
 

 

 

 
Vol. 14(15), pp. 1275-1282, 15 April, 2015  

DOI:  10.5897/AJB2014.14305 

Article Number: A17D36A52364 

ISSN 1684-5315  

Copyright © 2015 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJB 

African Journal of Biotechnology 

 
 
 
 
 
 

Full Length Research Paper 
 

Effect of temperature, salinity, light and time of 
dehiscence on seed germination and seedling 

morphology of Calotropis procera from urban habitats 
 

Tarek M. Galal*, Emad A. Farahat, Maha M. El-Midany and Loutfy M. Hassan 
 

Botany and Microbiology Department, Faculty of Science, Helwan University, Cairo, Egypt. 
 

Received 6 November, 2014; Accepted 27 March, 2015 
 

Calotropis procera (giant milkweed) is a hardy xerophytic plant, which is distributed globally in many 
countries and has important economic and ecological functions. The present study aimed at estimating 
the effect of temperature, salinity and time of fruit dehiscence on the seed germination and seedling 
morphology of giant milkweed in urban habitats. Seeds were collected early (in June) and late (in 
December) from pre-dehiscent (EPRD, LPRD) and post-dehiscent (EPOD, LPOD) fruits. Mature seeds 
were 100% viable, while premature seeds did not germinate. The highest germination and mean time to 
germination was attained in full dark followed by dark/light, while no germination occurred at complete 
light. A significant difference between seeds from pre- and post-dehiscent fruits was assessed, while 
no significant difference between early and late seeds. Maximum germination was at 25 and 30°C, while 
germination was inhibited at 35°C, which demonstrates that temperature is one of the critical factors for 
giant milkweed seed germination. Moreover, salinity more than 2000 mg l

-1
 NaCl inhibited seed germination. 

It is likely that high temperature, direct light conditions and high salinity are the limiting factors for the 
establishment of giant milkweed seeds. The germination of C. procera seeds was significantly affected 
when germinated with Trigonella foenum-vulgare with the reduction of germination from 100 to 34%, 
while the later plant was not affected. C. procera is considered as an important medicinal plant; 
therefore, our results provide useful information for its management under different environmental 
conditions. 
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INTRODUCTION 
 
Germination requirements and dormancy characteristics 
of species are often assumed to be adaptations to the  

particular habitat, where the species occur (Angevine and  
Chabot, 1979; Meyer et al., 1990). Germination at the right 
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time and in the right place is important to determine the 
probability of a seedling surviving to maturity (Thompson, 
1973). Seed germination and early seedling growth are 
critical stages for the establishment of plant populations 
under saline conditions (Perez et al., 1998; Khan and 
Gulzar, 2003). Salinity and temperature have differential 
effects on seed germination (Khan and Gulzar, 2003, Al-
Khateeb, 2006). In temperate regions, many plant species 
have evolved physiological mechanisms in the seeds to 
detect the appropriate time for germination (Washitani 
and Masuda, 1990; Baskin and Baskin, 1998). Eco-
physiological studies of seed germination have suggested 
that temperature, its changes, and its fluctuation can be 
the most reliable environmental signals to indicate the 
appropriate timing for germination (Baskin and Baskin, 
1998). 

Calotropis procera (Asclepiadaceae) is a perennial 
shrub that primarily reproduces via seeds. It is native to 
tropical and subtropical Africa and Asia, and common in 
the Middle East (Parsons and Cuthbertson, 2001; 
Lottermoser, 2011). C. procera (also known as Sodom 
apple, giant milkweed, cabbage tree and rubber tree) is a 
xerophytic shrub or small tree. It grows as a wasteland 
weed and flowers and fruits profusely every year from 
March to May. This plant can tolerate adverse climatic 
conditions and poor soils. It has an evergreen behavior 
under field conditions, from young plant to the reproductive 
stage (Frosi et al., 2012). The fruit dehisces along the 
ventral suture at maturity while still green dispersing on 
an average of 230 ± 19 silky haired seeds (Lottermoser, 
2011). 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 (Sharma and Amritphale, 2008; Boutraa, 2010). It 
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 (Magalhaes et al., 2010). A wide range of chemical 
compounds have been isolated from giant milkweed, 
including cardiac glycosides, flavonoids, phenolic com-
pounds, terpenoides (Mueen Ahmed et al., 2005). 
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. Furthermore, C. procera is 
optionally used for animal feed during dry periods in the 
semi-arid regions (Boutraa, 2010). 

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 can greatly affect plant diversity is the 
herbivore  grazing  (Wei  et  al.,  2009). Few studies were  

 
 
 
 
carried out on the seed germination of C. procera (Sen et 
al., 1968; Sharma and Amritphale, 2008). Some studies 
were conducted under controlled (Boutraa, 2010) or field 
conditions from ecological and ecophysiological perspec-
tives (Khan et al., 2007; Oliveira et al., 2009; Tezara et 
al., 2011). To provide basic information for its conservation 
and restoration in natural and urban habitats, we studied 
the influence of environmental factors on seed germination 
patterns. The germination responses of seeds as well as 
seedling growth were determined over a wide range of 
temperatures, light intensity and salinity gradients. In 
addition, the effect of the time of fruit dehiscence on the 
seed germination of C. procera was also tested. A 
bioassay test was conducted to investigate the effect of 
giant milkweed seed germination on the germination of 
economic plants seeds.  
 
 
MATERIALS AND METHODS 

 
Seed collection 

 
Mature and premature seeds, from post-dehiscent and pre-dehiscent 
fruits, respectively, of C. procera were collected during June (early) 
and December (late) 2012, from several plants belonging to different 
populations which are naturally growing in the urban habitats in 
Helwan region, Cairo, Egypt. Seeds were collected from pre-

dehiscent (manually opened) and post-dehiscent (naturally opened) 
fruits. Fruits and seeds characteristics such as length, width and 
weight as well as number of seeds per fruit were measured. After 
removing the seed silky hairs, which had little effect on seed 
germination in the preliminary studies (Sharma and Amritphale, 
2008), the seeds were allowed to desiccate in paper bags for three 
days at room temperature, washed twice with distilled water, and 
then stored at room temperature in dry and dark conditions after 
sterilization with 0.5% sodium hypochlorite solution for 1 min. 

 
 
Viability test, light, temperature and salinity experiment 

 
The viability of premature and mature seed was tested by 2,3,5-
triphenyltetrazolium chloride (TZ) method (ISTA, 1985). To determine 
the optimal light requirements for seed germination, 15 seeds (three 
replicates) were placed in sterilized 9 cm Petri dishes containing 

two layers of filter papers moistened with distilled water, and 
incubated at 25°C at full light, equal light: dark and full dark. Light 
intensity was 1985 lux (PPFD = 26.8 µmol m

−2
 s

−1
). The effect of 

temperature on seed germination was tested in sterilized Petri 
dishes, where a set of 15 seeds (five replicates) was subjected to 
the following temperatures: 15, 20, 25, 30 and 35°C in dark (optimum 
conditions). For each treatment, seeds were gathered from early 
pre-dehiscent (EPRD), early post-dehiscent (EPOD), late pre-

dehiscent (LPRD) and late post-dehiscent (LPOD) fruits. For 
studying the effect of salinity on seed germination, another set of 15 
seeds (five replicates) was placed in Petri dishes containing two 
layers of filter paper at different concentrations of NaCl (500, 1000, 
2000, 3000 and 4000 mg l

-1
) and incubated at 25°C in dark 

(optimum conditions). For each treatment, growth parameters (shoot 
and root length) were recorded at the last day of the germination 
experiments. The seed was considered to have germinated when 
the radical emerged from the seed coat. Germination was 

monitored until no more new seed germination was observed over 
seven consecutive days. 
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Table 1. Light requirements for germination and mean time to 
germination (MTG) of Calotropis procera seeds. 
 

Variable 

(light treatment) 
Germination (%) MTG (days) 

Light  0
a
 0

a
 

Light / dark 82.7±2.9
b
 18.7±3.9

b
 

Dark 98.7±16.7
c
 24.1±0.5

c
 

 

Values are mean ± SD (n = 3). Different letters within a column indicate 
that means are significantly different among light treatments (p < 0.05). 

 

 
 

Table 2. Germination and mean time to germination (MTG) of Calotropis procera seeds at different temperature 

treatments.  
 

Temperature (°C) EPOD EPRD LPOD LPRD F-value 

Germination (%) 

20 0
a
 1.3±2.9

a
 54.7±27.6

a
 22.7±12.1

a
 14.2** 

25 96.4±7.6
b
 22.7±18.0

b
 93.3±8.2

b
 50.7±23.9

bd
 27.0** 

30 80.0±19.4
c
 49.3±12.9

c
 85.3±20.2

b
 61.3±15.9

bc
 4.6* 

35 65.3±15.2
d
 6.7±6.7

a
 80.0±21.1

ab
 33.3±10.5

ad
 25.9** 

 

MTG (days) 

20 0
a
 0.1±0.2

a
 6.9±3.2

a
 2.5±1.3

a
 18.0** 

25 22.1±2.2
b
 2.6±2.5

a
 22.8±2.5

b
 12.1±5.7

bd
 35.8** 

30 19.0±5.1
bc

 19.9±25.9
b
 20.9±5.4

b
 14.5±4.5

bc
 0.2 

35 15.9±3.7
c
 0.8±0.7

a
 19.1±5.5

b
 7.3±2.9

ad
 26.4** 

 

EPRD: Early pre-dehiscent, EPOD: early post-dehiscent, LPRD: late pre-dehiscent and LPOD: late post-dehiscent fruits. 

Values are mean ± SD (n = 3). Different letters within a column indicate that means are significantly different among 
temperature treatments. *: P < 0.01 and **: P < 0.001. 

 

 
 
Bioassay test 

 
A bioassay test was conducted to estimate the effect of germinating 
Calotropis seeds altogether with seeds from another economic 
plant (Trigonella foenum-vulgare) at 25°C using five replicates (10 
seeds for each species). Growth parameters (shoot and root length) 
were recorded at the last day of the germination experiments. 

 
 
Data analysis 

 
The mean time to germination (MTG) was calculated as: MTG = 

, Where, ni is the number of seeds germinated at day i (di), 

and N is the total number of seeds germinating in the treatment 
(Redondo-GÓmez et al., 2008). After testing the data for normality, 

the differences in the germination percentage, MTG as well as 
growth variables among the different treatments were tested using 
one-way analysis of variance (ANOVA) using SPSS software (SPSS, 
2006). A post-hoc test was applied when treatment effects were 
significant. 

 
 
RESULTS 
 
The giant milkweed’s fruits were more or less rectangular 
in shape with a mean length of 12 cm and a mean width 

of 10 cm. In addition, the fruit weighted about 40 g. Moreover, 
each fruit could produce about 410 seeds with a mean 
seed length of 6.6 mm and width of 4.5 mm, while the 
weight of 10 seeds was about 0.1 g. Seed viability test 
indicated a 100% germination of C. procera mature seeds, 
while premature seeds did not germinate. Seed germination 
varied significantly according to their light requirements 
(Table 1). The highest seed germination (98.7%) and 
mean time to germination (MTG = 24.1 days) was obtained 
at dark conditions, while no germination occurred at full 
light treatments. The study of C. procera seed germination 
at different temperature treatments indicated significant 
variation between the different seeds, while mean time to 
germination was significant different at all temperatures, 
except at 30°C (Table 2). C. procera seeds from EPOD 
fruits had significant higher germination percentage (96.4%) 
at 25°C, while those from LPOD had no significant 
differences between 25 and 30°C (93.3 and 85.3%, 
respectively). On the other hand, germination of EPRD 
and LPRD seeds were significantly affected (p < 0.05) by 
temperature variation with the highest germination 
percentage at 30°C. Moreover, no germination occurred 
at 15°C for all seeds, while the highest temperature 
(35°C) showed notable reduction in the seed germination. 
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Figure 1. Cumulative mean germination percentage of Calotropis procera seeds collected from different fruits at different 
maturity stages. EPRD: Early pre-dehiscent, EPOD: early post-dehiscent, LPRD: late pre-dehiscent and LPOD: late post-
dehiscent fruits.  

 
 
 
EPOD and LPOD seeds had significantly the longest 
MTG at 25°C (22.1 and 22.8, respectively) and 30°C 
(19.0 and 20.9) with no significant difference between 
them. All seeds, except EPRD, germinated considerably 
at the third day of incubation at 25, 30 and 35°C (Figure 
1). At these temperature treatments, the seed 
germination (%) was in the order: EPOD > LPOD > LPRD 
> EPRD. Temperature variation significantly affected the 
shoot and root lengths of the germinated seedlings 
(Figure 2). The maximum growth of C. procera seedlings 
after seven days was found at 30°C, with no significant 
difference between shoot length of EPRD, LPRD and 
LPOD, but shoots of EPOD were significantly shorter.  

In addition, the longest root was obtained at 30°C, 
where LPOD had significantly the longest. Decreasing 
temperature significantly decreased the shoot and root 
lengths of C. procera seedlings. Percentages of seed 
germination at different concentrations of NaCl after 

seven days of incubation were not significantly different 
between NaCl concentrations of 500, 1000 and 2000 mg 
l
-1

 and Control (Table 3). Conversely, seed germination at 
NaCl concentrations of 3000 and 4000 mg l

-1 
was 

significantly lower than at the lower concentrations. It is 
apparent that at 500 mg l

-1
 and 1000 mg l

-1
 NaCl concen-

trations, the fastest germination was obtained, MTG= 
24.1 and 24.2, respectively, whereas germination at 3000 
and 4000 mg l

-1 
was significantly retarded. The shoot 

length of C. procera seedlings, after seven days of 
incubation, is not greatly affected by salinity variations 
(Table 3). The shoot length at 500 mg l

-1
 NaCl was 

significantly lower compared to the other salinity 
treatments that had no significant differences between 
them. On the other hand, the root length of C. procera 
seedlings was significantly decreased by increasing NaCl 
concentrations. 

The germination of C. procera seeds was significantly
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Figure 2. Shoot (A) and root (B) lengths of Calotropis procera seedling after 7 days of seed 

germination at different temperatures. Lines over bars represent SE. EPRD: Early pre-dehiscent, 
EPOD: early post-dehiscent, LPRD: late pre-dehiscent and LPOD: late post-dehiscent fruits. 

 
 

 

affected when germinated with T. foenum-vulgare with 
the reduction of germination from 100 to 34%, while the 
later plant was not affected (Table 4). On the other hand, 
the shoot length of Calotropis and Trigonella seedlings 
was significantly larger in combination than if each 
species are alone. Moreover, the root length of both 
species was not significantly affected. 
 
 
DISCUSSION 
 
An increase in atmospheric temperature, particularly in 

tropical regions, appears to be an inevitable consequence 

of global climate change. This is likely to affect plant diversity 
and performance, owing to the relationship between tem-
perature and seed germination, and temperature and 
plant vigor (Perumal et al., 2014). Seed germination of 
xerophytes is regulated by factors such as water, 
temperature, light, soil salinity and their interactions (Noe 
and Zedler, 2000); however, each species responds to 
the abiotic environment in a unique manner (Khan and 
Gulzar, 2003). Due to the importance of C. procera in 
medicine, pharmacology and environment; documentation 
of its seed germination and effects of different climatic 
conditions on growth performance and other physio-
logical and biochemical aspects are encouraged
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Table 3. Effect of salinity on germination, mean time to germination (MTG) and seedling growth of Calotropis procera seeds. 
 

NaCl treatment (mg l
-1
) Germination (%) MTG (days) Shoot length (cm) root length (cm) 

0 98.7±8.0
a
 22.7±3.2

a
 3.1±0.4

a
 2.0±0.5

a
 

500 100±0.0
a
 24.1±0.5

a
 2.2±0.4

b
 1.4±0.3

b
 

1000 100±0.0
a
 24.2±0.6

a
 2.7±0.3

a
 1.6±0.3

b
 

2000 88±8.7
a
 21.3±2.3

a
 2.7±0.6

a
 1.3±0.3

b
 

3000 73.3±23.6
b
 16.4±4.8

b
 2.8±0.3

a
 1.5±0.3

b
 

4000 33.3±13.3
c
 7.7±3.3

c
 2.9±0.1

a
 1.4±0.1

b
 

 

Values are mean ± SD (n = 3). Different letters within a column indicate that means are significantly different among salinity 
treatments (p < 0.05). 

 
 
 

Table 4. Seed germination and growth parameters of Calotropis procera and Trigonella foenum-vulgare seedlings 

germinated at 25 °C. 
 

Treatment Calotropis 
Mixed 

Trigonella 
Calotropis Trigonella 

Germination (%) 100
a
 34

b
 32

c
 52.5

c
 

Shoot length (cm) 0.5±0.2
a
 1.3±0.5

b
 2.2±1.5

c
 6.0±0.5

d
 

Root length (cm) 1.1±0.6
a
 1.9±0.5

ac
 1.8±0.4

c
 2.3±0.8

c
 

 

Values are mean ± SD (n = 3). Different letters indicate that means are significantly different among treatments (p < 0.05). 
 
 
 
(Boutraa, 2010). Our investigation showed that seeds 
collected only from mature fruits were viable, while 
premature seeds failed to germinate. The high viability of 
seeds gives opportunity to the plant to establish whenever 
it finds the proper habitats. Francis (2003) reported that 
seedlings of C. procera often grow in large numbers after 
rainy periods, but only a few survive the first season.  

Light is an important factor in seed germination because 
in many seeds, phytochrome-mediated responses play a 
critical role in determining the time of germination and 
thus become a crucial part of the evolutionary strategy to 
impose conditional dormancy to protect seedlings from 
environmental extremes (Gula et al., 2013). Pronounced 
inhibition of germination was observed in the seeds of 
giant milkweed exposed to light conditions, while the 
highest germination percentages were obtained in dark. 
This means that without complete burial in the ground, 
the seeds of Calotrope could not germinate and establish 
in its habitats. This helps in explaining why Calotrope 
populations distribute as single fewer individuals in the 
field (El-Middany, 2014). It was reported that seeds of 
only few shrubs, including Artemisia monosperma, 
Artemisia ordosica, Artemisia sphaerocephala (Huang 
and Gutterman, 1999; 2000), are highly sensitive to light 
for germination. However, similar to several dark-
germinating seeds, for example, Amaranthus caudatus, 
Cucumis sativus, and several cultivars of Lactuca sativa, 
germination of mature non-dormant seeds of C. procera 
was inhibited by intermittent infra-red light, though more 
frequent daily exposures were required (Sharma and 
Amritphale, 2008). Such retardation of germination by 

exposure to light has been reported to occur in the seeds 
of many other plants (Baskin and Baskin, 1998). In addition, 
the mechanism behind this light inhibition is somehow 
related to red/infra-red light, which is operative in many 
seeds or due to the accumulation of some toxic products 
of respiration (Thornton, 1935).  

Temperature can affect the percentage and rate of 
germination through its effects on loss of dormancy and 
the germination process itself (Roberts, 1988). Reduced 
temperatures and critical high temperature would be 
expected to retard the metabolic rate to the point where 
pathways essential for the onset of germination would 
cease to operate (Verma et al., 2010; Kumar et al., 2011). 
The influence of temperature on germination in this study 
indicated that seeds of C. procera have a narrow range of 
temperature to germinate. Irrespective to the time of 
harvesting, temperature of 25 and 30°C seemed to be 
optimum for seed germination of giant milkweed seeds. 

According to Baskin and Baskin (1998), temperature 
requirements for shrubs in hot semi-deserts and deserts 
to achieve 60 to 100% germination range from 15 to 35°C, 
with temperatures of about 20 to 25°C being suitable for 
most species.  

The germination percentage was declined by 
increasing or decreasing the temperature more than the 
optimum. It looks that seeds collected from EPOD and 
LPOD fruits had more germination success than the pre-
dehiscent ones. Nevertheless, the present study 
furnishes the information regarding the relation between 
temperature regime and seed germination, taking only 
the  time  of  harvesting  into  considerations  while   other  



 
 
 
 
factors are constant. The present study indicates that 
giant milkweed seeds failed to germinate at 15°C and 
attained lower percentages at both 20 and 35°C than at 
25 and 30°C. We think that the germination capacity of 
these seeds may be altered significantly if they are exposed 
to high-temperature conditions during germination. In 

summer, temperature is usually 35°C or higher and the 
soil temperature may be in many places, where the 
species is distributed, higher than air temperature (for 
example, in exposed sandy soil). It seems to be a critical 
period up to which the embryo can withstand the high 
temperature conditions and the germination capacity of 
the seeds may fall with longer duration before rain. It was 
reported that many seeds of shrubs, succulents, and 
forbs germinated in the arid lands following rains in 
autumn and early winter, when temperatures were 

decreased (Huang et al., 2003). It is apparent from the 
results of the present study that C. procera has a relative 
salt tolerance during its germination stages, but this 
tolerance is low under high NaCl concentrations. 
According to Francis (2003) and Orwa et al. (2009), giant 
milkweed is known to be a drought-resistant, salt-tolerant 
species and it is capable of surviving in a range of soil 
types, including alkaline and saline soils. This is obvious 
in the distribution of this species in the habitats close to 
River Nile and its adjacent desert areas, which are 
characterized by relative low salt content compared to 
salt treatments in the present study (El-Midany, 2014). 
Moreover, the inhibitory effects of NaCl on seed germi-
nation could be due to its direct effect on the growth of 
the embryo (Al-Khateeb, 2006).  

In the life cycle of a plant, seeds have the highest 
resistance to extreme environmental stresses, whereas 
seedlings are most susceptible, and this is especially true 
for desert species (Gutterman, 1993). Therefore, successful 
establishment of a plant population is dependent on the 
adaptive aspects of seed germination and of early seedling 
growth (Qu et al., 2008). The shoot length of C. procera 
seedlings was not greatly affected by salinity variations 
while the root length was greatly affected in saline compared 
to the control treatment. Similar to Poljakoff-Mayber et al. 
(1994), the most influential effect of salt was on the root, 
which may delimit the germination success and establish-
ment of the seeds in their habitats. They found that the 
elongation of the embryonic axis of Kosteletzkya virginica 
was strongly inhibited by high levels of NaCl in irrigation 
solutions. Alternatively, NaCl may also increase the osmotic 
potential of the media causing inhibitory effects on seed 
imbibitions (Poljakoff-Mayber et al., 1994; Al-Khateeb, 
2006). Salt tolerance during germination and early seedling 
stages is critical for the establishment of plants which can 
grow in saline soil (Perez et al., 1998; Al-Khateeb, 2006).  

The germination of C. procera seeds was significantly 
affected when germinated with T. foenum-vulgare with the 
reduction of germination from 100 to 34%, while the latter 
plant was not affected. C. procera had inhibitory effect on 
germination rate and seedling length of wheat, radish and  
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canola (Abdel-Farid et al., 2013). It plays an important 
role in the formation of its natural habitats as it contains 
the allelochemical compounds that enable the plant to 
compete with other species (Al-Zahrani and Al-Robai, 
2007). 
 
 

Conclusions 
 

Our study indicates that direct light and high salinity inhibit 
the germination of C. procera seeds. The period after seed 
dispersal (in summer months) seems very critical for the 
plant either due to absence of rain in the study area or 
high temperature (≥35°C) which inhibits seed germination. 
Temperatures between 25 and 30°C are optimum for 
seed germination. C. procera has a relative salt tolerance 
during the germination stages but this tolerance was 
reduced under high salinity. Plant roots were more sensi-
tive to salinity than shoot system during germination. It 
seems that high temperature, direct light conditions and 
high salinity are limiting factors for the establishment of 
its seeds. Only fully mature seeds can germinate 
successfully regardless of the harvesting date. 
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