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Abstract 

 

Field experiments were conducted at the Khorasan-e- Razavi Agricultural and Natural Resource Research Center, in Mashhad during 
the 2007and 2008 season, to determine drought tolerance in promising durum wheat genotypes. The experiments were laid out using 
a split plot arrangement, in randomized complete block design with three replications. Four irrigation regimes and five wheat 
genotypes were assigned to the main-plots and sub-plots respectively. Analysis of the data showed that with advancement of the 
growth and developmental stages from booting to anthesis and soft dough in the different wheat genotypes planted, the values of 
relative water content, canopy temperature depression and proline accumulation in leaves, decreased under both optimum and water 
deficit conditions. In addition, water limitation during grain filling significantly decreased relative water content and canopy 
temperature depression at the soft dough stage. It caused an increase in the proline content by 22%, 47% and 114% in the vegetative, 
reproductive and grain filling stages respectively, compared to the control. The findings also showed that the highest values for 
relative water content, canopy temperature depression and proline accumulation at the different growth and developmental stages of 
the plants under water deficit conditions, belonged to the G2 durum wheat genotype (RASCON_37/BEJAH_7) compared to the other 
bread and durum wheat genotypes studied. From the results, it can be concluded that this promising genotype is able to maintain high 
levels of relative water content under water deficit conditions. This study has also shown that the physiological and biochemical 
indices used to evaluate plant response to water deficit were effective in assessing promising durum wheat genotypes for drought 
tolerance. 
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Introduction 

 
Drought is one of the major limiting factors affecting plant 
productivity worldwide and influences almost all aspects of 
plant biology (Romo et al., 2001; Pan et al., 2002). It is well 
documented that accessibility of water for plant growth is a 
key aspect determining plant distribution in natural 
ecosystems and is the single most important limiting 
parameter in agricultural ecosystems. An understanding of 
the genetic and physiological basis of drought tolerance 
would facilitate the development of improved crop 
management and breeding techniques and lead to better yield 
in unfavorable environments (Rekika et al., 1998). Relative 
water content (RWC) is used extensively to determine the 
water status of plants relative to their fully turgid condition. 
According to Beltrano et al., (2006), plants that are able to 
maintain high levels of RWC under water deficit conditions, 
are less affected by stress and are able to maintain normal 
growth and yield. The findings of several researchers 
working on durum wheat genotypes have shown that with 
decreasing RWC in the leaves, under water deficit conditions, 
the water balance of the plants are disrupted (Molnár et al., 
2004; Dulai et al., 2006). In addition to this other studies 
have reported that canopy temperature depression (CTD) is a 
superior indicator of a genotype’s physiological suitability to 
drought tolerance (Fischer et al., 1998; Rashid et al., 1999; 
Ayeneh et al., 2002). As a result, it has been used in many 
practical evaluations of plant response to water deficit. 
Recently, Balota et al. (2007) reported the application of 

CTD to estimate crop yield and to rank genotypes for 
tolerance to drought. Previous reports by Blum et al. (1982) 
have shown that canopy temperature differences among 
various wheat and triticale cultivars were lowest and highest 
under favorable and water deficit conditions, respectively. 
Furthermore, canopies with higher water content are 
indicative of genotypes with higher biomass resulting from 
larger rates of carbon fixation associated with greater stomata 
conductance and therefore, cooler canopies (Babar et al., 
2006). Previously Siddique et al., (2000) had shown that 
drought stress significantly decreased RWC and this in turn 
had a pronounced effect on the photosynthetic rate. They 
suggested that an increase in leaf and canopy temperature, 
due to drought stress, resulted from an increase in respiration 
and a decrease in transpiration due to stomata closure. 
Another common physiological response to drought stress in 
many plants is the accumulation of the amino acid proline 

(Mafakheri et al., 2010). It is well documented that 
accumulated proline plays a role as a compatible solute in 
plants, regulating and reducing water loss from the cell under 
water deficit conditions. In addition to this, it has an adaptive 
role in plant stress tolerance (Verbruggen and Hermans, 
2008). Proline has repeatedly been shown to increase under 
water stress and is potentially an important contributor to 
osmotic adjustment (Mattioni et al., 1997). In wheat, it has 
been reported that osmotic adjustment is an important factor 
explaining  differences  in  genotype  yield  or  yield  stability  
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Table 1. The effect of different irrigation regimes and genotypes on canopy temperature depression, leaf relative water content and 
proline accumulation at the different growth and developmental stages 

Canopy Temperature Depression  
(°C)  

                Relative Water Content  
               (%) 

  
Treatments 

   Booting    Anthesis Soft dough      Booting Anthesis Soft dough 

Proline              
concentration  
( mg g-1 DW) 

Irrigation regime       
I1 8.4a 5.9a 4.8a 74.3a 70.1a 61.8a 1.49d 
I2 7.0b 5.4a 4.1b 69.3b  64.9b 60.9ab 1.81c 
I3 4.8c 4.8b 3.2c 58.5c 39.5c 54.1b 2.19b 
I4 7.9a 5.6a 1.9d 73.6a 68.7ab 42.8c 3.19a 
LSD  0.67 0.43 0.54  4.16 4.59 7.05 3.86 
Sx 0.12 0.08 0.10 0.79 0.87 1.34 0.73 
Genotype        
G1 6.7bc 5.3bc 2.82c 67.8bc 59.6bc 53.4bc 1.64d 
G2 7.4ab 5.8a 4.53a 73.7a 65.6a 57.2a 2.66a 
G3 6.9abc 5.4abc 3.78b 70.6ab 62.4ab 57.3a 2.57a 
G4 7.6a 5.5ab 3.48b 65.9c 57.8c 55.1ab 1.86c 
G5 6.5c 5.1c 2.96c 66.6c 58.4c 51.5c 2.13b 
LSD  0.67 0.41 0.43 3.79 3.78 2.87 0.21 
Sx 0.17 0.11 0.11 0.98 0.98 0.74 0.05 
Column sharing the same letters indicates no significant differences at p <0.01 
 
 
(Teulat, 1997). Although, it has been suggested that proline 
(pro) is not directly involved in drought tolerance and is not 
essential for improved resistance, wherever proline increase 
does occur, it improves resistance (Errabll et al., 2006). 
Bayoumi et al., (2008) reported that in wheat, relationship 
between grain yield and proline accumulation was positively 
correlated under water deficit condition. It has been 
suggested that an increase in the proline content might be an 
adaptation mechanism to overcome stressful conditions and 
could supply energy for growth and survival, thereby 
enabling the plant to tolerate stress (Sankar et al., 2007). 
Although the application of physiological indices has been 
used in drought screening techniques by previous workers, 
the assessment of drought tolerance using physiological and 
biochemical parameters in promising durum wheat genotypes 
has been relatively scarce. The present study was carried out 
to identify quantifiable traits and appropriate physiological 
and biochemical indicators that would facilitate crop 
improvement for drought tolerance. In addition to this the 
wheat genotypes studied were ranked for drought tolerance 
under the different water deficit conditions. 
 

Results and Discussion 

 

Relative water content (RWC) 

 
As shown in Fig.1, with advancement in the growth and 
developmental stages, from booting to anthesis and finally 
the soft dough stage, RWC values decreased under the 
different irrigation regimes (I1, I2, I3 and I4). The highest 
RWC was observed under optimum irrigation (I1) at the 
booting, anthesis and soft dough stages, compared to the 
plants water deficit conditions (I2, I3, and I4). There was a 
significant difference in RWC values between optimum 
irrigation (I1) and the I3 and I4 water deficit treatments at the 
grain filling (soft dough) phase. The largest decrease in RWC 
at the anthesis stage belonged to the plants grown with water 
limitation at the reproductive phase (I3), while the largest 
decrease at the soft dough stage was observed in plants with 
water limitation at the grain filling stage (I4). Recently Dulai 
et al., (2006), Adejare and Umebese (2007) reported that 
RWC  values  were  significantly  reduced  under water stress  
 

 
 
treatments at the booting, anthesis and soft dough growth 
stages in the bread and durum wheat plants they studied.  The  
highest RWC value recorded amongst the various genotypes 
studied, belonged to the G2 and G3 genotypes at all the 
growth stages (booting, anthesis and soft dough). However, 
with the advancement of the growth stages from booting to 
anthesis and the soft dough stage, the RWC values gradually 
decreased slightly (Table 1 and Fig. 2) in all the genotypes 
studied. 
 

Canopy Temperature Depression (CTD) 

 

 The decreasing trend in CTD from the booting to the grain 
filling stage under optimum and water deficit conditions was 
generally similar to that observed with RWC (Fig. 1 and Fig. 
3). The highest CTD values (8.43 ˚C) were seen in plants 
under the I1 treatment at the booting stage, whilst the lowest 
(1.95 ˚C) CTD values were seen in plants under the I4 
treatment, at the soft dough stage. It was also observed that 
plants under the I1 and 14 irrigation treatments exhibited high 
CTD values at the booting stage, which is probably related to 
their similar irrigation regime up to the anthesis period. 
Table.1 and Fig. 3 also shows a significant gradual decrease 
in the CTD values at the soft dough stage where values of 4.8 
˚C, 4.1 ˚C, 3.2 ˚C and 1.9 ˚C were recorded under the I1, I2, 
I3 and I4 water treatments respectively. A similar decrease in 
CTD values, with the advancement in growth and 
developmental stages from booting to anthesis and the soft 
dough stage was reported by Siddique et al., (2000). As 
mentioned above, they suggested that leaf and canopy 
temperature increase under drought stress is probably due to 
an increase in respiration and a decrease in transpiration as a 
result of stomatal closure. With regard to the importance of 
canopy temperature during grain filling, the interaction 
effects of the irrigation regimes and genotypes on canopy 
temperature depression at the soft dough stage is shown in 
Fig. 4. It shows that the highest CTD values belonged to the 
G2 genotype compared to other genotypes under optimum 
and water deficit conditions. The Chamran (G3) bread wheat 
genotype, which is known to be drought tolerant cultivar, 
exhibited the second highest CTD value after the G2 
genotype at the I2 and I4 water deficit treatments.  
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Fig 1. The effect of different irrigation regimes on the leaf 
relative water content (RWC) at different growth stages. 
Results are shown as mean ± standard error (p<0.01), 
obtained from three replicates 
 
 

 
 
Fig 2. Relative water content (RWC) in different genotypes 
at different growth and developmental stages. Results are 
shown as mean ± standard error (p<0.01), obtained from 
three replicates 
 
 

 
 
Fig 3. The effect of different irrigation regime on canopy 
temperature depression in durum wheat genotypes at different 
growth stages. Results are shown as mean ± standard error 
(p<0.01), obtained from three replicates 

 
The remarkable physiological response shown by the G2 
genotype to CTD makes it a prime candidate for screening as 
a desirable drought tolerant genotype. Balota et al. (2007) 
recently suggested that canopy temperature depression is a 
good indicator to estimate crop yield as well as genotype 
ranking for drought tolerance.  
 

Proline content 

 

As shown in Table 1, Fig. 5 and Fig. 6, the amount of proline 
accumulation was dependent on the irrigation at the different 
stages of plant growth, where water deficit increased the 
proline content in the leaves by 22%, 47% and 114% of 
control under the I2, I3 and I4 treatments, respectively. There 
was a markedly significant difference between the I4  

 
 
Fig 4. Interaction effects of irrigation regimes and genotypes 
on canopy temperature depression (CTD) at the soft dough 
stage. Results are shown as mean ± standard error (p<0.01), 
obtained from three replicates 
 
 

 
 
Fig 5. The effect of different irrigation regimes on the total 
proline content (mg g-1 DW) in the leaves of durum wheat. 
 
 
 
 

 
 
Fig 6. The effect of different irrigation regimes on the total 
proline content (mg g-1 DW) in the leaves of the different 
durum wheat genotypes 
 
 
treatment (water deficit during grain filling) and the other 
irrigation treatments. There were also significant differences 
in proline concentration amongst the durum and bread wheat 
genotypes. The highest proline content was observed in the 
G2 and G3 genotypes, whilst the G5, G4 and G1 exhibited 
lower values, respectively (Fig. 6). The interaction effects 
between the different irrigation regimes and genotypes also 
showed that proline accumulation increased under water 
deficit conditions compared to optimum irrigation. The 
highest proline accumulation values were seen in the G3 
(3.95 mg g-1 DW) and G2 (3.77 mg g-1 DW) under I4 water 
deficit conditions. However, the highest proline content 
values under optimum irrigation conditions were seen in the 
G5 (1.8 mg g-1 DW) and G1 (1.6 mg g-1 DW) durum wheat 
genotypes. These genotypes also exhibited higher proline 
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values at the vegetative (I2) and reproductive (I3) phases 
under water deficit condition compared to optimum irrigation 
(Fig. 6). Bayoumi et al., (2008) reported a similar positive 
relationship between grain yield and proline accumulation 
under water deficit conditions in wheat. This suggests that the 
high proline content in the G2 and G3 genotypes is probably 
a positive adaptive mechanism for overcoming the water 
stress conditions. Furthermore, Sankar et al. (2007) reported 
that high proline accumulation in plants could provide energy 
for growth and survival and thereby help the plant to tolerate 
stress. It is now well known that proline accumulation in 
plant leaf cells, as a compatible solute, plays an important 
role in regulating water loss from the cells under water deficit 
and osmotically stressful conditions (Bayoumi et al., 2008). It 
is therefore reasonable to suggest that the selection of new 
drought tolerance genotypes based on high proline 
accumulation, can be advocated as a parameter for selection 
of stress tolerance, as it can be effective in enhancing drought 
tolerance in plants (Silverira et al., 2003; Jaleel et al., 2007). 
 

Material and methods 

 

Experimental site and plant material 

 

 The field experiment was carried out at the Khorasan-e- 
Razavi Agricultural and Natural Resource Research Center, 
Iran. The following four irrigation regimes: I1, optimum 
irrigation; I2, no irrigation from one-leaf to floral initiation; 
I3, no irrigation from floral initiation to anthesis; I4, no 
irrigation after anthesis were the main-plots and four durum-
promising genotypes (G1, HAI - OU-17/ GREEN - 38; G2, 
RASCON - 37/ BEJAH - 7; G4, RASCON - 39 / TILO - 1; 
G5, GARAVITO3 / RASCON37// GREEN8) and a bread 
wheat cultivar (G3, Chamran) were the sub-plots. 
 

Sampling and measurements 

 

Relative water content (RWC) 

 
The RWC was determined at booting, anthesis and soft 
dough growth stages. It was calculated according to the 
following equation, where FW is the fresh weight, SW is the 
water-saturated weight and DW is the dry weight (Turner, 
1981).      
 
RWC = (FW – DW) × 100 / (SW – DW) 
 

Canopy temperature depression (CTD) 

 

The CTD was measured with a handheld infrared 
thermometer (Model THI-500, TASCO, Japan). The data 
were taken from the same side of each plot at 1m distance 
from the edge and approximately 50 cm above the canopy. 
All canopy temperature measurements were made within 2 h 
of solar noon, and in a south-facing direction, to minimize 
sun angle effects, as suggested by Turner et al., (1986). 
 

Proline content 

 
Assessments of proline content were performed in fully 
expanded leaves according to the method of Pesci and 
Beffagna (1984). The leaf samples (50 mg) were extracted 
with 10 ml of sulphosalicylic acid solution (3%) for 1 hour at 
room temperature and then filtered on Whatman fiberglass 
paper. A part of the extract (30 mg) was added to 4 ml of 
ninhydrin and 4 ml of acetic acid and incubated in a boiling 
water bath for 1 h. After cooling rapidly in ice, 5 ml of 

toluene was added to the sample and the mixture strongly 
shaken. The absorbance of the toluene phase, containing the 
colored complex was measured at 515 nm versus a toluene 
blank. From the absorbance readings obtained the proline 
content in each sample was calculated by means of a standard 
calibration curve, using known amounts of proline. 
 

Statistical analysis 

 
The experimental design was a split plot arrangement based 
on a complete randomized block design with three 
replications. One way ANOVA was applied to evaluate the 
significant difference of the parameters studied in the 
different treatments. Significant differences among the mean 
values were compared via the Duncan’s Multiple Range Test 
(P < 0.05 and P < 0.01). 
 

Conclusion 

 

 From this study it can be concluded that the G2 durum wheat 
genotype (RASCON_37/BEJAH_7) exhibited the highest 
values of relative water content, canopy temperature 
depression and proline accumulation at the different growth 
and developmental stages of the plants, compared to the other 
bread and durum wheat genotypes studied. This promising 
genotype was able to maintain high levels of relative water 
content under limited water conditions and thus stabilize its 
water balance under moisture stress. This study has also 
shown that the physiological and biochemical indices used to 

evaluate plant response to water deficit were effective in 
assessing promising the durum wheat genotypes for drought 
tolerance. The remarkable response shown by the G2 
genotype makes it a good candidate for cultivation, to ensure 
high yield is obtained under drought conditions.  
 

References 

 

Adejare FB, Umebese CE (2007) Stomatal resistance to low 
leaf water potential at different growth stages affects plant 
biomass in Glycine max L. American Journal of 
Agricultural and Biological Sciences 2: 136 -141 

Ayeneh A, van Ginkel M, Reynolds MP, Ammar K (2002) 
Comparison of leaf, spike, peduncle, and canopy 
temperature depression in wheat under heat stress. Field 
Crops Res. 79: 173-184 

Babar MA, Reynolds MP, van Ginkel M, Klatt AR., Raun 
WR, Stone ML (2006) Spectral reflectance to estimate 
genetic variation for in-season biomass, leaf chlorophyll, 
and canopy temperature in wheat. Crop Science Society of 
America 46: 1046 -1057 

Balota M, William M, Payne A, Evett SR, Lazar MD (2007) 
Canopy temperature depression sampling to assess grain 
yield and genotypic differentiation in winter wheat. Crop 
Science 47: 1518-1529. 

Bayoumi M, Eid H, Metwali EM. (2008) Application of 
physiological and biochemical indices as a screening 
technique for drought tolerance in wheat genotypes. 
African Journal of Biotechnology 7: 2341-2352 

Beltrano J, Ronco MG,  Arango AC (2006) Soil drying and 
rewatering applied at three grain developmental stages 
affect differentially growth and grain protein deposition in 
wheat (Triticum aestivum L.) Braz. J. Plant Physiol Vol. 18 
no 2 

Blum A, Mayer J, Gozlan G (1982) Infrared thermal sensing 
of plant canopies as a screening technique for dehydration 
avoidance in wheat. Field Crops Res. 5: 137-146 

1017 



1016 

Dulai S, Molnár I, Prónay J, Csernák1 A, Tarnai1 R, Molnár-
Láng M (2006) Effects of drought on photosynthetic 
parameters and heat stability of PSII in wheat and in 
Aegilops species originating from dry habitats. Acta 
Biologica Szegediensis. 50: 11-17 

Errabll T, Gandonou C, Hayat E, Abrinl J, Idaomar M, Nadia 
S (2006) Growth, proline and ion accumulation in 
sugarcane callus cultures under drought-induced osmotic 
stress and its subsequent relief. Afr. J. Biotechnol. 15: 
1488-1493. 

Fischer RA, Rees D, Sayre KD, Lu ZM, Condon AG, Larque 
Saavedra A (1998) Wheat yield progress associated with 
higher stomatal conductance and photosynthetic rate, and 
cooler canopies. Crop Sci. 38: 1467-1475  

Jaleel CA, Gopi R, Sankar B, Manivannan P, Kishorekumar 
A, Sridharan R, Panneerselvam R (2007) Studies on 
germination, seedling vigour, lipid peroxidation and proline 
metabolism in Catharanthus roseus seedlings under salt 
stress, South Afr. J. Bot. 73: 190 -195.  

Mafakheri A, Siosemardeh A, Bahramnejad B, Struik PC, 
Sohrabi E (2010) Effect of drought stress on yield, proline 
and chlorophyll contents in three chickpea cultivars. 
Australian Journal of Crop Science 4(8):580-585  

Mattioni C, Lacerenza NG, Troccoli A, De Leonardis AM, Di 
Fonzo N (1997) Water and salt stress-induced alterations in 
proline metabolism of Triticum durum seedlings. Physiol. 
Plant 101: 787-792. 

Molnár I, Gáspár L, Sárvári É, Dulai S, Hoffmann B, Molnár-
Láng M, Galiba G (2004) Physiological and morphological 
responses to water stress is Aegilops biuncialis and 
Triticum aestivum genotypes with differing tolerance to 
drought. Funct Plant Biol. 31: 1149-1159 

Pan XY, Wang YF, Wang GX, Cao QD, Wang J (2002) 
Relationship between growth redundancy and size 
inequality in spring wheat populations mulched with clear 
plastic film. Acta. Phytoecol. Sinica 26: 177-184 

Pesci P, Beffagna N (1984) Inhibiting effect of fusicoccin on 
abscisic acid-induced proline accumulation in barley leaf 
segments. Plant Sci. Lett. 36: 7-12 

 
 
 

Rashid AJ, Stark C, Tanveer A, Mustafa T (1999) Use of 
canopy temperature measurements as a screening tool for 
drought tolerance in spring wheat. J. Agron. Crop Sci. 182: 
231-237 

Rekika D, Nachit MM., Araus JL, Monneveux P (1998) 
Effects of water deficit on photosynthetic rate and osmotic 
adjustment in tetraploid wheats. Photosynthetica 35: 129-
138 

Romo S, Emilla L, Dopico B (2001) Water Stress-regulated 
geneexpression in Cicer arietinum seedlings and plants. 
Plant Physiol.Biochem. 39: 1017-1026 

Sankar B, Jaleel C, Manivannan P, Kishorekuma A, 
Somasundaram R, Panneerselvan R (2007) Drought 
induced biochemical modification and Proline metabolism 
in Abelmoschus esculentus (L) Moench. Acta. Bot. Croat. 
66: 43-56 

Shao HB, Chu LY, Jaleel CA, Zhao, CX (2008) Water deficit 
stress induced anatomical changes in higher plants. 
Comptes Rendus Bbiologie.  331: 215-225.  

Siddique MRB, Hamid A, Islam MS (2000) Drought stress 
effects on water relations of wheat. Bot. Bull. Acad. Sin. 
41: 35-39 

Semenov MA, Martre P, Jamieson PD (2009) Quantifying 
effects of simple wheat traits on yield in water-limited 
environments using a modeling approach. Agricultural and 
Forest Meteorology 149: 1095-1104  

Silverira J, Viegas R, Da Rocha I, Moreira A, Moreira R, 
Oliverir J (2003) Proline accumulation and glutamine 
synthetase activity are increased by salt induced proteolysis 
in cashew leaves. J. Plant Physiol. 160: 115-123 

Teulat B, Rekika D, Nachit MM, Monneveux P (1997) 
Comparative osmotic adjustments in barley and tetraploid 
wheats. Plant. Breed. 116: 519-523 

Turner NC (1981) Techniques and experimental approaches 
for measurements of plant water status. Pl. Soil 58: 339-
366 

Turner NC, Tool JCO, Cruz TT, Namuco OS, Ahmad S 
(1986) Research of seven diverse rice cultivars to water 
deficits. Stress development, canopy temperature, leaf 
rolling and growth. Field Crops Research 13: 257-271 

Verbruggen N, Hermans C (2008) Proline accumulation in 
plants: a review. Amino Acids. 35: 753 759 

 

 

1018 


