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The objective of the present study was to evaluate the effects of nine combinations of
temperature and light on seeds germination of four solanaceae species (Datura innoxia,
Hyoscyamus muticus, Solanum nigrum and Withania somnifera) in germination chamber. The
influence of combined of three alternative temperature regimes from 10 to 40 °C, with 10°C
intervals, under three light levels (the continuous white light, alternative and darkness) were
tested. The germination parameters as germination percentage, seed vigor index, dormancy,
germination speed and germination index, and were measured and calculated. The data
reveled some similarities in germination percentage and seedling vigor index among Datura
innoxia, Solanum nigrum in one hand and between Hyoscyamus muticus and Withinia
somnifera on the other hand, while germination speed and germination index showed some
similarities between Datura innoxia, Withinia somnifera and between Hyoscyamus muticus
and Solanum nigrum. The optimum condition for the germination of the seeds was varied with
species (species-dependent): some species Hyoscyamus muticus and Withinia somnifera
germinate easier under combined effects of light and temperature, whereas, Solanum nigrum
and Datura innoxia decreased their germination in darkness conditions. The maximal
germination was reached in Hyoscyamus muticus follwed by Withania somnifera, Solanum
nigrum and Datura innoxia species under wide range of selected combinations. With the
exception of Datura innoxia all other species seemed a photoplastic character. No relationship
was found between germination percentage and alternating temperature especially in
Hyoscyamus muticus and Withania somnifera. Alternating temperature is not the main factor
affecting germination percentage. We concluded that the regime of light suppressed the
effects alternating temperatures on seed germination of Datura innoxia species. It was
concluded that synergized effects of light and alternating temperatures, enhanced seed
germination of Hyoscyamus muticus and Solanum nigrum. Thus, the light regime can play a

vital role in present and future weed management strategies.
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The temperature and light are the most
important environmental factors that promote the
seed germination in the soil when water is
available. For most of the plants, if the light and
water are available, the temperature of the soil
determines the fraction of the germinated seeds
and the rate of the germination (Gairola et al.,
2011). The temperature affects the germination
and the state of dormancy of the seeds and the
seasonal changes of the dormancy state of the
seeds of some species is directly related to the
seasonal temperature changes (Pons, 1993). Some
species can present the seeds with the light
requirement for the germination at one
temperature and in another, the light insensitivity,
(Smith, 1975).

Seed germination is affected by the ecological
conditions prevailing in the habitat; it depends on
several environmental conditions such as light,
temperature, moisture germination media. It is well
known that seed of certain species have different
temperature responses according to variety and
provenances and reasonable to believe that these
responses are adaptive success or failure of a
population in a particular environment depends on
the way of its germination responses fit in to the
ecological conditions of the habitat. Thus in most of
the seeds, the rate of germination are strongly
governed by temperature (Negi et al., 1995).
Germination takes place over a definite range of
temperature and this range varies from species to

species.

Seed germination is one of the critical phases in
plant development. Each plant species has specific
environmental requirements for germination
(Baskin and Baskin, 1989 and Shoab et al., 2012)
Temperature and light are considered the most
important

environment signals regulating
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germination, species distribution and ecological

interaction Chauhan and Johson (2008).

Seed vigor means a high rate of overall
biological activities of the seed. It represents the
potential ability of the seed to yield the maximum
plant product at the earliest time under variable
environmental field conditions (Beena and Jayaram,
2010). Ecologically, these characteristics are
important because it is possible to predict the
degree of success of a species based on the capacity
of their harvest seed to spread the germination
through time, permitting the recruitment in the
environment of some part of the seedlings formed

(Ranal and De Santana, 2006).

Seed germination is one of the most key
processes in the plant survival and growth among
the stages of plant life cycles in the arid and semi
arid regions of the world. (Hadas, 2004). Seed
germination and early plant growth are critical
stages for establishment plants under complex field
condition. Temperature, play a crucial role in many
biological and physiological process in plant (Al-
Ahmadi and Kafi, 2007; Berti and Johnson, 2008).
The alternate temperature have a major impacts on
a number of processes which regulate seed
germinability including membrane permeability,
activity of membrane bounds as well as cytosolic
enzymes (Tlig et al., 2008). The germination of the
seeds is a complex process where several reactions
and individual factors are involved, every process
affected by specific environmental factors

(Copeland and McDonald, 1995).

Characteristics of seeds on germination present
a number of highly interesting problems. Careful
study of the factors controlling germination and of
the complex interactions which may occur between

these factors reveals many important bearings and
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could clarify many ecological aspects (Hammoda

and Baker, 1969).

Plants regulate their germination time by having
specific requirements for various environmental
factors such as moisture, temperature, light and
other factors (Vleeshouwers et al., 1995). These
environmental factors are not constant in time in
the field and an analysis of what is actually
happening with a seed in natural conditions and the
possible ecological significance of a light response is
very difficult to determine (Pons, 1992).Thus,
germination cues reflect the climate conditions
under which the species is most likely to succeed in

recruitment.

According to Andrade (1995), light and
temperature are the main factors that promote
germination. For many plant species in arid
environments, alternating temperatures may
substitute the necessity of light for seed
germination (Benitez-Rodrigues et al., 2004). Pons
(2000) and Probert (2000) reported that fluctuating
temperatures may induce germination in the
different regimes, since this fluctuation may
interfere in the production of the active
phytochrome form. This phytochrome s
responsible for germination in light sensitive seeds
(Smith, 1975). Furthermore, Takaki (2001)
considered that all seeds possess phytochrome ;
which is a chromoprotein pigment that reversibly
inter converted by light between an inactive form
(Pr) and a physiologically active form (Pfr).
However, those that germinate as much in the light
as in the dark present phytochrome A and those
that germinate only in the light contain
phytochrome B which is responsible for the
photomorphogenic process (Sugahara and Takaki,

2004).

Many species respond to these environment
factors with optimal growth and development
according to the light they receive (Maloof et al.,
2000). Some seeds germinate similarly in light and
darkness (Baskin and Baskin, 1988), while others do
it more readily either under light (Colbach et al.,
2002) or darkness conditions (Thanos et al., 1989).
Also, light requirements for germination can vary
with temperature. It has been demonstrated that
some species need a constant temperature and
light to germinate and others can germinate either
under light or darkness conditions but need
temperature fluctuations (Felippe, 1978). In other
the high temperatures (Amritphale et al., 1989)

replace light requirements for germination.

Light-controlled  germination has been
associated with phytochrome since the pioneer
work of Borthwick et al. (1952). Light environment
plays a crucial role in seed germination specially the
photosensitive seeds which allowing seeds to
obtain an early signal of the actual environmental
conditions. If such a signal suggests that the
environment is unfavorable, then seed dormancy is
induced (Taylorson and Borthwick, 1969). It also
control the role of endogenous hormones, i.e.,
gibberellins and kinetins, which promote seed
germination (Wareing et al., 1973). Temperature
regulates germination in three ways (Bewley and
Black, 1994): 1) by determining the capacity and
percentage of germination; 2) by eliminating
primary and/or secondary dormancy; and 3) by
inducing secondary dormancy. The optimal
germination temperature for most seeds which are
not in dormancy is 25 to 30 °C. Thus, seeds usually

require a thermal periodicity to germinate.

According to Labouriau and Pacheco (1978), the
effects of the temperature can be evaluated from

changes in the percentage, velocity and relative
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frequency of germination during the incubation
time. Seeds from different species require
alternating of temperatures to  optimize
germination. This necessity most probably reflects
an adaptation to natural fluctuation of the habitat

or may be associated with dormancy process.

Seed dormancy is influenced by light,
temperature, stratification and nitrogen containing
compounds. Light signals are among the most
important environmental cues regulating plant
development (Franklin and Whitelam 2004).Seed
dormancy aid to survival of plant species through
withstanding unfavorable climatic and edaphic
conditions and thus providing the plant an
opportunity to germinate under favorable
conditions. The timing of germination in seeds is
regulated by dormancy-inducing and releasing
mechanisms (Voesenek and Blom 1996). In general,
these mechanisms are sensitive to environmental
factors, such as light, temperature and some

chemicals (Bewley 1997).

Light and temperature are two major cues
through which seeds sense the proper conditions of
seed germination of these four solanaceae species
co-occurring in new reclaimed area of desert
ecosystem (Spalding and Folta, 2005), but little is
known about the integration of light and
temperature information to elicit germination
(Fielding et al., 1992; Yamaguchi and Kamiya, 2000;
Steckel et al., 2004). Within this scope, the present
study is an attempt towards assessing the
germination response of some solanaceae
members to temperature light interaction under
laboratory conditions. This would contribute to
know the required light and temperature conditions
necessary for optimum germination of these
species in soils of new reclaimed areas of Egyptian

desert ecosystem.
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MATERIALS AND METHODS

Seeds of four solanaceae species namely Datura
innoxia Mill., Hyoscyamus muticus L., Solanum
nigrum L. and Withania somnifera (L.) Dunal., were
collected from natural populations in the new
reclaimed field of Egyptian desert ecosystem
(28’40’37 N and 30°55’25 E). Ripe seeds were sorted
out for wuniform size and similar external
characteristics, discarding those with any
malformations. Seeds were air-dried after
collection, cleaned and stored at room temperature
(15-20 'C, 40-60% RH) until the experiment was

begun.

All seeds were surface sterilized by immersion in
2% sodium hypochlorite for 5 min, and washed
afterwards with distilled water. Thereafter, Petri
dishes 10 cm in diameter were prepared with two
layer filter paper whatmannl (Whatman LTD.,
Maidstone, England). A completely randomized
experimental design with a factorial arrangement
was used. Treatments consisted of nine
combinations of two factors: light conditions with
three subset levels (continuous light, alternative
12hr/12hr of light and dark and continuous
darkness) and temperature (12/12 hours thermal
period) with three subset levels (20 day/10 night,
30 day/20 night and 40 day/30 night °C), with 3
replications of 25 seeds and 10 ml distilled water
was added for each species. These nine subsets

were grouped into three sets as follow:

Set I: Alternative low temperature with various

photoperiod:

(20/10 L): maximum and minimum temperature
was 20/10 °C with continuous cold white
fluorescent light.

(20/10  A.):

maximum and minimum

temperature was 20/10 °C with alternative 12 h
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light and 12 h darkness.

(20/10 D): maximum and minimum temperature

was 20/10 °C with complete darkness.

Set Il: Alternative moderate temperature with

various photoperiod

(30/20 L): maximum and minimum temperature
was 30/20 °C with continuous cold white

fluorescent light

(30/20A): maximum and minimum temperature
was 30/20 °C with alternative 12 h light and 12 h

darkness

(30/20 D): maximum and minimum temperature

was 30/20 °C with complete darkness.

Set Ill: Alternative high temperature with various

photoperiod

(30/40 L): maximum and minimum temperature
was 40/30 °C with continuous cold white

fluorescent light.

(30/40 A): maximum and minimum temperature
was 40/30 °C with continuous cold white

fluorescent light.

(30/40 D): maximum and minimum temperature

was 40/30 °C with complete darkness.

The time for shift from minimum to maximum
temperature and vice versa was 1 hr. The range of
these interactions (light-temperature) used in the
experiment were selected because they are likely to
be reached at the soil surface or the first few

centimeters below ground in this habitat.

Germination tests were conducted in a growth
chamber (Precision Dual illuminated program
incubator) having four cool fluorescent tubes
(32W/each) of white light and a light/darkness
timer, as mentioned before to adjust the above
treatments. White light was obtained with the aid

of four 32W daylight fluorescent lamps. Petri dishes

were inserted inside a colorless gerbox container
for the experiments in light and a black gerbox
container for those carried out under continuous
darkness. The seeds under dark condition were
monitored with a dim green safety light. Dishes
were scored daily, allowed us to verify the
dynamics of germination during 21 days and a seed
was considered germinated when the visible radical
protrusion (1mm length) as the defining criterion.
Additionally, distilled water was added whenever
moisture loss was detected. Treatments were
ended when the germination was not observed
along five consecutive days. Seed germination was
evaluated by final germination percentage and
vigor was expressed as germination speed index,

according to the equation of Maguire (1962).
Statistical analyses

In this experiment the main factors were
temperature regimes (20°/10°C, 30°/20°C and
40°/30°C), light (continuous light, darkness and
alternate each 12 hours) and species. The variable
responses were the proportion of germinated seed,
VI, Dormancy etc.. For each time, two combined
factors ANOVA were applied to test the effect of
photoperiod-temperature interactions on response
variable. When F tests were significant, means were
compared using the Duncan’s multiple-range test
(Duncan, 1955).

RESULTS
The results of this study indicated a highly

significant relationship between thermal-
photoperiodic interaction and plant species on
germination characteristics (p< 0.0001). However,
the germination percentage more explained by
species (F-value 175.6) than treatments and their
interactions (Table 1). The species germination
percentages could be ranked in the following order

H. muticus > W. somnifera > S. nigrum, while, D.
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innoxia in the lowest rank.

For H. muticus it showed that the germination
percentage was (100%) under low and moderate
temperature at all photoperiodic regimes (L, A and
D) except at dark condition at moderate
temperature in which the germination attained
minimum rate (80 %).The same trend was true in
case of W. somnifera. It much interesting to show
that the continuous dark decrease the germination
percentage in W. somnifera to 94 % under low
temperature (20/10 °C) and 84 % under moderate
temperature (30/20 °C), while at high temperature
(40/30 °C) increased up to 100%.

For D. innoxia at low temperature (20/10 °C)
with decrease in light period from complete light
(24hr) to alternative(12hr) to zero (complete
darkness) the germination percentage drastically
decreased from 90,68.3 t032.5% respectively. This
was true under all temperature regimes with
varying degrees. The same trend was observed in S.
nigrum. (Fig.1). Among the different treatments it
showed at low and moderate thermal regime that
the temperature- photoplasticity was higher in
other species compared to D. innoxia, which was
more sensitive to dark (low germination rate,
whatever the temperature level was). The same
was true for S. nigrum and W. somnifera except at

high temperature level (30 -40 D).

For seedling vigority index, all parameters
significantly affecting seedling vigor index, (table 1).
Among the studied species, it was appeared that
the highest seedling vigor index (9.4) was registered
in S. nigrum at 20-30 L, while the minimum (0.8)
was found in S. nigrum at 10-20 L. D. innoxia and S.
nigrum showed higher seedling vigor index in all
light levels regardless of temperature level and vice
versa for H. muticus and W. somnifera. For D.

innoxia, the seedling vigor index showed general
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decrease with decreasing the photoperiod. It
showed a sharp decrease with decreasing
photoperiod at low temperature and slowly
decreased at high temperature, while at moderate
temperature the decrease in seedling vigor index as
photoperiod decrease was in between. The seedling
vigor index in D. innoxia and S. nigrum significantly
respond to completely light at moderate, high and
low temperature, respectively in contrast to that H.
muticus and W. somnifera respond to completely

dark at most temperature levels (Fig.2).

Dormancy was more explained by treatments
(F- value 553.7 ***) than species and their
interactions (table 1). The dormancy registered high
percentage in all species under low temperature-
completely light. In the following order 13.5, 12,
11.5 and 7 for S. nigrum; D. innoxia; W. somnifera
and H. muticus, respectively (Fig. 3). It was
observed that dormancy decreased with increasing

temperature what ever the photoperiod was.

The Two-way ANOVA (Table 1) showed that
species, treatment and their interactions
significantly affecting germination index (P< 0.000).
The germination index was more explained by

species than other parameters.

Both H. muticus and S. nigrum had the highest
germination index (4.2) at 20-30 A while the lowest
(0.2) was observed in S. nigrum under low
temperature-complete light. For D. innoxia it was
observed that the germination index decreased
with decreasing light period whatever the
temperature regime was (20/10 or 30/20 or 40/30)
For both H. muticus and S. nigrum the data
observed that germination index in these two
species prefer alternative light at medium and then
at high temperature. W. somnifera on the other
hand showed increased in germination index with

increasing temperature from (20/10, 30/20, 40/30)
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regardless of light period was (Fig. 4).

Species, treatments and their interactions were
highly significant affecting germination speed (P<
0.001) which more explained by species ( F- 411.6
***) than other parameters (Table 1). The
germination speed of studied plant species was
ranked in the following order H. muticus > S.
nigrum > W. somnifera and D. innoxia. It was
observed that the germination speed in D. innoxia
decreased as light regime decreased under all
temperature regimes. From (1.13, 0.91 and 0.57)
under 20/10 L, A and D, respectively. The same
trend was true (2.79, 2.06 and 1.18) under 30/20L,A
and D. The same trend was also true (3.82, 2.77 and
2.41) at 40/30 L, A and D reaching the minimum at
dark condition whatever the temperature level was.
For H. muticus the lower germination speed was
observed at all continuous light under all
temperature regimes (Fig. 5), the same trend was
relatively very close in case of S. nigrum except
under high temperature completely dark (40/30 D).
However in W. somnifera germination speed
showed a little increase as light period decreased
under lower temperature regime, while it was

showed a significant increase at medium and higher

temperature regime.

The data revealed the following:

(1) The germination percentages in W.
somnifera and H. muticus have wide ecological
amplitude toward temperature and light interaction
while D. innoxia has varied response and minimum
germination percentage and S. nigrum was in

between.

(2) The seedling vigor index of H. muticus and

W. somnifera strongly respond to complete
darkness, whatever the thermal regimes was while
D. innoxia and S. nigrum respond to continuous

light with varying degrees.

(3) The dormancy decreased with increasing
temperature what ever the photoperiod was in all
species

(4) Regarding to germination speed and
germination index, much similarities was observed
between D. innoxia and W. somnifera in one hand

and between H. muticus and S. nigrum on the other

hand.

(5) The germination speed decreased towards
darkness under all temperature regimes especially
in D. innoxia and vice versa in S. nigrum and H.
muticus which showed some decrease at
continuous light under all temperature levels
except at higher one, while W. somnifera respond
significantly to increase in all temperature levels

regardless of the light period was.

Table 1. Two-way ANOVA for studied species (Sp), Temperature (Temp), light levels and their
interactions. The values represent F-values at (p<0.05).

Parameters Germination Seedling vigor | Dormancy Germination Germination
percentage index index speed
Species 175.6%** 58.3*** 171.0%** 369.779*** 232.681***
Temperature 18.181%** 144.763*** 2005.406*** 455.825*** 553.499***
Light 46.841*** 18.141%** 100.500*** 87.067*** 78.374%**
Sp*Temp 28.954*** 15.716*** 58.406*** 42.005*** 27.967***
Sp*light 49.279%** 65.227*** 20.250*** 43.437%** 29.374%***
Temp*light 21.416%** 22.950%*** 54.375%** 16.519*** 35.983***
Sp*Temp*light 20.956*** 12.637*** 17.062*** 6.330%** 10.016***

P<0.001 =*** p<0.01**, P<0.05 * and ns= non-significant.
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Figure 2. The seedling vigor index (%) of selected species under different temperature and light
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Figure 3. The dormancy (%) of selected species under different temperature and light regimes.
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The data on the germination percentage of the
present work showed that H. muticus and W.
somnifera have the high germination percentage
regardless of light —temperature combinations
level. This was in agreement with (Smith, 2000) on
Cereus pernambucensis, who pointed out
sometimes only a few milliseconds of light exposure
are enough for germination to occur due to
phytochrome A (Botto et al., 1996). This may
explain the high germination percentages of these
two species to the various levels of temperature,
light and their alternations, as an adaptive
mechanism for recruiting their seedlings in natural
environments. They observed a photoblastic
characteristics. On the other hand, the germination
percentage of D. innoxia was increased with
increasing temperature at darkness condition and
was 32.5, 35.2 and 57.5 at 20/10, 30/20 and 40/30

°C respectively. This may be due to this temperature

rage (10-40 °C ) induce certain changes in the
characteristic of the seed or of the seed coat
leading to easy germination. The very low
germination percentage of S. nigrum (12%) under
low temperature and continuous light, may be the
continuous white light treatment presumably
produced a steady-state phytochrome equilibrium
which actually inhibited by light at low
temperature. This was in agreement with (Vidaver,
1977) who suggested that this mechanism prevents
germination when cool daytime temperatures.In
general, the seeds of species of Solanaceae are
sensitive to photoperiod, especially when the
temperature varies between 20 and 30 °C.
Germination of Withania somnifera seeds was
found to be both temperature and light-dependent.

Regarding the seedling vigor index this higher

temperature- light regime would contribute to an

increased metabolism of the embryo in the seeds,
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what would increase seedling vigor index
(D’Antuono and Rossin, 1995; Sorlino, 2001). The
decreased in seedling vigor may also be an
indication of seed dormancy or it could be in
response to physical changes in the seed coat that

restrict germination (Thomson and Witt, 1987).

Concerning the dormancy, the result of the
present work showed that dormancy decreased
with increasing temperature regardless of the
photoperiod in all studied species. This may be
because dormancy in desert seeds could be
considered as an adaptative mechanism to meet
the hard conditions of the natural habitats.
Dormancy due to light or heat requirements could
play roles in the mechanisms of germination
regulation in the desert seeds. The same also
applies to dormancy due to presence of
germination inhibitors in the seed or the seed coat

(Hammod and Baker, 1969).

Temperature is the single most important factor
regulating germination of non-dormant seeds in
irrigated, annual agroecosystems at the beginning
of the growth season where light, nutrients, and
moisture are typically not growth limiting (Garcia-
Huidobro et al., 1982). Temperature has a dual role
on dormant seeds; on one hand it regulates the
seasonal changes in dormancy, and on the other
hand seed germination. The temperature not only
determine the germination percentage but also the
germination rate. Low temperatures resulted in a
low germination rate whereas high temperatures
showed increased germination rate. It can be
concluded that temperature has an important role
in germination of weed seeds, since it both
determines the range of temperatures over which
germination is possible (dormancy) and is one of
the limiting environmental factors during the

germination process itself (Riemens et al.,, 2004).

Under the low temperatures the metabolic
activities was relatively low and responses could not
be observed in the plants (Okuzanya, 1980). On the
other hand, high temperatures for long periods
could induce protein denaturations. The cardinal
temperatures of the seed germination reflected the
conditions that led to rapid development of their
seedlings (Larcher, 2000). The promotion of seed
germination in investigated species may be due to
gibberellins synthesis in seeds as GA biosynthesis is
regulated by both light and cold temperature. The
final step in active GA biosynthesis is catalyzed by
gibberellic acid 3-oxidase (GA;ox) and importantly,
the expression of both seed-expressed GA3ox
isoforms is promoted by both light and cold
stratification (Yamaguchi et al., 2001, 2004).

CONCLUSIONS

Present study points some ecological strategies
employed by seeds of semi desert new reclaimed
region to deal with light and temperature

combinations.

The result of this study might have large
implications for agriculture and control of some
solanaceae species. It provides part of the
information, which is needed for predicting time of
emergence and, thus, contribute to a more efficient

weed control.

Moreover, the promotion effect of thermal-light
interaction during the experiment is clearly shown
in the present work. This fact verifies the thermal-

photophilous nature of these investigated species.
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