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Table 1. List of breed wheat cultivars used in this study.

Cultivar Cultivar Cultivar قم
Ghods Atrak Khazar
Navid نويد Niknejad Tous
Hirmand هيرمند Kavir Shahryar
Rasoul Chamran Shiraz
Alvand Shiroudi Dez
Alamoot Marvdasht Hamoon
Mahdavi Sardari Pishtaz
Zarrin Omid Sissons
Darab2 ٢ Azar2 ٢ Gascogne
Tajan تجن Roshan Gaspard
B.C. Roshan (winter) B.C. Roshan (spring) Falat

:Sourceسايت ش: ماخذ http://www.iranwheat.ir
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Fig 1. Monthly mean of precipitation (mm) and temperature (0C) of Kerman over the last 50 years (http://weather.ir)
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Table 2. Projected pollen area, grain yield and harvest index of bread wheat cultivars grown under non-stress and drought stress.

Harvest Index
)(

)2Grain yield (g/m
نسبت 

Pollen grain area ratioProjected pollen grain area

Cultivar
ي

Drought stressNo-stressDrought stressNo-stress(50:30)%PEG
50%

PEG
30%

Capable for osmoregulation
16.9138.42322.54661.881.681.741.04Alvand
15.0029.89230.48650.541.701.761.04Pishtaz
19.1624.87264.60420.441.741.941.11Dez
18.2527.26210.94468.941.391.481.06Kavir
19.7227.14294.38651.381.211.541.27B.C. Roshan (winter type)
Roshanشن15.7231.82333.82676.821.801.861.03
23.4036.04229.12651.641.741.801.03Zarrin
20.9636.4217.16515.321.651.711.04Omid

Incapable for osmoregulation
15.4733.77159.58843.700.981.011.04۲Azar 2
25.3837.03196.46595.960.821.791.82Atrak
14.5335.21122.3387.30.921.611.73Alamot
28.5141.58187.46407.60.921.581.73B.C. Roshan (spring type)
Tajanتجن36.8332.998.46478.50.971.671.81
22.2834.49183.2415.540.921.491.62Chamran
13.5528.13176.02544.920.911.381.52Khazar
24.5032.66132.16501.280.941.731.84٢Darab 2
20.7936.17164.19462.860.891.651.84Rasoul
20.9439.26138.52530.820.971.491.53Sissons
16.7233.51158.28336.540.891.541.71Sardari
10.7331.59175.00428.180.901.551.72Shahryar
17.3417.28131.24536.880.821.471.80Shiroudi
25.3936.44156.64561.240.991.741.75Falat
19.2431.89129.46564.320.821.381.67Marvdasht
21.7935.99176.64534.000.831.291.55Mahdavi
Navidنويد20.9734.8359.88615.540.941.481.58
15.0640.95159.76390.240.951.551.63Niknejad
Hirmandهيرمند15.8939.028196.00488.260.991.751.78
23.5333.66134.98458.740.881.401.58Tous
27.8728.066184.94445.780.941.411.50Ghods
25.2131.5297.84430.080.911.571.72Gascogne
21.6248.55167.1430.140.901.611.79Hamoon
22.9530.70110.94286.640.891.411.57Gaspard
17.1139.94139.24230.350.871.281.46Shiraz
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Fig 2. Responses of pollen grain of Tous as an incapable cultivar for osmoregulation under 30% (a) and 50% (b)

and Zarrin as a capable cultivar under 30% (c) and 50% (d) PEG solutions (ocular 10X, objective 40X).
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Table 3- Analysis of variance for grain yield and its components and harvest index (HI) in wheat cultivars under non-stress and stress conditions.

)MS(

HIBiological yieldGrain yield1000 grain weight
سنبله

Grain per spike
سنبله

Spike/ m2
ه

dfS.O.V.
0.001**467893.25**3729.03*36.66**243.55ns239459.90**2Replication (R)

.089*5689757.53**1468855.35**7167.17**4415.67**239459.90**1Irrigation (I)
0.00367501.483034.766.650.6419644.532Ea
0.01**73635.79*9651.16**75.50**657.81**8366.46**32Cultivar (C)
0.007ns86953.48**4573.17**34.14**45.03**10650.08**2*I × C
0.00845976.075161.867.5949.574817.68128E b

.and**:  Significant at 5% and 1%probability levels, respectively *.۵۱به ترتيب***
ns:ns: Non-significant.
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Table 4. Grouping of bread wheat cultivars into capable and incapable for osmoregulation based on the ratio of

projected pollen area under 50% to 30 % PEG solutions and their corresponding grain yield.

Grouping

ميانگين
)(

Grain yield (g/m2)

مساحميانگين 
Projected pollen area (µm2)

نسبت مساحت 

Pollen area ratio
(50:30)%PEG 50% PEG  30%

Incapable for
Osmoregulation

149.44 1.54 1.69 0.91

Capable for
Osmoregulation

262.88 1.73 1.62 1.08

۵-
.

Table 5. Correlation coefficients between projected pollen grains area, grain yield and harvest index in

bread wheat cultivars under non-stress and drought stress conditions.

۶–.

Table 6. Mean of yield components of capable and incapable bread wheat cultivars for osmoregulation under

non-stress and drought stress conditions.
ه

1000 grain weight
سنبله

Grain per spike
سنبله

Spike/ m2محيطEnvironment

Capable for Osmoregulation

39.2144.33497.79Non-stress

32.339.88235.89stress

Incapable for Osmoregulationتن

38.4943.25471.63Non-stress

22.9527.87188.11stress

Grain yield

شاخص
Harvest
Index

۳۰%
Projected pollen area

under 30% PEG
solution

Non- Stress condition
Grain Yield 1
Harvest Index 0.36** 1
Projected pollen area under 30%
PEG solution ۳۰% .001ns -0.04 ns 1

Drought stress condition

Grain yield 1
Harvest Index 0.63** 1
Projected pollen area under 50%
PEG solution ۵۰% 0. 29** 0.23* 1

* and**:  Significant at 5% and 1% probability levels, respectively. .۵۱به ترتيب***
ns : Non-significant. ns:.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
87

.1
0.

1.
1.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

6-
07

-0
5 

] 

                            10 / 14

https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.1.1.4
http://agrobreedjournal.ir/article-1-242-en.html


"..."

11

)Morgan, 1991 (

تحقيق 

or

)oror (تنظـيم  باشند

)OrOr(باشند.

بــر 

. باشـد 

توليد 
.متحمل

References
Anonymous 2008. http:// www.weather.ir

Blum, A. and Y. Punel. 1990. Physiological attributes associated with drought resistance of wheat cultivars in a

Mediterranean environment. Agric. Res. 41: 799-810.

Blum, A., J. Mayar and G. Gozland. 1983. Association between plant production and some physiological

components of drought resistance in wheat. Plants Cell Env. 6: 216-225.

Cosgrove, D. J. 1986. Biophysical control of plant cell growth. Ann. Rev. Plant Physiol. 37: 377-405.

Cushman J. C. 2001. Osmoregulation in plants: Implications for agriculture. Amer. Zool. 41: 758-769.
Delperee, C., J. M. Kinter and S. Lutts. 2003. Low irradiance modifies the effect of water on survival and

growth related parameter during the early development stages of buck wheat. Physiol. Plantareum. 119: 211-

220.

Guinta, F., R. Motzo and M. Deidda. 1993. Effect of drought on yield and yield components of durum wheat

and triticale in a Mediterranean environment. Field Crops Res. 33: 399-409.

Hellebust, J. A. 1976. Osmoregulation. Ann. Rev. Plant Physiol. 27: 485-505.

Hsiao, T. C., E. Acevedo, E. Fereres and D. W.  Henderson. 1976. Stress metabolism. Water stress, growth,

and osmotic adjustment. Philosop.Transactions of the Royal Soci. London. Series B. 273: 479-500.
Kramer, P. J. 1969. Plant and soil water relationship: a modern synthesis. McGrawHill, New York.

Leigh, R. A. 2001. Potassium homeostasis and membrance transport. J. Plant Nutr. and Soil Sci. 164: 193-198.

Liu, H. P., B. J. Yu, W. H. Zhang and Y. L. Liu. 2005. Effect of osmotic stress on the activity of Ht ATPase

and the levels of covalently and non-covalenty conjugated polyamines in plasma membrane preparation from

wheat seedling roots. Plant Sci. 168: 1599-1607.

Ludlow, M. M., A. C. P. Chu, R. J. Clements and R. G. Kerslanke. 1983. Adaptation of species of

centrosema to water stress. Aust. J. Plant Physiol. 10: 119-130.

Maghsoudi Moud, A. A. and T. Yamagishi. 2005. Application of projected pollen area response to drought

stress to determine osmsregulation capability of different wheat (Triticum aestivum L.) cultivars. Int. J. of

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
87

.1
0.

1.
1.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

6-
07

-0
5 

] 

                            11 / 14

https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.1.1.4
http://agrobreedjournal.ir/article-1-242-en.html


١،١٣٨٧جلد،"مجله"

١٢

Agric. & Biol. 4: 604-605.

Marchner, H. 1995. Mineral nutrition of higher plants. 2nd ed. American Press. San Diego. California, USA.

Morgan, J. M. 1980. Osmotic adjustment in the spikelets and leaves of wheat. Expt. Bot. 31: 655-65.

Morgan, J. M. 1980. Possible role of abscisic acid in reducing seed set in water stressed wheat plants. Nature.

285: 655-657.

Morgan, J. M. 1988. The use of coleoptile responses to water stress to differentiate wheat genotypes for

osmoregulation, growth and yield. Ann. Bot. 62: 193-198.

Morgan, J. M. 1991. Gene controlling differences in osmoregulation in wheat Aust. J. Plant. Physiol. 18: 249-

57.

Morgan, J. M. 1992. Osmotic components and properties associated with genotypic differences in

osmoregulation in wheat. Aust. J. Plant. Physiol. 19: 67-76.

Morgan, J. M. 1999. Pollen grain expression of a gene controlling differences in osmoregulation in wheat

leaves: a simple breeding method. Aust. J. Agric. Res. 50: 953-62.

Morgan, J. M. and A. G. Condon. 1986. Water use, grain yield, and osmoregulation in wheat. Aust. J. Plant

Physiol. 13: 523-532.

Morgan, J. M. and M. K. Tan. 1996. Chromosomal location of a wheat osmoregulation gene using RFLP

analysis. Aust. J. Plant Physiol. 23: 803-6.

Morgan, J. M., B. Rodriguez-Maribona and E. J. Knights. 1991. Adaptation to water-deficit in chickpea

breeding lines by osmsregulation : relationship to grain yields in the field. Field Crops Res. 27: 61-70.

Pierce, M. and K. Raschke. 1980. Correlation between loss of turgor and accumulation of abscisic acid in

detached leaves. Planta. 148: 174-182.

Plaut, Z., B. J. Butow, C. S. Blumenthal and C. W. Wrigley. 2004. Transport of dry matter into developing

wheat kernels and its contribution to grain yeild under post-anthesis water deficit and elevated temperature.

Field Crops Res. 86: 185-198.

Quarrie, S. A. and H. G. Jones. 1977. Effects of abscisic acid and water stress on development and

morphology in wheat. J. Expt. Bot. 28: 192-203.

Richards, R. A. 1996. Defining selection criteria to improve yield under drought. Plant Growth Regulation. 20:

157-166.

Richards, R. A. 2004. Physiological traits used in the breeding of new cultivars for water scarce environments.

In "New directions for a diverse planet". Proceedings of the 4th International Crop Sciences Congress. 26

Sep. to 1 Oct. 2004. Brisbane, Australia. Published on CD-ROM. Web site: http:// www.cropscuence.org.

Turner, N. C. and M. M. Jones. 1980. Turgor maintenance by osmotic adjustment: a review and evaluation,

pp. 87-104. In Adaptation of Plants to Water and High Temperature Stress, N. C. Turner and P. J.

Kramer (Eds.). John Wiley, New York.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
87

.1
0.

1.
1.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

6-
07

-0
5 

] 

                            12 / 14

https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.1.1.4
http://agrobreedjournal.ir/article-1-242-en.html


"..."

13

Verslues, P. E. and E. A. Bray. 2004. LWRI1 and LWR2 are required for osmoregulation and osmotic

adjustment in Arabidopsis. American Society of Plant Physiol. 136: 2831-2842.

Whan B. R., G. P. Carlton, K. H. M. Siddique, K. L. Regan, N. C. Turner and W. K. Anderson. 1993.

Integration of breeding and physiology: lessons from a water limited environment. In “International crop

science, I; International crop science congress, Ames, Iowa, USA. July 14-22. Pp. 607-614.

Zarea- Feizabady,  A. and M. Ghodsi. 2004. Evaluation of yield and yield components of facultative and

winter bread wheat genotypes (Triticum aestivum L.) under different irrigation regimes in Khorasam

province in Iran. J. of Agron.  3: 184-187.

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
87

.1
0.

1.
1.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

6-
07

-0
5 

] 

                            13 / 14

https://dor.isc.ac/dor/20.1001.1.15625540.1387.10.1.1.4
http://agrobreedjournal.ir/article-1-242-en.html


١،١٣٨٧جلد،"مجله"

١٤

Assessment of osmoregulation capability in bread wheat (Triticum aestivum L.)
cultivars using response of projected pollen grains to drought stress

Maghsoudi, K.1 and A. A. Maghsoudi Moud2

ABSTRACT
Maghsoudi, K. and A. A. Maghsoudi Moud. 2008. Assessment of osmoregulation capability in bread wheat

(Triticum aestivum L.) cultivars using response of projected pollen grains to drought stress. Iranian Journal of

Crop Sciences. 10 (1):1-14.

In this study thirty three wheat cultivars were compared for osmoregulation capability using the ratio of

projected pollen grains area under water stress to normal conditions. Digital images of pollen grains obtained

from plants grown under well watered condition, were analyzed to obtain their projected areas. Field

experimental arranged in a split-plot (cultivars were assigned to sub-plots and drought stress to main plots) in

order to compare cultivars grain yield under water stressed and well watered conditions. Based on the results of

pollen area ratio, cultivars were divided into two groups. Cultivars, Dez, Kavir, Roshan, Back Cross Roshan

(winter type), Zarrin, Pishtaz, Omid and Alvand were classified as capable for osmoregulation as they had a ratio

of higher than unit, while the others were grouped as incapable since had ratio lower than unit. Results of

ANOVA showed that drought stress and cultivar had significant effects on grain yield and its components as

well as biological yield and harvest index. In general, drought stress significantly reduced the grain yield. On the

other hand, average grain yield of osmoregulation capable group was 1.73 times greater than that of incapable

group. Meanwhile, significant correlation coefficient (r = 0.29**) was found between projected pollen area and

grain yield under drought stress condition, implying that increased grain yield could be attributed to

osmoregulation capability. Wheat cultivars grouped as capable for osmoregulation are suggested to be used in

breeding programs for increasing drought tolerance.

Key words: Osmoregulation, Pollen grain, Water stress, Bread wheat.
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