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Abstract

Tolerant and susceptible durum wheat varieties were grown in the 1% and 2™ settlement zone under rainfed
conditions inDaraa province-Syria, In order to expose plants to different level of water regime, since the two
zones differ in total amount of rainfall during the growing season. Plants were suffered from terminal drought
stress in both zones, however, the drought was more sever in the 2" settlement zone. All measured parameters:
chlorophyll content, MSI, RWC, Fv/Fm decreased significantly in the 2™ compared to the 1 zone at all growth
stages, however more reduction was recorded in drought susceptible varieties. Yield all yield components also
affected negatively and drought tolerant varieties have maintained good performance in the 2™ zone. Our results
proved that Chlorophyll content, MSI, RWC and Fv/Fm are good physiological indices of drought tolerance and
can be used for improvement drought tolerance in wheat.

Keywords: Wheat, Drought, Chlorophyll content, Membrane stability index, Relative water content,
Chlorophyll fluorescence

1. Introduction

Wheat is the most important cereal crop, it's stable diet for more than one third of the world population and
contributes more calories and protein to the world diet than any other cereal crop (Abd-El-Haleemet al., 2009).
Drought is the most severe stress and the main cause of significant losses in growth and productivity of crop
plants (Ludlow and Muchow, 1990).Drought induces significant alterations in plant physiology and biochemistry.
Some plants have a set of physiological adaptations that allow them to tolerate water stress conditions. The
degree of adaptations to the decrease of water potential caused by drought may vary considerably among species
(Save et al., 1995). Plant response to water stress include morphological and biochemical changes and later as
water stress become more sever to functional damage and loss of plant parts (Sangtarash, 2010). Researchers
linked various physiological responses of plant to drought with their tolerance mechanisms, such as: pigment
content and stability and high relative water content (Clarke and McCaig, 1982).Drought tolerant wheat species
can be characterized by growth response, changes in water relations of tissues exposed to low water potential,
stomatal conductance, ion accumulation and changes in the fluorescence induction parameters under water stress
(Blum, 1988).In recent years, the screening of plant fluorescence signatures is developing as a specific tool
which could be applied to detect the functioning and health status of plants (Lichtenthaleret al., 1999; Samson et
al., 2000). The ability of plants to maintain membrane integrity under drought is what determines tolerance
towards drought stress (Vieira Da Silva et al., 1974).Membrane stability is a widely used criterion to assess crop
drought tolerance (Premachandra and Shimada, 1988). Understanding of physiological mechanisms that enable
plants to adapt to water deficit and maintain growth and productivity during stress period could help in screening
and selection of tolerant genotypes and using these traits in breeding programs (Zaharievaet al., 2001). The main
objective of this study was to determine the effect of water stress- imposed by planting different durum wheat
varieties in different settlement zones (differ in total annual rainfall)- on various physiological parameters and
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yield components in and to find out the best and most simple tool which could be used for screening wheat
varieties for drought tolerance.

2. Materials and Methods
2.1 Plant materials

Seven drought tolerant and susceptible durum wheat varieties viz., Sham3, Sham5, Hourani and Domal (drought
tolerant), ACSADG65, Bohouth7 and bohouthl11 (moderately susceptible to Drought) were used in this study.
Seeds were obtained from Crop Research Directorate, GCSAR, and sown under rainfed conditions in the field on
20™ Nov.2009 in the first settlement zone (Izra research station, annual rainfall 291mm) and second settlement
zone (Jelean research station annual rainfall 400mm). Crops were sown at an adjusted rate of 300 viable
seeds/m’ in three replications. Normal agronomic practices were performed and relevant metrological parameters
were obtained from the observatory at each research station and daily minimum and maximum temperature and
rainfall were recorded. Chlorophyll content (chl), membrane stability index (MSI), relative water content (RWC),
chlorophyll fluorescence Fv/Fm were estimated on the first fully expanded leaf (third from top) at vegetative
stage and flag leaf at anthesis and grain filling stage.

2.2 Chlorophyll content estimation

Chlorophyll estimation was done by incubating 50 mg of the leaf material in 10 ml of dimethyl sulphoxide
(Hiscox and Israelstam, 1979) for 4 hours at 65 °C. The absorbance of the clear solvent was recorded at 663 and
645 nm (Arnon, 1949).

2.3 Membrane stability index

Membrane stability index was determined by recording the electrical conductivity of leaf leachates in double
distilled water at 40 and 100°C (Deshmukhet al., 1991). Leaf samples (0.1 g) were cut into discs of uniform size
and taken in test tubes containing 10 ml of double distilled water in two sets. One set was kept at 40 C for 30
minutes and another set at 100 C in boiling water bath for 15 minutes and their respective electric conductivities
C; and C, were measured by Conductivity meter

Membrane stability index = [1- (C;/C,)] x 100
2.4 Relative Water Content

Relative water content was determined by the method described by Barrs and Weatherley, (1962). 100 mg leaf
material was taken and kept in double distilled water in a petridish for two hours to make the leaf tissue turgid.
The turgid weights of the leaf materials were taken after carefully soaking the tissues between the two filter
papers. Subsequently this leaf material was kept in a butter paper bag and dried in oven at 65 °C for 24 hours and
their dry weights were recorded. The RWC was calculated by using the formula.

(Fresh weight — Dry weight)

RWC (%) = x 100

(Turgid weight — Dry weight)

2.5 Chlorophyll fluorescence

For the estimation the polyphasic rise of fluorescence transients of intact leaves of non-stressed and water
stressed plants were measured by a Plant Efficiency Analyzer (PEA, Handsatech Instruments Ltd., King’s Lynn,
UK) according to Strasseret al., (1995). For the measurement of the chlorophyll fluorescence all the samples
were covered with clips, kept in dark for 30 minutes before fluorescence measurements. The transients were
induced by red light of 3000 umol m™ s provided by an array of six light emitting diodes (peak 650nm), which
focused on the sample surface to give homogenous illumination over exposed area of sample surface and
maximal quantum yield of PS II (Fv/Fm) measured, readings were taken from 9 plants.

On mid Jun plants harvested from m* and used for recording number of tillers, seed number per ear, 1000 grain
weight, total biomass and grain yield. Data analyzed statistically and analysis of variance (ANOVA) for split
plot design was work out using CoStat6.311 Cohort software.

3. Results and Discussion

Reduced plant productivity due to drought is a major concern for wheat grown in arid and semiarid areas. In
these areas, most wheat is grown under rainfed conditions where drought may occur at any time. About 37 % of
the world wheat is grown in semiarid areas where moisture is the most serious production constraint (Osmanzai,
et al., 1985).

Data on mean maximum and minimum temperatures recorded during all growth stages showed marginal or no
differences in both zones (Table 1). Total rainfall was well distributed uptoanthesis stage, indicated that enough
water was available for fast and rapid emergence of seeds (10-13 days after sowing). The total amount of the
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rainfall in the 2™ zones was 28% less than that in the 1% zone i.e., 299mm and 418mm respectively (Table 2).
Terminal drought stress experienced by the varieties in both zones, however the drought was more sever in case
of 2™ settlement zone and enough water was available in the soil for the varieties in the 1** one for good tillering
and spike emergence.

3.1 Chlorophyll content

Highchlorophyll content is a desirable characteristic because it indicates a low degree of photoinhibition of
photosynthetic apparatus, therefore reducing carbohydrate losses for grain growth(Farquhar et al.,
1989).According to Ityrbcet al, (1998)water stress condition caused reduction in chlorophyll content. Our
findings indicate that chlorophyll content differ significantly among varieties and between the two zones,
however, highest amount of total chlorophyll was recorded at anthesis stage, and more chlorophyll content was
recorded in the 1 compared to 2™ zone, these findings are in agreement with Araus et al., (1998) who reported
that drought treatment caused a 20% reduction in leaf chlorophyll content. The greatest reduction in total
chlorophyll in the 2™ compared to 1% zone was observed in Bohouthll and Bohouth7 at anthesis and grain
filling stage i.e. 27, 36% respectively (Table 3). Highest chlorophyll a/b ratio was recorded at vegetative stage
and lowest value at anthesis stage in both zones, however this ratio increased in the 2™ zone (Table 3).

3.2 Membrane stability index

Water stress caused water loss from plant tissues which seriously impair both membrane structure and function
(Cave, 1981; Buchanan et al., 2000). Cell membrane is one of the first targets of plant stresses (Levitt, 1972) and
the ability of plants to maintain membrane integrity under drought is what determines tolerance towards drought
(Vieira da Silva et al, 1974). Significant reductions in MSI in the 2™ zone in all varieties were recorded.
Bohouth7 and 11 showed highest MSI value in the 1** zone at all growth stages, while drought tolerant varieties
Doumal and Sham5 showed highest MSI in the 2™ zone. ACSAD65, Bohouth7 and 11 showed maximum
reduction in MSI at anthesis stage i.e., 41%, 35% and 36 % respectively and grain filling stage i.e., 58%, 53%
and 47% respectively (Table 4). The results from electrolyte leakage measurements showed that membrane
integrity was conserved for tolerant compared to susceptible varieties, this is in agreement with the conclusion of
Martin et al., (1987) and Vasquez Telloet al., (1990) that electrolyte leakage was correlated with drought
tolerance. The leakage was due to damage to cell membranes which become more permeable (Senaratna and
Kersie, 1983). This shows the importance of this test in discriminating among tolerant and susceptible varieties.

3.3 Relative water content

Leaf RWC is proposed as a more important indicator of water status than other water potential parameters under
drought stress conditions. During plant development drought stress significantly reduced RWC values (Siddique
and Islam, 2000). Significant differences in RWC was observed between variety at various stages and our results
showed reduction in RWC in 2™ zone at all stages of growth and more reduction were recorded in drought
susceptible varieties (Table 4). This deviation in RWC may be attributed to differences in the ability of the
varieties to absorb more water from the soil and or the ability to control water loss through the stomata's. It may
also be due to differences in the ability of the tested varieties to accumulate and adjust osmotically to maintain
tissue turgor and hence physiological activities. Highest RWC was recorded at vegetative stage and decreased
gradually and the highest RWC value observed in drought tolerant varieties Doumal and Sham5 in the 2™ zone
at various growth stages (Table 4).

3.4 Chlorophyll fluorescence

It is known that all of the environmental constraints affected chlorophyll fluorescence parameters(Havaux, 1993;
Schreiberger al., 1995).Under this stress usually a water deficit in plant tissues develops, thus leading to a
significant inhibition of photosynthesis. The ability to maintain the functionality of the photosynthetic machinery
under water stress, therefore, is of major importance in drought tolerance(Mohammadiet al., 2009).The
maximum photochemical efficiency of PSII was calculated by the ratio Fv/Fm, however, drought stress imposed
by growing plants in the 2™ zone affected this ratio (Table 4) and the drastic changes in chlorophyll fluorescence
measurement most probably indicates the physical dissociation of PSII reaction centers from light harvesting
complex, a substantial accumulation of inactivated PSII centers as well as photoinhibition. Ma et al., (1995)
reported that higher photochemical efficiency played important role in drought tolerance. This phenomenon is a
criterion for thylacoide membrane integrity and electron transfer efficiency from photosystemll to photosysteml
(Mamnoue, 2006). Significant reduction in chlorophyll fluorescence Fv/Fm value was observed in all varieties
grown in the 2™ compared to 1% zone, while there was minimal reduction in this ratio in drought tolerant
varieties and highest Fv/Fm value were recorded in Doumal and Sham5 at anthesis and grain filling stage in the
2" zone (Table 4). According to Mamnoue (2006) The photochemical efficiency of photosystem II is determined
by the Fv/Fm ratio which is decreased significantly during drought stress. Chlorophyll fluorescence analysis may
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provide a sensitive indicator of stress conditions in plants. It can also be used to estimate the activity of thermal
energy dissipation in photosystem II, which protects photosynthesis from the adverse effects of light and heat
stress. For this reason, chlorophyll fluorescence has often been proposed as a useful tool for screening durum and
bread wheat for drought (Flagella et al., 1995).

3.5 Yield components

The stress factors especially drought negatively affects plant growth and development and causes a sharp
decrease of plants productivity (Pan et al, 2002). Blum and Pnuel (1990) reported that yield and yield
components of twelve spring wheat varieties were significantly decreased when they received minimum annual
precipitation. The effect of drought stress on wheat grain yield may be analyzed in terms of yield components,
some of which can assume more importance than others, depending upon the stress intensity and growth stage at
which it develops (Giuntaet a/ 1993). Yield and yield component decreased significantly as variety experienced
drought stress in the 2" zone. Seed number/ear decreased upto 64% as in ACSAD65. 1000 grain weight
decreased also but the influence of growing zone has less effect on this character than seed number/ear. Lowest
reduction in 1000 grain weight 5% was reported in Sham5 (Table 5). Present investigation showed that number
of grains per main spike, 1000-grain weight, number of tillers per plant, biological yield per plant and grain yield
per plant were decreased under stressed environment which is also reported by Chandler and Singh (2008).
Number of tillers/m” also affected by the settlement zone and significant reduction in all varieties was observed
in the 2" zone and highest tiller number/m® recorded in Bohouthll and ACSADG65 in the 1% zone and in
Doumal and Sham5 in the 2™ zone. Grain yield in all varieties also significantly reduced in the 2" zone. This
reduction in productivity is brought about by a delay or prevention of crop establishment, weakening or
destruction of established crops, predisposition of crops to insects and diseases, alteration of physiological and
biochemical metabolism in plants (Larson and Eastin, 1971). However, lowest reduction in grain yield recorded
in Sham5 and Hourani i.e., 45% and 52% respectively. Significant differences in total biomass between all
varieties were observed and great reduction was observed in the 2" zone. Lowest reduction in biomass value
recorded in Sham5 and Doumal i.e., 70% and 71% respectively. The worldwide losses in crop yield from water
stress exceed the losses from all other classes combined (Kramer, 1980). Even a temporary drought can cause a
substantial loss in crop yields and sometimes can amount to many million dollars (Moseley, 1983).

4. Conclusions

Growth and photosynthesis are two of the most important processes abolished, partially or completely, by water
stress (Kramer and Boyer, 1995), and both of them are major cause of decreased crop yield. The best option for
crop production, yield improvement, and yield stability under soil moisture deficient conditions is to develop
drought tolerant crop varieties. A physiological approach would be the most attractive way to develop new
varieties rapidly (Turner and Nicolas, 1987). Looking overall results, it is clear that these parameters could
explain some of the mechanisms which indicate tolerance to drought; however, their relevance in describing the
varietals variability is significant.

Acknowledgements

The authors thanks GCSAR for providing the necessary facilities, Dr. Ulla Mustafa for providing some
equipments, Mr. JehadErar, Mohammd Al-masalma, Moawea Al-zubi for their great help and assistance during
this work.

References

Araus, J.L., Ali Dib, T., &Nachit, M. (1998). Some insights about morphophysiological traits associated with
yield increases in Mediterranean environments. In: Durum Research Network. Proceedings of the SEWANA
Durum Network Workshop, Nachit, M., Baum, M., Porceddu, P., Monneveux, P. and Picard, E. (eds), 20-23
March 1995. ICARDA, Aleppo, Syria. doi:10.1104/pp.24.1.1, http://dx.doi.org/10.1104/pp.24.1.1

Arnon, D.I. (1949). Copper enzymes in isolated chloroplasts.Polyphenol oxidase in Beta vulgaris. Plant
Physiology, 24, 1-15.

Abd-El-Haleem, S.H.M., Reham M.A. & Mohamed, S.M.S. (2009). Genetic Analysis and RAPD polymorphism
in some Durum Wheat Genotypes. Global Journal of Biotechnology& Biochemistry, 4, 1-9.

Barrs, H.D. & Weatherley, P.E. (1962). Are-examination of the relative turgidity technique for estimating water
deficits in leaves. Australian Journal of Biological Sciences, 24, 519-570.

Blum, A. (1988). Plant breeding for stress environments. Boca Raton, Florida: CRC Press.

Blum, A. & Pnuel, Y. (1990). Physiological attributes associated with drought resistance of wheat cultivars in a
Mediterranean  environment.  Australian  Journal — of  Agricultural  Research, 41, 799-810.
doi:10.1071/AR9900799, http://dx.doi.org/10.1071/AR9900799

130 ISSN 1916-9752  E-ISSN 1916-9760



www.ccsenet.org/jas Journal of Agricultural Science Vol. 3, No. 3; September 2011

Buchanan, B.B., Gruissem, W. & Jones, R.L. (2000). Biochemistry and Molecular Biology of Plants. Amer. Soc.
Plant Physiol. Rockville.

Cave, G. (1981). Water and membranes: The interdependence of their physico-chemical properties in the case of
phospholipids head groups. Studiabiophysica, 91, 41-46.

Chandler, S.S. & Singh.T.K. (2008). Selection criteria for drought tolerance in springwheat (7riticumaestivum
L.). Series: Coping with wheat in a changing environmentabiotic stresses. The 11th International Wheat Genetics
Symposium proceedings Editedby Rudi Appels Russell Eastwood Evans Lagudah Peter Langridge Michael
Mackay Lynne, Sydney University Press, Pp. 1-3.

Clarke, J. & McCaig, T. (1982). Evaluation of techniques for screening for drought resistance in wheat. Journal
of Crop Science, 22, 503-506. doi:10.2135/cropscil982.0011183X002200030015x,
http://dx.doi.org/10.2135/cropsci1982.0011183X002200030015x

Deshmuukh, P.S., Sairam, R.K. & Shukla, D.S. (1991). Measurement of ion leakage as a screening technique for
drought resistance in wheat genotypes. Indian journal of plant physiology, 34, 89-91.

Farquhar, G.D., Wong, S.C., Evans, J.R. & Hubick, K.T. (1989). Photosynthesis and gas exchange. In Plants
Under Stress, Jones, H.G., Flowers, T.J. & Jones M.B. (Eds). Cambridge University Press, Cambridge, Pp. 47-69.
doi:10.1017/CB0O9780511661587.005, http://dx.doi.org/10.1017/CB0O9780511661587.005

Flagella, Z., Pastore, D., Campanile, R.G. & Di Fonzo, N. (1995). The quantum yield of photosynthesis electron
transport evaluated by chlorophyll fluorescence as an indicator of drought tolerance in durum wheat. Journal of
Agricultural Sciences, 125, 325-329. doi:10.1017/S0021859600084823,
http://dx.doi.org/10.1017/S0021859600084823

Giuanta, F., Mortzo, R. & Deielda, M. (1993). Effect of drought on yield and yield components of durum wheat
and Triticale in Mediterranean environment.Field Crops Research, 33, 399-409.
doi:10.1016/0378-4290(93)90161-F, http://dx.doi.org/10.1016/0378-4290(93)90161-F

Havaux, M. (1993). Rapid photosynthetic adaptation to heat stress triggered in potato leaves by moderately
elevated temperatures. Plant Cell & Environment, 16,461 —467. doi:10.1111/j.1365-3040.1993.tb00893 .x,
http://dx.doi.org/10.1111/j.1365-3040.1993.tb00893.x

Hiscox, J.D & Israelstom, G.F. (1979). A method for the extraction of chlorophyll from leaf tissue without
masceration.Canadian Journal of Botany, 57, 1332-1334. doi:10.1139/b79-163,
http://dx.doi.org/10.1139/b79-163

Iturbe, O., Escuredo, I.P.R., Arrese-Igor, C. & Becana, M. (1998). Oxidative damage in pea plants exposed to
water  deficit or  paraquat.  Plant  Physiology, 116,  173-181.  doi:10.1104/pp.116.1.173,
http://dx.doi.org/10.1104/pp.116.1.173

Kramer, P.J. & Boyer, J.S. (1995). Water relations of Plants and Soils. Academic Press, San Diego.

Kramer, P. (1980). Drought, stress and the origin of adaptation. In: N Turner and P Kramer (Ed.). Adaptation of
Plants to Water and High Temperature Stress. J. Wiley and Sons, New York, 7-20

Larson, K.L. &Eastin.J.D. (1971). Drought Injury and Resistance in Crops.CSSA Special Publication No. 2.
Crop Sci. Society of America, Madison, Wisconsin, USA.

Levitt, J. (1972). Responses of plants to environmental stresses.” (Academic Press: New York

Lichtenthaler, H., Wenzel, O., Buschmann, C. & Gitelson, A. (1999). Plant Stress Detection by Reflectance and
Fluorescence, Annals New York Academy of Sciences, Pp.271-285.

Ludlow, M.M. &Muchow, R.C. (1990). A critical evolution of traits for improving crop yields in water-limited
environments.  Advances  in  Agronomy, 43, 107-153. doi:10.1016/S0065-2113(08)60477-0,
http://dx.doi.org/10.1016/S0065-2113(08)60477-0

Mamnouie, E., FotouhiGhazvini, R., Esfahany, M. &Nakhoda, B. (2006). The Effects of Water Deficit on Crop
Yield and the Physiological Characteristics of Barley (Hordeumvulgare L.) Varieties. Journal of Agricultural
Science & Technology, 8,211-219.

Ma, B. L., Morison, M. J. & Videng, H. D. (1995). Leaf Greenness and Photosynthetic Rates in Soybean.Crop
Science, 35, 1411- 1414. doi:10.2135/cropscil995.0011183X003500050025x,
http://dx.doi.org/10.2135/cropscil995.0011183X003500050025x

Martin, U., Alladru, S.G. &Bahari, Z.A. (1987). Dehydration tolerance of leaf tissues of six woody angiosperm
species. PhysiologiaPlantarum, 69, 182-186. doi:10.1111/5.1399-3054.1987.tb01964.x,
http://dx.doi.org/10.1111/j.1399-3054.1987.tb01964.x

Published by Canadian Center of Science and Education 131



www.ccsenet.org/jas Journal of Agricultural Science Vol. 3, No. 3; September 2011

Mohammadi, M., Karimizadeh, R.A. & Naghavi M.R. (2009). Selection of bread wheat genotypes against heat
and drought tolerance based on chlorophyll content and stem reserves. Journal of Agriculture & Social Science,
5,119-122.

Mosley, M.G. (1983). Variation in the epicuticular was content of white and red clover leaves. Grass Forage
Science, 38, 201-204. doi:10.1111/j.1365-2494.1983.tb01639 %,
http://dx.doi.org/10.1111/j.1365-2494.1983.tb01639.x

Osmanzai, M.S., Rajaram, S. & Knapp, E.P. (1985). Breeding for moisture stressed areas in drought tolerance in
winter cereals. Proceedings of International workshop. Oct. 27-31 1985, Capri, Italy, Pp. 151.

Pan, X.Y., Wang, Y.F., Wang, G.X., Cao, Q.D & Wang, J. (2002). Relationship between growth redundancy and
size inequality in spring wheat populations mulched with clearplastic film. ActaPhytoecol.Sinica, 26, 177-184.

Premachandra, G.S. & Shimada. (1988). Evaluation of polyethylene glycol test of measuring cell membrane
stability as a drought tolerance test in wheat.Journal of Agricultural Science, 110, 429-433.
doi:10.1017/S002185960008196X, http://dx.doi.org/10.1017/S002185960008196X

Samson, G., Tremblay, N., Dudelzak, A., Babichenko, S., Dextraze, L. & Wollring, J. (2000). Nutrient Stress of
Corn Plants: Early Detection and Discrimination Using a Compact Multiwavelength Fluorescent Lidar, EARSeL
e-Proceed., Dresden.

Sangtarash, M.H. (2010). Responses of different wheat genotypes to drought stress applied at different growth
stages. Pakistan Journal of Biological Sciences, 13, 114-119. doi:10.3923/pjbs.2010.114.119,
http://dx.doi.org/10.3923/pjbs.2010.114.119

Save, R., Biel, C., Domingo, R., Ruiz-Sanchez, M.C. &Torrecillas, A. (1995). Some physiological and
morphological characteristics of citrus plants for drought resistance. Plant Science, 110, 167-172.
doi:10.1016/0168-9452(95)04202-6, http://dx.doi.org/10.1016/0168-9452(95)04202-6

Schreiber, U., Bilger, W. & Neubauer, C. (1995). Chlorophyll fluorescence as a nonintrusive indicator for rapid
assessment of in vivo photosynthesis. In: Ecophysiology of Photosynthesis, Schulze, E.D. & Caldwell, M.M.
(Eds). Springer, Berlin, Pp. 49-70.

Senaratana, T. &Kersi, B.D. (1983). Characterization of solute efflux from dehydration injured soybean (Glycine
maxl, Merr.) seeds. Plant Physiology, 72, 911-914. doi:10.1104/pp.72.4.911,
http://dx.doi.org/10.1104/pp.72.4.911

Siddique, M.R.B., Hamid, A., Islam, M.S. (2000). Drought stress effects on water relations of wheat. Botanical
Bulletin of Academia Sinica, 41, 35-39.

Strasser, R.J., Srivastava, A. &Govindjee. (1995). Polyphasic chlorophyll a fluorescence transient in plants and
Cyanobacteria. Photochemistry & Photobiology, 61, 32-42. doi:10.1111/.1751-1097.1995.tb09240.x,
http://dx.doi.org/10.1111/.1751-1097.1995.tb09240.x

Turner, N.C. & Nicolas, M.E. (1987). Drought resistance of wheat for light textured climate. In. J.P.Srivastava,
E. Procceddu, E. Acevedo and S.Varma (Eds), drought tolerance in winter cereals.John Willey and Sons.New
York, Pp.203-216.

Vasques-Tello, A., ZuilyFodil, Y., Phamthi, A.T., Vieira, D.A. & Silva, J.B. (1990). Electrolyte and Pi leakage
and soluble sugar content as physiological tests for screening resistance to water stress in Phasedous and Vigna
species. Journal of Experimental Botany, 41, 827-832. doi:10.1093/jxb/41.7.827,
http://dx.doi.org/10.1093/jxb/41.7.827

Vieira, da Silva, J., Naylor, A.W. & Kramer, P.J. (1974). Some ultrastructural and enzymatic effects of drought
stress in cotton (Gossypiumhirsutum L.) leaves. Proceedings of the National Academy of Sciences, 71, 3243-324.

Zaharieva, M., Gaulin, E., Havaux, M., Acevedo, E. &Monnevaux, P. (2001). Drought and heat responses in the
wild wheat relative Aegilopsgeniculata Roth.Crop Science, 41, 1321-1329. doi:10.2135/cropsci2001.4141321x,
http://dx.doi.org/10.2135/cropsci2001.4141321x

Table 1. Mean maximum and minimum temperature 0C in the 1st and 2nd settlement zones at different growth
stages

Max. Temperature °C | Min. Temperature °C | Mean Temperature °C
Growth stage 1% 2n 1% 2n 1% 2"
Vegetative 16 16 6 6 11 11
Anthesis 26 26 10 9 16.5 17.5
Grain filling 31 30 14 13 23 21.5
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Table 2. total amount of rainfall (mm) every month during the growing season in thel* and 2™ settlement zones
Rainfall mm
Month 1 o
Sep.2009 25 12.6
Oct.2009 8.8 12.6
Nov.2009 75.8 | 80.1
Dec.2009 | 104.2 | 65.1
Jan. 2010 975 | 73.7
Feb.2010 7271 549
Mar.2010 34 0.3

Apr.2010 0 0
May.2010 0 0
Jun.2010 0 0
Total 418 | 2993

Table 3. Effect of drought stress imposed by planting wheat varieties in different settlement zones on total
chlorophyll (mg g' fw) and chlorophyll a/b ratio of tolerant and susceptible wheat varieties at vegetative
anthesis and grain filling stage

Vegetative stage Anthesis stage Grain filling stage
Tota!lchl (mg Chl a/b Totahchl (mg Chl a/b Total_ 1chl (mg Chl a/b
g fw) g fw) g fw
Variety 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd
Buhouthl1 1.67 1.56 1.94 4.7 2.49 1.83 1.49 1.49 | 2.04 1.46 1.47 1.98
Buhouth?7 1.96 1.38 | 2.59 | 4.21 2.18 1.8 1.52 1.52 | 2.15 1.38 1.86 1.84
ACSADG65 1.88 1.72 1.34 | 3.05 | 2.30 1.73 1.41 1.41 1.77 1.39 1.83 1.95
Doumal 1.70 1.13 | 2.65 | 337 | 2.18 1.98 1.44 1.44 | 2.01 1.73 1.87 1.95
Sham3 1.76 1.16 1.97 | 543 2.15 1.75 1.61 1.61 1.71 1.37 1.95 1.87
Sham5 1.60 1.05 | 246 | 479 | 2.12 1.86 1.63 1.63 1.67 1.53 1.94 | 2.01
Hourani 1.65 1.44 1.72 | 3.32 1.99 1.70 1.47 1.47 1.67 1.35 1.79 1.76
LSD at 5 % 0.07 0.51 0.11 0.09 0.14 0.16

Table 4. Effect of drought stress imposed by planting wheat varieties in different settlement zones on membrane
stability index (%), relative water content (%) and maximum quantum yield of PSII as measured Fv/Fm of
tolerant and susceptible wheat varieties at vegetative anthesis and grain filling stage

MSI RWC Fv/Fm
Grai
Vegetative anthesis f 11?::; Vegetative anthesis Grain filling | Vegetative anthesis Grain filling
Variety 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd

Buhouthll | 269 | 123 | 211 | 135 | 255 | 133 85 | 628 | 686 | 592 | 618 | 532 | 0.67 | 0.57 | 0.87 | 0.66 0.7 1049
Buhouth7 268 | 103 | 214 | 138 | 275 | 127 | 787 | 60.9 | 67.5 | 58.6 | 62.6 | 52.7 | 0.75 | 0.56 | 0.81 | 0.61 | 0.67 | 048
ACSAD6S | 231 | 100 | 199 | 118 | 238 | 100 | 87.6 | 58.7 | 65.7 | 56.5 | 58.7 | 49.2 | 0.73 | 0.64 | 0.79 | 0.52 | 0.54 | 0.45
Doumal 235 | 111 | 181 | 169 | 269 | 158 | 76.2 | 62.8 | 63.8 | 59.3 | 62.6 | 569 | 0.68 | 049 | 0.77 | 0.72 | 0.75 | 0.58

Sham3 218 | 109 | 183 | 123 | 211 | 110 | 76.3 | 60.3 | 65.5 | 57.4 | 58.7 | 51.2 | 0.69 | 0.54 | 0.73 | 0.58 | 0.66 | 0.46
Shams5 222 | 155 | 178 | 141 | 205 | 132 | 73.5 | 64.1 | 62.1 | 59.7 | 58.1 | 53.4 | 0.66 | 048 | 0.74 | 0.71 | 0.74 | 0.57
Hourani 182 | 108 | 175 | 132 | 210 | 168 | 643 | 585 | 614 56 | 584 | 51.8 | 0.65 | 0.56 | 0.72 | 0.57 | 0.54 | 0.45
LSD at 18 15 17 1.6 1.6 1.5 0.02 0.03 0.05
5%

Table 5. Effect of drought stress imposed by planting wheat varieties in different settlement zones seed number
per ear, tiller number/m” 1000 grain weight (g), grain yield m* and total biomass m” (g) of tolerant and
susceptible wheat varieties

seed no/ear | tiller no./m* | 1000 grain wt (g) | grain yield | total biomass
(g/ m’) (¢/ m’

Variety 1 st 2nd 1 st 2nd 1 st 2nd 1 st 2nd 1sl 2nd
Buhouth11 50 23 | 371 | 127 42 38 | 828 | 334 | 4991 | 1058
Buhouth7 55 28 | 332 | 115 40 36 | 838 | 314 | 3164 | 756
ACSADG65 52 19 | 371 | 113 42 351 799 | 294 | 4795 | 1115
Doumal 48 20 | 369 | 147 45 40 | 825 | 323 | 3451 | 1006
Sham3 53 22 | 352 | 117 39 36 | 791 | 303 | 2769 | 752
Sham5 46 24 | 349 | 135 41 39 | 756 | 415 | 990 | 990
Hourani 26 18 | 307 | 121 42 38 | 470 | 227 | 730 | 730
LSD at5 % 1.2 28 1.15 18 47.3
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