GERMINATION ECOLOGY OF Rhynchosia capitata: AN EMERGING
SUMMER WEED IN ASIA'
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ABSTRACT - Rhynchosia capitata is becoming an increasing problem in summer crops, such as
cotton, soybean, pearl millet and mungbean in many Asian countries. Laboratory and
greenhouse studies have been conducted to determine the effects of several environmental
factors on seed germination patterns and seedling emergence of R. capitata. We investigated
whether the diverse ecological factors such as temperature, light, salinity, moisture stress,
pH, and soil depth affected germination and seedling emergence of R. capitata. Germination
increased as temperature increased from 25°C and significantly reduced at 45 °C. Presence
or absence of light did not influence germination. Germination of R. capitata was sensitive to
increased salt and moisture stress, as well as to seed burial depth. Only 48% of seeds
germinated at 150 mM salt concentration compared to 100% in control (distilled water).
Similarly, 15% of seeds germinated at an osmotic potential of -0.8 MPa compared to 88% at
-0.2 MPa. The optimum pH for seed germination of R. capitata was 7 (98% germination), but
the seeds also germinated at lower level of pH 5 (85%) and at higher level of pH 10 (75%). In
seed burial trial, maximum seedling emergence of 93% occurred at 2 cm depth, and seedling
did not emerge from a depth of 12 cm. The high germination ability of R. capitata under a wide
range of ecological factors suggests that this species is likely to be the one to cause more
problems in a near future, if not managed appropriately.
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RESUMO - A Rhynchosia capitata vem se tornando um problema crescente para culturas de
verdo como algodao, soja, milheto e feijado-mungo em muitos paises asidticos. Foram feitos estudos de
laboratério e estufa para determinar os efeitos de varios fatores ambientais sobre os padrées de
germinagdo das sementes e emergéncia das plantulas de R. capitata. Diversos fatores ecolégicos,
tais como, temperatura, luz, salinidade, estresse hidrico, pH e profundidade do solo foram avaliados
para saber se afetam a germinagdo e emergéncia das plantulas de R. capitata. A germinagdo aumentou
a medida que a temperatura aumentou a partir de 25 °C e reduziu significativamente a 45 °C. A
presenga ou auséncia de luz néo influenciou a germinagéo. A germinagdo das sementes de R. capitata
se mostrou sensivel ao aumento dos estresses hidrico e salino, bem como a profundidade do enterrio
das sementes. Apenas 48% das sementes germinaram a 150 mM de concentragdo salina, em comparagéo
com 100% no controle (dgua destilada). Do mesmo modo, 15% das sementes germinaram aum potencial
osmético de -0,8 MPa, em comparagdo com 88% a-0,2 MPa. O pHideal para a germinagdo de sementes
de R. capitata foi 7 (98% de germinagao), mas as sementes germinaram também a um nivel inferior
de pH 5 (85%) e superior de pH 10 (75%). No experimento de enterrio das sementes, a mdaxima
emergéncia das plantulas de 93% foi a 2 cm de profundidade e as plantulas nao emergiram a partir
daprofundidade de 12 cm. A alta capacidade de germinacao da R. capitata sob uma ampla gama
de fatores ecolégicos sugere que provavelmente esta espécie serd a que mais causard problemas em
um futuro préximo se nao for gerida de forma adequada.
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INTRODUCTION

The genus Rhynchosia of family Fabaceae
is widely distributed in the mountainous
regions of the tropics. Rhynchosia capitata, an
emerging annual summer weed, is indigenous
to Pakistan (Jahan et al., 1994), India (Dogra
et al., 2009), and Sri Lanka (Ildis, 2010). It
has invaded the cultivated areas of Southern
Punjab of Pakistan and is increasingly
becoming a problematic weed in farming
systems (Ali et al., 2011). Among the various
factors that cause low yield in Pakistan,
weeds play a major role. Yield losses due to
uncontrolled weed growth in mungbean range
from 35 to 69% (Yadav & Sing 2005; Raman &
Krishnamoorthy, 2005), in cotton from 15 to
40% (Khan & Khan 2003) and in soybean from
58 to 85% depending on the type and weed
intensity of infestation (Kolhe et al., 1998).

In the field, weeds emerge from the seed
just after irrigation. It is an annual twinning
prostrate plant with many branches spreading
all around the rootstock and rooting at every
node. Approximately one month old plants start
flowering and oval-shaped pods appear with two
seeds in each pod (Sharma et al., 1978). Seeds
usually require scarification to germinate.
Seed dormancy is the major motive of the
success of this species, since it allows the
seeds of this species to remain for long periods
in the soil and thus escape the effects of
post-emergence weed control measures.
The growing season happens from May to
October with minimum and maximum
mean temperatures of 29/21 £+ 3 °C and
39/29 =+ 3 °C, respectively, and average rainfall
0of 650 mm (Ali et al., 2011).

One of the major objectives of seed
germination ecology is to assess how the
timing of germination occurs in nature.
Research on seed germination ecology helps
to recognize and explain plant evolution and
ecological adaptation (Baskin et al., 2004).
Seed germination is a susceptible stage in
plant life cycle and seedlings are frequently
exposed to variable environmental conditions.
Consequently, for weed management, all
possibilities of mortality at the stage of
seedling emergence should be considered
(Chauhan & Johnson, 2009). Only a thorough
understanding of weed ecology can bring
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about further improvements in current
weed management practices. The extensive
literature on seed germination illustrates
that germination is influenced by several
environmental factors including light,
temperature, moisture and burial depth
through tillage (Benech-Arnold et al., 2000).

Since there is no information about
R. capitata, we should consider some insights
on related species of the family Fabaceae.
Temperature is the primary factor governing
seed germination. Many weed species have
the ability to germinate under a wide range of
temperature levels. A range of alternating
temperatures has little influence on the
germination of giant sensitive plant (Mimosa
invisa) seeds (Chauhan & Johnson, 2008). In
the distribution of weed seeds at various soil
depths, the germination response of seeds may
vary according to different soil temperatures
and moisture contents (Chauhan et al.
2010). In many weed species like Mimosa
pudica, absence of light had no effect on seed
germination (Chauhan & Johnson, 2009a).

Salinity is a considerable problem in most
of the irrigated lands of Punjab, Pakistan
(Azhar & Tariq, 2003). Salts can also affect
seed germination either by limiting water
availability or by causing specific injury
through ions to the metabolic mechanism.
Seeds of M. invisa have the ability to germinate
when exposed to a wide range of saline
conditions (Chauhan & Johnson, 2008).
However, germination of Lotus creticus was
significantly delayed and reduced with
increased NaCl to levels above 300 mM
(Rejili et al., 2009). Another factor that may
negatively affect seed germination is
moisture stress (Wilson et al., 1985). Seeds
exposed to unfavorable environmental
conditions, like water stress, have poor
seedlings establishment (Albuquerque &
Carvalho, 2003).

Awareness about emergence patterns of
weed seedlings at different soil depths is
important for the successful employment of
many weed management strategies (Leon &
Owen, 2006). The placement of weed seeds in
the soil plays a significant role in seedling
emergence and seed survival (Reuss et al.,
2001). Burial of weed seeds to variable depths
may not only influence total seedling
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recruitment from the soil, it could also affect
the vigor of the seedlings that establish
(Cousens & Moss, 1990). Weed seed mortality
in and on soil vary according to weed species,
seed burial depth and soil disturbances
(Mohler, 2001).

Many weed seeds can germinate over a
broad range of pH (Chauhan & Johnson, 2008).
Lefevre (1956) reviewed the pH tolerance of
60 weeds and grouped them into basophile
(love basic soils), e.g., sow thistles (Sonchus
oleraceus), green sorrel (Rumex acetosa),
quack grass (Elymus repens), and dandelion
(Taraxacum officinale); acidophile (love acid
soil), e.g., red sorrel (Rumex cetosella), corn
marigold (Chrysanthemum segetum), and
neutrophile. Generally, the seeds of family
Fabaceae are sensitive to acidity (Brkic et al.,
2004).

Nothing is known about the germination
ecology of R. capitata, making this type of
weed more difficult to manage. Therefore,
the specific objective of this study was to
determine the effects of temperature, light,
salt stress, osmotic stress, seeding depth, and
pPH on R. capitata seed germination and
seedling emergence.

MATERIALS AND METHODS
Seed collection

Mature pods of R. capitata were collected
from more than 500 plants from mungbean
fields around Layyah, Southern Punjab,
Pakistan (30° 57° N, 70° 56’ E) in October 2010.
Immediately after collection, seeds were
isolated from the pods, separated from the
undesired materials and unripe seeds, placed
in plastic containers, and stored at room
temperature (25+1.4 °C) before used in the
experiments. Only mature and uniform-sized
seeds were used for various seed germination
experiments.

Germination test

The seeds were surface sterilized by
soaking in 5% sodium hypochlorite (NaOC])
solution for 5 min and subsequently rinsed
thoroughly with sterilized water. After rinsing,
the seeds were left to dry out on the blotter

paper at laboratory temperature (25+1.4 °C).
Seed germination was estimated by placing
25 seeds evenly in a 9 cm diameter Petri dish
containing two layers of Whatman No. 1 filter
paper, moistened with 5 mL distilled water or
a treatment solution. Seeds of R. capitata had
high levels of innate dormancy and were
scarified by sand paper (the seed coat was
sanded with a # 80 wood sandpaper at an area
opposite from the embryo until the cotyledon
was exposed) before applying any treatment
(Ali et al., 2011). Scarified seeds were used in
all experiments. All dishes were sealed with a
strip of parafilm to reduce water loss and placed
in a germinator at 30 °C. Germination counts
were made every day for 4 wk. A seed was
considered to have germinated when the tip
of the radicle (2 mm) had grown out of the seed.

Experiment 1: effect of temperature on
the germination of R. capitata

To know whether seeds of R. capitata
have the ability to germinate under various
temperatures, as seed might experience a
wide range of temperature conditions in
southern Punjab of Pakistan, seeds were placed
in germinators at various temperatures (20,
25, 30, 35, 40 and 45 °C) to determine optimum
temperature for germination.

Experiment 2: effect of light and darkness
on the germination of R. capitata

The influence of light on the germination
of R. capitata seeds was assessed. Scarified
seeds were placed evenly at Whatman
No. 10 filter paper in 9 cm diameter Petri dish
wrapped in two layers of aluminum foil to
ensure no light penetration (dark), or left
uncovered to allow light exposure (light/dark)
and placed in a germinator at 30 °C.

Experiment 3: effect of different levels of
salt stress on the germination of
R. capitata

To assess germination ability of R. capitata
under different levels of salt stress, scarified
seeds of R. capitata were placed evenly at
Whatman No. 10 filter paper in 9 cm diameter
Petri dish. NaCl solutions (5 mL) of 0, 50, 100,
150, 200 and 250 mM concentrations were
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given to each Petri dish separately and were
sealed with a strip of parafilm to prevent
moisture loss. Afterwards, Petri Dishes were
placed in a germinator at 30 °C.

Experiment 4: effect of different levels of
osmotic potential on the germination of
R. capitata

The germination response of R. capitata
under different levels of moisture stress
was assessed under laboratory conditions.
Polyethylene glycol with a molecular weight
of 8000 (PEG-8000) was used as a drought
stimulator and water stress levels of zero
(control), -0.2,-0.4,-0.6, -0.8 and -1.0 MPa were
developed according to the equation proposed
by Michel (1983). The selected ranges of
osmotic potentials simulate water stress
levels that occur in most farming systems of
Punjab, Pakistan during the summer.

Experiment 5: effect of different levels of
PH on the germination of R. capitata

The effect of pH on the germination of
R. capitata was studied using buffer solutions
of pH 5 to 10 prepared as described by Reddy &
Singh (1992) to simulate the pH ranges of
Pakistani soils. A 2-mM solution of MES
[2-(N-morpholino) ethanesulfonic acid] was
adjusted to pH 5 or 6 with 1 N NaOH. A 2-mM
solution of HEPES [N-(2-hydroxymethyl)
piperazine- N-(2-ethanesulfonic acid)] was
adjusted to pH 7 or 8 with 1 N NaOH. A pH 9
or 10 buffer was prepared with 2-mM tricine
[N-tris (hydroxymethyl) methylglycine] and
adjusted with 1 N NaOH. Unbuffered deionized
water (pH 6.3) was used as a control.

Experiment 6: effect of different levels of
sowing depth on the seedling emergence
of R. capitata

To study the effect of different levels of
sowing depth on the seedling emergence of
R. capitata, 50 scarified R. capitata seeds
were placed on the soil surface in 14-cm-diam
plastic pots and then covered with soil to
achieve burial depths of O, 2, 4, 6, 8, 10 and
12 cm. The sandy loam soil was used for this
experiment with 0.7% organic carbon and a
pH of 7.5. Control pots, where seeds were not
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added, indicated that there was no background
seed bank of R. capitata in the study soil.
Soil was sieved in a 3 mm sieve. Pots were
watered as needed to maintain adequate soil
moisture. Emergence was counted daily and
the experiment was carried out 40 d after
burial. The temperature of the glasshouse
ranged from 32.6 to £ 3.7 °C during the day and
from 23.8 to £+ 3.2 during the night.

Statistical analysis

Each experiment had a completely
randomized design (CRD) with four replications.
All experiments were repeated. The data from
the repeated experiments were combined
because there was no time-by-treatment
interaction. The germination index (GI) was
calculated as described by the Association of
Official Seed Analysts (AOSA, 1990) by using
the following formula:

_ No. of germinated seeds

Gl = +-————- +
Days of first count

No. of germinated seeds

Days of final count

Time taken to 50% germination of
seedlings (T, ) was calculated according to the
following formulae of Coolbear et al. (1984),

(N/2=n)t,~1,)

n,—n,

50 i

where N is the final number of germinated
seeds, and 7, and 7 are the cumulative number
of seeds germinated by adjacent counts at
times 7 and L, respectively, when n < N/2 < n.

Mean germination time (MGT) was
calculated according to the equation of Ellis &
Roberts (1981):

MGT=3 (D) / =n

where 7 is the number of germinated seeds or
emerged seedlings on day D and D is the total
number of days counted from the beginning of
germination.

Germination (%) values at different
concentrations of NaCl, osmotic potential as
well as emergence (%) of the seeds buried at
different depths were fitted to a functional
three-parameter logistic model (Chauhan
et al., 2006) using Sigma Plot 2008 (version
11.0). The fitted model was
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(G@) =G _[[1+@x)G 1} (eq 1)

where G is the total germination (%) at
concentration x, Gmax is the maximum
germination (%), x,, is the NaCl concentration
or osmotic potential for 50% inhibition of
the maximum germination and G _,, indicates
the slope. Similarly, in case of seedling
emergence, the model fitted was {£ (%) =F,__
/[1+(x/x50) E ]} where E is the total seedling
emergence (%) atdepth x, £ is the maximum
seedling emergence and E _  indicates the
slope. In all other experiments, means were
separated using LSD at P = 0.05.

Data were analyzed statistically by Fisher’s
ANOVA function of the MSTAT statistical
computer package, and LSD at 5% probability
was used to compare treatment means (Steel
et al., 1997).

RESULTS AND DISCUSSION
Temperature and light

Rhynchosia capitata seed germination was
significantly higher (97.5%) at 30 °C followed
by 82.5% at 35 °C (Table 1). The lowest
germination (17.5%) was recorded at 45 °C.
Rhynchosia capitata seeds took minimum time
(0.83 days) to complete 50% germination at
25 °C, which was statistically at par with 30 °C
and 20 °C in which the seeds took 0.89 days
and 0.91 days to complete 50% germination,
respectively. Germination index (GI) was
significantly high (7.12) at 30 °C followed by
5.71 and 5.70 at 25 °C and 35 °C, respectively.
Minimum MGT (2.16 days) was observed at
25 °C while the seeds took maximum MGT
(2.87 days) at 45 °C.

The response of R. capitata to a range of
temperatures is similar to that reported for
other weed species, such as giant sensitive
plant (M. invisa) (Chauhan & Johnson, 2008).
Rhynchosia capitata germinates under a broad
range of temperatures and other environmental
conditions, for instance, it is able to germinate
in dense shaded areas, such as under a crop
canopy. The optimum temperatures for
R. capitata germination are similar to those of
summer temperatures in southern Punjab,
Pakistan. Temperature below a constant
temperature of 25 °C was not favourable for
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Table 1 - Effect of different temperatures on the germination of
R. capitata

Treatment Gem(lol/zl; tion ( d]e;S;S) (1\(;[;},;1; GI

Temperature (°C)
45 17.5¢ 2.76 a 2.87 a 0.66 d
40 65.0c¢ 1.35b 2.32b 4.04 c
35 82.5b 146 b 2.24 be 571b
30 97.5a 0.89 ¢ 2.19 be 7.12a
25 75.0b 0.83¢ 2.16 ¢ 570 b
20 55.0d 091 ¢ 2.19 be 4.04 ¢

LSD (0.05) 8.0230 0.1150 0.1557 0.7082

Means followed by the same letter in a column did not differ
significantly according to LSD test (p < 0.05). T,: Time needed
for 50% germination; MGT: Mean germination time; GI:
Germination index; LSD: Least significance difference.

germination; as a result, the spreading of
this weed may be limited to the warmer
temperatures of summer in these regions.
Similar results may be found in soil under field
conditions at these temperatures, because this
weed starts to germinate soon after irrigation
or rainfall.

Rhynchosia capitata seeds germinated in
both light and dark conditions. The response
of R. capitata to light and dark was similar to
that observed by Chauhan & Johnson (2008)
in giant sensitive plant (M. invisa) in which
seed germinated similarly in the presence of
light and in the dark. Seeds of R. capitata are
able to germinate in complete darkness; this
could explain why germination occurs from
deep depths in soils, under plant canopy and
litter shade.

Salt stress

A three-parameter logistic model {G (%)
=94.6/ [1 + (x/137.6)°2], R? = 0.96} was fitted
to the germination data found at different
concentrations of NaCl (Figure 1). Data
suggest that R. capitata seed germinated
even at high salinity levels. Germination
was greater than 90% at O mM NaCl and
some germination (10%) occurred even at
200 mM NaCl. Germination was completely
inhibited at 250 mM NaCl. The concentration
for 50% inhibition of the maximum
germination, estimated from the fitted model
(Equation 1), was 137.6 mM NaCl.
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Figure 1 - Effect of sodium chloride (NaCl) concentration on
the germination of R. capitata. Line represents the functional
three-parameter logistic model {G (%) = G,/ [1 + (x/

x,) 7]} fitted to the data.

Results show that R. capitata seeds are
able to germinate even at high soil salinity
and such soil types are common in many parts
of Punjab, Pakistan (Azhar & Tariq, 2003).
Similar results were found by Chauhan et al.
(2006) in annual sowthistle (Sonchus oleraceus)
in which more than 90% of seeds germinated
at a low level of salinity (40 mM NaCl) and
some seeds (7.5%) germinated even at 160 mM
NacCl.

It is a well-known fact that salinity
affects seed germination adversely due to
disturbances in physiological and metabolic
processes occurring in a plant body (Afzal et al.
2006). Response of R. capitata to salinity may
be due to its affect on seed germination by
generating an external osmotic potential that
avoids water uptake or due to the toxic effects
of Na* and CI ions on the germinating seed,
which has also been reported by Khajeh-
Hosseini et al. (2003). In other words,
R. capitata was found comparatively more
tolerant to salinity, as it had 7.5 percent
germination at 200 mM of NaCl concentration
compared to its control treatment against
higher salinity levels.

Osmotic stress
A three-parameter logistic model {G (%) =

94.8 / [1+ (x/-0.8)], R? = 0.98} was fitted to the
germination values (%) found at different
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osmotic potential (Figure 2). Germination
decreased from 100 to 15% as osmotic potential
increased from O to -0.6 MPa. Germination
was completely inhibited at osmotic potential
of -1.0 MPa. However, more than 10%
germination at an osmotic potential of -0.6 MPa
indicates that some seeds of R. capitata can
germinate under marginal water-stress
conditions. The osmotic potential for 50%
inhibition of the maximum germination,
estimated from the fitted model (Equation 1),
was -0.48 MPa.

Results suggest that R. capitata is a
weed favoured by a moist environment that
may occur in field conditions just after rainfall
or irrigation. Lowest germination (15%) at
an osmotic potential of -0.8 MPa indicates
that R. capitata can germinate under moderate
water stress conditions, which are typical
during the summer in the dry region of Punjab.
Likewise, germination of annual sowthistle
(Sonchus oleraceus) also decreased from
95% to 11% as osmotic potential increased
from O to -0.6 MPa and was completely
inhibited at osmotic potential greater than -
0.6 MPa (Chauhan et al., 2006). In contrast
to R. capitata, trumpet creeper (Campsis
radicans) (Chachalis & Reddy, 2000) was
highly sensitive to low osmotic potential.
Germination of R. capitata over this range of
osmotic potential indicates that this weed
could pose a weed threat under low and high
soil moisture conditions.

1001 = . G(%) = 94.8/[1+(x/-0.48)
3 R2=0.98

_ goq —w
Q .
5 oo
®
£
E 40 1
[

20 -0.48 I ----------

0 . r r —_— T ol
0.0 02 04 0.6 08 1.0

Osmotic potential (MPa)

Figure 2 - Effect of osmotic potential on the germination of R.
capiata seeds. Line represents the functional three-parameter
logistic model {G (%)= G/ [1+ (xlx,)7*]} fitted to
the data.

max
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pH

Seeds of R. capitata were able to germinate
over a wide range of pH (5-10). Seed
germination was less affected with increased
rate of pH from 6 to 8 and then reduced at
higher pH levels (Table 2). Maximum
germination (97.5%) was recorded at pH 7,
followed by 95% and 92.5% at pH level of 8 and
6, respectively, but these were statistically at
par with one another. Seed germination was
85% and 75% at pH 5 and 10, respectively.
However, at pH level of 10, time to 50%
germination (1.66 days) and MGT (2.97 days)
was at maximum as compared to other pH
levels.

In Pakistan, soils are mostly developed
from calcareous alluvial and loessial deposits,
so most of the soils have alkaline pH and low
organic matter (OM) contents under canal and
tube well irrigated areas of Punjab (Niaz et al.,
2007). Therefore, germination and survival of
R. capitata over a broad range of pH indicates
that pH may not be a limiting factor for
germination in most soil conditions of
Pakistan. These results are similar to those
reported for seeds of giant sensitive plant (M.
invisa) which germinated best from pH 4 to 10
(Chauhan & Johnson, 2008.). Our data suggest
that this species may harm summer crops and
pastures throughout Punjab, where soil pH can
widely vary.

Burial depth

Rhynchosia capitata seedling emergence
data were also fitted to three-parameter
logistic model {E (%) = 88.08/ [1 + (x/ 7.74) 3]},
R? = 0.99; where E represents seedling
emergence (%) and x represents depth (cm) of
seed burial]. Seedling emergence of R. capitata
decreased with increased planting depth
(Figure 3). Seedling emergence was greater
than 80% for seeds placed on the soil surface
and no seedlings emerged from seeds placed
at a depth of 12 cm. The emergence of
seedlings at deeper soil layers (10 cm) showed
that light is not a limiting factor for the
germination of R. capitata.

When seeds buried at 10 and 12 cm depths
were examined, it was found that most of
the seeds at 10 cm depth and all seeds at

255

Table 2 - Eftect of different levels of pH on the germination of
R. capitata

Treatment Gem(lﬂl/?; tion ( d];;]s) (I:i/la(}f) GI
pH
5.0 85.0c 0.95b 2.19¢ 6.29 be
6.0 92.50 abc 0.73 ¢ 2.11d 7.66 a
7.0 97.50 a 0.84 be 2.17¢ 741 a
8.0 95.00 ab 0.93 be 2.19¢ 7.00 ab
9.0 87.50 be 1.58a 2.29b 5.62¢
10.0 75.00d 1.66 a 297 a 4.02d
LSD (0.05) 8.0230 0.2078 0.0375 0.7116

Means followed by the same letter in a column did not differ
significantly according to LSD test (p < 0.05). T,: Time needed
for 50% germination; MGT: Mean germination time; GI:
Germination index; LSD: Least significance difference.

E(%) = 88.08/[1+(x/7.74) 5
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Figure 3 - Effect of planting depths on the emergence of
R. capitata seedlings. Line represents the functional three-
parameter logistic model {£ (%)=E /[l + (x/xSO)E’“’E]}
fitted to the data.

12 cm depth were dead. Little or no seedling
emergence from these depths may be
associated with seed energy reserves
(Mennan & Ngouajio, 2006). We used scarified
seeds in our experiment to study seedling
emergence at different depths. Seedling
emergence might be expected to occur over
an extended period, once the scarification
processes require time in field conditions
(Chauhan & Johnson, 2008).

Sharp decrease in seedling emergence
due to increased planting depth has been
observed in annual sow thistle (Sonchus
oleraceus) by Chauhan et al. (2006). Seedling
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emergence of seeds placed on the soil
surface suggests that no till farming practices,
in which a large proportion of the seed
bank remains on the soil surface after crop
planting, will favour seedling establishment
of R. capitata. Similarly, conventional
tillage practices, with seeds being buried at
6 cm depth at the most, would also enhance
seedling emergence under field conditions.
Whereas, deep tillage operations, where
seeds are buried deep in the soil (10 to 12 cm
or even more), can restrict the emergence
of such weed. Appropriate understanding of
germination and emergence behaviour of
R. capitata should help to develop strategies
that will not only suppress the germination of
this weed but also help predict ecological range
and potential spreading to new areas.

The results of our experiment suggest
that R. capitata was able to germinate over a
broad range of temperatures (20 to 40 °C);
however, germination was greatest at
temperatures of 30 and 35 °C. Furthermore,
R. capitata germinated under reasonable levels
of water stress (-0.8 MPa), salinity (200 mM)
and shows rapid germination under varying
pH levels (5-10). Seedling emergence appears
to be optimum from the soil surface and
the species may therefore be well suited to
establishment under no-till given moist
warm conditions generally found in late
spring and summer in southern Punjab, in
Pakistan. Increased seed burial depth has
decreased seedling emergence, thus, high
soil-disturbance tillage systems will reduce
seedling establishment of R. capitata. The
high germination ability of R. capitata under
a wide range of ecological factors suggests that
this species is likely to be the one to cause
more problems in a near future if not managed
appropriately.
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