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Abstract: Calotropis procera, is a spreading drought resistant desert shrub, grows in semi arid and arid

regions in South West Asia and Africa. It has been widely used in the traditional medicine in the tropics

of Asia and Africa due of its active medicinal compounds. A pot experiment was carried out to investigate

the effects of water stress on growth of C. procera. The treatments include severe water stress, 30% of

soil field capacity (FC), moderate water stress, 50% FC and adequate water availability, 80% FC (control).

The 50% FC water regime has been used a s a reference, because the growth was higher than the other

two treatments. Both 30% and 80% treatments reduced plant height and number of leaves by 25% each,

compared to the 50% treatment. A reduction of 40% and 45% in total fresh weight and total dry weights,

respectively was caused by the two treatments, 30% FC and 80% FC. Plants grown under 50% FC

showed a shift of biomass to leaves and stem. A decrease of 45% and 65% in relative growth rates (RGR)

was recorded in plants grown under 30% FC and 80% FC, respectively. The severe water stress treatment

(30%) caused a reduction of 50% in Net assimilation rates (NARs), where the adequate water availability

(80% FC) resulted in decrease of 80% reduction in NARs.
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INTRODUCTION

Calotropis procera , a  member of the

Asclepidaceae, is a woody evergreen desert spreading

shrub, or a small tree 3-5 m tall. It is widespread in

the tropics and its native range covers South West Asia

(India, Pakistan, Afghanistan, Iran, Arabia and Jordan)

and Africa (Somalia, Egypt, Libya, south Algeria,

Morocco, Mauritania and Senegal). It grows also on

the Caribbean islands, in Central and South America.

It also referred to as "The Apple of Sodom". C.

procera is well known to attract/support about 80

animal species ranging from casual visitors to those

fully dependent on the plant for completion of their life

cycle[1].

C . procera had been widely used in traditional

medicine due to its pharmacological active compounds

found in all plant parts; barks, roots, leaves and

especially its milky latex which exudates from

damaged and broken leaves and stems. A wide range

of chemical compounds have isolated from the

Calotropis plant, including cardiac glycosides,

flavonoids, phenolic compounds, terpenoides .[1 7 ]

Because of these active chemical compounds, C.

procera has been used for treatment of a number of

diseases, such as ulcers, tumors, leprosy, piles and

diseases of the spleen, liver and abdomen . The[12]

different parts of C. procera have been used in the

traditional medicine for a range of medicinal purposes.

For example, leaves are used in rheumatism, as an

anti-inflammatory and antimicrobial. Roots are used as

hepatoprotective agents, against colds and coughs,

syphilis and elephantiasis. Flowers as cytostatic,

abortifacient, antimalarial, in asthmam, piles and in

various dietary combinations for malarial fevers and

pyrexias . The exudated latex is used in leprosy,[21]

eczema, inflammation, cutaneous infections, syphilis,

malarial and low hectic fevers, and as abortifacient .[13]

Although the C. procera is a drought resistant and salt

tolerant to a relatively high level , but its distribution[11]

across the semi arid and arid regions, can be a major

reason behind its degradation. Rarity of endangered

plant species can be strongly related to human threats

and environmental limiting factors, and understanding

of these factors is a necessity to protect the vegetation

of these plant species. Further climate change with high

temperature associated with dry conditions might be an

important factor in reducing the success of regeneration

of a number of plant species . Another factor that[2 7 ]

can greatly affect plant diversity is the herbivore

grazing. For example, camel grazing affects more than

90% of the vegetation area in the Arabian Peninsula,
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which results in severe degradation of desert vegetation

. Unrestricted grazing caused by large number of[2]

livestock made over than 30% of grazing land in a

depleted condition in the Arab Gulf region .[4]

In desert environments, the plant's reaction to the

different sort of stresses might be worth studying for

itself, as the mechanisms behind stress tolerance are

not fully understood . On the hand, the results of[14]

such studies are vital for extending the range of

cultivation of economically important plants, such the

medicinal plant C. procera. Because no detailed studies

on the ecology of C. procera have been conducted, a

study of this type is needed to enhance the

conservation efforts for this plant species. The aims of

the current study were to investigate the effects of a

range of water regimes, including water stress

treatments on a number of growth parameters; such as

plant height, number of leaves, total fresh and dry

weights, relative growth rates (RGRs) and net

assimilation rates (NARs) of Calotropis procera plant

species.

MATERIALS AND METHODS

Plant Material and Growing Conditions: Seeds of

Calotropis procera were collected from a single plant

in Al-Madinah Al-Munawarah province, Kingdom of

Saudi Arabia (KSA) (longitude 39/36' east and latitude

24/28' north). Seeds were soaked in distilled water for

a 24 hour period to initiate germination. Germinated

seeds were transferred to plastic pots (12 cm in

diameter and 20 cm deep) filled with 700 g of

sand:compost mixture (1:3, v:v). Each pot contains four

plants. The study was carried out in growth chamber at

the Department of Biology, Faculty of Sciences,

University of Taibah, Al-Madinah Al-Munawarah,

KSA. Temperatures was 30 C/20 C day/night. 21-dayo o

old plants were subjected to three water regime

treatments, (a) 80% of field capacity (FC) (well

watered, control), (b) 50% FC, moderate water stress

and (c) 30% FC (severe water stress. To calculate the

field capacity, at the beginning of the experiments, pots

were filled with known weight of mixture of

sand:compost, saturated with water and allowed to

drain freely for a period of 24 hours, until there was

no change in weight. The difference between this

weight and soil dry weight (DW) was used to calculate

100% of water holding capacity (WHC) . Before the[15]

beginning of water stress treatments, all pots watered

to 80% FC. At the beginning of the experiment, plants

subjected to 80% water regime were irrigated daily to

maintain 80% FC (well watered plants), while irrigation

of the plants of 50% and 30% FC water regime

treatments (water stressed plants) was withheld until

the field capacity reached 50% and 30% FC,

respectively.

Growth Measurements and Calculations: Four

harvests were conducted in the experiment, with a

week intervals. Three plants per treatment were

harvested each time. Fresh weights of stem and leaves

were determined straightforward after harvest, root

systems were obtained by washing off the soil. To

determine the dry weight of the different plant parts,

root, stem and leaves were put in paper bags and oven

dried at 85 C for 48 hours. Plant height (cm) ando

number of leaves were also measured at each harvest.

To investigate the effects of water stress on plant

growth, relative growth rate (RGR) and net assimilation

rate (NAR) were calculated according to , as follow:[8]

1 2 1Where W  and W  are the total plant dry masses, L

2 1 2and L  are leaf dry masses and t  and t  are the times

at harvest 1 and final harvest (harvest 4), respectively.

Statistical Analysis: Analysis of variance (ANOVA)

was carried out to examine water treatments effects on

plant height, number of leaves, total fresh and dry

weights, Relative Growth Rates (RGRs) and Net

Assimilation Rates (NARs).

RESULTS AND DISCUSSION

Plant Height and Number of Leaves: No significant

differences were recorded in plant height between the

three water stress treatments in the first three weeks of

growth (Fig. 1 A). At 28 days after imposing water

stress treatments, plant heights were significantly (P =

0.05) reduced at 30% and 80% FC water levels. In

contrast plant height of plants grown under 50% FC

water stress treatment were not affected by water

shortage, an increase of 25% compared to plants grown

at 30% and 80% FC was recorded. The same pattern

of effects of water stress on plant height was observed

on number of leaves (Fig. 1 B). Compared with plants

grown under 50% FC, number of leaves in plants

grown under 30% and 80% FC water treatments were

significantly reduced (P = 0.05) at 14, 21 and 28 days

after the beginning of water stress treatments by 10%,

15% and 25% respectively. These findings are

consistent with many previous works on the effects of

water stress on plant height and number of leaves in

different plant species. For example,  subjected[28]

seedlings of Sophora davidii to three water regime,

80%, 40% and 20% FC, and reported that water stress

dramatically reduced plants height and number of

leaves. The previous study  also emphasized that the[28]

more the drought level increased, the slower the plant
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height and the lower the number of leaves increased.

It has been also reported that the number of leaves of

Jatropha curcas subjected to drought conditions

changed through time and was different between the

drought treatments . The results are also in[16]

accordance with other studies performed on arid

ecosystems . The reduction in number of leaves,[9]

together with specific leaf area, has been considered to

be a drought avoidance strategy used by drought

tolerant plant species  and .[15] [25]

Total Fresh Weights (TFW) and Total Dry Weights

(TDW): Total fresh weights and total dry weights were

not affected by water stress treatments at the first three

weeks (Fig. 2A and B). At the forth week, the severe

water stress treatment and the well water conditions

treatment caused a significant reduction (P = 0.05) of

45% in total fresh weights and 40% in total dry

weights, respectively. As for plant height and number

of leaves, a similar pattern of response of total fresh

and dry plant weights was observed. The 50% FC

water stress treatment resulted in higher biomass

compared to that of 30% and 80% FC treatments.

Overall, these results could be considered consistent

with many studies which reported that water stress

reduced the plant biomass of a number of plant species

, . It has been reported that drought significantly[15] [18]

reduced the biomass of the drought resistant Jatropha

curcas species . But unlike other plant species, that[16 ]

shown less growth under 40% and 20% FC compared

with that of 80% FC , the present study showed that[28]

C. procera expressed higher growth, expressed as total

plant weights, in the moderate water regime (50%) than

that in adequate water availability (80%). In contrast to

crop plant species, the understanding of physiological

and biochemical responses of desert plant species to

drought is much more limited . Generally, when[2 4 ]

water is a limiting growth factor, plant invests a

considerable amount of photoassimilates in the

photosynthetic tissues, leading to a maximum growth

. Whereas under water stress conditions, plant invests[7]

less photoassimilates in leaves compared to other plant

organs, especially roots, resulting in higher root:shoot

ratios. 

Percentage of Root, Stem and Leaf: The general

trend of plant biomass partitioning within the three

plant parts are root < stem < leaf (Fig. 3). Plants

grown under 80% FC conditions had the largest root

dry masses along the experiment period. From week 2,

14 days after imposing water stress treatments, plants

grown under 50% water regime, invest more biomass

in leaves and stem compared with plants grown under

30% and 80% FC. Lower biomass was shifted to roots

of the 50% FC water stress treatment plants in

comparison with that of well watered plants. As

reported earlier for other growth parameters (e.g. plant

height, number of leaves, total dry weights and total

dry weights), The 50% water stress treatment could be

considered as reference for the set of water regime

used in this study, as plants had the highest growth

compared with that of plants grown at lower water

regime (30%) and higher water availability (80%). The

increased of root dry weight under drought conditions

is in accordance with previous studies in other plant

species , , . This might be explained by the[22] [5] [15]

functional balance theory, proposed by , that in plant[6]

imposed to limited water supply, shoots will be

checked sooner than that of roots, because the latter are

closer to the source of water supply limitation, leading

to increase in root dry masses due to the increase of

assimilates flow to belowground. It has been also

suggested that plant productivity under water stress

conditions is related to the processes of dry matter

partitioning .[10]

Relative Growth Rate (RGR): Relative growth rates

(RGRs) were significantly (P = 0.05) reduced by the

30% water stress treatment and the 80% water

availability treatment compared with RGRs values of

plants grown under the moderate water stress treatment,

50% (Fig. 4). Water deficit stress caused a reduction of

45% in RGR, whereas the adequate water conditions

reduced RGR by 65%. Recent studies on the effects of

drought on plant growth, reported that drought

significantly reduced relative growth rates of the

drought resistant Jatropha curcas species . It has[16]

been also reported by  that water stress reduced[18]

RGR in Asteriscus maritimus plants. This might be due

to the effect of stress on stomatal closure and/or

photosynthetic apparatus ,  suggesting that[ 1 8 ]

photosynthesis could be a growth limiting factor under

drought conditions .[19]

Net Assimilation Rate NAR: Similar to the RGR, Net

assimilation rate (NAR) was unaffected by the 50%

water stress treatment (Fig. 5) compared with that of

plants grown under 30% and 80% FC. A significant

reduction (P = 0.05) in NAR values were recorded in

both 30% FC and 80% FC treatments. The lowest

water stress conditions resulted in a reduction of NAR

values by 50%, while the well watered conditions

caused an 80% reduction in NAR values. It has been

reported in many studies that drought treatments

reduced NAR in a number of plant species; such as

French bean (Phaseolus vulgaris) , cluster bean , [5] [26]
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trembling aspen (Populus tremuloides)  and okra[23]

(Abelmoschus esculentus) . The decrease in NAR[20]

could be related to stomatal closure during the high

levels of stress . The high values of NAR in C.[2 3 ]

procera plants grown under moderate water stress

conditions (50% FC) suggest that C. procera can

tolerate the 50% water stress level (Fig. 5), because

decrease in NAR under drought conditions suggest that

water availability affect net photosynthesis . The fact[3]

that reduction in growth, expressed as RGR and NAR,

of C. procera plants grown under extreme water stress

conditions (30% FC), could be due to the effects of

severity of stress that inhibited growth. On the other

hand the similar reduction in growth of plants grown

under favourable conditions of water might be due to

the sensitivity of C. procera plants to wet conditions.

Growth rates observed in plants grown under moderate

water stress were nearly two-fold and three-fold higher

than the growth rates of plants grown under severe

water conditions and wet conditions, respectively.

Conclusion: In contrast to crop plants, growth of
desert plants under controlled conditions is less
understood. For example, most studies on Calotropis
procera are focusing on the pharmacological and
medical aspects. Studies of this type, such the one
conducted in the present work, are very limited. Due to
the importance of C. procera  in medicine,
pharmacology and desert environment, further studies
on effects of different climate conditions on growth
performance and other physiological and biochemical
aspects are encouraged. The climate conditions that
need to be investigated might include drought, heat and
salinity. Such studies will help in understanding the
favourable growth conditions of this plant species, for
regeneration and to preserve soils with less plant cover
in semi arid and arid conditions, where the plant is
subjected to deterioration by number of means, such as
harsh growing conditions and grazing. The preliminary
results presented in this study suggest that C. procera
grows better under moderate water availability
conditions than under wet or dry conditions.

Fig. 1: (A) Plant height (cm) and (B) Number of leaves of Calotropis procera grown under three water regimes;

80% FC (control), 50% FC (moderate water stress) and 30% FC (severe water stress). Vertical bars are

± SE for three replicates.
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Fig. 2: (A) Total fresh weights (TFW) and (B) Total dry weights (TDW) of Calotropis procera plants grown

under three water regimes; 80 FC (control), 50% FC (moderate water stress) and 30% FC (severe water

stress) over four weeks. Vertical bars are ± SE for three replicates.

Fig. 3: Average fraction of dry mass partitioning in root, stem and leaf of Calotropis procera grown under wet

(80% FC), moderate (50% FC) and dry (30% FC) conditions. Abbreviations; DAT: Days after treatments,

RDW: Root dry weight, SDW: Stem dry weight, LDW: Leaf dry weight.
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Fig. 4: Relative growth rates (RGR) (g g day-1) of Calotropis procera plants grown under wet (80% FC),

moderate (50% FC) and dry (30% FC) conditions. Vertical bars are ± SE for three replicates.

Fig. 5: Net assimilation rates (NAR) [(g leaf dry mass)-1 day-1] of Calotropis procera plants grown under wet

(80% FC), moderate (50% FC) and dry (30% FC) conditions. Vertical bars are ± SE for three replicates.
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