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ABSTRACT 
 
 A pot experiment was conducted in a greenhouse, National Research Center (NRC), Dokki, Cairo, Egypt. 
The aim of the investigation was to study the effect of water depletion stress on some Egyptian clover varieties. 
The treatments were as follows: Varieties: Giza 6 and Giza 10 and Sakha 3 "Helalli"; Irrigation after depletions 
of 40 % (D1), 60% (D2) and 80 % (D3), of available soil moisture (ASM). Such two factors were arranged in a 
split plot design with six replicates. Giza 6 variety significantly yielded better than Giza 10 and Hellali varieties, 
but the yield of the latest two varieties did not significantly differ to each other.  Plant height, stem and total 
fresh weight and their dry weight were similarly responded. There was no significant difference in yield 
between any two varieties in fresh weight of leaves or number of green leaves/plant.  Data declared gradual 
decrease in the products of studied traits as depletion rate increased. Comparing plant under stress, Chl.a, Chl.b. 
total chlorophyll, total carotenoids and the ratio of Chl.a: Chl.b were markedly increased as drought increased. 
Such excess showed more D2 than D1. However, for the case of the ratio of Chl.a + Chl.b: carotenoids, opposite 
was quite sure.  It was concluded that photosynthetic apparatus was not affected by water stress. 
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Introduction 
 
 Clover is a winter annual forage legume, adaptive to a wide range of climate in the world. It is of great 
value for livestock feed (Jiang, et al. 2010), soil improvement and reclamation, because of its nitrogen fixing 
capability (Seker, et al. 2003). However, clover is less drought tolerant than some perennial forage legumes (e.g. 
alfalfa, Medicago sativa L., owing to its shallow root system and inability to effective control transpiration 
(Annicchiarico and Piano, 2004).  
 Egyptian clover (Trifolium alexandrinum L.), also known as berseem, is one of the best annual crops for 
winter forage production (Graves, et al. 1996). It vigorously grows producing high dry matter yields on medium 
loam soils with slight alkaline. With supplemental irrigation, berseem has the ability to grow well in certain soils 
and conditions.  
 Drought is undoubtedly one of the most important environmental stresses limiting the productivity of crop 
plants around the world (Bohnert, et al. 1995).  Iannucci and Martiniello (1998) mentioned that drought stress, 
in some clover species of Trifolium genus inculuding; alexandrinum, incarnatum, resupinatum, squarrosum L, 
negatively influenced the dry matter proportion partitioned to reproductive growth and strongly reduced seed 
yield (about 50% on average) and seed yield components in all species. Negative associations between the 
principal yield components were found in all species except berseem, suggesting the existence of compensatory 
relationships. In order  to select varieties adapted to cultivate in the dry land areas, several researches dealing 
with tolerance to drought genotypes were conducted by: some authors, of them Iannucci and Martiniello (1998); 
Gulias, et al. (2000) and Elsheery and  Cao (2008).  
 Therefore, this work was designed to evaluate the response of growth and photosynthetic pigments in some 
Egyptian clover varieties to drought stress.  
 
Materials and Methods 
 
 A pot experiment was conducted in a greenhouse, National Research Center (NRC), Dokki, Cairo, Egypt, to 
study the effect of water depletion stress on some Egyptian clover varieties. Pots were plastic made 40 cm in 
diameter, full of soil. The studied factors: Varieties: Giza 6 and Giza 10 and "Sakha 3" Helalli.  
 Irrigation: Irrigation after 40% (D1), 60% (D2) and 80% (D3) of available soil moisture depletion (SMD). 
The experimental design was split plot in 6 replicates.  
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  Seeds of Egyptian clover varieties were sown in the 1st of Dec., 2010. Where varieties were distributed at 
main plots, while the SMD treatments occupied the sub ones. Seeds were inoculated by the suitable rhizobium. 
Calcium superphosphate (15.5% P2O5) and Potassium sulfate (48.0 % K2O) were added before sowing in the 
rate 150 and 50 kg/fed., respectively.  
 Soil samples were subjected to physical and chemical analyses, according to Black et al (1981) and Jackson 
(1973), respectively. Concerning data are summarized in Tables (1-A) and (1-B). 
 
Table (1-A): Physical analysis of soil used. * 

Sand Silt % Clay % Soil texture 
Course % Fine % 30.22 48.33 clay 

7.20 14.25 
* According to Black et al (1981). 
 
Table (1-B): Chemical analysis of soil used. *  

pH 
1:2.5 

EC 
CaCO3 % 

CEC 
OM
% 

Soluble cations  and anions  meq/100 g soil 
dSm -1 C mole 

Na+ K+ Ca2+ Mg2+ CO-3 HCO-3 Cl-1 SO-2 
1:5 Kg-1 

7.15 1.3 2.53 33.5 1.30 1.82 0.23 2.38 1.27 0.00 0.91 1.90 1.89 
Available macro-nutrients % Available micro-nutrients ppm 

N P K Zn Fe Mn Cu 
0.47 0.25 0.95 3.10 4.80 7.30 5.20 

* According to Jackson (1973). 

 
Chlorophylls and carotenoids concentration were determined according to Von Wettstein (1957).                            
Data were subjected to the proper statistical analyses according to Snedecor and Cochran (1980). 
 
Studied variables: 
 
A: traits of growth:  
 
1- Plant height (cm) 2- Number of leaves/plant 3- Stem fresh weight (gm) 4- Leaves fresh weight (gm) 5- Total 
fresh weight (gm) 6- Stem dry weight (gm) 7- Leaves dry weight (gm) 8- Total dry weight (gm) 
 
B: pigments: 
 
1-Chl. a 2-Chl. b 3-Carotenoids 4-Chl.a+Chl.b 5-Chl.a:Chl.b 6-Chl.a + Chl.b: carotenoids 
 
Results and Discussion 
 
A- Growth: 
 
1- Varietals effect:  
 
 Table (2) gives the obtained date of the effect of studied treatments on considered traits. The differences 
were significant in all respects except No. of leaves/plant and leaves fresh weight. Giza 6 cv was superior to the 
two other varieties regarding all aspects except No. of leaves/plant, where  the yield of the later two varieties did 
not significantly differ to each other.  Weight of fresh and dry of stem as well as total (stem and leaves) were 
similarly responded. It is also evident from Table (2) that there was no significant difference in yield between 
any two   varieties regarding number of leaves. Similar differences in clover were detected by many authors of 
them; Rumbaugh, et al. (1993); Bevins, et al. 1993; den Hollander, et al. 2007 and Mauro, et al.  (2011). Al-
Suhaiban and Al-Doss (1996) found in a comparative study in Riyadh, in Saudi Arabia Kingdom on Giza-1, 
Giza-5, Giza-6, Giza-15, Sakha-4 and Sakha-86 (Egyptian clover varieties) that such cultivars significantly 
varied in yield and yield attributes except for dry weight. The cultivar Giza-15 had the highest total forage yield 
(15.88 t/ha). The Giza varieties appeared to be more productive than the Sakha ones. In special Giza-15 had 
significantly higher forage yield than the Sakha varieties.  Puzio, et al. (2002) demonstrated that there were 
significant differences in clover growth between cv. Huia and the other tested cultivars.  
 
2- Irrigation effect:                                       
 
 Negative relationship was observed between depletion rate after soil moisture depletion and plant height as 
well as number of leaves of clover plants.  This was true for stem, leaves and total of stem + leaves fresh as well 
as dry weight. The highest increase was shown on leaves fresh weight and plant height but the lowest effect was 
shown on total fresh weight and leaves as well as total dry weight. 
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 Reynolds-Henne, et al. (2010) showed that drought affected growth of clover by its effect on water balance 
and stomatal aperture. Iannucci and Martiniello (1998) revealed that drought stress, in all species, negatively 
influenced the dry weight proportion partitioned to reproductive growth and strongly reduced seed yield (about 
50% on average) and seed yield components in all species including berseem. Moenne-Loccoz and Weaver 
(1996) showed that drought affected clover growth through its effect on rhizobium bacteria. Cristina, et al. 
(2010) stated that drought affected growth of clover by its effect on water balance and stomatal aperture. .While, 
Iannucci, et al. (2002) reported that the adverse effect of drought may be attributed to the water adjustment and 
solutes accumulation in clover plants.  
 
Table 2: Effect of irrigation after SMD on growth of the three Egyptian clover varieties, as measured on studied traits. 

Varieties SMD % 
Plant No of 

leaves 
/plant 

Fresh weight (gm) Dry weight (gm) 
height 
(cm) 

Stem Leaves Total Stem Leaves Total 

Giza 10 
40 31.7 10 40.96 20.32 61.28 5.94 6.71 12.65 
60 14.5 3.8 21.16 17.56 38.72 2.88 3.56 6.44 
80 14.7 3.4 15.99 10.87 26.86 3.37 2.66 6.03 

Mean 20.3 5.73 26.04 16.25 42.29 4.06 4.31 8.37 

Giza 6 
40 32.3 6.2 43.11 32.97 76.08 10.57 9.17 19.74 
60 25 6.2 46.91 22.14 69.05 10.88 9.86 20.74 
80 17 3.6 32.96 13.72 46.68 5.38 6.8 12.18 

Mean 24.77 5.33 40.99 22.94 63.94 8.94 8.61 17.55 

Hellali 
40 27.3 5.8 37 17.67 54.67 6.61 6.05 12.66 
60 21.3 5.6 18.81 13.29 32.1 3.7 3.66 7.36 
80 12.3 3.7 20.86 8.5 29.36 4.9 3.52 8.42 

Mean 20.3 5.03 25.56 13.15 38.71 5.07 4.41 9.48 

Mean values 
of SMD 

40 30.43 7.33 40.36 23.65 64.01 7.71 7.31 15.02 
60 20.27 5.2 28.96 17.66 46.62 5.82 5.69 11.51 
80 14.67 3.57 23.27 11.03 34.3 4.55 4.33 8.88 

LSD at  
<  0.05 

Var. 4.21 N.S 10.68 N.S 16.37 1.48 1.42 2.82 
SMD 4.26 1.24 8.5 4.78 14.05 2.74 N.S 4.34 

Var.×SMD N.S N.S 15.42 8.28 25.08 N.S N.S 5.33 

 
3- Variety x irrigation effect: 
 
 The interaction effect of varieties × irrigation after depletion of available soil moisture on growth is given in 
Table (2). It is clearly shown that traits of plant height, number of leaves/plant, stem dry weight and leaves dry 
weight did not significantly vary among the nine treatment combinations. This mean that, with respect to the 
previous traits, each of the two factors (varieties and irrigation) failed to act with other. On the opposite, the 
interaction was successful when considering the remainder traits. This means that total dry weight could be 
affected by the interaction herein. Several investigations had been done on the effect of interaction of varieties 
and drought on legumes crops (Carter and Rufty 1993, de Ronde et al 2004 and Seversike 2011). 
 
B –pigments: 
 
1-Varietals effect: 
 
 Data in Table (3) pointed out that Giza 10 variety was superior as respect to photosynthetic pigments 
concentration, viz. Cla.a, Chl.b and total carotenoids over the other two varieties under study. However, the 
concentration of these pigments in Giza 6 was more that in leaves of Hellali variety. The total chlorophyll and 
the ratio of Chl.a: Chl.b approximately showed the same trends. However, Giza 6 was better in Chl.a + Chl.b: 
total carotenoids concentrations ratio. The variation in the different pigments concentration was also detected 
by: Bevins, et al. 1993; Degl’Innocenti, et al. (2003) and Symon (2003).   
 
2- Irrigation effect: 
 
 Chl.a, Chl.b. total chlorophyll, total carotenoids and the ratio of Chl.a: Chl.b markedly increased with 
subjection to drought. Subjection to drought at D2 increase exceeded that induced by D1. However, for the case 
of the ratio of Chl.a + Chl.b: carotenoids, the increase with D1 was more that caused by D2 (Table 3). 
Mafakheri, et al. (2010) concluded that drought stress imposed during vegetative growth or anthesis 
significantly decreased chlorophyll a, chlorophyll b and total chlorophyll content. Nevertheless, in general, 
chlorophyll a and b, and Chl.a/Chl.b ratios in both species were not affected due to drought stress. Lack of effect 
of drought stress on the plant pigments is in contrast to what has been observed earlier in most crop species in 
which considerable reduction in chlorophyll contents due to water deficit was reported, (Garag, et al. 1998). 
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Such contracting results for chlorophyll contents could have been due to the mild moisture stress to which the 
plants were exposed (Ashraf and Iram, 2005).  
 
3-Varietals x irrigation effect: 
 
 Plant height, leaves and total fresh weight and leaves dry weight were in continuous decrease with the 
increase in percentage of SMD before irrigation in all studied varieties. Generally, the lowest values of all 
studied growth characters were obtained when plants received irrigation as depletion of available water 
increased to be 80% in all varieties. 
 
Table 3: Effect of irrigation after SMD on growth of the three Egyptian clover varieties, as measured on studied traits.     

Varieties SMD % Chl. a Chl. b Carotenoids Chl.a+Chl.b Chl.a:Chl.b 
Chl.a+Chl.b:car

otenoids 

Giza 10 
40 0.545 0.22 1.113 0.766 2.469 0.688 
60 0.416 0.202 0.82 0.62 2.031 0.757 
80 0.62 0.266 1.117 0.886 2.332 0.793 

Mean 0.527 0.229 1.017 0.757 2.277 0.746 

Giza 6 
40 0.381 0.199 0.65 0.581 1.912 0.894 
60 0.533 0.285 0.783 0.818 1.871 1.045 
80 0.497 0.215 0.672 0.713 2.31 1.061 

Mean 0.470 0.233 0.702 0.704 2.031 1.000 

Hellali 
40 0.254 0.169 0.618 0.423 1.506 0.684 
60 0.476 0.187 0.654 0.663 2.542 1.014 
80 0.417 0.222 0.731 0.639 1.878 0.874 

Mean 0.382 0.193 0.668 0.575 1.975 0.857 
Mean 

values of 
SMD 

40 0.393 0.196 0.794 0.590 1.962 0.755 
60 0.475 0.225 0.752 0.700 2.148 0.939 
80 0.511 0.234 0.840 0.746 2.173 0.909 

LSD at  
<0.05 

Var. N.S N.S N.S 1.36 …….. ……. 
SMD. N.S 0.023 N.S N.S ……. …….. 

Var×SMD N.S 0.07 N.S 2.74 ……. …….. 

 
 Iannucci and Martiniello (1998)  emphasized that drought stress, in all species, negatively influenced the 
dry matter proportion partitioned to reproductive growth and strongly reduced seed yield (about 50% on 
average) and seed yield components in all species. Gulias, et al. (2000) noticed that both parameters showed 
wide genetic variability. The two genotypes of clover with highest osmotic adjustment in expanding leaves also 
showed the lowest reduction in leaf expansion rate under water stress. Iannucci, et al. (2002) reported the 
adverse effect of drought may be attributed to the water adjustment and solutes accumulation in clover plants. 
Grieu, et al. (2011) conclude that water deficits imposed during a few days limit photosynthesis in Trifolium 
repens cv. Crau by reducing the supply of CO2 to chloroplasts when stomatal conductance decreases in response 
to soil drought. The photosynthetic apparatus was not affected by soil drought. The drought resistance of cv 
Crau was due to the stomatal closure which also involved a decrease of biomass production. These 
methodological tools could allow for the breeding of new cultivars more resistant to water deficits.   
 Moreover, variation in forage crops were reported by many authors among of them Broderick, et al. (2004) 
den Hollander, et al. (2007) and Jiang, et al. (2010).  
 
Photosynthetic pigments: 
 
 Data in Table (3) showed that the highest chl.a and chl.a+chl.b concentration were shown in treatments 
irrigated after depletion of 60 available soil moisture in Giza 6 and Helalli varieties. While, chl.b and 
carotenoids in Giza 6 and Helalli varieties high concentration were observed when irrigation was done when 
SMD reached 80%. The highest ratios of chl.a:chl.b and chl.a+chl.b: carotenoids were obtained in Helalli 
variety and irrigation after 60 % SMD and the lowest in the same variety but under regular irrigation. Elsheery 
and  Cao (2008) revealed that for both cultivars, the water-withholding resulted in progressively decreases in 
leaf relative water content, net photosynthesis (Pn), stomatal conductance (gs), and increases in the conversion of 
xanthophyll cycle pigments estimated by an index of leaf spectral reflectance (ΔPRI), carotenoid to chlorophyll 
ratio, non-photochemical quenching (NPQ), the contents of malondialdehyde (MDA) and compatible solutes 
(total soluble sugar and proline). Grieu, et al. (2011) conclude that water deficits imposed during a few days 
limit photosynthesis in Trifolium repens cv. Crau by reducing the supply of CO2 to chloroplasts when stomatal 
conductance decreases in response to soil drought. The photosynthetic apparatus was not affected by soil 
drought. The drought resistance of cv Crau was due to the stomatal closure which also involved a decrease of 
biomass production. These methodological tools could allow for the breeding of new cultivars more resistant to 
water deficits. 
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