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Abstract 
Jatropha curcas L. is one climate smart drought-resistant multipurpose plant 
with a variety of properties that have conjured interest all over the world due 
to its potential to produce biofuel. In this study, Jatropha curcas accessions 
were collected from three different climate zones of Botswana; Northern re-
gion (Maun), Central region (Mmadinare) and Southern region (Thamaga). 
These accessions were subjected to water stress to study their biochemical and 
physiological responses. Results showed that water stress increased malon-
dialdehyde (MDA) content, electrolyte leakage as well as proline content in 
all the accessions. It is worth-noting that Maun accession exhibited highest 
proline content, when subjected to water stress. Maun accession also displayed 
less MAD and electrolyte leakage than the other two accessions, an indication 
of less perturbation to membranes under water stress. This could be attributed 
in part, to its higher catalase and superoxide dismutase contents, which pre-
sumably prevented lipid peroxidation by mopping up reactive oxygen species. 
The slightly higher dry weights exhibited by Mmadinare and Maun accessions 
could be ascribed to their ability to maintain membrane integrity under water 
stress conditions. It can therefore be concluded that Maun and Mmadinare 
accessions can be grown under drought conditions commonly experienced in 
Botswana. 
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1. Introduction 

Water deficit is one of the major types of abiotic stress that diminishes plant 
growth and development. Plants exposed to drought undergo several mechan-
isms (physiological, biochemical and molecular) to survive water scarcity in the 
soil [1]. Water deficit results in elevated production of Reactive Oxygen Species 
(ROS), which causes oxidative damage and impairs cellular functions [2]. Oxid-
ative stress is a state of imbalance between the production of ROS and the neu-
tralization of the free radicals by antioxidants, leading to the damage of cellular 
components such as lipids, nucleic acids, metabolites and proteins, which ulti-
mately causes cell death [3]. 

Water deficiency in plants stimulates the generation of ROS, which brings about 
deleterious effects and causes lipid peroxidation, consequently leading to mem-
brane injuries, protein degradation and enzyme inactivation as well as the for-
mation of protease-resistant cross-linked aggregates [4]. Lipid peroxidation, which 
is a decomposition of polyunsaturated lipids in the plasma membrane, takes place 
in a stressed plant and it is used as an indicator to determine the extent of lipid 
damage under severe drought conditions by quantifying Malondealdeyde, a prod-
uct of lipid peroxidation [4]. 

In response to oxidative damage, plant species develop multiple photo-pro- 
tective and antioxidant defense mechanisms to counteract oxidative damage. ROS 
can act as secondary messengers in the signaling of the activation of defense res-
ponses, and this significantly promotes the acclimatization of plants to water stress 
conditions [5]. 

Furthermore, among the various mechanisms used by the plant to tolerate water 
stress, many plant species undergo accumulation of soluble organic compounds 
such as osmoregulators. This is to allow for osmotic adjustment, which promotes 
the maintenance of cellular turgor and encourages water absorption (movement 
of water molecules into the cell) [6]. Consequently, there is biosynthesis of non- 
toxic molecules of low molecular weight in the vacuole and cytosol, such as in-
organic ions, soluble sugars, amino acids, proline and glycine-betaine. These as-
sist in the maintenance of cell membrane and protein integrity, which are essen-
tial for metabolic activities. The accumulation of these molecules has been used 
as an indicator in the evaluation of drought tolerance [7]. It is for this reason 
that responses of plants to various stresses are determined using specific biochem-
ical parameters such as protein content and stress-related antioxidants enzymes 
such as superoxide dismutases, peroxidases and catalases [7]. 

Jatropha curcas L. is a drought-resistant multipurpose plant with a variety of 
properties that have conjured interest all over the world due to its potential to 
produce biofuel [8]. Jatropha curcas seeds play a significant role in the produc-
tion of biodiesel. They contain about 35% to 40% of oil [9]. Also, the seeds can-
not be used for human consumption because they contain toxic chemical ele-
ments such as cursin, toxalbumine called curine, cyanic acid related to ricimic 
acid and toxic phorbol esters [8]. 
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The present study was aimed at evaluating water stress tolerance of Jatropha 
curcas by employing partial biochemical characterization involving soluble pro-
tein, proline content and activities of potential antioxidant enzymes. 

2. Materials and Methods 
2.1. Experimental Material and Planting 

Three Jatropha curcas accession seeds collected from the North, South and Cen-
tral regions of Botswana (Maun [19˚58'S, 23˚25'E]; Thamaga [24˚40'S, 25˚32'E] 
and Mmadinare [21˚56'S, 27˚37'E] respectively) were germinated in Petri dishes 
at 25˚C. After emergence, the seedlings were transferred to pots filled with pot-
ting soil (Sanitas, Gaborone, Botswana). The pots with seedlings were set up in a 
completely randomized designed with three replications. Each pot contained one 
plant. The plants were raised in a greenhouse at 27˚C and relative humidity of 
65% - 70%. When the plants were one month old, they were separated into the 
control and water-stressed sets. Water stress was imposed by withholding water 
[10]. 

2.2. Treatments 

Potted plants of the three Jatropha curcas accessions (35 days old) were subjected 
to water stress by withholding water, while for the control, plants were given 250 
mL of half-strength Hoagland’s solution in alternate days, for 49 days. 

2.3. Determination of Lipid Peroxidation  
(Malondialdehyde Content) 

The level of lipid peroxidation was measured by estimating malondialdehyde 
(MDA) content according to the method developed by [11] at the end of water 
stress exposure. Leaf tissue (0.2 g) from fully expanded leaves was homogenized 
in 1.0 mL 5% trichloroacetic acid (TCA) solution in cold pestle and mortar. Ho-
mogenate was centrifuged at 14,000 rpm for 10 min at room temperature. The 
supernatant was collected for the estimation of MDA. The reaction mixture con-
tained 1.0 mL of an aliquot of the supernatant and 4 mL of 0.5% thiobarbituric 
acid (TBA) in 20% TCA solution (freshly prepared), heated at 90˚C for 30 min. 
After 30 min, the reaction was stopped by quickly placing tubes in ice-chilled 
water following centrifugation at 10,000 rpm for 10 min. Absorbance was rec-
orded with a spectrophotometer UV mini-1240 UV-VIS (Shimadzu, Tokyo, Ja-
pan) at 532 nm, and non-specific absorbance was taken at 600 nm. Lipid perox-
idation was calculated by subtracting the absorbance value at 600 nm from the 
values measurements at 532 nm. MDA content was calculated by the [12] for-
mula using its absorption coefficient of 155 mM−1∙cm−1 expressed as nmol MDA∙g−1 
fresh weight; 

( )532 600– 1000A A V
MDA

W
ε × =                  (1) 

where ε is the specific extinction coefficient (155/cm Mcm), V is the volume of 
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crushing medium in mL, and W is the fresh weight of leaf sample in grams. 

2.4. Electrolyte Leakage 

Electrolyte leakage was measured based on the method by [13] at the end of wa-
ter exposure. Fully expanded leaves were cut into 1 cm segments and washed 
three times with deionized water to remove surface adhered electrolytes. After 
washing, they were placed in individual stoppered vials containing 10 mL deio-
nized water and incubated at room temperature (25˚C) on a shaker (100 rpm) 
for 24 h. The electrical conductivity of a bathing solution (EC1) was measured 
after incubation with a digital electrical conductivity meter (Ex stick EC 400 
conductivity/TDS/Salinity Meter, Extech instruments). Samples were then placed 
in a thermostatic water bath at 95˚C for 15 min, and the last conductivity (EC2) 
was measured after cooling to room temperature. The electrolyte leakage per-
centage was determined as follows. 

( ) ( )Electrolyte leakage % EC1 EC2 100= ×              (2) 

2.5. Superoxide Dismutase Assay 

Superoxide dismutase (SOD) activity was determined according to [14] method. 
0.2 g leaf tissue collected from fully expanded leaves was homogenized thoroughly 
using a chilled mortar and pestle in a medium consisting of 50 Mm phosphate 
buffer (pH 7.8) and 100 mg of polyvinyl polypyrolidone as a phenolic binder. 
The homogenate was then centrifuged at 16,000 ×g for 15 min in a refrigerated 
centrifuge at 4˚C. The supernatant was then collected to be used for the assay. 
The sets of assay systems were prepared separately; assay system, dark control 
and light control. The reaction mixture contained 0.1 mL 1.5 M sodium carbo-
nate, 0.3 mL of 0.13 M methionine, 0.3 mL of 10 µM EDTA, 0.3 mL of 13 µM 
riboflavin and 0.3 mL of 0.63 mM nitroblue tetrazolium. The nitroblue tetrazo-
lium was not added to the light control system. To the reaction system, 0.1 mL 
enzyme extract (sample) was added to the blank and the light control system. The 
reaction mixture was then made up to 3.0 mL with 50 Mm phosphate buffer (pH 
7.8). The tubes with dark control samples(blank; all reagents and sample added) 
were kept in the dark chamber, and the tubes for the light control samples (all 
reagents except nitroblue tetrazolium, with sample added just before absorbance 
reading) and the assay system(all reagents and sample) were kept under a fluo-
rescent lamp. After 30 min of incubation, the absorbance readings were taken at 
560 nm using a spectrophotometer (UV Mini-1240 UV-VIS, Shimadzu, Tokyo, 
Japan). One unit of SOD was defined as the enzyme activity that inhibited the 
photoreduction of nitroblue tetrazolium to blue formazan by 50% or the amount 
of enzyme which reduced the absorbance reading to 50% in comparison with the 
tubes lacking the enzyme. SOD was expressed in Units per milligram (Unit/mg). 

0 1

0

System VolumeSOD activity 50%
Sample Volume

A A
A
−= ÷ ×             (3) 
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A0 is the absorbance in the absence of enzyme extract, A1 is the absorbance in 
the presence of enzyme extract, and the enzymatic activity that causes 50% inhi-
bition in the system is defined as one unit [15]. 

2.6. Catalase Assay 

Catalase was measured according to the [16] method after water stress exposure. 
The enzyme extract was prepared by grinding 0.2 g leaf tissue from fully ex-
panded leaves in a chilled mortar and pestle by adding 4 mL 50 Mm phosphate 
buffer, pH 7.0, mixed with 100 mg polyvinyl polypyrolidone as a phenolic binder 
and centrifuged for 15 min at 4000 rpm (4˚C). The assay consisted of 1.0 mL of 
50 mM phosphate buffer pH 7.0, 2.0 mL of enzyme extract and 1.0 mL of 3% 
hydrogen peroxide. The phosphate buffer and the enzyme extract were pipetted 
out and mixed well in a test tube. To this, hydrogen peroxide was added to in-
itiate the enzyme activity. Immediately after the addition of hydrogen peroxide, 
enzyme activity was measure at 240 nm for 180 seconds at 15 seconds interval 
using a Spectrophotometer, with 1 mL phosphate buffer used as a blank. For-
mula according to [17] was used as follows; 

240Catalase activity 0.001t s tAbs V d V Cε= ∆ × × × × ×          (4) 

where, ΔAbs is the difference between the initial and final absorbance, Vt is total 
volume of reaction, 240ε  is the molar extinction coefficient for H2O2 at OD240 
(34.9 mol−1 cm−1), d is optical path length of cuvette (1 cm), Vs is volume of 
sample, Ct is the total protein concentration in the sample and 0.001 is absor-
bance change caused by 1 U of enzyme per min at 240 nm OD. 

2.7. Proline Content 

Samples of fresh leaf tissue from fully expanded leaves and root tissue were ob-
tained per plant after the drought exposure period. Proline analysis was carried 
out on the samples following the method by [18]. First, Acid ninhydrin was 
prepared by warming 1.25 g of ninhydrin in 30 mL glacial acetic acid and 20 mL 
of 6 M phosphoric acid until dissolved. The reagent was kept cool at 4˚C. 0.5 g 
samples of fresh tissue were homogenized in 10 mL 3% sulfosalicylic acid. The 
homogenate was then filtered through Whatman filter paper. 2 mL of the filtrate 
was reacted with 2 mL acid ninhydrin and 2 mL glacial acetic acid in a test tube 
for 1 hour at 100˚C in a water bath to develop the colors. Immediately after re-
moval from the water bath, the test tubes were cooled in an ice bath and proline 
extracted by adding 4 mL toluene followed by shaking with a Vortex mixer for 
15 - 20 seconds. The chromophore containing toluene was aspirated from the 
aqueous phase, warmed to room temperature, and the absorbance was taken us-
ing a spectrophotometer (UV Mini-1240 UV-VIS, Shimadzu, Tokyo, Japan) at 
520 nm, using toluene as a blank. Proline content in fresh tissue was determined 
by comparing the sample absorbance with the standard proline curve and calcu-
lated on a fresh weight basis as follows: 
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( ) ( )μg proline mL toluene mL 115.5μg mole g sample 5

µmol proline g of fresh weight tissue

×      
=

 

2.8. Soluble Protein Content 

The amount of protein in the enzyme extract was determined according to the 
procedure of [19] at the end of water stress using the Bradford method. 0.2 g 
plant tissue from the fourth fully expanded leaves was ground using pestle and 
mortar in 4.0 mL of phosphate buffer (pH 7). These samples were kept overnight 
for complete extraction of protein and followed by centrifugation at 16,300 × g 
for 20 min. The supernatant was used for protein analysis, and the pellet dis-
carded. 0.5 L of supernatant was adjusted to 1.0 mL volume with phosphate buf-
fer followed by mixing with 5 mL of Bradford reagent and absorbance recorded 
at 595 nm against reagent blank using UV mini-1240 UV-VIS spectrophotome-
ter (Shimadzu, Tokyo, Japan). The concentration of protein was determined from 
the standard curve. Protein content was expressed in milligrams per milliliter so-
lution (mg/mL). 

2.9. Total Dry Weight 

Dry weight (g) was determined after drying plant material (roots, stem and shoot) 
at 70◦C (until a constant weight was achieved), and the mass measured. 

2.10. Data Analysis 

One-way ANOVA was used to determine the effects of drought treatments at P 
< 0.05. All statistical analyses were performed using Sigma plot 11. 

3. Results 

Malondialdehyde (MDA) content was significantly (P < 0.05) higher in water- 
stressed plants than the control ones in all the accessions (Figure 1). It is worth- 
noting that Thamaga accession displayed a considerably high amount of MDA 
than the other two accessions, when exposed to water stress (Figure 1). Thama-
ga and Mmadinare accession exhibited higher electrolyte leakage percentage than 
Maun accession (Figure 2). 

When plants were subjected to water stress, they all appeared to increase their 
Superoxide dismutase (SOD) activity more or less the same, with Thamaga ac-
cession displaying a slightly higher SOD activity than the other two accessions 
(Figure 3). Maun accession appeared to exhibit a higher catalase activity when 
exposed to water stress than Mmadinare and Thamaga accession (Figure 4). Maun 
accession exhibited a significant (P < 0.05) increase in proline content compared 
to the other accessions (Figure 5) and displayed the highest proline content in 
both the control and water-stressed plants. Maun accession exhibited the highest 
soluble protein content followed by Mmadinare accession, and Thamaga acces-
sion showed the least protein content (Table 1). The three accessions exhibited 
significant (P > 0.05), more or less the same dry weight (Figure 6). Mmadinare  
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Figure 1. Effect of water stress on malondialdehyde (MDA) content in Jatropha curcas leaves of Mmadinare, 
Maun and Thamaga accession. Bars represent standard error of means (n = 3). Lowercase letters indicate sig-
nificant difference between different water treatments (control and water-stressed) within accession at the 
0.05 level. 

 

 
Figure 2. Effect of water stress on electrolyte leakage in three Jatropha curcas accessions. Bars represent stan-
dard error of means (n = 3). Lowercase letters indicate significant difference between different water treat-
ments (control and water-stressed) within accession at the 0.05 level. 
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Figure 3. Effect of water stress on the superoxide dismutase activity in Jatropha curcas in Mmadinare, 
Maun and Thamaga accessions at the end of water stress exposure (49 Days after exposure). Bars represent 
standard error of means (n = 3). Lowercase letters indicate significant difference between different water 
treatments (control and water-stressed) within accession at the 0.05 level. 

 

 
Figure 4. Effect of water-stress on the catalase activity in Jatropha curcas leaves in Mmadinare, Maun and 
Thamaga accessions at the end of water stress exposure (49 DAE). Bars represent standard error of means 
(n = 3). Lowercase letters indicate significant difference between different water treatments (control and 
water-stressed) within accession at the 0.05. 
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Figure 5. Effect of water stress on the proline content in three Jatropha curcas accessions. Bars represent 
standard error of means (n = 3). Lowercase letters indicate significant difference between different 
water treatments (control and water-stressed) within accession at the 0.05 level. 

 
Table 1. Effect of water stress on soluble protein content of Jatropha curcas accessions. 

Accession Absorbance at 595 nm Soluble Protein Content (mg/mL) 

Mmadinare 

Control 

Water-stressed 

 

1.34 ± 0.02 

1.43 ± 0.03 

 

1.30 ± 0.02a 

1.55 ± 0.03b 

Thamaga 

Control 

Water-stressed 

 

1.31 ± 0.04 

1.35 ± 0.04 

 

1.22 ± 0.01a 

1.33 ± 0.02b 

Maun 

Control 

Water-stressed 

 

1.21 ± 0.02 

1.57 ± 0.04 

 

0.94 ± 0.01a 

1.94 ± 0.06b 

Different lowercase letters in the same column represent significant difference at 0.05 lev-
el among different water treatments. 

 
accession displayed a slightly higher mass of 3.0g followed by Maun accession 
(2.8g) and lastly Thamaga accession (2.74g). 

4. Discussion 

Higher malondialdehyde (MDA) levels were exhibited by water-stressed plants 
than control plants (Figure 1). These higher MDA levels indicated cell mem-
brane damage, as MDA one of the final products of polyunsaturated fatty acids 
peroxidation in the cells. These results were consistent with those obtained by 
[20] in wheat seedlings. By comparison of the MDA content of all three water-  
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Figure 6. Effect of water stress on the dry weight of the three Jatropha curcas accessions (Mmadi-
nare, Thamaga and Maun). Bars represent standard error of means (n = 5). 

 
stressed accessions, Maun and Mmadinare accessions appeared to display the 
lowest lipid peroxidation, indicating maintenance of membrane integrity under 
water stress conditions compared to Thamaga accession. Lipid peroxidation (es-
timated from MDA content) due to water stress can be ascribed to oxidative dam-
age through generation of reactive oxygen species (ROS) [8]. Lipid peroxidation 
results in an increase in the permeability of the cell membrane, as attested to by 
electrolyte leakage percentage, which was lower in Maun accession compared to 
the other two accessions (Figure 2). 

The lower electrolyte leakage exhibited by Maun and Mmadinare accessions 
under water stress conditions (Figure 2), further demonstrated that these acces-
sions exhibited less damage to the cell membrane as attested to by lower MDA 
content than Thamaga accession. It should be noted that Thamaga accession 
which displayed the highest MDA content, also exhibited a higher electrolyte 
leakage (Figure 2). The highest electrolyte leakage percentage could be ascribed 
to physiological structure of biological membranes and their chemical composi-
tion being modified by dehydration, which increased cell membrane permeabil-
ity [21]. 

The maintenance of membrane integrity under water stress conditions in Maun 
and Mmadinare accessions could further be attributed to their ability to more ef-
fectively scavenge reactive oxygen species (ROS) (as attested to by lower electro-
lyte leakage and lower MDA content) than Thamaga accession. The ability of the 
plant to maintain membrane integrity depends, in part, on its ability to generate 
oxygen metabolizing enzymes (such as superoxide dismutase and catalase) to 
mop up ROS, to counteract lipid peroxidation. Figure 3 showed that all the Ja-
tropha curcas accessions exhibited more or less the same increase in superoxide 
dismutase (SOD) activity when exposed to water stress. It was worth noting that 
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when plants experience oxidative stress, superoxide radical is produced at high 
levels, and therefore superoxide dismutase is needed to scavenge this radical. If 
this radical is not scavenged by SOD, it disturbs vital biomolecules [22]. With 
respect to catalase (CAT), another oxygen metabolizing enzyme, all the three ac-
cessions displayed the activity of catalase under water stress (Figure 4), but Maun 
accession exhibited the highest catalase activity. The higher catalase activity ex-
hibited by Maun accession (Figure 4) than the other accessions can be ascribed 
to its ability to scavenge reactive oxygen species as attested to by its low MDA 
content (Figure 1) and lower electrolyte leakage (Figure 2). Catalase converts 
hydrogen peroxide to water in the peroxisomes [23]. In agreement with these 
results, [24] reported that catalase activity was up-regulated in the drought-to- 
lerant CE704 genotype (maize), while catalase levels were decreased in the drou- 
ght-sensitive genotype 2023. 

It should be pointed out that apart from the mopping up of radicals to reduce 
lipid peroxidation to keep the cell membrane intact, there was also production of 
proline (Figure 5) and accumulation of soluble proteins in water-stressed plants 
(Table 1). Proline is an important variable amino acid in that plays a role in the 
protection of the cell membrane from oxidative damage and also scavenge reac-
tive oxygen species (ROS) underwater stress [25]. Soluble proteins have been pro-
posed to play an important role in membrane protein stability and osmotic ad-
justment [26] [27] [28]. Maun and Mmadinare accessions displayed a higher 
proline (Figure 5) and soluble protein content (Table 1) under water stress. The 
higher proline content exhibited by Maun and Mmadinare accessions when sub-
jected to water stress, appear to confer water stress tolerance in these accessions, 
consistent with previous findings where proline pretreatment also minimized 
the toxicity of Hg2+ in rice (Oryza sativa) by scavenging ROS, such as H2O2 [29], 
therefore resulting in better maintenance of cell membrane integrity (as shown 
by its lower electrolyte leakage percentage and lower MDA content). 

Maun and Mmadinare accessions also exhibited the highest amount of soluble 
protein (Table 1). These results are in agreement with [30], where they found 
out that soluble protein content in the leaves of cotton under drought treatment 
was much higher than that of conventional soil water treatment. In contrast, [31] 
found out that Banana cultivars exhibited a slight decrease in soluble protein con-
tent despite being considered tolerant to water stress. 

Jatropha curcas plants that were subjected to water stress showed a generally 
low dry weight compared to the control (Figure 6). There was no significant dif-
ference (P > 0.005) between dry weights of the three accessions. The slightly higher 
dry weights exhibited by Mmadinare and Maun accessions, than Thamaga ac-
cession, could ascribed to their ability to effectively scavenge for ROS when ex-
posed to water stress. The small differences in dry weight between the accessions 
could be attributed to the fact that during water stress, the plants prioritized on 
developing survival traits to promote synthesis of protective compounds, instead 
of the actual growth of the plant. This is consistent with [32], who reported that 
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water stress can limit plant growth and biomass production, and alter the alloca-
tion pattern of biomass. Furthermore, it has been reported that water stress in-
fluences cell enlargement more than cell division [33]. Therefore, the slightly 
higher dry weight exhibited by Maun and Mmadinare accessions, than Thamaga 
accession could attest to the fact that they channeled more resources to protec-
tive mechanisms than growth. 

5. Conclusion 

It could be concluded that among the three Jatropha curcas accessions, Maun 
(Northern region) and Mmadinare (Central region) accessions appeared to main-
tain membrane integrity compared to Thamaga accession (Southern region) under 
water stress conditions. Maintenance of membrane integrity under water stress 
conditions can be ascribed, in part, to their ability to mop up reactive oxygen spe-
cies through the production of oxygen metabolizing enzymes (superoxide dis-
mutase and catalase), as well as the accumulation of proline and soluble proteins 
as protective mechanisms. 

Acknowledgements 

The authors would like to thank the Department of Biological Sciences in the 
University of Botswana and the Crop Science Production in the Botswana Uni-
versity of Agriculture and Natural Resources for provision of resources to carry 
out the experiments in this study. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Zhang, Q.F. (2007) Strategies for Developing Green Super Rice. Proceedings of the 

National Academy of Sciences of the United States of America, 104, 16402-16409. 
https://doi.org/10.1073/pnas.0708013104 

[2] Rizwan, S. and Aftab, F. (2018) Morphological and Biochemical Responses of Ja-
tropha curcas under Water Stress. International Journal of Agriculture and Biology, 
20, 1929-1936. 

[3] Foyer, C. and Fletcher, J. (2001) Plant Antioxidants: Color me Healthy. Biologist, 
48, 115-120. 

[4] Gaschler, M. and Stockwell, B. (2017) Lipid Peroxidation in Cell Death. Biochemical 
and Biophysical Research Communications, 482, 419-425. 
https://doi.org/10.1016/j.bbrc.2016.10.086 

[5] Dat, J., Vandenabeele, S., Vranova, E., Van Montagu, M., Fuze, D. and Van Breuse-
gem, F. (2000) Dual Action of the Active Oxygen Species during Plant Stress Responses. 
Cellular and Molecular Life Sciences, 57, 779-795.  
https://doi.org/10.1007/s000180050041 

[6] Chaves, M., Maroco, J.P. and Pereira, J.S. (2003) Understanding Plant Responses to 
Drought-From Genes to the Whole Plant. Functional Plant Biology, 30, 239-264. 

https://doi.org/10.4236/ajps.2021.129091
https://doi.org/10.1073/pnas.0708013104
https://doi.org/10.1016/j.bbrc.2016.10.086
https://doi.org/10.1007/s000180050041


K. Makholwa et al. 
 

 

DOI: 10.4236/ajps.2021.129091 1317 American Journal of Plant Sciences 
 

https://doi.org/10.1071/FP02076 

[7] Medeiros, D.B., Santos, H.R., Pacheco, C.M., Musser, R. and Nogueira, R.J. (2012) 
Physiological and Biochemical Responses of Drought Stress in Barbados Cherry. Bra-
zilian Society of Plant Physiology, 24, 181-192.  
https://doi.org/10.1590/S1677-04202012000300005 

[8] Sharma, S., Dhamija, H.K. and Parashar, B. (2012) Jatropha curcas: A Review. Asian 
Pharmacy, 2, 101-111. 

[9] Islam, A.K., Yaakob, Z. and Anuar, N. (2011) Jatropha: A Multipurpose Plant with 
Considerable Potential for the Tropics. Scientific Research and Essays, 6, 2597-2605. 

[10] Moseki, B. and Dintwe, K. (2011) Effect of Water Stress on Photosynthetic Charac-
teristics of Two Sorghum Cultivars. The African Journal of Plant Sciences and Bio-
technology, 5, 89-91. 

[11] Heath, R. and Packer, L. (1968) Photoperoxidation in Isolated Chloroplasts: I. Ki-
netics and Stoichiometry on Fatty Acid Peroxidation. Archives in Biochemistry and 
Biophysics, 125, 189-198. https://doi.org/10.1016/0003-9861(68)90654-1 

[12] Hodges, D., DeLong, J., Forney, C. and Prange, R. (1999) Improving the Thiobarbi-
turic Acid Reactive Substances Assay for estimating Lipid Peroxidation in Plant Tis-
sues Containing Anthocyanin and Other Interfering Compounds. Planta, 207, 604- 
611. https://doi.org/10.1007/s004250050524 

[13] Lutts, S., Kinet, J. and Bouharmont, J. (1996) NaCl-Induced Senescence in Leaves of 
Rice (Oryza sativa L.) Cultivars Differing in Salinity Resistance. Annals of Botany, 
78, 389-398. https://doi.org/10.1006/anbo.1996.0134 

[14] Giannopolitis, C.N. and Ries, S.K. (1977) Superoxide Dismutases: Occurrence in High-
er Plants. Plant Physiology, 59, 309-314. https://doi.org/10.1104/pp.59.2.309 

[15] Zhang, C., Bruins, M.E., Yang, Z., Liu, S. and Rao, P. (2016) A New Formula to Cal-
culate Activity of Superoxide Dismutase in Indirect Assays. Analytical Biochemistry, 
503, 65-67. https://doi.org/10.1016/j.ab.2016.03.014 

[16] Kar, M. and Mishra, D. (1976) Catalase, Peroxidase, and Polyphenoloxidase Activi-
ties during Rice Leaf Senescence. Plant Physiology, 57, 315-319. 
https://doi.org/10.1104/pp.57.2.315 

[17] Senthilkumar M., Amaresan N. and Sankaranarayanan A. (2021) Plant-Microbe In-
teractions. Springer Protocols Handbooks, New York. 
https://doi.org/10.1007/978-1-0716-1080-0 

[18] Bates, L.S., Waldren, R.P. and Teare, I.D. (1973) Rapid Determination of Free Pro-
line for Water-Stress Studies. Plant and Soil, 39, 205-207. 
https://doi.org/10.1007/BF00018060 

[19] Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. (1951) Protein Mea-
surement with the Folin Phenol Reagent. Journal of Biological Chemistry, 193, 265- 
275. https://doi.org/10.1016/S0021-9258(19)52451-6 

[20] Nadia, K. and Naqvi, F.N. (2010) Effect of Water Stress on Lipid Peroxidation and 
Antioxidant Enzymes in Local Bread Wheat Hexaploids. Journal of Food, Agricul-
ture and Environment, 8, 521-526. 

[21] Mouradi, M., Farissi, M., Bouizgaren, A., Lahrizi, Y., Qaddoury, A. and Ghoulam, 
C. (2018) Alfalfa and Its Symbiosis Responses to Osmotic Stress. In: Bezerra, R.L., 
Ed., New Perspectives in Forage Crops, Intech Open, Morocco, 150-168. 
https://doi.org/10.5772/intechopen.69760 

[22] Esfandiari, E.O., Shakiba, M.R., Mahboob, S.A., Alyari, H. and Toorchi, M. (2007) 
Water Stress, Antioxidant Enzyme Activity and Lipid Peroxidation in Wheat Seedl-

https://doi.org/10.4236/ajps.2021.129091
https://doi.org/10.1071/FP02076
https://doi.org/10.1590/S1677-04202012000300005
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.1007/s004250050524
https://doi.org/10.1006/anbo.1996.0134
https://doi.org/10.1104/pp.59.2.309
https://doi.org/10.1016/j.ab.2016.03.014
https://doi.org/10.1104/pp.57.2.315
https://doi.org/10.1007/978-1-0716-1080-0
https://doi.org/10.1007/BF00018060
https://doi.org/10.1016/S0021-9258(19)52451-6
https://doi.org/10.5772/intechopen.69760


K. Makholwa et al. 
 

 

DOI: 10.4236/ajps.2021.129091 1318 American Journal of Plant Sciences 
 

ing. Journal of Food, Agriculture and Environment, 5, 149-153. 

[23] Lismont, C., Revenco, I. and Fransen, M. (2019) Peroxisomal Hydrogen Peroxide 
Metabolism and Signaling in Health and Disease. International Journal of Molecu-
lar Sciences, 20, 1-20. https://doi.org/10.3390/ijms20153673 

[24] Laxa, M., Liebthal, M., Telman, W., Chibani, K. and Dietz, K.J. (2019) The Role of 
the Plant Antioxidant System in Drought Tolerance. Antioxidants, 8, 1-31. 
https://doi.org/10.3390/antiox8040094 

[25] Ashraf, M.F.M.R. and Foolad, M.R. (2007) Roles of Glycine Betaine and Proline in 
Improving Plant Abiotic Stress Resistance. Environmental and Experimental Bota-
ny, 59, 206-216. https://doi.org/10.1016/j.envexpbot.2005.12.006 

[26] Close, T.J. (1996) Dehydrins: Emergence of a Biochemical Role of a Family of Plant 
Dehydration Proteins. Physiologia Plantarum, 97, 795-803. 
https://doi.org/10.1111/j.1399-3054.1996.tb00546.x 

[27] Carpenter J.F. and Crowe J.H. (1988) The Mechanism of Cryoprotection of Proteins 
by Solutes. Cryobiology, 25, 244-255. https://doi.org/10.1016/0011-2240(88)90032-6 

[28] Dure, L., Crouch M., Harada, J., Ho, T.H., Mundy, J., Quatrano, R., Thomas, T. and 
Sung, Z.R. (1989) Common Amino Acid Sequence Domains among the LEA Pro-
teins of Higher Plants. Plants Molecular Biology, 12, 475-486. 
https://doi.org/10.1007/BF00036962 

[29] Doke, N. (1997) The Oxidative Burst: Role in Signal Transduction and Plant Stress. 
In: Scandalios, J.G., Ed., Oxidative Stress and the Molecular Biology of Antioxidant 
Defenses, Cold Spring Harbor Press, New York. 

[30] Li, D., Li, C., Sun, H., Wang, W., Liu, L. and Zhang, Y. (2010) Effects of Drought on 
Soluble Protein Content and Protective Enzyme System in Cotton Leaves. Frontiers 
of Agriculture in China, 4, 56-62. https://doi.org/10.1007/s11703-010-0102-2 

[31] Surendar, K.K., Devi, D.D., Ravi, I., Jeyakumar, P. and Velayudham, K. (2013) Ef-
fect of Water Stress on Leaf Temperature, Transpiration Rate, Stomatal Diffusive Re-
sistance and Yield of Banana. Plant Gene and Trait, 4, 43-47. 
https://doi.org/10.5376/pgt.2013.04.0008 

[32] Rodiyati, A., Arisoesilaningsih, E., Isagi, Y. and Nakagoshi, N. (2005) Responses of 
Cyperus brevifolius (Rottb.) Hassk. and Cyperus kyllingia Endl. to Varying Soil Water 
Availability. Environmental and Experimental Botany, 53, 259-269. 
https://doi.org/10.1016/j.envexpbot.2004.03.018 

[33] de Oliveira, M.V.A., Alves, D.D.L., de Morais Lima, L.H.G., de Castro Sousa, J.M. 
and Peron, A.P. (2013) Cytotoxicity of Erythrosine (E-127), Brilliant Blue (E-133) and 
Red 40 (E-129) Food Dyes in a Plant Test System. Acta Scientiarum, 35, 557-562.  
https://doi.org/10.4025/actascibiolsci.v35i4.18419 

 
 

https://doi.org/10.4236/ajps.2021.129091
https://doi.org/10.3390/ijms20153673
https://doi.org/10.3390/antiox8040094
https://doi.org/10.1016/j.envexpbot.2005.12.006
https://doi.org/10.1111/j.1399-3054.1996.tb00546.x
https://doi.org/10.1016/0011-2240(88)90032-6
https://doi.org/10.1007/BF00036962
https://doi.org/10.1007/s11703-010-0102-2
https://doi.org/10.5376/pgt.2013.04.0008
https://doi.org/10.1016/j.envexpbot.2004.03.018
https://doi.org/10.4025/actascibiolsci.v35i4.18419

	Water Stress Response in Different Jatropha curcas Accessions from Different Geographical Zones of Botswana: Biochemical & Physiological Perceptive
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Experimental Material and Planting
	2.2. Treatments
	2.3. Determination of Lipid Peroxidation (Malondialdehyde Content)
	2.4. Electrolyte Leakage
	2.5. Superoxide Dismutase Assay
	2.6. Catalase Assay
	2.7. Proline Content
	2.8. Soluble Protein Content
	2.9. Total Dry Weight
	2.10. Data Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

