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Nutrition and Physiology

Drought–induced changes in photosynthesis of young cowpea plants

1 2K. Uzunova , Z. Zlatev *

1Department of Plant Genetics and Breeding, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria 
2Department 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 photosynthesis of young cowpea plants (Vigna unguiculata L.) – cv. 
Lagoa and cv. 1183. Drought conditions were imposed on 2-week-old plants by withholding water for 10 days. It was established that drought seriously inhibits 
net photosynthetic rate (A) and transpiration rate (E). Minimal (F ) fluorescence increases and maximal (F ) and variable (F ) fluorescence decrease. In light 0 m v

adapted leaves a significant decrease in quantum yield (Y), photochemical quenching (qP) and electron transport rate (ETR) of PSII occurred. In conclusion, it 
is considered that the photosynthetic apparatus of cv. Lagoa is more tolerant and of cv. 1183 more sensitive to drought.

Keywords: cowpea, drought stress, chlorophyll fluorescence, leaf gas exchange

Keywords: A – net photosynthetic rate, E – transpiration rate, gs – stomatal conductance, F – minimal fluorescence,  F  – maximal fluorescence, qP – 0 m

photochemical quenching, ETR – electron transport rate

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 5, No 1, pp 32 - 34, 2013

The aim of this study was to analyze the effect of drought on Introduction
photosynthesis in two cowpea (Vigna unguiculata L.) cultivars – cv. 
Lagoa and cv. 1183. Under both natural and agricultural conditions plants are often 

exposed to various environmental stresses. Drought is a 
multidimensional stress affecting plants at various levels of their 

Material and methodsorganization (Yordanov et al., 2000; Zlatev and Yordanov, 2004). It is 
one of the major causes of crop loss worldwide, reducing average 
yields for most major crop plants by more than 50% (Bray et al., For this study two cultivars of cowpea (Vigna unguiculata L.) 
2000; Wang et al., 2003). were used: cv. Lagoa and cv. 1183. Plants were grown as soil culture 

The dehydration process during drought is characterized by in the plastic pots as described previously (Zlatev and Yordanov, 
fundamental changes in water relations, biochemical and 2004). The measurements were made at the end of the stress period 
physiological processes, membrane structure, and ultrastructure of on the first trifoliate leaf, which was fully matured. 
subcellular organelles (Sarafis, 1998; Yordanov et al., 2000). Leaf gas exchange parameters – net photosynthetic rate (A), 
Drought frequently causes rapid closure of stomata, thus reducing transpiration rate (E), and stomatal conductance (gs) were 
water loss through transpiration. This results in decrease of internal determined with a portable photosynthetic system LCA-4 (Analytical 
CO  concentration, therefore leading to a decline in leaf Development Company Ltd., Hoddesdon, England). Measurements 2

-2 -1were made under light intensity of 750 μmol m  s  PAR, at a photosynthesis (Campos, 1998). Concomitantly inhibition or 
temperature of 25 ± 2 ºC, external CO  concentration of 360 μmol damage in the photosynthetic machinery may occur (Lawlor, 2002). 2

1Under prolonged water stress photosynthesis may decrease as a mol .
consequence of limitations at the level of the chloroplast Chlorophyll fluorescence parameters were measured using a 
photochemistry or biochemistry, namely in photosystems, electron pulse amplitude modulation chlorophyll fluorometer MINI-PAM 
transfer reactions, photophosphorylation and several enzymes of (Walz, Effeltrich, Germany). Minimal fluorescence (F ), was 0

carbon fixation pathway. The response to drought at the whole plant measured in 60 min dark-adapted leaves using weak modulated 
-2 -1and crop levels is complex because it reflects the integration of light of < 0.15 mol m  s  and maximal fluorescence (F ), was m

-2 -1stress effects and responses at all underlying levels of organization measured after 0.8 s saturating white light pulse (>5500 mol m  s ) in 
over space and time (Blum, 1996; Yordanov et al., 2003). Drought is the same leaves. In light adapted leaves steady state fluorescence 
one of the most important constrains for crop production but yield (F), maximal fluorescence (F ) after 0.8 s saturating white light m
improvement of drought tolerance is very difficult because of the set -2 -1pulse (> 5500 mol m  s ) and minimal fluorescence (F ) measured 0of mechanisms involved. The genus Vigna includes many species 

when actinic light was turned off, were determined. Photochemical 
and varieties that present a large possibility to arid and semi-arid 

(qP) quenching parameter was calculated according to Schreiber et 
conditions, therefore constituting an appropriate genetic pool to 

al. (1986). The efficiency of electron transport as a measure of the 
study of mechanisms underlying plant response to drought.  

total photochemical efficiency of PSII (Y) and the rate of electron 
* e-mail: zl_zlatev@abv.bg
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Table 1. Effect of soil drought on leaf gas exchange parameters in young cowpea plants. A – net photosynthetic rate [μmol
m-2 s-1]; E – transpiration rate [mmol m-2 s-1]; gs – stomatal conductance [mol m-2 s-1].

Parameters Factor

0.686

0.000

0.000

0,000

0.060

0.001

0.000

0.000

0.182

0.000

0.000

0.000

-0.41

5.37

10.17

20.76

2.025

3.75

12.10

12.25

1.38

6.82

14.48

18.63

-0.24 (16.81 ; 17.05 ) controlLagoa №1183

2.51 (10.06 ; 7.55 ) droughtLagoa №1183

6.75 (16.81 ; 10.06 ) Lagoacontrol drought

9.5 (17.05 ; 7.55 ) №1183control drought

0.14 (2.40 ; 2.26 ) controlLagoa №1183

0.4 (1.46 ; 1.06 ) droughtLagoa №1183

0.94 (2.40 ; 1.46 ) Lagoacontrol drought

1.19 (2.26 ; 1.07 ) №1183control drought

0.012 (0.132 ; 0.120 ) controlLagoa №1183

0.027 (0.080 ; 0.053 ) droughtLagoa №1183

0.052 (0.132 ; 0.080 ) Lagoacontrol drought

0.067 (0.120 ; 0.053 ) №1183control drought

n.s

+ + +

+ + +

+ + +

n.s

+ + +

+ + +

+ + +

n.s

+ + +

+ + +

+ + +

cultivar

treatment

cultivar

treatment

cultivar

treatment

А

E

gs

Mean differences between variants tеmp. Sign.

Table 2. Parameters of chlorophyll fluorescence in leaves of control and drought stressed cowpea plants

Parameters Factor

0.106

0.000

0.000

0.000

0.026

0.132

0.000

0.004

0.003

0.000

0.000

0.000

0.025

0.000

0.000

0.000

0.810

0.001

0.000

0.000

1.82

11.80

18.64

29.14

2.72

1.67

7.76

5.17

4.08

18.01

10.62

14.19

2.74

10.58

10.35

16.77

0.24

4.94

6.74

10.47

-10 (429 ; 439 ) control Lagoa №1183

- 79.4 (541.6 ; 621 ) droughtLagoa №1183

-112.6 (429 ; 541.6 ) Lagoacontrol drought

- 182 (439 ; 621.6 ) №1183control drought

1208 (1215.8 ;1105 ) controlLagoa №1183

34.4 (959.6 ; 925.2 ) droughtLagoa №1183

266.2 (1225.8 ; 959.6 ) Lagoacontrol drought

179.8 (1105 ; 925.2 ) №1183control drought

0.07 (0.61 ; 0.54 ) controlLagoa №1183

0.12 (0.43 ; 0.31 ) droughtLagoa №1183

0.18 (0.61 ; 0.43 ) Lagoacontrol drought

0.24 (0.55 ; 0.31 ) №1183control drought

16.18(133.44 ;117.26 ) controlLagoa №1183

40.66 (80.26 ; 39.6 ) droughtLagoa №1183

53.18 (133.44 ; 80.26 ) Lagoacontrol drought

78.02 (117.62 ; 39.6 ) №1183control drought

0.012(1.05 ;1.038 ) controlLagoa №1183

0.16 (0.77 ; 0.61 ) droughtLagoa №1183

0.28 (1.05 ; 0.77 ) Lagoacontrol drought

0.43 (1.04 ; 0.61 ) №1183control drought

n.s

- - - 

- - -

- - -

+ +

n.s

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+

+ + +

+ + +

+ + +

n.s

+ + +

+ + +

+ + +

cultivar

treatment

cultivar

treatment

cultivar

treatment

cultivar

treatment

cultivar

treatment

F0

Fm

Yield

ETR

qP

Mean differences between variants tеmp. Sign.
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transport (ETR) were calculated according to Genty et al. (1989). leaf gas exchange rate in the plants of both cultivars was significantly 
All data were processed with statistical software SPSS 19.0. reduced. In cv. 1183, A and gs were reduced to a greater extent than 

Statistical significances were determined at P<0.05. E, while in cv. Lagoa, leaf gas exchange parameters were 
suppressed in the same extent. Stomatal closure is a well-known 
plant response to water stress, restricting water losses. Here, the 
photosynthetic rate is undoubtedly reduced. By the end of the Results and discussion 
drought period, the plants of cv. 1183 restricted their transpiration to 
a greater extent than did the plants of cv. Lagoa. The results in Table 1 show that after 10-day drought period, the 

Plants differ in the stomatal role in maintaining the functional 
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activity of the photosynthetic apparatus during periods of drought and qP were significantly less affected in cv. Lagoa than in the other 
(Chaves, 1991; 2003). In certain plants, the stomatal control is of cultivar. Cv. Lagoa showed a higher drought tolerance in what 
dominant importance and these plants are characterized by concerns photosynthetic activity and cv. 1183 can be considered as 
increased water use efficiency. In others, that keep their stomata drought sensitive. 
relatively open, due to either being able to compensate for water 
losses or to a loss of stomatal control, the water use efficiency could 
remain unchanged or insignificantly reduced. Our studies related the References
young bean plants of cv. 1183 to the first group, and those of cv. 
Lagoa - to the second. Björkman O and Powles SB, 1984. Inhibition of photosynthetic 

Drought stress induces an increase of F  accompanied by a 0 reactions under water stress: interaction with light level. Planta, 161, 
decrease of F  in the first trifoliate leaf of the studied cultivars, cv. 490-504. m

Lagoa being less affected (Table 2). An increase in F  is Blum A, 1996. Crop responses to drought and the interpretation of 0

characteristic of PSII inactivation, whereas a decline in F  may adaptation. Plant Growth Regulation, 20, 135-148. m

Bray EA, Bailey-Serres J and Weretilnyk E, 2000. Responses to indicate the increase in a non-photochemical quenching process at 
abiotic stresses. In: Biochemistry and Molecular Biology of Plants. or close to the reaction center. Cv. 1183 presented a decrease by 
Gruissem W, Buchnnan B, and Jones R, (eds.). American Society of 41% in the proportion of energy driven to the photosynthetic pathway 
Plant Physiologists, Rockville, MD, 1158-1249.(qP) in the first trifoliate leaf, while in cv. Lagoa qP decreased by 
Campos PS, 1998. Effects of water stress on photosynthetic 27%. Accordingly, in cv. 1183 Y decreased strongly by 44%, while in 
performance and membrane integrity in Vigna spp. The role of cv. Lagoa Y was less affected (Table 2). Concerning electron 
membrane lipids in drought tolerance. Thesis for PhD, Universidade transport rate (ETR) the plants from studied cultivars were 
Nova de Lisboa, Lisboa, 114 pp. significantly affected and presented reduction by 66% (cv. 1183) and 
Chaves M, 1991. Effects of water deficits on carbon assimilation. 40% (cv. Lagoa).
Journal of Experimental Botany, 42, 1-16.In the present work the increase of F  and decrease of F  under 0 m

Chaves MM, Maroco JP and Pereira JS, 2003. Understanding drought stress (Table 2) occurred concomitantly to a decrease in 
plant responses to drought – from genes to the whole plant. Yield in the studied cultivars. That seems to indicate, to some extent, 
Functional Plant Biology, 30, 239-264.the occurrence of chronic photoinhibition due to photoinactivation of 
Genty B, Briantais JM and Baker NR, 1989. The relationship PSII centers, possibly attributable to D1 protein damage (Campos, 
between the quantum yield of photosynthetic electron transport and 1998). Photoinhibitory impact over PSII might occur in cowpea 
quenching of chlorophyll fluorescence. Biochimica et Biophysica droughted leaves since a given light intensity (even at low PPFD) is 
Acta, 990, 87-92. potentially in greater excess under stress conditions, which usually 
Lawlor DW, 2002. Limitation of photosynthesis in water-stressed limits photosynthetic activity. Indeed, during illumination of Zea 
leaves. Stomatal metabolism and the role of ATP. Annales Botanici mays wilted leaves, a strong inhibition of PSII efficiency was 
Fennici, 89, 871-885. observed even under moderate PPFD (Saccardy et al., 1998). Low 
Saccardy K, Pineau B, Roche O and Cornic G, 1998. relative leaf water content clearly predisposes the leaves to 
Photochemical efficiency of photosystem II and xanthophylls cycle photoinhibitory damage, and the inhibition of photosynthetic activity 
components in Zea mays leaves exposed to water stress and high could in fact reflect an inactivation of PSII activity and the 
light. Photosynthesis Research, 56, 57-66. concomitant uncoupling of non-cyclic photophosphorylation, as 
Sarafis V, 1998. Chloroplasts: a structural approach. Journal of shown in Nerium oleander (Björkman and Powles, 1984). Yield 
Plant Physiology, 152, 248-264. reflects the actual efficiency of excitation energy capture by “open” 
Schreiber U, Schliwa U and Bilger W, 1986. Continuous recording PSII reaction centers. A decrease in this parameter indicates down 
of photochemical and non-photochemical chlorophyll fluorescence regulation of photosynthesis or photoinhibition (Zlatev, 2012). First 
with a new type of modulation fluorometer. Photosynthesis trifoliate leaf showed a significant decrease in this parameter (Table 
Research, 10, 51-62. 2). This is the result of a large proportion of absorbed light energy not 
Wang W, Vinocur B and Altman A, 2003. Plant responses to being used by the plants in the photosynthesis process, as shown by 
drought, salinity and extreme temperatures: towards genetic the decrease in qP.
engineering for stress tolerance. Planta, 218, 1-14. 
Yordanov I, Velikova V and Tsonev T, 2000. Plant responses to 
drought, acclimation and stress tolerance. Photosynthetica, 38, 171-Conclusion
186. 
Yordanov I, Velikova V and Tsonev T, 2003. Plant responses to This study supports the contention that photodamage to PSII 
drought and stress tolerance. Bulgarian Journal of Plant Physiology, reaction centres is not a primary factor in the depression of CO  2
Special issue, 187-206. assimilation of the cowpea leaves induced by water stress. 
Zlatev Z, 2012. Leaf gas exchange and water relations of two However, photoinhibitory damage to PSII may be a secondary effect 
sunflower cultivars under drought. Agricultural Science and of drought. Changes in leaf gas exchange parameters of two 
Technology, 4, 1, 24-26.  cowpea cultivars– cv. Lagoa and cv. 1183, under drought conditions 
Zlatev Z and Yordanov I, 2004. Effects of soil drought on are similar. The net photosynthetic rate, transpiration rate and 
photosynthesis and chlorophyll fluorescence in common bean stomatal conductance are significantly inhibited, largely in cv. 1183. 
plants. Bulgarian Journal of Plant Physiology, 30, 3-4, 3-18.PSII activity in cv. Lagoa was more efficiently protected than in the 

cv. 1183, as indicated by fluorescence measurements. Yield, ETR 
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