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Maize (Zea mays L.) variety has diverse genetic characters; 
hence this study was led to assess drought tolerance of maize 
variety subjected to well water and water stress environments. 
Drought is one of major factor that results thoughtful influence 
plant development as well as productivity. The outcome 
becomes severe where rain fed agriculture is practiced. 
Evaluation of variety that can better tolerate such condition can 
help for selection and are important in reducing associated crop 
loss. The study was performed in greenhouse using CRD with 
three replications. Six maize varieties MH-140, Melkassa-2 (MH-
2), Melkassa-3 (MH-3), Melkassa-4 (MH-4), Melkassa-6Q and 
MHQ138 developed by Melkassa Agricultural Research Center 
(MARC) were used and grown in normal and water scarce 
condition. The collected data were leaf proline, chlorophyll 
content, soluble sugar content, relative water content, leaf 
nitrogen content, protein content specific leaf area, specific leaf 
weight. Data were analyzed by ANOVA using SAS 9.4 software. 
Mean comparisons were implemented using LSD test at P < 0.01. 
The study outcomes revealed that high SLA and SLW value was 
recorded for, Melkassa-4 (MH-4) whereas, MHQ138 is recorded 
lower value. Leaf proline, chlorophyll content, soluble sugar 
content, relative water content, leaf nitrogen (N) content and 
protein content, value had revealed Melkassa-4 the most 
drought tolerant variety whereas MHQ138 is the least drought 
tolerant variety among the maize varieties used in this research 
study. 

Keywords:  biochemical parameters; drought tolerance; maize 

varieties; growth parameters 
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INTRODUCTION 

Maize (Zea mays L.) is the most significant food crop 
in the world, having originated in America. It is also 
one of the most extensively dispersed crops on the 
planet (Leszek and Vincent, 2012). Maize is used in a 
variety of industries as a human meal, animal feed, 
biofuel, and feedstock material. It is a versatile crop 
that thrives in a variety of conditions. “It grows from 
58°N to 40°S, from sea level to 3000 m above sea level, 
and in places with 250 mm to more than 5000 mm of 
annual rainfall” (Prasad, 2014). After wheat and rice, 
maize is the most important crop in the world 
economy, as it can be utilised as a feed, food, 
commerce, and industrial grain crop (Ongeti, 2012). 

Maize is Ethiopia’s most important and strategic 
cereal crops that have vital role in the country’s food 
security. It is grown-up in 13 agro-ecological zones on 
2 million ha (16.08%). At present, 39% of the total 
maize area in Ethiopia is now sowed with better-
quality varieties (Eyob Bezabeh, 2015). Millions of 
people in Ethiopia depend on maize for their daily 
food especially in the area where maize is the major 
crop. Environmental abiotic strains severely impair 
plant progression and production worldwide. Water 
insufficiency is one of abiotic strains that strictly 
distress and lessen the yield and production of crops 
up to 70% worldwide but, plants responses to 
drought strain involves changes in their metabolism, 
morphology and structure (Lum et al., 2014). Drought 
is the problem of dry land regions in African countries 
like Ethiopia and leads to food insecurity, 
malnutrition and poverty. 

One of the most important requirements for 
plants' survival, growth, and development is water. 
Due to a lack of water in the soil reserve, plant cells 
lose their turgidity and their stomata close. CO2 

absorption and nutrition uptake are hampered, and 
chemical energy production is reduced. Various biotic 
and abiotic stressors are reducing food productivity 
(Ahmadizadeh et al., 2011). Drought is one of the 
main reasons for Ethiopia's reduced maize 
production and food insecurity (Shiferaw et al., 2011). 
As a result, avoiding these losses is a critical concern 
for ensuring food security in a changing climate. The 
goal of this study was to determine the reasons for the 
low adoption of those varieties by evaluating their 
drought tolerance under controlled watering 
management and identifying key drought tolerance 
indices that could be used in future variety 
development programmes targeting Ethiopia's 
drought-prone areas. 

MATERIALS AND METHODS 

Description of growth conditions 

From March to August 2018, the research was carried 
out in a greenhouse at the National Agricultural 
Biotechnology Research Center in Holeta. Holeta is in 
the Oromia special zone, which encompasses Addis 
Ababa. It is located at 9°3′N 38°3′E and has an 
elevation of 2391m above sea level. All of the types 
were cultivated in a controlled environment in a 
greenhouse. A soil was made by combining dirt 
(Vertisol) with manure in a 3:1 ratio and then filling a 
pot with it to grow the maize variety. 

Experimental design and treatments 

The study was conducted utilising a three-replication 
Completely Randomized Design (CRD). MH-140, 
Melkassa-2, Melkassa-3, Melkassa-4, MHQ138, and 
Melkassa-6Q were the maize types employed in the 
study (hybrid varieties from Melkassa agricultural 
research center). Until drought stress and treatments 
were applied, each type was grown with the same 
water levels. On March 28, 2018, two seeds were put 
in each pot, and only one healthy seedling per pot was 
allowed to develop to eliminate competition. Two 
litters of water were used to irrigate the soil until it 
was completely saturated. 

Water level determination  

In each pot 7 kg of soil was filled. Three liters of water 
were irrigated gently and consistently on upper of the 
soil in each of pot until the soil was entirely flooded. 
The water dripping was collected on tray after 48 
hours.  The collected water was measured with 
cylinder after 48 hours. The average of three 
repetitive times was taken as water volume for 
optimal plant growth. Through this method it was 
established that two litters of water were given to 
each plant/pot to keep the soil moisture. Plants were 
irrigated with this amount of water weekly (when 
maize needs water) from planting to physiological 
maturity unless otherwise watering was discontinued 
to execute drought stress (Eyerusalem Arusi, 2015). 
Well-watered (WW) =100% = FC (field capacity). = 2L  
Water stressed (WS) = watering was stopped for 
three weeks after flowering. 

Data collection 
Specific leaf area (SLA) 

Data for SLA was taken at post-flowering stage when 
full growth (after 120 days after planting) was 
attained. Two completely expanded leaves were 
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selected arbitrarily from the middle part of a single 
plot and a total of 6 leaves were taken from the 3 
replications. LA (Leaf area) was determined by CI-202 
Leaf area meter as cited in Zhao et al. (2016). Then, 
dry weight estimation was done by digital sensitive 
balance after leaves were dried for 24 hours at 700C. 
Finally, SLA was estimated as leaf area (cm2)/Leaf dry 
weight (g). 

Specific leaf weight (SLW) 

Data SLW was taken at post-flowering stage when 
maximum development (after 120 days after 
planting) was attained. Two totally expanded leaves 
were selected randomly from the middle part of a 
single plot and a total of 6 leaves were taken from the 
3 replicas. LA (leaf area) was determined by CI-202 
area meter. Then, dry weight determination was done 
by sensitive balance after leaf was dried for 24 hours 
at 700C. Finally, SLW was estimated as Leaf dry weight 
(g)/Leaf area (cm2) as cited in (Eyerusalem Arusi, 
2015). 

Biochemical analysis 

Chlorophyll content was estimated from leaf collected 
at extreme temperature and at low water. SPAD-502 
meter was used to assessment of Chlorophyll content. 
The estimation was taken on the flag leaf. Three flag 
leaf quantities were taken per pot (five estimations 
per plant). “The results were then averaged to give in 
a single value to represent the plot as cited in” (Van 
den Berg and Parkins, 2004). RWC % was calculated 
according to the methods mentioned Bedada et al. 
(2016). Study of proline content in the leaves was 

measured following method of Bates et al. (1973). 
Leaf N% was estimated using Kjeldahl technique used 
by Pawar (2007). Protein percentage calculated by 
following formulae, Protein (%) = % Nitrogen x 
conversion factor (6.25).  The soluble sugar was 
assessed by the method Dey (1990). 

Data Analysis 

Data was analyzed using analysis of variance with SAS 
9.4 software. Mean comparisons was accomplished 
using LSD test at P < 0.01 and correlation analysis was 
performed following the method of Pawar (2007). 

RESULTS AND DISCUSSION 

Specific Leaf Area and Specific Leaf Weight 

The mean comparison result showed that the water 
stress had the lowest levels of SLA and well-watered 
had the highest amount of SLA (Table 1). SLA 
obtained from Melkassa-4 was significantly different 
under water stress condition. However, Melkassa-2, 
MHQ138 and Melkassa-3 showed non-significant 
difference in their SLA under water stress conditions. 
Under water stressed condition, MH140 and MHQ138 
was recorded the highest SLA.  Significantly Melkassa-
4 was recorded the lower SLA when compared with 
other variety (Table 1). The mean result showed that 
the water stress had the lowest levels of SLW and 
well-watered treatment had the highest amount of 
SLW (Table 1).  SLW obtained from Melkassa-4 was 
significant under water stress condition. Under water 
stressed condition, MHQ138 had recorded the lower 
SLW. Significantly Melkassa-4 had showed higher 
SLW when compared with other variety (Table 1).  

 

Table 1. SLA and SLW values of maize variety under well-watered and water stressed. 

Variety Mean SLA Mean SLW 
 WS WW WS WW 

MH140 45.1ba 47.1aa 0.022bbc 0.048abc 
Melkassa-2 38.2bc 48ac 0.026ba 0.060aa 

Melkassa-3 38.6ba 45.1aa 0.021bc 0.035ac 

Melkassa-4 33.6bba 48.7aba 0.03bbc 0.045abc 

Melkassa-6Q 44.8ba 49.9aa 0.022bc 0.040ac 
MHQ138 48.9bbc 44.4abc 0.02bba 0.038aba 

CV % 22.38 6.39 15.9 19.3 
LSD 7.91 0.006 

Means assigned with the same later have no significant difference at P < 0.01. WW= well water, WS= water 
stress, CV= coefficient of variation, SLA = Specific leaf area and SLW= specific leaf weight, LSD= List Significance 
Difference. 
 



J. Curr. Opin. Crop Sci., 2021; Volume 2(3): 306-317  309 

 

SLA is an important growth parameter in response to 
favorable and unfavorable condition (Campos et al., 
2004), associated with physiological activity (photo 
assimilation) (Pawar, 2007). SLA indirectly tells the 
leaf thickness. The lower SLA value shows a reduction 
of growth in comeback to water shortage is one of the 
tolerance mechanisms (Anjum et al., 2011). Plants 
with high SLA have advanced metabolic activity than 
those with lower SLA. Higher leaf area may cause 
more water losses as a result of more evapo-
transpiration from the leaf surface. Similar to our 
finding, Painawadee et al. (2009) revealed that plant 
with lower SLA value indicates the higher drought 
resistant genotype and the plant with higher SLA 
value indicates the less drought tolerant genotype. 

SLW varies considerably in maize variety (Table 
1). The decrease of SLW in water scarcity is linked 
with decreased assimilate formation in leaves and 
leaf growth rate (Mehmood-Ul-Hassan et al., 2013). A 
survey of literature of Misra (1995) revealed that 
SLW and leaf dry matter are the key parameters used 
in selection of drought tolerance crops. Maize variety 
Melkassa-4 was recorded the lower SLA and higher 
SLW than other variety used in the present study so 
this variety is more drought tolerant than other 
variety, while MH140 and MHQ138 maize variety was 
recorded the higher SLA and lower SLW than other 
varieties and are more drought susceptible than 
others. Similar to this finding, Ali et al. (2009) 
reported that higher specific leaf weight helps for the 
selection of the genotypes with higher grain yields 
under water stressed condition. The SLW changes 
observed in all variety in response to drought stress 
indicated that the MHQ138 variety is the least 
drought tolerant variety while, variety Melkassa-4 is 
more drought tolerant than the variety used in the 
present study. 

Relative Water Content (%) 

RWC% is the percentage of the fresh weight (FW), dry 
weight (DW) and the turgid weight (TW) of the 
stressed plant. The RWC of the maize variety differs 
significantly (Figure 1). Mean comparison result 
showed that RWC of water stress treatment was 
lowest, while well-watered treatment was recorded 
with highest value (figure 1). Similar to this finding, 
Decov et al. (2000) Suggested that RWC of leaf maize 
declines significantly when leaf is open to drought. 
And also, Adejare and Umebese (2007) reported the 
relative water content values of water stress 
(experimental) treatments were significantly 
reduced under at flowering stages when compared 
with that of controlled treatment. 

The RWC values of all the varieties were differed 
under control conditions and experimental condition 
(figure 1). Under water stress condition the variety 
Melkassa-4 was recorded the maximum relative 
water content followed by Melkassa-3. The lowest 
RWC was recorded in MHQ138 followed by Melkassa-
2. It is evident from the present study that the RWC of 
the six maize varieties decreased significantly under 
drought stress. The reason behind is Water deficit has 
exerted a negative effect on RWC. 

The possible reason for decreasing RWC in maize 
variety leaves could be the limitation of soluble sugar 
content supply caused by water stress (Lawlor and 
Cornic, 2002). Preservation of higher RWC by the 
varieties play a role in its tolerance under declining 
soil moistures mentioned in Shivalli (2000). 

RWC is an important indicator of cell hydration 
and a major indicator of physical strength and 
growth. RWC was recommended by Balota (1995) as 
a critical criterion in breeding platforms for selecting 
drought tolerance in crop plants. According to Colom 
and Vazzana (2003), drought resistance is indicated 
by the maintenance of a high RWC during small 
drought. Melkassa-4 had the greatest RWC, followed 
by Melkassa-3, for water stress in the current study, 
whereas MHQ138 had the lowest RWC (figure 1). 
Shaw et al. (2002) and Ramos et al. (2003) found that 
the RWC of leaf bean under experimental conditions 
was lower than the RWC at optimum water 
conditions, and that a higher RWC is a crucial 
indicator of water stress tolerance. The relative water 
content of experimental conditions fell in all varieties 
in this study; however, this reduction was greater in 
variety (MHQ138), indicating that this maize variety 
is drought tolerant, and (Melkassa-4) had a higher 
RWC. Hassanzadeh et al. (2009) found that sesame 
grown varieties with high relative water contents are 
more resistant to water stress than those with lower 
relative water contents.   

Chlorophyll Content using SPAD Reading meter 

The data for SPAD readings meter of chlorophyll 
content of all variety indicated in (Table 2). The mean 
comparison results showed the water stress had 
recorded lower chlorophyll content when compared 
with the controlled treatment which had the highest 
amount of chlorophyll content. The reason for the 
decrease of chlorophyll content was that water stress 
can destroy the chlorophyll synthesis (Lessani and 
Mojtahedi, 2002). The variety Melkassa-4 was 
recorded with the maximum SPAD reading and 
followed by Melkassa-3 While, the variety MHQ138 
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was recorded with the minimum SPAD value under 
water stress condition. Similar to this finding, 
Hassanzadeh et al. (2009) reported that sesame 

chlorophyll content was higher in control treatment 
than experimental treatment.  

 

 
Figure 1. Relative water content of maize variety under control and experimental condition. Means assigned 
with the same later have no significant difference at P < 0.01. Bars represent mean. Where, RWC= Relative 
water content LSD= List Significance Difference. 
 

Table 2. Chlorophyll content reading meter of six 
maize varieties in well-watered and water stressed 
condition.  

Variety Chlorophyll content 

 WS WW 

MH140 50.6bb 82.0ab 

Melkassa-2 48.2bc 82.8abc 

Melkassa-3 60.9bba 83.1aa 

Melkassa-4 65.1ba 84.4aa 

Melkassa-6Q 54.1bbc 82.0ab 

MHQ138 44.6bc 81.5ac 

CV % 7.39 3.78 

LSD 9.5 5.5 
Means assigned with the same later have no 
significant difference at P < 0.01. WW-Well water; 
WS-Water stress; LSD-List Significance Difference. 
According to Hassanzadeh et al. (2009) the reason for 
lower chlorophyll content under water scarcity is 
that, water stress in plant cell creates reactive oxygen 
species that lead to chlorophyll damage. Homayoun et 
al. (2011) stated that drought resistant cultivars show 
the maximum chlorophyll content under the water 
scarcity. Abdellah et al. (2011) recorded the lower 
chlorophyll content in drought vulnerable wheat 
variety under water stress of 30 percent field 

capacity. In this study, the maize variety Melkassa-4 
with higher chlorophyll content is the most stress 
tolerant, while MHQ138 variety with lower 
chlorophyll content is stress least tolerant than others 
under water stressed treatment. Comparable to this 
study, Ghaffari et al. (2012) specified that the tolerant 
sunflower line had higher chlorophyll than the 
susceptible line under water stress condition. The 
higher chlorophyll content shows that varieties had 
more efficient mechanisms to protect photosynthesis 
apparatus than the lower chlorophyll content under 
drought stress. 
  
Nitrogen Content 

The mean results showed that the experimental 
management had the lowest levels of Nitrogen 
content, while controlled treatment had the highest 
amount of nitrogen content. The leave Nitrogen 
content of maize variety recorded in (Table 3) 
showed that all maize variety differed significantly. 
Similar to this study, DaMatta et al. (2002) described 
that nitrogen deficiency occurs when a plant aspects 
water deficit. Also, Mahieu et al. (2009) informed that 
there was reduction of nitrogen content under water 
stress condition in all plant parts. Maximum nitrogen 
content was observed in Melkassa-4 and lowest was 
recorded in MHQ138 followed by Melkassa-2. In this 
study, nitrogen content declined under water scarcity 
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condition in all variety, but this reduction was higher 
in least drought tolerant variety. Plants fully flooded 
plots had higher leaf N concentration than plants from 
un-watered control (Lu and Han 2010). In this study 
the maize variety Melkassa-4 with higher nitrogen 
content which is the most stress tolerant variety, 
while MHQ138 variety with lower nitrogen content is 
less stress tolerant than other variety under water 
stressed treatment. Similar to this study, Lu and Han 
(2010) revealed that drought tolerant plant has 
greater nitrogen content than that of drought 
susceptible plant. De Souza et al. (1997) studied that 
extreme drought stresses improve leaf deterioration 
by reducing leaf nitrogen (N) and chlorophyll 
contents. 
 
Table 3. Leaf Nitrogen content of six maize varieties 

Variety Nitrogen content 
 WS WW 
MH140 2.4bbac 5.5abac 
Melkassa-2 2.3bdc 5.3adc 

Melkassa-3 2.4bbdc 5.3abdc 

Melkassa-4 2.5bba 5.4aba 

Melkassa-6Q 2.4ba 5.6aa 

MHQ138 2.2bd 5.4ad 

CV % 6.43 2.9 

LSD 0.077 0.13 
Means assigned with the same later have no significant 
difference at P < 0.01. WW-well water, WS-water stress 
LSD-List Significance Difference 

 

Soluble proteins 
The lower soluble protein content was showed in 
water stress usage than well-watered treatment 
which had the maximum amount of soluble protein as 
mean comparisons results (Table 4). The present 
study results are consistent with those of 
Mohammadkhani and Heidari (2008) described that 
soluble protein content of maize varieties decrease 
under water stress condition. This is because of that 
water stress made fluctuations in protein production 
in maize. Soluble sugar content decrease under water 
stress condition was due to the reactive oxygen 
species production as mentioned in Ghaffari et al. 
(2012). 

The soluble protein was maximum in variety 
Melkassa-4 followed by Melkassa-3 and the least 
soluble protein content was noted in MHQ138 in 
water stressed condition. Ghanbari et al. (2007) 
reported that drought tolerant variety of alfalfa 
soluble proteins content was higher than in 
susceptible genotype under water stress which was 
decreased. 

Salekdeh et al. (2002) revealed the significant 
difference between leaves of fully watered compared 
to the leaves of cultivars with non-fully watered 
(control) that showed lower leaf protein contents. 

The present results are similar with the results of 
Salekdeh et al. (2002) in which the six varieties 
showed the variation. Surendar et al. (2013) observed 
that the tolerant cultivars practiced lesser decrease of 
soluble protein than the susceptible ones. Our finding 
is related to finding of Surendar et al. (2013). The 
results of maize variety Melkassa-4 with higher 
soluble protein content are the most stress tolerant, 
while MHQ138 variety with lower soluble protein 
content is less tolerant than other varieties. In this 
study, drought reduced the soluble protein content in 
all varieties, but this decrease was larger in less 
tolerant variety. 

Table 4. Leaf protein content of six of maize 
varieties. 

Variety Mean of soluble protein 

 WS WW 

MH140    14.7bbac 34.6abac 
Melkassa-2        14.6bdc      33.1adc 

Melkassa-3    15.1bbdc 33.2abdc 

Melkassa-4   15.8bba      33.9aba 

Melkassa-6Q 14.9ba      35.1aa 

MHQ138 13.7bd      33.7ad 

CV %        2.88                  1.29 
LSD 0.077      0.13 

Means assigned with the same later have no significant 
difference at P < 0.01. WW= well water WS= water stress. 

 
Serraj and Sinclair (2002) revealed that a better 
production and accumulation of compatible solutes 
such as soluble protein are the most patent to 
osmotically regulate them was the key among the 
responses of plants to abiotic stresses. The maximum 
proteins content in leaves were recorded at control 
and decreased with the increased in water stress 
period in all the variety. Protein synthesizing 
mechanism will damage by water stress. Increased 
activity of protease and proteolysis may be was the 
possible reason for declined protein content under 
water stress (seems amino acid like proline are less 
incorporated for protein synthesis during water 
stress condition). 

Soluble Sugar Content 

Under drought stress Soluble sugar content is an 
important biological indicator of a plants ability to 
continue life in water scarce conditions. The results of 
mean showed that the water stress treatment had the 
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highest levels of soluble sugar and well-watered 
treatment had the lowest content of soluble sugar 
(Figure 2). Melkassa-4 recorded with higher soluble 
sugars in as compared to all other variety used in the 
present study. However, the variety MH140 and 
MHQ138 recorded lower sugar content over all other 
variety used in the present study. This difference in 
comeback to water strain is also likely to be due to the 
genetic differences among the variety. This shows 
that each variety has different ability to synthesis 
soluble sugar with an increase in drought stress 
treatment. As the water level decreases soluble sugar 
content increase (Mohammadkhani and Heidari, 
2008). These results indicate that the soluble sugar in 

the leaves was significantly (P < 0.01) increased due 
to the increase in the level of drought stress.  
 

Soluble sugar is key one among important 
functional indicators of plants capability to survive 
under drought stress. The rise of simple sugars 
(glucose and fructose) could be supplementary with a 
proliferation in the leaf cell wall plasticity and 
membrane turgidity (Trouverie et al., 2003).  

The soluble sugars (accountable for protecting the 
cells during drought) increased in the leaves to other 

organs in plant under water stress (Anjorin et al., 
2016). The data of soluble sugars indicated significant 
differences among the varieties (Table 8). 

 

 

Figure 2. Soluble sugar content of maize variety under both treatments condition (well-watered and water 
stress). Means assigned with the same later have no significant difference at P < 0.01. Bars represent mean. 
Where, SS= soluble sugar. 
 

Proline content  

The proline content results revealed significant 
differences among the variety (figure 3). These 
results showed that the leaves proline content was 
significantly increased due to the rise in the content 
of drought pressure. The differences in the responses 
to drought stress among the six selected maize variety 
showed that each variety has different ability to 
synthesis proline with an increase in drought strain 
treatment. Aminatun et al. (2013) reported that 
drought-susceptible had lower proline contents than 
drought-tolerant maize cultivars ones. According to 
this study, in Melkassa-4 higher proline content was 
recorded over all other variety and is more drought 
tolerant than other variety. The minimum proline 
accumulation was recorded in MHQ138 and it is less 

drought tolerant than other variety. This difference in 
response is also likely to be due to the genetic 
differences among the variety.  Also, Sharada and Naik 
(2011) reported that the cultivars that had higher 
concentrations of proline were drought-tolerant. 

Proline content increase under water stress 
condition could be used as a marker of drought 

tolerance (Naser et al., 2010). According to this 

statement maize variety Melkasa-4 is more drought 
tolerant than other variety and MHQ138 variety is 
less drought tolerant than others (Figure 3). 
Verbruggen and Hermans (2008) revealed that the 
the increase of Proline content of plant is to play 
adaptive characters in plant stress tolerance. The 
higher record of proline during drought stress 
condition encouraged the proline content as a 
parameter of selection for stress tolerance (Jaleel et 
al., 2007). 
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Figure 3. Proline concentration of leaf under both treatments (well-watered and water stressed) condition. 
Means with the same later have no significant difference at P < 0.01. 
 

Correlation analysis 

In order to analyze how each parameter interrelated 
to a given condition, correlation analyses were 
performed for each water level. Based on the 
correlation value, we can conclude that there is a 
negative correlation between watering treatment and 
proline, soluble sugars, chlorophyll content and 
relative water content parameters, while SLA, SLW, 

nitrogen content and protein content which showed 
positive correlation. As water level increase, the 
content of proline, soluble sugars, chlorophyll content 
and relative water value decrease, while the SLA, 
SLW, nitrogen and protein content values increase. As 
water level decrease, the content of proline, soluble 
sugars, chlorophyll content and relative water value 
increase, while the SLA, SLW, nitrogen and protein 
content values decrease.  

Table 5. Simple correlation of physiological parameters under water stressed condition 

     SS PROT RWC N PROL CHL SLW SLA 

SS  1 0.811 0.925 0.811 0.960 0.890 0.711 -0.874 

PROT   1 0.927 1 0.933 0.937 0.686 -0.834 

RWC    1 0.927 0.967 0.952 0.689 -0.814 

N     1 0.933 0.937 0.686 -0.834 

PROL     1 0.974 0.673 -0.877 

CHLO       1 0.528 -0.767 

SLW        1 -0.826 

SLA         1 

Key: PROT= protein, PROL= proline SLA= specific leaf area, SLW= specific leaf weight, SS= soluble sugar, N= 
nitrogen, CHLO= chlorophyll, RWC= relative water content. 

Table 6. Simple correlation of parameters under well-watered condition 

 SS PROT RWC N PROL CHL SLW SLA 
      

0.315 

    

SS  1 0.315 0.593 -0.208 0.637 -0.010 0.495 

PROT   1 0.223 1 0.828 -0.218 -0.225 0.543 

RWC    1 0.223 -0.171 0.486 -0.676 0.166 

N     1 0.828 -0.218 -0.225 0.543 
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PROL      1 -0.549 -0.236 0.197 

CHLO       1 0.111 0.450 

SLW        1 0.404 

SLA         1 
Note: SLA= specific leaf area, SLW= specific leaf weight, SS= soluble sugar, N= nitrogen, CHLO= chlorophyll, RWC= 
relative water content. 

CONCLUSIONS  

Drought tolerant maize variety sustains their 
progress (growth) and development under drought 
stress, while the maize varieties that are susceptible 
to drought may be lack progress and development 
and drought condition and facing severe yield 
reduction. In the present study all, maize varieties are 
not equally affected or show variability to drought 
stress. The differences exist was due to the ability of 
different maize varieties to tolerate water stressed 
conditions. In the drought stress condition, highest 
level of proline content, soluble sugar content, N 
content, Protein content, SLW, RWC content, 
Chlorophyll content and lower SLA was obtained in 
the maize variety Melkasa-4, while for lower proline 
content, SS content, N content, Protein content, SLW, 
RWC content, Chlorophyll content and higher SLA at 
the same drought stress treatment, the lowest level 
was obtained in the MHQ138. This assessment mainly 
evaluates the maize varieties to determine the SLA, 
SLW, proline, soluble sugar, nitrogen, protein, 
chlorophyll and relative water content to identify the 
most drought tolerant and least drought tolerant 
variety. According to the evaluation work, it was 
found out that Melkasa-4 which is most drought 
tolerant one among the varieties that used in the 
research study and MHQ138 is the least drought 
tolerant one among the varieties that used in the 
research study. Therefore, higher proline content, SS 
content, N content, Protein content, SLW, RWC 
content, Chlorophyll content and lower SLA can help 
in selection of most drought tolerant maize variety. 
Among the parameters SLA, proline, soluble sugar 
and chlorophyll contents are the best parameters to 
identify the most drought tolerant maize varieties. 
Further work in the future has to be done on 
identification of the gene that code for increased 
accumulation of metabolites under drought stress at 
molecular level which would assist rapid 
development of maize variety and further 
investigation on the resistance mechanisms in maize 
variety at the molecular level is required. Since the 
current research was done under controlled 
condition, the consistency of observed traits should 
be studied under field condition. 

ACKNOWLEDGMENT  

This study was a part of the senior author's M. Sc. 
research financed by the Adama Science and 
Technology University, Adama Ethiopia. 

CONFLICT OF INTERESTS 

No potential conflict of interest was reported by 
authors. 

CONTRIBUTIONS OF AUTHOR 

The experiment, collection of data, data analysis, and 

the write-up of the manuscript was carried out by 
Dale Abo. Leta Tullu led the project, helped with the 
design of the trial, and supervised the study. The co-

supervisor of this study was Mulugeta Kebede. The 

final manuscript read and approved all authors. 

REFERENCES 

Abdellah, A., Boutraa, T., & Alhejely, A. (2011). 
Therates of photosynthesis, chlorophyll content, 
dark respiration, proline andabscicic acid (ABA) 
in wheat (Triticum durum) under water deficit 
conditions. International Journal of Agriculture 
and Biology, 13, 215-221.  

Adejare, F., & Umebese, C. (2007). Stomatal resistance 
to low leaf water potential at different growth 
stages affects plantbiomass in Glycine max L. 
American Journal of Agricultural and Biological 
Sciences, 2, 136 -141. https://doi.org/ 
10.3844/ajabssp.2007.136.141  

Ahmadizadeh, M., M. Valizadeh., Zaefizadeh, M., & 
Shahbazi, H. (2011). Antioxidative protection 
and electrolyte leakage in durum wheat under 
drought stress condition. Journal of Applied 
Science Research, 7, 236-246.  

Ali, M., Abbas, A., Niaz, S., Zulkiffal, M., & Ali, S. (2009). 
Morpho-physiological criteria for drought 
tolerance in sorghum (Sorghum bicolor) at 
seedling and post-anthesis stages. International 
Journal of Agriculture and Biology, 11, 674-680.  

Aminatun, M., Endang, S., Paul, Holford., & Sismindari, 
A. (2013). Tolerance of Accessions of Glagah 
(Saccharum spontaneum) to Drought Stress and 

https://doi.org/%2010.3844/ajabssp.2007.136.141
https://doi.org/%2010.3844/ajabssp.2007.136.141


J. Curr. Opin. Crop Sci., 2021; Volume 2(3): 306-317  315 

 

Their Accumulation of Proline. American Journal 
of Agricultural and Biological Sciences, 8, 1-11. 

Anjorin, F., Adejumo, S., Agboola. L., & Samuel, Y. 
(2016). Proline, soluble sugar, leaf starch and 
relative water contents of four maize varieties in 
response to different watering regimes. 
Cercetări Agronomice în Moldova, 3, 51-62. 
https://doi.org/10.1515/cerce-2016-0025   

Anjum. Sh., Xiao-yu, X., Long-chang, W., Muhammad, 
S., Chen, M., & Wang L. (2011). Morphological, 
physiological and biochemical responses of 
plants to drought stress. African Journal of 
Agricultural Research, 6: 2026-2032. 
https://doi.org/10.5897/AJAR10.027  

Balota, M. (1995). Excised-leaf water status in 
Romanian and foreign winter wheat cultivars 
and the physiological and environmental effects 
on excised-leaf water loss. Romanian 
Agricultural Research, 3, 69–76. 
https://doi.org/10.1023/A:1018644113378  

Bates, L., Waldren, R., & Teare, L. (1973). Rapid 
determination of free proline for water 
stress studies. Plant Soil, 39: 205-207. 
https://doi.org/10.1007/BF00018060  

Bedada, Leta., Miccah, S., Steven, M., Wondyifraw, 
Teffera., Charless, M., Clet, W., Richard, O., 
Eduardo, B., & Francis, W. (2016). Drought 
tolerant tropical maize (Zea mays L.) developed 
through genetic transformation with 
isopentenyltransferase gene. African Journal of 
Biotechnology, 15: 2447-2464. https://doi.org/ 
10.5897/AJB2016.15228  

Campos, H., Cooper, M., Habben, J., Edmeades, G., & 
Schussler, J. (2004). Improving drought 
tolerance in maize. Field Crop Research. 90, 19–
34. http://dx.doi.org/10.1016/j.fcr.2004.07.003  

Colom, M., & Vazzana, C. (2003). Photosynthesis and 
PSII functionality of drought-resistant and 
drought sensitive weeping lovegrass plants. 
Environ. Experimental Botany, 49, 135–144. 
https://doi.org/10.1016/S0098-
8472(02)00065-5  

DaMatta, F., Loos, R., Silva, E., Loureiro, M., & Ducatti, 
C. (2002). Effects of soil water déficit and 
nitrogen nutrition on water relations and 
photosynthesis of pot-grown Coffea canephora 
Pierra. Trees, 16, 555-558. https://doi.org/ 
10.1007/s00468-002-0205-3  

De Souza, P., Egli, D., & Bruening, W. (1997). Water 
stress during seed filling and leaf senescence in 
soybean. Agronomy Journal, 89: 807-812. 
https://doi.org/10.2134/agronj1997.000219 
62008900050015x  

Decov, I., Tsonev, T., & Yordanov, I. (2000). Effects of 
water stress and high-temperature stress on the 
structure and activity of photosynthetic 
apparatus of Zea mays and Helianthus annuus. 
Photosynthetica, 38: 361-366. https://doi.org/ 
10.1023/A:1010961218145  

Dey, P. (1990). Methods in plant biochemistry. Vol. 2. 
Carbohydrates. Academic Press. London (1990). 
Duxbury, A.C. and D.S. https://doi.org/ 
10.1002/jctb.280520417  

Eyerusalem, & Arusi Morka. (2015). Physiological 
Indices for Drought Tolerance in Stay-green 
Sorghum (Sorghum bicolor L. Moench) 
Accessions. MSc Thesis, Addis Ababa University. 

Eyob Bezabeh (2015). National government vs 
CIMMYT investment trends in maize research. 
Journal of Agriculture and Environmental 
Management, 4,192-196. 

Ghaffari, M, Toorchi, M., Valizadeh, M., & Shakiba, M. 
(2012). Morpho-physiologicalscreening of 
sunflower inbred lines under drought stress 
condition. Turk. J. Field Crops, 17: 185-190. 

Ghanbari, F., Nadjaf, S., Shabahang, S., & Ghanbari, A. 
(2007). Effects of irrigation regimes and row 
arrangement on yield, yield components and 
seed quality of pumpkin (Cucurbita pepo L.). 
Asian Journal of Plant Science, 6, 1072-1079. 
https://dx.doi.org/10.3923/ajps.2007.1072.10
79  

Homayoun, H., Daliri, M., & Mehrabi, P. (2011). Effect 
of Drought Stress on Leaf Chlorophyll in Corn 
Cultivars (Zea mays). Middle-East Journal of 
Scientific Research, 9, 418-420.  

Jaleel, C., Gopi, R., Sankar, B., Manivannan, P., 
Kishorekumar, A., Sridharan, R., & 
Panneerselvam, R. (2007). Studies on 
germination, seedling vigour, lipid peroxidation 
and proline metabolism in Catharanthus roses 
seedlings under salt stress. South African Journal 
of Botany, 73, 190–195. http://dx.doi.org/ 
10.1016/j.colsurfb.2007.06.006  

Lawlor, W., & Cornic, G. (2002). Photosynthetic 
carbon assimilation and associated metabolism 

https://doi.org/10.1515/cerce-2016-0025
https://doi.org/10.5897/AJAR10.027
https://doi.org/10.1023/A:1018644113378
https://doi.org/10.1007/BF00018060
https://www.researchgate.net/journal/1684-5315_AFRICAN_JOURNAL_OF_BIOTECHNOLOGY
https://www.researchgate.net/journal/1684-5315_AFRICAN_JOURNAL_OF_BIOTECHNOLOGY
https://doi.org/%2010.5897/AJB2016.15228
https://doi.org/%2010.5897/AJB2016.15228
http://dx.doi.org/10.1016/j.fcr.2004.07.003
https://doi.org/10.1016/S0098-8472(02)00065-5
https://doi.org/10.1016/S0098-8472(02)00065-5
https://doi.org/%2010.1007/s00468-002-0205-3
https://doi.org/%2010.1007/s00468-002-0205-3
https://doi.org/10.2134/agronj1997.000219%2062008900050015x
https://doi.org/10.2134/agronj1997.000219%2062008900050015x
https://doi.org/%2010.1023/A:1010961218145
https://doi.org/%2010.1023/A:1010961218145
https://doi.org/%2010.1002/jctb.280520417
https://doi.org/%2010.1002/jctb.280520417
https://dx.doi.org/10.3923/ajps.2007.1072.1079
https://dx.doi.org/10.3923/ajps.2007.1072.1079
http://dx.doi.org/%2010.1016/j.colsurfb.2007.06.006
http://dx.doi.org/%2010.1016/j.colsurfb.2007.06.006


J. Curr. Opin. Crop Sci., 2021; Volume 2(3): 306-317  316 

 

in relation to water deficits in higher plants. 
Plant, Cell & Environment, 25, 275–295. 

Lessani, H., & Mojtahedi, M. (2002). Introduction to 
Plant Physiology (Translation). 6thEdn., Tehran 
University press, Iran. 

Lum, M., Hanafi, M., Rafii, Y., & Akmar, A. (2014). 
Effect of drought stress on growth, proline and 
antioxidant enzyme activities of upland rice. The 
Journal of Animal & Plant Sciences, 24, 1487-
1493. http://www.thejaps.org.pk/docs/v-24-
5/28.pdf  

Mahieu, S., Germon F., Aveline, A., Hauggaard-Nielsen, 
H, Ambus, P., & Jensen, S. (2009). The influence 
of water stress on biomass and N accumulation, 
N portioning between above and below ground 
parts and on N rhizo deposition during 
reproductive growth of pea (Pisum sativum L.). 
Soil Biology and Bio- chemistry, 41, 380-387. 
https://doi.org/ 10.1016/j.soilbio.2008.11.021  

Mehmood-ul-Hassan, A., Abdul, Q., Abdul, R., 
Muhammad, A., Imran, M., Sami, Ullah, K., & 
Matthew, J. (2013). Evaluation of Maize Cultivars 
for Drought Tolerance Based on Physiological 
Traits Associated with Cell Wall Plasticity. Jökull 
journal, 63, 45-53. 

Misra, N. (1995). Assimilate partitioning in pearl 
millet (Pennisetum glaucum L.R.Br.). Acta 
Physiologiae Plantarum, 17, 41-46. https:// 
doi.org/10.1016/S0176-1617(97) 80073-9  

Mohammadkhani, N., & Heidari, R. (2008). Drought-
induced Accumulation of Soluble Sugars and 
Proline in Two Maize Varieties. World Applied 
Sciences Journal, 3, 448-453. https://doi.org/ 
10.4236/ajps.2011.26094  

Naser, L., Kourosh, K., Bahman., & Reza, A. (2010). 
Soluble sugars and proline accumulation play a 
role as effective indices for drought tolerance 
screening in Persian walnut (Juglans regia L.) 
during germination. Fruits, 65, 97-112. 
https://doi.org/10.1051/FRUITS%2F20010 005  

Ongeti. J. (2012). Breeding maize for early maturity 
and drought tolerance in Kenya using anthesis to 
silking interval. MSc Thesis University of 
Nairobi.  

Painawadee, M., Jogloy, S., Kesmala, T., Akkasaeng, C., 
& Patanothai, A. (2009). Identification of traits 
related to drought resistance in Peanut (Arachis 
hypogaea L.). Asian Journal of Plant Sciences. 8, 

120-128. http://dx.doi.org/10.3923 /ajps.2009. 
120.128  

Pawar, N. (2007). Physiological indices for drought 
Tolerance in rabi sorghum. Thesis, University of 
Agricultural Sciences, Dharwad Karnataka, p26-
38.  

Prasad, G. (2014). Performance of maize (Zea mays L.) 
hybrids under different sowing dates in kharif 
season. I.M.M. ed.) InTech. M. Sc. Thesis. 
Chaudhary Charan Singh Haryana Agricultural 
University, India. 

Ramos, M., Richard, P., Janet, S., & Euan, J. 
(2003). Effect of water stress on nitrogen 
fixation and nodule structure of common bean. 
Pesquisa Agropecuária Brasileira. Brasilia, 38, 
339-347.  https://doi.org/10.1590/S0100-
204X2003 000300002 

Salekdeh, G.G., Siopongco J, Wade, L, Gareyazie, B., & 
Bennett, J. (2002).  Proteomic analysis of rice 
leaves during drought stress and recovery. 
Proteomics, 2, 1131-1145. https://doi.org/ 
10.1002/1615-9861 (200209)   

Serraj, R., & Sinclair, T. (2002). Osmolyte 
accumulation: can it really help increase crop 
yield under drought conditions. Plant Cell 
Environ, 25, 333-341. https://doi.org/10.1046/ 
j.1365-3040.2002. 00754.x  

Sharada, P., & Naik, G. (2011). Physiological and 
biochemical responses of groundnut genotypes 
to drought stress. World journal of science and 
technology research. Technol, 1, 60-66. 

Shaw, B., Thomas, H. & Cooke, T. (2002). Responses of 
sugar beet (Beta vulgaris L.) to drought and 
nutrient deficiency stress. Plant Growth 
Regulation, 37, 77–83. https://doi.org/ 
10.1023/A:1020381513976  

Shivalli, S. (2000). Characterization of morpho-
physiological traits for higher productivity in 
rabi Sorghum. M. Sc. Thesis, University of 
Agricultural Sciences, Dharwad. 

Trouverie, J., C. Thevenot, J., Rocher, B., & Sottaand, J. 
(2003). The role of abscisic acid in the response 
of a specific vacuolar invertase to water stress in 
the adult maize leaf. Journal of Experimental 
Botany, 54, 2177- 2186. https://doi.org/ 
10.1093/jxb/erg234  

http://www.thejaps.org.pk/docs/v-24-5/28.pdf
http://www.thejaps.org.pk/docs/v-24-5/28.pdf
https://doi.org/%2010.1016/j.soilbio.2008.11.021
https://doi.org/%2010.4236/ajps.2011.26094
https://doi.org/%2010.4236/ajps.2011.26094
https://doi.org/10.1051/FRUITS%2F20010%20005
http://dx.doi.org/10.3923%20/ajps.2009.%20120.128
http://dx.doi.org/10.3923%20/ajps.2009.%20120.128
https://doi.org/10.1590/S0100-204X2003%20000300002
https://doi.org/10.1590/S0100-204X2003%20000300002
https://doi.org/%2010.1002/1615-9861%20(200209)
https://doi.org/%2010.1002/1615-9861%20(200209)
https://doi.org/10.1046/%20j.1365-3040.2002.%2000754.x
https://doi.org/10.1046/%20j.1365-3040.2002.%2000754.x
https://doi.org/%2010.1023/A:1020381513976
https://doi.org/%2010.1023/A:1020381513976
https://doi.org/%2010.1093/jxb/erg234
https://doi.org/%2010.1093/jxb/erg234


J. Curr. Opin. Crop Sci., 2021; Volume 2(3): 306-317  317 

 

Verbruggen, N., & Hermans, C. (2008). Proline 
accumulation in plants. Amino Acids, 35, 753- 
759.     

Vincent, P., & Leszek D. (2012). Zea Mays (Maize, 
Corn). In: eLS. John Wiley & Sons, Ltd: 
Chichester. https://doi.org/10.1002/97804700 
15902.a0003687.pub2  

Van den Berg, A., & Perkins, T. (2004). Evaluation of a 
portable chlorophyll meter to estimate 
chlorophyll and nitrogen contents in sugar 
maple (Acer saccharum Marsh.) leaves. Forest 

Ecology and Management, 200, 113–117. 
http://dx.doi.org/10.1016/j.foreco.2004.06.005 

Zhao,Ch., Heli, L., Pingheng, L., Guijun, Y., Xiaohe, G., & 
Yubin, L. (2016). Effect of vertical distribution of 
crop structure and biochemical parameters of 
winter wheat on canopy reflectance 

characteristics and spectral indices. Institute of 
Electrical and Electronics Engineers Inc. 
https://doi.org/10.1109/TGRS.2016.2604492  

 
 
 
 
 
 
 
 
 

https://doi.org/10.1002/97804700%2015902.a0003687.pub2
https://doi.org/10.1002/97804700%2015902.a0003687.pub2
http://dx.doi.org/10.1016/j.foreco.2004.06.005
https://doi.org/10.1109/TGRS.2016.2604492

