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Leaf gas exchange and water relations of two sunflower cultivars under drought

Z. Zlatev*

Department of Plant Physiology and Biochemistry, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv,  Bulgaria

Abstract. Laboratory experiments were conducted to study the effect of soil drought on leaf gas exchange and water relations of young sunflower plants 
(Helianthus annuus L.) – cv. Favorit and cv. Albena. Similar changes were established in the parameters tested. Significant inhibition of net photosynthetic rate, 
transpiration intensity and stomatal conductance were observed. Cultivar's differences were also established, particularly marked in terms of transpiration 
intensity and stomatal conductance, which were more strongly inhibited in plants of cv. Favorit. Among the water exchange parameters, it was the leaf water 
potential (Ψ) that changed most in both cultivars, becoming more than two times lower.  
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period on first leaf, which was fully matured. Introduction

Leaf gas exchange parametersUnder both natural and agricultural conditions plants are often 
The leaf gas exchange parameters – net photosynthetic rate exposed to various environmental stresses. Drought is one of most 

(P ), transpiration rate (E) and stomatal conductance (g ) were N simportant environmental factors inhibiting photosynthesis and 
determined with a portable photosynthetic system LCA-4 (Analytical decreasing growth and productivity of plants. It is one of the major 
Development Company Ltd., Hoddesdon, England). Measurements causes of crop loss worldwide, reducing average yields for most 

-2 -1were made under a light intensity of 800 μmol m  s  PAR, at a major crop plants by more than 50% (Bray et al., 2000; Wang et al., 
temperature of 25±2ºC, an external CO  concentration of 350 μmol 22003). Under these stress conditions usually a water deficit in plant 

-1mol .tissues develops. In the last years effects of water deficit were 
studied on different levels from ecophysiology to cell metabolism 

Peroxidase activity(Shinozaki and Yamaguchi-Shinogzaki, 1997; Chaves et al., 2003). 
Peroxidase activity was determined according to Herzog and Drought is a multidimensional stress affecting plants at various 

Fahimi (1973).levels of their organization (Yordanov et al., 2000; Zlatev and 
Yordanov, 2004). The dehydration process during drought is 

Water relationscharacterized by fundamental changes in water relations, 
Leaf water potential (Ψ ) was determined in five leaves from wbiochemical and physiological processes, membrane structure, and 

different plants with pressure chamber EL 540-305 (ELE-ultrastructure of subcellular organelles (Tuba et al., 1996; Sarafis, 
International, Hemel Hempstead, England) using pressure chamber 1998; Yordanov et al., 2000). The response to drought at the whole 
technique (Scholander et al., 1965). Relative water content (RWC) plant and crop levels is complex because it reflects the integration of 
was determined according to Morgan (1984).stress effects and responses at all underlying levels of organization 

over space and time (Blum, 1996). Drought is one of the most 
Statistical analysis important constrains for crop production but improvement of drought 
Values are the mean ± SE from three consecutive experiments, tolerance is very difficult because of the set of mechanisms involved. 

each including at least five replications of each variant. The Among them, however, osmotic adjustment could play a primary role 
Student's t-test was used to evaluate the differences between (Turner, 1986; Ludlow and Muchow, 1990). 
control and stressed plants. The aim of this study was to determine the effects of drought 

stress on leaf gas exchange and water relations of two sunflower 
(Helianthus annuus L.) cultivars – cv. Favorit and cv. Albena. 

Results and discussion

Under drought conditions leaf gas exchange parameters Material and methods
decrease significantly in the first leaf of studied cultivars (Table 1). P  N

is inhibited in 36% in cv. Favorit and in 18% in cv. Albena. E and gs Plant material and growth conditions 
are significantly inhibited in cv. Favorit and only showed a tendency For this study two cultivars of sunflower (Helianthus annuus L.) 
of inhibition in cv. Albena. As a result of these changes water use were used: cv. Favorit and cv. Albena. Plants were grown as soil 
efficiency is lowered in cv. Favorit and in cv. Albena it is unchanged.culture in the plastic pots as described previously (Zlatev and 

Stomatal closure is a well known plant response to drought, Yordanov, 2004). The measurements were made at the end of stress 
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Table 1. Effect of soil drought on leaf gas exchange parameters in sunflower leaves. P  – net photosynthetic rate  [μmol N
-2 -1 -2 -1 -2 -1(CO ) m  s ]; E – transpiration rate [mmol m  s ]; g  – stomatal conductance  [mol m  s ]; P  /E – water use efficiency  2 s N

Cultivars

Favorit

Albena

Variants
Parameters

control
drought

control
drought

PN

19.83 ± 0.22
12.69 ± 0.32** 

21.81 ± 0.30
19.88 ± 0.36*

E

3.67 0.15
2.26 ± 0.12**

4.22 ± 0.10
3.86 ± 0.10

 ± 

gs

0.18 0.01
0.14 ± 0.02*

0.20 ± 0.04
0.18 ± 0.02

 ± 

P  /EN

5.40
5.61

5.17
5.15

* P < 0.05; ** P < 0.01 

Cultivars

Favorit

Albena

Variants Parameters

control
drought

control
drought

Table 2. Effect of soil drought on some physiological parameters in sunflower leaves. Ψ - leaf water potential [Mpa];
-1POD – peroxidase activity [U g  d. m.]; RWC – relative water content [%] 

  * P < 0.05; ** P < 0.01  

POD

625 12
900 ± 18** 

720 ± 15
939 ± 14* 

 ± 

Ψ

-1.02 0.03
-2.12 ± 0.02**

-1.12 ± 0.01
-2.26 ± 0.02**

 ± 

RWC

84 1.5
59 ± 0.9** 

86 ± 1.4
69 ± 0.9* 

 ± 
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which limits water lost thereby limiting photosynthesis as well genotypes – cv. Favorit and cv. Albena, under drought conditions are 
(Yordanov et al., 2000: Chaves et al., 2003). Under experimental similar. The net photosynthetic rate, transpiration rate and stomatal 
conditions transpiration intensity is more inhibited in cv. Favorit . As conductance are significantly inhibited, largely in cv. Favorit and this 
Cona et al. (1995) note, plants differ in the role of stomatal apparatus leads to greater water use efficiency. 
to maintain the photosynthesis. In some plants stomatal control Among the water relation parameters, leaf water potential is 
plays a leading role in limiting photosynthesis and these plants have largely reduced in plants of studied cultivars – more than twice. 
increased water use efficiency. In other plants, maintaining relatively 
open their stomata, because it can compensate for water losses, 
P /E may remain unchanged or slightly decreased. Our results N References
concern plants of cv. Favorit to the first group and plants of cv. Albena 
– to the second one.
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