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Seed germination of some crops (Brassica campestris and Triticum aestivum)
and weed seeds (Ageratum conyzoides, Bidens pilosa, Cyperus rotundus and
Galinsoga parviflora) was studied under different environmental conditions like
moisture (concentrations 3, 6, 9, 12, 15ml), temperature (5, 10, 15, 20 and
25°C), pH (value 4, 5, 6, 7, 8 and 9) and light (normal, red, yellow, blue, green
and dark color). For the crops too much lower or higher moisture was not
favorable for germination and growth. Experiments under different moisture
conditions showed that C. rotundus and G. parviflora do not require more
moisture to germinate and grow. Seed germination of both crops enhanced
insignificantly at 15 to 20°C treatments. Seed germination of all weed seeds was
insignificantly high at 10 to 15°C. The percentage of seed germination of both
crops increased significantly in normal and green light. Seed germination of A.
conyzoides, C. rotundus and G. parviflora was insignificantly different in normal,
red, yellow and green light. Germination of all weed seeds was completely
inhibited by blue and dark light. The shoot and root length of weed A. conyzoides
was found to be significantly high (P=0.05) in yellow light treatment, but in B.
pilosa, it was high in red and green light. Similarly in C. rotundus, shoot and root
length were high in normal light but in of G. parviflora it was high in green light
treatment. Seed germination and seedling growth were higher in pH5-7 in most
cases.

Introduction

Weeds are native and non-native plants growing in unwanted place. It spread very fast and are

competitive in natures; it competes for water, soil, nutrients, light, and space so it reduced the crop

quality and yield in agricultural ecosystem (McErlich and Boydston, 2013). The weed competes in

different ways; fast-growing weeds compete for light while low growing weed competes for water

and nutrients with the crops (Schonbeck, 2013). Weeds possess special ability in growth, which
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permits adaptation in various conditions and very fast growth that give them advantages over crop
(Paudel et al. 2017). Weeds reduce the crop yield either by reducing the amount of harvestable
product or crop actually harvested In Nepal, weeds are an unending problem of loss in crop yield in

agricultural land (Paudel et al. 2017).

Among the different weeds, majority belongs to family Asteraceae. Ageratum conyzoides of the
family Asteraceae is present in Nepal not as an invasive weed (Kaur et al. 2012; Waterhouse 1993;
Ranjit and Bhattrai, 1988) but as the worst weed. It is common weed germinated in agricultural
fields in tropical and subtropical regions (Feng et al. 2002; GISD, 2016). Bidens pilosa is a noxious
weed of family Asteraceae of the tropical region (Bartolome, 2013). The plant can control
photoperiod depends on the time of year. The flowering period is between 10 and 14 short days.
Gibberellic acid, chlormequat, and 2,4-D had no effect on B. pilosa in a long-day (Kirszenzaft and
Felippe, 1978). B. pilosa reproduced vegetatively (Huang et al. 2012), which might partially

dominate and colonized habitats.

Cyperus rotundus is a perennial plant belonging to the family Cyperaceae and found in tropical
and subtropical regions (Sayed et al. 2007; Xu et al. 2009). The flowers of Cyperus are many but
produce a small number of seeds. The main source of propagation of Cyperus is not by only seeds
but also by the rhizome, tuber and basal bulb. Cyperus rotundus is highly competitor for different
crops (Baloch et al. 2015). It is the common weeds of wheat and mustard field in Nepal. Galinsoga
parviflora occurs in different types of soil but it easily grows in damp and rich soil (Warwick and
Sweet, 1983). The peripheral achenes of G. parvifilora live in soil as a seed bank and remained viable
for a longer time than the central achenes (Kucewicz et al. 2014; Espinosa et al. 2003). In Nepal,
there are 370 weeds in the field of Triticum aestivum L. in which 69 sps. of weeds belongs to
Asteraceae family, Poaceae (52 spp.), Leguminosae (25 spp.), Polygonaceae (19 spp.),
Caryophyllaceae (18 spp.), Scrophulariaceae (17 spp.), Euphorbiaceae and Lamiaceae (14 spp.
each), Brassicaceae and Cyperaceae (13 spp.), and Solanaceae (11 spp. each) were the dominant
families, which accounted for 71.35% of the total weeds. The most commonly reported weeds of
wheat in Nepal are Ageratum conyzoides, Bidens pilosa, Cyperus rotundus and Galinsoga parviflora
(Dangol, 2013). In Nepal the wheat yield have also been reported to decrease up to 50% by weeds
and sometimes even more when weed population and density were higher (Ranjit et al. 2009). In
the case of the Chitwan area of Nepal, Dangol and Choudhary (1994) have reported 30 weed species
from wheat fields. Ranjit (2002) and Shah (2013) had reported the broadleaf weeds are the major

problems in the agricultural field. Sapkota et al. (2010) reported a total of 44 weed species
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representing 18 families from wheat fields of Khokana and a new weed Vicia sp. was reported along

with other dominant weed like Chenopodium album, Polygonum plebeium and Spergula arvensis.

Wheat is considered as the most important cereal crop after rice in Nepal. Of the total cultivated
area in the country (2,968,000 ha), rice is cultivated in 1,544,990 ha and wheat in 669,014 ha.
Eighty four per cent of the wheat cultivation area falls under rice-wheat rotational system (Singh
and Paroda, 1994). Many weeds have been identified in the wheat crop weeds like Phalaris minor,
Chenopodium album, Cyperus rotundus, Convolvulus arvensis, Cnicus arvensis, Parthenium
hysterophorus, Chromolena adenophora, Ageratum conyzoides and Galinsoga parviflora have
recently become the most consistently troublesome weed in the winter crop field. In Nepal, yield
loss in wheat ranged from 15% to 70% (Ranjit, 1997). Mustard is the third important oilseed crop
in the world after soybean (Glycine max) and palm oil. The global production of mustard and its oil
is around 38-42 and 12-14 mt, respectively (Patel et al. 2017). Weeds cause an alarming decline in
crop production ranging from 15-30% to a total failure in rapeseed-mustard yield (Patel et al. 2017;
Shekhawat et al. 2012). In mustard field interference of weeds causes yield losses up to 45%. A
variety of weed affects these crops but the extent of damage in terms of yield and resources is
location specific (Singh et al. 2013). The effective management of weed seeds distribution can be
understood by knowing the weed seed germination ecology. Seed sizes and the environmental
factor of weed seeds affected the associated plants (Tanveer et al. 2013). The seed germination,
morphology (Powell 2010), seed sizes (Kidson and westoby, 2000) are the important feature for
seed establishment. Some plants grow in lower pH level and some at higher pH level. The pH is not
the sign of fertility but affects the uptake of fertilizer nutrients. So, it affects the germination of

seeds (Ward, 2015).

The various environmental conditions like temperature, moisture light and pH affects the
germination and growth of both crops and weeds (Auld and Ooi, 2009; Rawal et al. 2015a,b;
Shrestha et al. 2017). Some species are not affected by favorable condition until a certain factor
breaks the dormancy (Monoroe, 2018; Reece et al. 2011). Germination of plants occurs at a
particular time of the year at different habitat (Cochrane et al. 2011; Shrestha et al. 2017). Some
weed seeds are sensitive to light for germination and will emerge when they are close to the soil
surface (Milberg et al. 2000). Hence to understand the environmental conditions which favor
germination of winter crop like mustard and wheat and also on some weeds associated with them.
The experiments was conducted in the laboratory related with different environmental conditions
which helps to manage the seed germination and seedling growth of some associated weeds of the

agricultural field (B. campestris and T. aestivum).
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Materials and Methods
Collection of crop and weed seeds

Two crop seeds (B. campestris and T. aestivum) were bought from agroshop in Kathmandu,
Nepal. Mature weed seeds of A. conyzoides, B. pilosa, C. rotundus and G. parviflora were collected
from selected sites of Kirtipur (Chobhar, Dhapla, Near Tribhuvan University, Machhegaon and
Chhugaon) and Bhaktapur (Lokanthali, Gathhaghar, Balkot, Sano Thimi and Thimi) in the month of

March and April 2014. These are the common weeds in both crop fields.
Seed germination

Weed seeds (A. conyzoides, B. pilosa, C. rotundus and G. parviflora) and the crop seeds of B.
campestris and T. aestivum were treated with 2% Sodium hypochlorite for 2 minutes separately for
surface sterilization. Then the seeds were washed with distilled water thoroughly. The sterilized
petri dishes were lined with single Whatman No. 1 filter paper and moistened with 5ml distilled
water. The crops (B. campestris, T. aestivum) and weeds (A. conyzoides, B. pilosa, C. rotundus and G.
parviflora) seeds of uniform size were selected and ten seeds of each species were kept in sterilized

petri dishes.
Environmental conditions

a) Temperature: Five replications of petri dishes containing 10 sterilized seeds of selected crops
and weed seeds were kept in incubator maintaining different temperatures level (5, 10, 15, 20,

25°C) separately for 10 days.

b) Moisture: Five replications of petri dishes containing 10 sterilized seeds of selected crops and

weed seeds were kept in filter paper soaked with 3, 6, 9,12 and 15ml distilled water for 10 days.

c) Light: The petri dishes containing 10 sterilized seeds of crops and weeds were covered by
cellophane papers of different colors like red, yellow, blue, green and black polyethylene (for dark
condition). For control, the petri dishes containing crop and weed seeds were grown in filter paper
soaked with 5ml distilled water in normal light without any covering. All these experiments were
conducted under normal room temperature (20°C) with five replications. The moisture level in the
petri dish was maintained by adding distilled water as required. Seed germination and seedling

growth were recorded after 10 days.

d) pH: To study the effect of pH on seed germination of two winter crops (B. campestris and T.
aestivum) and some weeds (A. conyzoides, B. pilosa, C. rotundus and G. parviflora), five replications

of ten seeds were kept in Whatmen No. 1 paper in petri plates. The solutions with different pH
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values of 5, 6, 7, 8 and 9 were prepared using 0.1 HCI and 0.1 KOH. The seeds were kept in room
temperature (20°C). The weeds were found in winter crops fields (Wheat and Mustard). The

experiment was conducted on the month of November.
Results and Discussion
Moisture

The effects of different amount of moisture on seed germination, shoot and root length are given
in Figure 1. Seed germination of winter crops B. campestris and T. aestivum reduction were highest
at 6 ml and 9 ml treatment, respectively, and significant reduction was at 15ml treatment. Seed
germination of weed seeds like A. conyzoides and B. pilosa were mostly high at 3 ml and 6 ml
treatments. Seed germination of C. rotundus and G. parviflora were insignificantly different in all

treatments. No seed germination was observed at 15ml treatment in both weeds (Figure 1a).

Shoot and root length of both germinated crop seeds were significantly high at 6 ml treatment.
Similarly, shoot and root length of germinated seeds of A. conyzoides and B. Pilosa were significantly
high at 6 ml treatment but in case of C. rotundus and G. parviflora, it was significantly high at 3ml
treatments. This indicated that C. rotundus and G. parviflora do not require more moisture to

germinate and grow (Figure 1 b and c).
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Figure 1a. Seed germination (SG %) of two crops (B. campestris and T. aestivum) and four weeds (4.
conyzoides, B. pilosa, C. rotundus and G. parviflora) on different moisture conditions (3, 6, 9, 12 and

15 ml).
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Figure 1b. Shoot length (SL cm) of two crops (B. campestris and T. aestivum) and four weeds (4.
conyzoides, B. pilosa, C. rotundus and G. parviflora) on different moisture conditions (3, 6, 9, 12 and

15 ml).
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Figure 1c. Root length (RL cm) of two crops (B. campestris and T. aestivum) and four weeds (A.
conyzoides, B. pilosa, C. rotundus and G. parviflora) on different moisture conditions (3, 6, 9, 12 and

15 ml).

Seed germination in both the crops (B. campestris and T. aestivum) was highest in 6ml and 9ml
treatments and reduced significantly in 15ml treatment. Similar results were also observed for
Phaseolus vulgaris, Spinacea oleracea (Orphanos and Heydecker, 1968) and Beta vulgaris
(Heydecker et al. 1971). Similarly, seed germination of Cyperus and Galinsoga completely inhibited

with 15ml treatment. This may be due to formation of a water film over the seed's surface and free
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water in the substrate block the hilum opening (Carpenter, 1991) as seeds were completely
immersed in water with 15ml treatment. The water film might have act as a barrier to osmotic
diffusion and result reduced the germination, shoot and root length in both the crops. At high
moisture content, seeds also lost viability (Oliviera and Valio, 1992). Tubers and seeds of C.
rotundus were stay dormant to survive in dry seasons. These species are able to multiply rapidly

through tubers (Coleman et al. 2018).

Temperature

Seed germination of crops (B. campestris and T. aestivum) and selected weed seeds are at
different temperatures given resulting in Figure 2 a. Seed germination of both crops enhanced
insignificantly at 15 to 20°C treatments. Seed germination of all weed seeds was insignificantly high

at 10 to 15°C (Figure 2 a).

Shoot and root length of germinated both crop seeds were found to be significantly high at 15 to
20°C. Shoot and root length of germinated weed seeds also increased significantly high at 15 to
20°C, except in B.pilosa, where it increased at 10 to 15°C. This indicated that low temperature

enhances the growth B. pilosa more than other weeds (Figure 2 b and c).
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Figure 2a. Seed germination (SG %) of two crops (B. campestris and T. aestivum) and four weeds (4.
conyzoides, B. pilosa, C. rotundus and G. parviflora) on different temperature conditions (5, 10, 15,

20 and 25°C).
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Figure 2b. Shoot length (SL cm) of two crops (B. campestris and T. aestivum) and four weeds (4.
conyzoides, B. pilosa, C. rotundus and G. parviflora)on different temperatures (5, 10, 15, 20 and
25°C).
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Figure 2c. Root length (RL cm) of two crops (B. campestris and T. aestivum) and four weeds (4.
conyzoides, B. pilosa, C. rotundus and G. parviflora) on different temperatures (5, 10, 15, 20 and
25°C).

Germination of seeds and seedling growth depends on favorable environment conditions.
Temperature is one of the most important environmental conditions for seed germination and
seedling growth (Fenner and Thompson, 2005). Germination of two winter crops (B. campestris and
T. aestivum) was higher at 15-20° C in the present study and reduced at 25°C indicating that the

high temperature is not favorable for them to germinate. All tested weeds (A. conyzoides, B. pilosa, C.
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rotundus and G. parviflora) were germinated at all the treatments of temperature, indicating their
tolerance to a wide range of temperature. These weeds are quite common in winter as well as
summer crops and (Thapa 2001; Zhao et al. 2016; Assang et al. 2011) had been reported that high
temperature availability will increase atmospheric water demand which could lead to additional
water stress from increased water pressure deficits. In the present study, the winter crops B.
campestris and T. aestivum showed reduced germination with high temperature which may be due

to water stress.
Light

The percentage of seed germination of both crops B. campestris and T. aestivum increased
significantly (P=0.05) in normal and green light. Seed germination of A. conyzoides, C. rotundus and
G. parviflora was insignificantly different in normal, red, yellow and green light. The seed
germination of B. pilosa increased slightly at normal light than in all other colored light (Figure 3 a).
The shoot and root length of both the crops B. campestris and T. aestivum was increased
significantly (P=0.05) at normal light. The shoot and root length of weed A. conyzoides was found to
be significantly high (P=0.05) in yellow color light treatment, but in B. pilosa, it was high in red and
green light. Similarly in C. rotundus, shoot and Root length were high in normal light but in of G.

parviflora it was high in green light treatment (Figure 3 b and c).
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Figure 3a. Seed germination (SG %) of two crops (B. campestris and T. aestivum) and four weeds (4.
conyzoides, B. pilosa, C. rotundus and G. parviflora) on different colors of light (normal, red, yellow,

blue, green and dark).
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Figure 3b. Shoot length (SL cm) of two crops (B. campestris and T. aestivum) and four weeds (4.
conyzoides, B. pilosa, C. rotundus and G. parviflora) on different colors of light (normal, red, yellow,

blue, green and dark).
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Figure 3c. Root length (RL cm) of crops (B. campestris and T. aestivum) and weeds (4. conyzoides, B.
pilosa, C. rotundus and G. parviflora) on different colors of light (normal, red, yellow, blue, green and

dark).

Light is one of the important factors for seed germination and seedling growth. The seeds of both

crops germinated in all light conditions (even in blue light), but weed seeds could not germinate in
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blue light. Seeds that require light for germination are usually small (Cann, 2014). Milberg et al.
(2000) suggested that light response and seed mass must have coevolved as an adaptive features to
ensure seed germination of small seeded species only when close to the soil surface. On the other
hand, a phylogenetic component of light promoted germination - regardless of seed size- has also
been suggested as phytochromes are well known to mediate light promoted germination.
Phytochromes are also known to increase the amount of bioactive gibberellins in seeds (Cann,
2014) and this might have initiated germination process. In the present study, both the crops and
weed could not germinate in dark. This show that light is one of the environmental conditions that
are required for seeds germination and seedling growths of tested seeds because phytochrome play
a significant role in determining the time of germination (Kotodziejek and Patykowski, 2015). In
seed germination experiment conducted for 131 taxa of Campanulaceae by Koutsovoulou et al.

(2014), found that the seed germination was higher in light in comparison to darkness.

The wheat and mustard seeds germinated in blue light, more or less similar to red, yellow or
green light. In wheat (Xu et al. 2009) and in Brassica napus (Chatterjee et al. 2006) Cryptochromes/
a blue/ultraviolet-A light sensing photoreceptors have been reported. In wheat two cryptochrome
genes - TaCRY1 and TaCRY2 have been identified, and which might be involved in the abscisic acid
signaling pathway in addition to their role in primary blue light signal transduction (Xu et al. 2009).
Possibly in Brassica campestries also the cryptochrome act as photoreceptor to initiate seed
germination in blue light. Mostly, seed germination was high in red light and low or no germination
in blue light, which is in consistence with general observation that the red light promotes
germination while blue light inhibits it (Batty et al. 1989). All the selected weeds could not
germinate in blue light. Blue light is usually referred to as radiation with wavelength between 400
and 500nm. Different phytochromes activates at different wavelengths of light. Under wavelength
700 nm both phytochrome A and B are active. However, phytochrome A functions optimally around
600 to 690 nm and at wavelength larger than 700nm it becomes inactivated while phytochrome B
remains active (Phytochrome, 2013). As blue light ranges from 400-500nm, both phytochromes

might have remained inactive and this might have inhibited the germination in the selected weeds.

Besides this, the seed germination in wheat and mustard might be due to the higher
concentration of endogenous gibberellins than the abscisic acid. The gibberellin synthesis occurs
when the seeds absorb moisture, this hormone diffuse across the endosperm to the aleurone layer
(in case of wheat), which then produce and release the hydrolytic enzyme require to digest the

stored food of endosperm. The stored starch was breakdown by enzymes to its smaller unit glucose,
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protein to amino acid etc. which are then translocated to the embryo. The embryo used them for the

growth of radical and plumule during germination (Bhattrai, 2007).
pH

Seed germination of both crops (B. campestris and T. aestivum) and two weeds (A. conyzoides
and B. pilosa) were high significantly at pH 7. The germination of C. rotundus seed was
insignificantly high at pH 6 whereas in G. parviflora; it was significantly high at pH 6 treatment
(Figure 4 a). Seeds of A. conyzoides and B. pilosa could not germinate in low acidic (pH5) and
alkaline condition in (pH9). Similarly, seeds of C. rotundus could not germinate in alkaline
conditions, pH 8 and 9 (Figure 4 a). The shoot and root length of germinated crop seed of B.
campestris was found to be significantly high in acidic condition at pH 5 but in T. aestivum it was
significantly high in alkaline condition of pH8. The shoot and root length of most of the weed seeds
(A. conyzoides, C. rotundus and G. parviflora) were found to be significantly high in slightly acidic
condition pH 6 except B. pilosa where it was significantly high in alkaline condition of pH 8 (Figure
4 b and c).
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Figure 4a. Seed germination (SG %) of crops (B. campestris and T. aestivum) and weeds (4.

conyzoides, B. pilosa, C. rotundus and G. parviflora) on different levels of pH (5, 6, 7, 8 and 9).
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Figure 4b. Shoot length (SL cm) of crops (B. campestris and T. aestivum) and weeds (A. conyzoides,

B. pilosa, C. rotundus and G. parviflora) on different levels of pH (5, 6, 7, 8 and 9).
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Figure 4c. Root length (RL cm) of crops (B. campestris and T. aestivum) and weeds (A. conyzoides, B.

pilosa, C. rotundus and G. parviflora) on different levels of pH (5, 6, 7, 8 and 9).

Both crops and some weeds could germinate from pH 5 to 9, similar results were also reported
by Mathews (2012), Hannaway and Larson (2004) that Mustard can adapt in sandy to clay soil and
also germinate in the range of pH 4.8 to 8.5. T. aestivum have comparatively large seeds with
storage of reserve food materials. It appears that both the winter crops have high membrane
integrity and could resist high range of pH. Weeds like A. conyzoides, B. pilosa and C. rotundus might

have low membrane integrity as a result could not germinate at high pH (McCauley et al. 2017).
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The seedling growths (shoot and root length) were approximately same in all seed germination
experiments (in moisture, temperature, light and pH) in laboratory conditions might be during
their early morphogenesis stages, it strongly depends on the resources stored in the seeds and that
these resources determine the magnitude of the response to substrate nutrients. The differences
can show when the seed germination experiment will be done in the field because the seed can also

take the nutrients from soil in different ratio (Maskova and Hermen, 2018).

Conclusion

Based on the germination, it can be concluded that study of all selected weeds are suppressed
with high moisture (i.e., with 15 ml treatment). Seed germination of the entire studied weeds are
suppressed in blue light and dark conditions. The high moisture (15ml petridish) showed adverse
effects on the seed germination, shoot and root length of C. rotundus and G. parviflora and also
significantly reduced the seed germination of both crops (B. campestris and T. aestivum) and weed
seeds of A. conyzoides and B. pilosa. Seed germination of both crops and four common weed seeds
under different temperatures (5, 10, 15, 20 and 25°C) showed enhanced seed germination, shoot
and root length of both crops at 15 to 20°C treatments but those of weeds were high at 10 to 15°C.
The percentage of seed germination of both crops B. campestris and T. aestivum increased
significantly in normal and green light. The seed germination, shoot and root length in crop seed of
B. campestris was found to be significantly high in acidic condition at pH 5 but in T. aestivum it was
significantly high in alkaline condition of pH8. The shoot and root length of most of the weed seeds
(A. conyzoides, C. rotundus and G. parviflora) were found to be significantly high in acidic condition

pH 6 except in B. pilosa where it was significantly high in alkaline condition of pH 8.
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