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A green house study was conducted between July and August, 2009 to test and determine the drought 
tolerance levels of ten maize (Zea mays L.) genotypes. The top soil used was retrieved from Bediease 
series (Chromic lixisol). Ten genotypes, (six inbred lines and four varieties) having different genetic 
backgrounds were used. Two sets of the genotypes were established, of which one set received water 
up to the end of the experiment, 55 days after planting (DAP) and the remaining set was water stressed 
for 34 days starting from 21 days after planting. Through pairwise comparison of means for plant 
height, leaf relative water content, dry matter yield, root dry mass and leaf rolling under water stressed 
and non stressed conditions, Entry 24 showed no significant difference between the two water regimes 
in all the five indicators used, followed by Entry 5 which recorded four out of the five indicators of 
drought. Mamaba recorded two out of five indicators of drought tolerance among the four varieties. The 
factors chosen for the ranking procedure proved to be effective indicators for the selection of drought 
tolerant maize. 
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INTRODUCTION 
 
Maize (Zea mays L.) is the third most important cereal 
crop after wheat and rice in terms of production in the 
world (IITA, 2009). In Ghana, it is the most important 
cereal in terms of production and consumption 
(Breisinger et al., 2008). It is an important staple cereal in 
rain-fed production systems in all the agro-ecological 
zones of Ghana. To meet the needs of growers in these 
zones, several improved maize varieties of different 
maturity periods have been developed and released by 
the Crops Research Institute (Twumasi- Afriyie et al., 
1997). Notwithstanding this achievement, productivity of 
maize in farmers’ fields throughout the country is 
generally low, averaging  1.5 t/ha  (PPMED,  1998).  This  
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low productivity has been attributed mainly to low soil 
fertility (low soil Nitrogen) and drought stress in farmers’ 
fields (Banziger et al., 2000). Frequent drought stress in 
the largely rain-fed agricultural system is a major 
constraint that limits maize production in Ghana (Obeng-
Antwi et al., 1999). One strategy to reduce water stress 
on crop yield is to use drought tolerant species and 
cultivars (Carrow et al., 1990). Assessment of crop 
physiological parameters of some maize inbred lines and 
varieties for their tolerance to drought stress cannot be 
overemphasized. Inbred lines are worth to be considered 
as parents for hybrid seed production because of their 
genetic purity. Observed variation in susceptibility to 
water stress among genotypes suggests that the trait can 
be improved (Fischer et al., 1983). The objective of this 
study was to evaluate ten maize genotypes for drought 
tolerance using five secondary traits under water stressed 
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Table 1. Leaf relative water content (LRWC) and leaf rolling for the 

water stressed inbred lines. 
 

Inbred lines L RWC (%) Leaf rolling score 

Entry 5 78.10 1.92 

Entry 6 75.00 4.17 

P 23 76.60 3.92 

Entry 24 82.40 1.67 

Entry 27 78.02 2.42 

Entry 70 76.20 2.92 

Lsd 2.43* 0.50*** 

C.V% 10.00 20.40 
 

* =significant at 0.05 level, ***=significant at 0.001 level. 

 
 
 

Table 2. Leaf relative water content (LRWC) and leaf rolling for the 

water stressed varieties.  
 

Varieties L RWC (%) Leaf rolling score 

Obatanpa 79.20 4.50 
Mamaba 81.50 3.63 
Okomasa 74.40 4.38 
Dorke-SR 79.00 4.50 
Lsd 5.46* 0.63* 
C.V% 4.30 9.20 

 

* =significant at 0.05 level. 

 
 
 
and non stressed conditions.  
 
 
MATERIALS AND METHODS 

 
The plant house experiment was conducted at the Soil Research 
Institute, Kwadaso, Kumasi. The top soil used was sandy loam with 
a pH of 6.0 and it was obtained from the Bediease series (Chromic 

lixisol). Eighty plastic pots containing 10 kg each of top soil were 

used. Six maize inbred lines developed by the International Maize 
and Wheat Improvement Center (CIMMYT) and supplied by the 
Crops Research Institute (CRI) and four improved varieties 
developed by CRI were used in the study. The inbred lines 
included Entry 5, Entry 6, P 23, Entry 24, Entry 27 and Entry 70, 
while the four improved varieties by CRI were Obatanpa, Mamaba, 
Okomasa and Dorke-SR, giving a total of 10 genotypes. NPK (15-
15-15) and sulphate of ammonia were applied at a rate of 5 g per 
pot at the second and fifth week after planting, respectively. 
Complete randomized design (CRD) with ten treatments 
(genotypes) and four replications was used. Fifty percent (50%) of 
the potted plants were irrigated until 21 days after planting (21 
DAP) after which water was withdrawn. The remaining 50% (40 
pots) received water throughout the experiment (55 DAP). A 
volume of 1600 cm

3 
of water was applied initially to the soil in each 

pot and their individual masses were recorded. Difference in the 
volume of water applied was calculated and topped up at 4 days 

interval. Data were  collected  on  leaf  relative  water  content,  leaf  

 
 
 
 
rolling, plant height, dry matter yield and root dry mass. Pairwise 
comparison analysis of means between water stressed and the non 
stressed genotypes was done for plant height, dry matter yield and 
root dry mass to aid the identification of drought tolerant maize 
genotypes. 

 
 
RESULTS  
 
Leaf relative water content (LRWC) and leaf rolling 
 
With LRWC, significant variation (P< 0.05) was observed 
among the inbred lines and also within the varieties. 
Entry 24 and Mamaba recorded the highest values, 82.4 
and 81.5%, respectively. Highly significant differences 
(P<0.001) existed among the inbred lines for leaf rolling. 
However, among the varieties, the level of significance 
was at 5% (P<0.05). The key factor was that, the smaller 
the leaf rolling index, the more tolerant the genotype may 
be to drought (Tables 1 and 2). 
 
 
Pairwise comparison of means for plant height 
 
High variability existed among the varieties for plant 
height. Compared to the non stressed varieties, the 
water stressed varieties showed significant differences at 
0.05 probability level. Among the six inbred lines, Entries 
5 and 24 of the water stressed genotypes showed 
continuous growth very much close to their control for the 
whole period of water stress. Using pairwise comparison 
of means, plant height at harvest for these two water-
stressed inbred lines and their control did not show any 
significant difference at 0.05 probability level (Figure 1).  
 
 
Pairwise comparison of means for dry matter yield 
 
The result indicated that shoot dry mass of Entries 5 and 
24 belonging to the inbred lines were not significantly 
different from their control; implying that these two 
genotypes may be tolerant to water stress. Significant 
differences were observed among all the varieties 
(Figure 2). Entry 6 was second to Entry 70 for dry matter 
yield within the non stressed inbred lines. At the water 
stressed site, Entry 5 proved significantly higher than the 
rest of the inbred lines and it was 11.3% higher than 
Entry 70. By comparing the stressed site to the non 
stressed site, it was found that only Entries 5 and 24 
were not significantly different from their control. This 
indicates their tolerance to drought as far as dry matter 
yield is concerned. Although, Entry 70 recorded the 
highest dry matter yield among the non stressed 
genotypes,  the  highly  significant   difference   observed  
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Figure 1. Plant height for the genotypes at 34 days of water stress.  

 
 
 

 
 
Figure 2. Dry matter yield for the ten genotypes at 36 days of water stress. 

 
 
 
when it was compared to the corresponding water 
stressed genotype suggests its apparent susceptibility to 
drought stress.  
 
 
Pairwise comparisons of means for root dry mass 
 
With dry mass of roots, it was observed that Entries 5, 24 
and 27 within the inbred lines did not show any 
significant difference from their control. In the varieties, 
Mamaba also showed no significant difference between 
the moisture stressed and the non stressed genotypes at 
0.05 probability level (Figure 3). With the exception of 
Entries 24, 5 and 27, all the genotypes showed apparent 
susceptibility to water stress when root dry mass was 
used as an indicator. 

The number of indicators scored by the ten genotypes 
out of a total of five indicators used ranged from zero (0) 
to five (5).  The genotypes were ranked according to their 
tolerance levels to water stress as shown in Table 3.   
 
 
DISCUSSION 
 
High percentages of LRWC recorded by Entry 24 and 
Mamaba gave an indication that these two genotypes 
were relatively able to maintain better plant water status 
within the water stressed period during which 
measurement was taken. According to González and 
González-Vilar (2001), the subjective value accepted for 
LRWC is ≥ 80%. It can therefore, be deduced that all the 
other  genotypes  with  the  exception  of  Entry   24   and 
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Figure 3. Root dry mass for the ten genotypes at 36 days of water stress. 

 
 
 

Table 3. Ranking of genotypes according to their tolerance to water stress. 

 

Genotype indicators Number of indicators used Number of positive 

Entry 5    5 4 

Entry 6 5 0 

P 23 5 0 

Entry 24 5 5 

Entry 27 5 2 

Entry 70 5 1 

Obatanpa 5 0 

Mamaba 5 2 

Okomasa 5 0 

Dorke SR 5 0 

 
 
 
Mamaba were apparently susceptible to drought when 
leaf relative water content was used as an indicator. 
These two genotypes might not have only tolerated the 
drought but also might have avoided the drought as 
defined by Fischer and Sanschez (1979) and also Otoole 
and Chang (1979) that avoidance of drought is the ability 
of a plant to maintain relatively high water status despite 
the low moisture condition within the entire plant’s 
environment.  

Genotypes with leaf rolling indices greater than 3 might 
be susceptible to drought because at that stage the leaf 
rim actually begins to roll to cover part of the leaf blade. 
Any genotype that shows rolling index beyond 3 might 
not exhibit full photosynthetic capacity and might further 
have impaired dry matter production. Eventually, 
partitioning of assimilates from the leaves (source) to the 

grain (sink) might be considerably reduced as reported 
by Bänziger et al. (2000). The wider range of average 
leaf rolling scores observed among the inbred lines 
under the controlled condition indicates high variation in 
the inbred lines with respect to leaf rolling unlike the 
varieties. Decreasing order of leaf rolling for the inbred 
lines was Entry 24> Entry 5> Entry 27> Entry 70. Entry 6, 
P 23 and all the varieties were susceptible to drought as 
far as leaf rolling is concerned. Entries 24, 5, 27 and 70 
demonstrated high water use efficiency by maintaining 
their leaves relatively turgid despite the low soil moisture 
content. Even with the pot experiment, Entries 24 and 5 
recorded leaf rolling scores of less than 2 and this 
signifies their high adaptive potentials for conserving 
water for longer periods under limited soil moisture 
conditions. 



 
 

 
 

 
 
 
 
Plant heights of all the non water stressed genotypes 

were higher than their corresponding stressed plants. 
This finding agrees with Edmeades and Gallaher (1992) 
who reported higher plant heights for the irrigated site 
than the rain fed site for 140 maize full-sib families tested 
for their tolerance to drought in Florida. 

Apart from Entries 5 and 24, the significantly lower dry 
matter yields recorded for the rest of the genotypes 
under water stressed condition portends that the effect of 
the drought was severe to reduce leaf and stem growth 
as the crops intercepted less solar radiation. This 
observation agrees with the findings of Prabhu and 
Shivaji (2000) who reported that the main effect of 
drought in the vegetative period is to reduce leaf and 
stem growth, so the crop intercepts less sunlight. It also 
supports a report by Vianello and Sobrado (1991) that 
drought stress during vegetative stage provides 
diminution of the growth in maize crop leaves and stems. 

The tremendous performance of Entries 24 and 5 with 
respect to root dry mass indicates their efficiency in 
resource acquisition particularly, water and nutrients. 
Entries 24 and 5 can be seen as having greater tendency 
to produce higher root dry mass under field conditions as 
concluded by Hurd (1974) that measurement of roots in 
boxes of soil in the greenhouse gives a fair 
approximation of root growth in the field. Therefore, root 
growth at the seedling stage may therefore be useful in 
predicting root growth under drought stress at later 
growth stages. Camacho and Caraballo (1994) also 
concluded that root dry mass was identified as the major 
criterion for selection of maize genotypes under drought 
conditions and this report again supports the higher 
drought tolerance levels in Entries 24 and 5. Water and 
nutrient acquisition could therefore be improved by 
selection of genotypes with efficient soil exploration by 
the root system as reported by Lynch (1995). 

The rule subjectively adopted for ranking the 
genotypes was that any genotype that had ≥ 3 out of the 
5 indicators used was considered to be tolerant to 
drought. The following ranking was therefore obtained for 
the inbred lines in decreasing order of drought tolerance; 
Entry 24 ˃ Entry 5 ˃ Entry 27 > Entry 70. Entry 6 and P 
23 recorded zero for all the 5 indicators used. Obatanpa, 
Okomasa and Dorke-SR showed apparent susceptibility 
to drought with the exception of Mamaba which 
performed relatively better among the varieties used. 
 
 

Conclusions 
 
The two inbred lines, Entries 24 and 5 are recommended 
for use in developing drought tolerance in maize 
breeding programmes based on their higher 
perfomances. Among the four varieties used, Mamaba is 
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relatively recommended for maize growers in potentially 
drought prone areas specifically, in the Guinea savanna, 
Sudan savanna and forest-savanna transition zones of 
Ghana. 

The crop physiological parameters used; leaf relative 
water content, leaf rolling, dry matter yield, root dry mass 
and plant height have all proved to be  useful in 
identifying and selecting drought tolerant maize 
genotypes. 
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