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PHYTOTOXIC EFFECTS OF Calotropis procera EXTRACT ON
GERMINATION AND SEEDLING VIGOR OF WHEAT
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ABSTRACT

Numerous plants are recognized for their phytotoxic and
inhibitory influence on growth of cultivated crops. This study was
conducted to probe the allelopathic effect of Calotropis procera water
extract on the seed germination and seedling vigor of wheat. C. procera
extract with 1:20 w/v concentration was applied on three different
germination media (blotter paper, sand and soil) in addition to wheat
seed soaking in C. procera extract. Seed germination percentage and
seed germination index were significantly reduced up to 48.30% and
33.27%, respectively. Whereas, mean germination time and time to
50% germination were significantly increased up to 69.56% and
82.48%, respectively with the extract of C. procera, as compared to
distilled water (control). A significant reduction of 133%, 222% and
80.77% in root, shoot length and seedling biomass were observed by
applying C. procera extract. Seedling vigor index was also declined up to
87.23% with C. procera extract irrespective of germination media.
Application of C. procera extract on soil media had a greater inhibitory
effect than that of other germination media or seed soaking. It is
concluded that presence of C. procera in wheat field may retard the
germination and seedling vigor of wheat plants.

Key words: Allelopathy, Calotropis procera, extract, germination,
phytotoxicity, seedling vigor, wheat.

INTRODUCTION

Calotropis procera plant is generally known as milkweed,
calotropis, rubber bush or kapock tree, sodom apple (Kareem et al.,
2008) and locally known as “Aak” in Pakistan. It is a member of family
Asclepiadaceae (Parihar et al., 2011) whose members are distributed
throughout the world in tropical and sub-tropical regions. It is
abundant in warm climate areas having dry, sandy and alkaline soils.
It is mostly noted in waste and fallow lands along roads, streets,
residential colony parks, sand dunes as well as in crop fields as weed
(Sastry and Kavathekar, 1990). Calotropis procera has got perennial
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growth habit with tall and erect stem having large number of branches
thus assuming the shape of shrub or sometimes small trees which can
grow up to 2-3 m height. Mode of propagation is mainly the seed
which are transported by wind and water while asexual propagation at
localized scale also occurs through suckers from the roots (Parsons
and Cuthbertson, 1992). In Pakistan, it is considered to be among
dominant plant of natural flora (Qureshi et al., 2009).

Many plants are known to be phytotoxic in nature as they
produce and release numerous allelochemicals into the environment.
These allelochemicals are actually secondary metabolites and are
phytotoxic (Farooq et al., 2011). Phytotoxic impact of these anxious
compounds on other plants is usually dominant at early growth stages,
causing inhibition of seed germination and seedling growth (Farooq et
al., 2008; Jabran et al., 2010a). Allelochemicals disrupts the various
physiological and metabolic functions of plants such as photosynthesis,
nutrient and water uptake, DNA synthesis and respiration (Einhelling,
2002). Allelopathic potential of many crop plant and weeds have been
investigated against different crops (Kato-Noguchi and Tanaka, 2006;
Farooq et al., 2008; Jabran et al., 2010a). These plants release
different types of water soluble phytotoxins in their surrounding
environment and in soil thereby inhibiting the germination and growth
of different crops (Kadioglue et al., 2005; Singh et al., 2005; Batish et
al., 2007). These allelochemicals can be used as potential source for
natural herbicides, pharmaceuticals and biological control agents
(Hirai, 2003; Cheema et al., 2004; Macias et al., 2007; Norton et al.,
2008; Jabran et al., 2008; 2010b; Razzaq et al., 2010; 2012).

Calotropis procera has largely been studied for its
pharmacological (Nenaah and Ahmed, 2011), insecticidal (Begum et
al., 2010) and anti-phytopathogenic (Kareem et al., 2008) properties
and has extensively been used for the control of many plants (Ahmad
and Khan, 2004), animals (Igbal et al., 2005; Choedon et al., 2006),
and diseases as well (Das et al., 2008; Shahia et al., 2010). However,
previous studies revealed that limited number of investigations have
been carried out to assess the phytotoxic and allelopathic effects of
this plant in various crops (Kayode, 2004; Samreen et al., 2009). But
no work has been done on the phytotosxic effect of C. procera on
wheat.

Its widespread and persistent occurrence near barley, oat, rice,
sorghum, maize, cotton, sugarcane fields and especially around wheat
crop fields makes it suspicious to cause some adverse effect on these
crops through allelopathic interaction. Moreover, it may invade our
wheat fields in the near future as did the other weeds. Therefore there
is always a threat that it may become a major weed of our cropping
system. Keeping in view these facts, a study was planned to evaluate
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the phytotoxic effect of C. procera on germination and seedling vigor
of wheat (Triticum aestivum L.).

MATERIAL AND METHODS

This study was conducted at room temperature during winter
season in the Laboratory, Department of Agronomy, University College
of Agriculture University of Sargodha, Pakistan during 2010-11.
Collection of C. procera plants and preparation of extracts from
leaves

Calotropis procera plants were collected from cropped area of
the experimental research station of University College of Agriculture,
University of Sargodha, Pakistan. The plants were uprooted and dried
under shade. Their leaves were chopped into small pieces with the
help of scissors. Dried and chopped leaves of C. procera were weighed
and immersed in tap water at the ratio of 1:20 (w/v) at room
temperature for 48 h. The water extract was collected in bottles and
tagged by filtering through 10- and 60-mesh sieves.
Effect of C. procera extract on germination capacity and
germination indices of wheat

Fifty wheat seeds were sown in 9 cm diameter petri-plates on three
different germination media viz., blotter paper (BP), sand (Sa), and
soil (So) and were soaked in (Sk) in C. procera extract overnight. As
positive controls of all these treatments, seeds were also soaked in
equal quantities of distilled water. Experiment was laid out in
completely randomized design (CRD) with split plot arrangement and
each treatment was replicated four times. Seeds of wheat variety
Saher-2006 were used in this study.
Perti dishes were placed in laboratory at room temperature of 20+2 °C
for 15 days. The petri dishes were observed daily up to 15 days.
Germinated seeds were counted daily according to the seedling
evaluating procedure in the (AOSA, 1990). The seeds were considered
as germinated seeds when the radical size was 2 mm. The numbers of
germinated seeds were recorded after 24 h, and these seeds were
discarded. Fifteen days after sowing, the germination percentage was
calculated using the formula (Germinated seeds / Total seeds x 100)
for each replication of the treatment. Mean germination time (MGT)
was calculated according to the equation of (Moradi et al., 2008).
MGT = 2Dn/ Zn

Where n is the number of seeds, which were germinated on day D,
and D is the number of days counted from the beginning of
germination. The germination index (GI) was calculated as described
in the Association of Official Seed Analysts (AOSA, 1983) by following
formula:
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_ Noof germinateoremerged seeds . Noof germinated oremerged seeds

Gl .
Daysof first count Daysof finaltcount

The time to 50% germination (Tsg) was calculated according to the
following formula of (Coolbear et al., 1984) modified by (Farooq et al.,

2005).
(’;_ n; j(tj _ti)

(nj _ni)
Where N is the final number of germination and ni, nj cumulative
number of seeds germinated by adjacent counts at times ti and tj
when ni<N/2< nj.
Effect of C. procera extract on seedling dry weight, root shoot
lengths and seedling vigor index
After 15 days of germination, seedlings were uprooted and
thoroughly washed with water. The seedlings root shoot length were
measured in cm and were weighed separately after drying them in
oven at 65 °C for 48 h until constant dry weight was obtained.
Seedling vigor index (SVI) was calculated according to the formula
described by Orchard (1977):
Seedling vigor index (SVI) = [seedling length (cm) x
germination percentage]
Statistical analysis
The data collected was subjected to analysis of variance
(ANOVA) and significant difference among treatment mean was
identified by using Fisher’s at 5 % probability level (Steel et al., 1997).

T, =t +

RESULTS AND DISCUSSION

Calotropis procera extracts were found to be phytotoxic and
decreased the germination traits and growth of wheat compared with
control (Table-1&2). Germination percentage was significantly reduced
with C. procera extract when compared with distilled water (Table-1).
It also differed significantly by growing seed in various germination
media as well as soaked in C. procera extract. Significantly lowest
germination percentage was recorded in soil medium (12.5%) followed
by sand medium (26.5%). This may be due to presence of phytotoxins
leachates present in the water extract of C. procera. This finding
supported the results of Tanveer et al. (2010); they found that water
extract of Euphorbia helioscopia L. reduced the germination
percentage, seedling emergence and seedling vigor index in wheat,
chickpea and lentil crops. Regarding treatment and treatment mode (T
x M) interactions, the lowest germination percentage (7.0%) was
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found with the C. procera extract applied to the soil which remained
significantly at par with that observed in perti plate where C. procera
extract was applied to sand. The highest germination percentage
(60%) was noted in petri plate in which seed soaked with C. procera
extract.

Germination index indicates the speed of germination therefore
it is an important parameter of seedling vigor. Calotropis procera
extract significantly reduced germination index of wheat seeds up to
33.27% (Table-1). It also varied significantly with the germination
media or soaked seed and significantly lowest germination index
(1.48) was recorded in soil medium followed by sand medium (1.51).
Among the entire T x M interactions, the minimum germination index
(0.54) was calculated in petri plate where C. procera extract was
applied to the soil medium which was statistically similar to that
observed in sand (1.65) where C. procera extract was applied. This
delay in seed germination and reduction in germination index may
reflect a presence of water soluble inhibitors in C. procera extract. This
finding is in line with the findings of Stavrianakou et al. (2004),
Dongre and Yadav (2005) and Kadioglue et al. (2005) who revealed
suppression in the germination rate and final germination of different
crops with water extract of different broad and narrow leaf weeds. The
highest value of germination index was found in ptri plate where wheat
seeds were sown on blotter paper and distilled water was applied to it.

Mean germination time (MGT) and time to 50% germination
(Tso) are important parameters of seedling vigor which indicate speed
of germination. Their greater values represent lower seedling vigor.
Data presented in table 1 showed that in all treatment mode, C.
procera extract significantly prolonged MGT and Tso in wheat up to
69.56% and 82.48%, respectively compared with distilled water.
However non-significant differences in MGT and Ts, were observed
among various germination media used. Wheat seed in all the C.
procera extract-treated materials including blotter paper, sand, soil
and seed significantly increased MGT and Tso up to 13 days and 12.5
days, respectively compared with their counterparts supplied with
distilled water. These results are similar to those of Al-Zahrani and Al-
Robai (2007) and Oudhia (2001) who found 5.25% and 26.6%
reduction in germination percentage of wheat by applying 60% leaf
extract and 1:10 w/v (roots: water) root leachates of C. procera to
wheat seeds. Up to a 68.0% reduction in germination percentage has
also been observed in sunflower seeds treated with 10% w/v extract of
C. procera leaves (MacDonald and Omonhinmin, 1998).

Data related to root and shoot length are presented in table 2
which indicates that Caltropis procera extract significantly reduced
both the root length and shoot length up to 133% and 222%
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respectively when compared with distilled water. Treated material
means showed that irrespective of media used for germination,
significantly greater root and shoot lengths were produced by
seedlings grown in soil and sand with 4.88 cm and 4.48 cm; 5.32 cm,
and 3.93 cm values, respectively compared with those grown on other
media. Regarding T x M interactions, blotter paper seedlings treated
with C. procera extract gave lowest root length (0.920 cm) and shoot
length (0.867 cm) which was statistically similar to that obtained by
seeds soaked in C. procera extract before sowing. Maximum root
length (7.100 cm) and shoot length (8.233 cm) were attained by
seedlings grown in soil and supplied with distilled water. Agarwal et al.
(2002), Stavrianakou et al. (2004), and Dongre and Yadav (2005)
observed inhibition in the root and shoot length in wheat, pea and
lentil with water extracts of various weeds. Al-Zahrani and Al-Robai
(2007) also noticed from 19.4% to 90.8% and 2.2% to 88.8%
reduction in radicle and plumule lengths respectively by supplying
wheat seedlings with 5 to 60 % concentrated extracts of C. procera
leaves. Data regarding seedling dry weight are given in table 2 which
revealed that irrespective of germination media, significant reduction
in seedling biomass (0.052 g) was noted by applying C. procera
extract. Non-significant difference in this parameter can be observed
among media used as shown by their means across treatments.
However in all the germination media, soaked seeds with C. procera
extract produced significantly lower biomass ranging from 0.037 g to
0.077 g compared with those of distilled water that ranging from 0.197
g to 0.297 g. This may be due to phytotoxic effect of proteases
enzymes present in C. procera extract (Singh et al., 2010). The
regression analyses of seedling dry weight with germination
percentage (GP), germination index (GI), mean germination time
(MGT), time to 50% germination (Tsg), root length, shoot length, and
seedling vigor index (SVI) have been depicted in figures 1, 2, 3, 4, 5,
6, and 7 respectively which revealed that seedling dry weight had a
strong positive relationship with germination percentage (R?=0.066),
germination index (R®=0.039), root length (R®=0.502), shoot length
(R?=0.742), and seedling vigor index (R®=0.640) whereas had a
strong negative relationship with mean germination time (R*=0.935)
and time to 50% germination (R’= 0.928). Data shown in table 2
revealed that seedling vigor index SVI was significantly declined up to
130% by the application of C. procera extract irrespective of
germination media. Seedlings grown in soil when C. procera extract
applied showed the lowest value of SVI (87.23) which was significantly
different from all other combinations. Whereas the highest SVI (310.0)
could be observed in treatment where seed was sown in soil and
distilled water was applied to the seedlings.
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Table-1. Effect of Calotropis procera extract on germination
percentage, germination index, mean germination
time and time to 50% germination of wheat.

Treatment Mode (M
Blotter Sand Soil Soaked
Treatments (T) Paper (Sa) (So) seed Means
(BP) (Sk)

Germination %age
Calotropis procera Extract (E) 45.00ab 18.00cd 7.000d 47.00ab 29.25b
Distilled Water (W) 58.50a 31.50bc 23.50c 60.00a 43.38 a
Means 51.75a 26.50b 12.50 ¢ 53.50 a
Germination index (GI)

Calotropis procera Extract (E) 5.80b 1.65 de 0.54 e 6.28 b 3.57b
Distilled Water (W) 7.95a 3.25¢c 2.42 cd 7.78 a 5.35a
Means 6.88 a 1.52b 1.48 c 7.03 a

Mean germination time (MGT)
Calotropis procera Extract (E) 13.00 a 13.00 a 13.00 a 13.00 a 13.00 a
Distilled Water (W) 7.77 b 7.40 b 7.67 b 7.83 b 7.67b
Means 10.38 a 10.20 a 10.33 a 10.42 a

Time to 50% germination (Tso)
Calotropis procera Extract (E) 12.50 a 12.50 a 12.50 a 12.50 a 12.50 a
Distilled Water (W) 7.07 b 6.67 b 6.70 b 6.97 b 6.85b
Means 9.78 a 9.58 a 9.60 a 9.73 a
Means not sharing same letter are significantly different at 5 % probability level.

Table-2. Effect of Calotropis procera extract on root length,
shoot length, seedling dry weight and seedling vigor
index of wheat.

Treatment Mode (M

Blotter Sand Soil Soaked
Treatments (T) Paper (Sa) (So) Seed Means
(BP) (Sk)

Root length (cm)

Calotropis procera Extract (E) 0.92d 3.46 c 2.66 c 0.94d 1.99b
Distilled Water (W) 2.50 c 5.50b 7.10 a 3.53 ¢ 4.66 a
Means 1.71b 4.48 a 4.88 a 2.23b

Shoot length (cm)
Calotropis procera Extract (E) 0.87 e 2.50 cd 2.40d 1.30 de 1.72b
Distilled Water (W) 4.67 b 5.37b 8.23 a 3.93 bc 5.55a
Means 2.78 ¢ 3.93b 5.32 a 2.62 c

Seedling dry weight (g)

Calotropis procera Extract (E) 0.04 c 0.08 c 0.05c 0.04 c 0.05b
Distilled Water (W) 0.29 a 0.30 a 0.27 a 0.20 b 0.26 a
Means 0.17 ab 0.18 a 0.16 ab 0.13 b

Seedling vigor index (SVI)
Calotropis procera Extract (E) 94.77d 165.9c 36.80 e 87.23 d 96.17 b
Distilled Water (W) 158.3¢c 310.0a 275.2 b 1434 ¢ 221.73 a
Means 126.5¢c 2379a 156.0 b 1153 ¢

Means not sharing same letter are significantly different at 5 % probability level
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et al. (2009) also reported 50-83% and 45-58% reduction in

seedling dry weight of pearl millet (Pennisetum americanum) by

applying

C. procera extract of various concentrations prepared from its

leaves and stem, respectively.
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CONCLUSION

In conclusion, the extract of the weed Calotropis procera
inhibited the germination and seedling growth of wheat due to its
phytotoxic effects. Hence, if present in field, this weed can disturb the
stand establishment of wheat crop. There is a need to take a serious
notice of the presence of this weed in the wheat crop fields and nearby
places. Further research can explore the allelochemcials present in C.
procera as well as the complex allelopathic mechanisms through which
this phytotoxic plant disturb the neighboring plants.
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