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ABSTRACT 
 
Jatropha curcas L (J. curcas) sectors are increasingly promoted in the Sahel for biofuel production. 
Though, our understandings on the species responses to water deficit particularly of mature trees 
are still sketchy. So, this study aims at investigating the effects of water deficit on the physiological 
behavior, the flowering and the fruiting of J. curcas.  
The experimental design was a randomized complete block design with 6 replications and 4 
treatments. 
The study was conducted at the research station of the National High School of Agriculture (ENSA) 
located at 4 km from Thiès, Senegal. The study lasted 113 days from April 1st to July 22nd 2013. 
J. curcas trees at 21 months old, grown from seeds collected at ENSA were used for the study. The 

Original Research Article 



 
 
 
 

Diédhiou et al.; ARJA, 2(2): 1-12, 2016; Article no.ARJA.29836 
 
 

 
2 
 

experimentation was conducted in semi-controlled conditions and the 4 treatments considered are: 
T0 (maximal evapotranspiration); T1 (75% of maximal evapotranspiration); T2 (20% of maximal 
evapotranspiration) and T3 (without watering). The crop evapotranspiration, the stomatal 
conductance, the leaf area index (LAI) as well as the flowering and the fruiting were monitored.  
The results show that only severe water deficit (watering at 20% of maximal evapotranspiration) 
negatively affect the physiological traits (stomatal conductance and LAI) and the yields (fruits weight 
per tree and seed weight per tree) of J. curcas. However, only very harsh water deficit (watering at 
about 1% of maximal evapotranspiration) reduce flowering parameters (inflorescence size, number 
of male and female flowers). The flowering and the fruiting of J. curcas are less affected by water 
stress. 
The experimentation concluded to a negative effect of only severe water stress on J. curcas 
physiological traits but fruits and seeds production are solely affected when water uptake of J. 
curcas declines under 20% of maximal evapotranspiration. This question must be deeply 
investigated trough long-term experimentation with more treatments in order to determine the 
threshold of water deficit at which J. curcas yield significantly declines. 
 

 
Keywords: Jatropha curcas L.; water deficit; stomatal conductance; flowering; yield; Senegal. 
 
1. INTRODUCTION  
 
Water scarcity is one of the most important 
constraints affecting plant production particularly 
in semi-arid zones that cover more than 35% of 
earth surface [1]. In these zones, annual rainfall 
is insufficient and is characterized by a high 
spatio-temporal variation. As a result, droughts 
and agricultural yield losses are frequent in this 
zone. Fortunately, many plants have developed 
adaptation strategies to cope with water deficit 
allowing them to survive and to produce biomass 
under water deficit conditions. From these 
strategies, the main ones are: drought escape, 
drought avoidance and drought tolerance [2,3]. A 
better understanding of these strategies for a 
given crop allows formulating an efficient 
watering strategy in order to reduce water losses 
without affecting negatively crop development 
and yield. J. curcas is a shrub species belonging 
to Euphorbiaceae family. It is native to Central 
and South America but its current geographic 
distribution area covers all tropical and sub-
tropical zones [4]. Nowadays, the plant is 
considered as one of the most promising species 
for biofuel because of its seed oil whose 
characteristics are close to diesel besides its 
relative tolerance to water stress [5,6]. This last 
trait made J. curcas to be considered as a priority 
for biofuel production in the arid and semi-arid 
zones with minimal water consumption. It is one 
of the reasons why it was introduced in Sahelian 
countries to reduce the dependency on fossil oils 
and also to generate incomes for farmers. In fact, 
Sahelian zone is known to be one of the areas 
mostly subjected to drought in the world and this 
situation will become more and more complex 

under future climate scenarios that predict an 
increase in drought occurrence with harmful 
impacts on agricultural production [7]. In this 
context, it is imperative that diversification crops 
introduced in Sahelian zone such as J. curcas 
require a deeply investigation of their 
vulnerability and adaptation strategies to cope 
with water deficit. Then, this information will allow 
identifying efficient management strategies of 
these crops that could guarantee their 
sustainable production. 
 
In contrary, little knowledge is available on the 
responses of J. curcas to water stress. Except 
[8] works conducted in Egypt on mature trees, 
the few researches on J. curcas responses to 
drought stress is limited to J. curcas seedlings 
obtained from seeds originated to regions those 
ecological conditions are different to those of 
Sahel zone [9,10,11,12]. Whereas, it is assumed 
that plant responses to water deficit change 
according to the species, accessions or varieties 
as well as their development stage [13,14]. 
 
In this context, the objective of this study is to 
determine the effects of water deficit, flowering 
and fruiting of J. curcas. 
 
2. MATERIALS AND METHODS 
 
2.1 Physical Characterization of 

Experimental Site 
 
This study was conducted at the research station 
of National High School of Agriculture (ENSA), 
University of Thiès (latitude 14°42’52’’ N and 
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longitude 16°28’64’’ W) in Senegal. The study 
lasted 113 days from April 1st to July 22nd 2013. 
The climate of the study site is semi-arid tropical 
type characterized by two seasons: rainy season 
which occurs from June to October and dry 
season from November to May [15]. The mean 
annual rainfall is 429.2 mm [16] and means 
monthly temperatures vary from 20 to 36°C. 
Mean relative humidity is about 62%. Sun 
exposure is about 9 h from January to April, 7 h 
from May to September and 8 h from October to 
December [17]. 
 
2.2 Plant Material 
 
J. curcas trees were grown from seeds collected 
at the research station of ENSA. The water 
deficit experimentation started 21 months after 
sowing and coincided to the outset of flowering. 
Trees heights ranged from 100 to 146 cm with 
mean height of 126.3 cm whereas mean number 
of primary branches was 7.8 ± 1.8. The collar 
diameter varied from 70.3 to 84.4 cm with a 
mean of 76.4 cm whereas the mean diameter of 
crown was 97.3 cm with a minimum diameter of 
90 cm and a maximum of 113.5 cm. 
 
2.3 Experimental Design 
 
The experimental layout is a randomized 
complete block design and one factor (water 
regime) was investigated including 4 treatments: 
 

• T0 : trees watered with 9.4 litres of water 
each week ; 

• T1 : trees watered with 7 litres of water 
each week;  

• T2 : trees watered with 1.8 litres of water 
each week; 

• T3: non-watered trees. 
 
Each treatment was replicated 6 times; this 
corresponds to a total of 24 trees for the 
experimentation. The treatments have been 
determined based on the normal rainfall of the 
department of Thiès [16]. So, T0 corresponds to 
the cumulative weekly mean rainfall of a normal 
rainfall per year. Treatments T1 and T2 
correspond to 75% and 20% of rain quantities, 
respectively, received weekly in study site during 
normal rainfall year. Treatment T3 correspond to 
stressed trees that haven’t been watered during 
the experimentation. Watering has been 
performed with a 2 L burette that allows 
quantifying water to bring into the pots in order to 
equalize water losses in each pot. 

2.4 Pots and Plantation Substrates 
 
J. curcas trees have been grown in 80 litres 
plastic pots filled with a substratum which was a 
mixing of sand and mould (3:1). The bottom of 
each pot has uniformly been drilled and covered 
with grits in order to allow percolation of excess 
water from watering.  
 
2.5 Climatic Conditions  
 
The experimentation has been conducted in dry 
season. Climatic variables such as air relative 
humidity and air temperature have been 
recorded along the experimentation with a micro-
meteorological station “microclimate monitoring 
system” (Decagon Devices, Inc., Pullman, WA, 
USA) installed in the experimentation site. 
 
2.6 Soil Water Measurements 
 
The monitoring of soil water content has been 
achieved using gravimetric method. Then, wet 
soils were sampled using a hand auger. Samples 
wet weight and dry weight were determined 
before and after drying in an oven at 105°C for 
24 hours, respectively. For each sample, the 
moist weight (Hp) was determined by the 
following formula: 
 

�� = ������
�� � ∗ 100                                   (1) 

 
Hp = Moist weight; WW= wet sample weight; 
DW= dry sample weight 

 
For each treatment, three trees were chosen for 
soil water content monitoring weekly. Total of 12 
(3 x 4 repetitions) trees were considered. Soil 
was sampled into horizons of 10 cm from the 
surface to 45 cm depth. Volumetric soil water-
content was calculated by multiplying moist 
weight of each soil horizon with the bulk density. 
For bulk density, a cylinder (135.1 cm3) was 
used. Then soil was sampled at the 0-10 cm 
horizons of three pots chosen randomly. 
Samples were oven dried at 105°C for 24 hours 
and weighted. Dry soil weight allowed 
determining soil bulk density using the formula: 
 

�
 = DW/V                                                (2) 
 

Where, BD: bulk density; DW: soil dry 
weight; V: cylinder volume 
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The crop evapotranspiration at each 
measurement date was calculated by using the 
water balance equation into crop roots zone: 
 

� + � = ���± ∆�� + � + 
                        (3) 
 

With: 
 

• ∆��   = Soil water variation between two 
periods t1 and t2; 

• P = cumulative precipitation between 
measurement dates; 

• I = irrigation between measurement dates 
• R = runoff  
• D = water lost by drainage 
• ETC: crop evapotranspiration 

 
The experimentation was carried out during the 
dry season and in pots covered with plastic sheet 
to avoid soil evaporation and to prevent rain 
water. So, precipitation (P), runoff (R) and 
drainage (D) components were negligible in 
water balance equation. Then, the equation 
becomes:  
 

��� = �± ∆��                                            (4) 
 

2.7 Stomatal Conductance 
 
Measurements were recorded using porometer 
« SC-1 leaf Porometer » (Decagon Devices, Inc., 
WA, USA) between 13 h and 14 h, at which 
moment, plant in normal water regime presents a 
maximal stomatal conductance. Stomatal 
conductance was recorded at 70 days after water 
deficit application and was measured on 6 trees 
per treatment. On each tree, measurements 
were done on three random leaves chosen from 
the most bloomed leaves exposed to the sun. 
 
2.8 Leaf Area Index (LAI)  
 
Leaf Area Index was recorded using LAI 
ceptometer LP80 (Decagon Devices, Inc., 
Pullman, WA, USA) at 70 days after water deficit 
application. Measurements were performed 
between 13 h and 14 h at all the 4 sides of each 
plant. 
 
2.9 Flowering  
 
Flowering of all J. curcas trees used in this 
experimentation has been monitored. Measured 
traits were: number of inflorescence per plant, 
inflorescence size, number of male flowers per 
inflorescence and the number of female flowers 

per inflorescence. Monitoring of the number of 
inflorescence consisted to count the number of 
new inflorescences of each tree every 15 days 
during the experimentation. Then, at each 
measurement day, new inflorescences recorded 
were marked with a strap. 
 
Counting of female and male flowers of trees 
was performed once each 30 days along the 
experimentation. The observations and 
measurements were made on 6 trees per 
treatment. For each tree, the size of 5 
inflorescences was measured resulting to a total 
of 30 inflorescences per treatment. 
 
Measurements were performed using an 
electronic caliper at 70 days after water stress 
implementation. Measured variables were: 
height, length and breadth of inflorescences. 
 
2.10 Fruiting  
 
Yield parameters were computed based on the 
monitoring of fruit production during the 30 last 
days of the experimentation. Fruiting monitoring 
consisted to harvest each 15 days all the ripe 
fruits (yellow and brown color) of each tree and 
to weigh the harvested fruits after an oven drying 
of the fruits at 64°C during 24 h. The 
observations started when flowers identified at 
the beginning of water deficit implementation 
started producing fruits. These fruits were shelled 
and their seeds weighed using an accurate scale 
(Kern 440-55N, precision 0.2 g, Germany). All 
operating processes allow to determine: 
 

• total number of fruits produced per tree 
corresponding to the total number of fruits 
harvested on the tree at each harvesting 
day; 

• total dry weight of fruits produced per tree  
corresponding to the total dry weight of all 
the fruits harvested on the tree at each 
harvesting day; 

• total number of seeds produced per tree 
corresponding to the sum of seeds from 
fruits harvested on the tree at each 
harvesting day; 

• total dry weight of seeds produced per tree 
corresponding to the total weight of the dry 
weight of seeds from the fruits harvested 
on the tree at each harvesting day; 

• 20-seeds weight corresponding to the 
weight of 20 seeds replicated three times 
of each treatment; this allows determining 
100-seeds weight based on the rule of 
three. 
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2.11 Statistical Analysis  
 
The data of the measured parameters                       
(daily water use, stomatal conductance,                       
leaf area index, number of inflorescence, 
inflorescence size, female and male                          
flowers and yield parameters) were arranged in 
Excel sheet and analyzed using the XLSTAT 
Software. One-way Analyses of Variance 
(ANOVAs) were run to test the treatments                   
(T0, T1, T2, T3) effects on the measured 
parameters. When ANOVA tests were significant, 
differences among the mean values were 
performed by Tukey’s test. All the tests were 
considered significant at p<.05 and highly 
significant at p<.01. 

3. RESULTS  
 

3.1 Climatic Conditions of the 
Experimentation 

 
The analysis of Fig. 1 shows two phases                     
of temperatures evolution along the 
experimentation. The first phase is characterized 
by a discontinuous increase in temperatures that 
rose from 25.7°C at the first 10 days of April to a 
peak of 30.1°C at the first 10 days of May 2013. 
Afterwards, the second phase begins at the 
second 10 days of May and ends at the end of 
the experimentation at the second 10 days of 
July. This phase is marked by a low variation in 
the temperatures (27.5 to 28.2°C) and that are 
lower compared to the peak. 

 

 
 

 
 

Fig. 1. Variation of mean temperature (A) and relat ive humidity (B) recorded at the 
experimentation site according to time per 10 days (From April 1 st to July 2013) 
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Relative humidity varied from 62.12 (first 10 days 
of April) to 70.1% (second 10 days of June) 
along the experimentation. However, the 
variation of relative humidity in the last two 
months (April and May) was higher. 
 
3.2 Tree Water Use in the Different 

Treatments 
 
Daily water use of trees was higher from May 
21st to May 28th and from May 28th to June 11th 
independently to the treatment (Table 1). In this 
period, ANOVA analysis showed high significant 
differences (p < .001) between the treatments 
and allowed distinguishing two groups of 
treatments: T0 and T1 constituted the first group 
representing a high water use. The second group 
composed by T2 and T3 had a low water use. 
 
During June 11st to 25th and from June 25th to 
July 9th, daily water use recorded lower values 
than those of the first three weeks regardless to 
the treatments. Differences between treatments 
were highly significant (p < .001) and analysis 
distinguished 4 groups corresponding to the four 
treatments. 
 
We highlight that during the experimentation, for 
the same treatment, daily water use remains 
almost stable. Then, for T0, daily water use 
varied from 6.21 to 7.24 mm j-1 with a mean 
value of 6.65 mm j-1. In treatment T1, the 
recorded values changed from 4.79 to 5.23 mm j-
1 with a mean value of 5.04 mm j-1. In treatment 
T2, daily water use of the tree varied from 1.06 to 
1.81 mm j-1 with a mean value of 1.32 mm j-1. At 
last, in treatment T3, mean daily water use was 
0.06 mm j-1 with minimum and maximum values 
of 0 and 0.16 mm j-1 respectively. 
 
3.3 Stomatal Conductance   
 
Fig. 2 shows variation of stomatal conductance 
according to the treatments at 70 days after 

water deficit application. It appears that water 
stress impacts negatively the stomatal 
conductance (p < .001) and the result of ANOVA 
analysis allows distinguishing two groups of 
treatments. 
 
The first group gathers T0 and T1, the most 
watered treatments and that present the higher 
values of stomata conductance, 188.67 and 
188.11 mmol.m-2.s-1 respectively. The second 
group, which stomatal conductance values are 
significantly lower, includes treatments T2 
(severe water stress) and T3 (very severe water 
stress) that recorded 51.82 and 32.24 mmol.m-

2.s-1 respectively. From T0 (watering with 9.4 L 
each week) to T3 (treatment without watering), 
stomatal conductance has fallen to about   
82.9%. 
 
3.4 Leaf Area Index  
 
Fig. 3 shows that water stress significantly (p < 
.001) reduces leaf area index, 70 days after 
water deficit implementation. 
 
In fact, results of ANOVA analysis highlighted 3 
groups of treatments. The first group includes             
T0 and T1 which LAI values are higher, 1.86 and 
1.74 respectively. The second groups 
correspond to T2 which LAI value is 1.09 and the 
last group represented by treatment T3 which 
has the lowest LAI value, 0.47. The decline of 
LAI values from T0 to T3 was estimated to 
74.73%. 
 
3.5 Effect of Water Deficit on the Number 

of Inflorescence Produced Per Tree 
 
Water deficit didn’t significantly affect the mean 
number of inflorescences produced per tree     
(Fig. 4). The mean number of inflorescences 
varied from 22.5 (T2) to 27.5 (T0). So, water 
deficit doesn’t significantly affect the 
inflorescences production.  

 
Table 1. Daily water use per tree (mm j -1) according to the treatments 

 
Treatments  Periods  Mean 

May 21-28 May 28- June11  June 11 -25 June 25 – July 9  
T0 7.24a 6.86a 6.21a 6.30a 6.65 a 
T1 5.23ab 5.23a 4.79b 4.89b 5.04 b 
T2 1.14b 1.81b 1.06c 1.25c 1.32 c 
T3 0.00b 0.07b 0.0d 0.16d 0.06 d 
T0 (trees watering with 9.4 L each week) ; T1 (trees watering with 7 L of water each week) ; T2 (trees watering 
with 1.8 L of water each week ) ; T3 (non watering trees). Different letters indicate for each date, the significant 

differences in daily water use per tree among the treatments according to Tukey’s tests at 5% level of probability 
 



Fig. 2. Effect of water stress on the stomata condu ctance at 70 days after water stress 

T0 (trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees 
1.8 L of water each week); T3 (non-watered trees). Bars with the same letter are not significantly different at P < 

  

Fig. 3. Effect of water stress on leaf area index 7 0 d
T0 (trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees watered with 
1.8 L of water each week); T3 (non-watered trees). Bars with the same letter are not significantly different at P <

 

3.6 Effect of Water Deficit on 
Inflorescence Size 

 
Analysis of Fig. 5 illustrates that water stress had 
a very significant effect (p < .001) on the different 
variables (length, breadth, height) of the 
inflorescence. 
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Fig. 2. Effect of water stress on the stomata condu ctance at 70 days after water stress 

implementation 
T0 (trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees 

watered trees). Bars with the same letter are not significantly different at P < 
0.05 according to Tukey’s test 

 
Fig. 3. Effect of water stress on leaf area index 7 0 days after stress implementation

(trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees watered with 
watered trees). Bars with the same letter are not significantly different at P <

0.05 according to Tukey’s test 
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Analysis of Fig. 5 illustrates that water stress had 
a very significant effect (p < .001) on the different 
variables (length, breadth, height) of the 

ANOVA analysis allows gathering treatments into 
two groups independently to the variables:
 
• the first group, which has significantly large 

inflorescence, includes T0 (height = 4.9 cm; 
length = 5.7 cm and breadth = 3.6 cm), T1 
(height = 4.9 cm; length = 5.6 cm and 
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Fig. 2. Effect of water stress on the stomata condu ctance at 70 days after water stress 

T0 (trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees watered with 
watered trees). Bars with the same letter are not significantly different at P < 

 

ays after stress implementation  
(trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees watered with 

watered trees). Bars with the same letter are not significantly different at P < 

gathering treatments into 
two groups independently to the variables: 

the first group, which has significantly large 
inflorescence, includes T0 (height = 4.9 cm; 
length = 5.7 cm and breadth = 3.6 cm), T1 
(height = 4.9 cm; length = 5.6 cm and 



breadth = 3.6 cm) and T2 (height = 4.8 cm; 
length = 5.6 cm and breadth = 3.5);

• the second group which has small inflore
scence is represented by T3 (height = 3.7 
cm; length = 4.2 cm and breadth = 2.7 cm).

 
3.7 Effect of Water Deficit on Female and 

Male Flowers Production 
 
Table 2 shows that water deficit significantly 
affects the number of male flowers per 
 

Fig. 4. Effect of water stress on the mean number of inf lorescences per tree according to the 

T0 (trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees watered with 
1.8 L of water each week); T3 (non-watered 

 

 

Fig. 5. Effect of water stress on inflorescence bre adth, length and height 70 days after water 

T0 (trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees watered with 
1.8 L of water each week); T3 (non-watered trees).
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cm) and T2 (height = 4.8 cm; 
length = 5.6 cm and breadth = 3.5); 
the second group which has small inflore-
scence is represented by T3 (height = 3.7 
cm; length = 4.2 cm and breadth = 2.7 cm). 

Effect of Water Deficit on Female and 

Table 2 shows that water deficit significantly 
affects the number of male flowers per 

inflorescence (p < .001) and the number of 
female flowers per inflorescence (p < .001). 
Analysis of the number of male flower showed 
two groups. The first group presents significant 
(p<.001) higher values. This group includes T0 
(83.17 flowers), T1 (74.97 flowers) and T2 (89.34 
flowers). The second group is represented by 
treatment T3 which recorded the lowest value 
(15.07 flowers). 
  

 
4. Effect of water stress on the mean number of inf lorescences per tree according to the 

treatment  
T0 (trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees watered with 

watered trees). Bars with the same letter are not significantly different at P <
0.05 according to Tukey’s test 
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inflorescence (p < .001) and the number of 
female flowers per inflorescence (p < .001). 
Analysis of the number of male flower showed 

presents significant 
(p<.001) higher values. This group includes T0 
(83.17 flowers), T1 (74.97 flowers) and T2 (89.34 
flowers). The second group is represented by 
treatment T3 which recorded the lowest value 
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trees). Bars with the same letter are not significantly different at P < 

 

Fig. 5. Effect of water stress on inflorescence bre adth, length and height 70 days after water 

9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees watered with 
Bars with the same letter are not significantly different at P < 

a a
b

T2 T3
ments

001
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The number of female flowers per inflorescence 
presents the same trend with the number of male 
flowers in the different treatments. It is 
statistically lower in the treatments T3 (0.57 
flowers) compared to the other treatments (T0, 
T1 and T2) that constitute a homogenous group 
with a number of female flower per inflorescence 
range from 3.37 to 4.1.   
 

Table 2. Variations of the mean number of 
female flowers per inflorescence and the 

mean number of male flowers per 
inflorescence according to the treatments 

 
Treatments  Number of  

male flowers  
Number of  
female flowers  

T0 83.17a 4.1a 
T1 74.97a 3.47a 
T2 89.34a 3.37a 
T3 15.07b 0.57b 
T0 (trees watered with 9.4 L each week); T1 (trees 

watered with 7 L of water each week); T2 (trees 
watered with 1.8 L of water each week); T3 (non-
watered trees). Different letters within the same 
column indicate significant differences between  

factor levels according to the Tukey’s post-hoc testing  
(p<.05) 

 

3.8 Effect of Water Deficit on Yield 
Parameters 

 
Results depicted in Table 3 reveal that the 
treatments have a significant effect on the yield 
parameters of J. curcas. It appears that water 
deficit reduces fruit production and consequently 
seed production. 
 
The number of fruits produced per tree and the 
number of seeds produced per tree are 
significantly higher in treatment T0 (that received 
the higher quantity of water by watering) with 
values of 7.67 fruits/tree and 18.67 seeds/tree 
respectively. The treatment T1 (moderate water 
deficit) has produced 2.83 fruits/tree and 7.17 
seeds/tree. However, treatment T2 (severe water 

deficit) and treatment T3 (very severe water 
deficit) didn’t produce fruits. 
 
100-seed weight treatment, T0 (56.25 g), is 
significantly higher than treatment T1 (46.70 g). 
This result suggests that water deficit affects 
fruits by reducing its weight. 
 
4. DISCUSSION  
 
This study aimed at determining the effect of 
water stress on the physiological behavior, the 
flowering and the fruiting of J. curcas. The 
experimentation was conducted in a randomized 
complete block design with 4 treatments 
replicated 6 times. The treatments corresponded 
to different water regimes. Eco-physiological 
variables and agro-morphological variables of the 
tree as well as environmental variables (soil 
humidity and micro-climatic variables) have been 
monitored. 
 
The results show that, except the control (T0) 
where trees received optimal watering, the 
treatments T1 corresponds to a moderate water 
stress (75% of mean daily water use per tree 
compared to T0). The treatment T2 corresponds 
to a severe water deficit (20% of mean daily 
water use per tree compared to T0) and T3 
corresponds to a very severe water deficit (≤ 1 % 
of mean daily water use per tree compared to 
T0). 
 
The different treatments corresponding to the 
different levels of mean daily water use per tree 
have been maintained along the experimentation 
that demonstrates a good application of the 
treatments. 
 
The experimentation also highlights that water 
stress has a significant negative effect on trees 
eco-physiological parameters. Consequently, 
treatments T2 (severe water deficit) and T3 (very 
severe water deficit) caused a decrease of

 

Table 3.  Variation in fruit and seed yield parameters accord ing to the treatments  
 

Treatments  Number   Weight (g)  100 Seeds 
Fruits/Tree  Seeds/Tree   Fruits/Tree  Seeds/Tree  

T0 7.67a 18.67a  15.07a 9.96a 56.25a 
T1 2.83ab 7.17ab  5.21b 3.36b 46.70b 
T2 0.00b 0.00b  0.00b 0.00b - 
T3 0.00b 0.00b  0.00b 0.00b - 
P < .002 < .004  < .002 < .002 < .0001 

T0 (trees watered with 9.4 L each week); T1 (trees watered with 7 L of water each week); T2 (trees watered with 
1.8 L of water each week); T3 (non-watered trees). Different letters within the same column indicate significant 

differences between factor levels according to the Tukey’s post-hoc testing (p<.05) 
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72.5% and 82.9% in stomatal conductance of 
trees respectively. In return, moderate water 
deficit (T1) didn’t affect significantly the stomatal 
conductance. This result conforms to those of 
Diaz-Lopes et al. [1] who highlighted a decrease 
in stomatal conductance of J. curcas seedling in 
water stress conditions. The result is also 
consistent with those of Moura et al. [11] who 
have compared water relations of different 
accessions of J. curcas on two sites, one in the 
semi-arid condition and the other in humid 
condition. The authors [11] recorded low value of 
stomatal conductance in the semi-arid site 
compared to the values recorded in humid site. 
This result could be explained by the fact that in 
water stress condition, plant reversibly adjusts 
the flow of water through the stomata closure. 
Stomata closure results in a decrease of turgor 
guard cells of the stomatal chamber. Decrease of 
turgor guard cells is initiated chemically by a 
phytohormone, abscisic acid (ABA) synthesized 
by the roots subjected to water stress and 
conveyed to the leaves by xylem sap. The 
closure of stomata allows plant to reduce water 
loss and to keep a favorable water status. 
 
Water deficit also significantly reduced trees leaf 
area index (LAI). The decrease in LAI from the 
control (T0) to the treatment T3 (very harsh water 
stress) was about 74.7%. This result is similar to 
those of several authors [5,18,1,10,19] that have 
also showed a decrease of the LAI of J. curcas 
under water deficit. The decrease of LAI results 
from the decrease in leaf size and leaf number 
caused by early senescence of leaves in limiting 
water supply condition. Overall, when subjected 
to water deficit, plant senescence increases. 
 
In addition, the results showed that water deficit 
didn’t affect the inflorescence production. The 
number of inflorescence produced by J. curcas 
trees subjected to water deficit isn’t significantly 
different to the ones produced by the trees in the 
control (T0). In return, water stress has 
negatively affected the development of 
inflorescences and the production of female and 
male flowers. In the treatments subjected to 
water stress, trees produced small 
inflorescences on which it was difficult to 
distinguish female and male flowers by naked 
eye. These observations are consistent with the 
results of Aspinall and Husain [20] who 
highlighted in Lolium temulentum L. an inhibitor 
effect of water deficit on flowering. However, this 
behavior noted in J. curcas is different to the one 
recorded with many woody fruit species those 
flowering are stimulated by water deficit [21]. 

The results showed that water deficit induces a 
decrease of fruits production and consequently 
seed production. Seed production decreases to 
65% when daily water use decreases to 25% of 
daily water use of the control. When daily water 
use decreases to 80% of the control, fruit 
production becomes null. On one hand, the 
decrease of yield parameters of J. curcas 
subjected to water deficit could be explained by 
the decrease of photosynthesis due to the 
decrease of stomatal conductance and LAI [22, 
23]. It results in a decrease in CO2 flow through 
stomata and a decrease of the quantity of 
radiation intercepted by plants and converted to 
chemical used in Calvin cycle. The bad quality            
of inflorescences promotes abortions during 
fecundations. This combined with low production 
of female flowers also limit fruit production and 
consequently seed production. These results are 
consistent to those of Diouf et al [24] who 
highlighted in maize that water deficit negatively 
affects flowering and reduces very significantly 
seeds yield and seed yield parameters. Likewise, 
Chebouti et al. [25] showed, in three species of 
alfalfa, that seed yield was greater in non-
watered deficit treatment compared to the 
treatment subjected to water stress. 
 
5. CONCLUSION  
 
This study is a contribution to a better 
understanding of physiological mechanisms that 
allow adaptation of J. curcas to drought and their 
effects on flowering and fruiting. It allows 
confirming that J. curcas fit to water deficit using 
an avoidance strategy. This consists to reduce, 
when subjected to water deficit, stomatal 
conductance and total evapotranspiration area 
by the abscission and the reduction of leaf 
expansion. Likewise, the study highlighted that 
water deficit negatively affects the flowering by a 
reduction of inflorescence size and a decrease    
in flowers productions. This experimentation 
revealed that when water uptake of J. curcas 
declines to 20% of maximal evapotranspiration, 
the negative effects of water deficit on 
physiological parameters induce a significant 
decrease in fruits and seed production. Based on 
these results and considering the limits of this 
experimentation, we recommend a long-term 
experimentation including dry and rainy seasons 
that could allow discriminating the effect of soil 
water availability to those of climatic factors 
(relative humidity, photoperiod, temperature, 
saturated water vapor pressure) on the flowering 
and the fruiting of J. curcas. 



 
 
 
 

Diédhiou et al.; ARJA, 2(2): 1-12, 2016; Article no.ARJA.29836 
 
 

 
11 

 

ACKNOWLEDGEMENTS 
 
The authors are grateful to African Union and to 
European Union for financial assistance to this 
study through "10th European Fund for 
Development" and African Union Research Grant 
(EU-financed grant contracts for external 
actions), grant contract No AURG/094/2012 CRS 
N° 2012/289-014. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES  
 
1. Díaz-López L, Gimeno V, Simón I, 

Martínez V, Rodríguez-Ortega WM, 
García-Sánchez F. Jatropha curcas 
seedlings show a water conservation 
strategy under drought conditions based 
on decreasing leaf growth and stomatal 
conductance. Agricultural Water Manage-
ment. 2012;105:48–56. 

2. Levitt J. Response of plants to 
environmental stress. Water, Radiation, 
Salt and Other Stresses. 1980;2:3-21. 

3. Alscher RG, Cumming JR. Stress 
responses in plants: Adaptation and 
acclimation mechanisms. New York, 
Wiley-Liss; 1990. 

4. Heller J. Physic nut. J. curcas L. promoting 
the conservation and use of underutilized 
and neglected crops. Institute of Plant 
Genetics and Crop Plant Research Notes, 
Gatersleben/ International Plant Genetic 
Resources Institute, Rome Italy. 1996;66.  

5. Maes W, Achten W, Reubens B, Raes D, 
Samson R, Muys B. Plant-water 
relationships and growth strategies of 
Jatropha curcas L. seedlings under 
different levels of drought stress. Arid 
Environments. 2009;73(10):877-884. 

6. Silva EN, Ferreira-Silva SL, Viégas RA, 
Silveira JAG. The role of organic and 
inorganic solutes in the osmotic 
adjustment of drought-stressed Jatropha 
curcas plants. Environmental and 
Experimental Botany. 2010;69(3):279-285. 

7. IPCC. Guidelines for national greenhouse 
gas inventories—Agriculture, forestry and 
other land use; 2006. 

8. Abdrado AA, et Nahed MM. Response of 
Jatropha curcas L. to water deficit: Yield, 
water use efficiency and oilseed 

characteristics. Biomass and Bioenergy. 
2008;33(10):1343-1350.  

9. Yin C, Pang X, Chen K, Gong R, Xu G, 
Wang X. The water adaptability of 
Jatropha curcas is modulated by soil 
nitrogen availability. Biomass and 
Bioenergy. 2013;47:71-81. 

10. Fini A, Bellasio C, Pollastri S, Tattini M, 
Ferrini F. Water relations, growth, and leaf 
gas exchange as affected by water stress 
in Jatropha curcas. Journal of Arid 
Environments. 2013;89:21-29. 

11. Moura dos Santos C, Verissimo V, Filho 
HC de LW, Ferreira VM, Cavalcante PG 
da S, Rolim EV, Endres L. Seasonal 
variations of photosynthesis, gas 
exchange, quantum efficiency of 
photosystem II and biochemical responses 
of Jatropha curcas L. grown in semi-humid 
and semi-arid areas subject to water 
stress. Industrial Crops and Products. 
2013;41:203-213. 

12. Sapeta H, Costa JM, Lourenc T, Maroco J, 
Linde PVD, Oliveira MM. Drought stress 
response in Jatropha curcas: Growth and 
physiology. Environmental and 
Experimental Botany. 2013;85:76–84. 

13. Costa JM, Ortuño MF, Lopes CM, Chaves 
MM. Grapevine varieties exhibiting 
differences in stomatal response to water 
deficits. Functional Plant Biology. 2012;39: 
179–189. 

14. Muscolo A, Junker A, Klukas C, Weigelt-
Fischer K, Riewe D, Altmann T. Phenotypic 
and metabolic responses to drought and 
salinity of four contrasting lentil accessions. 
Journal of Experimental Botany. 
2015;66(18):5467-5480.  

15. Giffard P. Arbres dans le paysage 
sénégalais: Sylviculture en zone tropicale 
sèche. Dakar: CTFT; 1974. 

16. Konté O, Ndiaye M. Analyse 
agroclimatique de la région de Thiès. 
Agence Nationale de la Météorologie du 
Sénégal; 2010. 

17. Kizito F, Dragila MI, Sène M, Lufafa A, 
Dick RP, Diedhiou I, Dossa E, Khouma M, 
Ndiaye S, Badiane A. Seasonal soil water 
variation and root patterns among two 
semi-arid shrubs coexisting with Pearl 
millet in Senegal, West Africa. Journal Arid 
Environments. 2006;67:436–455. 

18. Achten W, Maes W, Reubens B, Mathijs E, 
Singh V, Verchot L, Muys B. Biomass 
production and allocation in Jatropha 



 
 
 
 

Diédhiou et al.; ARJA, 2(2): 1-12, 2016; Article no.ARJA.29836 
 
 

 
12 

 

curcas L. under different levels of drought 
stress. Biomass and Bioenergy. 2010; 
34(5):667-676. 

19. Yang Q, Li F, Zhang F, Liu X. Interactive 
effects of irrigation frequency and nitrogen 
addition on growth and water use of 
Jatropha curcas. Biomass and Bioenergy. 
2013;59:234-242. 

20. Aspinall D, Husain I. The inhibition of 
flowering by water stress. Aust. J. biol. Sci. 
1970;23:925-936.  

21. Cuevas J, Hesco JJ, Rodriguez MC. 
Deficit irrigation as a tool for manipulating 
flowering date in loquat (Eriobotrya 
japonica Linddl.). Nova Science Publisher: 
Agricultural Water Management Research 
Trends, New York; 2008. 

22. Lawlor DW, Tezara W. Causes of 
decreased photosynthetic rate and 
metabolic capacity in water-deficient leaf 
cells: A critical evaluation of mechanisms 

and integration of processes. Annals of 
Botany. 2009;103:561–579. 

23. Saibo NJN, Lourenço T, Oliveira MM. 
Transcription factors and regulation of 
photosynthetic and related metabolism 
under environmental stresses. Annals of 
Botany. 2009;103:609–623. 

24. Diouf M, Sarr B, Diouf O, Ba A, Roy-
Macauley H. Réponses agro-
physiologiques et efficacité d’utilisation de 
l’eau chez le maïs (Zea mays L.-cv. 
synthetic-c) soumis au déficit hydrique. 
Tropicultura. 2001;19(3):116-122. 

25. Chebouti A, Abdelguerfi A, Mefti M. Effet 
du stress hydrique sur le rendement en 
gousses et en graines chez trois espèces 
de luzernes annuelles: Medicago aculeata, 
Medicago orbicularis et Medicago 
truncatula. Options Méditerranéennes: 
Séminaires Méditerranéens. 2001;45:163- 
166. 

_________________________________________________________________________________ 
© 2016 Diédhiou et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/16986 


