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Abstract 
 

This study was carried out to study the possibility of using paclobutrazol agent in order to 
decrease the adverse effect of water stress which was induced by mannitol. The main parameters of 
interest were; relative water content, electrolyte leakage, phytohormones, proline, reduced glutathione 
(GSH), malondialdehyde (MDA), total carbohydrates and pigments contents in seedlings of three wheat 
(Triticum aestivum L.) cultivars . Seeds of  wheat cvs. (Sakha 8, Sakha 69 and Giza 168) were cultured 
on Murashige and Skoog (MS) medium supplemented with mannitol (Man) at  0.2M,  paclobutrazol 
(PBZ), at  5 mg l-1 concentration  and combination between Man+PBZ for three weeks. Relative water 
content (RWC) declined as the Man treatment applied only or in combination with PBZ in all cultivars. 
Electrolyte leakage was increased by adding PBZ and Man stress treatments in wheat seedlings when 
compared to control treatment. Both PBZ and Man stress treatments changed the endogenous levels of 
plant hormones in all wheat cultivars. The contents of gibberellic acid (GA3) and indole-3-acedic acid 
(IAA) were decreased but abscisic acid (ABA) content was increased under both PBZ and Man 
treatments in all used cultivars, compared to control ones. The most significant increase in free proline 
was detected under Man+PBZ treatment in cultivar Sakha 8. Application of PBZ significantly changed 
the content of both GSH and MDA in all cultivars. Total carbohydrates content were significantly 
(P<0.05) increased in treated seedlings when compared to control one. Water-stress caused significant 
reduction (P<0.05) in total chlorophyll (73.96 %) and  in total carotenoids (Cx+c) (83.3 2%) in Sakha 
8, whereas application of   PBZl significantly (P<0.05) increased  Chl. a, b and carotenoids in all 
cultivars. The  results of the present study suggested tha, the application of PBZ was partially effective 
in overcoming adverse effects of water stress induced by mannitol in wheat seedlings grown in-vitro.  
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Introduction 

 
Wheat (Triticum aestivum L.), is the most important world’s leading cereal crop. In 

Egypt wheat is considered the main crop used as source for human food. Although wheat 
production per unit area in Egypt has significantly increased during the past years, wheat 
production supplies about 40 % of its annual domestic demand only (FAO, 2008[1]). 
Therefore, it is very essential to increase wheat productivity; extending wheat growing 
outside the Nile Valley. Environmental stresses represent the most limiting factors for 
agricultural productivity. Nowadays, a big concern is the water deficit, extremes in 
temperature and low atmospheric humidity leading to drought stress which is one of the most 
limiting factors for plant performance (Hit and Shinozaki, 2004[2]). In such conditions, 
resistance to abiotic stress is becoming one of the most desired traits of crops. However, new 
variety selection is difficult due to the wide range of plant stress responses with over-lapping 
functions between their components creating complex mechanisms of resistance (Yordanov et 
al., 2003[3]). Triazole compounds are used as fungicides, which have plant growth regulating  
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as well as stress protecting properties. Protection of plants from apparently unrelated stress by 
triazoles is mediated by a reduction in free-radical damage and increase in antioxidant 
potential (Jaleel et al., 2007[4]).  Paclobutrazol (PBZ) is one of triazole compounds, a widely 
used as growth retardant, induces mild stress tolerance in seedlings and adult plants. More 
specifically, PBZ has been reported to protect plants against drought stress (Fletcher et al., 
2000[5]). In ornamental crops, PBZ is used for reducing the size of plants, improving 
compactness, and increasing other functional aspects, such as the ability to resist both abiotic 
and biotic stresses. Several studies have demonstrated the efficiency of this compound to 
reduce the negative effects of water stress (Banőń et al., 2001[6]; Berova and Zlatev, 2003[7]). 
The effects of triazoles on hormonal changes and photosynthetic rate have been reported by 
various researchers (Ye et al., 1995[8]; Zhou and Ye, 1996[9]). However, differences in 
sensitivity to drought between different species and/or cultivars (Zollinger et al., 2006[10]) and 
even between growth stages have been demonstrated for many plants (Mingeau et al., 
2001[11]). When plants are exposed to water stress there is often an increase in abscisic acid 
(ABA) content. Dehydrating plant roots produced high amounts of ABA, which acts as an 
important mediator between water-stress imposed changes and physiological responses. 
Similar observations were reported in rice (Yang et al., 2001[12]) and in canola (Brassica 
napus) leaf discs (Trotel-Aziz et al., 2003[13]). One of the most important responses of plants 
to drought and other abiotic stresses is the overproduction of different types of compatible 
solutes (Hameed and Ashraf, 2008[14]). In response to osmotic stress, many plant species 
accumulate proline due to the simultaneous ABA-mediated activation of its biosynthesis and 
inactivation of its degradation pathways during stress (Hare et al., 1999[15]). Reduced 
glutathione (GSH) plays an important role in the response of plants to environmental stresses, 
including oxidative stress, due to the generation of active oxygen species (Szalai et al., 
2009[16]). As one of the end products of lipid peroxidation, the MDA content reflects the 
degree of the peroxidation of membrane lipids. The malonyldialdehyde (MDA) increased 
with drought stress in wheat seedlings, but uniconazole reduced MDA accumulation of 
stressed soybean (Tatar and Gevrek 2008[17]; Zhang et al., 2007[18]). Carbohydrate changes are 
of particular importance because of their direct relationship with such physiological processes 
as photosynthesis, translocation, and respiration (Williams et al., 1992[19]). Therefore, there is 
a need to find means for enhancing the ability of wheat to tolerate water stress and 
consequently increasing its productivity under water stress conditions. The objectives of the 
present study were: 1) To understand the effect of paclobutrazol in drought stress 
amelioration in three wheat cultivars (Sakha 8, Sakha 69 and Giza 168) seedlings under in-
vitro conditions. 2) To study its effect on electrolyte leakage, phytohormones, proline, 
reduced glutathione, lipid peroxidation, total carbohydrates and photosynthetic pigments 
contents. 
 

Materials and methods 
 
Plant materials and treatments: The seeds of wheat (Triticum aestivum, cvs.) namely 

Sakha 8, Sakha 69 and Giza 168, were obtained from the from Field Crops Research Institute, 
Agriculture Research Centre, Giza, Egypt. Seeds of wheat were surface sterilized for 1 min in 
ethanol 70 % (v/v), 20 min in 5 % (v/v) sodium hypochlorite and rinsed five times with sterile 
bidistilled water. Surface sterilized seeds were sown in 350 ml jars on half strength of 
Murashige and Skoog (MS/2) medium (Murashige and Skoog, 1962[20]) supplemented with 
2.5 % (w/v) sucrose, 0.8 % (w/v) plant agar.  Water stress was simulated by the addition of 
mannitol (Man) at concentrations of 0.2 M (w/v) to the media.  Mannitol (0.2 M) and 
paclobutrazol (PBZ) concentration at (5 mg l-1) were added to the media before being 
autoclaved. The jars were vertically incubated at a temperature of 20°C and under long day 
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regime (16 h light:  50 mmol photon cm-2 s-1/ 8h darkness). After three weeks, seedlings were 
harvested from the different treatments as described in Table (1) for the required analysis. 

 

Table 1.  Description of treatments used in the study 
 

Treatments Description 
Control Normal conditions without PBZ and  Man 

Man Treatment with 0.2 M mannitol without PBZ 
PBZ Treatment with 5 mg l-1 PBZ without Man 

Man + PBZ  Combination between 0.2 M Man + 5 mg l-1 PBZ  
               Where: Man and PBZ were mannitol and paclobutrazol, respectively 
 
Measurements of leaf water status 

 The dry matter was determined after incubation of the seedlings for 72 hrs at 80°C 
and the relative water content (RWC) of leaves was calculated using the following equation: 
RWC = (FW – DW) / (SW–DW) x 100%, where FW is fresh weight, DW is dry weight, and 
SW is saturated weight in water (Iturbe-Ormaetxe et al., 1998[21]). 
Measurements of electrolyte leakage (membrane permeability) 

  Electrolyte leakage was measured using an electrical conductivity meter (Lutts et al., 
1996[22]) 
 The moisture and ash content 

 The samples were dried at 60°C until constant weight was obtained. The dried matter 
obtained was ground to a fine powder and ash was determined by incinerating at 500°C in 
muffle furnace for 6 hrs (AOAC, 1990[23]). 
Phytohormones determination 

 Extraction, purification and quantitative determination of endogenous hormones, 
namely gibberellic acid (GA3), indole 3-acetic acid (IAA) and abscisic acid (ABA) were 
carried out according to the methods of Ünyayar et al. (1996[24]) and Baydar and Ülger (1997 
[25]). Analyses of GA3, IAA and ABA were performed by using HPLC (Model Varian 9050 ) 
equipped with UV detector (Model Varian 9010) and pumps enabling the use of a 
concentration gradient of the mobile phase. Separations and determinations were performed 
on a nukleosil C18 column (4.6 mm x 150 mm). The Mobile phase yielded results of 30 % 
methanol (adjusted to pH 3.0 with 0.1 M H3PO4) for GA3, 55 % methanol (in 0.1 M acetic 
acid) for ABA and 35 % methanol (in 1 % acetic acid) for IAA. The total run time for 
separations was approximately 15 min at a flow rate of 1 ml/min. GA3, IAA and ABA were 
detected by their absorption at 280, 208 and 265 nm, respectively and the peak area of the 
samples were compared to the corresponding peak areas of standard solutions containing 
known concentrations of GA3, IAA and ABA and the results were expressed as mg /100g f.w. 
Proline determination 

 The proline content in the fresh seedlings was estimated according to the method of 
Bates et al. (1973 [26]). Proline concentration was computed from a standard curve of proline 
and the results were expressed as mg g-1 f.w. 
Reduced glutathione (GSH) 

 Glutathione content was estimated following the method of Anderson (1985[27]). The 
leaf tissue (500 mg) was homogenized in an ice bath in 2.0 ml of 5 % 5-sulphosalicylic acid 
and the homogenate was centrifuged at 10,000 g for 10 min. The supernatant was used for 
GSH estimation using 5,5’-dithio-2,2’-dinitrobenzoic acid (DTNB) by reading the absorbance 
at 412 nm. GSH level was expressed as µmol g-1 f.w. using GSH as standard. 

 
 

Lipid peroxidation 
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 The lipid peroxidation was measured in terms of malondialdehyde (MDA) content by 
thiobarbituric acid (TBA) reaction. The level of lipid peroxidation is expressed as nmol of 
MDA g-1 f.w. formed using an extinction coefficient of 155 mM-1 cm-1 (Heath and Packer, 
1968[28]).  
Total carbohydrates 

 Total carbohydrates were estimated by the method of Hedge and Hofreiter (1962[29])  
using anthrone reagent. Contents of total carbohydrates were expressed as mg g-1 d.w. using 
glucose as standard. 
Determination of photosynthetic pigments 

 Contents of photosynthetic pigments in treated and untreated fresh seedlings (100 mg) 
were extracted in 25 ml of chilled acetone solution in the dark. After centrifugation at 5000 
rpm for 10 min, the absorbance of the supernatant was read at 645, 663, and 480 nm against 
80 % acetone as blank. The chlorophylls content were estimated by the method of Arnon 
(1949[30]), while the carotenoid content was determined by the formula given by Kirk and 
Allen (1965[31]). The content of chlorophylls and carotenoid were expressed in mg g-1 f.w. 
Statistical analysis 

 The obtained data were subjected to a statistical analysis using SAS; Statistical 
Analysis System (2006[32]). The statistical analysis model used was two ways analysis of 
variance with interaction at L. S. D. 5 %.  
 

Results and discussion 
 

To improve agricultural productivity within limited land and water resources, it is 
imperative to ensure high crop yields against unfavorable environmental stresses. Although 
research and practices aimed at improving water-stress resistance and water-use efficiency 
have been carried out for many years, the mechanisms involved are still not clear. The RWC 
exhibited a significant decrease in response to the water stress treatment (Man) only or in 
combination with PBZ and RWC declined by 18 %, 19 % and 21 % in the Man + PBZ 
combination treatments for seedlings of Sakha 8, Sakha 69 and Giza 168 cultivars, 
respectively, when compared to control (100 %) as shown in Table (2). It is well known that, 
the decreased of RWC in response to drought stress could be considered as a good indicator 
of drought stress tolerance (Shaw et al., 2002[33]). Moreover, (Li et al., 2011[34]) showed that 
drought treatment significantly reduced the RWC in Cotinus coggygria seedlings. RWC has 
been reported to play a role in the stress tolerance of wheat genotypes (Kraus et al., 1995[35]). 
Electrolyte leakage (Table 2) was increased under both PBZ and Man treatments in wheat 
seedlings when compared to control. The percentage of electrolyte leakage was 66.66, 57.14 
and 53.85 in the Man + PBZ treatments for cultivars Sakha 8, Sakha 69 and Giza 168, 
respectively when compared to control one.  This decline was more pronounced in Man + 
PBZ treatment for cultivar Giza 168. Paclobutrazol decreased electrolyte leakage in wheat 
seedlings (Kraus et al., 1995[35]) during drought stress from loss of membrane integrity and 
ion leakage on wheat seedlings (Orabi and Mekki, 2008[36]). These results might be attributed 
to the obvious increases in antioxidant enzymes activities which in turn enhanced scavenging 
of harmful free radicals and also, the inhibition of electrolyte leakage and lipid peroxidation is 
correlated with the proved ability of triazoles in maintaining the membrane integrity (Fletcher 
et al., 2000[5]). The most increase in moisture content was noticed in PBZ treatment in all 
cultivars (Table 2). The increase in moisture content can be attributed to the ability of 
triazoles to partially close the stomata by increasing ABA content and consequently reducing  
transpiration and water loss from plant leaves (Sreethar, 1991[37]). Additionally, Saffan 
(2008[38]) reported that  there was a decrease in the leaf dry weight of wheat, barley, kidney 
bean and mung bean under both salinity and water stress. Paclobutrazol provides maximum 
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protection during drought stress from loss of membrane integrity and ion leakage on wheat 
seedlings (Gilley and Fletcher, 1997[39]). Meanwhile, the reduction of growth and dry weights 
in cucumber plants treated with paclobutrazol might be attributed to decrease of IAA and 
GA3, revealed by previous study on triazoles (Wang and Chen, 1997[40]).  

 

Table 2. Effect of individual and combined treatments of Man and PBZ on percentage of RWC, electrolyte 
leakage, moisture and ash contents in wheat seedlings cvs.; (Sakha 8, Sakha 69 and Giza 168) grown for three 
weeks  in-vitro 

 
Where: Man and PBZ were mannitol and paclobutrazol respectively. RWC: relative water content. Each value is 
expressed as mean ± SE. Data with different superscript letters were significantly different (P ≤ 0.05). 
 

Both Man and PBZ stress changed endogenous levels of plant hormones in wheat 
cultivars used in this study. The content of GA3 and IAA were decreased but in contrast the 
content of ABA was increased by both treatments with PBZ alone or in combination with 
mannitol treatment (Table 3).  Mannitol stress in combination with PBZ treatments decreased 
the content of GA3 to 0.661, 0.535 and 0.481 mg/100 g f.w.  in cultivars Sakha 8, Sakha 69 
and Giza 168, respectively compared to their controls. The same trend was observed with 
IAA. On the other hand, ABA was increased for Man + PBZ treatment to 0.141, 0.105 and 
0.074 mg/100 g f.w.  in cultivars Sakha 8, Sakha 69 and Giza 168, respectively compared to 
their controls. Effects of GA3, IAA and ABA contents are well known stress hormones that 
have multiple functions, including induction of genes involved in water stress protection and 
stomata closing (Seki et al., 2002[41]). Decline of IAA content under water stress is a well 
known phenomenon (Wang et al., 2008[42]). Also, it has been reported that PBZ inhibits 
gibberellin biosynthesis and stimulates accumulation of ABA (Fletcher et al., 2000 [5]). 
Moreover, PBZ induces large elastic module in cell walls in PBZ treated plants in white 
spruce, which in turn maintains turgor and thus increases the plant tolerance to drought stress 
(Fletcher et al., 2000 [5]). Acclimation of laurel seedlings to drought stress had significant 
differential effects on ABA, GA3, and IAA contents (Aktas et al., 2008[43]). ABA reduces 
transpiration water loss by promoting stomatal closure and inhibiting stomatal opening by 
multiple cascades of cellular-biochemical events (Acharya and Assmann, 2009[44]). Many 
stress signals have been shown to increase the level of ABA indicating that ABA plays an 
important role in plant stress responses. 

Characters 

Cultivars  

Sakha 8 Sakha 69  Giza 168 

Cont. Man PBZ Man+PBZ Cont. Man PBZ Man+PBZ Cont. Man PBZ Man+PBZ 

RWC 
%  

96.30± 
0.50A  

85.72± 
0.90C 

89.37± 
1.02B 

82.12 ± 
1.0DE 

94.86 ± 
0.30A 

84.45± 
0.77CD 

90.11± 
0.56 B 

81.32± 
0.61E 

94.11± 
0.51A 

85.21±  
1.21C 

88.49± 
0.73B 

80.54± 
0.98E 

LSD 5% 2.3392 
Electrolyte 

leakage 
%  

22.41± 
1.16H 

50.00± 
1.72D 

40.00± 
1.15E  

66.65± 
1.67A 

16.33± 
3.14I 

36.14± 
0.70F 

29.25± 
0.46G 

57.12± 
0.44B 

8.300± 
0.20J 

41.67± 
0.63E 

23.39± 
0.72H 

53.59± 
0.60C 

LSD 5% 2.8071 
Moisture 
content 

%  

94.58± 
0.60BCD 

90.74± 
1.02E 

96.35± 
1.0 AB 

93.68± 
1.04CD 

94.21± 
0.70BCD 

91.12± 
0.60E 

96.20± 
0.72AB 

94.35± 
0.56BCD 

95.51± 
0.70ABC 

92.64± 
0.83DE 

97.37± 
0.30A 

93.68± 
1.30CD 

LSD 5% 2.3971 
Ash content 

%  
0.965± 
0.01C 

0.962± 
0.01C 

0.951± 
0.02C 

1.120± 
0.06A 

0.941± 
0.04C 

0.961± 
0.03C 

0.943± 
0.02C 

1.057± 
0.03B 

0.96±  
0.02C 

0.963± 
0.04C 

0.940± 
0.03C 

0.99± 
0.05C    

LSD 5% 0.061  
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             Table 3.  Effect of individual and combined treatments of Man and PBZ on GA3, IAA and ABA  
              contents in wheat seedlings cvs.; Sakha 8, Sakha 69 and Giza 168 grown for three weeks in-vitro 

 

Cultivars  Treatment 
GA3 

mg/100g f.w. 

IAA  

mg/100g f.w. 

ABA 

mg/100g f.w. 

Sakha 8 

Control 4.705 0.149 0.018  
Man 0.727 0.098 0.032 
PBZ 2.314  0.130 0.025 

Man + PBZ 0.661 0.071 0.141 

Sakha 69 

Control 3.652 0.091  0.013 
Man 0.559 0.057 0.044 
PBZ 1.462 0.068 0.039 

Man + PBZ  0.535 0.028 0.105 

Giza 168 

Control 1.984 0.143  0.036 
Man 1.099 0.018 0.073 
PBZ 1.294 0.092 0.064 

Man + PBZ  0.481 0.010 0.074 
 

             Where: Man; mannitol, PBZ: paclobutrazol, GA3: gibberellic acid, IAA: indole-3-acetic acid and  
             ABA: abscisic acid. 
 

Proline content increased in all wheat cultivars in response to Man and PBZ 
treatments compared to control one (Figure 1). Water stress and PBZ treatment enhanced free 
proline content. The most significant increase in free proline content is achieved at Man + 
PBZ treatment in cultivar Sakha 8 (3.342 mg g-1 f.w. compared to control 0.997 mg g-1 f.w.) 
and the same trend was observed for the other cultivars. Keyvan (2010[45]) found that under 
water stress there was an increase in proline content in wheat cultivars. In addition, the 
primary response of drought stressed wheat plantlets was osmotic adjustment through proline 
accumulation, which is well established in many plant species (Ahmad et al., 2007[46]). The 
higher proline content could be due to enhance activity of ornithine aminotransferase (OAT) 
and pyrroline 5-carboxylate reductase (P5CR), the enzyme involved in proline biosynthesis as 
well as due to the inhibition of proline oxidase, proline catabolising enzymes (Debnath, 
2008[47]). Also, triazole induces a transient raise  in ABA content  and this increased ABA 
content due to triazole treatment could be the reason for increased proline and amino acid 
content of triazole treated carrot plants (Gopi et al., 2007[48]).  
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Figure 1. Effect of individual and combined treatments of Man and PBZ on proline content in wheat seedlings 
cvs.; Sakha 8, Sakha 69 and Giza 168 grown for three weeks in-vitro Means with different letter (s) are 
significantly differed (p<0.05). Bars indicate standard errors (n=3). 
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Reduced glutathione content of Sakha 8 cultivar in Man grown plants significantly 
(P<0.05) increased by (291.59 %) in comparison to the control and by (236.88 %) with PBZ 
treatment. Moreover, GSH reached to the maximum increase (510.90 %) with the application 
of Man + PBZ in Sakha 8 cultivar (Figure 2). The same trend was observed for the two other 
cultivars, but the increase was more in Sakha 8 than in Sakha 69 and Giza 168 cultivars.  Our 
results were in agreement with Sankar et al. (2007[49]) who found that, combination of drought 
and PBZ treatments caused higher level of reduced glutathione content in both varieties of 
Arachis hypogaea L. plants when compared to control. In poplar plant, there was a correlation 
between increased GSH level and drought tolerance. These observations corroborate the 
assumption that the induction of GSH synthesis may improve tolerance of drought and 
osmotic stress, as well (Szalai et al., 2009[16]).  The changes in the size and redox state of the 
GSH pool at the cellular level could be even more important for the response to abiotic stress 
than the alteration of other parameters in various organs or tissues (Meyer, 2008[50]). The 
glutathione pool is an important redox component in plant cells. Changes in intracellular 
glutathione status may therefore be expected to have important consequence for the cell, 
through modification of the cell metabolic functions associated with glutathione regulated 
genes (Szalai et al., 2009[16]). 
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Figure 2. Effect of individual and combined treatments of Man and PBZ on reduced glutathione 
content in wheat seedlings cvs.; Sakha 8, Sakha 69 and Giza 168 grown for three weeks in-vitro. Means with 
different letter (s) are significantly differed (p<0.05). Bars indicate standard errors (n=3). 
 

Under environmental stresses, reactive oxygen species, such as H2O2 attack the most 
sensitive biological macro-molecules in cells to impair their function. Lipid peroxidation 
levels in wheat seedlings, determined as the content of MDA, are given in Figure (3). The 
MDA content in Man-treated seedlings was significantly (P<0.05) increased to 264.56 %, and 
to 179.09 % in the treatment Man + PBZ compared to control (100 %) in wheat cultivar Giza 
168.  The same trend was observed in the two other cultivars. Our results are in agreement 
with Tatar and Gevrek (2008[17]); Zhang (2007[18]) who observed an increase in MDA 
concentration in both wheat and soybean plants exposed to water stress. On the other hand, 
uniconazole reduced MDA accumulation of stressed soybean. The same results were obtained 
in previous work which found an increase in antioxidant potentials and drought stress 
tolerance in Vigna unguiculata by propiconazole treatment (Manivannan et al., 2007[51]). The 
results of the present study are consistent with previous findings that lipid peroxidation level 
of tomato seedlings was increased during drought stress and it was significantly alleviated by 
24-epibrassinolide (EBR) application (Yuana et al., 2010[52]). Meanwhile, according to 
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Fletcher et al. (2000[5]), inhibition of lipid peroxidation may be one of the mechanisms 
responsible for the anti-senescence effects of the triazoles.  
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Figure 3. Effect of individual and combined treatments of Man and PBZ on malondiadehyde content in wheat 
seedlings cvs.; Sakha 8, Sakha 69 and Giza 168 grown for three weeks in-vitro. Means with different letter (s) 
are significantly differed (p<0.05). Bars indicate standard errors (n=3). 
 

Total carbohydrates content in individual and combined treatments of mannitol and 
PBZ treatments of different wheat cultivars are shown in Figure (4).  Total carbohydrates 
content of the seedling significantly (P<0.05) increased in treated seedlings when compared to 
control, however, PBZ treatment significantly (P<0.05) increased carbohydrates content and 
reached to its maximum increase in cultivar Sakha 8, 1.36 fold when compared to control. 
Moreover, when PBZ combined with mannitol stress significantly (P<0.05) increased to 2.4 
fold compared to control were observed. The same trend was observed by Zhang et al. 
(2007[18]) who found that under water stressed conditions, uniconazole increased the soluble 
sugars content in leaves of soybean. Accumulations of soluble carbohydrates increase the 
resistance to drought stress in plants (Keyvan 2010[45]). Earlier reports mentioned that sugars 
protect the cells during drought by the following mechanism; the hydroxyl groups of sugars 
may substitute for water to maintain hydrophilic interactions in membranes and proteins 
during dehydration. Thus, sugars interact with proteins and membranes through hydrogen-
bonding, thereby preventing protein denaturation (Al- Rumaih, and Al- Rumaih, 2007[53]). 
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Figure 4. Effect of individual and combined treatments of Man and PBZ on total carbohydrates content in wheat 
seedlings cvs.; Sakha 8, Sakha 69 and Giza 168 grown for three weeks in-vitro.  Means with different letter (s) 
are significantly differed (p<0.05). Bars indicate standard errors (n=3). 
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Data in Table (4) revealed that, photosynthetic pigments, including chlorophyll a (Chl 
a), chlorophyll b (Chl b), total chlorophyll (TC) and total carotenoid (Cx+c) in water-stressed 
seedlings of wheat cultivars were significantly reduced, related to the decrease in osmotic 
pressure in the culture media. Water-stress caused significant reduction (P<0.05) of Sakha 8 
in TC (73.96 %) and (83.32 %) in (Cx+c). On the other hand, application of PBZ significantly 
increased (P<0.05) Chl. a, b and carotenoids in all cultivars as shown in Table (4). We found 
that Man treatment significantly decreases photosynthetic pigments, and similar results have 
been reported in previous studies (Cha-um and Kirdmanee, 2009[54]). Our results are in 
agreement with Nyachiro et al. (2001[55]), who described a significant decrease of chlorophyll 
a and b caused by water deficit in six Triticum aestivum cultivars. Under water deficit 
conditions, photosynthetic rate of all wheat cultivars was significantly reduced. It is well 
evident that reduction in photosynthetic rate occurs due to stomatal closure under water 
deficit conditions which may limit CO2 diffusion into the leaves (Nyachiro et al., 2001[55]). 
Improvement of photosynthesis by uniconazole is the main contribution for better yield 
regardless of water conditions, as was indicated by other studies (Qiu et al., 2005[56]). In this 
study, the increase in photosynthetic pigments due to application of PBZ might be attributed 
to more stimulation of stomatal regulation (Navarro et al., 2007[57]). Also, paclobutrazol 
increased chlorophyll content; this may be partly due to the observed increase in cytokinin 
biosynthesis and this increase in cytokinin levels was associated with stimulated chlorophyll 
biosynthesis (Fletcher et al., 2000[5]). 

 

  Table 4. Effect of individual and combined treatments of Man and PBZ on photosynthetic pigments content 
(mg g-1 fw.) in wheat seedlings cvs.; Sakha 8, Sakha 69 and Giza 168  grown for three weeks   in-vitro    
 

Characters

Cultivars  

Sakha 8 Sakha 69 Giza 168 

Cont. Man PBZ Man+PBZ Cont. Man PBZ Man+PBZ Cont. Man PBZ Man+PBZ

Chl a 
1.430± 

0.02C 

1.078± 

0.03FG 

2.29± 

0.07A 

1.227± 

0.03DEF 

1.3320± 

0.02CD 

0.972± 

0.05G  

1.860± 

0.05B 

1.241± 

0.04DE 

1.181± 

0.05EF 

0.721± 

0.04H 

1.75± 

0.06B 

0.935± 

0.05G 

LSD  5% 0.1505 

Chl b 
0.871± 

0.03A B C 

0.464± 

0.02G 

0.979± 

0.06A 

0.732± 

0.05B C D E F

0.831± 

0.05 BCD  

0.583± 

0.02EFG 

0.952± 

0.05AB 

0.673± 

0.03CDEFG 

0.806± 

0.04ABCDE

0.514± 

0.05FG 

0.883± 

0.05ABC 

0.602± 

0.04DEFG 

LSD  5% 0.2337 

TC 
2.301± 

0.03D 

1.702± 

0.03F 

3.262± 

0.08A 

1.942± 

0.04E 

2.175± 

0.05D 

1.555± 

0.05FG 

2.812± 

0.04B 

1.918± 

0.05E 

1.987± 

0.06E 

1.235± 

0.04H 

2.633± 

0.05C 

1.479± 

0.08G  

LSD 5% 0.1698 

(Cx+c) 
0.393± 

0.03BC 

0.333± 

0.03BC 

0.526± 

0.03A 

0.350± 

0.05BC 

0.339± 

0.05BC 

0.305± 

0.04C 

0.451± 

0.05AB 

0.337± 

0.03BC 

0.351± 

0.03BC 

0.394± 

0.05BC 

0.446± 

0.03AB 

0.304± 

0.05C  

 
Where: Man and PBZ were mannitol and paclobutrazol, respectively; chlorophyll a (Chl a), chlorophyll b (Chl 
b), total chlorophyll (TC) and total carotenoid (Cx+c). Each value is expressed as mean ± SE. Data with different 
superscript letters were significantly different (P ≤ 0.05). 
 

Conclusion 
 

Currently, water stress study has been one of the main directions in global plant biology and biological 
breeding. In summary, triazole compounds reduced the deleterious effects of drought stress in the 
wheat seedlings. Application of PBZ as a supplemented additive to the medium  promoted 
accumulation of proline and soluble carbohydrates, and reduced accumulation of MDA, which were 
favorable to maintaining membrane stability in higher plants under drought stress condition. 
Moreover, PBZ induced a significant accumulation of ABA in wheat seedlings exposed to water 
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deficit stress, which played a major role in wheat tolerance to drought stress. The inhibition of 
electrolyte leakage and lipid peroxidation is correlated with the proved ability of triazoles in 
maintaining the membrane integrity. Based on the responses and the ability of the experimental wheat 
three genotypes to cope with water stress, genotype Sakha 8, could be regarded as more water stress-
tolerant than genotypes Sakha 69 and Giza 168 through growth and various biochemical parameters, 
appraised in the present study. 
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