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The effect of drought stress on growth parameteres, photosynthetic factors,  

content of protein, Na and K in shoot and root in two soybean cultivars 
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 � "�!"Mean ± SE .(C : �1�#)F���=� ��� �1( �:D-3�   �F��0�=� ���� �� ��� AD-5 :  ��� H	0.

F���=� ���� �� 

Table 1. The effect of three irrigation treatments on chlorophylls a and b content 

(mg/g fw) in two soybean cultivars. The values indicate Mean ± SE; C, control 

every day irrigation; 3-D, once in three day irrigation; 5-D, once in five day 

irrigation 

Chlorophyll a/b Chlorophyll b Chlorophyll a Irrigation Cultivar 

2.471 a 5.633 ± 0.05 a 13.92 ± 

0.033 
C 

2.312 c 4.217±  0.063 c 9.75 ± 0.042 3-D 
2.209 c 4.214± 0.056 d 9.311 ± 

0.118 
5-D 

Gorgan 3 

2.167 a 5.268±0.032 a 11.42 ± 

0.114 
C 

2.304 c 3.615 ± 0.186 a 8.332 ± 

0.096 
3-D 

2.307 c 3.618 ± 0.085 d 8.348±  

0.038 
5-D 

Williams 
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Table 2. The effect of three irrigation treatments on growth factors in shoots and roots in two 

soybean cultivars. The values indicate Mean ± SE; C, control every day irrigation;  

3-D, once in three day irrigation; 5-D, once in five day irrigation 

 Williams Gorgan 3 

Parameters C 3-D 5-D C 3-D 5-D 

-Leaf fresh 

weight (g) 

0.213 ± 

0.004 

a 

0.095 

± 
0.001 

d 

0.084 ± 

0.001 

d 

0.1909 ± 

0.007 

a 

0.078 ± 

0.007 

d 

0.057 ± 

0.001 

d 

-Leaf 

drought 

weight (g) 

0.056 

a 

0.032 

b 

0.029 

b 

0.055 ± 

0.001 

a 

0.032 

b 

0.029 

c 

-Leaf 

special area 

(cm²) 

2.43 ± 0.14 

b 

1.58 ± 

0.11 

c 

0.42 ± 

0.09 

d 

2.69 ± 

0.07 

 

a 1.48 

± 0.17 

c 

1.23 ± 

0.09 

d 

-Leaf area  

(cm²) 
30 ± 2.31 

a 

13.88 

± 2.92 

b 

8.61± 

2.51 

b 

33.33 ± 

3 

a 

8.22 ± 

0.02 

b 

8.94 ± 

2.31 

b 

-Stem 

lenght (cm) 
49.4±72.52 

a 

19.28 

± 3.39 

b 

17.72 ± 

1.79 

b 

44.72 ± 

2.9 

a 

18.41 ± 

2.03 

b 

15.9 ± 

1.12 

b 

-Internode 

number 
4.75 ± 0.25 

a 

2.5 ± 

0.28 

b 

2.25 ± 

0.25 

b 

5 ± 0 

a 

2.75± 

0.25 

b 

225 ± 

0.25 

b 

-Stem fresh 

weight (g) 
1.12 ± 0.04 

a 

0.56 ± 

0.06 

bc 

0.48 ± 

0.02 

bc 

1.19 ± 

0.02 

a 

0.063 ± 

0.08 

b 

0.45 ± 

0.05 

c 

-Stem dry 

weight (g) 

0.17 

a 

0.097 

b 

0.095 

b 

0.167 

a 

0.107 

a 

0.09 

b 

-Root 

lenght (cm) 

13.95 ± 

0.97 

a 

10.6 ± 

1.1 

b 

13.68 ± 

1 

b 

15.42 ± 

2.16 

a 

14.31 ± 

1.86 

a 

11.95 

±1.52 

b 

-Root fresh 

weight (g) 
0.18 ± 0.09 

a 

0.398 

± 0.5 

b 

0.477 ± 

0.06 

b 

1.06 ± 

0.16 

a 

0.836 ± 

0.18 

a 

0.418 ± 

0.04 

b 

-Root dry 

weight (g) 

0.057 

b 

0.057 

b 

0.042 

b 

0.0911 

a 

0.085 

b 

0.057 

b 

-Nodule 

fresh 

weight (g) 

2.14 ± 0.02 

a 

0.985 

± 0.01 

b 

0.703 ± 

0.07 

bc 

1.98 ± 

0.03 

a 

0.723 ± 

0.1 

bc 

0.493 ± 

0.03 

c 

-Nodule dry 

weight (g) 

0.563 ± 

0.03 

a 

0.33 ± 

0.09 

b 

00256 

± 0.04 

bc 

0.372 ± 

0.08 

a 

0.242 ± 

0.03 

b 

0.077 ± 

0.01 

c 
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Table 3. The effect of three irrigation treatments on growth factors, content of 

soluble sugars (mg/g dw) total protein (mg/g dw) and and Na
+
 and K

+
 (g /1000 g 

dw) in shoot and root two soybean cultivars. The values indicate Mean ± SE;  

C, control every day irrigation; 3-D, once in three day irrigation; 5-D, once in five 

day irrigation 
 

 Gorgan 3 Williams 

Parameters C 3-D 5-D C 3-D 5-D 

Leaf 
194.1± 0.02  

b 

203.1± 0.3  

b 

297.7 ± 

0.01  

b 

183.9 ± 

0.01 

 b 

213.1 ± 

0.02 

 b 

212.9 ± 0.04 

b 

Stem  
136.8 ± 

0.02 

 b 

141.7 ± 

0.01  

b 

210.1± 

0.01 

 a 

111.1 ± 

0.01 

 c 

136.1± 

0.01 

 b 

144.8 ± 0.02  

b 

Solution 

sugars  

(g /1000 g 

dw)  
Root 162.2 ± 

0.02 

d 

201.4 ± 

0.3 

b 

272.7 ± 

0.03 

a 

111.1 ± 

0.01 

c 

152.5 ± 

0.02 

b 

239.6± 0.02 

b 

Leaf 
334.4 ± 4.7 

 a 

257.7 ± 

3.2 

c 

107.9± 

0.85 

 e 

271.6± 

0.82 

 b 

180.5 ± 

1.5  

d 

114.4 2  

e 

Stem  
122.9 ± 1.1  

a 

121.7 ± 

0.48  

a 

54.3 ± 

0.56  

d 

92.7 ± 

0.41 

 b 

68.9 ± 

0.39  

c 

53.1 ± 0.47 

 d 

Root 
97.9 ± 0.46  

a 

97. 9± 

0.46 

 a 

31.55 ± 

1.3 

 d 

78.6 ± 1.1  

b 

47.42 ± 

0.95 

 c 

30.45 ± 0.5  

d 

Total 

protein 

(g /1000 g 

dw)  

Nodul 147.1± 0.21 

a 

44.58 ± 

0.2 

d 

42.93 ± 

0.22 

e 

85.55 ± 

0.31 

b 

50.22 ± 

0.28 

c 

22.75 ± 0.32 

f 

Shoot  
2.7 ± 0.08  

a 

2.28 ± 

0.07 

 d 

2.27 ± 

0.07 

 bc 

2.37 ± 

0.07  

bc 

2.16 ± 

0.06  

d 

2.06 ± 0.01  

e K+ content  

(g /1000 g 

dw)  
Root  

1.54 ± 0.05  

a 

1.06 ± 

0.03 

 b 

1.18 ± 

0.03 

 b 

1.21 ± 

0.04  

b 

1.04 ± 0.3 

 b 

1.13 ± 0.02 

 b 

Shoot 
0.09± 0.02  

a 

0.117± 0.3 

b 

0.109 ± 

0.05 

 a 

0.113 ± 

0.07 

 a 

0.118 ± 

0.09 

 a 

0.119 ± 0.09  

a Na+ content  

(g/1000 g 

dw) 
Root  

0.555± 0.01  

a 

0.382 ± 

0.09 

 b 

0.382 ± 

0.09 

 ab 

0.458 ± 

0.09  

ab 

0.36 ± 

0.09 

 b 

0.394 ± 0.01 

ab 
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In this research, the response of shoot and root of two cultivars of soybean 

(Glycine max L. cvs Gorgan 3 & Williams) to mild and severe drought was 

evaluated in pot. Two weeks after of planting, three irrigation treatments including 

every day (as control), once in three (as mild stress) and five days (as severe stress) 

were used. The results showed that, stem dry weight, stem and root length, internode 

number and leaf area were not different in mild and severe drought in two cultivars 

significantly but the amount of soluble sugars decreased in leaf. The content of 

chlorophylls a & b decreased in mild and severe stress in two cultivars. To increase 

stress the amount of total protein decreased in root, shoot and nodule and this 

decrease was more in Williams. K
+
 content in shoot and Na

+
 content decreased in 

roots of two cultivars in comparison to control.  

 

Key words: drought, soybean, growth, photosynthesis, ion, protein 

 

* Corresponding author 

 



The effect of drought stress on growth, photosynthetic factors, content of protein…  

 

5

To observe the tables, refer to the Persian text.  

 

Reference 

BREVEDAN, R.E. and EGLI, D.B. 2003. Short periods of water stress during seed 

filling, leaf senescence and yield of soybean. Crop Science 43: 2083-2088. 

BRUISMA, J. 1963. The quantitative analysis of chlorophyll a & b in plant extract. 

Photochem. Photobiol. 12: 241.249. 

CREELMAN, R.A., MASON, H.S., BENSEN, R.S., BOYER, J.S. and MULLET, 

J.E. 1990. Water deficits abscisic acid causes differential inhibition of shoot, 

root growth in soybean seedling. Plant Physiol. 92: 205-214. 

DAVEY, A.G. and SIMPSON, R.J. 1990. Nitrogen fixation by subterrann clover at 

varying stage of nodule dehydration. J. Exp. Botany  41: 1175-1187. 

DAVIES, W.J., MANIFILED, T. and ETHRRINGTON, A.M. 1999. Sensing of soil 

water status and the regulation of plant growth and development. Plant Cell 

& Environment 13: 709-719. 

DEJECON, A. and PLANCHON, C. 1991. Water status effects on denitrogen and 

photosynthesis in soybean. Agron. J. 83: 316-322. 

GALVES, L., ESTHER, M., GONZALES, D. and IGOR, A. 2005. Evidence for 

carbon flux short age and strong carbon/nitrogen interactions in pea nodules 

at early stage of water stress. J. Exp. Bot. 56: 2551- 2561. 

HANSON, A.D. and HITZ, W.D. 1982. Metabolism response of mesophytes to 

plant water deficit. Ann. Rev. Plant Physiol. 33: 163-203.  

HISAO, T. 1973. Plant responses to water stress. Ann. Rev. Plant Physiol. 24:  

519-570. 

HOOGENBOOM, G., HUCK, M.G. and PETERSONC, M. 1987a. Root growth rate 

of soybean as affected by drought stress. Agron. J. 79: 607-614. 

HOOGENBOOM.G. PETERSON, C.M. and HUEK, M.G. 1987b. Shoot growth 

rate of soybean as affected by drought stress. Agron. J. 79: 598-607  

IZZO, F.N., QUARTACCI, M.F. and IZZO, R. 1990. Water stress induced change 

in protein and free amino acid in field-grown maize and sunflower. Plant 

Physiol. Biochem.  28: 531-537. 



M. Niakan and M. Ghorbanli 6

JONES, M.M., OSMOND, C.B. and TURNER, N.C. 1980. Accumulation of solutes 

in leaves of sorghum and sunflower in response to water stress. Aust. J. Plant 

Physiol. 7: 193-205. 

KOCHERT, G. 1978. Carbohydrate determination by the phenol sulfuric acid 

method In: Helebust J.A. & Craig, J.S. (ed.): Hand book of phycologia 

method: 56-97. Cambridge University Press. Cambridge. 

LOWRY, O.H., ROSEBROUGH, N.J. and RAND, R.J. 1951. Protein measurement 

with the folinphenol reagent. J. Biol. Chem. 193: 265-275. 

MARTIN, B. and TORRES, N.A.R. 1992. Effects of water deficits stress on 

photosynthesis, it is components and component limitations and on water use 

efficiency in wheat. Plant Physiol. 100: 733-739. 

MUNNS, R. and KING, R.W. 1988. Abscisic acid in not the only inhibitor in the 

transpiration stream of wheat plant. Plant Physiol. 88: 703-708.  

NAYYAR, H., KAUR, S., KUMAR, S., SING, K.J. and DHIER, K.K. 2005. 

Involvement of polyamines in contrasting sensitivity of chickpea and 

soybean to water deficits stress. Bot. Bull. Acad. Sci. 46: 333-338. 

PREMACHANDRE, G.S., SANEOKA, H. and FUJITA, K. 1991. Osmotic 

adjustment and stomata response to water deficits in maize. J. Exp. Botany 

43: 1451-1456. 

RASOLVE, B. 1993. Regulation of photosynthetic CO2 exchange in leaves during 

development of water deficits in the radicle zone of cotton. Russian Plant 

Physiol. 40: 588-594. 

SWEEN, D.W., LONG, J.H. and KIRKHAM, M.B. 2003. A signal irrigation to 

improve early maturing soybean yeild and quality. Soil Sci. Soc. Am. J. l67: 

235-240 

SYNERRI, C.L.M., PIZINO, C. and NAVARIIZZO, F. 1993. Chemical changes 

and O2 production in thylakoid membrane under water stress. Plant Physiol. 

87: 211- 216.  

XIA, M.Z. 1994. Effects of soil drought during the generative development phase of 

faba bean (Vicia faba) on photosynthetic characters and biomass production. 

J. Agr. Sci. 122: 67-72. 



The effect of drought stress on growth, photosynthetic factors, content of protein…  

 

7

YAMADA, Y. and FUKUTOKU, Y. 1986. Effect of water stress on soybean stress. 

Soybean in tropical and sub tropical cropping system. The Asian Vegetable 

Research & Development Center, Shanbue, Taiwan, China. Chapter 48:  

373-382. 

YASSEN, B.T and ALOMARY, S.S. 1993. An analysis of the effect of water stress 

on leaf growth and yield three barley cultivar. Irrig. Sci. 14: 157-162. 

YIN, X. and VYN, T.Y. 2002. Soybean responses to potassium placement and 

tillage alternatives following no-till. Agronomy Journal 94: 1367-1374.  

ZHOIKEVICH, V.N. and PUSTOVOITOVA, T.N. 1993. Growth of leaves of 

Cucumis sativus L. and content of phytohormones in them during soil 

drought. Russian Plant Physiol. 40: 595-599. 

 

Addresses of the authors: M. NIAKAN and Dr. M. GHORBANLI, Department of 

Biology, Islamic Azad University, Gorgan Branch, Gorgan, Iran. 

 

 


