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ABSTRACT 
 
The effect of different drought stress levels (90, 70, 50, and 30% field capacity 
respectively) during the early growth stage (greening stage) of maize (Zea mays L.) 
for 9 genotypes Watania10, Watania4, Giza10, Giza326, Bashaier, Nefartiti, 
Giza314, Giza 3K1, Giza123 were studied under growth chamber conditions. 
Root/shoot ratio, leaf area, Leaf Area Ratio (LAR) and dry matter yield were 
variously affected by drought interaction; this interaction showed that the nine 
maize genotypes under short duration (25 days old) displayed distinct variation in 
drought tolerance. The criteria used to classify genotypes with respect to their 
drought tolerance were based on their root/shoot ratio, leaf area, Leaf Area Ratio 
(LAR) and dry matter under the severe drought stress levels. According to these 
data, the nine maize genotypes were classified into three categories as follows: 
Class I containing the most tolerant genotypes at the early growth stage (Bashaier, 
Giza10, and Giza 123) showed the highest values of growth criteria (root/shoot 
ratio, leaf area, leaf area ratio and dry matter production) at the different levels of 
soil moisture content used. Moreover, these genotypes showed no drastic 
reduction in these characteristics even at severe drought (30% F.C) compared 
with the relative control (90% F.C.). Class II including the moderately tolerant 
genotypes at the early growth stage (Giza326, Giza314, and Giza3KI) showed a 
general moderate reduction of shoot dry matter at the level of 30% F.C as 
compared with the relative control. Class III includes the most drought sensitive 
maize genotypes at the early growth stage (Watania10, Watania4 and Nefertiti); 
they showed the greatest reduction in growth criteria at the severe soil moisture 
content. It was conferred that drought stress treatments affected differently the 
nine maize genotypes during the early growth stage which confirmed the 
genotypic variation among the studied maize genotypes. 
 
Key words: Drought, maize (Zea mays L.), root/shoot ratio, leaf area, leaf area 
ratio (LAR), dry weight.  

 
 
INTRODUCTION 
 
It is well established that drought stress impairs numerous 
metabolic and physiological processes in plants. It leads to 
growth reduction, reduction in the content of chlorophyll 
pigments and water, and changes in fluorescence 
parameters (Lu and Zhang, 1999; Lima et al., 2002; Colom 
and Vazzana, 2003; Souza et al., 2004; Zlatev and Yordanov, 
2004; Ekmekçi et al., 2005; Mohsenzadeh et al., 2006; Li et 
al., 2006; Nayyar and Gupta, 2006; Yang et al., 2012).  

Nutrient uptake by plants is decreased under drought 

stress conditions due to reduced transpiration, impaired 
active transport and membrane permeability resulting in 
reduced root absorbing power (Tanguilig et al., 1987).  

On the other hand, plants vary greatly in their capability 
to tolerate stress conditions, hence, some of them are 
unable to endure stress and as such wilt and die (sensitive 
plants), while others can tolerate stress by undergoing 
certain physiological changes in their tissues which thus 
maintain their cell water potential turgidity and at normal 
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level, in spite of soil drought (tolerant plants) (El-Telwany, 
1987; Simmons et al., 1989).  

Various studies have indicated that water stress causes 
an inhibiting effect on the leaf area of treated plants 
(Kameli and Losel, 1996; Nielson and Nelson, 1998; 
Kawakami et al., 2006). Regarding the rate of root growth, 
their number and the ratio of root/ shoot growth 
(Muthechelian et al., 1997; Banon et al., 2006; Kawakami et 
al., 2006) have found direct relationships between each of 
those growth criteria and increasing rate of water stress.  

Concerning the effect of water stress on each of the fresh 
and dry weight of shoots and roots, conflicting results were 
obtained. Some results indicated that both weights were 
decreased in roots and shoots (Hamada, 1996; Hayata et al., 
1998; Kawakami et al., 2006). However, others showed that 
only root weights were increased with vigorous drought, 
but shoots decreased (Kameli and Losel, 1996). 

Therefore, the aim of the present investigation is to 
assess the drought tolerant of nine maize genotypes during 
vegetative stage, and to select some of these genotypes to 
be cultivated in the field up to crop yield (Shaddad et al., 
2011).  
 
 
MATERIALS AND METHODS 
 
Grains of nine maize (Zea mays L.), genotypes Watania10, 
Watania4, Giza10, Giza326, Bashaier, Nefartiti, Giza314, 
Giza3KI and Giza123 were obtained from the breeding 
program of seeds station, Beni-suef, Egypt. Maize grains 
were surface sterilized by immersion in a mixture of 
ethanol 96% and H2O2 (1:1) for 3 min, followed by several 
washings with sterile distilled water.  

Seeds were grown in 1 kg pots in growth chamber 
(Forma Scientific, Marietta, Ohio, U.S.A.) at 30/25°C, 12 h 
day/night cycles, and 60 Wm2. Considerations of working in 
controlled environments were followed (Tibbitts and 
Langhans, 1993). Five seeds were sown in each pot and soil 
was brought to field capacity.  

The seedlings were left to grow under the desired soil 
moisture content levels (90, 70, 50 and 30% respectively). 
Soil moisture content was measured by calculating the soil 
field capacity, thus, considered as 100% moisture content 
and as a result could be determined by the other lower soil 
moisture content. 

At the end of the experimental period (21 days) plant 
height, dry matter yield of the different organs (shoot and 
root) were determined. Plant height was determined by 
direct measurement from soil surface to the tip of the flag 
leaf. Determination of the dry matter involved harvesting 
and careful separation of fresh organs (leaves, shoots and 
roots). Fresh organs were then dried in an oven at 80°C.  

Successive weighing was carried out until a constant dry 
weight was recorded. The plants were uprooted, roots 
carefully separated from the soil, washed and the length of 
roots measured. From determining the shoot and root  

 
 
 
weight, the root/shoot ratio was calculated. Leaf area was 
determined by measuring leaf length and maximum width 
and applying the formula: 
 
Leaf area = k (leaf length × leaf maximum width) cm2/plant. 
 
This formula provided a simple way for determination of 
leaf area particularly in the field where large leaves had to 
be measured. The coefficient, k was calculated and assigned 
different values for different grasses (McKee, 1964; 
Bonhomme et al., 1974), and was recently reviewed and 
given a value of 0.75 for maize (Norman and Campbell, 
1994). 
Leaf Area Ratio (LAR) was defined as the ratio of leaf area 
to plant dry mass reflecting the size of photosynthetic area 
to respiratory mass (Chiariello et al., 1994) using the 
formula: 
 
LAR = Leaf area / Plant dry weight 
 
 
Statistical analysis  
 
The experimental data were subjected to the One-way 
analysis of variances (ANOVA test) using the SPSS version 
11.0 to quantify and evaluate the source of variation and 
the means were separated by the Least Significant 
Differences (LSD) at P level of 0.05 and 0.01% respectively 
(Steel and Torrie, 1960). 
 
 
RESULTS AND DISCUSSION 
 
The data of the early growth stage of the selected 9 maize 
genotypes exhibited a marked variation of the drought 
tolerance of these genotypes. According to data of 
root/shoot ratio which considered the suitable index for 
the drought stress tolerance in crop plants, many authors 
recently recorded the importance of these criteria in plant 
water relationship. According to the report of Shaddad et al. 
(2008), the nine maize genotypes are classified into three 
classes namely:  
 
Class I: This includes Bashaier, Giza10, and Giza123. 
Class II: This includes Giza326, Giza314, and Giza3KI. 
Class III: This includes Watania10, Watania4 and Nefertiti. 
 
Table 1 revealed that the root/shoot ratio in class I 
increased significantly by increasing drought stress in the 
soil and the highest increase in shoot/root ratio was 
recorded at sever drought stress (30% F.C).  

In class II, the root/shoot ratio remains more or less 
unchanged even at the highest drought stress level used. On 
the other hand, root/shoot ratio of class III showed a 
marked and progressive reduction by increasing drought 
stress in the soil, percent reductions at the level of 30% F.C  
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Table 1. Effect of short-duration treatment with drought stress on the root/shoot ratio of nine maize genotypes. 
 

Genotypes 90% % 

 

70% % 

 

50% % 

 

30% % 

 

LSD 

0.05 0.01 

Bashaier  0.29 100 0.26** 90 0.30** 103 0.50** 171 0.006 0.009 

Giza10 0.17 100 0.19** 111 0.23** 135 0.35** 205 0.003 0.003 

Giza123 0.24 100 0.22** 92 0.24 98 0.23** 123 0.006 0.009 

Giza326 0.21 100 0.203** 98 0.20** 96 0.21 102 0.005 0.008 

Giza314 0.245 100 0.23** 93 0.19** 78 0.202** 82 0.005 0.008 

Giza3KI 0.25 100 0.23** 91 0.20** 80 0.196** 78 0.073 0.120 

Watania10 0.19 100 0.18** 95 0.16** 82 0.13** 67 0.005 0.008 

Watania4  0.25 100 0.15** 62 0.144** 58 0.125** 50 0.006 0.009 

Nefertiti 0.28 100 0.15** 55 0.125** 45 0.133** 48 0.006 0.009 
 

Significance of differences to control : *-P = 0.01; **-P = 0.05 

 
 

Table 2. Effect of short-duration treatment with drought stress on the root dry matter (gm.plant-1) of nine maize genotypes. 
 

Genotypes 90% % 

 

70% % 

 

50% % 

 

30% % 

 

LSD 

0.05 0.01 

Bashaier  0.04 100 0.042 105 0.039 97 0.035* 87 0.004 0.007 

Giza10 0.041 100 0.042 102 0.036* 88 0.035** 85 0.004 0.0059 

Giza123 0.03 100 0.028 93 0.026* 87 0.023** 77 0.003 0.005 

Giza326 0.026 100 0.026 100 0.020** 77 0.019** 65 0.002 0.0035 

Giza314 0.024 100 0.025 104 0.020* 83 0.014** 58 0.003 0.005 

Giza3KI 0.23 100 0.024 104 0.020* 87 0.013** 57 0.002 0.004 

Watania10 0.016 100 0.013** 81 0.011** 69 0.007** 44 0.002 0.0035 

Watania4 0.016 100 0.011** 69 0.010** 63 0.006** 38 0.003 0.0045 

Nefartiti  0.014 100 0.008** 57 0.005** 36 0.004** 28 0.005 0.008 
 

Significance of differences to control : *-P = 0.01; **-P = 0.05 
 
 

were 25, 50% and 52% in Watania10, Watania4, and 
Nefartiti respectively in comparison with the relative 
control values.  

Tables 2 and 3 showed that the dry matter of shoot and 
root in genotypes 5, 3, 9 (class I), remained more or less 
unchanged up to the level of 50% F.C, then, a slight 
reduction was exhibited only at the level of 30% F.C. At this 
level, percent of reduction were 28, 24 and 23%, for shoot 
and 13, 15, and 23%, for root in Bashaier, Giza10, and 
Giza123 respectively in comparison with the relative 
control values.  

The dry matter of shoot and root for genotypes Giza326, 
Giza314, and Giza3KI (class II), remained mostly unaffected 
up to the level of 70% F.C, after that a significant reduction 
was obtained, and become much more obvious at the level 
of 30% F.C; at this level, percent reductions in the dry 
matter were 34, 36 and 46%, in shoot and 35, 41, and 43%, 
in root for genotypes Giza326, Giza314, and Giza3KI 
respectively in comparison with the relative control values. 

On the other hand, in genotypes in class III, the dry 
matter yield of shoot and root dropped highly significantly 
by increasing drought stress in the soil. This dangerous 
effect was much more pronounced at sever drought, and in 

Nefertiti than in Watania10 and Watania4. At this level 
(30% field capacity), percent of reductions in the dry 
matter yield were 46, 50, and 64%, in shoot but were 57, 63 
and 72%, in root for Watania10, Watania4 and Nefartiti 
respectively in comparison with the relative control.  

Table 4 showed that there were large differences in leaf 
area between the drought stressed 9 maize genotypes 
especially at sever drought. The leaf area of the nine 
genotypes remarked mostly more or less unchanged up to 
the level of 70% F.C, and then they varied considerably 
beyond this level. At sever drought (30% F.C), the percent 
reduction in leaf area in class I was about 44%, and in class 
II, the percent of reduction was about 55%. On the other 
hand, leaf area reduced by about 75% in class III. Thus, 
greatest leaf area production was reported in class I, where 
the least was exhibited in genotypes in class III, and it was 
more or less moderate in class II. 

Although, the LAR decreased by imposition of water 
deficit conditions, the data in Table 5 showed that there are 
big differences in the percent of this reduction among the 9 
genotypes of maize plants grown for 25 days old. First of all, 
the Bashaier, Giza10, Giza132, Giza326, Giza314, and 
Giza3K1, had nearly the same values of leaf area ratio up to  
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Table 3. Effect of short-duration treatment with drought stress on the shoot dry matter (gm.plant-1) of nine maize genotypes. 
 

Genotype 90% % 

 

70% % 

 

50% % 

 

30% % 

 

LSD 

0.05 0.01 

Bashaier  0.137 100 0.14* 102 0.116** 85 0.113** 83 0.003 0.005 

Giza10 0.13 100 0.13 100 0.11** 85 0.10** 77 0.003 0.005 

Giza123 0.124 100 0.126 102 0.10** 81 0.096** 77 0.004 0.007 

Giza326 0.125 100 0.128** 102 0.10** 80 0.08** 64 0.0071 0.017 

Giza314 0.098 100 0.109** 111 0.105** 107 0.064** 65 0.003 0.005 

Giza3KI 0.100 100 0.105* 105 0.091** 91 0.072** 72 0.004 0.007 

Watania10 0.082 100 0.072* 87 0.06** 73 0.045** 55 0.0067 0.011 

Watania4 0.075 100 0.062** 82 0.05** 67 0.040** 53 0.004 0.007 

Nefartiti 0.064 100 0.053** 83 0.04** 63 0.030** 47 0.005 0.008 
 

Significance of differences to control : *-P = 0.01; **-P = 0.05 

 
 

Table 4. Effect of short-duration treatment with drought stress on the leaf area (Cm2.plant-1) of nine maize genotypes. 
 

Genotypes 90% % 

 

70% % 

 

50% % 

 

30% % 

 

LSD 

0.05 0.01 

Bashaier  60 100 50** 83 45** 75 40** 67 4.9 8.14 

Giza10 40 100 32* 80 25** 63 22** 55 7.9 13.01 

Giza123 39 100 37 94 22** 56 22** 56 5.6 9.2 

Giza326 51 100 42* 82 36.5** 72 24** 47 5.65 9.3 

Giza314 46 100 44 96 27** 59 20** 43 8.1 13.4 

Giza3KI 53 100 49 92 37** 70 21** 40 6.22 10.3 

Watania10 45.5 100 31** 68 16** 35 12** 26 4.1 6.7 

Watania4 40 100 38 95 18** 45 9.5** 24 4.4 7.3 

Nefartiti 11.5 100 10.5* 91 9* 78 3** 26 1.4 3.6 
 

Significance of differences to control : *-P = 0.01; **-P = 0.05 
 
 
 

Table 5. Effect of short-duration treatment with drought stress on the leaf area ratio (Cm2.gm-1) of nine maize genotypes. 
 

Genotypes 90% % 

 

70% % 

 

50% % 

 

30% % 

 

LSD 

0.05 0.01 

Bashaier 372 100 353** 94 288** 77 230** 62 7 11.7 

Giza10 342 100 267** 78 247** 72 210** 61 4.4 7.3 

Giza123 340 100 267** 78 246** 72 210** 62 4.4 7.3 

Giza326 338 100 260** 76 233** 69 169** 50 5.9 9.8 

Giza314 338 100 328* 97 206** 61 180** 53 7 11.7 

Giza3KI 330 100 319** 96 210** 64 180** 55 2.78 4.6 

Watania10 266 100 256* 96 180** 68 110** 41 9.1 13 

Watania4  250 100 230** 92 162** 65 107** 43 5.9 9.8 

Nefartiti 176 100 172 97 140** 80 55** 31 7 11.7 
 

Significance of differences to control : *-P = 0.01; **-P = 0.05 

 
 
the level of 70% and then, they considerably were inhibited 
differently. The difference in the degree of inhibition of the 
leaf area ratio was much more obvious at the level of 30% 
field capacity. At this level, percent of reductions in leaf 
area ratio were 38, 39, and 38%, for genotypes Bashaier, 

Giza10, and Giza123 respectively in comparison with the 
relative control.  

While percent reductions were 50, 47, and 58%, for 
Giza326, Giza314, and Giza3K1 respectively in comparison 
with the relative control, on the other hand, genotypes 
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Bashaier, Giza10, and Giza123 (the drought susceptible 
genotypes) leaf area ratio decreased vigorously by 
increasing the drought stress in the soil. Percent reductions 
were 59, 66, and 69% for genotypes Watania10, Watania4, 
and Nefartiti, respectively in comparison with the relative 
control. Thus, leaf area ratio could be an excellent drought 
index among the nine maize genotypes. 

According to the root/shoot ratio, leaf area, leaf area 
ratio, shoot and root dry matter values determined under 
the drought treatment implemented at early growth stage, 
the genotypes in class I could be accepted as drought 
resistant genotypes, while genotypes class II was found as 
drought moderate genotypes. The genotypes in class III 
were found as drought susceptible genotypes. Root/shoot 
ratio might be used as suitable selection criteria for the 
genotypic variation among the tested maize genotypes 
under normal and/or water deficit conditions. Thus, 
root/shoot ratio, leaf area, leaf area ratio, shoot and root 
dry matter values involves drought tolerance mechanisms 
(Shaddad et al., 2008). 

In the study carried out by Anbessa and Bejiga (2002), 
drought tolerance of 482 genotypes of chick pea was 
investigated. There were great differences between 
genotypes and 18 genotypes were identified as drought 
tolerant based on the drought response. Boutraa and 
Sanders (2001) reported that the reduction in growth 
parameters differed in two bean cultivars imposed to water 
stress.  

Gunes et al. (2006) in their study of the drought tolerance 
of 11 chick pea (Cicer arietinun 1) cultivars found that 
growth reduction of the cultivars as a response to drought 
stress significantly differed and 4 genotypes were found to 
be drought susceptible in comparison to 5 genotypes which 
were drought resistant based on growth criteria. They 
added that the decrease in growth criteria was generally 
small in tolerant cultivars, but huge in susceptible cultivars.  

The first three cultivars had morphological 
characteristics that allow them to increase the absorption 
of water and consequently to maintain their tissue water 
content on relative sever drought. Thus, the increase in 
shoot/root ratio of cultivars may be the primary 
mechanism of drought tolerance which will exhibit 
excellent desiccation tolerance.  

The high root/shoot ratio in the drought resistant 
cultivars was due to inhibition of shoot growth compared 
with root growth. This ratio has been used previously as a 
criterion for the determination of varietal differences in 
response to water stress (Gomes, 1985; Sorour, 2001). 
Based on the results and because a higher root/shoot ratio 
has been used as an index of water or salt tolerance 
(Kramer, 1983; and Shaddad et al., 2001).  

It is well known that woody perennial desert plants 
produce a sufficiently deep root system which is capable of 
providing subsurface water for the plants since the soil 
dries out during the dry season (Wiebe, 1980; Bradbury, 
1990). Furthermore, Abed (1990) found that water stress  

 
 
appears to increase the root growth as compared to the 
shoot in some desert plants. Begg (1980) also reported 
similar results. This supports the view that root growth 
may show a considerable morphological plasticity enabling 
them to cope with changes in soil moisture (Kummerow, 
1980).  

The reduced watering regime was found to be 
compensated by the reduction of life cycle and by resource 
diversion to root during the juvenile stages to allow rapid 
establishment of plant (Bradbury, 1990). This also is in line 
with the report of Hickman (1977) who found that the 
proportion of phytomass allocation to the root increased 
with environmental aridity.  

Creelman et al. (1990) pointed out that increasing water 
potential resulted in hypocotyl's growth being 
progressively inhibited while root elongation was 
unaffected. Similar observation has been recorded 
including soybean seedlings grown in vermiculite with 
water potential below 0.2 MPa by Sharp and Davies (1979); 
Kramer (1983) and Westgate and Boyer (1985).  

A reduction in stem growth coupled with continued root 
growth will result in improved plant water status. In 
particular, the continued growth of root in drying soil must 
occur if water uptake is to be maintained (Caldwell, 1976).  

It was recommended by the data in our study that the 
cultivars of class I which has the higher root/shoot ratio 
also had the higher dry matter yield, leaf area and leaf area 
ratio, whereas, cultivars of class III which has the lowest 
root/shoot ratio also had the lowest dry matter yield, leaf 
area and leaf area ratio. 
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