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Abstract

The use of growth medium is often recommended milkweed seedlings to grow and develop after emergence, and it is af-
fected by growth medium and local habitat conditions. The effects of growth medium and partial shade on early growth
of milkweed under drought stress (Calotropis procera L.) were studied in a field experiment. A split-split plot experimen-
tal design with three replications was carried out in the nursery. The main treatment plot was divided into two levels of
shade; (no shading and partial shading). Sub treatment plotl included growth medium at four levels (G1 = clay [suitable
for milkweed growth], G2 = clay + sand, G3 = clay + perlite, G4 = clay + perlite + sand) and sub treatment plot2 included
drought (irrigation intervals) at six levels (D1 = 2 [control], D2 =4, D3 = 6, D4 = 8, D5 = 10, and D6 = 12 days per for three
month). The results showed that drought stress significantly decreased emergence percentage, shoot length, shoot dry
weight (SDW1), root dry weight (RDW), seedling dry weight (SDW2) and vigor index (VI). The use of growth medium in-
creased all seedling characteristics. The G3 (clay + perlite) growth medium showed the highest performance, especially
in terms of emergence percentage and seedling dry weight. Partial shade improved shoot length, shoot dry weight, and
vigor index. Our results showed that the best treatment for high-vigor milkweed seedlings under drought stress was G3
(clay + perlite) growth medium and partial shade.
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INTRODUCTION

Approximately 60% of Iran is classified as arid and
semi-arid land. Much of the country has a desert climate
with an average annual precipitation of less than 300 mm
(Mansoory 1992). Sadeghian et al. (2010) reported that
milkweed (Calotropis procera L.) can adapt to arid land.
This species is one of the most important deciduous tree
desert species in south Iran. It is very apparent that the
effects of human activities and livestock on dry land have
severely limited tree growth in some regions. Cutting
and grazing has drastically reduced the extent of many
forests throughout the country, and sufficient consid-

eration of plant’s success rate, especially seedling vigor,
must be made prior to re-planting efforts (El-Moslimany
1986). Calotropis sp. produces lots of small seeds which
are dispersed by wind, but has a low density per unit area
because its germination stage is sensitive to drought (Ba-
zrafkan 2011). Seed germination performs an important
function in the regeneration of plant species, particularly
under arid and unpredictable environmental conditions,
most notably those of Mediterranean ecosystems (Gimé-
nez-Benavides et al. 2005). Low seedling vigor, especially
poor emergence and seedling establishment are regarded
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as major causes of these low densities (Close and Wil-
son 2002). Seed emergence, seedling establishment and
survival are affected by light, climate and edaphic and
species-specific factors (Bewley and Black 1994). Thus,
any study of dry land restoration should ideally separate
the effects of individual environmental factors and their
interactions on demographic stages. In dry lands, emer-
gence, seedling growth and survival are affected by light
intensity (Khurana and Singh 2001). The reflex of emer-
gence to light intensity depends on the individual species
as well as the environment. Biomass production, relative
growth rate, root/shoot ratio, specific leaf area, net as-
similation rate, and leaf area ratio can be limited by either
poor light availability (Rincén and Huante 1993) or low
soil moisture, due to the removal of water from the dry
forest understory by nurse trees (Rodriguez-Calcerrada et
al. 2008). Partial shade protects soil moisture during seed
emergence in dry forests. In dry lands, species emergence
and early establishment must occur during the beginning
of wet season when water is most plentiful (Khurana and
Singh 2001). In dry lands, most precipitation occurs in
winter and spring (Ginley 2008). When temperature rises
quickly, water evaporates and rainfall may be extremely
scarce during summer. Emergence can also be affected by
water content of the growth medium. Soil water storage
capacity depends on soil tissue and type. These character-
istics positively affect the establishment of different plant
species (Grange and Loach 1983, Newton et al. 1992). Per-
lite materials absorb water, and prevent the penetration
of too much water to the lower layers of soil. Damizadeh
(2004) used perlite as a growth medium for Capparis de-
cidua. Yusef Saleh (2011) reported that sand mixed with
perlite is the best growth medium for vegetative growth
of Dahlia (Dahlia pinnata), Marigold (Tagetes erecta), Zin-
nia (Zinnia elegans) and Cosmos (Cosmos bipinnatus)
plants. Abo-Rezq et al. (2009) used sand in growth media
on selected plant species To facilitate the emergence. The
general hypothesis of this study is that the combination of
environmental factors and partial shade affects the early
stages of the life cycle of a milkweed seed. This study aims
to study the effects of growth medium and partial shade
on early vigor of (Calotropis procera L.) under drought
stress in mid-spring.

MATERIALS AND METHODS
Plant material

Mature seeds of milkweed (Calotropis procera L.) were
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collected from natural populations in the desert area in
Sistan Balochestans province (60°N and 29°E), located in
the elevations of 1,396 m above mean sea level (AMSL) in
Southeast desert of Iran, and were stored in bags in a re-
frigerator (5°C) until the start of the experiment.

Experimental design

The split-split plot experimental design with three rep-
lications was carried out in a nursery. The main treatment
plot was divided into two shade treatments (no shading
and partial shading) and sub treatment plotl included
growth medium at four levels (G1 = clay [the soil type in
the milkweed growth region], G2 = clay + sand, G3 = clay +
perlite, G4 = clay + perlite + sand), and sub treatment plot
2 included drought (irrigation interval) at six levels (D1 =
2 [control], D2 =4, D3 =6, D4 =8, D5 = per 10 and D6 = 12
days per for three month). Ten seeds were planted in each
treatment area in a 1 liter plastic pot filled with the various
soil type. The pots were watered according to the irriga-
tion treatments. Vigor-related traits were the measured
for the individual plants after two months. The traits were:
emergence percentage, shoot length, root length, shoot
dry weight, root dry weight, seedling dry weight and vigor
index. Shoot and root dry weights were measured after
drying for 24 h in an oven at 70°C (ISTA 2002). Vigor index
was calculated for each treatment as follows (Abdul-Baki
and Anderson 1973):

Vigor index = seedling length x emergence percentage
Data analyses

Data were checked for normality and were then ana-
lyzed using SAS ver. 9.1.3 (SAS Institue Inc., Cary, NC,
USA). Treatment means were separated by Duncan’s mul-
tiple range test if the F-value of the treatments was signifi-
cant at the 0.05 or 0.01 probability levels.

RESULTS
Emergence percentage

Drought stress and soil treatments had significant (P
< 0.01) effects on emergence percentage (Table 1). The
highest and lowest emergence percentage was obtained
in D1 (control) and D6 irrigation interval respectively. The
emergence percentage of C. procera L. decreased with in-
creasing the irrigation intervals, with 96.25% emergence



Table 1. Analysis of variance for seedling parameters

The effects of growth medium and partial shade on milkweed

Changes in Degrees of Emergence Root length Shoot Rootdry Shootdry Seedling dry Vigor
resources freedom (%) (cm) length (cm) weight (g) weight (g) weight (g) index
Drought (D) 5 1,544.44" 67.9" 62.75" 0.64" 0.56" 1.36" 881,939.28"
Growth medium (G) 3 950" 24.82" 8.42" 0.22" 0.1" 0.56" 463,667.87"
Light (L) 1 1,002.77" 82.717 804.02" 0.23" 3.07" 1.617  4,382,485.4"
DxG 15 71.11™ 0.07"™ 0.07™ 0.22" 0.05" 0.22" 15,083.03™
DxL 56.11™ 0.1™ 0.84" 0.05" 0.6" 1.02" 25,552.32™
GxL 3 75" 3.16" 1.02" 0.02™ 0.009™ 0.01™ 56,147.99"
DxGxL 15 21" 0.09" 0.18" 0.1" 0.08" 0.25" 5,825.44"
Error 96 59.72 0.27 0.07 0.02 0.01 0.04 11,690.54
CV% 13.77 21.67 12.07 23.45 18.82 23.63 11.32

*,** and ns indicate significant at P < 0.05, P < 0.01 and not significant, respectively.

Table 2. Effects of drought stress, growth medium and partial shade on
mean seedling parameters

Emergence Root Shoot Vigor
(%) length length index
(cm) (cm) (cm)
Drought stress
D1 (control) 96.25° 13.75¢ 1,462.31°
D2 90" 14.61° 1,308.88"
D3 82.91° 15.51° 1,145.08°
D4 74.58" 16.48° 952.29°
D5 71.33¢ 12.53° 1,053.04¢
D6 70.45" 12.18 1,036
Growth medium
GI (control) 82.77° 13.1¢ 12.7 1,047.32°
G2 85.27° 14.08° 13.04  1,095.02°
G3 94.44° 15.08° 13.83  1,303.81°
G4 89.72° 14.44" 13.32  1,192.25"
Light condition
Light 90.69° 14.94° 985.15"
Partial shade 85.41° 13.42°  1,334.05°

Means with the same letter on each column are not significantly different
(P <0.05).

in D1 (control) and 70.45% emergence in D6 irrigation
interval treatment (Table 2). The growth medium had
significant (P < 0.01) effects on emergence percentages,
as 82.77% emerged in G1 (control) and 94.44% emerged
in G3 (clay + perlite) (Table 2). Emergence percentage
was significantly (P < 0.01) affected by light treatments
also (Table 1). Partial shade treatment decreased the
emergence percentage in all growth medium and irriga-
tion treatments. The mean emergence percentages were
90.69% and 85.41% in light and partial shade, respectively
(Table 2).

Shoot and root length

Shoot and root length were significantly (P < 0.01) af-
fected by the interaction of growth medium and light
(Table 1). For example, root length changed from 14.28cm
in G1 (control) to 15.69 cm in G3 under light treatment.
Also, it changed from 11.91 cm in G1 (control) to 14.47 cm
in G3 under partial shade treatment (Table 3). In other
words, root length increased by 1.41 cm (8.9%) and 2.26

Table 3. Effect of growth medium and partial shade on the average of seedling parameters

G1 (control) G2 G3 G4
Root length (cm)
Light 14.28" 14.79® 15.69° 14.97" 14.94°
Partial shade 11.91¢ 13.38° 14.47" 13.92" 13.42°
13.1¢ 14.08° 15.08" 14.44"
Shoot length (cm)
No partial shade 10.34 10.69 11.24 10.99 10.84
Partial shade 15.07 15.4 16.41 15.65 15.63
12.7 13.09 13.82 13.32
Vigor index (VI)
Light 872.7° 969.22 1,081.28% 1,017.39% 985.15"
Partial shade 1,221.94¢ 1,220.82¢ 1,526.34° 1,367.11° 1,334.05"
1,047.32¢ 1,095.02¢ 1,303.81° 1,192.25

Means with the same letter on each column are not significantly different (P < 0.05).
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cm (15.6%) under light and partial shade treatments,
respectively (Table 3). Shoot length was increased from
10.34 cm in G1 (control) to 11.24 cm under G3 light treat-
ment. Moreover, it increased from 15.07 cm in G1 (con-
trol) to 16.41cm under G3 partial shade treatment (Table
3). In other words, root length increased 0.09 cm and 1.34
cm under light and partial shade treatments, respectively
(Table 3). Interaction of drought stress and light treat-
ments had significant (P < 0.01) effects on shoot length
(Table 1). Shoot length decreased with increasing drought
stress in light and partial shade. The shoot length changed
from 12.67 cm in D1 (control) to 9.16 cm in D4 under light
treatment. Also, it changed from 17.57 cm in D1 (control)
to 13.23 cm in D4 under partial shade (Table 4).

Shoot and root dry weight

Interaction of drought stress with growth medium as
well as drought stress with light had significant (P < 0.01)
effects on root and shoot dry weight (Table 1). Growth me-
dium decreased drought stress effects on root and shoot
dry weight more effectively under light treatments. Root
and shoot dry weight changed from 0.64 g and 0.11 g to
0.97 gand 0.14 g in D1 and G3, respectively. Additionally,
root and shoot dry weight changed from 0.08 g and 0.04 g
to 0.23 g and 0.08 g in D6 and G3, respectively (Table 4).
Growth medium decreased the effects of drought stress
on root and shoot dry weight under the partial shade

Table 4. Interaction of growth medium, drought stress levels and partial shade on average of seedling parameter

Light Partial shade
G1 G2 G3 G4 Gl G2 G3 G4
Shoot length (cm)
D1 12.03%°  12.44™ 13.36' 12.86™ 12.67° 16.99%* 17.51™ 18.55 17.76" 17.57°
D2 11.62°%  12.06" 12.77™  12.11%® 12.14° 16.42% 16.71%"  17.88" 17.14% 17.0375"
D3 10.92™ 11.25%° 11.9° 11.37% 11.364° 15.83" 15.95%" 16,98  16.52 16.32°
D4 9.98"  10.28" 10.8" 10.44" 10.37¢ 14.79 14.95 168" 15.5' 15.31¢
D5 8.8" 9.39™ 9.51"™ 9.73™ 9.35° 13.41' 13.05™ 14.8 13.97* 13.808°
D6 8.7" 9.37™ 9.1¥ 9.48™ 9.16 13.02™ 12.64™  14.23" 13.04™ 13.233"
10.34¢ 10.79° 11.24° 10.99° 15.077°  15.14° 16.41* 15.65"
10.84° 15.57°
Root dry weight (g)
D1 0.64% 0.76% 0.97° 0.83" 0.8" 0.53"" 0.64" 0.85" 0.74% 0.67°
D2 0.47"™" 0.57" 0.84" 0.69° 0.643" 0.44™ 0.53"* 0.8" 0.66" 0.61°
D3 0.34% 0.5™ 0.74% 0.58%" 0.54° 0.32% 0.46™° 0.69 0.56" 0.305°
D4 0.17" 0.327 0.51'™ 0.4 0.205° 0.13"~ 0.25" 0.47%" 0.377 0.507¢
D5 0.09" 0.21" 0.28" 0.24% 0.185° 0.08" 0.17" 0.24* 0.22" 0.177¢
D6 0.08 0.21" 0.23"" 0.22°" 0.454° 0.14" 0.17" 0.19" 0.21" 0.1778°
0.298¢ 0.428° 0.595" 0.49" 0.252¢ 0.352¢ 0.523" 0.44"
0.45 0.39"
Shoot dry weight (g)
D1 0.11"* 0.12°* 0.14" 0.13" 0.15° 0.17*" 0.18™° 0.2 0.19%¢ 0.146°
D2 0.1°% 0.11°* 0.13" 0.12"* 0.115° 0.16"" 0.17"% 0.18™¢ 0.18™° 0.14°
D3 0.09°* 0.1%* 0.11"* 0.11°* 0.102% 0.15" 0.15" 0.17*" 0.15"" 0.125"
D4 0.08"* 0.09™* 0.1°* 0.09°* 0.09® 0.12°* 0.13" 0.13"7 0.13"7 0.106®
D5 0.06" 0.08%* 0.09"* 0.08"* 0.077¢ 0.1°* 0.1°* 0.12"* 0.11°* 0.089¢
D6 0.04* 0.07"* 0.08 0.07* 0.065¢ 0.1°* 0.1%* 0.12°* 0.1%* 0.080¢
0.08b 0.095" 0.102° 0.1 0.133" 0.138" 0.15" 0.143"
0.09" 0.14*
Seedling dry weight (g)
D1 0.76%" 0.88%" 1.11° 0.97"¢ 0.9 0.71" 0.83°% 1.05" 0.93°¢ 0.9
D2 0.58" 0.68" 0.97°%  0.81'8 0.77° 0.61* 0.7" 0.98™ 0.84°% 0.77°
D3 0.44™  0.61% 0.85°% 0.7™ 0.66° 0.47™° 0.61"* 0.87%" 0.72" 0.66°
D4 0.25" 0.41™ 0.62"* 0.5™ 0.44¢ 0.25" 0.39™" 0.61* 0.5™ 0.44¢
D5 0.15" 0.3" 0.38°* 0.327" 0.28° 0.18" 0.27°" 0.5"" 0.33%" 0.28°
D6 0.12 0.28°" 0.58™  0.29™ 0.29° 0.24" 0.27*" 0.54™ 0.31%" 0.29°
0.38¢ 0.526° 0.75 0.6 0.40" 0.512¢ 0.75" 0.60°
0.56" 0.57°

Means with the same letter on each column are not significantly different (P < 0.05).
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treatment. Root and shoot dry weight were increased
from 0.53 g and 0.17g in D1 and G1 to 0.85 gand 0.2 g in
D1 and G3. Also, root and shoot dry weight changed from
0.14gand 0.1 gin D6 and G1t00.19 gand 0.12 gin D6 and
G3 (Table 4).

Seedling dry weight

Seedling dry weight was significantly (P < 0.01) affected
by the interaction of drought stress with growth medium
treatments (Table 1). Seedling dry weight decreased with
the increase of drought stress, as the seedling dry weight
changed from 0.76 g in G1, D1(control) to 0.12 g in G1,
D6 (Table 4). Growth medium decreased the effects of
drought stress, as seedling dry weight changed from 0.76
g in G1, D1 to 0.12 g in G1, D6. Seedling dry weight was
1.11 g in G3, D1 and 0.58 g in G3, D6 (Table 4). Seedling
dry weight was significantly (P < 0.01) affected by the in-
teraction of drought stress with light treatments (Table
1). Partial shade decreased the effects of drought stress.
While seedling dry weight was 1.11 gin G3, D1 and 0.58 g
in G3 D6 under light treatment, it was 1.05 gin G3, D1 and
0.4 gin G3, D6 under partial shade treatment (Table 4).

Vigor index

Vigor index was significantly (P < 0.01) affected by
drought stress (Table 1). Vigor index decreased with in-
creasing drought stress, as it was 1,462.31 in D1 (control)
but just 1,036 in D6 (Table 2). Growth medium increased
the vigor index from 1,047.32 in GI1 to 1303.81 in G3
(Table 2).

There was significant (P < 0.01) difference in the vigor
index between light treatments (Tablel). Partial shade in-
creased the vigor index, which was calculated to be 985.15
and 1,334.05 in no shade and partial shade respectively
(Table 2).

DISCUSSION

The results show that Calotropis procrea L. is sensitive
to drought stress in the emergence stage. Drought stress
was found to reduce emergence percentage, shoot and
root length (Table 2), as well as shoot, root and seedling
dry weight (Table 3). Bazrafkan (2011) reported that Calo-
tropis procrea L. is sensitive to drought in the germination
stage. Ghaedi et al. (2009) reported that seeds of Haloxylon
aphyllum L. as a halophyte is sensitive to drought and sa-
linity in germination stage. Ramazani et al. (2009) report-

The effects of growth medium and partial shade on milkweed

ed similar findings about (Capparis spinosa L.). Similar
findings have also been reported for Atriplex griffithii var.
stoksii (Khan and Rizvi 1994), Kalidium capsicum (Tobe
et al. 2000), Calotropis procera L (Taghvaei et al. 2012).
Drought stress decreases soil osmotic potential, which in
turn, decreases the water uptake of seeds, thereby inhib-
iting their emergence (Katembe et al. 1998). Emergence
percentage, shoot length and root length were signifi-
cantly affected by light treatments (Table 1). Duchesne et
al. (2000) reported the positive effect of partial shade on
the early establishment of eastern white pine seedlings.
Taghvaei (2010) reported that partial shade treatments
had significant effects on emergence percentages and
rates, shoot length, shoot dry weight, root dry weight, leaf
area, and Chlorophyll content of Quercus brantii L. Par-
tial shade could increase shoot length (Qian and Engelke
1999). Ray and Brown (1995) reported that emergence
success in dry forest in the US Virgin Islands was approxi-
mately equal under conditions of partial- and no-shade.
Growth medium had positive effects on all character-
istics of C. procera L. seedlings. The results showed that
emergence percentage, shoot and root length, vigor in-
dex, as well as shoot and root dry weight increased with
the application of lighter-textured soil (Table 2). Similar
results were reported for Salsola vermiculata (Guma and
Padrén-Mederos et al. 2010). Damizadeh (2004) reported
that light textured sandy and sandy loam is the most ap-
propriate growth medium for Capparis decidua seedling
survival. It seems that it has positive effects on ventilation
and drainage. Abo-Rezq et al. (2009) found out that a mix-
ture of perlite with peatmoss and sand is the best growing
medium for Chlorophytum comcosum and Lycopersicom
esculentum cv. Using sand improves the physical proper-
ties of a growing media and improves drainage (Wilson
and Stoffella 2006).

CONCLUSION

Calotropis sp. is a species adapted to the deserts of
southern Iran (Sadeghian et al. 2010). Calotropis sp. is
sensitive to drought (Bazrafkan 2011) and salinity (Tagh-
vaei et al. 2012). Climate change has increased periods of
drought innmany regions of Iran, and additional anthro-
pogenic influences, including farming practices, have
reduced the density of Calotropis sp. in these areas, even
though many seeds are produced. In Calotropis sp., root
initiation and growth ceased at soil osmotic potentials
between -0.4 and -0.6 MPa (Bazafkan 2011). Under these
dry conditions, the germination and early establishment
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of many species, especially Calotropis sp., must occur
during the wet season or at the end of winter, when water
is more available. Evaporation from the top layer of soil
in early spring decreases germination of species seeds.
Partial shade is modified at the ground level with a reduc-
tion of temperature (Rincén and Huante 1993). Partial
shade treatment seems to result in sufficient alteration of
the microclimate for a significant improvement in emer-
gence and establishment (Gehlhausen et al. 2000). In this
experiment, partial shade treatment was found to have
an influence on seedling emergence and seedling growth.
Partial shade treatment increased shoot length and vigor
index, but decreased emergence percentage. Partial shade
protect soil moisture, and improves the field emergence
of seeds (Chalton et al. 1986). Consequently, light quality
becomes a limiting factor for their survival and growth
(Crow 1988). Although low light as a dominant environ-
mental factor limits seedling establishment under partial
shade treatment, it may increase root growth. Root regen-
eration and root growth are very sensitive to soil moisture
stress (Lopez-Barrera and Newton 2005). So, to increase
germination, the growth medium which will retain rain
water for a longer time must be considered. Sand+perlite
media increased root characteristics, and this may imply
that this medium had better water retention properties.
The use of perlite allows plants to optimize water and
oxygen holding, and could affect plant growth and the
development of roots and shoots directly or indirectly,
as perlite increases aeration and water holding capacity
of soil (Leakey et al. 1990, Ofori et al. 1996). Therefore, to
improve the establishment of milkweed in dry semi-arid
regions, it is suggested that seeds be planted under a can-
opy of native plants as nurse plant. Because organic mat-
ter is derived from litter under the canopy of these plants,
rain water will be retained with greater efficiency, thus
improving germination and emergence percentages. The
partial shade of nurse plants result in the improvement
of the microclimate, which can be sufficient to maintain
young seedlings against a variety of effects, including ex-
cess radiation and grazing in arid and semi-arid lands.
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