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Abstract 
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) were carried out to assess the 
proline content in the third leaf of Oryza sativa. After 10 d of germination, water stress treatment is started 
and after 20 d of seed 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. Proline level 
increased in the rice leaves in response to water stress. Among all different types of soil proportions, proline 
content is least in Red soil + Clay and gradually increased in other types of soil proportions and higher in 
Red soil + Sand soil. Increased proline in the stressed plants may be an adaptation to overcome the water 
stress conditions.  
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Introduction 
Worldwide, there are about 150 million hectares of rice 
land, which provide around 550-600 million tons of rough 
rice annually (Maclean et al., 2002). Rice is unique 
among the major food crops due to its ability to grow in a 
wide range of hydrological situations, soil types and 
climates. Rice is the only cereal that can grow in wetland 
conditions. Depending on the hydrology of where rice is 
grown, the rice environment can be classified into 
irrigated lowland rice (79 million ha), rainfed lowland rice 
(54 million ha), flood-prone rice (11 million ha) and 
upland rice (14 million ha). Lowland rice is also called 
‘paddy rice’. Lowland rice fields have saturated 
(anaerobic) soil conditions with ponded water for at least 
20% of the crop’s duration. In irrigated lowlands, the 
availability of irrigation assures that ponded water is 
maintained for at least 80% of the crop’s duration. 
In rainfed lowlands, rainfall is the only source of water to 
the field and no certain duration of ponded water can be 
assured. In flood-prone environments, the fields suffer 
periodically from excess water and uncontrolled, deep 
flooding (25 cm for 10 d or more). Deep-water rice and 
floating rice are found in these environments. Upland rice 
fields have well-drained, non-saturated (aerobic) soil 
conditions without ponded water for more than 80% of 
the crop’s duration. 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). Maintaining high water status plays an 
important role in tolerance to water stress and in yield 
stability of crop plants (Teulat et al., 1997).  

 
Water stress affects morphological, physiological, 
enzyme production and biochemical contents of plants. 
Plant responses to abiotic stresses (salinity, heat and 
drought) are complex involving signal reception and 
transduction followed by genetic and physiological 
responses. All plants are capable of perceiving and 
responding to stress (Bohnert et al., 1995; Bartels and 
Sunkar, 2005). To overcome the effect of stress, plants 
have evolved adaptive mechanisms which may be 
classified into four categories. Three of these adaptations   
are developmental traits (e.g. time of flowering), 
structural traits (e.g. leaf waxiness) and physiological 
mechanisms (e.g. ability to exclude salt while maintaining 
the absorption of water and the ability to 
compartmentalize ions with in vacuoles) involve complex 
interaction. The fourth one is the metabolic responses 
such as alteration in photosynthetic metabolism and 
accumulation of organic osmolytes, most commonly 
proline. One mechanisms utilized by the plants for 
overcome the water stress effects might be via 
accumulation of compatible osmolytes, such as proline 
and soluble sugars. Production and accumulation of free 
amino acids, especially proline by plant tissue during 
drought, salt and water stress is an adaptive response. 
Proline has been proposed to act as a compatible solute 
that adjusts the osmotic potential in the cytoplasm.  
Thus, proline can be used as a metabolic marker in 
relation to stress. Moreover, under drought stress, the 
accumulation of total soluble sugars in different plant 
parts would be increased. However, the rate of additional 
production or accumulation of proline and soluble sugar 
is different in different plant parts. 
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Proline content increases in a large variety of plant under 
stress up to 100 times the normal level (Barnett and 
Naylor, 1996) which makes up to 80% of the total amino 
acid pool. Proline accumulation is maximum during the 
flowering stage and minimum at vegetative stage. Proline 
source can be either from the synthesis from glutamate 
or hydrolysis of proteins. The proline accumulated in 
response to water stress or salinity stress in plants is 
primarily localized in the cytosol (Leigh et al., 1981; 
Ketchum et al., 1991; Pahlich et al., 1983). Keeping the 
above facts in mind, this study was aimed to analyze the 
proline content of Oryza sativa L. under water stress. 
 
Materials and methods 
Experimental design: Proline content of C3 (Paddy) 
plants under water stress condition was carried out. 
The research 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 + vermi 
compost, 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 + 
vermi compost + manure + fertilizer (NPK+DAP) and  
10. Red soil + fertilizer (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. 
 
Estimation of proline: Proline content was estimated for 
the leaves subjected to control and water-stressed plants 
using the method of Bates et al. (1973). Leaves (100 mg) 
from control and water-stressed plants were separately 
homogenized in 10 mL of 3% sulphosalicylic acid using 
mortor and pestle and centrifuged at 5000 rpm for 10 min 
and the supernatant was collected for the estimation of 
Proline. Ninhydrin (1.25 g) was dissolved in 30 mL of 
glacial acetic acid and then 20 mL of 6 M phosphoric 
acid was added and kept for 24 h at 40C. To 2 mL of 
plant extract, 2 mL of acid Ninhydrin and 2 mL of glacial 
acetic acid were added and the mixture was boiled at 
100C for 1 h in a water bath. Then, the solution was 
cooled and the reaction was terminated. About 4 mL of 
toluene was added to the contents and mixed vigorously 
for few sec and OD values for the coloured component 
was measured at 520 nm using toluene as the blank. 
From the OD values, proline content (µmoles/g fresh wt.) 
was calculated separately. 
 
Results and discussion 
Different types of soils were selected for different types 
of treatments to assess the proline content in third leaf of 
paddy plants.  

Fig. 1. Oryza sativa 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. 
 
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. After 35 d, Proline content is 
estimated on the collected leaves. In 35 d, proline 
content gradually increased from first leaf sample to last 
leaf sample in all the treatments. Proline content was 
least in Treatment A (watered daily). In Treatment B, 
(watered 3 d once) proline content was more compared 
to Treatment A (watered daily), but less when compared 
to Treatment C (watered weekly once). In Treatment C, 
(watered weekly once) proline content was more 
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. Proline content gradually increased from first 
leaf sample to last leaf sample in all 10 pots of treatment 
A. Proline content is least in Treatment A (watered daily) 
and not uniform in all soil proportions (Table 1). Among 
all different types of soil proportions, proline content is 
least in Red soil + Clay and gradually increased in other 
types of soil proportions and higher in Red soil + Sand 
soil (Table 1). 
 
Treatment-B (Watered-3 d once): Treatment B contains 
10 pots with similar soil proportions as in Treatment A.  
In Treatment B, proline content gradually increased from 
first leaf sample to last leaf sample in all the 10 pots of 
treatments B. Proline content was more compared to 
Treatment A (watered daily), but less when compared to 
Treatment C (watered weekly once) (Table 2). Among all 
different types of soil proportions, proline content was 
least in Red soil + Clay and gradually increased in other 
soil proportions and found higher in Red soil + Sand soil. 
 
Treatment-C (Watered weekly once): Treatment C also 
contains 10 pots with similar soil proportions as in A and 
B. Proline content gradually increased from first leaf 
sample to last leaf sample in all the 10 pots of 
treatments. Proline content was higher in Treatment C 
compared to Treatment A and B (Table 3).  

A B C 
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Among all different types of soil proportions, proline 
content was least in Red soil + clay and gradually 
increased in other soil proportions and found higher in 
Red soil + sand soil. Proline content in leaves was 
minimum in Treatment A and gradually increased in 
Treatment B and C. Similar findings were reported by 
Ramteke and Karibasappa (2005) in grape genotypes.  
A positive correlation between magnitude of free proline 
accumulation and drought tolerance has been suggested 
as an index for determining drought tolerance potential of 
cultivars. The major reason for increase in the proline 
concentration during water stress was due to lesser 
incorporation of continuously synthesized proline amino 
acid during proline synthesis. Proline accumulation is 
also responsible for the hydration of biopolymers, 
surviving as a readily utilizable energy source and 
serving as a nitrogen source during periods of inhibited 
growth. Other possible ways of proline accumulation are 
through increased proteolysis or due to decreased 
protein synthesis.  
 

 

 

 
Clifford et al. (1998) studied proline accumulation in ber 
and found that there was 35 fold increase in proline 
concentration in leaves during drought conditions. 
Proline accumulation during drought is also supported by 
Chaitanya et al. (2009) and Ramanjulu and Sudhakar 
(2000) in mulberry, Lakmini et al. (2006) in coconut and 
Rao et al. (2008) in important tree species of Tarai 
region. 
 
Conclusion 
On consolidation of the findings of the present study,  
it could be concluded that accumulation of more proline 
during water stress adversely affect the growth and 
development and the biochemical contents of Oryza 
sativa because of reduced photosynthesis in the leaves 
by the water stressed plants. Reduction in the number of 
leaves in stressed plants than control is also noted. 
These findings provide a comparison among the various 
water stress levels and provide needed information 
which may be used to decide which level of water stress 
can be adapted in paddy plants.  

Table 1. Analysis of proline 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 35.18 35.25 35.37 35.43 37.41 37.44 38.06 
Red + Manure 36.02 36.15 36.28 36.32 36.67 36.71 37.85 
Red + Vermi 33.88 33.95 34.03 34.20 34.36 34.37 34.39 
Red + Sand 37.78 37.84 37.97 38.19 38.32 38.37 38.49 
Red + Black 36.66 36.69 37.34 37.70 37.74 37.97 38.03 
Red + Clay 31.27 31.54 31.56 32.65 32.77 33.88 34.21 
Red + Loamy 35.17 36.04 36.06 36.41 37.12 37.71 37.76 
Red + Loamy + Manure + Black 37.13 37.28 37.46 37.60 37.67 37.77 37.98 
Red + Manure + Vermi + Fertilizer 36.28 36.40 36.60 36.69 36.74 36.8 36.88 
Red + Fertilizer 36.47 36.67 36.71 36.76 36.94 37.02 37.06 

Table 2. Analysis of proline 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 40.59 40.67 40.82 40.88 43.17 43.21 45.99 
Red + Manure 41.56 41.57 41.59 41.61 42.32 42.36 43.68 
Red + Vermi 39.09 39.18 39.27 39.46 39.64 39.67 39.69 
Red + Sand 43.59 43.66 43.82 44.07 44.22 44.28 44.41 
Red + Black 42.3 42.33 43.09 43.51 43.55 43.82 43.89 
Red + Clay 36.02 36.39 36.42 37.68 37.81 39.09 39.48 
Red + Loamy 40.59 41.59 41.62 42.01 42.84 43.52 43.57 
Red + Loamy + Manure + Black 42.84 43.02 43.23 43.38 43.47 43.59 43.83 
Red + Manure + Vermi + Fertilizer 41.12 41.32 41.36 41.42 41.63 41.71 41.77 
Red + Fertilizer 42.09 42.12 42.35 42.39 42.44 42.53 42.69 

Table 3. Analysis of proline 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 54.12 54.23 54.42 54.50 57.56 57.61 61.32 
Red + Manure 55.41 55.43 55.46 55.48 56.43 56.48 58.24 
Red + Vermi 52.13 52.24 52.36 52.62 52.86 52.89 52.92 
Red + Sand 58.13 58.22 58.42 58.76 58.96 59.04 59.22 
Red + Black 56.40 56.45 57.45 58.00 58.06 58.42 58.52 
Red + Clay 48.12 48.53 48.56 50.24 50.42 52.13 52.64 
Red + Loamy 54.12 55.46 55.49 56.02 57.12 58.03 58.10 
Red + Loamy + Manure + Black 57.13 57.36 57.64 57.85 57.96 58.12 58.44  
Red + Manure + Vermi + Fertilizer 55.12 55.43 55.48 55.56 55.84 55.95  56.02  
Red + Fertilizer 56.12 56.16 56.47 56.53 56.59 56.71 56.92 
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Proline accumulation in the leaves of water stressed 
plants may play a role as a stress indicator. Proline may 
act as a free radical scavenger and may be important in 
overcoming stress than in acting water stress as a simple 
osmolyte. The reduced proline oxidase may be the 
reason for increasing proline accumulation. Increased 
proline in the stressed plants may be an adaptation to 
overcome the stress conditions. Proline accumulated 
under stressed conditions supplies energy for growth and 
survival and thereby helps the plant to tolerate stress. 
Proline may protect protein structure and membranes 
from damage, and reduce enzyme denaturation. 
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