
Glutathione Reductase (GR) is catalysis the
improve the growth and tolerance against
reduction of glutathione disulphide (GSSG) to
drought stress in barley system. our results are
the sulfhydryl form GSH in chloroplast and
agreed with the report of (19) who confirm
use NADPH as a reductant.Under water stress
that SA in plants is not limited to pathogen
barley cultivars showed high activity all
defense signaling, but that SA is also
together specially after applying the chemical
influencing light acclimation processes and the
enhancers, no significant differences observed
regulation of the redox homeostasis of the
between for cultivars or the treatment only the
cell.These results are in harmony with (23)
difference between growth enhancers under
who reported that the increase in antioxidant
drought condition (SA, K2SO4 and MgCO3).
enzymes activity under various stress
Assay data revealed again the effective role of
conditions had been linked with cell protection
SA to increase the activity of the antioxidant
from oxidative damage. High drought
enzymes and growth. the Giza 125 and
tolerance was observed in Triticum
Tamellalet shows highly GR activity in
aestivumL. cv. Yumai 34 seedlings following
presence of SA (1.265 and 1.225 unit/ml
treatment with exogenous 0.5 mM salicylic
respectively) after that Tombari and Ksaracid under drought conditions compared with
Megrine (0.969 and 1.135 unit/ml) (Fig. 3).
the stressed plants. This enhanced tolerance is
Also, the control activity level was almost
related to the increased transcription of GR, as
same between all cultivars. its indication for
well as the increased content and biosynthesis
that this enzyme activity affected positively
of ascorbate–glutathione cycle (13).

Fig 3. Glutathion reductase of barley as affected by water stress and antitranspirant
296

Iraqi Journal of Agricultural Sciences –2020:51(1):287-298

The plants adopt certain strategies to overcome
the damage caused by water stress through
enhanced production of antioxidant enzymes
such as; CAT, POD, and GR, and also
increased
proline
accumulation.
Antitranspirant
treatments
applications
couldalleviate the adverse effects of water
stress enhanced photosynthetic pigments,
increased nutrients utilization. Antitranspirants
applications could be effective for barley
production in arid and semi-arid areas to
reduce the adverse effects of water deficit.
Acknowledgments
The authors warmly thank the Agricultural
Research in the Mediterranean Area 2
(ARIMNet 2)and Academy of scientific
research and technology (ASRT) and National
Research Centre (NRC), Egypt whohave
funded this research work.

Hellal & et al.

8. Farooq M, S. Basra, A. Wahid, N. Ahmad,

B. Saleem, 2009. Improving the drought
tolerance in rice (Oryza sativa L.) by
exogenous application of salicylic acid.
Journal of Agronomy and Crop Science
195(4): 237-246
9. Fayez, K. A., and S. A. Bazaid, 2014.
Improving drought and salinity tolerance in
barley by application of salicylic acid and
potassium nitrate. J. Saudi Soc. Agri.Sci. 13,
45–55
10. Gomez, K. M., A. A. Gomez, 1984.
Statistical Procedures for Agricultural
Research. 2nd Ed. John Wily and Sons, New
York, pp. 68
11. Hayat Q, S. Hayat, M. Irfan, A. Ahmad
2010. Effect of exogenous salicylic acid under
changing
environment:
a
review.
Environmental and Experimental Botany 68:
14-25

Conflict of interest
All authors declare no conflict of interest in this
paper

12. Kalil, Soha E.; M. M.Hussein,; A. Jaime, and
T. Silva, 2012. Roles of Antitranspirants in
improving growth and water relations of (Jatropha
curcas L.) grown under water stress conditions.
Plant Stress 6(1),49-54.

REFERENCES
1. Aebi, H. 1984. Catalase in vitro. Methods
Enzymol., 105: 121-126.
2. Asgher, M., M. I. R Khan, N. A., Anjum,
and N. A. Khan, 2015. Minimizing toxicity of
cadmium in plants–role of plant growth
regulators. Protoplasma 252, 399–413
3. Baldock J.O. and E.E. Schulte 1996. Plant
analysis with standardized scores combines
DRIS and sufficiency range approaches for
corn. Agronomy Journal, Madison, 88, 448456.
4. Castillo, F.J. 1996. Antioxidative protection
in the inducible CAM plant Sedum Album L.
following the imposition of severe water stress
and recovery. Oecologia, 107:469- 477
5. Childs R.E. and W.G. Bardsley, 1975.
Steady-state kinetics of peroxidase with 2,2′azino-di-(3-ethyl-benzthiazoline6-sulphonic
acid) as chromogen. Biochemical journal, 145:
93-103
6. Dizayee, A. T. R. 2001. Determination of
best nutrients balance of (NPK) for soybean
crop in alluvial soil using (DRIS)
methodology. Ph D. Thesis submitted to Coll.
of Agric. Baghdad University.
7. Elgamaal, A.A. and H. F. Maswada, 2013.
Response of three yellow maize hybrids to
exogenous salicylic acid under two irrigation
intervals. Asian Journal of Crop Science 5(3):
264-274

13. Kang GZ, G. Z. Li, G. Q. Liu, W. Xu,
X.Q., Peng, and C. Y. Wang, 2013)
Exogenous salicylic acid enhances wheat
drought tolerance by influence on the
expression of genes related to ascorbateglutathione cycle. Biol Plant. 57(4):718–724.
14. Kettlewell, P.S.; L. H. Wiliam, and I. M.Haigh,
2010. Yield enhancement of droughted wheat by
film antitranspirant application. J. of Agric.,
Sci.,.1, (3): 143-147

15. Khan, M. I. R., M., Asgher, and N. A.
Khan, 2014. Alleviation of salt-induced
photosynthesis and growth inhibition by
salicylic acid involves glycinebetaine and
ethylene in Mungbean (Vigna radiata L.).
Plant Physiol. Biochem. 80, 67–74
16. Kumar, D. 2014. Salicylic acid signaling in
disease resistance. Plant Sci. 228, 127–124.
17. Liu, N., J.F., You, W.L.Shi, W., Liu, and
Z. M. Yang, 2012. Salicylic acid involved in
the process of aluminum induced citrate
exudation in Glycine max L., Plant Soil, 352,
85–97
18. Maria Filek, Jolanta Biesaga-Kościelniak
and Michał Dziurka 2014. Determination of
proline, carbohydrates and ethylene content
and their role in drought stress in plant. M.
Surma, P. Krajewski (ed.), Methodology of
297

Iraqi Journal of Agricultural Sciences –2020:51(1):287-298

system approach to study drought tolerance in
barley, Institute of Plant Genetics PAS,
Poznań: 95-104
19. Mateo A., D. Funck, P. Mühlenbock, B., Kular P. Mullineaux, and S. Karpinski
2006. Controlled levels of salicylic acid are
required for optimal photosynthesis and redox
homeostasis. Journal of Experimental Botany,
57: (8)1795-1807
20. Minolta,1989. Chlorophyll meter SPAD502. Instruction manual. Minolta Co., Ltd.,
Radiometric Instruments Operations, Osaka,
Japan
21. Miura, K., and Y. Tada, 2014. Regulation
of water, salinity, and cold stress responses by
salicylic acid. Front. Plant Sci. 5:4.
22. Motsara M.R. and R.N. Roy, 2008. Guide
to laboratory establishment for plant nutrient
analysis. Food and agriculture organization of
the United Nations Rome, 2008
23. Moussa, H. and S.M. Abdel Aziz, 2008.
Comparative response of drought tolerant and
drought sensitive maize genotypes to water
stress. Aust. J. Crop Sci., 1: 31-36
24. Ozkur, O., F.Ozdemir, M. Bor, and I.
Turkan, 2009. Physiochemical and antioxidant
responses of the perennial xerophyte Capparis
ovata desf. to drought. Environ. Exper. Bot.,
66: 487-492.
25. Prakash, M. and K. Ramachandran, 2000.
Effects of chemical ameliorants in brinjal
(Solanum melongena L.) under moisture Stress
conditions.” J. Agro. Crop Sci., 185: 237-239

Hellal & et al.

26. Rania, F. El Mantawy and Maha El Bialy
2018. Effect of antitranspirants application on
growth and productivity of sunflower under
soil moisture stress. Nat Sci ;16(2):92-106.
27. Ratnayaka H.H, W.T Molin, and T. M.
Sterling. 2003. Physiological and antioxidant
responses of cotton and spurred anoda under
interference and mild drought. J Exp Bot.
54(391):2293–2305.
28. Sanchez-Rodriguez, E., M., RubioWilhelmi, L.M., Cervilla, B., Blasco, J.J.,
Rios, M.A., Rosales, L. Romero, and J.M.
Ruiz, 2010. Genotypic differences in some
physiological parameters symptomatic for
oxidative stress under moderate drought in
tomato plants. Plant Sci., 178: 30-40
29. Sudhakar
C,
A. Lakshmi , and
S. Giridarakumar, 2001. Changes in the
antioxidant enzyme efficacy in two high
yielding genotypes of mulberry (Morus
alba L.) under NaCl salinity. Plant Sci.
161:613–619.
30. Walworth, J. l. and M. E. Sumner 1987.
The diagnosis and recommendation integrated
system. Adv. Soil Sci., 6:149-188
31. Zanetti, G. 1979. Rabbit liver glutathione
reductase: Purification and properties. Arch.
Biochem. Biophys., 198 (1): 241-246.

298

