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Abstract 
This study aims to assess the protein contents of Zea mays plant during water stress conditions. 
Different types of soils were selected for different types of treatments namely Treatment A (watered daily), 
Treatment B (watered 3 d once) and Treatment C (watered weekly once) and the  protein content in the third 
leaf of Zea mays L. was estimated. The leaves were collected and determined for protein content in 
response to water stress. The findings showed that increasing water stress significantly reduced the protein 
content as compared to control (Treatment A) which is watered every day. The experiment showed that 
protein accumulated lowest in Treatment C than B. Protein level decreased in the maize leaves in response 
to water stress. Among all different types of soil proportions, protein content was least in Red soil + Sand soil 
and gradually increased in other types of soil proportions and higher in Red soil + Manure + Vermicompost + 
Fertilizer. Decreased protein content in the stressed plants may be an adaptation to overcome the water 
stress conditions.   
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Introduction 
Maize (Zea mays L.) is the third most important cereal 
after wheat and rice all over the world. Maize is the 
world’s largest grain crop in total production on a MT 
basis (FAOSTAT, 2010). Given the reliance on maize for 
food, fiber and fuel, continued improvement in maize 
grain yields is a substantial challenge. Maize, however, is 
highly sensitive to drought, specifically two weeks  
prior and post-silking (Banzinger et al., 2000; Tollenaar 
and Lee, 2011). Maize had its origin in a semi-arid area 
but it is not a reliable crop for growing under dry land 
conditions, with limited or erratic rainfall (Arnon, 1972). 
Globally, maize is classified into three distinct  
agro-ecologies, depending on the latitude and 
environment, viz. tropical maize, grown between the 
equator and 30oN and 30oS, sub-tropical maize, grown 
between 30oN and 34oS latitudes and temperate maize, 
grown in cooler climate beyond 34oN and 34oS. Tropical 
maize is further classified into three sub-classes, i.e. 
lowland, mid-altitude and highland tropical maize 
(Doswell et al., 1996). 
  
Water stress refers to scarcity or limited supply of water. 
The major reasons for water scarcity are population 
growth, increasing urban, industrial demand for water, 
water pollution and water resource depletion.  
Water stress adversely affects crop growth and yield in 
many regions of the world (Teulat et al., 1997). One of 
the most important constraints for agriculture is water 
limitation. Most recently, global warming may be 
worsening this situation in most agricultural region.  
 

 
Thus, it is quite relevant to understand the mechanisms 
that enable plants to cope with water stress. Indeed 
maize plant seedlings show a wide range of adaptation, 
at different levels to water stress. Protein level decreased 
in the maize leaves in response to water stress. Protein 
decrease in the stressed plants may be an adaptation to 
overcome the water stress conditions. Water stress 
affects almost every developmental stage of the plant. 
However, damaging effects of this stress was more 
noted when it coincided with various growth stages such 
as germination, seedling shoot length, root length and 
flowering (Rauf, 2008; Khayatnezhad et al., 2010). 
Maize is apparently more drought resistant in the early 
stages of growth than when fully developed. Extreme 
water stress at different stages of crop development has 
been reported to reduce the yield significantly (Dhillon  
et al., 1995). Leaf water content declined more in maize 
than in sorghum, attaining low values of leaf water 
potential (Nagy et al., 1995). In addition, the relative 
water content in leaves of different maize cultivars 
decreased significantly and with drought stress, the 
membrane permeability of the leaf cell markedly 
increased (Chen and Dai, 1994; Liu and He, 1995). 
Plants have many adaptive mechanisms in response to 
abiotic stress, being morphological modifications 
(increase in root size and reduction in leaf area) or 
changes in physiological and biochemical processes 
(Yordanov et al., 2000). Keeping the above facts in view, 
this study was aimed to assess the protein contents of 
Zea mays plant during water stress conditions. 
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Materials and methods 
Study area and seed source: The study was conducted 
at The Indian Public School, Erode botanical garden.  
Zea mays L. hybrid 30 B07 seeds were obtained from 
Tamil Nadu Agricultural University (TNAU), Coimbatore. 
The study was started on 15/09/2010 and ended on 
07/03/2013. 
   
Experimental design: Protein content of C4 (maize) 
plants under water stress condition was investigated. 
The study was conducted in 30 earthen pots using 
different varieties of soil. Each group was divided into 
three types of treatments namely A, B and C. A is control 
and water is poured on daily basis. B is watered once in 
3 d and C is watered once in a week (Fig. 1).  
Each treatment has 10 pots of different soil proportions 
i.e., 1. Red soil, 2. Red soil + Manure, 3. Red soil + 
Vermicompost, 4. Red soil + Sand, 5. Red soil + Black 
soil, 6. Red soil + Clay soil, 7. Red soil + Loamy soil,  
8. Red soil + Loamy soil + Black soil + Manure, 9. Red 
soil + Vermicompost + Manure + Fertilizer (NPK + DAP) 
and 10. Red soil + Fertilizer (Nitrogen, Phosphorus and 
Potassium (NPK) and Diammonium phosphate (DAP)). 
After 10 d of germination, water stress treatment is 
started and after 20 d of germination, a comparative 
study was conducted. Third leaf is collected from tender 
stage to senescence stage for 7 times once in 5 d and 
biochemical analysis was carried out. Water loss was 
monitored by weighing the pots. 
 
Estimation of total soluble protein: About 100 g of fresh 
leaves taken from control and water stressed plants and 
macerated using 10 mL of ice cold TCA using motor and 
pestle and centrifuged at 5000 rpm. The supernatant was 
discarded and 5 mL of 0.1 N NaoH was added to the 
pellet and centrifuged at 6000 rpm for 5 min.  
The supernatant was collected and made up to 5 mL 
using 0.1 N NaoH for the estimation of protein. 
Total soluble protein was estimated for the plants grown 
under the experimental conditions (Lowry et al., 1951). 
 

Fig. 1. Zea mays seedlings subjected under water stress 
treatments A, B and C. 

 
 

A-Control-Watered daily, B-Moderate water stress-Watered  
3 d once and C-Heavy water stress-Watered weekly once. 

 

Results and discussion 
Different types of soils were selected for different types 
of treatments to assess the protein content in third leaf of 
maize plants. The third leaf was collected at an interval 
of 5 d from the plants grown in all types of soil under 
different types of treatment for 7 times. Protein content is 
estimated on the collected leaves. In 35 d, protein 
content gradually increased from first leaf sample to last 
leaf sample in all the treatments. Protein content was 
more in Treatment A (watered daily). In Treatment B, 
(watered 3 d once), protein content was less compared 
to Treatment A (watered daily), but more when compared 
to Treatment C (watered weekly once). In Treatment C, 
(watered weekly once) protein content was less 
compared to Treatment A (watered daily) and Treatment 
B (watered 3 d once). 
 
Treatment-A (Control-Watered daily): Control contains a 
group of 10 pots where each pot has different soil 
proportions. Protein content gradually increased from 
first leaf sample to last leaf sample in all 10 pots of 
Treatment A. Protein content is more in Treatment A 
(watered daily) and not uniform in all soil proportions 
(Table 1). Among all different types of soil proportions, 
protein content is least in Red soil + Sand soil and 
gradually increased in other types of soil proportions and 
higher in Red soil + Manure + Vermicompost + Fertilizer  
(Table 1). 
 
Treatment-B (Watered-3 d once): Treatment B contains 
10 pots with similar soil proportions as in Treatment A.  
In Treatment B, protein content gradually increased from 
first leaf sample to last leaf sample in all the 10 pots of 
Treatment B. Protein content was less compared to 
Treatment A (watered daily), but more when compared to 
Treatment C (watered weekly once) (Table 2). Among all 
different types of soil proportions, protein content was 
least in Red soil + Sand soil  and gradually increased in 
other soil proportions and found higher in Red soil + 
Manure + Vermicompost + Fertilizer. 
 
Treatment-C (Watered weekly once): Treatment C also 
contains 10 pots with similar soil proportions as in A and 
B. Protein content gradually increased from first leaf 
sample to last leaf sample in all the 10 pots of 
treatments. Protein content was lower in Treatment C 
compared to Treatment A and B (Table 3). Among all 
different types of soil proportions, protein content was 
least in Red soil + Sand soil and gradually increased in 
other soil proportions and found higher in Red soil + 
Manure + Vermicompost + Fertilizer. 
 
Among all different types of soil proportions, protein  
content was least in Red soil + Sand soil and gradually 
increased in other soil proportions and found higher in 
Red soil + Manure + Vermicompost + Fertilizer. Protein 
content was maximum in the leaves of Treatment A and 
gradually decreased in Treatment B and C.  
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The first observed response is a decrease in its normal 
metabolic activities when a plant is subjected to any 
biotic or abiotic stress with a consequent reduction of 
growth. Protein synthesis is one of the most negatively 
affected anabolic processes together with 
photosynthesis, transport of metabolites and uptake and 
translocation of ions (Gan and Amasino, 1997).  
The protein content among water stress treatments  
(B and C in both varieties reduced with increasing water 
stress as compared to control treatment. Water deficit in 
plant tissue may cause reduction in polyribosome levels 
or lead to increase in the protein breakdown. Leaf protein 
function not only acts as a catalyst but also a major 
storage sink for nitrogen. Some proteins such as RuBP 
carboxylase act as both catalyst and as storage protein. 
The turn over characteristic of individual protein depends 
a great deal on their intracellular location and their 
accessibility to leaf protease (Onyango, 1996).  
The changes in leaf protein corroborate with previous 
reports on the responses of plants to drought stress 
(Riccardi et al., 1998; Salekdeh et al., 2002).  

 

 

 
The water stressed plants reduced quantity of soluble 
protein in present experiment can be related to reduced 
rate of biosynthesis and increased breakdown of protein 
under water limited environment, similar result also 
observed in wheat (Gong et al., 2005) and Rodriguez  
et al. (2002) reported a decrease in leaf soluble protein in 
sunflower due to water stress. For some time, water 
stress had been supposed to reduce the ratio of protein 
to amino acids or the protein content in the plant (Vaadia 
et al., 1961) though some results showed an apparent 
increase (Wadleigh and Ayers, 1945). More recently 
Shah and Loomis (1965) found that both soluble total 
protein contents of sugar beet leaves (per g of dry 
matter) declined progressively during water stress. The 
contents apparently decreased measurably even before 
first wilting and at severe wilting became as low as half 
the protein of the treatments B and C. Soluble protein 
content in wheat leaves was reported by Todd  
and coworkers to be either hardly affected (Todd and 
Basler, 1965).  
 

Table 1. Analysis of protein content (µmoles/g fresh wt.) in Treatment A (watered daily). 
Types of soil 18/09/11 23/09/11 28/09/11 3/10/11 8/10/11 13/10/11 18/10/11 
Red 33.28 43.68 49.92 54.08 59.28 61.36 65.52 
Red + Manure 46.80 48.88 49.92 53.04 55.12 58.24 62.40 
Red + Vermi 53.04 55.12 56.16 58.24 60.32 63.44 66.56 
Red + Sand 36.40 39.52 41.60 44.10 45.76 47.84 50.96 
Red + Black 43.68 46.80 47.84 52.00 55.12 58.24 61.36 
Red + Clay 47.84 49.75 54.08 56.16 57.32 60.56 63.81 
Red + Loamy 32.24 42.64 47.84 54.08 60.32 65.52 69.68 
Red + Loamy + Manure + Black 34.32 42.64 53.04 58.24 61.36 68.64 73.84 
Red + Manure + Vermi + Fertilizer 34.00 44.72 48.88 58.24 64.48 69.68 74.88 
Red + Fertilizer 33.28 41.60 46.80 53.04 60.32 63.44 70.72 

Table 2. Analysis of protein content (µmoles/g fresh wt.) in Treatment B (watered 3 d once). 
Types of soil 18/09/11 23/09/11 28/09/11 3/10/11 8/10/11 13/10/11 18/10/11 
Red 32.28 42.36 48.48 52.45 57.50 59.51 63.55 
Red + Manure 45.39 47.41 48.42 51.44 56.77 56.49 60.52 
Red + Vermi 51.44 53.43 54.47 56.49 58.51 61.53 64.86 
Red + Sand 35.30 38.33 40.35 42.77 44.38 46.40 49.43 
Red + Black 42.36 45.39 46.40 50.44 53.46 56.49 59.51 
Red + Clay 46.40 48.25 52.45 54.47 55.60 58.74 61.89 
Red + Loamy 31.27 41.36 46.40 52.45 58.51 63.55 67.58 
Red + Loamy + Manure + Black 33.29 41.36 51.44 56.49 59.51 66.58 71.62 
Red + Manure + Vermi + Fertilizer 32.98 43.37 47.41 56.49 62.54 67.58 72.63 
Red + Fertilizer 32.28 40.35 45.39 51.44 58.51 61.53 68.59 

Table 3. Analysis of protein content (µmoles/g fresh wt.) in Treatment C (watered weekly once). 
Types of soil 18/09/11 23/09/11 28/09/11 3/10/11 8/10/11 13/10/11 18/10/11 
Red 29.61 38.87 44.42 48.13 52.75 54.61 58.31 
Red + Manure 41.65 43.50 44.42 47.20 49.05 51.83 55.53 
Red + Vermi 47.20 49.05 49.98 51.83 53.68 56.46 59.23 
Red + Sand 32.39 35.17 37.02 39.24 40.72 42.55 45.35 
Red + Black 38.87 41.65 42.57 46.28 49.05 51.83 54.61 
Red + Clay 42.57 44.27 48.13 49.98 51.01 53.98 56.79 
Red + Loamy 28.69 37.94 42.57 48.13 53.68 58.31 62.01 
Red + Loamy + Manure + Black 30.54 37.94 47.20 51.83 54.61 61.08 65.71 
Red + Manure + Vermi + Fertilizer 30.26 39.80 43.50 51.83 57.38 62.01 66.64 
Red + Fertilizer 29.61 37.02 41.65 47.20 53.68 56.46 62.94 
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Rodriguez et al. (2002) reported a decrease in leaf 
soluble protein in sunflower due to water stress. Mostly 
there was a significant reduction in protein content under 
water stress due to increase in proline content. Thus, 
may be due to the hydrolysis of protein or inhibition of 
protein synthesis by oxidative stress leading to the 
accumulation of proline (Feng et al., 2003). Protein 
metabolism has been associated with adaptation of 
plants to environment changes. A decrease in protein 
content may reflect a retardation of protein synthesis or 
an acceleration of degradation. 
 
Conclusion 
The findings showed that increasing water stress 
significantly reduced the protein content as compared to 
control (Treatment A) which is watered every day.  
The experiment showed that protein accumulated lowest 
in Treatment C than B. Protein level decreased in the 
maize leaves in response to water stress. Among all 
different types of soil proportions, protein content was 
least in Red soil + Sand soil and gradually increased in 
other types of soil proportions and higher in Red soil + 
Manure + Vermicompost + Fertilizer. To conclude, 
decreased protein content in the stressed plants may be 
an adaptation to overcome the water stress conditions. 
Protein content is determined not only based on water 
stress but also with the type of soil. Red soil and Sand 
soil are not suitable for maize cultivation but Red soil 
+ Manure + Vermicompost + Fertilizer even under water 
stress condition recorded high protein content in this soil 
proportions.  
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