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Abstract: The effect of ecological factors on germination of Emex spinosa was examined in laboratory
experiments. Seeds were graded manually into large, medium and small, having weights 3.333, 1.952 and 0.886
g /100 seeds, respectively. Seeds germinated over a range of 10-20 °C, with optimum germination (89.17%) at
15 °C, showing a trend towards decrease in germination percentage, germination index and markedly increasing
mean germination time with lowering temperature. Seed germination was observed under both light and
complete darkness. Emex spinosa germination was 77.5% with distilled water and 41.66% at 150 mM NaCl
concentration, while mean germination time increased and germination index decreased by increasing the
salinity levels. Germination of E. spinosa decreased from 68.33% to 0.83% as osmotic potential increased from
0  to -0.8  M  Pa.  Mean  germination  time and germination index also decreased by increasing water stress.
Emex spinosa seedling emergence was at it’s highest (50.83) at soil surface and no seedling emerged at a depth
of 8 cm, while mean germination time and germination index decreased by increasing seeding depth. Seed size
showed non-significant results on all germination traits. Our results indicate that E. spinosa have ability to
germinate under various conditions but the percentage that germinates will be different under different
ecological conditions.
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INTRODUCTION Chachalis et al. [6]  observed  that  the  germination

Devil’s thorn or spiny emex (Emex spinosa L.
compd.), a member of the polygonaceae family, native to
the Mediterranean region is somewhere considered as
noxious weed. It is associated with cereals like wheat
(Triticum aestivum L.); pulses like gram (Cicer arietinum
L.) and fodders like Lucerne (Medicago sativa L.) and
barseem clover (Trifolium alexandrinum L.). Due to high
competitive ability and reproductive potential, this specie
is expected to be a serious threat to cereals and pastures
in near future for Pakistan [1].

Seed germination is one of the critical  phases in
plant development. Each plant species has specific
environmental requirements for germination [2]. Various
environmental factors such as light, moisture, salt stress,
pH and seed burial depth affect weed germination [3].
Temperature and light are considered the most important
environment signals regulating germination, species
distribution  and ecological interaction [4]. Moisture
stress may delay, reduce or prevent germination and
growth of plant [5]. Ability to germinate under conditions
of moisture stress may enable a weed to take advantage
of conditions that limit the growth of other species.

of Venice mallow (Hibiscus  trionum)  was  28  to 58%
with  a  broad  range  of  pH  (3-11)  and  seeds  were
rather  tolerant  to  low water potential (20% germination
at  -1.2  M  Pa).  Germination  is  delayed and reduced
when  salt  stress  exceeds  to  a critical level by
decreasing the ease with which seed imbibe water or
facilitating  the  entry of  ions  in  an  amount  high
enough to be toxic [7]. The level of salinity at which
germination  is   reduced   varies   with  species,
genotype,  environmental    conditions,   osmotic
potential  and specific ions [8]. Seed burial depth affects
germination and emergence [9] by influencing the
availability  of  moisture,   temperature   and  light
exposure [10].

A better understanding of germination of E. spinosa
could facilitate development of effective weed control
options. The information would also be helpful in
predicting its potential for spreading into new areas.
Therefore, the present studies were conducted to
determine the effects of temperature, light, salt stress,
drought  and  seeding   depth   on   seed  germination of
E. spinosa.
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MATERIALS AND METHODS Drought Stress: For making the required concentration of

Seed Description:  Experiments  were  conducted at used in distilled water. For this 11.76, 14.5, 17.8 and 21.1g
Weed Science  Laboratory, Department of Agronomy, PEG was used to prepare -0.2, -0.4, -0.6 and -0.8 M Pa
University of Agriculture, Faisalabad, Pakistan during concentration, respectively in 100 ml of distilled water
September to December 2009. The mature seeds of E. keeping in mind that the solution was of 100 ml inclusive
spinosa were collected from wheat crop at maturity in of PEG. After making the solutions, these were tested by
April, 2009; dried at room temperature (25°C) for a week the apparatus named osmometer. Ten seeds of each size
and then stored in paper bags at room temperature until of E. spinosa were placed evenly on Whatman No. 10
use. Seeds were graded manually into large, medium and filter paper in 9 cm diameter Petri dishes. Five ml solution
small, having weights 3.333, 1.952 and 0.886 g /100 seeds, of osmotic potential of 0, -0.2, -0.4, -0.6 and -0.8 M Pa
respectively. (measured by osmometer) according to drought level was
Details of different ecological factors studied are: given to each Petri dish separately and then was applied

Temperature: Ten seeds of each size of E. spinosa were conditions received distilled water. Petri dishes were
placed evenly on Whatman No. 10 filter paper in 9 cm placed in a germinator having temperature 20°C.
diameter Petri dishes separately. Initially 5 ml distilled
water was given to each Petri dish, then the water was Seeding  Depth:  Ten seeds of each size of E. spinosa
applied whenever needed. Petri dishes were placed in the were placed  evenly  according  to seeding depths (0, 2,
germinators having temperature of 10, 15 and 20°C. 4,  6,  8  cm)  in  10 cm diameter plastic pots. Sand was

Light: Ten seeds of each size of E. spinosa were placed distilled water was given to each pot and then was applied
evenly on Whatman No. 10 filter paper in 9 cm diameter
Petri dishes. Petri dishes were covered with single layer of
aluminum foil to ensure no light penetration, or left
uncovered to allow continuous light exposure. Initially 5
ml distilled water was given to each Petri dish, then the
water was applied whenever needed. Petri dishes were
placed in a germinator having temperature of 20°C.

Salinity: The saline solutions were made by dissolving
58.8g NaCl in distilled water in 1000 ml flask. This  gave
the stock solution. After  that  with  the  help  of  this
stock solution, the solutions of required concentrations
were prepared i.e. 25, 50, 75, 100,  125  and  150  ml  of
stock  solution  were  dissolved  in distilled water to fill
the  1000  ml flask separately for 25, 50, 75, 100, 125 and
150 mM solutions,  respectively.   Ten   seeds   of   each
 size  of E. spinosa were placed evenly on Whatman No.
10 filter paper in 9 cm diameter Petri dishes. Sodium
chloride (NaCl) solution of known concentration was
applied in Petri dishes for salt stress. Initially 5 ml solution
each of 25, 50, 75, 100, 125 and 150 mM according to
salinity level was given to each Petri dish separately, then
the solution of required concentration was applied
whenever needed. Petri dishes under controlled
conditions received distilled water. Petri dishes were
placed in a germinator having temperature 20°C.

osmotic potential polyethylene glycol (PEG-6000) was

whenever needed. Petri dishes under controlled

used as media for germination in pots. Initially, 150 ml

whenever needed. These pots were placed in a
germinator, having temperature 20°C.

Statistical  Analysis:  All  experiments  were  conducted
in a completely randomized design with factorial
arrangements. Treatments of each experiment were
replicated four times. Each replication was placed on a
different shelf in the germination incubator. Germination
counts were made every day for 2 weeks. A seed was
considered germinated when the tip of the radical (2 mm)
had grown free of the seed coat. Each experiment was
carried out two times and statistical analysis was
performed on mean of the two repeats. Data regarding
seed germination percentage, germination index (GI), [11]
and mean germination time (MGT) [12] were recorded up
to 14 days and then analyzed statistically analyzed using
the Fisher’s analysis of variance function of M STAT C
statistical computer package and LSD at 5% probability
was used to compare the treatment’s means [13].

RESULTS AND DISCUSSION

Temperature and Germination: The data presented in
Figure 1 and  2  showed  that  the  effect  of temperature
on germination percentage, mean germination time and
germination    index      was      significant.      The   highest
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Fig. 1: Effect of temperature on germination of Emex Fig. 3: Effect of salinity on germination of Emex spinosa.
spinosa. Means followed by the same letter did not differ
Means followed by the same letter did not differ significantly according to LSD test (P < 0.05).
significantly according to LSD test (P < 0.05).

Fig. 2: Effect of temperature on MGT and GI of Emex (77.50%) of E. spinosa was found where distilled water
spinosa. was applied which was statistically at par with the
Means followed by the same letter did not differ treatments where 25, 50 and 75 mM saline solutions were
significantly according to LSD test (P < 0.05). applied. While the significantly lowst germination

germination percentage (89.17%) of E. spinosa was found solution was applied which was statistically at par with
where 15°C temperature was maintained which was the  seeds  receiving  125 and 150 mM saline solution.
statistically at par with the germination percentage Data show that germination was observed even at higher
(88.33%) at 20°C. The lowest germination percentage levels of salinity. These results are synchronized by the
(55.83%) was observed where 10°C temperature was findings of Zia and Khan [15]. They investigated seed
maintained. Similar results were obtained by Gorai and germination responses of L. stocksii at different salinities
Neffati [14] in a laboratory experiment where germination (0, 100, 200, 300, 400 and 500 mmol/L NaCl) and recorded
response of Reaumuria vermiculata to temperature the highest percentage of germination (about 100%) at 0,
between 10°C and 30°C seem to be favorable for the 100 and 200 mmol/l NaCl  and a further increase in salinity
germination of this species. Germination was inhibited by resulted in a gradual decrease in germination. The results
decreased temperature. are  also  confirmed  by those of [16]. They observed that

 The highest mean germination time (8.84 days) was
observed in the treatment where the temperature
maintained was 10 °C, whereas minimum mean germination
time (4.42 days) was obtained where the temperature was
20 °C which was statistically at par with that where
temperature maintained was 15°C. It means that mean
germination time increased by lowering the temperature
and vice versa. The highest germination index (6.36) was
obtained where the temperature maintained at 20°C, while
significantly lowest germination index (1.54) was found
where temperature maintained was 10 °C.

Salinity and  Germination:  The  data  presented in
Figure 3 show that maximum germination percentage

percentage (41.66%) was obtained where 150 mM saline
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Fig. 4: Effect of salinity on MGT and GI of Emex spinosa. Fig. 7: Effect o seeding depth on germination of Emex
Means followed by the same letter did not differ spinosa.
significantly according to LSD test (P < 0.05). Means followed by the same letter did not differ

Fig. 5: Effect of drought on germination of Emex spinosa. Fig. 8: Effect of seeding depth on MGT and GI of Emex
Means followed by the same letter did not differ spinosa.
significantly according to LSD test (P < 0.05). Means followed by the same letter did not differ

Fig. 6: Effect of drought on MGT and GI of Emex solution. The significantly highest germination index
spinosa. (5.68) of E. spinosa was found in control treatment which
Means followed by the same letter did not differ was statistically at par with treatments where 25, 50 and 75
significantly according to LSD test (P < 0.05). mM   saline    solutions      were     applied.    The   highest

significantly according to LSD test (P < 0.05).

significantly according to LSD test (P < 0.05).

the germination of horseweed (Conyza canadensis) was
> 20% at < 40 mM NaCl concentration and lowest (4%) at
160 mM NaCl.

The  highest  mean  germination time (8.07 days) of
E. spinosa seed was found where the treatment applied
was  150  mM level of salinity which was statistically at
par with those receiving 125 mM saline solution (Fig. 4).
The lowest mean germination time (4.25 days) was
obtained  where  25  mM saline solution was applied
which was statistically at par with the treatments
receiving distilled water, 50, 75 and 100 mM saline
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germination index (2.7) was obtained where 100 mM saline Study indicates that E. spinosa seeds of  different
solution was applied which was statistically at par with
the treatments receiving 125 and 150 mM saline solution.

Drought stress and Germination: The significantly
highest germination percentage (68.33%) of E. spinosa
was found in control (distilled water) treatment, while the
significantly lowest germination percentage (0.83) was
obtained at -0.8 M Pa which was statistically at par with
the treatment  receiving  -0.6  M  Pa  level of drought.
Data shown in Figure 5 revealed that by increasing the
drought, germination percentage decreased corroborated
with Nandula et al. [16]. They found that germination of
horseweed (C. canadensis) decreased as osmotic
potential increased from 0 (distilled water) to -0.8 M Pa.
Germination of pitted morning glory (Ipomoea lacunosa)
in laboratory and green house experiments also decreased
with increasing moisture stress, with less than 3%
normalized germination at -0.1 M Pa [17].

Maximum   mean   germination   time   (4.90  days) of
E. spinosa was found at -0.2 level of drought which was
statistically at par with that of control (Figure 6).
Statistically minimum mean germination time (0.14 days)
was obtained with -0.8 MPa level of drought. Data shown
in Figure 6 revealed that mean germination time was
decreased by increasing drought level. Statistically
maximum germination index (3.49) of E. spinosa was found
at (0 MPa) level of drought while minimum germination
index (0.16) was obtained at -0.6 MPa level of drought
which was statistically at par with the treatment receiving
-0.8 MPa level of drought. Generally, germination index
decreased with increase in drought stress.

Seeding Depth and Germination: Statistically maximum
emergence percentage (50.83%) of E. spinosa was found
where seeding depth was zero while statistically minimum
emergence percentage (0%) was obtained where seeding
depth was 8 cm (Figure 7). It was also confirmed by Rao
et al. [10]. They reported that seedling emergence of
American sloughgrass (Beckmannia syzigachne) was
highest when seeds were placed on the soil surface (91%)
but declined with burial depth.

Statistically  maximum   mean    germination   time
(8.25 days) of E. spinosa was found at  zero  seeding
depth while  statistically  minimum   mean   germination
time (4.55 days) was recorded at 2 cm seeding depth
(Figure 8). Statistically maximum germination index (3.72)
of E. spinosa was found where seeding depth was zero
while statistically minimum germination index (0.6) was
obtained seeding depth was 6 cm. Effect of light and seed
size on all germination traits was non significant.

size have equal potential to germinate under different
ecological conditions. In our study, maximum E. spinosa
emergence occurred from seeds sown on soil surface, so,
it can also be concluded that tillage practice that achieve
burial of E. spinosa seed will discourage its seedling
emergence.
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