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Abstract: Jatropha curcas, a drought resistant perennial species has come into prominence as an important 
biodiesel crop. The investigation was aimed at studying the extent to which Jatropha curcas seedlings can resist 
water stress. During the experimentation, the response of J. curcas to water stress in terms of growth attributes, 
photosynthesis, fluorescence characters and leaf and soil water potential was studied. All the growth attributes 
showed drastic reduction in stressed plants in comparison to control plants. A significant reduction in fresh and dry 
biomass was observed with increasing water stress level. Minimum leaf and soil water potential was shown by 
stressed plants as compared to daily watered plants. When compared to control plants, photosynthesis decreased in 
water stressed plants and Fv/Fm, a parameter of PSІІ efficiency was maximum in control plants as compared to 
stressed plants.  
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different water regimes. Nat Sci 2013;11(9):76-83]. (ISSN: 1545-0740). http://www.sciencepub.net/nature. 11 
 
Key words: Water stress; Growth attributes; Photosynthesis; J. curcas 
 
1. Introduction 

Water is one of the major and essential abiotic 
components that regulate plant growth and 
development and its deficiency alters the 
morphological, physiological and biochemical 
properties of plants. Decreasing the external water 
potential by only -0.1 MPa or less results in a 
perceptible decrease in cellular growth (which is 
irreversible cell enlargement). The quantity and quality 
of plant growth depend on cell division enlargement, 
and differentiation and all of these events are affected 
by water stress (Cabuslay et al., 2002, Correia et al., 
2001). The Severe water stress may result in the arrest 
of photosynthesis, disturbance of metabolism and 
finally the death of plant (Jaleel et al., 2008c). When 
the water status in a leaf falls below a threshold value, 
stomata respond by closing with consequent reduction 
in CO2 assimilation as well as transpiration. Stomatal 
closure decreases the carbon dioxide influx which 
limits photosynthesis and supports photoinhibition 
under high irradiance. Non-stomatal photosynthesis 
limitation has been attributed to the reduced 
carboxylation efficiency (Jia and Gray, 2004), 
reduction in ribulose 1-5, biphosphate regeneration, 
reduced amount of functional Rubisco (Kanechi et al., 
1995) and decrease in electron transport chain 
activities. Water stress caused negative effect on 
seedlings of Mediterranean water saver Pinus 
halepensis and water spenders Quercus coccifera and 
Q. ilex., As a result stomatal conductance, CO2 
assimilation and transpiration rate reduced (Baquedano 
and Castillo, 2006). Similarly Mokhatar et al. (2011) 
evaluated effect of different water regimes on Hevea 
brasiliensis and concluded that Hevea brasiliensis 

cannot withstand water stress at nursery stage and 
replanting in dry areas. 

Jatropha curcas L., a drought resistant 
perennial shrub or small tree is one of the most 
promising sources of bio-fuel today. It is known to 
grow in drier sites but can grow under a wide range of 
rainfall regimes from 250 to 1200mm per annum 
(Katwal and Soni, 2003). In low rainfall areas and in 
prolonged dry spell periods, the plant sheds its leaves 
to counter drought. However, its tolerance to water 
stress at the seedling stage is not known. Therefore the 
objective of present study was to analyze the response 
of J. curcas to water-deficit at seedling stage in respect 
of the growth behaviour and photosynthesis. 
 
2. Material and Methods 

J. curcas seeds were sown in seedling 
Styrofoam trays in mid March and after 15 days of 
their radical emergence, the seedlings were transferred 
to large plastic pots of 33cm diameter and 35cm height 
(approx capacity- 25 kg of soil, containing equal 
proportion of garden soil, sand and farmyard manure) 
and kept in a glass house.  

The study was conducted in randomized block 
design with five replications. In each pot five seedlings 
were planted and for each treatment five pots were 
used. After 3 weeks of planting in pots (allowing 
seedlings to establish), the plants were subjected to 
water stress treatment. Before subjecting the plants to 
water stress treatment, mean leaf number per plant, leaf 
area and shoot length were recorded randomly. Three 
levels of water stress were given i.e. daily watering 
(control), watering after two days (2-D) and watering 
after five days (5-D). Watering of every pot was done 
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with 1000ml of water. Before the initiation of 
experiment, water holding capacity of soil (Goel and 
Trivedi, 1992) was determined, which was 25%. The 
plants were maintained in these water regimes for two 
months and subsequently observations were made on 
their growth, bioproductivity (capacity to produce 
biomass) and photosynthesis. 

For growth measurements five plants from 
each water regime were randomly selected and their 
shoot length, number of leaves and leaf area were 
determined at fortnightly intervals. After 60 days, these 
plants were uprooted, washed thoroughly, blotted dry 
and the shoot length, root length, shoot thickness, 
number of leaves and leaf area were determined. 
Subsequently the root, shoot and leaves were separated 
and their fresh weight, dry weight and water content 
were determined. For dry weight determination, the 
plants were dried in an electric oven at 800 C for 48 
hours (Evans, 1972). Leaf area was measured with 
portable leaf area meter (model Li 3000, Li COR, 
USA). Stem thickness was measured with the help of 
digital vernier calliper. Before the harvest, plants from 
all the treatments were studied to observe the changes 
in physiological parameters under stress condition. 
Leaf and soil water potential measurements of control 
and stressed plants were done using the WP4 Dew 
point Potentiometer. Gas exchange characteristics were 
measured using Li-COR photosynthetic system (Li-
6400 portable photosynthetic system). To measure the 
chlorophyll fluorescence parameters in different 
treatments Plant Efficiency Analyzer PEA (Hansatech 
Ltd. U.K) was used.  

The data were statistically analyzed using 
mean and standard deviation. ANOVA was applied to 
test the variations and least significant difference (Lsd 
at 5% level) was also determined to compare treatment 

mean. Simple correlation (Karl Pearson's) matrix 
between water regimes and morpho-physiological 
parameters were also prepared.  
 
3. Results and Discussion 

The results clearly indicated that all the 
aspects of plant growth and productivity were 
adversely affected by water stress. As shown in table 1, 
growth measurements recorded during the termination 
of experiment (after 60 days), were at best in daily 
watered plants while these were least in plants with 
five days watering cycle. Figure 1 shows the effect of 
water stress on shoot length, leaf number and leaf area 
from the date of initiation of stress upto 60 days. The 
growth of the plant was significantly inhibited under 
water stress condition. Data obtained that there was an 
inverse relationship between increasing level of water 
stress and the number of leaves and leaf area from all 
the treatments. The leaf number and leaf area were 
recorded maximum in daily watered plants (19±2.59 
and 155.25±8.16 cm2 respectively) and minimum in 
plants with five days watering cycle (11±2.30 and 
55.72±6.85 cm2 respectively). The first sign of water 
shortage in the field usually is a restriction in foliage 
growth (Fischer and Hagan, 1965, Jordan et al., 1975), 
attributable to the high sensitivity of expansive growth 
to water stress. The reduction in leaf growth may be 
due to the sensitivity of process of cellular growth to 
water stress, which is reduced long before 
photosynthesis and stomatal conductance (Hsiao, 
1973). Similar results were recorded in soybean (Zhang 
et al., 2004) and Populus (Wullschleger et al., 2005), 
where water deficit stress mostly reduced leaf growth 
and in turn the leaf area. Hence, leaf area can be 
considered as an important parameter indicative of the 
level of stress.  

 
Table 1. Effect of water stress on growth measurements of J. curcas after 60 days of stress treatment 

 Control 2-D 5-D P value LSD 
Growth attributes 
Leaf number 19 13 11 <0.001 3.01 
Leaf area (cm2) 155.25 77.54 55.72 <0.001 9.92 
Shoot length (cm)  44.20 26.00 21.10 <0.001 3.86 
Root length (cm) 25.00 19.60 14.60 <0.001 3.77 
Shoot thickness (cm) 1.31 0.97 0.72 <0.001 0.13 
  

The shoot length and shoot diameter were also 
affected adversely by water stress conditions. The 
shoot length and shoot thickness was maximum in 
daily watered plants (44.2± 3.96 cm and 1.31±0.11cm 
respectively) while it was minimum in plants with five 
day watering cycle (21.10±1.14 and 0.72±0.09 
respectively) and the differences among different water 
regimes were highly significant (P< 0.001). Similar 
results were obtained by Aref and Juhany (2005) and 
Abdalla and Khoshiban (2007).The process of cell 

division, cell enlargement and differentiation which 
together are responsible for cell growth and 
development, are very much sensitive to water stress 
because of their dependence upon turgor (Jones and 
Lazeby, 1988), and this sensitivity must have resulted 
in the decreased growth of water stressed plants. 
Moreover, apical meristem which is responsible for 
shoot growth, is very much sensitive to water stress 
(Husain and Aspinall, 1969). According to Abe and 
Nakai (1999) lowering of water potential during early 
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phase of water stress, directly affects cell expansion, 
whereas in later stages rate of cambial cell division 
declines because of hormonal regulation. 

 

 

 

 
Figure 1. Changes in leaf number, leaf area and shoot 
length of J.curcas grown under different water regimes 

 
Under limited supply of water plants usually 

develop extensive root system which prevent or 
postpone drought injury. But in the present study, 
increasing stress level also hindered root growth. 
However, the magnitude of reduction of root length 

was lower than that of shoot length. This means that 
the plant was able to maintain its internal root system 
to access soil water better. The results are in 
accordance with the results of Kuhns et al. (1985), 
Waring and Schlesinger (1985), Seiler and Cazell 
(1990), Pokhriyal et al. (1997), Kumari et al. (1999), 
where water stress caused decrease in root growth. The 
reduced extensibility of the root tip tissue due to 
hardening of the expanding cell walls might cause 
decline in root growth (Neumann et al. 1994). The 
maximum root length was recorded in daily watered 
plants i.e. 25.00±2.55 cm whereas minimum was 
recorded in plants with five day watering cycle 
14.60±2.95 cm.  

 

 
 

Plate 1. (a) J. curcas plants grown under different 
water regimes, (b) Changes in growth pattern under 
different water regimes, (c) Changes in root growth 
under different water regime 

 
 Water stress affects the soil moisture thus soil 

water potential and leaf water potential are also 
affected. Therefore, tissue water potential is the best 
parameter to measure water stress in studies of plant 
responses to water stress. Drought is a situation that 
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lowers plant water potential and turgor to the extent 
that plants face difficulties in executing normal 
physiological functions. Water stress caused reduction 
in leaf water potential from -0.49 MPa in control plants 
to -1.95 MPa in 5-D plants. A similar trend was also 
recorded in case of soil water potential (Figure 2). 
Similar observations where water stressed plants 
showed lowest value of water potential have also been 
reported by Yadav et al. (2001) in wheat, 
Chartzoulakis et al.(2002) in two avocado cultivars, 
Klamkowski and Treder (2006) in strawberry. As the 
primary effect of dehydration on plants, the rapid 
lowering of leaf water potential is associated with 
relatively modest losses of water from the leaf tissue, 
which ultimately cause the loss of turgor. When soil 
water is inadequate for plant supply, the transpirational 
water loss reduces the water potential in the tissue. 
Under stress there is a reduction in turgor, leading to 
the narrowing of stomatal aperture and a progressive 
reduction in photosynthetic activity. 

 
Figure 2. Effect of water stress on leaf and soil 
potential of J. curcas after 60 days of stress treatment 

 
There was a reduction in whole plant fresh 

weight and dry weight with the increase in water stress 
level. Daily watered plants accumulated higher 
biomass than stressed plants. There was a significant 
difference (P<0.001) among the different water 
regimes in fresh and dry weight of plants (Figure 3). 
Decreased plant height, total fresh weight and dry 
weight of Trachyspermum ammi under increasing 
water stress level have also been reported by Azhar et 
al. (2011).Our results confirm the finding of Ghassemi-
Golezani et al. (2008) who reported a decrease in fresh 
and dry biomass of Anethum graveolens under water 
stress condition. Since the growth is especially 
sensitive to water stress, this could have occurred due 
to impairment of cell division process: cell elongation 
and cell expansion (Hussain et al., 2008), as a result 
yields decreased noticeably even with moderate stress. 

 

 
 

 
Figure 3. Effect of water regimes on (a) fresh weight 
and dry weight of root, stem and leaves and (b) total 
fresh weight and dry weight in J. curcas 

 

 

Figure 4. Variation in photosynthetic rate, 
conductance and transpiration with respect to 
variation in leaf water potential in J. curcas under 
different water regimes 
 



Nature and Science 2013;11(9)                                                    http://www.sciencepub.net/nature 

http://www.sciencepub.net/nature                                        80                                naturesciencej@gmail.com 

A considerable decrease in rate of 
photosynthesis from 10.4 µmol m-2 s-1 in daily watered 
plants to 4.74 µmol m-2 s-1 in 5-D plants was recorded 
(Figure 4). Our results are in accordance with those of 
Klamkowski and Treder (2006), Yang et al. (2010) and 
Mokhatar et al. (2011), where photosynthesis had 
inverse relationship with increasing water stress. 
Decreased photosynthesis in water stressed plants 
could be due to closed stomata, decreased hill reaction 
or due to reduced leaves which are photosynthetically 
less efficient as also reported by Marani et al. (1985). 

When plants are rapidly stressed stomata close 
very effectively and the depression of photosynthesis 
can be almost totally ascribed to isolation from external 
CO2 supply. Boyer and Bowen (1970) reported 
convincing data indicating that even moderate stress on 
sunflower leaves inhibit the activity of Photosystem II 
in chloroplast fragments isolated from these leaves. 
The inhibition of Photosystem II in sunflower was well 
correlated with the inhibition of CO2 assimilation by 
intact leaves for the range of leaf water potential from 
the beginning of to complete stomatal closure. 
Mohanty and Boyer (1976) found that the quantum 
yield of photosynthesis in intact leaves as well as 
Photosystem II activity in isolated chloroplast 
fragments were reduced by stressing the plants. These 
data indicate that basic aspects of light- harvesting and 
energy conversion were altered by stress. Like 

photosynthesis, transpiration and conductance rate 
were also higher in well watered plants than in stressed 
ones (Table 2). Statistical data indicated a significant 
effect of water stress on WUE (A/E). WUE was 
increased with increasing water stress level i.e. from 
2.26 mmol/mol in control plants to 4.41mmol/mol in 5-
D plants. Wie Hua et al. (2003) also reported an 
increase in WUE in Hippophae rhamnoides seedlings 
under drought conditions. According to Heitholt (1989) 
and Jensen (1976) moderate water stress could improve 
the WUE, but this improvement is at the cost of 
reduced growth. Transpiration depends upon opening 
and closing of guard cells. Decrease in rate of 
transpiration might have occurred due to lose of 
turgidity of guard cells under soil moisture deficit 
conditions causing stomatal closure. This limits the rate 
of CO2 diffusion through stomates causing decline in 
the photosynthetic rate (Luvaha, 2005). The plants 
suffering with water stress are comparatively warmer 
than well watered plants because of reduced 
transpiration (Begg, 1980). Kirnak et al. (2001) 
reported that in egg plant water stress increased the leaf 
temperature upto 3-40 C as compared to control plants. 
Similar was the case in the present study in which 
decrease in soil water also caused sequential decrease 
in the rate of transpiration which causes increase in leaf 
temperature.   

 
Table 2. Effect of water stress on physiological parameters of J. curcas after 60 days of stress treatment 

 Control 2-D 5-D P value LSD 
Physiological Parameters 
Photosynthesis 10.40 8.43 4.74 <0.001 0.63 
Conductance 0.40 0.13 0.03 <0.001 0.05 
Transpiration 4.63 3.01 1.12 <0.001 0.31 
Leaf Temperature 29.89 31.76 34.00 <0.001 0.30 
Water Use Efficiency 2.26 2.80 4.41 <0.001 0.66 
 

Among the different fluorescence parameters 
studied in J. curcas under different water regimes, the 
Fv/Fm, a parameter of PSІІ efficiency, in general was 
higher in well watered plants in comparison to 
stressed plants (Figure 5). Similar results were 
obtained by Jeyaramraja et al. (2003) who observed a 
clear reduction in Fv/Fm ratio with increasing soil 
moisture deficit, indicating a loss in the primary 
photochemical efficiency of the stressed leaves. The 
reduction of Fv/Fm must be due to the reduced 
efficiency of PSII apparatus and under water stress 
photosynthetic electron transport through PSII is 
inhibited (Chakir and Jenson, 1999). Hamidou et al. 
(2007) also reported a similar trend in cowpea and 
asserted that decrese in photochemical activity under 
water stress condition was mainly due to stomatal 
process.  

 

 
Figure 5. Changes in Fv/Fm ratio in daily 
watered plants (Ψ= -0.49 MPa), 2-D plants (Ψ= 
-1.63MPa) and 5-D plants (Ψ= -1.95 MPa) 
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Table 3. Correlation matrix among different parameters of J. curcas after 60 days of stress treatment 

  WR PN gs E Fv/Fm LWP SWP LN LA SL RL ST 
WR 1 
PN -0.99*** 1 
Gs -0.87** 0.94*** 1 
E -0.97*** 0.99*** 0.97*** 1 
Fv/Fm -0.82** 0.82** 0.76* 0.81** 1 
LWP -0.83** 0.91*** 0.99*** 0.94*** 0.71* 1 
SWP -0.83** 0.91*** 0.99*** 0.94*** 0.72* 0.99*** 1 
LN -0.70* 0.77** 0.84** 0.80** 0.72* 0.81** 0.84** 1 
LA -0.85** 0.92*** 0.99*** 0.95*** 0.74* 0.98*** 0.98*** 0.87** 1 
SL -0.78** 0.87** 0.96*** 0.90*** 0.72* 0.96*** 0.97** 0.92*** 0.98*** 1 
RL -0.89*** 0.91*** 0.85** 0.90*** 0.71* 0.82** 0.83** 0.80** 0.83** 0.85** 1 
ST -0.88*** 0.92*** 0.93*** 0.93*** 0.89*** 0.90*** 0.91*** 0.88*** 0.91*** 0.93*** 0.92*** 1 

Note: * = p<0.05, ** = p<0.01 ***=p<0.001 significance level, WR- water regime, PN-photosynthesis, gs-
conductance, E-transpiration, LWP-leaf water potential, SWP-soil water potential, LN-leaf number, LA-leaf area, 
SL-shoot length, RL- root length, ST-shoot thickness 
 
 
 

The correlation matrix among the various 
parameters studied was shown in table 3. The table 
clearly indicated that all the parameters were 
negatively correlated with the increasing level of water 
stress. However all the morpho-physiological 
parameters studied during the experimentation were 
highly and positively correlated among themselves. 
This showed that water stress slowed down all the 
morpho-physiological characters of J. curcas. 

Although J. curcas is a drought tolerant plant 
but a close perusal of data obtained in present study 
indicated that imposition of even a mild water stress 
would lead to significant reduction in morpho-
physiological attributes of J. curcas. This was evident 
from the differences between daily watered and water 
stressed plants that were of higher magnitude between 
2-D and control plants than between the 2-D and 5-D 
plants. Such a response of a drought tolerant species to 
water stress could be an area of further research. 
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