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ABSTRACT

In Nepal, weeds cause vyield loss up to 45% in the mu@Baadsica campestris L.)

field and 50% in wheatfTtiticum aestivum L.), sometimes even more losses when the
weed population and density are higher. Usually, weeds are harmful but some may
have economic importance as organic compost, food or fodder, medicine, and
industrial uses. The use of invasive plants (Bgeratina adenophora (Spreng) King

& Rob. and Parthenium hysterophorusL.) and anative weedArtemisia dubia Wall.

Ex. Besser)for preparing biofertilizer and their effect on weed and winter crops have
been investigated in the present study. The main objectives of the present study were
to understand the weed ecology in winter crop fields. Other important objectives were
to investigate the allelopathic effect Aftemesia dubia, Ageratina adenophora and
Parthenium hysterophorus to control selected weeds of winter crops by using aqueous
extract, compost extract, and their compost. The study was carried out at the wheat
and mustard fields of selected sites (Kirtipur, Bhaktapur, Godawari, Chapagaon,
Dharamsthali, and Shivapuri) during winter (Oct-March) in the year 2012-2014.
Based on the highest IVI value only four common weed spedgsratum
conyzoides L., Bidens pilosa L., Cyperus rotundus L., andGalinsoga parviflora Cav.)

were selected for a further ecological studies like phenology, soil seed bank, seed
morphology, seed germination, and allelopathic effect. Altogether 40 plants of each
weed Ageratum conyzoides, Bidens pilosa, Cyperus rotundus, and Galinsoga
parviflora) were randomly selected and their phenophase was carefully examined
from the germination stage to seed dispersal stage of plants using the phenological
index technique. The shape, color, and size (length and breadth) of the four common
weed seeds were measured under a compound microscope for weed seed morphology
study.

Seed germination experiment was conducted on environmental conditions like
moisture (content 3, 6, 9, 12, 15 ml), temperature (5, 10, 15, 20 and 25°C), pH (value
4,5, 6, 7,8and9) and light (normal, red, yellow, blue, green and dark color). For the
crops, optimum moisture content (9 ml) was required. The experiments on seed
germination of moisture indicated tHayperus rotundus andGalinsoga parviflora do
not require more moisture to germinate and grow. Seed germination of both crops
enhanced significantly at 15 to 20°C treatments but all weed seeds were significantly
high at 10 to 15°C. The percentage of seed germination of both Bragsica
campestris and Triticum aestivumincreased significantly in normal and green light.

Vi



Seed germination ofAgeratum conyzoides, Cyperus rotundus, and Galinsoga
parviflora was significantly different in normal, red, yellow, and green light.
Germination of all weed seeds was completely inhibited in blue and dark light. Seed
germination and seedling growth were higher in pH 5-7 in most cases. Seed
germination was also conducted with different concentrations (control, 1, 2.5, 5, 10%)
of chemical fertilizer solutions and different doses of fertilizer amended in soll
(control, 10, 20, 40, 50 g/kg soil). Seed germination of both crops and all the weeds
were mostly high in control and 1% of both urea and potash solution. The germination
of selected weed seeds reduced significantly with increasing concentrations of both
urea and potash in soil. The aqueous extracts vegetative parfgemdtina
adenophora, Parthenium hysterophorus, and Artemisia dubia, their compost extract

(of the whole plant) of different concentration (control, 1, 2.5, 5, and 10%) and soll
amended with compos(sf different doses 0, 10, 20, 40, and 50 g compost/kg soil)
were used to understand their effects on seed germination, seedling growth of crops
(Triticum aestivum, Brassica campestris) and the common weed. The aqueous and
compost extracts ofAgeratina adenophora and Parthenium hysterophorus
significantly reduced seed germination and seedling length (shoot and root) with
increasing concentrations. The stem and leaf extractégefatina adenophora
showed a more inhibitory effect on the seed germination of both winter crops and all
weeds as compared to root extract. In the soil amended with different amounts of
Ageratina adenophora and Parthenium hysterophorus compost showed more
reduction in seed germination among the weeds in comparison to both crop plants.
Seed germination ofCyperus rotundus was completely inhibited even at 1%
Parthenium compost extract and soil amended with 10 dg?kgthenium compost. The
agueous extract and compost extracts and compost of the nativémpéansia also
significantly reduced seed germination, seedling length of both selected crops and
weeds, with increasing concentrations, but were less detrimental than the compost of
the other two invasive weeds. From this study, it was found that compost of Ageratina
adenophora andParthenium hystrophorus at the rate of 20-40 g/kg soil was effective

to control the winter weeds. Hence the us@g#ratina adenophora and Parthenium
hysterophorus compost are suggested to use at low concentrations (20-40 g/kg soil) in
wheat or mustard fields, especially to control most of the common weeds. This
information suggests preparing compost from the invasive weeds which can act as
environmentally safe and cost-effective bio-herbicides along with an important
strategy for weed management.
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CHAPTER 1

1. INTRODUCTION
1.1 Background

Agriculture is the most governing economic activity the Nepalese people. It
employs more than 81% of the total labor force lé tountry. Foodgrains are
predominant in the agriculture sector of Nepal. laowd and upland are two types of
land in the Terai. Two to three crops are growome year at hills and terai while at
high mountains mostly one crop is cultivated. Pafldgyza sativga and maize {ea
may9g are the main cereal crops grown during summererai and hills. The main
crops in winter are wheaf (iticum aestivunil.), mustard Brassica campestrik.),
potato Solanum tuberosumpeas Pisum sativury etc. (Tiwariet al, 2005). The
most practiced cropping system in Nepal is the Padueat cropping system. The
paddy-wheat cropping system in Nepal covers abdutntlllion ha of land in the
country and has a share of 65.8% and 72.1% of sotd and total production of
cereal crops (Lamsal & Khadka, 2019; Khaealal, 2012). In the paddy-wheat
cropping system, paddy is normally grown in watageated field whereas following
crop wheat requires well-drained soil conditionader this system, Nepalese farmers
cultivate paddy during June/July whereas whealastpd in November following the
harvest of paddy (Amgain & Timsina, 2005). Simyamustard Brassica campestris
L. var. toria), commonly called tori in Nepali,ame of the important oilseed crops of
Nepal and is grown in uplands after a rainy sed8asnet, 2005; Ghimiret al,
2000). Weed management is a challenging issuetmbimter and summer crops and
further, it has been aggravated by climate chaigeovercome this issue several
measures for weed control like physical and chelnaica mostly used but now some
integrated approach for weed management needs &xjdered for improving the

crop yield.
1.2 Weeds

Weeds are the native and non-native plants growingnwanted places and are
competitive in nature, as they compete for wateil, autrients, light, space, etc. so
resulting in reduced crop yield and quality in agliural ecosystems (McErlich &



Boydston, 2013). The crop-weed interaction is rfaritous. The weeds compete with
the crop plants in different ways; fast-growing @eeompete for light, while slow-

growing weeds compete for water & nutrients (Scleamkb2013).

Weeds can be defined as plants out of place, bhstahly considers the human

perception of a weed, not the fact that weeds lageptants that are ecologically in

place, they grow in an environment provided or ngadaby the human who meets
their needs. Weeds possess special plasticityamwtfr which allows adaptation to

various conditions and very fast growth rates gwa¢ them advantages over the crop
(FAO, 1987). Weeds reduce the crop yield either rbglucing the amount of

harvestable product (grain, Stover, forage) or bglucing the amount of crop

harvested (Aldrich, 1984). The energy expendechemteed (ing) of the main crop is
sometimes more than for any other single human(tdskn, 1971).

Weeds inhabit and multiply rapidly with fast seadligrowth at the sites concerned. It
can grow in diverse environmental conditions. Tfares weeds are found in limitless
amounts. Worldwide, there are about 250,000 plpatiss in which 3%, i.e., 8000
weeds species have harmful chemical substancesativatrsely affect crop plants
(Charleset al, 2018). The frequent and diverse distribution ekds creates intense

pressure on the environment (Akhtar & Hussain, 2007

Some weeds were documented recently in the detislsdof the Global Naturalized
Alien Flora (GIoNAF) database (Indergt al, 2018). While naturalized species are
also listed for some Asian countries such as Clia et al, 2010; Jianget al,
2011), Singapore and Hong Kong (Corlett, 1992),Larika (Igbal & Cheema, 2008,
2009), Nepal (Shresthet al, 2014) and Taiwan (Wu & Wang, 2005), large pafts
Asia are still data-deficient (van Kleunenhal, 2015; Inderjitet al, 2018).

The widely documented impacts of invasive aliencise on native biodiversity,
ecosystem functioning and economy, as well as humeatth (Vilaet al, 2010, 2015;
Kumschicket al, 2015; Rumlerovat al, 2016; Inderjitet al., 2018), invasive alien
species have long been recognized as a key compoheglobal environmental

change (Millenium Ecosystem Assessment, 2005; Kettat al, 2009).

Weeds generally not only compete for nutrients apdce but are troublesome in

many ways with crops. It often serves as a hosicfop diseases; they may also



provide shelter for insects and diseases for hdiemn. Weeds remove large
guantities of plant nutrients from the soil and rikgd the crop plants (Rathoet al,
2011) and also reported that in general the lossesops caused by weeds (28%)
have exceeded the losses from agricultural peste as insects (23%), diseases
(25%), rodents (8%), storage (10%), and others (6%)dia. The total loss has been
at Rs 50,000 million, which is about 18% of thesgrmational agriculture production
in India (Manncsa, 2009). While Rao (2000) had regzbthat the total annual loss of
agricultural yield from various pests, weeds actdan 45%, insects 30%, diseases
20%, and other pests 5% in India. But the potemtiap yield loss due to weed was
estimated to be 43%, on a global scale (Oreke,)2006

1.3 Problem of weeds in winter crops in Nepal

Multiple cropping is an agriculture system long pidal by marginalized small
landholder farmers, especially in hills and moumdaiThis practice was meant to
enhance farm productivity when the farming aredinsted (Amgain & Timsina,

2005). According to the statistical informationNépalese agriculture (2015-16), the
total production of wheat and mustard in Nepal Bi#36,849 and 171,499 (Metric
tonne) (Table 1). Similarly, the production of wheand mustard in Kathmandu,

Bhaktapur, and Lalitpur are given in Table 2.

Table 1.The production of wheat and mustard in Nepal

SN Year Grain Area (hectare) Production (metric tome) Yield (kg/hectare)
1 2015-16 Wheat 745,823 1,736,849 2,329
2 2015-16 Mustard 169,769 171,499 1,010

Source: Statistical Information of Nepalese Agticte B.S. 2072-73 (2015-16), Ministry of
Agricultural Development, Monitoring, Evaluation darstatistics Divisions, Agri Statistics section,
Kathmandu, Nepal

Table 2. The production of wheat and mustard in KathmandakBapur and Lalitpur of Nepal

SN Year Grain Place Area (hectare) Production Yield
(metric tonne) (kg/hectare)
1 2015-16 Wheat Kathmandu 3,900 12,480 3,200
2015-16 Bhaktapur 3000 10,500 3,500
Lalitpur 3000 7800 2600
2 2015-16  Mustard  Kathmandu 971 1015 1045
2015-16 Bhaktapur 200 350 1750
Lalitpur 2918 2773 950

Source: Statistical Information of Nepalese Agticte B.S. 2072-73 (2015-16), Ministry of
Agricultural Development, Monitoring, Evaluation darbtatistics Divisions, Agri Statistics section,
Kathmandu, Nepal



In Nepal, there are 370 weeds in the fieldoficum aestivuni. in which 69 spp. of
weeds belong to the Asteraceae family. The mostoonty reported weeds of wheat
in Nepal areAgeratum conyzoidek., Bidens pilosal., Cyperus rotundu4.., and
Galinsoga parvifloraCav. (Dangol, 2013). In Nepal, the wheat yieldgehalso been
reported to decrease up to 50% by weeds and desreas far greater when weed
population and density are higher (Raajital, 2009). In the case of the Chitwan area
of Nepal, Dangol and Choudhary (1993) have repoBtedveed species from wheat
fields. Ranjit (2002) and Shah (2013) have repotiedbroadleaf weeds as the major
problem in the agricultural field. Chaudhary (197&)orted 108 angiospermic weeds
of 36 families from six different sites of the Kathndu valley like Kirtipur,
Bhaktapur, Dharamsthali, Thankot, Khumaltar andrdgdni. He observed that the
weeds were from Asteraceae followed by Gramineapk&@aet al.(2010) reported a
total of 44 weed species representing 18 familresnfwheat fields of Khokana
whereas a new weedi€ia sp.) was reported along with other dominant weéds |

Chenopodium albuniPolygonum plebeiunandSpergula arvensis

Wheat is considered the most important cereal aftgr rice in Nepal. Of the total
cultivated area in the country that is 2,968,000rit is cultivated in 1,544,990 ha
and wheat in 669,014 ha. Eighty-four percent ofvtheat cultivation area falls under
the rice-wheat rotational system (Singh, & Paroti894). However, rotational
cropping has led to losses in the yield of wheaslid 1996). Nevertheless, the grassy

weeds are also equally blamed for the loss in wiielt (Aslamet al.,, 1989).

The main crops in winter are wheat, mustard, budathlentil, and chickpea in the
terai and inner-terai regions. The major recordegdsg of families were Asteraceae,
Fabaceae, and Poaceae, and dominant weed speosSvaphalium luteo-alburh.,
Chenopodium albunh., Cynodon dactylonL.) Pers.,Equisetum debildRoxb. ex
Voucher, Lathyrus aphacal., Anagalis arvensisL., Rumex dentatus., Lolium
temulentumL, Digitaria adscendengHBK.) Henr. andPolygonum plebeiunik. Br
(Amgain & Timsina, 2005) in the wheat field of Ghén, Nepal.

The production of rice and wheat crops in the sges is the predominant cropping
pattern in the country. Weeds are the major prollemmoth crops grown under this
system. Many weeds identified in the wheat crop dseéke Phalaris minor,

Chenopodium album, Cyperus rotundus, Convolvulugersis, Cnicus arvensis,



Parthenium, Chromolena adenophora, Ageratum codgzpiand Galinsoga

parviflora have recently become most problematic in the wiatep field. In Nepal,

yield loss in wheat ranged from 15% to 70%. The ofs&,4-D and isoproturon to
control the broadleaf and grass weeds is commoNepal’'s Terai region (Ranjit,
1997).

Mustard is the third important oilseed crop in therld after soybeanG@lycine mak
and palm oil Elaeis guineensis Jacqyiplants. The global production of mustard and
its oil, respectively is around 38-42 and 12-14\Wieds cause an alarming decline
in crop production ranging from 15-30% to a tolure in rapeseed-mustard yield
(Patelet al, 2017; Shekhawatt al, 2012). In mustard fields interference of weeds
causes Yield losses up to 45%. A variety of wedigstathese crops but the extent of

damage in terms of yield and resources is locatfmetific (Singhet al, 2013).

A total of 75 weed species were recorded in thetand<ields of Mahendranagar,
Kanchanpur. The dominant weeds were Poaceae (liespeand Cyperaceae (8
species), Asteraceae (8 species), Scrophularigbesmecies each) and Leguminosae,
Euphorbiaceae (5 species each). Based on densdy\dhh 21 weed species
dominated (Bhattet al, 2009).

1.4 Diversity of weeds

Weeds cause major changes in the biodiversity ef ittvaded areas, inhibiting
germination and growth of other plant species (#e& Rashid, 2013; Dogret al,
2011; Inderjitet al, 2018). Invasive plants are non-native plants #i&tct the
composition and function of ecosystems and havgelaconomic effects through
nutrient loss, degradation of land use, and eréditaosts. Despite their negative
importance, very little comprehensive informationtbe abundance, distribution, and
impact of non-native invasive plants is availabBrgy et al, 2011). A total of 190
invasive alien species under 112 genera, belorgidg families have been recorded
from the Indian Himalayan region (Kumat al, 2016; Sekar, 2012). Kumat al
(2016) have reported the loss of plant diversitpath the crop and forest areas over
the last two to three decades due to invasive qld&tdarthenium hysterophorus
Eupatorium adenophorurfsyn. Ageratina adenophoraLantana camaraAgeratum

conyzoides and Bidens pilosadegrading the valuable crop and fodder plants



(especially herbs and grasses) have been obsewed) dhe last 2-3 decades. The
leachates oEupatorium adenophoruniSyn. Ageratina adenophojadamaged the

cell membrane and influenced the concentration mdogenous hormones like
abscisic acid, indole 3-acetic acid and zeatin sith® of roots in the upland rice
(Zhenget al, 2012).

Parthenium hysterophorus an invasive weed, commonly known as carrot gjras
bitter weed, or star weed, and belongs to the famdteraceae. Due to the rapid
growth of this plant, it is now a challenging wefed the biodiversity and ecosystem
in the tropical regions. Physiological studies hakewn thaPartheniumweed, with
low photorespiratory activity, has the C3 photokwtic pathway but with positive C4
tendencies (Patil & Hegde, 1983).

In Nepal, Parthenium hysterophoruk. has already invaded sugarcane, maize, and
mustard fields (Shresthet al, 2014). It is an erect herbaceous plant that pligs
rapidly and completes its life cycle within 16-1&eks (Shresthat al, 2010). The
surrounding plants are affected by the parthemnalielochemical discharged from
different parts ofP. hysterophorugBelz et al, 2007). The rapid expansion of this
plant, which causes ecological impact and econologs, has become a big
environmental issue of the tropical world (Gnanaa$l13). Parthenin leaching as
root exudate plays a pivotal role in the allelopathterference with the surrounding
plants (Belzet al, 2007). Parthenin has also been reported as rairggion and
radicle growth inhibitor in a variety of dicot amdonocot plants (Gunaseelan, 1998;
Patel, 2011).

Ageratina adenophor&Spreng) King & Rob. is a troublesome, aggressiious
perennial weed. The plant is reported to contaia tollection of bioactive
constituents like monoterpenes, sesquiterpenegorftads, phenylpropanoids, and
their derivatives (Proksch & Rodrigued983). Sesquiterpenoids are the major
constituents of leaves and flowers (Ding & Ding92® Cadenene sesquiterpenes
were also identified in leaves (Lat al, 2008; Rajmohan & Ramaswamy, 2007).
This invasive plant is also known for its insecpeking properties (Kundet al,
2012). It came to Nepal through Mexico and is oh¢he serious weeds in Asia. It
quickly spread across the terai, mid-hill, and lowuntain areas of Nepal (Bisat
al., 2016).



The native weedrtemisia dubia/Nall. ex Besser is a hardy herbaceous shrub, specie
between 200 and 400 (Gingadeal, 2014). Most of them are found primarily in
Asia, Europe and North America (Mucciarelli & Maffe2002). Leaf extract of
Artemisia dubiacaused an inhibitory effect on germination andwghoof barnyard
grass (Jankju, 2008, 2013; Poudehl, 2005).

Three species dirtemisa widely distributed in Nepal, (i.&rtemisa dubiaWall. ex
BesserArtemisa indica, andArtemisa vulgarisL.) are also used as medicine (Satyal
et al, 2012; Gewali, 2008). The components 1, 8-cineoldergamotene, (E)-
caryophyllene, and-cadinol and essential oils are reported to begorteis Artemisa
dubiaof Nepal (Satyaét al, 2012).

1.5 Allelopathy

The study of abundance and distribution of weedaisgehelps to manage weeds in
agricultural lands for crop production. Some weats harmful but others have
economic importance, as they are used for orgamgost, food or fodder, medicinal

and industrial fields.

DeCandolle (1832) was probably the first persosuggest the possibility that many
plants may excrete something from their roots whghnjurious to other plants.
Molisch (1937) proposed the term "allelopathy” éapressing the harmful effect that
one plant species has on another through the faymaif chemical retardants
escaping into the environment. The concept of @iathy was further described by
different researchers like Bonner (1950), Grumearadt Beyer (1960), Evenari (1961),
Whittaker (1970), Pitman and Duke (1978), and Fesehal (1978). Allelochemicals
(inhibitors) are produced by plants as end produeysproducts and metabolites.
They are contained in the stem, leaves, roots,diswinflorescence, fruits and seeds
of the plant. Of these plant parts, leaves seebetthe most consistent producers of

these allelochemicals.

Allelopathy of invasive plants affects the plantngaunity, occurrence, growth,
succession, dominance, diversity and plant prodigti Initially, many studies
showed the negative impact of allelopathy on offients, but in the 1980s research
was begun to identify the species that exhibit bela& neutral, or selective effects

on crop plants (Fergusoet al, 2003). Aqueous extract of some weeds like



Parthenium hysterophorug\geratum conyzoide€ynodon dactylonand Solanum
nigrum showed inhibition or stimulation in seed germiaatias well as seedling

growth of crops like soybean (Verma & Rao, 2006).

A study in China found that 25 out of 33 highly s weeds had a significant
allelopathic impact on the surrounding plants. Thkase of biochemical, called
allelochemicals that are toxic to germination amdwgh of other plant species,
reduces seed germination and seedling growth otdhéiguous plants (Fergusen
al., 2013; Tripathiet al, 1981). The plant species belonging to the fadjeraceae
produce chemical substances, which reduce seedrggiom and the emergence of

subsequent small grain crops when grown in rotaidatban & Salma, 2012).

The study of allelopathy can be steadfast onliief present and forthcoming research
results are converted into new technologies thathm used for weed management
and/or in reducing the dependence on synthetic ididgs. Allelopathy is a
mechanism for managing invasive plants by establiskffective monoculture and
may contribute to the ability of particular exosipecies to become dominants in the
invaded plant communities (Hierro & Callaway, 200anchan and Jaychandra,
1979; Maharjaret al, 2007). Many phytotoxic substances released bgdwdelp to
suppress the seed germination and seedling grdwdther plants. Over ten thousand
chemicals are estimated to be released by planpsotect themselves against other
plants, especially weeds. The study of the alldluparelation between weeds and
crops, and between weeds and weeds may be behefimmanage the weeds and crop
yield (Kadioglu & Yanar, 2004; Camurkoylu & Deminkal993).

The allelochemicals discharged from a plant aretdy@ volatilization; i.e., terpenes
are discharged from the leaves of some plant spéifjdeaching; the living or dead
leaves of many plants contain growth inhibitorg§ @xudation; roots of several crop
and non-crop species release large quantities g&ngs compounds that inhibit the
growth of other plants, and (iv) decompositionelmthemicals are released from
plant residue (Gillet al, 1993). Considerable research work has been ctediun
the allelopathic effect of weeds on natural plamtnmunities, in abandoned or old
fields (Wahatet al, 1967; Neil & Rice, 1971).

Kumar and Vishwakarma (2005) reported that the amsition of nutrients parameter

was high in the pre-flowering phaseRdrthenium hysterophorus in comparison to



the post-flowering one. Krishnamurttet al (2005) also reported that the highest
grain yield was obtained after the applicationGifromolaenaodorata compost at

7.5t/ ha, whereas the lowest yield in the control.

Many plants are reported to have allelopathic progee but the information about
their effective uses with field crops, an effecti@etive ingredient, extraction, and
composting technology is lacking (Patil, 2007; Ghan1999). Recent research
conducted at the Rodel Institute has proved thatubke of compost extract with
different dilutions, chemical and biological propes leads to a reduction in weed
germination without affecting the crop plants (Zinet al, 2015). The utilization of

invasive and native weed plants in research on svaey help in increasing the yield

crop on one hand, and in the management of invagigeies on the other.

Mineral nutrient (N, P and K) contents in the seeéegended on the nutrient contents
in soils and on factors controlling their availdito plants. So that phenotype-based
variation in seed size may arise from variationsail fertility or a combination of
environmental and maternal effects (Kotodziejek &yRowski, 2015).

This is accepted that seedling size is also relatés food reserves or micronutrients
present on the seeds. The position of a seed ibiofita plant can affect morphology,
germination, and dormancy characteristics (Kotgeki& Patykowski, 2015).

1.6 Justification of the study

The work of enumeration of winter weeds has beenethout by many workers
(Chaudhary & Shrestha, 1981; Manandhar, 1978; Retngl, 2009) in Nepal but due
to excessive urbanization and changes in land aseerp in Kathmandu valley,
mostly at the cost of agricultural lands (Ishtiag@017), weeds composition and
diversity might have changed. The rising tempemisralso expected as the main
factor in determining the distribution of differeplant species (Subeét al, 2015).
At present, it is not known which weeds have a Highvalue and are most abundant
in winter crop fields. Besides that, researchesmhseed banks of common weeds in
winter crop fields have not been conducted. Iigaaent from many publications that
the weed survey works were mostly done in the Katoho valley but conducting
systematic and ecological surveys of the weed comitynin the soil seed bank and
IVI of the weed community in the wheat and musti@ttls to understand vegetation
and prioritize the weed management researchesckmd).



To control weed, the use of synthetic herbicideguge common but it is hazardous
for human health. To overcome this problem, imgortant to find some alternatives
to the biological origin that may be biodegradadohel harmless to human health. It is
also known that some of the native weeds BMkeemisia dubiawall. Ex. Besser is
found from the eastern to western zone of Nepaarf8h & Devkota, 2018; Press
al., 2000). It spreads vigorously highly competitive¥ith other plant communities
and produces different flavonoids, phenolics, tegiés with a higher concentration
in vegetative parts (Satyat al, 2012; Sharma & Devkota, 2018; Pressal, 2000).
The invasive weeds likAgeratina denophoréSubba & Kandel, 2012; Lallianrawna
et al, 2013) andParthenium hysterophory®hmedet al, 2018) possess allelopathic
effect due to the presence of different allelocloatsi (Rai & Tripathi, 1984; Kumar
& Gautam, 2008). It is not known if the plant extrand compost extract from these
weeds will suppress the seed germination of wimt@ps and/or winter weed.
Therefore, it is important to investigate the efffetaqueous extract, compost extract,
and compost of invasive weeds liké\geratina adenophoraand Parthenium
hysterophorus and the native weedA(temisia dubidq on seed germination and
seedling growth of both winter crops and weeds.sTi@search aims to use the
effectiveness of compost prepared from invasiventplaAgeratina adenophora,
Parthenium hysterophorougand native weedAftemisia dubig especially to control
other winter weeds.

1.7 Research questions

a.  Which are the most dominant weeds in the wicrtgps in Kathmandu valley?

b. What are the effects of agueous extract, comgxisact, and the compost of
native weedArtemisia dubiaand invasive weedsA{eratina adenophorand
Parthenium hysterophori®n seed germination and seedling growth of wheat,

mustard, and associated weeds?
1.8 Objectives

The general aim of the present work is to undedstdre weed ecology of most
common weeds of winter crops for making their coinpossible. To achieve this

bigger target, the following specific objectives/bdeen set for the study.

1) To analyze the weed community structure of thetev crop weed community

in Kathmandu valley.
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2)
3)

4)

5)

To study the phenology of some dominant weeds.
To study the morphology of selected weed seedgteir soil seed bank.

To study seed germination of some weeds andawter crops under different
environmental conditionsiz. moisture, light, temperature, pH, and chemical

conditions.

To investigate allelopathic effects of some wgeed seed germination of other

crops as selected within weeds.
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CHAPTER 2

2. LITERATURE REVIEW

Weeds can inhabit and multiply rapidly in diverseieonmental conditions that give
them advantages over the crop (FAO, 1987; Chatlas, 2018), so they are found in
a limitless amount. Worldwide, there are about @60, plant species in which
approximately 3% or 8000 weed species have harmwifieimical substances that
adversely affect crop plants (Charles al, 2018). The frequent and diverse
distribution of weeds creates intense pressuréerenvironment as noted by Akhtar

and Hussain (2007).

Many works on weed ecology have been conductedepaN(Joshi, 1982; Khatiwada,
1986; Manandhar, 2004; Acharya, 2005; Joshi, 20603y, 2005; Dangol, 2013)
Some ecophysiological works on the weeds Igeratum conyzoides, Ageratum
houstonianum, Chenopodium album, Cirsium argyrawasit Oenothera rosea, Vicia
hirsuta, Vicia sativa, Trifolium repens, Eupatoriuadenophorum, Artemesiand
Cannabis sativdhave also been conducted (Ranabhatt, 1978; Yad8h; LChettri,
1986; Raut, 1986; Bhandari, 1999; Pokharel, 2004rajBli, 2005). Weed
enumeration and taxonomic work have been done kudiary (1978). Extensive
work on some grasses and forbs of Morang distwets studied by Jha (2003, 2005)
and weed competition study in paddy field and tleemtrol measures was conducted

by Thapa (2005).

Biogeographically, more than one-third (35%) of #ien flora in India has found its
native in South America, followed by Asia (21%),risd (20%), Europe (11%),
Australia (8%), North America (4%); and cryptogeliti®o) (Khurooet al, 2012).

The documentation on the impact of invasive alipacges on native biodiversity,
ecosystem functioning economy and human healthldrag been recognized. It is
well known that some species introduced by humamaintain populations and
become naturalized and only a subset of naturalsgseties spread rapidly (i.e.,
become invasive), and even fewer have strong nega&tological and economic

impacts (Blackburet al, 2014; Inderjitet al, 2018).
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2.1 Weed community structure of winter crops

Dangol (2001) reported weeds likehenopodium album, Polygonum plebeium,
Oxalis corniculata, Anagallis arvensis, Digitariarsguinalis, Vicia hirsutaandVicia
angustifoliain the wheat field of Rampur, Chitwan and also regmb weeds like
Chenopodium album Oxalis corniculata Cynodon dactylon Ageratum
houstonianumand Digitaria sanguinalisin maize fields during winter in Chitwan
Later on 34 papers were reviewed on the most common weedbedt . aestivum
L.) field of Nepal and listed 370 weed species bd Zenera in 54 families (Dangol,
2013). He reported Asteraceae (69 spp.) as ther@gminfamily followed by Poaceae
(52 spp.), Leguminosae (25 spp.), Polygonaceasfph9, Caryophyllaceae (18 spp.),
Scrophulariaceae (17 spp.), Euphorbiaceae and Ikaaga (14 spp. each),
Brassicaceae and Cyperaceae (13 spp.), and Sad&nétE spp.), which accounted
for 71.35% of the total weeds in the wheat fieldis. the mustard fields of
Mahendranagar- Kanchanpur, 75 dominant weed spe€iesfferent families like
Poaceae (16 species), Cyperaceae (8 species), adeder (8 species),
Scrophulariaceae (6 species each) and Legumingsgdorbiaceae (5 species each)
were recorded based on density and IVI (Bletial., 2017). Ranjitet al. (2009)
studied the effect of mulching on weed managemaategies in wheat fields at
Khumaltar (during the winter season of 2000-2002)wheat fields Alopecuros sp
Cannabis sativa Chenopodium albumPhalaris minor, Polygonum hydropiper
Rumex crispusSoliva anthemifolia and Stellaria media were dominant species.
Among them Alopecuros aqualisC. album P. minor,andwere the more dominant
species. Compared to that without mulching the ceffef mulching showed
suppressed the weeds about fifty percent. Whehtsytegether with yield attributing
were also higher in the treatments with straw muBibedi (2013%urveyed rice and
wheat fields to understand local knowledge on wexensity diversity and weed
management practices, under the rice-maize-whegppiorg system located at
Chitwan. The weeds lik€Ehenopodium albunVicia sativa Vicia hirsutum Anagalis
arvensis Oxalis corniculatavere reported to be the major weed based on deasity
frequency wherea$olypogon fudax Polygonum plebijumChenopodium album
Solanum nigrumGnaphalium affine, Anagalis arvensigere reported as a major
weed in a wheat field based on the frequency ofdwespulation and density. Total
weed population reported were 332.4%, 350%, 165h8§ler in lowland, upland,
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and zero tillage than herbicides applied fieldspestively.Cyperus rotundusk. is
also a troublesome weed, which is economically farand is widely spreaded in
the tropical and subtropical regions of the woRe@drzada, 2017; Jha & Sen, 1985a).
It has also been reported to cause 20-90% yiekske$om various agronomic and
horticultural crops across the world (Peerzada/20Iha and Sen (1985b) studied the
survival strategies afyperus rotundus&. and reported that the critical moisture level
of the tubers, perennating organ is 43% even ainmoim soil moisture of about 0.4%.
Weeds likeCyperus rotundusChenopodium albumCyanodon dactylanPhalaris
minor, Echinocloa colonumConvolvulus arvensjsAgeratum conyzoide#Angallis
arvensis, Solanum nigrunand Parthenium hyserophorusrere found in mustard
fields of Uttar Pradesh, India (Singét, al, 2013). Rogeet al (2015)estimated the
distribution and population of weeds and reporteat the knowledge of the weed
population's abundance and distribution is impartardetermine how the population
changes occur during a long time due to selectresgure by different agronomic
practices. Accuracy of estimation of these two alales of weed is very helpful and
important for the management of the agriculturaldfiin terms of both productivity

and biodiversity.
2.2 Phenology of some dominant weeds

Ageratum conyzoidesere found as a common weed germinated in agriallfields

in tropical and subtropical regions (Ferg al, 2007; GISD, 2016). The ideal
temperature for the germination oAgeratum conyzoided.. and Ageratum
houstonianunranges from 20 to 25°C. The species are highlptatiée to different
ecological conditions due to large morphologicaliatéons. Fenget al (2007) and
Holm et al. (1977) also reportelgeratum conyzoideendAgeratum houstonianuio

be among the commonest weeds in warmer regiorigeeakorld as an important weed
in all crops in the tropics and subtropics. Thespaleported it as a weed in China, as
it flowers all year-round (where soil moisture igeguate) and produces large

guantities of seed, which allows for a heavy irdéen of crop fields.

Huanget al. (2012)investigated the floral biology @idens pilosa.. var. radiata, a
member of Asteraceae. They defined six floral stamgcording to another tube and

style morphology to observe the process of polleesgntation to assess pollen
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viability and stigma receptivity. They observedrsigant differences in the number
of disk florets per capitulum and the number oflgrolgrains in each floret among
individuals. The secondary pollen grains that cauefrom the anther tube occur due
to activities like brushing and pumping of growistyle was observe&hivakumaret

al. (2014) investigated the biology @idens pilosalL. seed production under the
canopy of crop plants. They reported good growdimfduly to September along with
a wide variation in plant height, number of brarsg;hgiomass, and seed production
potential. They reported the time interval betwseed initiation and rain episodes
varied from 4 to 15 days and took nearly 37 to @$sdto complete the entire seed
rain episode in the population. Positive significaarrelations between the growth

parameters and the seed yield have also beenedport

Baloch, et al (2015) consideredCyperus rotundusas the world's top 10 noxious
weeds of agricultural fields of different econontigaimportant crops.Cyperus
rotundusis distributed all over the world in tropical, stdgical, and temperate
regions. This plant appears from the ground inseisons wherever there is even
slight moisture. During the rainy and winter seasotine population ofCyperus
rotundusis very dense and causes heavy damage to cromgtima (Holzner &
Numata, 2013). The roots and rhizomeCgperus rotundussually penetrate up to 20
cm into the soil but over 90% of their phytomaseestricted to the upper 10 cm. In a
dense population, the underground parts form aneshad mass of root and rhizome
ranging from 3 mm-1.25 cm. The tuber fails to sprbelow 13C and with lower
moisture content (less than 13 %as reported byAmbasth (1964). The control of
weed Cyperus rotunduss very difficult due to its rapid growth capaciand well
developed underground rhizome/tuber system. Althotlgs weed also produces
seeds it mostly spreads by tubers. The tuber feomatepends upon the seasons in
temperate latitudes, which begins in late summeplastoperiods become shorter
(Molero & Stoller, 1978). Schonbeck (201%®)ported thaCyperus rotundusisually
flower about 7-8 weeks after emergence, althougheting can occur as early as 3
weeks. The formation of a new tuber starts atithe of flowering & most tubers are
set in the top 8 inches of the soil profile, witlieav forming at greater depths. After
flowering, the tubers continue to form for sevenaeks after shoot growth ceases
becauseCyperus rotundusindergoes a marked shift from above ground towvbelo

ground development.
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2.3 Soil weed seed bank estimation

The important component of many plant ecology &sidind weed dynamics is the
study of the viable seeds in the soil. The soidseanks refer to the all viable seed
reservoir present in the soil or mixed to soil delgSimpsoret al, 1989). Benvenulti,
(2003) performed experiments in the laboratory investigate if the physical
characteristics of the soils were involved in bbthiied-seed ecology and emergence
dynamics. He buried seeds of we&aiura stramoniuni.) in 10 different soil types
(with or without the control of soil external gasveonment) with pronounced sandy
or clay texture to study seggrmination and emergence characteristics. Gerramat
obstruction was reported to be due to burial degotd was also to be directly
proportional to clay content and inversely proporél to sand content. He suggested
that the inhibition in seed germination with deptais not so much due to hypoxia but
was mainly due to the presence of fermenting méitabahat could not readily be
removed due to decreased respiratory activity. @ase the experiment he also
suggested that the increased time required foethergence of buried seeds in clay
soils was primarily due to increased mean gernonatime not due to difficulty in
penetration of seedling to come out through the $effore emergence. His
experiments demonstrated that soil physical pregsehave a strong effect on buried-
seed ecology and soil seed-bank dynamics in the-egrsystem. Mesagarat al
(2007) estimated seed bank by three extraction metho@wirggj, cloth bag, and
flotation) using different types of seeds d&fatura stramonium, Amaranthus
retroflexus, Portulaca oleraceand Plantago major The total seed recoveries from
the flotation, sieving and cloth bag methods wet#667%, and 75%, respectively,
and were insignificantly different. The estimatiami seed density and species
composition of soil seed banks in the soil of natugrassland in Patagonisas
analyzedby Gonzalez and Ghormendi (2012). They found four-timgher seed
density in the grassland soil with the extractioatmod than that from the seedling
emergence method. From this study, they conclutat differences in seed bank
estimation in both methods may be associated weikd ssize, seed mass, seed

dormancy and specific requirements for germination.

There is no standardized method for seed bank awatutechniquegEspelancet al.,
2010). They compared the emergence of the seed ®&oih and petri plate

germination experiments @romus tectoruniL.), Vulpia bromoideqL.S.F. Gray),
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Amaranthus retroflexu@..), Kochia scoparigL. Schrad.)Chenopodium albur{L.),
and Lepidium campestréL. R. Br.). They reported less seed bank estwnatifrom
the emergence method than that from the petri glatenination and concluded that
the soil is an important post-germination barrierseedling emergence. Thesed
seed bank stud rice fields showed that the amount of the wesetisbank is highly
variable which depends on various factors like atie relief position, soil moisture
content, depth of sampling, history of the areas management practices by farmers
(Mesquita, 2017). Most common weeds produce a hugebar of seeds and
vegetative propagules with physical and physiolalgaormancy mechanisms, as a
survival strategy. After seed rain, a large proporof weed seed banks remained on
or close to the soil surface. Determination ofweed seed-bank can be made by seed
direct extraction and germination methods. He ssiggethe germination method to

be more accurate concerning record viable seetlieigoil.
2.4 Seed germination
2.4.1 Under different environmental conditions

Dormancy of a seed is defined as the inabilityed#ds to germinate under favorable
conditions. Unfortunately, it is not the only wag tdentify whether the seed is
dormant or non-dormant. A non-dormant seed wilingeate under the right set of
conditions whereas the dormant seed will exhilitaae strict set of conditions before
it germinates (Madrid, 2012). It was also stateal thuring maturation, seeds may
enter a state of dormancy that requires anothefsminditions to break it.

The light response and seed mass coevolved as aptiva feature to ensure
germination of small-seeded species only when diogbe soil surface (Milbergt
al., 2000). Temperature is a major factor for modifyseed responses to light; a seed
may require light to germinate at a given tempeegahwt not at other temperatures. In
some species, temperature fluctuations can fullpaotially substitute for the light
requirement. The soil temperature fluctuation ighkst close to the soil surface
without vegetation or with vegetation gaps (Milbergal, 2000). Phytochrome is
another factor that mediates light-promoted gertionaand is also known to increase
the number of bioactive gibberellins in seedscording to Cann (2014), seed
responses to the timing of germination in the fiaté controlled by light and also
affect seedling survival, growth and fitness. Setds$ require light for germination
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are usually small in size. The effect of light oarmination in 131 taxa of the
Campanulaceae family, from all five continents, wagstigated by Koutsovoulcet

al. (2014). They found seed germination higher imtlithan in darkness for every
temperature tested and also reported that the lighuirement for germination
decreased significantly with increasing seed m#ssvas suggested that smaller
seeded taxa might germinate only on the soil sarfaic at shallow depths, while
larger seeded species might germinate even wheaadbur the soil. Theeffects of
temperature, light, sodium chloride (NaCl), hydnogen concentration (pH),
potassium nitrate (KNg¢), and polyethylene glycol 6000 on seed germinatdn
Rumex confertusvas studied byKotodziejek and Patykowsk{2015) and found
significantly higher germination percentage in tighan in darkness. From these
experiments, they conclude that in the vegetatawsgr disturbed sites the weRd
confertuspossibly established through the germination efiseéhat originated from a
long-lived seed bank in the upper surface of thle Eaperiments on the adaptation to
temperature and water stress in three spe@gesatum conyzoides, Crassocephalum
crepidioides,and Conyza canadensiwas conducted by Yuan and Wen (2018) and
found that these three species have wide arragropérature ranges to allow seed
germination. High germination and seedling growtiravachieved between 15°C and
30°C, but germination was drastically inhibited3& C; andAgeratum conyzoides
favored warmer temperatures. The light was a g&mination prerequisite faC.
crepidioidesandAgeratum conyzoidesvhereas mo<t. canadensiseeds germinated
in dark condition. Although all three species havgood adaptation to bare ground
habitat characterized by high temperatures andrvgatess, including their tolerance
to soil surface temperatures of 70°C in air-drieéds Ageratum conyzoideseeds
showed high tolerance to both high-temperaturetrtreat of 40°C, and water
constraint (e.g., ca. 65% seeds germinated toM®8& created by NaCl), which were
reliable with their field conditions in China. Thiudy suggests that seed high-

temperature tolerance contributes to weed becomuasive.
2.4.2 On chemical fertilizers (urea and potash)

The adverse effect of urea fertilizer on seed geaton of wheatTriticum aestivum
L.), rye Secale cerealt.), barley Hordeum vulgard..), and cornZea mayd..) in
soil was investigated by Bremner and Krogmeier @)98hey compared the effect on

seed germination in the soil of purified urea, uedlizers, urea fertilizer impurities,
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and compounds formed by enzymatic and microbialsfamations of urea in soll.
Their result showed that ammonia volatilized frooiisstreated with urea completely
inhibited germination of seeds close to, but notcamtact with, these soils. Their
experiments also showed that the adverse effeateaf fertilizer on seed germination
in soil was eliminated when the soil was autoclatedestroy urease or was treated
with phenyl phosphorodiamidate (before treatmenhwrea fertilizer) to hinder soil
urease activity. Hence they recommended integragiggnic manure with inorganic
chemical fertilizer for effective agriculture andssainability of the environment.
Similarly, the impact of high evaluation of artiit fertilizer and mitotic index was
studied by Tabur and Oney (2009) in root tipsv/afia hybridaL. and reported that
high concentrations of artificial fertilizers deases mitotic index and increases
various chromosomal abnormalities. Urea has higlohtent (45 to 46%), and rapid
converts to plant-available N (Weigs$ al, 2009). They mentioned that if urea is
surface applied and not incorporated (either by aaitillage), N losses to the air (as
ammonia) can approach up to 40%. It is also meatidhat a rapid pH increase after
application caused by hydrolysis of urea can resudmmonia release and that can
damage seedlings if the urea is applied near thd. Seonversion of ammonium to
nitrate resulted in the formation of hydrogen idrE). So, like most N fertilizers,
repeated applications of urea will reduce soil pkerotime. The effect of various
concentrations of ammonium sulfate and potassiulfatsuwas investigated by a
series of experiments on direct-seeded upland (6oegh, et al, 2010). From the
studies, they reported that productivity of rainfgaand rice can be increased by the
integration of seed invigoration techniques conrgnhormone priming by GA3 and
thermal hardening that improved the crop competitiability. They reported
suppression of weeds substantially with intercrogmf pigeon pea and cowpea with
rice at 4:1 and 4:2 row ratios, respectively. Timegnipulated fertilizer scheduling
using controlled-release urea and basal applicatibo™N and integration with an
optimal dose of herbicide to reduce weed infestatioutrient uptake by weeds,

enhance agronomic nitrogen use efficiency, andhjwave upland rice productivity.

The impact of organic manure and compost on theymtivity of wheat Triticum
aestivumL. cv. Inglab-91) growing in sandy clay loam seias conductedby
Ibrahim, et al (2008). They have reported mainly to optimize dhgunts of various
organic manures to supplement the inorganic feetié for crop yield. They reported
an increase in the wheat yield by 11.13 (105 %d)3®3 (128 %) g in the pot than in
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control with the organic manure application. Theewat plant height, number of
tillers, spike length, straw yield, grain yield,dah000 grain weight all were reported
to be statistically different from that of contrdiheir findings suggested that crop
productivity may be improved significantly by th@pdication of various organic
manures instead of using inorganic chemical fedilialone. The effect of various
organic fertilizers (farmyard manure, vermicompastd composted coir pith) and
inorganic fertilizers (nitrogen, phosphorus, andagsium) on germination of green
gram {igna radiatal.) was studied byaitiyanathan and Sundarmoorthy (2016).
They analyzed various parameters (like germingtiencentage, seedling length, fresh
weight, dry weight, and photosynthetic pigmentshsas chlorophyll a, chlorophyll b,
total chlorophyll, and carotenoid) and found thihtstudied parameters increased in
plants with vermicompost applied soil, than in seith other organic and inorganic
fertilizers. They concluded that vermicompost isyveseful for crop production. The
experiments with compost extract were conducteiogti et al. (2015) and they
found that the tested compost extract dilutionsreidatively impact the germination
percentage of pepper but not on tomato, cucumbdrasil. However, their results
showed that compost extract at 1:4 dilution, predutrom designed compost 2 (i.e
higher percentage of brown or C: N) with lower NR3evels and a higher number of
nematodes, has the potential to reduce lambsquseeer germination percentage by
32% without affecting the germination of the tesss@dd crop species. Experiments
on weed control using chemically- and microbialigeed compost extracts (CMD-
CE) were conducted BZinati (2017) and their results indicated that aipplication of
compost extracts can be effective in managing wesadd also in producing
comparable crop yields to the standard grower’sotkt

2.5 Allelopathic effect of two invasive plants Ageratina adenophoraand
Partheniumhysterophoru3 and one native weedArtemisia dubig

Phytochemical investigation of aerial part of pl&ofpatorium adenophorur@preng.
[or Ageratina adenophora(Spreng.) King & Robinson] (Compositae) for its
allelochemicals conducted by Zhao al. (2009) and identified eleven terpenes (2
monoterpenes and 9 sesquiterpenes) fAgaratina adenophorand also reported
that it has caused a great economic loss in Cksecially the southwestern region,
as it is gravely threatening the native biodivgrsithey also recorded the potential
allelopathic effects of these compounds onAha&bidopsisseeds germination. Out of

11 compounds isolated, only 2 compounds retardesl Amabidopsis seeds
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germination, while other compounds showed no olsimhibitory effectsFurther
Zhu et al (2011) tested the allelopathic effect of phytatday of Eupatorium
adenophorunfcrofton weed) to a native plant spedd¥assica rapapoth in the sand
and in native soil. They concluded that naturalsstsom different invaded habitats
eliminated the efficacy of potential allelochemgah comparison to sand cultures.
They also found that when that soil is sterilizége allelopathic effects return. This
made them suggest that soil biota were responfabléhe reduced phytotoxicity in
natural soils. Two allelopathic compounds (9-Oxgt16dehydroageraphorone and
9b-Hydroxyageraphorone) which are present inBEhadenophorunare absent in the
natural soils infested by the invader, but whenythdded those compounds to the
soils as leachates, they showed significant degoad@&ccurred after 24 hours in
natural soils but not in the sand. From this figgliit has been concluded that soil
biota can reduce the allelopathic effects of invad@dad also play an important role in
reducing community invasibility. Altogether 45 vbla compounds are identified
from essential oil extracted froAgeratina adenophoréSubba & Kandel, 2012). It is
expected that in future, the rapid expansioAgératina adenophoraill be essential
to initiate effective management measures to piefugther negative impacts of this
invasive plant (Pouddt al, 2020).

Among them, torreyol (16.8%) was the major componenoil. Their result also
showed a higher fraction of sesquiterpene thamtbroterpene in the essential oil.
Their results also showed the antibacterial agtieixtracted essential against both
gram-positive Klebsiella pneumoniaandStaphylococcus aurepand gram-negative
(Escherichia coliand Proteus vulgariy bacteria.Allelopathic effects of fresh and
compostedAgeratina adenophoran the physiology of three solanaceae vegetables
(Capsicum annupsolanum lycopersicunandSolanum melongepand yield quality
was studied by Jiaet al (2016)of pepper. They reported thageratina adenophora
composed with microbial inoculum eliminated the giblogical inhibition of seed
germination and seedling growth and the compostndet with chemical fertilizer
increased pepper yield as well as improved theityudlhe allelopathic effects of
Ageratina adenophoravere also studied by Qian and Huang (2048) explained
that the fresh plants contained allelopathic toxafsch inhibited the hydrolysis of
macromolecular inclusions in seed endosperm, ancedsed seed germination rate,
nutrient absorption by seedlings, including nitnegphosphorus, and potassium, and
inhibited seedling growth. He reported that orgafeitilizer made fromAgeratina
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adenophorawhich was added withmicrobial inoculum stimulated wheat seed

germination, and increased the yield and seedtguali

Phytotoxic effects ofParthenium hysterophorugwvhole plant, leaves, and roots)
residues on threBrassicaspecies Brassica campestri83. oleraceagandB. rapg
was studied by Singlet al. (2005) in the laboratory. The aqueous extrat¢hisf plant
severely reduced the seedling growtBodissicaspecies. The phenolic constituent of
Parthenium hysterophorusesidues extracts increased with increasing residu
concentration. The allelopathic effects Aferatum conyzoide€ynodon dactylon
Parthenium hysterophorusnd Solanum nigrumiL. were also examined by Verma
and Rao (2006pn seed germination, seedling growth, total protsamtent, and
protein profile on Ankur, Bhatt, Bragg, PK -416,-B@42 and Shilajeet varieties of
soybean (Glycine max (L) Merill). They reported lbanhibitory and stimulatory
effects of aqueous extracts of weed (10% w/v) oedsgermination and seedling
growth in different varieties of soybean. Among @esxtracts Solanum nigrunand
Parthenium hysterophorusvere reported to have more detrimental effects as
compared to others. Allelopathic effect of aqueoestract of Parthenium
hysterophoruswas studied by Maharjaat al. (2007) on seedling emergence and
seedling growth of three cereal cro@3ryza satival., Zea mays.., and Triticum
aestivumL.), three crucifersKaphanus satiyaBrassica campestrik. andBrassica
oleraceaelL.) and two families of Asteracea@r(emisia dubiawall ex. Besser and
Ageratina adenophoréSpreng King and H.E. Robins). Kishetral (2010) suggested
that composting of uprootdeartheniumor use as a green mandartheniumextract
helps to reduce its spreading and inhibit the wsssstiling growth. They documented
that the nutrient composition &artheniumcompost is higher than farmyard manure
and suggested its use in agriculture. The biomé$zadhenium hysterophoruand
Chromolaenabdoratacan be used for compostifigrishnamurthyet al, 2010). They
recorded more organic carbon and nitrogen Ghromolaenacompost than in
Partheniumcompost. Further higher P content in composts iwesrded due to the
enrichment oPartheniumandChromolaenawith rock phosphate, but K, Ca, Mg, and
S contents did not show much difference in bothcii@posts. Netsere and Mendesil
(2011)investigated the effects of aqueous extracts oétagiye parts oParthenium
hysterophorud.. (shoot, leaf, flower, and root) on seeds ofsbgbean Glycine max
L.) and haricot beanPhaseolus vulgarid..). Their results showed 100% seed
inhibition of both crops with all concentrations afueous extracts of flower, 10 and
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15% of leaf extract and 15% concentration of shedtact. They also reported that
the roots of the crops to be more sensitive tdagdghic effect than shoots. To avoid
weed, poor germination and seedling growth of sagband haricot beans and to
ensure sustainable production of the crops theymetended designing an integrated
weed management strategy. Afridi and Khan (20158paoted the laboratory and pot
experiment to investigate the allelopathic aqueamdract of Parthenium
hysterophorusDatura albg Phragmites australisandOryza SativaagainstTriticum
aestivum and associated weedsAvena fatua Rumex crispys Parthenium
hysterophorusand Datura alba showed a significant effect on associated weeds of
Triticum aestivuni. Their study showed the degree of toxicity offgiént treatment
following the order of inhibitiorP. hysterophorusD. alba>P. australis>O. Sativa
Phytochemical constituents and ethnobotanical w$esvasive weedParthenium
hysterophorud.. were reviewed by Khaet al. (2015).

The allelopathic effect of fredharthenium hysterophoruBarthenium hysterophorus
compost, andParthenium hysterophorusomposted with other plant materials was
investigated by Wakjirat al. (2009)on the emergence and growth of lettuce plant.
Their results clearly showed that composting gyeettiuced allelopathic effects of
Parthenium hysterophorusL. compared to freshParthenium hysterophorus.
Furthermore, compostingartheniumhysterophorud.. with other plants resulted in
lower inhibition of emergence radicle and plumwdadths compared to composting
Parthenium hysterophorus alone. Therefore, they suggeste®arthenium
hysterophoruscomposting with locally available plant materials a measure to
reduce its allelopathic inhibitory effect. Roy aBHaik (2013) worked on toxicology,
phytochemistry, bioactive compounds, and pharmagoloof Parthenium
hysterophorusThey suggested th&. hysterophoruss a rich source of terpenoids,
volatile oils, sugar, and phenolic derivatives. Téftect of compost oParthenium
hysterophorusveed on germination and growth of wheatiticum aestivuyn was
also studied by Ametat al (2016). They studied the productivity of wheatden
three conditions- (i) witlPartheniumcompost as an external nutrient source, (ii) with
an inorganic fertilizer as an external nutrientrsey and (iii) without fertilizer and
reported that the compost Barthenium hysterophoruseed gave good results in a
yield of wheat. Khalidet al (2017) studied the allelopathic effect of rodgns, and
leaves of aqueous extract Barthenium hysterophorusn mung beans at laboratory
along with control. All treatments (i.e differenbrecentrations of aqueous extract of
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root, stem, and leaf oP. hysterophorus severely decreased the germination
percentage, stem, and root length of mung in coismato control.

Singh, et al. (2008) conducted the work on phytotoxicity of the threejona
monoterpenes constituents of the essential oil fieaves ofArtemisia scoparia
Waldst. & kit (redstem wormwood). They describedtttihe essential oil and the three
monoterpenes exhibited phytotoxicity and reducest sgermination, shoot and root
length, chlorophyll content divenasativaandTriticum aestivumArtemisia scoparia
oil andB-myrcene can be explored for phytotoxicity agaimeeds was suggested by
them. Gholamiet al (2011)reported the allelopathic effect of aqueous extrHct
aerial parts ofArtemisia kopetdaghensend Satureja hortensisoon the growth of
Portulaca oleraceaeand Chenopodium albumSignificant inhibitory effect on the
growth of the root, stem, leaf, root/shoot, andngeation rate and germination
percentage of weed seeds were shown by aqueowateafrconcentrations of 75%
and 100%. They suggested using it as a non-chenvieadlicide in organic farming
systems. Satyaet al (2012) extracted essential oil from the leaves Astemisia
dubia, Artemisia indicaand Artemisia vulgarisfound wild in Nepal. They reported
the major constituents oArtemisia dubia oil were chrysanthenone (29.0%),
caumarine (18.3%), and camphor (16.4%). These &abkeits against.actuca sativa
(lettuce) andLolium perenneg(perennial ryegrass) using both seed germinatiah a
seedling growth and all threArtemisia oils displayed a remarkable allelopathic
activity.

From the above, it is evident that invasive plahke Ageratina adenophora
(Krishnamurthyet al, 2010) andParthenium hysterophorousave been used for
preparing the compost (Krishnamurtityal, 2010; Wakjiraet al, 2009; Ameteet al.,
2016) and have also been reported to enrich sdiliemts like organic carbon,
phosphorus and nitrogen (Krishnamurtityal, 2010). Both these invasive species
also have allelopathic effects (Verma & Rao, 20@@&harjanet al, 2007), but the
research on the seed germination of crops, othedsyeand seedling growth with
their compost and compost extract have not beesstigated so far. Besides that, the
aqueous extract of aerial parts of native weEtiemisia dubiaalso have an
allelopathic effect on seed germination and segdiiowth (Satyakt al, 2012), but
the studies of its compost on seed germinationsaedling growth have also not been
conducted so far.
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CHAPTER 3

MATERIALS AND METHODS
3.1 Weed community analysis
3.1.1 Study site

To ascertain common weed in winter crops, the adjgi areas like Kirtipur,
Bhaktapur, Godawari, Chapagaon, Dharamsthali, dmieafSurin Kathmandu valley,
where winter cultivation is common were selectethofg these study areas Kirtipur,
Dharamsthali, and Shivapuri falls in Kathmandurdist Godawari and Chapagaon in
Lalitpur district and Bhaktapur in Bhaktapur distri For other objectives like
phenology, seed morphology, seed bank estimatiwh,cthers, the weed seeds and
soil were collected from Kirtipur and BhaktapurieSi of Kirtipur (27°40'43.39" N
85°16'39.00" E) were Machhegaon, Chobhar, fieldar r€ribhuvan University,
Dhalpa and Chhugaon and that of Bhaktapur (27°40'22 85°25'48.2"E) sites were
Manoharakhola (Lokanthali), Gatthaghar, Sano ThiBalkot, and Thimi. The

cropping pattern in the studied fields is summatireTable 3.

Table 3.Cropping pattern of Kirtipur and Bhaktapur (stutlfeslds)

Kirtipur Cropping pattern Bhaktapur Cropping pattern

Machhegaon Wheat-Rice-Tomato Manoharakhola Wheat, Maize
(Lokanthali)

Chobhar Wheat-Rice Gatthaghar Wheat, Legumes
Fields near Tribhuvan  Wheat, Maize Sano Thimi Wheat-Mustard
University

Dhalpa Mustard-Legumes-Tomato Balkot Mustard, Rice
Chhugaon Mustard-Legumes Thimi Wheat-Rice
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Figure 1b: Sample collections sites in google map
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3.1.2 Climatic data

The climatic data of three years (2012-2015) shthas the rainfall and temperature
were maximum in the month of July and minimum ia thonth of December in both
Kirtipur and Bhaktapur (Figures 2a, b). The maximuanfall in Kirtipur was 272.65
ml and in Bhaktapur, it was 350.0 ml in July. Me@amimum temperature in Kirtipur
and Bhaktapur was in January (0.38 and 1.40°Ceotisely) and maximum in July
(20.40 and 20.85°C, respectively). The mean maxinemperature in Kirtipur and
Bhaktapur was in June (29.9 and 30.7°C, respegjiagid the mean maximum in Jan
(18.1 and 19.5°C, respectively) (Tables 2a, b).

- 300
- 250
- 200
150
100

temperature °C
rainfall (mm)

Kirtipur

mmm Min_temp == Max_temp=—Rainfall

(a) Kirtipur

35 4 - 400
350
300
250
200
150
100

temperature °C
rainfall (mm)

Bhktapur

mm Min_temp = Max_temp
~—Rainfall

(b) Bhaktapur

Figure 2: Rainfall, maximum and minimum temperature in betwéhe year 2012-2015 at (a) Kirtipur
and (b) Bhaktapur

Source: Department of Hydrology and Meterology, istily of Energy, Water Resources and
Irrigation, Babarmahal, Kathmandu, Nepal
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3.1.3 Frequency, density, and abundance of weeds

Field visit- A survey was conducted during the winter seagact-March) in these
three years 2012-2014 (repeated sampling) to stighds in the fields of wheat and
mustard crops at selected sites. These two crops setected for the present study

because they are mostly grown by farmers in theewseason in Kathmandu valley.

Quadrat method- To understand the dominant weed, altogether iggs gKirtipur,
Bhaktapur, Godawari, Chapagaon, Dharamsthali, amdafuri) was selected. At
each site, five areas were selected and two pletse wilentified at each area. At each
plot, 5 quadrats of (1 m 1 m) were studied, so in total 50 quadrats wearkifaeach
site. Weeds were present in each quadrat and thenbers were recorded. For
guantitative analysis of weed, parameters like desgy, density, abundance, and
their relative values for IVI were calculated ustheg following formulae according to
Mishra (1968) and Curtis and Mcintosh (1951).

Numberof quadratein which thespeciesaccurredx

Frequency (F) =
a y(F) Total numberof quadratestudied

100

Frequencyof species X 100

Relative Frequency (RF) = .
Totalfrequencyof all thespecies

Density (D) = Total numberof individualsof as.peC|es %100
Total numberof quadratestudied

Density of anindividualspeciesx

Relative Density (RD) = - -
Total densityof all thespecies

100

Total numberof theindividual of thespeciesn all quadratesx]OO
Numberof quadraten which speciesccurred

Abundance (A) =

bundanceof anindividual species, 100

Relative Abundance (RA) £ -
Total aabundancef all species

3.1.4 Importance value index

The IVI is commonly used in ecology to show thelegizal importance of a species
in a given ecosystem. According to Curtis and Masht (1950) and Tauseet al.
(2012), Importance Value Index (IVI) is to assdss averall significance of a species

since it takes into account several propertieti®fspecies in the vegetation.
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Importance Value Index (IVI) = Relative frequendyH) + Relative density (RD) +
Relative abundance (RA) (Mishra, 1968; Rao & Vijakahmi, 2017; Bhadra, &
Pattnayak, 2016).

Based on the highest IVI value only four common dvespecies Ageratum
conyzoided.., Bidens pilosd.., Cyperus rotundug. andGalinsoga parvifloraCav.)
were selected for another study like phenologyd sstimation, seed characteristics,
seed germination and allelopathic effect. For I¥uncommon weeds, only mean and
standard deviation were calculated.

3.1.5 Diversity indices

To measure weed species diversity in winter crefd$, two diversity indices were
applied namely: A) Simpson's Diversity Index and 8hannon Wiener index
(Hussairet al.2017).

A) Simpson's diversity index Simpson's index (D) was calculated by using the
formula:

D =X pi2

n(n-1)

RN (N -1)
Where, n = the total number of a particular species

N = the total number of all the species

Value of D ranges between 0 and 1, with this indepepresents infinite diversity and
1, no diversity (i.e greater the value of D, thedo is the diversity), which is quite
unscientific and hence D is often subtracted frontolgive Simpson's index of
diversity (Simpson's Index of Diversity= 1-D).

B) Shannon Wiener diversity index
= — X[ *1n(pi)]

_H
Hmax

D

¥ = Summation, 3= proportion of the individuals of species/totahmher of samples
H = Number of species, H max = In (N)

Hmax= Maximum diversity possible, E = Evenness

29



3.2 Phenology of selected weeds

For phenological study soil from wheat and mustéiedds from Kirtipur and
Bhaktapur were collected and placed in five plaisdbred with bricks, separately in
the garden. Different stages of a plant's life eyide germination, vegetative growth,
flowering, fruiting, senescence of fruits, and sekspersal was noted monthly and
phenophases are given in phenograms. The plants abserved from the month of
October- March in the year 2014 and 2015. Altoged® plants of each common
weed Ageratum conyzoidesBidens pilosa Cyperus rotundusand Galinsoga
parviflora) were studied. 40 plants of each of the selectegdwspecies were
randomly selected and their phenophase was carefxdmined (monthly) from the
germination stage to the seed dispersal stageaotlsing the phenological index
technique (Hegazy & Eesa, 1991).

1-Germination, 2-Vegetative, 3-Flowering, 4-Frgtinrb—Senescence of fruits,
6-—Dispersal of seeds

3.3 Weed seed characteristics

The matured (Senescence of fruits) weed sekgsré&tum conyzoideBidens pilosa
Cyperus rotundysandGalinsoga parviflora were collected from wheat and mustard
fields of selected sites at Kirtipur and Bhaktaptiie 50 seeds of each species were
observed under a stereomicroscope. The size (legthbreadth) of the seeds were
measured using ocular divisions (micrometer) aféandardization with stage
divisions. The color of the weed seeds and theipstwas noted.

3.4 Soil properties

The soils were collected from the wheat and mudiatd of Kirtipur and Bhaktapur
in the month of august before the cultivation ohtsr crops. Soil samples were
collected by a composite sampling method from fmrners and a center of each 1 m
x1 m quadrat, from the 10x10 cm soil surface te@ibdepth using an auger. The soil
samples thus collected were mixed thoroughly, dtwchately half kg of samples was
obtained. Altogether 50 soil samples were collectenh five fields of each site. The
collected soil samples were dried under shade tondi

a) Soil texture- The soil samples were collected from study siteKigipur and
Bhaktapur wheat and mustard fields and were dri®dil texture was
determined using the sieve of different mesh sigee 5, 10, 60, 120, and 230)
(Ho et al.2019; Pandegt al, 2019).
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b) Soil pH test-10 g of soil samples were taken from the selestiied and diluted
with 20 ml of distilled water in a 100 ml beakehelbeaker was covered and
left for 30 minutes and measured with the pH m#tat was standardized using
the buffer solution of pH 4 and 7 (Reed, 1987).

c)  Soil humus test The crucible with lid was weighed. 10 g of sodrh selected
sites were taken. 10 g of soil was kept in the ibtacwith a lid and again
weighed. It was heated in an oven at 80°C for 30uteis and weighed again. 5
ml Hydrogen peroxide was added to the soil anddaeagain, and the weight

was taken. Humus content (%) was calculated acugitdi Zobelet al (1987).

d) Soil NPK test- NPK of soil was tested at the Department of FoRestearch
and Survey, Ministry of Forest and soil Sciencep&leThe nitrogen test was
done by the Kjeldahl method (1883). Phosphoruswest done by Hanway &
Heidel (1952) and potassium by Flame Photometer.

3.5 Nutrient analysis of selected crops and weedesks

Seeds of two crops (mustard and wheat) and wesgksgtum conyzoidds, Bidens
pilosa L., Cyperus rotundud.., and Galinsoga parvifloraCav.) were collected,
cleaned, and dried. The nutrients like proteint(testhod-AOAC 18 Edition, 2012,
950, 920.87), carbohydrate, crude fibre and fat gram seeds (test method-CFL
Manual) were analyzed at the Department of Foodhii@ogy and Quality Control,
Central Food Laboratory, Babarmahal, Kathmandu

3.6 Soil weed seed bank estimation

The seed bank estimation was done by (A) Diffeatritoatation technique (Khatri,
1997) and (B) Germination method (Robert, 1981).

3.6.1 Differential flotation technique

Standardization- The weed seeds &geratum conyzoideBidens pilosa, Galinsoga
parviflora and Cyperus rotundu$l00 seeds each) were kept separately in 100 g soil
of four types i.e sandy soil, sandy loam soil, aiid clay in beaker. Weed seeds and
soil were moistened with about 150 ml water antldeérnight for 24 hours. After 24
hrs, the soil samples were sieved with full forbewer through sieving mesh of 279

micron. Seeds and other debris were kept undisiunbeB0 ml floatation solution
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(30% calcium chloride solution) for half an houhid process separated the organic
matter and seeds from mineral soil fractiohhe floating materials were carefully
removed and collected on a small sieve of 100 micrbhen it was washed
thoroughly and the contents were transferred tedlimuslin cloth (with 25 lines
drawn at the spacing of 1 cm and the lines werebsued from 1 to 25). The content
was distributed evenly on the cloth spread ovdaasgplate with the help of a needle
and the seeds were counted under the stereo nop®sthere were 5 replications for
each solil type. The total number of the seedsensthl sample was calculated with a
correction factor based on the percentage of seedvered (Lopez-Granados &
Garcia-Torres, 2008).

Seed bank estimation of four weeds was carriednosil samples (5 replications for
each soil sample) collected from fields of Kirtipand Bhaktapur. The number of

weed seeds per 100 g soil was calculated.

Numberof recoveredeedperl00g of soil N
Weecsee(standardiationindex*

100

Actual number of weed =

*Mean value of weed seed recovered in 4 differgpes of soll
3.6.2 Germination method

For seed estimation by germination method, the samhples (topsoil-about 15 cm)
were collected from five different sites of the tpur and Bhaktapur area, separately.
The soil bulk density of Kirtipur and Bhaktapur wet.04 and 1.03 g/cm3. About 500
g soil samples were placed in a polybag (15 cmhidaptl 7 cm radius) and were kept
in the orchid house of Amrit Campus for germinatidmring October-November
(maximum temperature 26°C and minimum 10°C). Theeee five replications for
each site. From time to time the soil in the pogdbavas moistened with tap water.
Regular observations every 7 days were done andotiaé number of seedlings
emerged of each species selected for the presedy stas recorded based on

morphological characters (Thompson & Grime, 1979).
3.7 Seed germination

Two crop seedsBfassica campestrik. var. toria andTriticum aestivurmi. variety

RR 21) were bought from an agro shop in Kathmahidypal. Matured weed seeds of
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Ageratum conyzoidedBidens pilosa Cyperus rotundysand Galinsoga parviflora
were collected from wheat and mustard fields ofedént areas of Kirtipur and
Bhaktapur in the month of March and April 2014.

Weed seedsAgeratum conyzoide8idens pilosaCyperus rotundysandGalinsoga
parviflora Cav.) and the crop seeds Bfassica campestriand Triticum aestivum
were treated with 2% Sodium hypochlorite for 2 ntésu separately for surface
sterilization. The seeds were then washed withillddt water thoroughly. The
sterilized petridishes were lined with single WhatmNo. 1 filter paper and
moistened with 5 ml distilled water. The crofs campestrisT. aestivupand weeds
(A. conyzoidesB. pilosag C. rotundusandG. parviflora) seeds of uniform size were
selected and ten seeds of each species were kefiveinsterilized petridishes

separately. Seed germination percentage, shootpoahtengths are also noted.

Numbeirof seedgerminatedx 1

Germination percentage (%) = 00
Totalnumbeof seed usec

3.7.1 Environmental conditions

a) Moisture— Five replications of petridishes containing 10 iswad seeds of
selected crops and weed seeds were grown in fiigteer soaked with 3, 6, 9,12

and 15 ml distilled water for 10 days accordin@tustaet al. (2019).

b) Temperature— Five replications of petridishes containing 10 isxsd seeds of
selected crops and weed seeds were kept in anatwumaintaining different
temperature levels (5, 10, 15, 20, 25°C) separdtmlyl0 days following to
Ghaderi (2010).

c) Light— According toDevkota and Jha (2010), the petridishes contaididg
sterilized seeds of crops and weeds were coveredeblgphane papers of
different colors like red, yellow, blue, green, doldck polyethylene (for dark
condition). For control, the petridishes containicrgp and weed seeds were
grown in filter paper soaked with 5 ml distilled teain normal light. All these
experiments were conducted under normal room temyner (20°C) with five

replications.
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d) pH- To study the effect of pH on seed germination 0b twinter crops
(Brassica campestrisand Triticum aestivup and some weedsAg@eratum
conyzoidesBidens pilosa, Cyperus rotundusnd Galinsoga parviflord, the
solutions with different pH values of 5, 6, 7, 8da® were prepared using 0.1
HCl and 0.1 KOH. 10 seeds of crops and weeds wept ik each petriplate
lined with single layer of Whatmen No. 1 paper, stened with 5 ml of
solutions of different pH. The petriplates were tkaproom temperature (20°C)
in the month of November.

3.7.2 Chemical fertilizer

To study the effect of different concentrationscommon chemical fertilizers (urea
and potash) on seed germination and seedling grafitlrop and weed seeds

following experiments were conducted.

Seed germination
a) Chemical fertilizer solutions of urea and potssparately

b) Fertilizers urea and potash g/kg amended wiltsseparately
3.7.2.1 Chemical fertilizer solutions of urea and gtash separately

To prepare a 10% aqueous fertilizer solution, Z grea and potash were soaked in
20 ml distilled water for 24 hours, separately. Témlution was filtered using
Whatman No.1 filter paper and thus 10% stock sofuivas prepared. From this stock
solution, 5, 2.5, and 1.0% concentration was pexpdoy diluting it with distilled
water. Ten seeds of each species were kept iniztdripetridishes in different
concentrations of urea and potash solution (cantro.5, 5, and 10%) for 10 days.
For control, seeds were grown in filter paper sdakgh distilled water. All these
experiments were conducted under normal room teaiyrer with five replications.

3.7.2.2 Fertilizers urea and potash g/kg amended thisoil separately

The seed germination experiment was also conductagboly bag (35.56 cm 17.78
cm) by using different concentrations (10, 20, &@d 50 g/kg soil) of chemicals urea
and potash in the month of November 2015. ThereeViige replications of each
treatment (10 selected seeds of weed and crops seva). After 30 days seed
germination and seedling growth were recorded.
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3.8 Allelopathic effect on seed germination
Collection of two invasive plants and one native pht

The two invasive plant®arthenium hysterophorué\geratina adenophorand one
native plantArtemisia dubiawere collected from different places of Kirtipunca

Bhaktapur.
Seed germination experiment

The dominant weed seed&geratum conyzoide8idens pilosa Cyperus rotundus,
and Galinsoga parviflord and the crop seeds 8frassica campestriand Triticum
aestivumwere soaked in 2% Sodium hypochlorite for 2 minsgarately. The seeds
were then washed with distilled water thoroughlfheTsterilized petridishes were

lined with single Whatman No. 1 filter paper.
3.8.1 Weed aqueous extract

For the preparation of the aqueous extracts ofti, root, and leaf of selected two
invasive and one native plant were collected, aget] and then a leaf, stem, and roots
were separated. To prepare the aqueous extrachf Zmund air-dried leaves, stem,
and root were soaked in 20 ml distilled water fdri#ts. separately (Hassan al,
2013). The extracts were filtered using WhatmarilNitter paper and thus 10% stock
solution was prepared. From this stock solution, 2%%, and 1.0% concentration
was prepared by diluting with distilled water. Therilized crop seeds and weed
seeds are kept in sterilized petridishes for 16sd&pr control, seeds were grown in
filter paper soaked with 5 ml. distilled water. Aliese experiments were conducted
under normal room temperature with five replicasio(l0, 5, 2.5, and 1.0%
concentration). The moisture level in the petridisds maintained by adding distilled

water as required.
3.8.2 Weed compost extract and compost

Preparation of compost extract and compost A pit of 3x3x3 feet was prepared at
a shady place and was filled with 4 layersPairthenium hysterophoru#\geratina
adenophoraand Artemisia dubiagplant parts and 3 layers of soil alternately atigri
with soil separately. Each layer of plant parts ved®ut 5-7” thick and that of
excavated soil about 2”. It was left for seven rhenffrom March to September) and
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decomposed compost was ready. From this compastexperiment on compost

extract at the laboratory was conducted.

To prepare compost extract, at first compost waslrééd and then 2 g of compost
was soaked in 20 ml distilled water for 24 houreeTcompost extract was filtered
using Whatman No.1 filter paper and thus 10% stwaktion was prepared. From
this stock solution, 5, 2.5and 1.0% concentrati@s \prepared. The cropBrassica
campestris Triticum aestivun and weeds(Ageratum conyzoidesBidens pilosa
Cyperus rotundusand Galinsoga parviflora seeds of uniform size were selected and
ten seeds of each species were kept in steriliz#ddshes containing 5 ml of
(distilled water) control, 1, 2.5, 5 and 10% cortcations of compost extracts for 10
days.

The seed germination experiment was also conduntedpoly bag (35.5& 17.78
cm) by using different concentrations &farthenium hysterophorusAgeratina
adenophora,and Artemisia dubia(10, 20, 40, and 50 g/kg soil) in the month of
November 2015. There were five replications forhetieatment (10 selected seeds of
weed and crops were sown). After 30 days seed gation and seedling growth

were recorded. The soil without compost was talsecoatrol (Kishoet al.,2010).
3.9 Data analysis

The data for VI at each site for each weed spegvesd seed estimation in soil from
the flotation and germination technique; seed geation of crops and weeds under
different environmental conditions and chemicaltligers; seed germination and
seedling growth of crops and weeds from the alkgloig effects experiments using
agueous extract, compost extract, and compost; aeatyzed using Analysis of
Variance (ANOVA) followed by Duncan's Multiple Ragibest (DMRT) at P=0.05

level of significance.

The data of weed seed estimation (Floatation andnigation method), seed
germination in chemical and environmental cond#ioand allelopathic effect of
invasive plants and one native weed were also aedlypy statistically using SPSS
statistics version 20. The data obtained were aedlyby Analysis of Variance
(ANOVA) followed by Duncan's Multiple RangeTest () at the P=0.05 level of

significance.
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CHAPTER 4

4. RESULTS AND DISCUSSION

4.1 Results

4.1.1 Weed community analysis

4.1.1.1 Frequency, density, and abundance of weeds

In the present study, frequency (%), density (nuvnfi2), and abundance of the most
common weeds in winter crop fields were recordedlbthe study sites (Tables 4a,
b). Some of the weeds which were not common isitds were grouped as ‘others’.
The highest frequency oAgeratum conyzoidek. was observed at Kirtipur and
Dharmasthali, whereas the highest frequencyOahlis corniculatal., Cyperus
rotundus and Ageratum houstonianumilill. was observed at Bhaktapur, Godawari,
Chapagoan, and Shivapuri, respectively. The higliestsity and abundance of
Ageratum conyzoidesvas observed at Chapagoan, Dharmasthali, Shivapod
Godawari; and that oBidens pilosal. at Bhaktapur. Kirtipur showed the highest
density and abundance Ghlinsoga parviflora.

Table 4a: Frequency (%), density (numbef)rand abundance of weeds found in winter crop dield
(wheat and mustard)

Kirtipur Bhaktapur Godawari
SN Species Freq. Den Abun Freq. Den  Abun. Freq. Den. Abun.

1 Ageratum conyzoidds 96+8.9 9.3+0.8 9.7#0.6 90+10 6.4+1.8.1+2.2 90+10 12.0+0.913.0+2.5

2 Ageratum houstonianum 64+11.4 1.7¥1.3 2.7+2.2 70+15.81.7+0.7 2.4+0.8 8211 7.1+x09 8.3t14
Mill.

3 Amaranthus spinosus L. 62+16.4 1.0+0.5 1.7+0.3 68+13.01.5+0.6 2.1+0.5 68 +11.0 1.9+0.6 2.7+0.3
4 Bidens pilosdL.) 72421.7 6.5+1.1 9.4+1.6 76+15.27.1+2.2 9.9+4.2 78+13 9.0+2.0 10.9+0.9

5 Capsella bursapastori¢..) 80+10 2.2+0.7 2.8+0.7 76 +8.8.9+0.95.1+1.0 7245 19+0.2 2.5+0.3
Medik.

6 Centella asiaticgL.) Urban 56+18.2 2.8+1.7 4.9+1.9 50+12.D.7 +0.2 1.5¢0.3 70+7.1 2.4+0.6 3.3+0.6

7 Chenopodium alburtL.)  70+17.3 1.2+0.2 1.8+0.4 78 +8.41.9 +0.4 2.4+0.3 68 +14.8 2.0+0.8 2.8+0.3

8 Cynodon dactyloiL.) 52+14.8 0.740.2 1.4+0.1 92+8.44.1+0.9 4.6+1.3 84 +23.0 4.3+2.1 4.6+1.8

9 Cyperusrotundugl.) Bayer 76+8.9 7.7+1.3 10.44+2.790 +7.1 5.8 +0.9 6.6+1.5 92 +4.5 9.7+1.9 10.1+2.3

10 Drymaria cordata(L.) 46+11.4 0.9+0.2 2.1+0.6 82+11.01.9+2.1 6.0+2.6 74 +11.4 5.0+1.8 6.3+2.2
Whitesnow

11 Eclipt albaL. ex B.D. Jacks74+20.7 3.8+1.7 5.743.3 80+10.®2.1+0.4 2.7+0.4 76 #8.9 1.6+0.2 2.1+0.3
12 Galinsoga parvifloraCav. 90+10 14.2+1.6 16+2.4 86+21.96.2+1.4 7.8+3.0 86 +8.9 13.7+2.315.3+2.2
13 Gnaphalium affind. Don 82+14.8 3.9+2.2 4.8+2.4 86+16.7..8 +0.3 2.2+0.3 70 +17.3 2.7+2.1 4.2+3.8

14 Oxalis corniculatal. 68+8.4 3.3t2.1 5.1+3.3 96 +5.8.6 +0.5 4.840.5 88 +13.0 6.6+2.9 6.9+2.7
15 Rannunculus reperis 70+14.1 1.140.4 1.620.2 74+552.3+0.9 3.1+1.3 64 +13.4 2.3+2.4 3.4+3.4
16 Sonchus arvensi.) 72179 3.3t1.4 5.1+2.7 64+8.91.7+1.02.6+1.3 74 +15.2 2.8+1.7 3.6x1.4
17 Stellaria medigL.) Vill. 74+18.2 3.442.4 44425 86 +5.53.9+0.54.6+0.8 70 £18.7 3.6+4.1 4.44+3.7
18 Others 82+13.02.0+0.9 2.4+0.8 72+8.41.9+0.4 2.620.9 94 +13.4 6.0+2.4 5.9+1.9
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Table 4b: Frequency (%), density (numbefjnand abundance of weeds found in winter crop dield

(wheat and mustard)

Chapagaon Dharamsthali Shivapuri
SN Species Freq. Den. Abun. Freqg. Den. Abun. Freq. Dsnh Abun.
1 Ageratum conyzoidds 92+8.4 9.0+1.19.9+1.8 82 +8.4 10.3+0.512.7+1.3 84+5.5 9.3+1.412.7+1.3

2 Ageratum houstonianum 84 +15.23.9+1.8 4.5+1.9 78 #8.4 5.3+0.9 6.9+1.590+17.34.1+0.0 6.9+1.5
Mill.

3 Amaranthus spinosus 64 £15.21.4+1.2 2.2+1.5 64 +13.4 1.8+0.9 2.9+1.8 66+19.51.2+0.5 2.9+1.8

4 Bidens pilosd.. 86 +15.26.3+1.0 7.6£2.3 74 +5.5 8.6+0.7 11.7+1.4 78+11 7.7+1.211.7+1.4
5 Capsella bursapastoris. 72 £11.04.740.9 6.5+0.8 58 +16.4 1.0+0.3 1.7+0.3 70+20 1.1+0.31.7+0.3
Medik.
6 Centella asiaticd_. Urban 66 +8.9 1.9+0.3 2.940.1 66 +15.2 2.841.9 4.1+2.5 78+13 2.0+0.44.1+2.5
7 Chenopodium alburh. 78 £8.4 2.1+0.4 2.7+0.4 78 £16.4 2.1+0.7 2.7+0.6 80+28.32.2+0.5 2.7+0.6
8 Cynodon dactyloh. 90 £14.14.740.8 5.2+0.5 80 +12.2 3.1+1.2 3.9+1.7 80+17.33.7+0.7 3.9+£1.7
9 Cyperus rotunduk. Bayer 94 +8.9 7.840.7 8.4+1.0 78 +4.5 7.0+0.9 9.1+1.6 88+4.5 6.3+1.4 9.1+1.6
10 Drymaria cordatal.. 82 8.4 2.0+0.3 2.4+0.2 76 8.9 5.2+2.1 6.7+2.1 76+£13.43.5+0.9 6.7+2.1
Whitesnow

11 Eclipta albaL. ex B.D.Jacks74 £16.71.4+0.3 1.9+0.2 68 +19.2 2.3+0.8 3.5+0.9 80+18.72.0+0.9 3.5+0.9
12 Galinsoga parvifloraCav. 82 +8.4 9.5+0.611.7+1.080 +12.2 8.7+0.6 11.0+1.4 78+8.4 8.5+0.511.0+1.4
13 Gnaphalium affinédd.Don 80 +10.03.620.9 4.7+1.6 60 £7.1 2.5+1.3 4.3+2.2 64+11.41.8+0.2 4.3+2.2

14 Oxalis corniculatal. 82 +13.04.1+0.8 5.2+1.6 68 +4.5 4.9+2.2 7.1+3.0 68+4.5 4.0+0.3 7.1+3.0
15 Rannunculus reperls 74 £8.9 1.610.4 2.2+0.6 76 +5.5 1.9+0.9 2.4+1.2 88+16.42.1+0.5 2.4+1.2
16 Sonchus arvensls 70 £18.72.6+2.4 3.3+2.1 78 +8.4 2.9+1.6 3.8+2.1 80+14.11.9+0.4 3.8+2.1
17 Stellaria media_. Vill. 66 +8.9 2.4+1.5 3.6+2.1 78 +4.5 5.6+1.8 7.2+2.3 82+11 2.540.67.2+2.3
18 Others 86 +5.52.4+1.1 2.841.1 94 +5.5 3.7+0.6 4.0+0.7 96+5.5 3.5+0.3 4.0+0.7

4.1.1.2 Importance Value Index (IVI)

The importance value index (IVI) of each speciegiigen in Table 5Galinsoga

parviflora Cav.andAgeratum conyzoidds. were significantly dominant (P=0.05) in
the fields of winter crops, with the highest IVIlwa at Kirtipur, Bhaktapur,
Godawari, Chapagoan, Dharmasthali, and ShivapeasarSimilarly, high VI values
were also recordefbr Bidens pilosa.. and Cyperus rotundud. on all these sites.
Species likeAmaranthus spinosuk. and Chenopodium albuni.. were recorded

mostly with less IVI on the study sites (Table 5a).

IVI of Ageratum conyzoidels. was significantly lower in Bhaktapur than orhet
study sites. Similarly, 1VI ofGalinsoga parviflora Cav. was significantly low at
Bhaktapur and Dharmasthali. The lowest IVIRitlens pilosalL. was observed in
Chapagoan and that Gyperus rotundus. in Shivapuri (Table 5a).

The uncommon weed species in agricultural fielde €annabis sativd.., Rumex
nepalensisSpreng. Euphorbia hirta Linn., Anagallis arvensis, Phalaris minor,
Artemesia dubiaVall Ex. BesserAgeratina adenophoréSpreng) King, and Rop.
Parthenium hysterophorus. were recorded in Kirtipur. Similarly, in the Bktapur
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area, the other uncommon species recorded Welggonum plebeiunR. Br.,

Echinochloa colonaL. Honda, Malva parviflora L., Trifolium repensL. and,

Ageratina adenophor&Spreng) King and RobThe other uncommon weed species

present on Godawari

wereGalinsoga ciliata (Raf.) Blake., Polygonum

hydropiperoidesMichx., Cannabis sativd.., Trifolium repends.., Amaranthus virdis

L. and Euphorbia hirtaLinn. The other uncommon species recorded in winter crop

fields at Chapagoan includefingallis arvensisL., Polygonum plebeiunR. Br.,

Spergula arvensjsand Commelina benghalensigt DharamsthaliFumaria indica,

Poa annua and at ShivapurAmaranthus virdisPoa annua and Galinsoga ciliata

were recorded uncommon species (Table 5b).

Table 5a:1VI of common weeds on the winter crop fieldrgéssica campestriand Triticum aestivum
at different sites of Kathmandu valley

SN Species

Kirtipur Bhaktapur Godawari ChapagaonDharamsthali Shivapuri

1 Ageratum conyzoidds

2 Ageratum houstonianuiill.

3 Amaranthus spinosus

4 Bidens pilosdL.)

5 Capsella bursapastorid..)
Medik.

6 Centella asiaticdL.) Urban

7 Chenopodium albur(L.)

8 Cynodon dactylofL.)

9 Cyperu srotundufl.) Bayer

10 Drymaria cordata(L.)
Whitesnow

11 Eclipta albalL.ex B.D. Jacks

12 Galinsoga parvifloraCav.

13 Gnaphalium affind. Don

14 Oxalis corniculatal..

15 Rannunculus reperls

16 Sonchus arvensit.)

17 Stellaria medigL.) Vill.

31.71+2.4725.89+4.11 30.83+1.5 30.42+2.17 31.78+4.19 30.10+6.45

Gb EF a Ib DE b
10.54+3.4310.84+2.3920.86+1.3316.44+4.83
ABC a Ba FGc Bb
8.20 +1.9812.34+3.869.36+1.43 9.13+3.33
AB a Bb Aab Aa
25.79+1.9229.3745.1929.94+2.6323.66+3.35
F ab Fb GH ab Ca
12.604£2.0518.43+2.309.35+£0.41 18.96+2.03
BCD b Cc Aa Bc
13.61+4.216.69+1.32 10.66+1.2110.60+0.81
CDFb Aa AB b Ab
9.13+1.3911.72+1.189.51+1.91 11.45+0.98
AB a Bc Aab Abc
6.54+1.05 19.41+3.3214.73+4.6718.75+1.63
Aa Cd BCD b B cd
28.40+3.8124.49+2.3525.86+2.3327.14+1.82
FGb D ab H ab D ab
7.36+0.77 21.27+5.0616.15+3.3111.26+1.15
Aa CDhd CDEc Ab
17.58+4.3612.79+1.539.05+10.87 9.25+1.18
Ec Bb Aa Aa
45.01+3.8026.29+3.3934.44+2.7732.44+1.88
Hd EF a lc E bc
17.1545.0711.98+1.2411.65+4.7616.07+2.07
Eb Ba ABC a Bb
15.6445.5520.67+1.7819.53+5.3617.30+1.68
DE a Cb EF ab B ab
8.88+1.59 13.48+2.9011.55+3.87 9.87+1.12
AB a Bb ABC ab Aa
15.85+3.3810.61+3.0310.12+5.4412.50+6.78
DE b B ab AB a Aab
15.5846.4118.67+1.7312.92+8.0812.04+3.98
DE abc C bc ABC ab Aa

Ib
19.19+0.92
F bc
9.55+1.49
AB ab
27.90+3.35
H ab
7.31+1.40
Aa
11.94+3.35
AB b
11.10+1.60
A abc
13.37+2.08
CDb
23.49+2.28
Gab
18.31+2.34
EF cd
11.71+2.58
AB ab
27.95+2.84
Ha
11.58+2.58
AB a
17.55+2.88
EF ab
10.16+1.41
ABC a
12.79+2.21
ABC ab
19.82+4.20
Fc

Fa
16.82+1.6
Db
7.92+1.66
Aa
27.23+5.94
F ab
8.17+1.66
Aa
10.89+0.90
Ab
11.08+2.07
A abc
15.53+2.32
CD bc
23.2445.52
Ea
15.1742.77
BCDc
10.60+3.38
Aab
28.7445.11
F ab
9.91+1.09
Aa
16.51+2.05
D ab
11.2241.93
AB ab
10.57+£1.72
Aab
11.93+£1.22
ABC a

Value (mean £SD) bearing the same small letter @GMhdividual species in selected sites) in thesa
rows and capital letter (IVI of all species in s#éal sites) in same column after mean+SD do nérdif
significantly according to ANOVA followed by the Doan's Multiple Range Test at P=0.05
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Table 5b: IVl of uncommon weeds on the winter crop fieldrgssica campestrignd Triticum

aestivun at different sites of Kathmandu valley

Species Kirtipur Bhaktapur Godawari ChapagaonDharamsthali Shivapuri
Cannabis sativa 7.91+£2.65 - 10.31+3.48 - - -
Rumex nepalensis 7.08+2.36 - - - - -
Euphorbia hirta 7.95+2.68 - - - - -
Angallis arvensis 7.39+2.47 - - 16.77+5.60 - -
Phalaris minor 7.71£2.57 - - - - -
Artemisia dubia 6.78+£2.26 - - - - -

Ageratina adenophora 8.68+2.93
Parthenium hysterophoru&65+2.89
Polygonum plebium -
Echinochloa crus-galli -
Malva parviflora -
Trifolium repens -
Galinsoga ciliata -

Polygonum -
hydropiperoides

Amaranthus virdis -
Spergula arvensis -
Commelina benghalensis -
Fumaria indica -
Poa annua -

10.81+3.60
12.52+4.48
10.39+3.52
12.02+4.01

13.83+4.6610.31+3.48
10.81+3.6010.22+3.44
- 9.06+3.06

- 9.79+3.26

10.27+£3.43 -

15.24+5.11

13.05+4.46 -
15.79+5.26 -

14.61+4.91

11.68+3.94

19.28+6.66 15.41+5.19

IVI of uncommom species (Mean £SD)

From the above ecological study, the four most commeed species having high

IVI values were selected for further study; Relatirequency, Relative Density, and

Relative Abundance of those species are given bétoyure 3).

Ageratum

Cyperus

Galinsoga

=RF =RD RA
Bidens NI
0% 20% 40% 60% 80%

100%

Figure 3: The relative frequency (RF-mean %), relative dgn&D-mean %) and relative abundance

(RA-mean %) of four common weedAgeratum conyzoide8idens pilosaCyperus rotundusnd

Galinsoga parviflora



4.1.1.3 Diversity indices

Altogether 36 weeds were recorded from the wintepcfields of 6 sites of
Kathmandu valley. The number of weed species was Kartipur, 22 in Bhaktapur,
23 in Godawari, 21 in Chapagoan, 20 in Shivapurd 49 in Dharmasthali. Among
these, the richness of weedy species was the highéSrtipur. Among the weeds
recorded, nine species were from the family Asteaac¢ followed by 6 species of
Poaceae, 4 of Caryophyllaceae, 3 of Polygonaceaé Anaranthaceae, and 1 each
of Malvaceae, Fabaceae, Euphorbiaceae, Cannab@macddmbelliferae,
Commelinaceae, Primulaceae, Ranunculaceae, Chenopad, Oxalidaceae,
Cyperaceae, and Brassicaceae. Simpson's recipimodaek was the highest in
Bhaktapur and the lowest in Kirtipur. Similarly,ettshannon wiener index (H) was
the highest at Shivpuri with evenness 0.916 andaWwest at Kirtipur with evenness
0.814 (Table 6).

Table 6: Simpson's index of diversity and Shannon Wieneemdity index (H) and eveness of weed

species recorded in winter crop fields

SN Places Simpson's index of diversity (1-D) H Evess
1 Kirtipur 0.914 2.623 0.814
2 Bhaktapur 0.943 2.784 0.900
3 Godawari 0.932 2.775 0.885
4 Chapagaon 0.935 2.738 0.899
5 Dharamsthali 0.938 2.767 0.882
6 Shivapuri 0.935 2.745 0.916

4.1.2 Phenology of selected weeds

All the weeds, namelAgeratum conyzoides, Bidens pilosa, Cyperus rotsirahd
Galinsoga parviflora,emerged in the first week of October, while theetative
growth and flowering occurred in all the speciesuad the end of November (Table
7). Among these four weeds, flowering and fruitiofy Ageratumconyzoidesand
Bidens pilosa occurred during the last week of November and oometl during
December and January. Senescence of fruits wagveblséen all studied, except
Cyperus rotundygoward the last week of January. Fruitingdyfperus rotundusvas
observed towards the mid of February. Senescendriitd and dispersal of seeds
were observed during February and MarchGhlinsoga parviflorafruiting was also

observed during February and March.
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Table 7.Phenograms of selected weedgératum conyzoidds, Bidens pilosa.., Cyperus rotundus

L. andGalinsoga parvifloraCav.)from October to March

SN Species October November December January February March
2 2 3 3 3 3
1 Ageratum
conyzoides 1 1 4 4 4 4 4
L.
5 5 5 6 5
2 3 2 3 2 3 3 3
2 Bidens
pilosal. 1 1 4 1 4 4 4 4
5 5 6 5
2 2 3 3 3
3 Cyperus
rotundusL. 1 1 4 4 4
5 6 5
2 3 2 3 3
4 Galinsoga
paniflora 1 1 4 4 4 4
Cav.
5 5 6 5

1-Germination, 2—Vegetative, 3—Flowering, 4—Fruiting, 5—senescence of Fruits, 6—Dispersal of seeds

In the present study, the biological processes like vegetative growth, and flowering
were seen simultaneously very early in OctobeAgeratum conyzoides and Bidens
pilosa and their fruiting continued till Februaiy these two weed plants, the fruiting
and senescence period is also quite long extending from January to March. In
Galinsogaparviflora the fruit was initiated late in December and lasted till March.
The long duration of fruiting in these three weeds might have contributed to more
number of their seeds in the seed bank.Cyperus rotundughe fruiting stage
continues only for three months.

4.1.3 Weed seed characteristics

Seed morphology varied among the weeds studied. SeefigesAtum conyzoides

were dark black, non-endospermic, and with scaly pappus and bracts at the base.
Achenes ofAgeratum conyzoidesere pointed at the base. Seed<Bafens pilosa

were longer than oAgeratum conyzoideblack in color, flattened and lined with a

row of two pointed scales. Seeds@é&linsoga parviflora were black in color with
many short white bristles bearing pappus. SeedSypkerus rotundusvere slightly
elongated, oval, and with brownish-black seed coats (Figure 4). Among the four
weeds, the length and breadth Bilens pilosa were found larger than the other
selected weed seeds.
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A. conyzoides B. pilosa
L — 15.46+0.58 mm, B — 3.91+0.33 mm L —17.65+0.70 mm, B — 6.16 +0.39 mm

C. rotundus G. parviflora
L —13.33+0.67 mm, B — 4.76+£0.38 mm L —13.53£0.39 mm, B — 3.61+0.32 mm

Figure 4: Size of common weed seedsgératum conyzoide8idens pilosaCyperus rotundusind

Galinsoga parviflora

L — Length of weeds seeds, B — Breadth of weedsseath — milimeter
4.1.4 Soll properties

The Kirtipur and Bhaktapur's soil samples exhibiteghdy loam and loam types,
respectively (Table 8). The pH value of the sel@@eeas of both these regions was
recorded to be 6.10-6.44 (pH<7). The humus comeat Tribhuvan University was
more than at other selected sites of Kirtipur atal@apur regions. The nitrogen
content of the soil was more in the Kirtipur regtbian in the Bhaktapur region. The
range of phosphorus was very low in Kirtipur's sites compared to the Bhaktapur’s

sites. The range of potassium was in the mediugeréhable 8).
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Table 8: Soil properties of Brassica campestri@and Triticum aestivurp field's of Kirtipur and

Bhaktapur
Site SN Site Humus pH N P K Types of sall
(%) %) (%) (%)
Kirtipur 1 Machhegaon 0.70 6.13 0.15 0.003 0.02 dydaam, Acidic
2 Dhalpa 0.84 6.24 0.15 0.004 0.03 Loamy, Acidic
3 Chobhar 0.90 6.18 0.12 0.003 0.02 Loamy, Acidic
4  NearTU 1.04 6.10 0.14 0.002 0.01 Sandy loamdiéci
5 Chhugaon 0.95 6.44 0.14 0.002 0.01 Loamy, Acidic
Bhaktapur 1 Lokanthali 0.90 6.41 0.11 0.006 0.03 arhy, Acidic
2  Gatthaghar 0.86 6.16 0.11 0.005 0.03 Sandy l@aidjc
3 Sano thimi 0.94 6.42 0.09 0.005 0.02 Loamy, Acidi
4  Balkot 0.96 6.20 0.04 0.007 0.02 Loamy, Acidic
5 Thimi 0.80 6.18 0.05 0.006 0.02 Sandyloam, Acidi

4.1.5 Nutrient analysis of selected crops and wesdeds

The cropTriticum aestivurmiL. showed higher contents of moisture, crude filaed

carbohydrate thaBrassica campestrifTable 9) and also the weed seedlggratum

conyzoidesBidens pilosaCyperus rotundysandGalinsoga parviflord. Fat content
was more irBrassica campestri€39.7%) than infriticum aestivun{3.0%) and weed
seeds. The crude fiber was the highesfiticum aestivumL. and the lowest in
Brassica campestris. Among the weeds, protein content ranged fromt@.68.2 %,

fat from 0.9 to 8.2% and carbohydrate from 21.8X®%% (Table 9).

Table 9: Nutrient analysis of per gram seeds of two wisteps and four common weeds

Test Parameter Triticum Brassica Bidens Ageratum Galinsoga  Cyperus

(%) (bran) campstris pilosa conyzoides parviflora rotundus
Moisture 119 85 74 85 9.2 112
Protein 14.6 20 182 181 170 9.6
Fat 3.0 39.7 82 33 7.3 0.9
Total Ash - - 6.6 7.4 84 54
Crude fibre 6.8 18 383 259 299 213
Carbohydrate 66 23.8 213 368 282 516

Source: Department of Food Technology and Qualigtrol, Central food laboratory, Babarmahal,

Kathmandu, Ministry of Agricultural Development, Ganment of Nepal
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4.1.6 Soil weed seeds bank estimation

4.1.6.1 Differential floatation technique

Standardization- The soil texture plays an important role in seedkorecovery.
Large seeds ofgeratum conyzoidegcovered more in clay soil (80 %) and loamy
soil (67%) while that oB. pilosarecovered by 98 % in loamy soil and by 98 % in
clay soil (Figures 5a, b). The recovery@frotunduswhich had small seed&as 96,
91, and 84 % in clay, sandy loam, and sandy sedpectively. Similarly, inG.
parviflora also with small seeds, seed recovery was 93.@, &hd 80% in clay,

sandy loam, and sandy soil, respectively (Figuesip

Seed recovery ofA. conyzoides Seed recovery oB. pilosa
;\5‘ 100 = 100 ~
= i < 98 -
g 80 =
3 60 - g 96
O o
© 40 - o 94 -
_c S
= 0B gl
n
0 - - - - ® 90 - ; ; ;
Sandy Sandyloam loamy clay Sandy Sandyloam loamy clay
Types of soil Types of soil
(a) (b)
Seed recovery ofC. rotundus Seed recovery ofG. parviflora
~ 100 - < 100 4
S S
= 80 - ~ 80 -
g 5 60 -
2 60 - 2 60
8 40 - T 40 -
2 20 - 2 20 -
O ()
2] 0 - . : . n 0 - T T T
Sandy Sandyloam loamy clay Sandy Sandyloam loamy clay
Types of soil Types of soil
(©) (d)

Figure 5: Weed seed recovery (%) of common weedsA@gratum conyzoidegb) Bidens pilosa,
(c) Cyperus rotundusand(d) Galinsoga parviflora

The mean value and Standard Deviation of each weed recovered in four different
types of soil (sandy, sandy loam, loam and clay} wansidered to determine the
weed seed standardized index for each speciesré&®uAs the recovery d@idens
pilosa seeds was maximum in all types of soil, which i@bwed by Galinsoga
parviflora, Cyperus rotundus and Ageratum conyzoides,the weed seed
standardization index didens pilosavas the maximum (96), followed l§yperus
rotundus(86), Galinsoga parviflora(86), andAgeratum conyzoid€§1) (Figure 6).
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Figure 6: Weed seed standardization index of four common seed

The actual number of weed seeds per 100 g of sasl mcorded by the differential

flotation method. The number digeratum conyzoideseeds per 100 g soil was more

at the Chobhar, Chhugaon, and TU fields in compari® the fields of Bhaktapur
(Table 10).

The number of seeds @&idenspilosa and Cyperusrotunduswas more or less the

same at all the selected sites of Kirtipur. SeetlsGalinsoga parviflora were

significantly (P=0.05) more in Chobhar thanBidenspilosa andCyperus rotundus

At Lokanthali, the soil seed bank Bidens pilosavas significantly higher (P=0.05)

than of the other species. At Thimi and Sanothth®, seed number obtained per 100

gm soil of all the weeds observed was more ortlessame. At Balkot, the seeds of

BidenspilosaandGalinsogaparviflora were not recorded by this method (Table 10).

Table 10.Number of seeds/100 g soil, the number of four wesskd Ageratum conyzoide8idens
pilosa, Cyperus rotundusnd Galinsoga parviflord of winter crop fields Brassica campestrisind
Triticum aestivum

SN Site Ageratum conyzoides Bidens pilos&Cyperus rotundus Galinsoga parviflora
1 Machhegaon 2.11+0.84 a 1.31+0.52 a 2.01+1.10a 61+2.42 a
2 Chobhar 5.06£1.69 ¢ 1.36+0.46 a 2.30+0.81a 3. B3k
3 Dhalpa 2.53+0.69ab 1.83+1.57 ab 2.30+0.94a 1.53+8
4 Chhugaon 4.3842.55bc 1.88+0.87 ab 2.53+0.96a 1P.87ab
5 TU field 4.38+1.51bc 1.40+0.60 ab 2.48+0.90a 21430ab
6 Lokanthali 2.55+0.87ab 2.71+0.93 b 1.66+0.61a 010452 a
7  Thimi 1.99+0.79 a 2.35+0.52 ab 1.75+0.66a 1.456@
8 Sano Thimi 2.23+0.87 a 1.46+0.57 ab 1.23+0.14a 6441.05ab
9 Gatthaghar 1.99+0.79 a 1.99+0.13 ab 1.75+0.66a 15+0.05 a
10 Balkot 1.53+0.11 a 0 1.23+0.09a 0

Mean 2.875 1.629 1.924 1.772

Values (mean+SD) bearing the same letters in @éineesrows do not differ significantly according to
ANOVA followed by Duncans Multiple Range Test at P=0.05
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4.1.6.2 Soil seed bank estimation-germination metbo

In the germination method, several weed seeds/5@0ilg the number of weeds
seedling emerged in soil collected from all thesiof Kirtipur and Bhaktapur were
insignificantly different. Along with the weeds diad, some other weeds, like
Oxalis, sonchus, Trifolium, Cyanodoetc. also emerged in the soils collected from

different places of Kirtipur and Bhaktapur (TablB).1

Table 11.Germination method for soil weed seed bank estonatimergence number of weed seeds

(Ageratum conyzoideBidens pilosaCyperus rotunduandGalinsoga parviflor&500 g soil

SN Site Ageratum conyzoidesBidens pilosa Cyperus rotundus Galinsoga parviflora
1 Machhegaon 2.25+1.25a 1.50+1.00 a 2.00+0.81 a 5042.00 a
2 Chobhar 1.60+0.54 a 1.20+0.44 a 1.60+0.54 a 6%
3 Dhalpa 1.75+0.50 a 1.10+0.15 a 1.75+0.50 a 2.58¢8
4  Chhugaon 2.01+0.70 a 1.40+0.54 a 1.60+0.54 a 12.60 a
5 TU field 2.01+0.70 a 1.25+0.52 a 1.60+£0.54 a 2®64 a
6 Lokanthali 1.40+0.54 a 1.20+0.44 a 1.60£0.54 a 8040.83 a
7  Thimi 1.7540.50 a 1.504+0.57 a 1.7540.95 a 2.295@
8 Sano Thimi 1.804+0.44 a 1.40+0.54 a 1.80+0.44 a 4040.88 a
9 Gatthaghar 1.75+0.58 a 1.14+0.10 a 1.751£0.50 a 254P.50 a
10 Balkot 1.6610.57 a 1.33+0.57 a 2.00+1.00 a 03Bt a
Mean 1.798 1.302 1.745 2.358

Values (mean+SD) bearing the same letters in theesaws do not differ significantly according to

ANOVAfollowed by Duncans Multiple Range Test at P=0.05
4.1.7 Seed germination

4.1.7.1 Under environmental conditions

i) Moisture (water level)

The effects of different amounts of moisture ondsgermination (SG) and shoot
length (SL) and root length (RL) are given in Tah® Seed germination of winter
cropsBrassica campestriand Triticum aestivunwasreduced maximally at 6 ml and
9 ml treatments, and the reduction was signifi@ni5 ml treatment. SG of weed
seeds likeAgeratum conyzoideandBidens pilosavas mostly high at 3 ml and 6 ml
treatments. SG o€yperus rotundusand Galinsoga parviflorawas insignificantly
different in all the treatments. No Seed germimati@s observed at 15 ml treatment
in both weeds (Table 12).
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The SL and RL of both germinated crop seeds wegaifgiantly high at 6 mi
treatment. Similarly, SL and RL of germinated seefig\geratum conyzoideand
Bidens Pilosawere significantly high at 6 ml treatment but hretcase ofCyperus
rotundusand Galinsoga parviflora it was significantly high at 3 ml treatment. This
concluded thatCyperus rotundusand Galinsoga parviflorado not require added

moisture to germinate and grow (Table 12).

Table 12: Effect of moisture on seed germination SG (%+SBpos length SL (cm £SD) and root
length RL (cm £SD) of crops and weeds

SN Species 3 ml (control) 6 ml 9 ml 12 ml 15 ml

1 Brassica campestris SG 77.5+9.57bc  82.5+5.00 ¢75+ 10.00bc 65 £10.00b 52.5 + 5.00a
SL 2.99+1.66bc 5.43 +2.55 3.43 £+2.04 ¢ 2.40+1.81b 1.05+1.03 a
RL 2.80+1.56bc 5.39 +2.54 d3.23 +1.91c 2.27+1.71b 0.93+0.92 a
2 Triticum aestivum SG 80+8.16 b 87.5+17.07(¥7.5+9.57ab 65+17.32ab 55 +5.77 a
SL 3.30+1.69b 5.2+3.66c 4.56+2.522.74+2.05b 1.13+1.09 a
RL 3.11+1.60b 5.11 £3.60 4.43 +2.44c 2.59+1.93 b 0.98+0.97 a
3 Ageratum conyzoide$SG 57.5+12.58c 57.5+5.00a55+5.77a 55+5.77a 4515.77 a
SL 1.81+1.58c 1.96+1.73H.50+1.42b 1.16+1.12 a 1.37+0.09 a
RL 1.68+1.48ab 1.83+1.61 H.37+1.31a 1.03+1.02 a 1.18+0.09 a
4 Bidens pilosa SG 8018.16c 67.5+5.00aly0+11.54 ab65 +12.90ab57.5 +9.57 a
SL 3.41+1.73b 3.61+2.5512.91+1.96b 2.61+1.88 b 0.93+0.87 a
RL 3.27+1.65b 3.29+2.36 12.60 £1.76 b2.52+ 1.76 b0.74 £0.73 a
5 Cyperusrotundus SG 45+5.77a 47.515.00 a5 +12.90 a 42.5+9.57 a NG
SL 1.13+1.08 b 0.85+0.80al®.831+0.79ab0.71 +0.70 a NG
RL 0.99+0.96 b 0.72+0.69al9.71+0.69ab 0.57+0.54 a NG
6 Galinsoga parviflora SG 57.5+5.0b 55 £10.00al%7.5+15.00b42.5 + 5.00a NG
SL 1.35%1.19b 0.96+0.92al®.95+0.90ab 0.79+0.78 a NG
RL 1.21+1.06b 0.82 +0.80 #.97 £0.89 a 0.65+0.63a NG

Values (meantSD) bearing the same letters in thees@ws do not differ significantly according to
ANOVA followed by Duncans Multiple Range Test at P=0.05, NG-No Germination

i)  Temperature

Data on seed germination of crofgrdssica campestriand Triticum aestivurpand
selected weeds at different temperatures are giveéhable 13. SG of both crops
enhanced insignificantly at 15 to PDtreatments. Seed germination of weeds was
insignificantly high at 10 to 1& (Table 13).

Shoot length and root length in both the crops vegeificantly high at 15 to 2G.
SL and RL in weeds seeds also increased significaigh at 15 to 2@, except in
Bidens pilosawhere it increased at 10 to @5 This indicated that low temperature
enhances the growth Bidens pilosanore in comparison to other weeds (Table 13).
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Table 13: Effect of temperature on seed germination SG (%+Sboot length SL (cm +SD) and root
length RL (cm £SD) of crops and weed

SN Species 5 10C 15C 20C 25C

65+19.14a
4.49+1.0b
3.69+0.88b
57.5+15.0a
4.05+0.52b
3.66+0.54b
62.5+5.00b
1.75+0.23a

75+17.2a  82.5+5.00a 85+5.77a 72.5%+5.00a
6.82+0.52c 10.85+0.4d 11.12+0.73 d3.32+1.09a
6.17+0.61c10.18+0.60d 10.79+0.70 €.72+0.93a
80+11.54 b87.5+5.00 b 82.5+9.57 b 52.5+5.00a
9.59+0.61¢12.02+0.56d 12.66+0.91 2.86+0.45a
8.94+0.62¢11.64+0.57d 12.16+0.64 d2.60+0.43a
55+12.90 b 65+10.00 b  52.5+9.57 ab40+8.16 a
2.21+0.84b2.42+0.31 b 2.32+0.18 b 2.28%0.16a

1 Brassica campestris SG
SL
RL
SG
SL
RL
3 Ageratum conyzoidesSG

SL

RL

2 Triticum aestivum

SG
SL
RL
SG
SL
RL
SG
SL
RL

4 Bidens pilosa

5 Cyperus rotundus

6 Galinsoga parviflora

1.52+0.12a

2.04+0.78b1.76x0.42ab

57.5+9.57ab 72.5+5.00a 70+8.16 a
2.69+0.31 b 6.04+0.64d6.57+0.15d
2.12+x0.38 b 6.27+0.70d6.13+0.31 d
45+10.00 ab 50+16.32 b 47.5+5.00 ab
1.31+0.30 a 2.36+0.12c 3.1+0.34 d
1.08+0.26 a 2.01+0.36d1.60+0.15 e
55+10.00 ab 57.5+9.57b 65+5.77 c
1.68+0.17 a 2.33#0.30c3.67+0.18 e
1.41+0.20 a 1.83+0.36a3.47+0.18 c

1.93+0.35b
62.5£9.57 a
2.98+0.46 c
2.72+0.39 c

1.56+0.10a
65+25.16 a
1.44+0.70a
1.05+0.38a

42.5+9.57 a 40.5+5.00a

1.49+0.15b 1.52+0.21b

1.33+0.13 b
60+8.16 ab
3.01+0.34d
2.77+0.33bc

1.28+0.19b
60+8.16 a
2.00+0.57b
1.67+0.46a

Values (meanxSD) bearing the same letters in theesamws do not differ significantly according to

ANOVA followed by Duncahs Multiple Range Test at P=0.05

ii)  Light

The percentage of seed germination of both cBrassica campestriand Triticum
aestivumincreased significantly (P=0.05) in normal whitedagreen light. SG of
Ageratum conyzoides Cyperus rotundus and Galinsoga parviflora was
insignificantly different in normal, red, yellownd green light. InBidens pilosait
increased slightly at normal white light than ih @lored lights (Table 14). The SL
and RL of both the cropBrassica campestriand Triticum aestivunwere increased

significantly (P=0.05) at normal light.

The Shoot and root length of weédjeratum conyzoidewere significantly large
(P=0.05) in yellow light treatment, but Bidens pilosait was so under red and green
lights. Similarly inCyperus rotundysSL and RL were large in normal white light but
in Galinsoga parviflorat was so in green light treatment (Table 14).
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Table 14: Effect of different colors of light on seed gerntina SG (% +SD), shoot length SL (cm
+SD) and root length RL (cm +SD) of crops and weeédds

SN Species Normal Red Yellow Blue Green Dark
1 Brassica SG 65+5.77b 52.5+5.00a 52.5#5.00a 55+5.77a 57.%&h0 NG
campestris g 6.80+0.33d 4.68+0.49c 4.35+0.15b 3.44+0.32a 4.320 NG
RL 6.37£0.37d 4.44+0.44c 4.1440.15b 3.151#0.33a 4.43#tr NG
Triticum SG 654#5.77b 551577 ab 42.5+12.58a 55+10.00ab 57%4H. NG
aestivum  g|  807+0.53d 5.94+0.44c 5.63+0.31b 3.96+0.50a 60M5c NG
RL 7.8240.46d 5.70+0.35c 5.29+0.39b 3.69+0.48a S&A3c NG
Ageratum SG 57.5£9.57a 55+5.77a 62.5+12.58a NG 60.5+12.56a NG
conyzoides g 056+0.19a 0.49t0.12a 0.94+0.18 b NG 0.53+0.16 aG N
RL 0.34+0.18ab 0.26+0.10a 0.73+0.16 ¢ NG 0.36£0.10 bG N
4 Bidens SG 65+10.00b 55+10.00b 55+5.77 ab NG 504+8.16 a NG
pilosa SL 3.87+0.63a 5.27+0.87c 3.83+0.37 a NG 4.84+0.48 bG N
RL 3.4910.65a 4.99+0.84b 3.45+0.38a NG 4.70£0.36 b NG
5 Cyperus SG 47.5+9.57b 47.5+5.00b 42.5+5.00 a NG 42.5¢5.00 aG N
rotundus g 1.19+0.30d 0.26+0.06a 0.40+0.09 b NG 0.5740.21cG N
RL 0.95+0.29c¢ 0.15+0.05a 0.24+0.07 a NG 0.3710.21 bG N
Galinsoga SG 62.5+5.00a 55+5.77a 57.5+5.00a NG 62+9.57 a NG
parviflora g 24740.60c 0.36+0.11a 0.76+0.18 b NG 2.6740.60 G N
RL 2.08+0.71c 0.18+0.07a 0.55+0.18 b NG 2.42+0.54dG N

Values (mean +SD) bearing the same letters in éineesrows do not differ significantly according to
ANOVAfollowed by Duncahs Multiple Range Test at P=0.05, NG-No Germination

iv) pH

Seed germination of both cropBréssica campestriand Triticum aestivuhand in
two weeds Ageratum conyzoidesndBidens pilosa was highly significant at pH7.
Germination ofCyperus rotunduseeds was insignificantly high, but @alinsoga
parviflora, it was significantly high at pH 6 treatments (Tab®. Seeds oAgeratum
conyzoidesand Bidens pilosacould not germinate in a low acidic and alkaline
condition of pH 5 and pH 9, respectively. Similabgeds oCyperus rotundusould
not germinate in alkaline conditions of pH 8 an(lrble 15). An increase in the SL
and RL of the crorasica campestrisvas found to be significantly high in acidic
conditions at pH 5, but ifiriticum aestivumit was so in alkaline condition of pH 8.
The SL and RL of most of the weed seefiggratum conyzoide€yperus rotundus
and Galinsoga parviflora were significantly large in slightly acidic cotidns pH 6

except forB. pilosawhere it was so in alkaline condition of pH 8 (Tea5).
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Table 15: Effect of pH value (acidic and alkaline medium) seed germination SG (% +SD), shoot

length SL (cm £SD) and root length RL (cm £SD) odes and weed seeds

Range of pH
SN Species 5 6 7 8 9
1 Brassica . SG 87.5+12.58bc 87.5+18.92bc  95#5.77 c 65+10.00 a2.54B.57
Campestrls
SL 4.61#045d 4.39:0.27c 4.37#0.34c  3.66+0.35b0580.42 a
RL 4.91#0.35d 4.38#0.17c 4.53#0.27c  3.01:0.39 h2180.43 a
2 Triticum SG 77.5#17.07a 77.5:5.00a 85#5.77a  82.5¢5.00 a.5+5.00 a
aestivum SL 3.15$0.19a 4.36:0.82b 5.79+0.39c  7.87%0.47d54#0.15 b
RL 3.46£021a 4.36:0.82b 572+0.37c  7.7620.40d53#0.22 b
3 Ageratum  SG NG 52.5¢500a 65:10.00b  555.77 ab NG
conyzoides o NG 1.44+0.35¢c 1.31#0.27ab 1.1720.11a NG
RL NG 1.21+029b 1.20:0.25b  0.99:0.11 a NG
4 Bidens pilosa SG NG 57.5£150a 62.5t5.00a 552.5t12.58a NG
SL NG 1.24:0.38a 1.35:0.48a 1.60:0.41b NG
RL NG 1.21:0.26a 1.224043a 1.45:0.35b NG
5 Cyperus SG 55+10.00a 55.5#9.57a 52.51+9.57 a NG NG
rotundus SL 1.44:0.33b 1.38:0.13b 0.67:0.09 a NG NG
RL 1.20:0.31b  1.26:0.19b  0.46%0.06 a NG NG
6 Galinsoga SG 65+5.77 ab 75+5.77b  65+10.00ab 6515.77ab 19755 a
parviflora g 1 454020b  1.8120.33a 1.36:032a  1.34:0.091230+0.09 a
RL 1.30£026b 1.70£0.32a 1.33:0.26a 1.2246.101a20£0.10 a

Value (mean +SD) bearing the same letters in tineesaows do not differ significantly according to

ANOVA followed by Duncanhs Multiple Range Test at P=0.05 NG-No Germination

4.1.7.2 Chemical fertilizers (urea and potash)

4.1.7.2.1 Chemical fertilizer solutions of urea angotash separately

Seed germination of both the crops and all the weaste mostly high in the control

and 1% of both urea and potash solutions. SG df baips and weeds was reduced

significantly (P=0.05) with an increase in concatitms of urea and potash. SG of

both the crops and selected weeds was not obsat\aed0% concentration. Seeds of

Cyperus rotundusand Galinsoga parvifloracould not germinate at 5% urea and

potash solutions (Table 16). SL and RLBws&assica campestriandTriticum aestivum

were enhanced significantly (P=0.05) in a 1% sotutireatment of urea and potash.

In the case of weeds, these parameters are enhsigodicantly in control conditions

than in all the treatments of both urea and posaditions (Table 16).
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Table 16: Seed germination SG (% £SD), shoot length SL (8D)}and root length RL (cm £SD) of

crops and weed seeds, grows on chemical fertiliakution of urea and potash

SN Species 0 1 2.5 5 10
Urea solution concentration (%)
1 Brassica campestris SG 75x5.77b  67.5+5.00ab 65+5.77 ab 60+8.16 a NG
SL 6.57+0.38c  7.03+1.29 d 4.42+0.41b 3.20+0.40a NG
RL 5.80+1.22c 6.65+1.32d 4.18+0.38b 2.80+0.42a NG
2 Triticum aestivum SG 80+8.16 b 75+5.77 ab 67.519.57a 6515.77a NG
SL 12.02+1.95b 14.95+0.51c  9.22+2.38a 8.811.38a NG
RL 11.59+1.93b 14.20+0.52c  9.00+2.39a 8.60+1.38a NG
3 Ageratum conyzoides SG 72.5t5.00b 67.5t5.00 b 65+5.77 ab 57.545.00a NG
SL 3.50+0.40d 2.36+0.14 c 1.374£0.13b 1.00£0.32a NG
RL 3.21+0.42d 2.11+0.80c 1.11+0.09b 0.78+0.28a NG
4 Bidens pilosa SG 75+5.77b 65+5.77 a 62.5+5.00a 55+5.00a NG
SL 5.53+0.15d 4.64+0.38 ¢ 3.30+0.20b 2.47+0.10a NG
RL 5.254#0.12d 4.30+0.47c 3.06+0.18b 2.20+0.09a NG
5 Cyperus rotundus SG 45+5.77 a 47.5+9.57a 45+12.90 a NG NG
SL 3.2440.19c 2.25#0.24 b 0.56+0.14a NG NG
RL 2.85+0.37c¢ 1.85+0.48 b 0.38+0.13a NG NG
6 Galinsoga parviflora SG 57.549.57a 47.5+9.57 a 45+5.77 a NG NG
SL 4.21+0.20c 3.38+0.31 b 1.82+0.80a NG NG
RL 4.01+0.31c¢ 3.05+0.26 b 1.58+0.76a NG NG
Potash solution concentration (%)
1 Brassica campestris SG 70+14.14b  67.5#9.52b  62.5+5.00ab  47.5+9.57a NG
SL 7.66+0.38c 8.61+0.45cd 6.08+1.32b  4.78+0.49a NG
RL 7.22+0.52c¢ 8.26+0.43d 5.81+1.32b  4.49t0.44a NG
2 Triticum aestivum SG 75+5.77b 67.5£5.00ab  65+10.00 ab 57.5£9.57a NG
SL 11.80+8.16c 13.72+0.99d 10.2940.99b 8.67+0.61a NG
RL 11.37#1.14c 13.1941.19d 9.9740.92ab  8.41+10.54a NG
3 Ageratum conyzoides SG 55+12.90b 52.5+12.58b  45+12.90b 32.545.00a NG
SL 4.74+0.35d 2.21+0.54c 1.40+0.31b 0.71+0.30a NG
RL 3.85+0.40d 2.01+0.48c 1.18+0.29b  0.55+0.19a NG
4 Bidens pilosa SG 7515.77c 72.549.57 ¢ 47.5+15.00ab 32.5+5.00a NG
SL 8.79#0.46c 5.52+0.15b 5.274#0.55b 2.91+0.78a NG
RL 8.45+0.45d 5.23#0.14c  4.81+0.43b  2.65+0.70a NG
5 Cyperus rotundus SG 45+1290a 42.5+15.00a 44.5£9.57 a NG NG
SL 3.18+0.15c¢ 2.47+0.36b  1.45+0.16 a NG NG
RL 3.20+0.10c 2.21+0.29b  1.174#0.13 a NG NG
6 Galinsoga parviflora SG 57.5+12.58a 52.5+15.00a  45+10.00 a NG NG
SL 3.45+0.15c 2.37#0.12b  1.28+0.12 a NG NG
RL 3.77+1.39c¢ 3.12+0.08b  1.08%0.10 a NG NG

Values (mean +SD) same letters in the same rowsaoddliffer significantly according to ANOVA

followed by Duncahs Multiple Range Test at P=0.05, NG-No Germination
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4.1.7.2.2 Chemical fertilizers urea & potash g/kgrmended with soil separately

Seed germination of both the crops was highly §icamt in the control and the 10 g
urea and potash/kg soil treatment separately. Enmigation of selected weed seeds

reduced significantly in all soils amended withfeliént concentrations of both urea

and potash. No germination occurred in seeds ofcamy weed with 50 g/kg soil of

urea or potash (Table 17).

The growth of SL and RL irBrassica campestriand Triticum aestivumwas

significantly high in the soil treated with potas@ g/kg soil. Similarly, SL and RL

growth of Brassica campestrisvere significantly high in 10 g urea/kg soil, baot

Triticum aestivumt was significantly not different in the 10 g arkg soil treatment.

In all the weeds, the SL and RL growth was sigaifity (P=0.05) higher in control

than in other treatments (Table 17).

Table 17: Seed germination SG (% =SD), shoot length SL awd length RL (cm £SD) of crops and

weed seeds, grows on chemical fertilizer urea gfid)potash g/kg amended with soil

SN Species 0 10 20 40 50
Urea fertilizer g/kg soll
1 Brassica  SG  70+14.14b  625#500b  57.5+5.00ab  47.5+9.57 AG
campestris 5| 1855+0.91d 22.80+0.30c  16.55+0.95b  8.53+@70 NG
RL 18.01+0.94c  22.49+046d 15.92+1.21bc  8.128@6 NG
2 Triticum SG  75+10.00 b 70+8.16 b 60+8.16 b 50+11.54a NG
aestivum o 51 86+127d  23+0.97 ¢ 18.19+1.08b  10.99+1.92 AIG
RL 21.39+1.35c 22.75¢1.10c  17.68+0.96b  10.708R9 NG
3 Ageratum SG  70#8.16b 55+5.77 a 52.5¢9.57a  47.5%957a NG
conyzoides 5| 7.83+0.93d  4.50+0.41c 3.58+0.40 b 2.62+0.38 aNG
RL  3.21#0.42d  2.11+0.09 ¢ 1.11#0.92 b 0.78+0.28 aNG
4  Bidens SG 67.5+500b  55+5.77ab  52.5+15.00a  47.5+5.00 NG
pilosa SL 14.04+1.07d 10.92+0.80c  6.82+0.47 b 5.11+@28 NG
RL 1361+1.11d 10.53+0.82c  6.50+0.49 b 4.78+@28 NG
5 Cyperus SG 45+8.16 b 55+5.77 ab 47.51£5.00 a NG NG
rotundus g 554+066c  2.91+0.44 b 1.80+0.38 a NG NG
RL 3.70+1.54c¢  2.60+0.39bc  0.43+0.33a NG NG
6 Galnsoga SG 67.5¢9.57a  62.5+9.57 a 52.5+9.57 a NG NG
parviflora g 10.37+0.73c¢  9.21+1.96 b 5.70+0.54 a NG NG
RL 9.63+1.92b  8.82+1.90b 5.33+0.63 a NG NG
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1 Brassica
campesrtis

2 Triticum
aestivum

3 Ageratum
conyzoides

4  Bidens
pilosa

5 Cyperus
rotundus

6 Galinsoga
parviflora

SG
SL
RL
SG
SL
RL
SG
SL
RL
SG
SL
RL
SG
SL
RL
SG
SL
RL

70+8.16 ¢
18.68+0.92 ¢
18.28+0.80 c
72.5£5.00 c
22.11+0.84 c
21.50+0.96 c
62.5£9.57 a
8.01+0.68 d
7.72+0.61d
57.5+5.00 a
14.00+£1.05d
13.61+1.10d
42.5+9.57 a
3.37£0.72 ab
3.83+13.48 b
62.5+£5.00 a
10.18+0.70 c
9.81+0.69 b

Potash fertilizer g/kg soll

65+5.77 bc
22.24+0.75d
21.42+0.75d
65+12.90 ab
23.32+0.87 d
22.85+0.89d
60+11.54 a
4.80+0.41 c
4.45+0.49 c
52.5+9.57 a
10.16+2.40 c
9.79+2.33 ¢
40+5.77 a
3.49+1.39 ab
2.10+1.29 ab
60+8.16 ab
9.59+0.66 b
9.20+0.68 b

57.5+£9.57 ab
16.86+0.80 b
16.17+0.84 b
60+8.16 ab
18.36+0.96 b
18.01+0.97 b
55+10.00 a
3.65x0.27 b
3.25+0.26 b
50+14.14 a
6.95+0.75 b
6.57x0.79 b
41.0+11.54 a
2.03x0.34 a
1.31+0.46 a
50+8.16 a
5.00+1.63a
5.00+0.66 a

52.5+5.00 a
8.30+h91 NG
7.92+0h81 NG
52.5#5.00a G
10.1a5 NG
9.74+4.47 NG
50+14.14 a
2.62+0.38 aNG
2.25+0.25 aNG
47.5¢5.00a G
5.21+@34 NG
4.92+0.20 aNG
NG
NG
NG
NG
NG
NG

NG

NG

NG
NG
NG
NG
NG
NG

Values (mean +SD) same letters in the same rowsaddiffer significantly according to ANOVA

followed by Duncahs Multiple Range Test at p=0.05, NG-No Germination

4.1.8 Allelopathic effect

The allelopathic effect of the aqueous extract wb tinvasive plants Ageratina

adenophoraSpreng) R.M. King and H. RolandParthenium hysterophorus) and

one native plantArtemisia dubia Wall. ex Besgecompost extract and compost were

studied on seed germination of two winter cropsagsica campestriand Triticum

aestivum and four common weed®g@eratum conyzoide®8idens pilosa Cyperus

rotundus andGalinsoga parviflora (Figure 7).

Artemisia dubiaVall Ex. Besser

Ageratina adenophoréSpreng) Parthenium hysterophorus
King & Rob.

Figure 7: Invasive plantsA. adenophorandP. hysterophordysand one native plan&( dubig
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4.1.8.1 Ageratina adenophorgSpreng) King & Rob.
4.1.8.1.1 Aqueous extract

Seed germination dBrassica campestrisvas statistically insignificant with 2.5 and
5% of Ageratina adenophoraoot and stem extracts and with 5 and 10% of ¢laé |
extract (Figure 8a). The percentage of S@iEssicacampestrisseed was higher in
stem extract than in root and leaf extract. Thea®d RL in the seedlings @&
Brassica campestrigere reduced significantly in all treatments in gamson to the
control. Mostly, an insignificant reduction in SihcaRL was observed with 5 and
10% root and stem extracts. In the case of leakettthe root length oBrassica
campestrisdecreased significantly in all the treatments pkosith 1 and 2.5%

concentrations (Figures 8b, c).

Reduction in percentage germinationTafticum aestivumseeds was more in root
extract than in stem and leaf extract treatmentsighificant decrease in SG was
observed at 5 and 10% concentrations of the rabteaf extracts (Figure 8a). The SL
and RL of Triticum aestivumseedlings reduced significantly in all the treattaen
The root length was reduced significantly in aflatments ofAgeratina adenophora

plant parts (Figure 8c).

The impact of the aqueous extractAaferatina adenophoravas more or less similar
in all the weeds studied. Compared to the consekd germination ofgeratum
conyzoideslecreased significantly with all treatments intrextracts but significantly
(p=0.05) with higher concentrations of the stem k@adl extracts, showing a complete
inhibition at 10% of both these extracts. Seed gaation was less in leaf extract than
in root or stem extract at 1% concentration, buwds reduced insignificantly
(p=0.05) at 2.5 and 5% concentrations of stem eixtiiche shoot length of seedlings
decreased significantly with the root, stem, andf lextracts (Table 16). Seed
germination of weedidens pilosavas decreased insignificantly in 1 and 2.5% of all
the three extracts ohgeratina adenophotaThere was a significant decline in the
percentage of germination in all the treatmentstau2.5% of root, stem, and leaf
extract of Ageratina adenophoraThe shoot and root length of the seedlings
decreased significantly (p=0.05) with all theseatmgents showing a greater effect

with an increase in concentration (Figures 8b, c).
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Application of the extract ofAgeratina adenophorgalant parts severely affected seed
germination and seedling growth of the weegpberus rotundusSeed germination
was reduced as the concentration increased, buethetion was insignificant in all
treatments of stem extract. Total inhibition waseved at 5 and 10% treatment in
stem and leaf extracts. The growthQyfperus rotunduseedling was inhibited at high
concentrations of aqueous extract (Figures 8b,Thg germination percentage of
Galinsoga parvifloraseeds decreased with an increase in the condentit root,
stem, and leaf extract #fgeratna adenophoré&Seed germination in the root extract
was more than in the stem and leaf extracts. beah& showed a greater allelopathic
effect than the root or stem extract. Total inhdsitwas observed at 5% concentration
of stem extract and at 5 and 10 % of leaf extr@ttand RL exhibited insignificant
reduction with 1, 2.5, 5, and 10% root extractcamparison to the control. Leaf

extract caused a significant reduction both in 8d RL (Figures 8b, c).
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Figure 8: (a) Seed germination (% +SD), (b) Shoot length #3D) and (c) Root length (cm +SD) of

crops and weed seeds on aqueous extract (rootasteéheaves) of\geratina adenophora
4.1.8.1.2 Compost extract

Seed germination and seedling growth analyzed utaberatory conditions with
different concentrations of compost aqueous ex{raciging from 1 to 10%) showed
different responses. SG, SL, and RL decrease nmitbe weed seed#Ageratum
conyzoidesBidens pilosaCyperus rotunduysandGalinsoga parviflora than in crops
Brassica campestriand Triticum aestivunwith the increase in the concentration of
Ageratina adenophoraompost extract (Figure 9).

Seed germination of the crdprassica campestrishowed with 1, 2.5, and 5% of
Ageratina adenophoraompost extract was not reduced significantly amparison

to the control, but it was completely inhibitedli@% concentration. Seed germination
of Triticum aestivum reduced significantly (p=0.05) at 1% but at higher
concentrations (2.5, 5, and 10%) the reduction magnificant. The SG of weeds
Ageratum conyzoidesnd Galinsoga parviflorareduced insignificantly up to 2.5 %.
The seeds oBidens pilosashowed statistically insignificance with 1, 2.5da5%
concentrations. Total inhibition of SG Bidenspilosa weed was observed at 10%.
The SG ofCyperus rotundusvas reduced significantly at a 1% concentration of
Ageratina adenophoraompost extract in comparison to control (Figurg 9a

The SL ofBrassica campestrisvas reduced significantly but RL had a significant
reduction with 1 and 2.5% concentrations.Tiiticum aestivumthe shoot and root
length got reduced significantly at all concentras (1, 2.5, 5, and 10%). In all
studied weed, shoot, and root lengths were sigmflg reduced with an increase in
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concentrations of compost extracts. Bidens pilosa SG and SL were reduced
significantly but RL reduced significantly at 2.8da5% concentrations, compared

with the control (Figure 9b).
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Figure 9: (a) Seed germination (% £SD), (b) Shoot length (SD}and root length RL (cm £SD) of

crops and weed seeds on compost extraBgefatina adenophora
4.1.8.1.3 Compost g/kg amended with soil

The Seed germination oBrassica campestrisand Triticum aestivumreduced
insignificantly with 10, 20, and 40 g compost/kgls&G of B. campestriswas
completely inhibited at 50 g/kg soil (Table 18).

The Seed germination of weeBglens piloseandGalinsoga parviflorawasreduced
significantly at 10 and 20 g compost/kg soil. SGAgkeratum conyzoideendCyperus
rotunduswas completely inhibited at higher concentratioh€ompost (20, 40, and
50 g/kg soil) in the Kirtipur and Bhaktapur soila@dle 18).
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The SL and RL oBrassica campestrisignificantly increased with 10 g compost/kg
soil concentration of Kirtipur and Bhaktapur butcliged significantly at high
concentrations (20 g compost/kg and above). Theu8L RL of Triticum aestivum
showed not much difference with the compost 10 giigin both crops. The SL and
RL of weedsAgeratum conyzoidesgnd Cyperus rotundusshowed a significant
reduction at 10 g compost/kg soil concentrationibuhe case oB. pilosg SL and
RL significantly were reduced with 10, 20, and 40ognpost/kg soil concentration in
comparison to control. IGalinsoga parviflorasignificant reduction was observed in
10 and 20 g compost/kg soil concentration in comspar to control but the
insignificant reduction was recorded with 10 andg2€ompost/kg soil concentration
(Table 18).

Table 18.Seed germination SG (% £SD), shoot length SL (crB}&nhd root length RL (cm £SD) of

crops and weed seeds, growsAgreratinacompost g/kg amended with soil

Concentration (g/kg soil)

SN Species 0 10 20 40 50
(A) Kirtipur
1 Brassica campestris SG 60+8.16 a  55+10.00a 52.5+5.00a 50+0.00 a NG

SL 16.58+1.96 ¢ 17.25+1.09 ¢ 12.71+1.36 bt.41+1.49 a NG
RL 14.404+2.11 ¢ 15.10+1.34c 11.53+1.16 8.46+£0.91 a NG

2 Triticum aestivum SG 62.5+9.57a 57.545.00a 55+12.90a 52.5t5.00a 5&#la
SL 17.99+0.50 ¢ 17.59+0.91 ¢ 13.20+4.37 15.60+1.54 a 4.44+0.19 a
RL 17.41+0.56 ¢ 17.10+0.73 ¢ 12.68+4.23 15.27+1.49 a 4.25+0.19 a

3 Ageratum conyzoideSG 55+12.90a 52.5+5.00 a NG NG NG
SL 3.15+0.24b 2.14+0.10 a NG NG NG
RL 2.92+0.25b 1.75#0.41a NG NG NG

4 Bidens pilosa SG 57.545.00 b 5545.77 ab 52.5+5.00 al50+0.00 a NG

SL 13.19+0.79d 8.94+0.79c 3.62+0.98b 2.30+0.19 a NG
RL 12.37+0.55d 8.74+0.91c 3.21+0.93b 2.02+0.21 a NG

5 Cyperusrotundus SG 55+10.00a 52.5+5.00 a NG NG NG
SL 3.86%0.44b 3.01+0.27 a NG NG NG
RL 3.55+0.45b 2.97+0.53 a NG NG NG

6 Galinsoga parviflora SG 65+5.77 b 554+5.77ab  39+23.41 a NG NG
SL 4.6440.70b 3.01+0.27a 2.81+0.07 a NG NG
RL 4.32+0.71b 2.77#0.29a 2.51+0.16a NG NG

(B) Bhaktapur

1. Brassica campestris SG 70+8.16 b  62.5+5.00 ab 57.5+ 5.00 85+10.00 a NG
SL 12.09+8.08 ¢ 10.68+8.41 ¢ 7.0846.23 b 2.62+2.57 a NG
RL 10.58+7.11c¢ 9.77#7.75¢c 6.71+5.90b 2.21+2.15a NG

2. Triticum aestivum SG 67.5%5.00 b 62.5+5.00 ab 57.5+9.57 8B.5+9.57 ab52.5+9.57 a
SL 12.24+8.61 ¢10.5248.72 bc 7.90+7.30 b 3.41 +3.02 #£.41+2.33 a
RL 10.884+8.54 ¢ 9.83+8.58 bc 7.61+7.08 b 3.03+2.87a 2.23+2.15a
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3. Ageratum conyzoide$SG 55 + 10.00 a 52.5+5.00a NG NG NG

SL 1.731.60b 1.17+1.13a NG NG NG
RL 1.61+1.48b 1.03+1.00a NG NG NG
4. Bidens pilosa SG 60+8.16a 57.5t5.60a 52.5+12.58%2.5+5.00 a NG

SL 7.58+6.30d 5.13+4.58c 2.14+2.08b 1.21+1.17 a NG
RL 7.31+#6.07d 5.01#4.45c 1.97#1.92b 1.07+¥1.04 a NG

5. Cyperusrotundus SG 57.5#5.00a 52.5+9.57 a NG NG NG
SL 2.27+1.96b 1.64+1.51 a NG NG NG
RL 2.05+#1.82b 1.44+1.34a NG NG NG

6. Galinsoga parviflora SG 62.5£5.00b 55+5.77ab 52.5+5.00 a NG NG
SL 3.01+2.30b 1.62+1.50a 1.49+1.32a NG NG
RL 2.80+2.15b 1.43#1.39a 1.22+1.20a NG NG

Values (mean £SD) bearing the same letters inah@escolumn do not differ significantly according to

ANOVA followed by Duncahs Multiple Range Test at P=0.05 NG-No Germination
4.1.8.2 Parthenium hysterophorug..
4.1.8.2.1 Aqueous extract

Seed germination percentage and the extent ofiegegiiowth (SL and RL) mostly
decreased with an increase in the concentratioRaothenium hysterophorusot,
stem and leaf agueous extracts in both crdimgsica campestri@nd Triticum
aestivum and different weeds Ageratum conyzoidesBidens pilosa Cyperus

rotundus andGalinsoga parviflora (Figure 10a).

Seed germination drassica campestrishowed a significant reduction with 1% root
and leaf extracts dParthenium hysterophorubut it was significant with 2.5 and 5%
root, stem, and leaf extracts. SL and RL Brassica campestrisseedlings were
significantly reduced with all concentrations ofotostem and leaf extracts with
reference to the control. SG was completely inbtitvith 10% treatment (Figure
10a). Seed germination dfriticum aestivumshowed an insignificant reduction in
treatments with 1, 2.5, and 5% root and leaf exwd®artheniumhysterophorusbut

it reduced significantly with 10% extracts in alases. Stem extract caused a
significant reduction in SG even at 2.5 and 5% eotrations. Shoot length and root
length also decreased significantly with increastogcentrations of the root, stem,

and leaf extracts (Figure 10a).

The impact of the aqueous extract on weeds was ardess similar in all the weeds
SG of Ageratum conyzoidagot reduced significantly with 1 and 2.5% rootragt of
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Parthenium hysterophoru®ut significantly (P=0.05) with 1 and 2.5% of the stem
and leaf extractsThe SL and RL were insignificantly reduced with $%m extract
of Parthenium hysterophorudut the reduction was significant with the roont deaf
extracts. Total inhibition oAgeratum conyzoideseed germination was observed with
5 and 10% of root extract and with 2.5, 5, and 1di%he stem and leaf extracts of
Parthenium hysterophorus (Figure 10a). SG ofBidens pilosa was reduced
significantly in thePartheniumhysterophorugoot, stem, and leaf extract up to 5%.
The SL and RL of the seedlings were reduced sicantly (P=0.05) compared to the
control withPartheniumhysterophorusoot extract (1, 2.5, and 5%). Both SL and RL
in stem extract oPartheniumhysterophorud.. showed an insignificant reduction
with a low concentration (1%) but a significant die=0.05) with high concentrations
(2.5 and 5%). Similarly, high concentrations offlegtract cause significant reduction
in SL and RL both (Figures 10b, c). Seed germimatd Cyperus rotundusand
Galinsoga parvifloravas reduced insignificantly in the root, stem, &af extracts of
Parthenium hysterophorug’he SL and RL were reduced significantly with et
treatments. SG was inhibited with higher concerutnat (Figure 10a).
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Figure 10: (a) Seed germination (% £SD), (b) Shoot length £3®) and (c) Root length (cm £SD) of
crops and weed seeds on aqueous extract (rootasteéheaves) dParthenium hysterophorus

4.1.8.2.2 Compost extract

Crop and weed seeds grown on petri plates witleifft concentrations of compost
agueous extract ranging from 1 to 10% showed saoffezaht responses. SG, SL, and
RL decreased with an increase in the concentratioRartheniumhysterophorus
compost extract (in the lab), more in the weed sdAderatum conyzoide8idens
pilosa Cyperus rotundysand Galinsoga parviflora than in the cropsBfassica
campestrisandTriticum aestivump(Figure 11a).

Seed germination dBrassica campestrishowed a significant reduction with 1 and
2.5% of Partheniumhysterophorusompost extra¢tout it reduced significantly with
5% and got completely inhibited at 10P&artheniumhysterophorusompost extract.
SG of Triticum aestivunenhanced significantly (P=0.05) at 1 and 2.5% eatration,
but declined significantly at higher concentratighsand 10%). The SG @fgeratum
conyzoidesand Galinsoga parvifloragot reduced insignificantly up to 5 %, but it
showed a significant reduction with 2.5 and 5% ttresmts ofBidens pilosa Total
inhibition of weed was observed at 10%. No SQCgperus rotundusvas observed
even at lower concentrations of thligarthenium hysterophoruscompost extract
(Figure 11a).

The shoot length and root length Bfassica campestrigvere significantly reduced
with an increase in the concentrationR&Ertheniumhysterophorusompost extract.
In Triticum aestivumthe SL and RL increased significantly at 1% com@ion but
reduced significantly at higher concentrationsrffl 40%). In the weed seedlings, the
axis growth was significantly reduced with incregsiconcentrations of compost
extracts (Figure 11Db).
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Figure 11: (a) Seed germination (% +£SD), (b) Shoot length &h ¢SD) and (¢) Root length RL (cm
+SD) of crops and weed seeds on compost extrd@adhenium hysterophorus

4.1.8.2.3 Compost g/kg amended with soil

The seed germination of cropsassica campestriand Triticum aestivumncreased
insignificantly with 10 and 20 g compost/kg sokdtment, but it was significantly
reduced with high concentrations in compost amenaied soil. SG ofBrassica
campestriswas inhibited at 50 g/kg soil treatment (Table 18)Kirtipur and
Bhaktapur soil. The SG of weed#\geratum conyzoides, Bidens pilpsand
Galinsoga parviflora was reduced at 10 and 20 g compost/kg soil treatnwhile
that of Cyperus rotundusvas completely inhibited at all treatmentsRdrthenium
hysterophorusompost g/kg soil (Table 19). The SL and RLBofcampestriandT.
aestivumsignificantly increased with 10 and 20 g compagptdoil treatment but
decreased significantly with high concentration8 (fn compost/kg and above) in
both the crops. The SL and RL of wel&deratum conyzoideeduced significantly
with 10 and 20 g compost/kg soil treatments, buy avith 20 g compost/kg soil
treatment in the case didens pilosaand Galinsoga parviflorain Kirtipur and
Bhaktapur soil (Table 19).
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Table 19.Seed germination SG (% =SD), shoot length SL ( (cm +SD) and root length RL (cm +SD) of

crops and weed seeds, growsRarthenium hysterophoru®mpost g/kg amended with soil

SN Species 0 10 20 40 50
(A) Kirtipur
1 Brassica campestris SG 60+14.14b 65+12.50 b 70+8.16 ab 60+0.00 a NG

SL 8.16+£7.21 b 12.31+8.84 b 19.9+10.19b 6.25+5.10a NG
RL 6.4445.92 b 10.92+7.93 b 10.33+5.87b 5.14+4.11a NG

2 Triticum aestivum  SG 57.5£5.00ab 70+11.54 bc 68+14.14bc 65+5.77 ab 52.5+12.58a
SL 9.2617.73 b 14.6449.83c 17.23+11.4c 9.86+7.72%.68+3.56 a
RL 7.66+6.47 b 11.71+7.83 ¢ 12.31+9.03c 8.24+6.42al3.30+3.20 a

3 Ageratum conyzoideSG 55+5.77a 52.545.00 a 45+5.00 a NG NG
SL 2.25+2.14 b 1.05+1.02a 0.90+0.86 a NG NG
RL 1.90+1.76 b 0.96+0.92a 0.82+0.79 a NG NG

4 Bidens pilosa SG 55+12.90b 50+8.16 ab  47.5+9.57 a NG NG
SL 2.27£2.19b 2.01+1.94b 1.26x1.21a NG NG
RL 2.00+1.94b 1.84+1.79b 1.04+1.02 a NG NG

5 Cyperus rotundus SG 52.5+9.57 a NG NG NG NG
SL 1.21+1.16 a NG NG NG NG
RL 1.09+1.05 a NG NG NG NG

6 Galinsoga parviflora SG 55+5.77a 52.515.00 a 50+8.16 a NG NG
SL 1.69+1.62b 1.32+1.27b 0.71+0.68 a NG NG
RL 1.63+x1.54b 1.24+1.19b 0.61+0.59 a NG NG

(B) Bhaktapur

1. Brassica campestris SG 62.5+15.0b 67.5+9.57b 65.549.47b 60+8.16a NG
SL 8.7 £7.25 ab11.93 £8.55 b16.83 +11.92 b7.41 +6.06 a NG
RL 7.5+6.18 ab10.10+7.45b 9.29+6.96 b 5.57+4.54a NG
2. Triticum aestivum SG 55+5.77a 70+8.16b 725+#5.0b 55+#5.77a 52.5+5.00 a
SL 8.22 £7.73 b14.65 +9.84 ¢17.37 £10.96 ¢8.47 £8.00 b4.33 +4.21 a
RL 6.86 +6.39 b11.92 +7.99 c 13.67 +8.70 ¢ 6.8716.45 I3.66 +3.59 a

3. Ageratum conyzoide$SG 52.5 +5.00 b 50 +0.00 ab  47.5+5.00 a NG NG
SL 2.30+2.17¢c 1.18+1.14b 0.65+0.63 a NG NG
RL 2.1141.99¢1.04+1.00b 0.55+0.53 a NG NG
4. Bidens pilosa SG 52.5+5.00a 50 +11.54a 47.5+5.00a NG NG
SL 2.32+2.24¢1.73+1.66b 1.05%1.02 a NG NG
RL 2.20+2.13¢1.62+1.56b 0.95%0.92 a NG NG
5. Cyperusrotundus SG 55+129a NG NG NG NG
SL 0.88+0.82 a NG NG NG NG
RL 0.76 £0.71 a NG NG NG NG
6. Galinsoga parviflora SG 55+5.77a 525+9.57a 50+14.14a NG NG
SL 1.72+1.65b1.33+1.28b 0.74+0.68 a NG NG
RL 1.61+1.56b1.24+1.20b 0.64 +0.59 a NG NG

Values (mean £SD) bearing the same letters in the same column do not differ significantly according to
ANOVA followed by Duncan’s Multiple Range Test at P=0.05. NG-No Germination
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4.1.8.3 Artemisia dubiaWall Ex. Besser
4.1.8.3.1 Aqueous extract

Seed germination of both cropBréssica campestrignd Triticum aestivurjn was
reduced significantly with an increase in the caiaion of root, stem, and leaf
extracts ofArtemisia dubialFigure 12a). A significant decrease in the geatiom of
Brassica campestrisseeds was observed at 1, 2.5, and 5% root exknaicta
significant reduction was noticed at 5 and 10% eotrations. Similarly, an
insignificant decrease ifiriticum aestivunseed germination was observed up to 2.5%
root and leaf extract treatments. GerminatioB@ssicacampestrisseeds was found
to be higher in root extract than the stem or &dfact, but inTriticum aestivumthe
reduction in seed germination was more in root stedh extract treatments than the
leaf extract. Inhibitions of seedling growth wet®e thighest with leaf extract in
Brassica campestris but the growth was enhanced with root extractdriticum
aestivum(Figures 12b, c).
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Figure 12: (a) Seed germination (% +SD), (b) Shoot length £#3®) and (c) Root length (cm +SD) of

crops and weed seeds on aqueous extract (rootasteéheaves) ohrtemisia dubia

An insignificant effect on seed germination wasestisd up to 2.5% of the root,
stem, and leaf extracts Bidens pilosgFigure 12a) and up to 1% of these extracts in
Ageratum conyzoideg¢Figure 12a). In both weeds, seed germination edsad
significantly (P=0.05) with higher concentrationg extracts. The SL and RL of
seedlings decreased significantly (P=0.05) inraltiments and with an increase in the
extract concentration (Figures 12b, c). Leaf extadcd and 10% concentration was
found to be more detrimental for germinationAaferatum conyzoideseeds, and no
germination was observed at all. SG@ilinsoga parvifloraand Cyperus rotundus
decreased with an increase in the concentratidgheofoot, stem, and leaf extracts of
Artemisia dubiaFigure 12a). In both weeds, SG was better wighrtdot extract than
with the extracts of stem and leaves. The lowestp8feentage was observed with
leaf extract treatment, indicating that it had arenprofound allelopathic effect in
comparison to the root or stem extracts. A sigaificdecrease in SL and RL of
seedlings was observed with high concentrationsrm@®ation of Galinsoga
parviflora seed was completely inhibited with 10% stem aadl éxtracts ofA. dubia
(Figure 12a). Similarly, complete inhibition of SG&s observed with 10% root stem

and leaf extracts i€@yperus rotundugFigure 12a).
4.1.8.3.2 Compost extract

Seed germination dBrassica campestrishowed an insignificant reduction with 2.5
and 5% of theA. dubia compost extract and was completely inhibited at 10%

concentration. SG of. aestivumat 1 and 2.5% compost extract treatment were the
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same, but at higher concentrations (5 and 10%gduced significantly. The SG of
weedsAgeratum conyzoideand Galinsoga parviflorareduced significantly up to 5
%, butBidens pilosashowed a significant reduction with 1 and 2.5%timents. Total
inhibition of germination was observed at 10%. SGCygperus rotundugxhibited
significant reduction with 1 and 2.5% drtemesia dubiacompost extract in
comparison to control (Figure 13a). The shoot aad length ofBrassica campestris
was reduced significantly with the increase in thacentration ofArtemesia dubia
compost extract. IMriticum aestivumthe SL and RL displayed insignificant same
variation at 2.5 and 5% concentration but decreasipificantly at higher
concentrations (5 and 10%). The seedling growtBidéns pilosavas insignificantly
reduced at 1-5%. SL and RL of weed seedlings retlammificantly with increasing
concentrations of the compost extracts (Figure .13b)
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Figure 13: (a) Seed germination (% +SD), (b) Shoot length (8 +SD) and (c) Root length RL
(cm £SD) of crops and weed seed on compost extfattemisiadubia
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4.1.8.3.3 Compost g/kg

The seed germination of cropBréssica campestriand Triticum aestivurn varied
insignificantly with 10-40 g compost/kg soil treant, but it was reduced
significantly with high concentrations of composnhended with the soil. SG of
Brassica campestrigvas totally inhibited at 50 gm/kg soil treatmentKirtipur and
Bhaktapur soil (Table 20). The SG of weedgératum conyzoides, Bidens Pilosa,
Cyperus rotundysand Galinsoga parviflora showedinsignificant reduction at 10,
20, and 40 g compost/kg soil treatments (Table Z@g shoot and root length of
Brassica campestrisignificantly decreased with 20 and 40 compostg gdoil
treatment whereas ifriticum aestivunseedling growth was insignificantly reduced
at higher concentration. The SL and RL of all theeds got reduced significantly
with 10, 20, and 40 g compost/kg soil treatmenb({g@20).

Table 20: Seed germination SG (% £SD), shoot length SL (8D)}and root length RL (cm £SD) of

crops and weed seeds, growsAstemisia dubiacompost g/kg amended with soil

Concentration (gm/kg soil)

SN Species 0 10 20 40 50
(A) Kirtipur
1 Brassica campestris SG 62.5+ 8.00a 60+8.16a 57.5 £5.00a 55+5.77a NG
SL 14.38+11.33c 8.21+7.45b 6.11+5.06ab 4.93+4.53a NG
RL 14.07+11.15¢  7.81 +7.11b 5.84+4.83ab 4.57+4.20a NG

2 Triticum aestivum SG 65 +#10.00b 6545.77b 62.5 +5.00ab 55+5.77ab 525D,
SL 18.84+13.25b 18.03+13.41b 16.80+13.19b 13.71+1822#.46+10.14a
RL 18.43+12.96b 17.77+13.22b 16.49+12.96b 13.24+2.7749.14+9.84a

3. Ageratum conyzoide$SG 62.5+5.00a 57.5+5.00a 55+10.00a 52.5+5.00a NG
SL 5.15+4.23b 4.29+3.78ab 3.80+3.51ab 3.14+3.04a NG
RL 4.81+3.91b 3.96+3.48ab 3.37+£3.11ab 2.78+2.71a NG
4. Bidens pilosa SG 65.2+9.57a 57.545.00a 55+10.00a 52.5+9.57a NG
SL 8.07+6.68b 7.1845.97b 4.93+4.75a 4.57+4.45a NG
RL 7.81+6.41b 6.94+5.83b 4.74+4.58a 4.42+4.31a NG
5. Cyperusrotundus SG 60+14.14a 57.54£9.57a 52.5£17.05a NG NG
SL 4.47+3.74b 3.45+£3.17b 2.39+2.19a NG NG
RL 4.26+3.57b 3.29+3.02b 2.20+2.02a NG NG
6. Galinsoga parviflora SG  65%5.77a 60+8,16a 55+12.90a NG NG
SL 7.954#5.95b 6.00£5.03b 3.36+£3.09a NG NG
RL 7.77+5.78b 5.77+4.84b 3.15+2.92a NG NG

(B) Bhaktapur

1. Brassica campestris SG  62.5+9.57a 57.5+£5.00a 55+5.77a 52.5£9.57a
SL 13.01#10.22c 10.32+9.00bc  7.55+6.59ab 4.81+4.65a
RL 12.60+9.91c  10.09+8.79bc  7.36%6.42ab 4.66+4.50a

2. Triticum aestivum SG 67.5+9.57c 60+8.16bc 60+8.16b 57.5+9.57a 55+5.77a
SL 18.22+12.81c 14.52+11.39bc 11.814+9.85ab  9.78+8.52a7.31+6.70a
RL 17.85+12.62d 14.45+11.37cd 11.81+9.85ab  9.7848.52&7.31+6.70a
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3. Ageratum conyzoideS§G 62.5+5.00b 57.5+5.00ab 55+5.77ab 52.5+5.00a NG
SL 5.34+4.50c 4.31+3.97bc 3.58+3.14ab 2.34+2.27a NG
RL 5.12+4.25c 4.08+3.75bc 3.37+2.96ab 2.13+2.05a NG
4. Bidens pilosa SG 60+14.14a 60+8.16a 57.5+5.00a 52.5 +9.57a NG
SL 8.11+6.71c 7.24+6.01b 6.06+5.32ab 4.42+4 31a NG
RL 7.81+6.46b 6.99+5.83b 4.74+4.58a 4.42+4.31a NG
5. Cyperusrotundus SG 57.5+5.00a 55+10.00a 52.51+9.57a NG NG
SL 4.50+3.97c 2.86+2.63b 1.78+1.72a NG NG
RL 4.21+3.70c 2.64+2.44b 1.64+1.58a NG NG
6. Galinsoga parviflora SG 62.5+5.00a 57.5+5.00a 55+5.77a NG NG
SL 6.56+5.16b 5.20+4.56b 3.36+3.21a NG NG
RL 6.33+4.98a 4.75+4.40b 3.05+2.92a NG NG

Values (mean £SD) bearing the same letters inah@escolumn do not differ significantly according to

ANOVA followed by Duncahs Multiple Range Test at P=0.05 NG-No Germination
4.2  Discussion
4.2.1 Weed community analysis

The present work showed the frequency, density RAdof those Ageratum
conyzoidesand CyperusrotundusL. as the dominant weeds on the selected winter
crop fields. The work conducted by Manandkal. (2007) also demonstrated that
the Cyperus rotundusind Ageratum conyzoidesere present as the dominant weeds
on the paddy field of Kirtipur based on VI follo@éy other 52 weeds.

The present work showed the higher IVI value amtrg weeds from the family
Asteraceae Ageratum conyzoidesBidens pilosa Galinsoga parviflora and
CyperaceaeQyperus rotundysin the winter crop (wheat and mustard) fieldsngal
(2013) also reported a high number of weeds froteraseae in the wheat crop fields
of Nepal. The frequency and density of weeds IlBalinsoga parviflora and
Ageratum conyzoidesere found to be high in the fields of wheat, raudtin winter.
Neogi and Rao (1980) also reported that the freqpuemd density of weeds like
Galinsoga parvifloraand Ageratum conyzoideis agricultural fields of Khasi hills,

Meghalaya, India, were higher in winter than in sugn and spring seasons.

Ageratum conyzoideave a capitulum inflorescence which produces raarmous
number of more than 40,000 seeds from a singld plath dispersed into a wide area
making it invasive (Dograt al.,2009a; Kohliet al, 2006). The invasion &geratum
conyzoidesncreases the soil's physical and chemical pragseforganic carbon and

inorganic matter, NPK, Calcium, Magnesium, and cbk) except the pH in
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comparison to other parameters (Dogaal., 2009b). The allelochemicals like
phenolics may contribute to the ability of partenualien species to become dominant
in the native plant communities (Doge& al., 2009b; Ridenour & Callaway, 2001).
Ageratum conyzoiddsave a strong competitive ability and fast propiaga(Kaur et
al., 2012).

The high importance value index (IVI) value @Ghlinsoga parviflorain the winter
crop fields is possibly due to its several featutask of special requirements for
germination, rapid seedling development, the abtlit generate roots and establish
new plants from the cut stem, the ability to flovedtrer a short period of vegetative
growth and production of flowers and fruits throaghthe growing seasons, self-
compatibility and the production of a large numbgviable seeds under a wide range
of environmental conditions (Warwick & Sweet, 1988)l these features must have
helped in the soil seed bank and establish as ancomveed in winter crops.

Bidens pilosawas also found as a dominant weed species in themcrop fields
with high IVI values. This may be due to a largentner of flower heads (80 heads
per plant), with high seed production potential0@&eeds/ year produced by a single
plant) (Mvere, 2004) and capacity to form densedgaWeber, 2003). Due to high
seed production, seed dormancy, seed longevitpssgsses higher possibilities of
germination and grows into a new plant. These fpatbably must have contributed

to increasing the IVI of this species.

Cyperus rotundusvas also quite common and had a high VI (23.22840) in our
present studyCyperus rotunduss a noxious weed of the tropical and subtropical
regions of the world and is reported in 52 différerops in 92 countries (Rao, 2000).
The reasons to obtain a high IVI value@jperus rotundusnay be due to its ability
to propagate by the underground modified parts lkzome, tuber, and corms
(Brosnan & DeFrank, 2008; Latt al, 2011).

Cyperus rotunduss distributed all over the tropical, subtropicalhd temperate
regions of the world. The plants are found in B# seasons but its populations are
more in the rainy and winter period, damaging tfep @nd reducing crop production
(Ambastha, 1982).

Cyperus rotunduss a perennial plant that rarely reproduces thinosgeds (Riemens
et al, 2008). Seed germination mostly depends on ted sie, the larger the seed,
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the higher the chances of germination (Thullen &el€g, 1979; Riemenst al,
2008).Cyperus rotundugplant spreads through its profuse production efrtizome,
basal bulbs, and tubers. These tubers undergoi@dp&r dormancy after separating
from a mother plant. The irregular germination afiew plant ofCyperus rotundus
from dormant tubers in varying degrees makes ieadylant (Omezine and Skhiri,
2009). The present study showed the dominant wesCyperus rotundusn winter
crops’ field. Similar results were also found by riglaes et al. (2017), the two
dominant weed<. rotundusand Portulaca oleraceaavith the highest density and
IVl in the field of eggplant. Different types of wes present in the agricultural fields
interfere directly or indirectly depending on theographic region, crop types, crop
production, and cultivars in the crop productiostsyn.

4.2.2 Phenology of selected weed

The above-mentioned weedsgeratum conyzoideBidens pilosaCyperus rotundus
and Galinsoga parviflora are also quite common in summer crops. Seveualies
showed that the differences of morphological anehpltogical behavior among plants
are manifested at different stages of life (El Keb}, 2003; Clavijo, 2001) and are
dependent on environmental factors (Kadmon & Shpii@80; Hegazet al, 2005).

A study conducted by Kanwar and Kharwara (1988) @estrated that at the maize
field (summer crop) of Himachal Pradesh in IndRgeratum conyzoidestarts
appearing at the tassel stage of maize, produoeei$, and sets seeds by the time the
crop is harvested. Redét al (1977) also reported th#@tgeratum conyzoideis a
major weed in the sugarcane crop field. Rao (2@0d)Igbal and Cheema (2009) also
noted the weedCyperus rotundusn the summer crop fields like cotton, rice,
sugarcane, and maize in the Indus valley.Clyperus rotundughe fruiting stage
continues only for three months (Dec, Jan and $ebjhis may be due to its lower
seed density aCyperusseeds in the soil and also its low seed produ¢hian in other
species (Brosnan & DeFrank, 2008; Lati al, 2011). After seeding o€yperus
rotundus the growth in early stages is slow but in latexgss, it grows very fast
(within 30 to 45 days) (Juraimi & Begum, 2009). Mia and Stoller (1978) explained
that theCyperus rotundugerminates in the mid or late spring season atet &fur
weeks of the initial plant development. The cyapeaats and new shoots develop
during July in the central US and the process noes.

In favorable condition,Galinsoga parvifloraproduces several generations at its
vegetation stage, because this plant needs 4 teeksvfor full growth (Rutgers
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Cooperation Extention, 1999). In tropical are@sjinsoga parvifloracan germinate
at any time of the year (Toit & Court, 1991).

Bidens pilosacan be found in all seasons in tropical areasitlgrows in the summer
and wetter part of the season (Hokhal, 1977).Kirszenzaft and Felippe (1978)
described thaBidens pilosds a short-day plant, taking short time (10-14rskdays)
for inducing flowers.

Ageratum conyzoideseeds are small, black in color, and light in weiglong with
pappus, which helps them to disperse up to thowssahdniles (Bansal, & Singh,
1986). Seeds d&. parvifloraare also black in color and are with pappus, whielps
them to disperse easily. It is reported that smakeds germinate faster than larger
ones because the smaller seeds are colonized no ipliaces in advance of larger
seeds (Nordeat al, 2009; Liuet al, 2014).

4.2.3 Weed seed characteristics

The size and shape of seeds have also been stifiedrning seed banks in the soil.
A small size of seeds was observed amdyperus rotundus and Galinsoga
parviflora. The size of the seed is a key character in détérgiseed fate, as small
seeds are both less attractive to animals and easiéy buried in soil than large ones.
Data from all four published studies (Thompsaral, 1993; Leishmamt al, 1998;
Funeset al, 1999; Molest al, 2000) showed that long-term persistent speeied t
to have spherical seeds, while short term pergisigties have more flattened and/or
elongate seeds. In the present st@yperusrotundushas small oval shaped seeds;
Ageratumconyzoidesand Galinsogaparviflora have small conical seeds, aBulens
pilosa has long flattened seeds. The seed bafkgefatumandGalinsogaparviflora

is mostly higher tharBidens pilosa in the present study, which may be due to
differences in size and shape. The size of thelisged usually directly related to
food reserves or secondary metabolites and micerdént or energy of seeds.

4.2.4 Soil properties

The soil texture of Kirtipur and Bhaktapur was fdun sandy loam. Bhattrai (2010)
also found the soil texture of Kirtipur is siltydm and the mean pH of the soil was
found 6.4 to 6.8. Similarly, the mean value of katarogen Bhattrai (2010) and
Gautam and Bhattrai (2013) was found 0.16- 0.1486sphorus was 0.01% and the
potassium content was low in the soil.
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Mbong et al. (2020) suggested that the distribution of specfeSyperaceae depends
on soil properties like soil pH, moisture conterganic matter, exchangeable Ca, and
phosphorus. He has conducted the experiments tessasthe abundance and
distribution of species in relation to soil propest with the three families of
CypereaceaeCyperus rotundysCyperus irig and Cyperus difformisand other
associated species weBea acuta, Scoparia dulcis, Chromolaena odorateukine
indica, Ludwigia decurenstc. TheCyperus rotundushowed a strong preference in

acidic soil.

High soil nutrients influenced invaders in the ided range (Maron & Marler, 2007;
Tyler et al, 2007). Soil biota and soil nutrients impact irivas of plants likeBidens
pilosaand Saussurea deltoid¢@ui & He, 2009).

Ageratumwas found in more silt and clay of the soil, higihsoil moisture, possessing
highest acidic soil pH of agricultural fields at &laure Tamagi VDC, Kaski, Nepal,
(Kunwar & Acharya, 2013).Galinsoga parvifloraand Galinsoga quadriradiata
species grow in high levels of N, P, and K (lvah971). He also stated that flowering
was inhibited in absence of N and in the absende of K reduction takes place in
flowering and root weight was increased in plarit§& oparviflorawith reduced levels
of N and K.

4.2.5 Nutrient analysis of selected crops and wesdeds

The seed reserve content (nutrients) is correlat@tl germination percentages
(Sorianoet al, 2014). During germination, the mobilization afesl reserves varies
with the amount of reserve content (like Carbohtararotein, lipid) and the species.
For various species different seed reserves maye hdifferent roles during
germination. Zhaoet al. (2018) found that different patterns of seeds keser
mobilization in six species Chloris virgata, Kochia scoparia, Lespedeza
hedysaroides, Astragalus adsurgens, Leonurus astamiand Dracocephalum
moldavicg during seed germination- Starch and soluble proteas mainly used
during seed imbibition stage to the highest gertionastage. There was no change in
the fat content and it remained relatively constantall species during germination.
These results provide a new outlook into the rdlseed reserves as energy resources

in the step of germination.
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4.2.6 Soil weed seed bank

Generally, the difference in the number of weedibegs density can be explained by
several factors like climate, the position of tla@ngling plots, soil moisture content,
and depth of soil sampling, history of the area amanagement practices used by the
farmers (Mesquita, 2017). In the present study ghoall the soil samples from
Kirtipur and Bhaktapur were collected for this studere from surface to 15 cm
depth but insignificant differences in a numbema&ied species seedlings emergence
were observed, which may be due to similar climabd, moisture, and same history
and management practices.

The seed bank d€yperus rotundusvas found to be significantly less than the seed
bank of other studied weeds in all sites from tlo¢gafion technique, which may be
due to low seed production @yperus(Brosnan & DeFrank, 2008; Lagt al, 2011)
and a high number of seed production among othenbrees of Asteraceae. The weed
seed standardization showed the weed seed recaasrizigher in clayey soil.

In the present study, the seed bank estimationltseare not the same from the
floatation and germination techniques. Gonzalez@nhdrmandi (2012) also observed
similar results on seed bank estimation from flbataand germination method. Both
of these methods have certain merits and demditits. weakness of the floatation
method is that there are chances of overestimafiactive seed banks as both viable
and nonviable seeds are counted in this methodhdncase of the germination
method, only the seeds that get the opportunity adeéquate environmental
conditions undergo germination. The weakness of timethod of seed bank
estimation is that it does not take into accoumtrgmt viable seeds (Mesagaketral,
2007).

The seed bank obtained from the floatation tecteiiquthis study is mostly higher
than the germination technique. This must be dubd@resence of dormant seeds in
the soil seed bank and a similar result was alsednoy Goto and Tsuyuzaki (2004).

4.2.7 Seed germination
42.7.1 Different environmental conditions

Seed germination in both the crofs Campestri@ndT. aestivurpwas the highest in
6 ml and 9 ml treatments and got reduced signifigan 15 ml treatment. Similar
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results were also obtained fBthaseolus vulgarisSpinacea olerace§Orphanos &
Heydecker, 1968), an@eta vulgaris (Heydeckeret al, 1971). Similarly, seed
germination ofCyperusandGalinsogagot completely inhibited with 15 ml treatment.
This may be possible due to the formation of a wita over the seed's surface (Ely,
1979), as the seeds were completely immersed ierweth 15 ml treatment. The
water film might have acted as a barrier to osmdifitision (Ely, 1979).

Germination of seeds and seedling growth were dbgdn on favorable
environmental conditions. Temperature is one ofrtiwest significant environmental
conditions for seed germination and seedling gro(inner & Thompson, 2005).
Germination of two winter cropB( campestriand T. aestivurp was higher at 15-
20°C in the present study and lower at 25°C, irtifigathat the high temperature is
not favorable for germination. All weedA.(conyzoidesB. pilosa C. rotundus and

G. parviflorg could germinate at all the treatments of tempeeatindicating their
tolerance to a wide range of temperature. Theselsvaee quite common in summer
crops as well. High-temperature availability wilicrease the atmospheric water
demand which could lead to additional water stfessy increased water pressure
deficits (Thapa, 2001; Zhaet al, 2016; Assang, 2011). A Study done by Malla
(2009) on CQ enrichment technology at Khumaltar concluded thatyield of rice
and wheat increased by 17.1% and 8.6% due to arease in temperature,
respectively. A crop simulation model (DSSAT) wésoasstudied by Malla the effects
of CO,, temperature, and rain in NARC showed a positiieeceon the yield of rice
and wheat.

Light is one of the most significant factors foedegermination and seedling growth.
The seeds of both crops germinated in all lightditions (even in blue light), but
weed seeds could not germinate in blue light. Sdeatsrequire light for germination
are usually small (Cann, 2014). Milbezgal (2000) suggested that the light response
and seed mass must have coevolved as an adaystuecféo ensure seed germination
of small-seeded species only when close to the sswface. On the other hand, a
phylogenetic component of light promoted germinatiegardless of the seed size has
also been suggested as phytochromes are well kimwrediate the light promoted
germination. Phytochromes are also known to inereth® number of bioactive
gibberellins in seeds (Cann, 2014) and this migitehinitiated the germination

process.
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In the present study, both the crops and weed cootfdyerminate in the dark. This
show that light is required for seed germination aeedling growths Phytochrome
plays a significant role in determining the time gérmination Kotodziejek &
Patykowskj 2015). A seed germination experiment conducteéxgeriment in 131
taxa of Campanulaceae by Koutsovoudbal (2014) and found that germination was

higher in light than in darkness.

The wheat and mustard seeds germinated in blug hgbre or less similar as in red,
yellow, or green light. In wheat (Xet al, 2009) andBrassica napugChatterjeeet
al., 2006) Cryptochromes, the blue/ultraviolet-A ligignsing photoreceptors have
also been reported to interplay. In wheat, two tgprome genes, TaCRY1 and
TaCRY2, have been identified, which might be inedvin the ABA signaling
pathway in addition to their role in primary blughit signal transduction (Xet al,
2009). Possibly inBrassica campestriesalso the cryptochromes act as the
photoreceptor to initiate seed germination in Bigiet.

Mostly seed germination was high in red light aod lor nil in blue light, which is
consistent with the general observation that rglt [promotes germination while blue
light inhibits it. All the selected weeds could m@rminate in blue light. Blue light is
usually referred to as radiation with a wavelerfgghween 400 and 500 nm. Different
phytochromes activate at different wavelengthsigtit! Under wavelength 700 nm
both phytochromes A and B are active. However, @ttytome A functions optimally
around 600 to 690 nm whereas at wavelength latggm ¥00 nm it becomes in-
activate although phytochrome B remains active (Katmal, 2010). As blue light
ranges from 400-500 nm, both these phytochromestmmgmain inactive and this
might have not initiated germination in the seldoteeeds.

Besides this, the seed germination in wheat andartusnight be due to the higher
concentration of endogenous gibberellins than theciaic acid (Srivastava, 2002;
Zhonget al, 2013). The gibberellin synthesis occurs when saddorb moisture, this
hormone diffuses across the endosperm to the aedayer (in the case of wheat),
which then produces and releases the hydrolytigraezrequired to digest the stored
food of endosperm. The stored starch was brokemdiywnenzymes to its smaller unit
glucose, protein to an amino acid, etc. which enttranslocated to the embryo. The
embryo used them for the growth of radical and pilenduring germination
(Bhattarai, 2007).
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Both crops and some weeds could germinate from @bl % (Mallik et al, 2020).
Similar results were also reported by Matheatsal. (2012). Hannaway and Larson
(2004) reported that Mustard can adapt in sanayaty soil and also germinate in the
range of pH 4.8 to 8.9riticum aestivunihave comparatively large seeds with storage
of reserve food materials. It appears that bothwilmeer crops have high membrane
integrity and could resist a high range of gEhétterjee & Nagarajar2006; Bagchi,

& Srivastava, 2003). Weeds likkgeratum conyzoide8idens pilosa and Cyperus
rotundus might have low membrane integrity and thereforaldaot germinate at
high pH (McCauleyet al, 2017).

4.2.7.2 Chemical fertilizers

Seed formation depends on the nutrients presemt fihe seed coat to the endosperm
(Martinez-Ballestaet al, 2020). The macronutrients like nitrogen, chanbe t
endosperm structure, influencing seed moistureisdibsequent germination stages
(Wen et al., 2017). Seed germination of both crops and weeds realuced
significantly with high concentrations of fertilizeolutions. A number of studies have
demonstrated that the potential use of composfextitizer solution helps to enhance
seed germination and seedling growth and improeésphlysical properties (Zinati,
2017). In the present study, shoot and root lemgtistly decreased with solutions
having 2.5% concentrations of urea and potash.ighen concentrations, the cells
might be in stress due to exosmosis. Bamnal. (2006) suggested that the high
concentration of the nutrient solutions may haveaged membranes and changed
enzyme relations, leading to reduced germination.

The soil amended with both chemical fertilizersreauand potash, showed reduced
germination with an increase in the concentratiolise root and shoot lengths
increased up to 10 gm/kg soil treatment but deeckasth higher doses. In the case
of the soil amended with urea, the soil bacteristhiave played an important role.
The soil bacteria possess enzyme urease whichyzesalurea to ammonia or
ammonium and bicarbonate ions. The ammonia vaatlifrom the soil completely
inhibits the germination of seeds (Bremner & Kroggnel988, 1989). This might be

the reason for the reduction in seed germination.

Potassium, an important osmotic agent, is alsolwedbin more specific metabolic
roles like protein and starch syntheses and enzayoatiwation (Al-Karaki, 2001).
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Cases of K+ toxicity have been reported in glycapbyRathert, 1982; El-Haddad &
O'Leary, 1994). Generallya high concentration of K causes N deficiency #mnd
may affect the uptake of other nutrients (Crousgl82, which possibly reduces
percentage germination, and the shoot and rootheng

4.2.8 Allelopathic effect
4.2.8.1 Ageratina adenophordSpreng) King & Rob.

The alkaloids are more in leaves than in the stedraot of the same plant species
(Achakzaiet al, 2009). There are forty-five volatile compoundsirid inAgeratina
adenophoraplants. The compounds identified from the stem &alies of this
species are octacosanoic acid, hydroxycinnamic, deidlic acid, cafeicacid, etc.
(Subba & Kandel, 2012). The presence of flavondydasides in the leaves was also
reported by Naiet al. (1995). Seed germination Th aestivunmwas higher with the
stem than with the root and leaf extractsAofadenophoraSeed germination was
observed in the stem and leaf extracts even atehighncentrations (2.5-10%), in
comparison to the root extract. Seed germinatiors weduced significantly in
comparison to control, but the germination of batbps was observed even at higher
concentrations. The shoot and root lengths of baths were significantly reduced in

the aqueous extract f adenophorglant's part (root, stem, and root).

The weedsA. conyzoidesand C. rotundus were fully inhibited at a higher
concentration of leaf extract. In a 1% aqueous entration, the seed germination of
A. conyzoidesvas higher in the stem extract. B pilosa seed germination was
reduced significantly, as the concentration inceddsut was not completely inhibited
even at higher concentration, unlike in the otheeds. This may be due to the size of
the seed. Katoch (2012) also reported that theelaized seeds were least sensitive to
germinate and grow. Th@. rotundusandG. parviflorawere completely inhibited at
10% aqueous stem and leaf extractsAofadenophoraA number of researchers
reported that a large number of allelochemicaleastd from leaves inhibit the
growth (Zhaoet al, 2009; Daset al. 2018). The antioxidant activities of methanal,
extracts from leaves ohgeratinaalso inhibited the seed germination and seedling
growth of other species (Ralte & Sameul, 2014).

The compost extract ok. adenophorashowed detrimental effects more in selected

weeds than in winter crops. Seed germinatioB.afampestrisvas inhibited at higher
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concentration but that offriticum was unaffected.Ageratum and Galinsoga
significantly reduced at lower concentration butmpdetely inhibited at higher
concentration. IB. pilosa,seed germination was inhibited at a higher conaéotr.
Only at a lower concentration éfgeratinacompost extract the seed germination of
C. rotunduswas observed. Similar results found by Zhang (208Bowed that the
aqueous leachates of stems and leaves. @idenophoranhibited seed germination
and seedling growth oNeocheiropteris palmatopedatalhe inhibitory effects

increased with increasing leachate concentrations.

The reduction in the seed germination and seedjnogvth of B. campestrisand T.
aestivumincreases with an increase in the concentratioth@fsoil amended with a
compost of A. adenophora It might be due to the allelochemicals releasgd b
Ageratinaplant residues into the soil. It affects the geation and seedling growth
processes by reducing the cell division or the mimxduced growth of roots (Katoch,
2012; Mc Calla & Haskins, 1964). At higher concation (50 g compost/kg soil),
seed germination oB. campestrisvas fully inhibited butTriticum germinated. In
comparison tdBrassicaand weed seeds, nutrient content (carbohydratepestdin)
and seed weight per seed were highefT inaestivum(Table 9). The presence of
defensins and high nutrient content of seeds plyssitercome the adverse impact of
phenolic compounds on seed germinatio ohestivumThe seed germination, and
the shoot and root growth &. conyzoidesand C. rotundustook place at lower
concentration (10 g compost/kg) only. BesidBs,pilosaand G. parviflora totally
were inhibited at higher concentrations (5 and 1€ompost/kg soil). It might be
possible due to the additive and synergistic effexft allelochemicals which under
field conditions become significant even at lowemaentrations (Einhelling &
Rasmussen, 1978). [&. parvifloragermination was higher in sandy and loamy soils
and it could germinate in 4-10 mm depth (Cauwvetral, 2013). Eupatorium
adenophorunplant was rich in a phenolic compound like 2-hygiaumaric acid
which inhibited seed germination and seedling ghoaftthe crop and its surrounding
plants (Zhenget al, 2012).

4.2.8.2 Parthenium hysterophorus.

The seed germination and seedling growtlBofcampestrisvere reduced with 2.5
and 5% aqueous extract of vegetative partBathenium.Similar results were also

observed by Singlet al. (2005) inBrassicaspeciesB. campestries, B. oleraceand
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B. rapg and by Parthsarthet al. (2012) in two pulse crops/igna radiata(L.) R.
Wilczek) andVigna mungdepper) and one oilseed crofréchis hypogeda..). The
reduction in seed germination and seedling grovethpaossibly due to phenolic
compounds. A significant amount of phenolics, tlaegést group of secondary
metabolites, was estimated in the aqueous ext&iogly, et al, 2005). The more
detrimental effect was observed with the stem aad éxtracts than with the root
extracts. This could be due to more accumulatiosemondary metabolites in stem
and leaf (Safdaet al, 2014). Altogether about 47 photo components r{3ei@oids, 14
fatty acids, 4 hydrocarbons, 7 alcohols, 5 phytosée and 14 other metabolites) are
reported in the leaf d?arthenium(Ahmedet al, 2018).

The detrimental effect dPartheniumaqueous extract was less bnaestivunthan on

B. campestriesAfridi and Khan(2015)reported that the effect of allelochemicals was
unfavorable on the seed germination Tof aestivumand other species. SG ot
aestivumwas significantly reduced only with 10% extractsraots. Similarly, stem
extract of 2.5, 5, and 10%, and leaf extract ofnel 40%, caused a significant
reduction in the seed germination. SL and RL alscrehsed significantly with
increasing concentrations of the root, stem, aafid&tracts. Only the stem extract of
Partheniumshowed an inhibitory effect at 2.5% in seed geatiam of T. aestivum
Comparatively less detrimental effect driticum seed germination is observed than
in weed seeds witRartheniumleaf extracts. Khaet al. (2012) had also reported the
inhibitory effect of Partheniumin four varieties ofT. aestivumtreated with 7.5%

agueous extract, quite high concentrations in coispato the present study.

The insignificant changes ifriticum seed germination, SL and RL with lower
concentrations may be due to the presence of sappmdetabolites cysteine-rich
proteins- defensins in the endosperm Toiticum (Freeman & Beattie, 2008). In
comparison toBrassicaand other weed seeds, nutrient content (carboteydnad
protein) and seed weight were greaterThiticum. The presence of defensins and
larger nutrient content in seeds possibly overcahee adverse impact of phenolic
compounds on seed germinationToiticum. The selected weed seeds ¢onyzoides,
B. pilosa, C. rotundusand G. parviflord mostly showed a reduction at 2.5%
concentrations of the stem and leaf aqueous egtod€tarthenium High germination
percentage (62%) ofCyperus rotundusat lower concentration dPartheniumleaf
extracts (1%) may be due to less efficacy of ledfaet at low concentration on one
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hand, and on the other hand high nutrient (carb@igd protein and moisture)
contents in each seed @yperusrotundus (Table 9).Only the stem extract of
Parthenium (25%) showed an inhibitory effect on seed gernmmatof Triticum
aestivum Comparatively, the effect was less detrimentalTaticum than on weed
seeds withPartheniumleaf extracts (Malliket al, 2019). Khanet al. (2012) also
reported the inhibitory effect dPartheniumin four varieties ofT. aestivuntreated

with 7.5% aqueous extract.

Seed germination ddrassicaremained more or less unaffected up to 2.5% cotnpos
extract treatment but was enhanced with 5%Tinaestivum Similarly, the soll
amended withParthenium compost caused the insignificant difference in seed
germination oBrassicaup to 20 gm compost/kg soil treatment and iticum up to

40 gm compost/kg soil treatment. Seed germinatfofhriicum increased slightly at
10 and 20 gm/kg treatments. The presence of pleftyicronutrients such as Fe, Zn,
Mn and Cu, and macronutrients including N, P, andn@kesPartheniumcompost
two times richer than the farmyard manure (Krishunghy et al, 2010), and this
possibly might have acted as the promoter for ggechination and seedling growth
in low concentrations. But at high concentratiottse allelochemicals found in
Partheniummight also inhibit cell division; and also the lgdrelline and indolacetic
acid functions (Tomaszewski & Thimann, 1966).

Besides this, various types of terpenoids (9 ing08 in the stem, and 3 in the leaf)
are found inParthenium(Ahmedet al, 2018). The noxious behavior of this weed is
thought to be due to the sesquiterpene lactoneccathrthenin, which is synthesized
by this plant and plays a role of allelopathic ifeeence with surrounding plants

(Belz, 2007). Possibly, these terpenoids interfeita enzymatic activity and reduce

seed germination of crops as well as of weedsgdtehiconcentrations.

4.2.8.3 Artemisia dubiawall ex. Besser

In the present study, it was found that SG, SL, Rhdlecreased with the extracts of
vegetative parts (leaf, stem, and root)Aofemisiabut the effect of leaf extract was
more pronounced. Putnam (1988) listed 6 classesallelochemicals, namely
alkaloids, bezaoxaziones, cinnamic acid derivativeganogenic compounds,
ethylene, and others. More amount of volatile ptogm compounds have been

recorded from the green leafy part Amtemesia californica(Halligen, 1973) and
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possibly such phytotoxic chemicals are also preseAl dubiaand this may be the
reason for the more allelopathic effect of a leafseed germination. The germination
of seeds, and the root and shoot lengths of crapt®B. campestriandT. aestivu
were inhibited by the aqueous extract of weeddubia Seed germination was
reduced with 5% and 10% concentrations of rootnstnd leaf extracts among the
different treatments. Similar effects Aftemisia monospermextract were obtained
by Watban and Salama (2012) d*haseolus vulgaris A similar decrease in
germination, growth, and chlorophyll contentsTinaestivumwas reported by Deef
and El-Fattah (2008) when grown on the aqueous&xtf Artemesia princepsar.
Orientalis. A study of the allelopathic effectssoime selected weedBhalaris minor
L., Chenopodium muralé., Sonchus oleraceuk., Cyanodon dactylor.., and
Convolvulus arvensik.) on seed germination and seedling growth ofatiEriticum
aestivum also showed similar inhibitory effects on seedhgeation, seedling length
and seedling dry weight of the crop, which increlagegressively on increasing the
concentration of extracts of weed plants (Gupta &td] 2012). SG and seedling
growth of weed®. pilosg A. conyzoides, G. parviflorandC. rotundusgrew in the
agueous extract &&. dubiaalso revealed a reduction with increase in comagans.
Katoch et al. (2012) have also reported that the inhibition @&d germination and
seedling growth was dependent on concentration, angreater inhibition was
observed at higher concentrations. In the predeuwlys significant reduction of the
shoot and root length occurred with all concentradi of the leaf extract, as was
observed by many earlier workers working on otheeds, thus indicating that leaves
have a more powerful inhibitory allelopathic effeittan other vegetative parts
(Kanchan, 1975; Tefera, 2002; Maharjah al, 2007). Lydonet al. (1997) also
mentioned that the aqueous extracAdemisiaannuareduced the SG, SL, and RL of
some crops4ea mays, Glycine mpand (Chen & Leather, 1990) inhibited weeds
like Digitaria sanguinalis, Echinochloa crusgalketc., there was a total inhibition of
seed germination ofA. conyzoidesG. parviflora and C. rotunduswith higher
concentrations of leaf extract. The work by Mited Kohli (2010) shows that
Artemisia oil has bio herbicidal properties because it cauphytotoxicity and
interferes with the growth and physiological praesss of some weed species.
Similarly, in the present study, more allelopatéifects were found with leaf extract,
followed by stem extract and then root extract iostncases, except iR aestivum

Quarteyet al (1997) also revealed that leavesAstemisia afrahad an inhibitory
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effect on seed germination, compared to other ghants. The aerial parts contain
high amounts of inhibitory allelochemicals (Gét al, 1993) which may interfere
with the processes of plant growth. These allelotbals may be reducing the cell
division or the auxin-induced growth of roots (Gdoi et al, 2011). Comparison of
seed germination oB. campestriesand T. aestivumwith the weeds studied has
revealed that seed germination in crops was legsrsely affected than in weeds in
compost extract and compost amended in soil (Malikal, 2014). This might

possibly be due to large seed size and more redeock material present in crop
seeds than in weed seeds. Artemesinine, a segmpnterlactone extracted from
Artemisia annualL., is a potent plant growth inhibitor (Javaid &@m, 2006).

Similar allelochemicals may be presentiiriemisia dubiaas both of them belong to

the same genus.
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CHAPTER 5

5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

On the basis of VI values, it can be concluded Weeds likeAgeratum conyzoides
Bidens pilosaCyperus rotundusand Galinsoga parvifloraare most dominant in the
winter fields of Kathmandu valley. Weed diversitasvmore in the Bhaktapur areas
than other selected areas like Kirtipur, Godaw@tapagaon, Dharamsthali, and
Shivapuri. The diversity (Simpson’s index of diversD) of weeds in winter crop

fields was highest in Bhaktapur and lowest in kinti.

From the phenological study of common weeds in evirdrop fields, it can be
concluded that the first weeding should be conaletbeen the crops are in the 5-6
leaves stage, as all the weeds were recorded flogvar October-November, i.e., at

the very initial phase of winter crop.

Both the flotation technique and germination methadicated thatAgeratum
conyzoidesaand Galinsoga parviflorahave the largest seed banks and consequently a
high infestation in the agricultural fields. Bothese weeds are also common in
summer crops; hence possibly they have greatetisdapasticity and add new seeds

in each season.

Based on the seed germination experiments undirelit climatic conditions it is
concluded that SG, SL, and RL of weedSygerus rotundusand Galinsoga
parviflora) suppressed with high moisture in petridish (labyl amops Brassica
campestriandTriticum aestivurjpalso significantly reduced. Seed germinationhef t
weeds suppressed with blue light and dark conditi@oth crops are enhanced in 15
and 200C but weeds are high and 10 and 150C. Thef 8Gassica campestrigias
found to be significantly high in acidic conditiorfsut in T. aestivumit was
significantly high in alkaline conditions. The séeg growth of most of the weed
seedsAgeratum conyzoide€yperus rotunduandGalinsoga parviflora were found

to be significantly high in alkaline conditions.

Based on the results obtained on SG and on the r8L RL, under different

concentrations of urea and potash fertilizersait be concluded that both crops and
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all tested weeds prefer a low concentration of uaga potash. Under high
concentrations detrimental effects appeared duestootic potentials of the cell,
causing the hyperosmotic effects to increase theirgake and dehydration of the
cell. SG, SL, and RL oB. campestrisand weedsAgeratum conyzoide£yperus
rotundus and Galinsoga parviflora are found to be high in acidic conditions but
Triticum aestivunandBidens pilosare found in alkaline conditions.

On the basis of studies on the effect of aqueotrm@xof Ageratina adenophoran

SG and the SL and RL, it can be concluded thaloalemicals are more in stem and
leavesthan in the roots oA. adenophoran comparison to root. SG, SL, and RL of
weedsAgeratum conyzoides, Galinsoga parvifloesd Cyperus rotundusvere fully
suppressed with increasing from 5% concentratidrieeaqueous extracts, but both
the crops could germinate and survivlis suggests that the aqueous extract 5% and

above ofA. adenophoraan possibly be used for suppressing these weeds.

Further, the treatment with 40 g/k§. adenophoracompost suppressed seed
germination of all weeds excepidens pilosa but both the crops survived. This
shows that application of the compost Af adenophoraat the rate of 20-40 g

compost/kg soil can be useful to control weedsiewinter crop fields.

The detrimental effect of increased concentratiminBartheniumagqueous extract on
the germination of crops and weeds with increasmgcentrations is mainly due to
the allelopathic effect. In comparison to crop$waeds seedsAgeratum Cyperus,
and GalinsogaexceptBidenswere more affected with increasing high concerdreti
of aqueous extract. Seed germinationCofrotunduswas completely inhibited with

Partheniumcompost and this can be possibly due to its gkgluc effect.

The enhancement of seed germination and seedlmgtlgrof Triticum (up to 40 g
compost/kg soil) an@rassica(up to 20 g compost/kg soil) indicates that udimng
compost there is a possibility &arthenium hysterophoru® reduce the associated
weeds in wheat and mustard fields. ThRarthniumcompost (20-40 g compost/kg

soil) has the potential to control all these weeglsause of its allelopathic effects.

Comparing impacts of three plants, one native armdihvasives, brought out that the
impact of aqueous extract, compost extract, anaddohgpost on seed germination and
seedling growth of crops and weeds is less in coisga to two invasive plants
(PartheniumandAgerating.
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From the present study that the aqueous extrace@étative parts, particularly leaf
contains more growth-inhibiting allelochemicals.caoding to the study, the shoot
and root lengths of weedBiflens pilosaAgeratum conyzoide&alinsoga parviflora
and Cyperus rotundysand crops Brassica campestriand Triticum aestivurj are
significantly reduced at a high concentrationfofdubia extract. Seed germination
percentage was found that the seed germinatiorrapiscis less adversely affected
than weeds. Thus, there is a possibility of exingcsuch allelochemicals frorA.
dubia and using them to develop environment-friendly-éobicides to control

weeds.

Further from all these experiments, it can alsedecluded that different weeds have
their own threshold concentrations to toleratedlelopathic effect of invasive plants
and beyond which seed germination completely sggpse Mostly threshold

concentrations to tolerate alleopathic effect aessl|for small sized seeds in
comparison to large-sized seeds. From this it aarcdncluded that simply using a
compost of invasive species likgeratina adenophorar Parthenium hystrophorus

in wheat fields or mustard fields, most of the comnmwveeds can be controlled

because of their allelopathic effects.

5.2 Recommendations

From this research, it can be recommended thatdimpost ofAgeratina adenophora
andParthenium hystrophoruat the rate of 30-40 g /kg soil (i.e., equivalentt68 to
6.24 t/ha) is effective to control the most of coammwinter weeds. In the present
study, seed germination and seedling growth of creere enhanced by using
Partheniumhysterophorucompost (at the rate of 40 g /kg soil in wheat 26dy /kg
soil in mustard). But the effect &. adenophoraandP. hysterophoru€ompost on
microbial activity after amendment of compost inl 88 not known, hence, it is

recommended for its detail study before its impletagon.
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CHAPTER 6

6. SUMMARY

Invasive plants and weeds compete with crops ircalgural fields. Worldwide there
is a challenge to maintain crop productivity anddoversity in agriculture. All weeds
are not harmful to crops, but their allelochemicalay stimulate yield and crop
growth. For weed management, the best way is teerna& of it and to promote it to a
level of wanted plants. The basic approach of @plalhic research of invasive plants

and weeds in agroecosystem may help in the crdg ged weed management.

To ascertain the common weeds in winter crop (wlaeat mustard) fields at some
sites in Kathmandu valley (like Kirtipur, BhaktapuGodawari, Chapagaon,
Dharamsthali, and Shivapuri) quantitative paransetéke frequency, density,
abundance, IVI, and diversity indices were cal@adatThe most common weeds in
the winter crop fields werdgeratum conyzoide8idens pilosaCyperus rotundus
and Galinsoga parviflora This study was conducted during the year 201220d
understand the phenology, morphology, weed seddagin of these common
weeds, their seeds were collected from five sitdéGrtipur and Bhaktapur.

To understand the phenology of four common weets, phenophases (i.e.,
germination, vegetative growth, flowering, fruitirgenescence of fruits, and dispersal
of seeds) ofA. conyzoidesB. pilosg C. rotundus andG. parviflorawere studiedA.
conyzoidesemerged in the first week of October month; the etave growth,
flowering, and fruiting occurred in the mid of Obty and the flowering, fruiting,
seed drying process, and seed dispersal occurré&keeJan and continued up to
February-MarchB. pilosagerminated in October and vegetative growth tdakein
early November; flowering, fruiting and seed madturoccurred in Dec-Jan; and
senescence of fruits and seed dispersal continpied kEebruary and March. In tig2
rotundus the vegetative growth and flowering occurred hie tmonth of October-
November; flowering, fruiting and senescence oft$rwccurred during December-
January months and continued fruiting, senescehériits and seed dispersal up to
FebruaryMarch. Seed germination, vegetative growth, anadiing of G. parviflora
started in the month of October and November; flawgg fruiting, and senescence of
fruits during December-January; and the fruitingnescence of fruits and seed
dispersal were observed during February-March.
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The soil samples from five sites of Kirtipur and&tapur were collected and soll
parameters like soil texture, soil humus, soil pHd NPK were tested, and also weed
seed banks in these soil samples were estimatedsdihtexture of sandy loam and
loamy type were recorded for Kirtipur and Bhaktgpuaspectively. Slightly acidic
soils were found in both the areas of Kirtipur d@lubaktapur. Nitrogen content was
higher in Kirtipur than in Bhaktapur. The range mfiosphorus is very low in

Kirtipur’s sites in comparison to Bhaktapur’s sites

Seed characteristics and size of four selected svebdwed that the seed size of
Cyperug(L=13.33 mm) andsalinsoga(L=15.53 mm) was smaller than thatRitlens
(L=17.65 mm) andAgeratum(L=15.46 mm).Ageratumand Galinsogahave small

conical seeds, aridenshas long flattened seeds.

The seed bank in soil was estimated by two methfidatation and germination

method. The recovery of weed seedssofparviflora andC. rotunduswas recorded

more in clay, sandy loam, and sandy soil. Seeds. @onyzoidesecovered more in

clayey and loamy soil while seed recoveryBofpilosawas more in loamy and clayey
soil. The result of both methods was not the sanwr experiment.

The influences of environmental conditions (moisfuilemperature, light, and pH)
were also observed on the seed germination of dxoih plants B. campestri@andT.
aestivump and common weedsA( conyzoidesB. pilosa C. rotundus and G.
parviflora) for the different volume of distilled water (3, ®, 12, 15 ml). The highest
moisture showed adverse effects on the seed geararinahoot and root length @.
rotundusand G. parviflora and also significantly reduced the seed germinatibn
both crops B. campestriand T. aestivurjp and weed seeds & conyzoidesandB.
pilosa Seed germination of both crops and four commoednseeds under different
temperatures (5, 10, 15, 20, and 25°C) showed eelaseed germination, shoot and
root length of both crops at 15 to 20°C treatménitisthose of weeds were high at 10
to 150C. In the laboratory, seed germination ohbaoiops and four common weed
seeds were conducted at different colors of ligbtifal, red, yellow, blue, green, and
dark). The colors of light effect were studied kg colorful cellophane paper and
for a dark color, black plastic was used. Seed getion percentage of both crops
campestrisand T. aestivumincreased significantly in normal light and grdeght.

Seed germination ofAgeratum conyzoidesCyperus rotundus and Galinsoga
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parviflora was insignificantly different in normal, red, yai, and green light. The
seed germination dBidens pilosancreased slightly at normal white light than ih a
other colored light. The blue color and dark coldr light inhibited the seed
germination, shoot and root length of both cropd aselected weeds. The seeds of
Ageratum conyzoideand Bidens pilosacould not germinate in a low acidic and
alkaline condition of pH 5 and pH 9. The seedsCgperus rotundusould not
germinate in alkaline conditions of pH 8 and 9. Beed germination, SL, and RL in
crop seed ofBrassica campestrisvere found to be significantly high in acidic
conditions at pH 5 but ifriticum aestivumt was significantly high in an alkaline
condition of pH 8. The shoot and root length of tholsthe weed seed#\@geratum
conyzoides Cyperus rotundusand Galinsoga parviflord were found to be
significantly high in acidic condition pH 6 except pilosawhere it was significantly
high in the alkaline condition of pH 8.

Seed germination on chemical fertilizers was cotetlion petriplates of different

concentrations of the solution of urea and poté&shl( 2.5, 5, and 10%). The result
showed both the cropB. campestrisand T. aestivumand all the weed seeds
germination were mostly high in control and 1% ofaiand potash solution but SG,
SL, and RL decreased with increase in concentratibhe fertilizers urea and potash
were amended with soil separately for differenatimeents (control, 10, 20, 40, 50
g/kg soil) in a polybag. This experiment showealtathibition of seed germination

of crops and weed seed at 50 g/kg soil.

The allelopathic effects (aqueous extract, comprsact, and compost (g/kg soil) of
two invasive plantsAgeratina denophorand Parthenium hysterophoryisand one
native weed Artemisia dubid were studied on seed germination of two crdps (
campestrisandT. aestivurpand four common weed#ag@eratum conyzoide8idens
pilosa Cyperus rotundysand Galinsoga parviflord. The SG ofBrassicaseed was
observed higher i\geratina adenophoratem extract than in root and leaf extract.
The reduction in germination percentageToticum seeds was more in root extract
than in stem and leaf extract concentrations. Heellsng growth ofl. aestivumwvas
reduced significantly in all treatments. The aguseextract ofA. adenophora'smpact

was more or less similar in all weeds.

The seedling growth of germinat&tassicaseedlings reduced significantly with all
concentrations of root stem and leaf extracts. géreentage of seed germination of
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B. campestriswas completely inhibited with 10% aqueous treatmefeed
germination, SL, and RL dF. aestivunshowed a slight reduction withartheniuml,
2.5, and 5 % root and leaf extract treatment bwig significantly different with 10%
agueous extracts in all cases. The impacts of aguextract oP. hysterophorusn
weeds were more or less similar in all cases

Seed Germination of both crof& campestrisand T. aestivumwas found to be
significantly reduced with the increase in the amication of root, stem, and leaf
extract ofA. dubia Inhibition of seedling growth (SL and RL) was hégt withA.
dubia leaf extract inBrassicaand all weedsA. conyzoidesC. rotundusand G.

parviflora) exceptB. Pilosa

The seed germination &. campestrisvas fully inhibited at a higher concentration of
A. adenophoracompost extract buf. aestivumwas reduced insignificantly. Iif.
aestivumthe SL and RL reduced significantly at all cortcations. Total inhibition
of SG ofBidensweed was observed at 50 g compost/kg soil tredtimerAgeratum
and Galinsogawere inhibited at 20, 40, and 50 g compost/kg se@tment. In all
weeds, shoot and root length reduced significanttiz increasing concentrations of
compost in the soil.

Partheniumcompost extract decreased SG, SL, and RL in alltélsted weed seeds
(A. conyzoidesB. pilosg C. rotundus andG. parviflora) than in cropsE. campestris
andT. aestivurpwith an increase in concentration in petriplatethe laboratory. The
SG, SL, and RL of both crofid campestriandT. aestivunenhanced with 10 and 20
gm compost/kg soil treatment but it reduced sigatitly with high concentrations.
Seed germination d. campestrisvas inhibited at 50 gm/kg soil treatment. SGCof
rotundus was completely inhibited at all treatments Rf hysterophorusompost
treatment. The SG of weeds conyzoides, B. PilosandG. parviflorareduced at 10
and 20 gm compost/kg soil treatment. The SL andbRAkeedA. conyzoideB.pilosa
andG. parviflorareduced with 20 gm compost/kg soil treatment.

The seed germination, shoot, and root lengttBiafssica campestriand Triticum
aestivumreduced significantly in all the treatments Aftemisia dubiacompost
extract.B. campestrisvas completely inhibited at 10% treatment. The SG, and
RL of C. rotunduswere inhibited at 5 and 10% whereas all the wdddgratum
conyzoidesBidens pilosaandGalinsoga parviflord were inhibited at 10%\. dubia
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compost extract. Seed germination of both crBpsssica campestriand Triticum
aestivumwere insignificantly the same witArtemisia dubiatreatments of 10-40 g
compost/kg soil, but it reduced significantly withigh concentrations. Seed
germination ofB. campestrisvas inhibited at 50 g compost /kg soil treatmdifite
seedling growth ofB. campestrissignificantly decreased with an increase in
concentration, whereas ifriticum aestivumit reduced insignificantly at higher
concentration. The SG of weedsgeratum conyzoidesBidens Pilosa Cyperus
rotundus and Galinsoga parviflorawere also reduced insignificantly at 10, 20, and
40 g compost/kg soil treatment. The SL and RL oédvegeratum conyzoideBidens
Pilosa Cyperus rotundysand Galinsoga parviflorareduced at 10, 20, and 40 gm
compost/kg soil treatments.
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APPENDICES

Appendix la: Frequency (%), density (numbefjmand abundance of weeds found in winter crop
fields (wheat)

SN Species Kirtipur Bhaktapur Godawari
Freq. Density Abun. Freq. Density Abun. Freq. Density Abun.
1 Ageratum conyzoidds 96+ 9.46+ 9.88+ 94+ 8.92+ 9.56+ 86+ 9.82+ 11.69+
8 134 131 80 178 205 12 042 2.03
2 Ageratum haustonianuiMill 82+ 4.34+ 527+ 66+ 3.42+ 4.82+ 80+ 5.2+ 6.68+%
4 201 244 12 215 263 1095 0.82 1.57
3 Amaranthus spinosus 64+ 1.36t 2.07+ 68+ 1.48+ 2.11+ 58+ 1.54+ 2.67+
8 0.58 0.71 1166 0.51 0.49 11.66 0.83 1.59
4 Bidens pilosd.. 72+ 7.68+ 10.82+ 86+ 6.76+ 8.24+ 82+ 7.84+ 9.82+
13.26 1.74 2.28 1356 1.65 297 9.79 139 2.36
5 Capsella bursapastoris. 74+ 3.22+ 433+ 68+ 1.6+ 233+ 62+ 1.8+ 2.93%
489 151 190 9.79 060 0.77 16 134 221
6 Centella asiaticd.. 58+ 1.74+ 2.74+ 60+ 1.98+ 3.42+ 64+ 2.38+ 3.48%
17.2 099 1.128 16.73 0.82 1.25 1356 1.38 1.22
7 Chenopodium album 76+ 2.1+ 273+ 70+ 1.98+ 2.74+ 88+ 252+ 2.78+
12 046 031 6.32 027 077 116 049 0.31
8 Cynodon dactylof. 70+ 3.6+ 4.14+ 66+ 3.38t 3.84+ 76+ 3.78+ 4.84%
209 178 145 8 1.78 198 4.89 0.67 0.77
9 Cyperus rotunduglL.) Bayer 84+ 7.86+ 9.12+ 86+ 6.3+ 7.35+ 86+ 7.16+ 8.46%

10.19 058 160 4.89 130 153 10.19 1.04 1.73

10 Drymaria cordata(L.) Whitesnow 74+ 4.04+ 5.19+ 62+ 2.9+ 4.34+ 80+ 4.5+ 5.68+
17.43 222 243 1720 163 169 894 185 2.34

11 Eclipta albaL. ex B.D. Jacks 72+ 1.9+ 2.28+ 66+ 2.4+ 348+ 70+ 2.12+ 2.66%
7.48 0.62 0.44 1854 153 140 12.64 0.89 0.90
12 Galinsoga parvifloracav. 82+ 10.9+ 13.31+ 90+ 9.86+ 11.14+ 82+ 9.46+ 11.67+
4 213 268 894 394 461 1166 0.98 1.32
13 Gnaphalium affinéd. Don 68+ 2.48+ 3.40+ 60+ 1.9+ 3.16+ 62+ 2.32+ 3.69+
748 1.06 146 6.32 027 027 7.48 1.05 1.39
14 Oxalis corniculatal. 70+ 5.02+ 5.84+ 76+ 4+ 517+ 74+ 552+ 7.48+
6.32 144 170 8 1.74 2.05 1356 155 1.88
15 Rannunculus reperis 76 1.66+x 1.99+ 72+ 1.98+ 2.79+ 78+ 2.04+ 2.62+
489 048 032 748 089 130 7.48 0.75 0.95
16 Sonchus arvensig.) 66+ 1.7+ 253+ 72+ 1.82+ 256+ 74+ 2+ 2.72+
8 0.76 099 1166 0.33 0.48 1496 1.06 1.49
17 Stellaria Media 66+ 1.46+ 2.43+ 72+ 4.24+ 532+ 76+ 3.68+ 4.81+
8 0.34 068 4 162 1.49 4.89 197 249
18 Others 90+ 3.48+ 3.84+ 76+ 2.98+ 3.25+ 92+ 4.14+ 4.47+

89 19 185 8 166 164 4 0.86 0.73
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Appendix 1b: Frequency (%), density (numbefjmand abundance of weeds found in winter crop
fields (wheat)

SN Species Chapagaon Dharamsthali Shivapuri
Freq. Density Abun. Freq. Density Abun. Freq. Density Abun.

1 Ageratum conyzoidds 88+ 10.3+ 11.82+ 86+ 9.52+ 10.31+ 92+ 8.56+ 9.22+
4 084 136 12 261 279 7.48 205 1.96

2 Ageratum haustonianuivill 72+ 5.2+ 6.24+ 80+ 4.08+ 4.88+ 74+ 3.88+ 5.09+
11.66 0.85 1.57 10.95 2.72 2.75 16.24 1.72 2.08

3 Amaranthus spinosus 56+ 1.58+ 2.16+ 58+ 1.3+ 2.09+ 58+ 1.3+ 2.18%
16.24 0.39 0.63 11.66 0.33 0.41 9.79 0.48 0.48

4 Bidens pilosd.. 68+ 7.64+ 10.28+ 82+ 6.6+ 9.30+ 72+ 7.78+ 11.07+
4 116 1.13 9.79 0.77 2.16 11.66 0.75 1.96

5 Capsella bursapastorik. 70+ 2.16+ 3.01+ 62+ 3.02+ 4.32+ 88+ 2.2+ 2.66%
894 152 173 16 103 1.82 11.66 0.88 1.46

6 Centella asiaticd.. 64+ 2.06+ 3.04+ 64+ 2.14+ 3.22+ 72+ 2.32+ 3.19+
8 0.64 0.81 1356 0.83 1.24 9.79 137 171

7 Chenopodium album 66+ 2.22+ 2.67+ 74+ 1.74+ 256+ 62+ 1.6+ 2.70+
1496 0.23 0.32 13.56 0.30 0.37 20.39 0.56 0.78

8 Cynodon dactylom. 64+ 4.24+ 479+ 78+ 3.04+ 3.58+ 60+ 3.12+ 5.06+

8 0.76 028 4 194 187 894 1.19 264
9 Cyperus rotundugl.)Bayer 84+ 7.64+ 8.31+ 86+ 7.6+ 9.02+ 84+ 7.62+ 9.25+
8 0.73 054 10.19 1.29 231 10.19 1.16 1.98
10 Drymaria cordata(L.) Whitesnow 70+ 3.96+ 4.94+ 80+ 3.12+ 4.17+ 72+ 4.08t 5.49+
4 135 168 894 161 1.77 13.26 151 1.86

11 Eclipta albaL. ex B.D. Jacks 66+ 1.84+ 2.48+ 70+ 1.66+ 2.17+ 76t 2.96+ 4.3+
489 0.89 0.98 12.64 0.33 0.22 17.43 131 2.94

12 Galinsoga parvifloracav. 82+ 10.52+ 13.46+ 82+ 11.3+ 13.35+ 88+ 10.04+ 11.49+
7.48 206 215 11.66 296 3.50 7.48 230 2.65

13 Gnaphalium affindd.Don 72+ 198+ 3.07+ 62+ 4.38+ 6.10+ 78+ 2.4+ 3.08%
748 041 036 748 222 3.17 9.79 150 1.84

14 Oxalis corniculatal. 74+ 5224+ 6.65+ 66+ 4.6+ 6.09+ 70+ 3.7+ 441+
489 125 090 489 178 246 6.32 1.88 182

15 Rannunculus reperis 76+ 158+ 2.02+ 78+ 3.52+ 5.31+ 80+ 2.96+ 3.79+
10.19 0.36 0.24 748 176 290 894 1.28 1.95

16 Sonchusarvensi4..) 72+ 1,78+ 2.29+ 74+ 218+ 2.80+ 70+ 1.26+ 1.8+
4 045 0.61 1496 195 171 4 0.25 0.36

17 Stellaria Media 64+ 2.32+ 3.14+ 76+ 4.56+ 5.37+ 70+ 2.16+ 2.43%
12 0.71 1.02 489 329 3.04 4 0.68 0.64

18 Others 86+ 4.3+ 4.52+ 92+ 298+ 3.72+ 86+ 3.74+ 4.30%

8 127 127 4 1.71 1.65 13.56 1.07 0.74
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Appendix 2a: Frequency (%), density (numbefjmand abundance of weeds found in winter crop

fields (mustard)

SN Species

Kirtipur

Bhaktapur

Freq. Density Abun Freq. Density Abun Freq.

Godawari

Density Abun

1 Ageratum conyzoidds

2 Ageratum haustonianuiMill

3 Amaranthus spinosus

4 Bidens pilosd..

5 Capsella bursapastoris.

6 Centella asiaticd..

7 Chenopodium album

8 Cynodon dactylot.

9 Cyperus rotunduglL.) Bayer

10 Drymaria cordata(L.) Whitesnow 66+

11 Eclipta albaL. ex B.D. Jacks

12 Galinsoga parvifloracav.

13 Gnaphalium affindd. Don

14 Oxalis corniculatal.

15 Rannunculus reperis

16 Sonchus arvensi.)

17 Stellaria Media

18 Others

82+ 8.48+
4 2.28

68+ 3.12+
17.20 2.66

72+ 1.54+
13.26 0.30

66+ 6.2+
489 0.84

2.72%
4 1.47

2.46%
4 1.13
70+ 1.44'+
6.32 0.37

58+ 2.12+
9.79 1.74

92+ 6.64+%
4 1.24

1.9+
8 1.32

70+ 2.8+
12.64 1.50

84+

76+ 3.14+%
10.19 1.71

70+ 3.76%
10.95 1.11

70+ 2.82+%
6.32 2.02

2.04+
4 1.93

5.54+
4 2.77

+ 2.58+%

10.60+ 94+

2.85 4.89

3.62+ 70+
2.28 10.95

2.05+ 58+
0.24 14.69

9.37+ 80+
0.82 14.14

3.70+ 78+
1.82 11.66

4.00+ 62+
1.94 11.66

2.07+ 66+
0.56 10.19

2.56+ 74+
139 8

7.19+ 86+
1.21 10.19

2.7+ T2+
1.58 13.26

4.3+ T4+
2.75 13.56

4.42+ 72+
324 4

5.54+
1.98

3.97%
2.83 9.79

2.40+ 68+
175 4

6.77+ 66+
2.45 10.19

3.14+ 86+

74+
4.89

68+

8.48+
2.99
3.4+
2.33
1.26+
0.61
7.96+
1.63
3.34+
1.06
2.04+
1.50
1.52+
0.54
3.52+
1.65
7.84+
2.74
4,22+
2.3
2.6+
1.32

12.06+ 14.72+ 86+ 10.54+ 12.24+
8 3.62 5.04 1854 455 4.04

2.82+
1.32

4.42+
2.39

2.46+
1.60

2.94+
2.02

2.52+
1.23

3.46+

0.39 0.58 10.19 2.19

9.05+
3.36
4.95+
3.45 8
2.05%
0.48 11.66
10.13+ 78+
2.12 11.66
4.33+ 70+
1.36 8.94
3.0+
166 4
2.13%
0.43
3.94+
1.57
9.33+
3.41
5.39%
3.09
3.97+
3.06

88+
7.48

3.29%
1.74
4.80+
2.54
3.54+
223 4
3.72+
1.85 8
3.41+%
124 8
3.83%
1.99 8

9.7+
1.12
4.74+
2.34
1.2+
0.79
7.48+
1.24
2.38+
1.26
2.32+
1.14
1.96+
0.40
3.14+
1.32
7.22+
0.97
3.32+
1.87
1.72+
0.53
9.6+
1.06
4.08+
1.62
4.02+
1.69
2.9+
1.85
4.14+
2.27
5.18+
3.29
3.22+
0.73

10.5+
2.26
4.57+
2.13
3.93+
4.47
7.71%
3.69
4.88%+
2.51
2.90+
0.24
3.10+
1.19
5.06+
2.53
8.15+
1.31
3.15+
0.69
4.20%
4.12
11.49+
2.01
6.46+
3.27
4.54+
1.93
4.66
2.87
4.9+
2.44
5.60+
2.90
3.53+
0.57
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Appendix 2b: Frequency (%), density (numbefjmand abundance of weeds found in winter crop

fields (mustard)

SN Species Chapagaon Dharamsthali Shivapuri
Freq. Density Abun Freq. Density Abun Freq. Density Abun
1 Ageratum conyzoidds 88+ 9.12+ 10.41+ 86+ 10.3+ 12.16+ 86+ 9.82+ 11.64+
4 9.62 1.51 10.19 0.45 1.67 10.19 041 1.90
2 Ageratum haustonianuivill 72+ 3.34+ 3.96+ 78+ 5.26+ 6.84t 86+ 4.98+ 6%
1166 2.21 248 7.48 0.80 1.38 10.19 0.96 1.84
3 Amaranthus spinosus 56+ 1.24+ 2.09+ 66+ 1.8+ 2.89+ 66+ 1.7+ 2.77%
16.24 0.77 0.89 10.19 0.78 1.59 13.56 0.68 1.52
4 Bidens pilosd.. 68+ 7.6+ 11.23+ 80+ 7.78+ 10.07+ 74+ 8.64+ 11.77%
4 0.99 1.70 1095 139 264 8 0.40 0.89
5 Capsella bursapastorik. 70+ 2.9+ 4.10+ 56+ 1.66+ 2.89+ 70+ 1.12+ 1.58+
894 139 2.09 1356 138 223 20 041 0.28
6 Centella asiatice.. 64+ 2.32+ 3.73+ 66+ 2.72+ 3.99+ 78+ 2.7+ 3.48+
8 114 2.00 1356 1.71 2.25 11.66 1.20 1.33
7 Chenopodium album 66+ 1.7+ 270+ 78+ 212+ 2.70+ 74+ 2.28+ 291+
1496 0.21 0.63 14.69 0.65 0.56 20.59 0.65 0.44
8 Cynodon dactylomh. 66+ 3.84+ 553+ 76+ 3.58+ 4.66+ 72+ 3.9+ 5.28+
8 055 126 489 116 1.41 13.26 0.41 1.46
9 Cyperus rotundugl.)Bayer 84+ 7.88+ 9.44+ 80+ 7.36+ 9.28+ 84+ 7.88+ 9.53+
8 0.25 0.73 6.32 0.38 1.17 10.19 0.60 1.42
10 Drymaria cordata(L.) Whitesnow 82+ 3.56+ 4.38+ 80+ 5.02+ 6.29+ 82+ 4.9+ 6.08%
9.79 212 257 894 204 238 748 161 2.19
11 Eclipta albaL. ex B.D. Jacks 70+ 1.72+ 2.38+ 72+ 2.28+ 3.15+ 76+ 1.78+ 2.25+
10.95 0.82 0.80 11.66 0.77 0.90 13.56 0.83 0.73
12 Galinsoga parvifloracav. 82+ 9.66+ 11.80+ 78+ 8.94+ 11.64+ 88+ 9.68+ 11.12+
7.48 0.74 0.39 11.66 0.38 1.30 11.66 0.90 1.25
13 Gnaphalium affindd.Don 72+ 2.9+ 3.89+ 60+ 296+ 4.85+ 64+ 1.72+ 2.78+
7.48 106 217 632 139 206 1019 0.2 0.71
14 Oxalis corniculatal. 74+ 4.12+ 5.67+ 68+ 5.26+ 7.65+ 76+ 5.36+ 6.67%
489 137 214 4 173 230 12 169 237
15 Rannunculus reperis 70+ 1.88+ 2.47+ 74+ 2.02+ 2.71+ 76+ 2.26+ 2.59+
6.32 038 035 489 082 101 8 0.70 0.89
16 Sonchus arvensit.) 72+ 4.26+ 4.75+ 72+ 2.72+ 3.69% 74+ 2.24+ 2.92+
4 244 231 1326 161 200 8 0.93 1.40
17 Stellaria Media 64+ 3.02+ 4.23+ 78+ 554+ 7.09+ 78+ 2.92+ 3.73+
12 179 203 4 1.70 2.06 13.26 2.11 2.59
18 Others 88+ 3.34+ 3.70+ 92+ 3.8+ 4.13+ 96+ 4.14+ 4.32+
4 0.38 042 4 0.37 043 4.89 0.85 0.87
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Appendix 3: IVI of common weeds on the winter crop fieldsTafticum aestivurrat different sites of
Kathmandu valley

SN Species Kirtipur Bhaktapur Godawari ChapagaorDharamsthali Shivapuri

1 Ageratum conyzoid L. 30.81+ 31.34+ 30.65+ 32.54+% 29.3+ 28.8+
350Ca 186EFa 241Fa 28l1Da 446FGb 456CDb
2 Ageratum haustoniant Mill 17.44+ 15.31+ 20.37+ 18.7+ 15.46+ 15.6+
4.81 AB ab6.89 ABCa 1.55Db 2.47Bab 7.00ABCD a 7.18 AB a
3 Amaranthus spinos L. 8.73+ 9.94+ 9.7+ 9.74+ 8.54+ 9.78+
150Aa 266Aa 150Aa 080Aa 130Aa 1l45Aa
4 Biden: pilosalL. 27.69+ 26.05+ 25,58+ 26.44+ 23.96+ 25.42+
5.84BCb 520DEb 451 Da 417Cb 3.90EFa 3.66 BCDb
5 Capsella bursapastorik. 14.95+ 10.43+ 11.23+ 11.03% 14.36+ 13.78+
543Ab 275Aa 401Aa 523Aa 4.47 ABCD b5.36 AB ab
6 Centella asiatica.. 9.45x 11.38+  10.71x 10.52% 10.96% 11.51+
3.39Aab 2.85ABb 2.02Aab 1.85Aab 246 ABCab 3.34Ab
7 Chenopodium album 11.44+ 11.56+ 11.67+ 11.6+ 10.05+ 10.53+
142Aa 166 ABCa 1.16 Aa 097Aa 123ABa 1.79Aa
8 Cynodon dactylomh. 14.36% 14.83+ 15.39+ 1591+ 12.54+ 12+
5.71 Aab6.80 ABCab2.02Bb 1.65Bb 583 ABCDa 529Aa
9 Cyperus rotundugl.)Bayer 27.33+ 2451+ 25.37+  25.52+ 25.51+ 24.92+
386BCh 321Da 119Ea 151Ca 296Fa 2.05BCDa
10 Drymaria cordata(L.) Whitesnow 16.31+ 13.78+ 16.62+  16.09+ 13.98+ 13.24+
6.91Ab 474 ABCa2.87BCb 3.42Bb 5.45ABCD a5.82 ABb
11 Eclipta albe L. ex B.D. Jacks 10.6+ 12.71+ 9.99+ 10.34+ 10.25+ 11.71+
289Aa 546 ABCab3.39Aa 3.20Aa 185ABa 503Aa
12 Galinsoga parvifloracav. 35.36+ 33.58+ 33.58+  33.45% 3441+ 35.64+
548Cab 932Fa 273Fa 263Da 571Ga 9.13Dab
13 Gnaphalium affindd.Don 12.4+ 11.13+ 11.09+ 10.58% 17.18+ 13.6+
403Aab 095ABa 380Aa 1.78Aa 6.26CDb 4.66 AB ab
14 Oxalis corniculatal. 18.16+ 17.75% 19.5+ 18.9+ 18.12+ 17.4+
277 ABa 533BCa 144 CDa 153Ba 5.09DEa 4.62 ABCa
15 Rannunculu repenslL. 10.23+ 11.87+ 9.62+ 9.55+ 15.26% 13.12+
196 Aa 3.32 ABCab 1.22 Aa 0.96 Aa 4.84 ABCD a5.66 AB ab
16 Sonchus arvensit..) 9.96+ 11.2+ 9.09+ 9.87+ 9.84+ 10.42+
244Aa 0.75ABa 145Aa 105Aa 405ABa 3.77Aa
17 Stellaria Media 9.2+ 18.31+  11.89+ 11.88% 16.59+ 17.58%
1.01Aa 508Chb 3.96Aab 2.73Aab 6.50BCDb 6.74 ABCb

Value (meanzSD) bearing the same small letter @¥ihdividual species in selected sites) in the saows and
capital letter (IVI of all species in selected sjten same column after mean+

SD do not differ significantly according to ANOVAlfowed by the Duncan's Multiple Range Test at P50.0
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Appendix 4: IVI of common weeds on the winter crop fieldsByassica campestriat different sites

of Kathmandu Valley

SN Species

Kirtipur Bhaktapur ~ Godawari  ChapagaonDharamsthali Shivapuri

1 Ageratum conyzoid L.

2 AgeraturrhaustonianunMill

3 Amaranthus spinos L.

4 Biden: pilosalL.

5 Capsella bursapastoris.

6 Centella asiaticd..

7 Chenopodium album

8 Cynodon dactylom.

9 Cyperus rotundugL.) Bayer

29.04+ 27.42% 31.36% 29.95% 30.98+  30.96%
455CDa 403Ca 383CDEb 285Da 4.28Fab 3.27Fab

12.95+ 14.36+ 17.42+ 13.6+ 18.69+ 18.59+
6.73ABa 5.16 ABa 6.24 ABCDb 5.74BCa 0.65DEb 185Db
9.99+ 8.25+ 7.58+ 7.92+ 9.62+ 9.51+
1.72Aab 253Aa 239Aa 241 Aa 151 Aab 1.57 ABab
24.1+ 27.72+ 26.26+ 27.23+ 25.05+ 28.86+
3.32BCa 2.62ab 4.09 ab 3.17 ab 3.43a 3.09 ab

13.76% 15.69+ 12.6+ 13.98+ 9.23% 8.13+
5.38ab 5.00Chb 4.18BCDEab 495Dab 5.16 Fab 241 EFa

12.56+ 10.52+ 13.04+ 11.59+ 11.56+ 12.44+
4.16 Abab 483 ABa 3.20ABb 2.20 ABCak3.93 ABC al2.26 BC ab

9.69+ 9.44+ 10.64+ 10.13+ 10.91+ 1117+
150Aa 226 ABa 130ABa 1.08ABa 1.81 ABCal.87 ABab

10.53+ 14.53+ 14.03+ 16.05+ 14.43+ 15.69+
568Aa 401ABb 454ABb 157 Cc 3.39BCD b1.96 CD bc

2411+ 26.39+ 25.1+ 27.21+ 23.97+ 26.08+
2.10BCa 4.10 Cab3.47 ABCDEab3.45Dab 222Fa 272Eab

10 Drymaria cordata(L.) Whitesnow 11.03+ 16.79+ 13.82+ 15.17+ 17.71+ 18.07+

11 Eclipta albe L. ex B.D. Jacks

12 Galinsoga parvifloracav.

13 Gnaphalium affindd. Don

14 Oxalis corniculatal.

15 Rannunculu repensl.

16 Sonchus arvensis..)

17 Stellaria Media

5.66 Aa 6.98abBab 3.36 ABab 4.70BCab3.49DEab 257Da

1412+ 13.45% 9.98+ 10.12+ 11.4+ 10.09+
541 ABb 469ABab 165ABa 293ABa 3.10ABCa2.99ABa

39.21+ 33.04+ 31.82% 32.00% 28.24+  30.61%
11.39Db 781 Cab 4.66DEab 4.97Dab 3.38EFa 3.55Fab

14.44+ 12.84+ 16.51+ 13.16+ 12.62+ 9.65+
3.88 AB ab4.21 AB ab 4.82 ABCD b 1.99 BC ab4.06 ABC ab0.87 ABa

17.07+ 16.49+ 25.48+ 16.79+ 18.43+ 18.85+
434 ABCa 494Ba 433ED 233Ca 287DEa 3.38Da

13.34+ 12.38+ 13.44+ 10.46+ 10.34+ 10.93+
5.46 AB ab5.24 ABab 574 ABab 1.07ABa 1.70ABa 1.96 AB a

1041+ 1341+ 15.38+ 16.37+ 11.82+ 10.99+
3.78Aa 6.15ABa 6.60ABCDb 7.04Cb 3.68 ABCa2.04 ABa

19.89+ 12.56+ 221+ 12.96+ 19.31+ 12.7+
4.64 ABC al 5.01 AB a12.08 ABCDE 4.16 ABC a 454 Eab 4.40BC a

Value (meanzSD) bearing the same small letter @¥ihdividual species in selected sites) in the saows and
capital letter (IVI of alll species in selectedesit in same column after meant

SD do not differ significantly according to ANOVAlfowed by the Duncan's Multiple Range Test at P50.0
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Photo Plate
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2) Mustard field infested with different weeds

e) Flowering, fruiting and senescenesafens f) Fruiting and senescenes stage€ygperus

(a-f) Phenophases of common weeds during winter
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a) Ageratum conyzoides b) Bidens pilosa

c¢) Cyperus rotundus d) Galinsoga parviflora
(a-d) Seed recovered by differential floating metho

a) differential floatation method (b) Seeds of different weeds extracted from
sampled soil
(a) & (b) Weed seed extraction by floatation technique

a) germination stage b) vegetative stage ¢) mature stage

(a-c) Seed estimation by germination method
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a) Seed germination &idens pilosa b) Seed germination dfriticum aestivum

a) & (b) Seed germination on different moistureditaons

Seed germination under light of different colors
(normal, red, yellow, blue, green and dark colgugduced by using cellophane papers

a) Seed germination &rassica campestris

c) Seed germination @yperus rotundus d) Seed germination dfgeratum and Galinsoga

(a-d) Seed germination on different level of pH
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a) Triticum aestivum b) Brassica campestris

(a) & (b) Seed germination on fertilizer solutiqiuea and Potash)

a) Triticum aestivum b) Brassica campestris

(a) & (b) Seed germination on fertilizer (urea goudash) separately g/kg amended with soll

Preparation of compost

Seed germination on aqueous extrachohdenophorgSyn.E. adenophora

133



Seed germination oft. adenophoraompost extracts

Seed growing o. adenophoraompost

Seed germination on aqueous extrad® dfiysterophorus

Seed germination oR. hysterophorusompost extracts
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Mustard and wheat grown ¢h hysterophorusompost amended with soil

Seed germination on aqueous extrachoflubia

Weeds growing oi. dubiacompost amended soil
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ABSTRACT

Allelopathic effects of aqueous extract of differgtant parts (root, stem and leaf)Atemisia dubia

on seed germination and seedling growth of two evirdrops Triticum aestivum and Brassica
campestries, and some associated weeB&léns pilosa, Ageratum conyzoides, Galinsoga parviflora

and Cyperus rotundus) have been investigated in the present studyaEtgrof root, stem and leaves
of Artemisia dubia showed significant reduction in germination anddtieg growth of test crops and
weeds. Germination of crop and weed seeds and lgrofighoot and root were reduced significantly
in test treatments in comparison to the controke Thed germination, shoot length and root length
were low at higher concentration. Complete inhilit@f seed germination @geratum conyzoides,
Galinsoga parviflora and Cyperus rotundus at 5 and 10% leaf extract @f.dubia was observed.
Allelopathic effects were more pronounced with leatract than root or stem extract in most
cases.The result indicated difference in allelojgadtifect on crop seed and weed seed at higher
concentrations.

Key words:  Artemisia dubia, aqueous extract, allelopathy, weed.

INTRODUCTION weeds of vegetables. Leaf extract Af dubia
Several species of Asteraceae family arcaused an inhibitory effect on germination and
known for having alleolpathic compounds whichgrowth of barnyard grass (Paudetl al. 2005).
may reduce seed germination and seedlinguch information will help to develop organic
emergence of other plants (Watban and Salantgrbicides which are environmentally safe and cost
2012). Genusrtemisia is hardy herbaceous shrubeffective. Identification of suitable plants with
which is widely distributed, and consists specieierbicidal properties, with their formulation gains
between 200 and 400. special importance in organic farming. Although
The research information is inadequate omany plant species are reported to have
allelopathic effect of potential plants in contiodf  allelopathic properties but the information on thei
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compatibility with field crops, effective active Seed germination
ingredient, extraction and utilization technology i Seeds of the dominant weed specigs (
lacking. Therefore, present work was carried out toonyzoides, B. pilosa, C. rotundus and G.
investigate the potentiality ofrtemisia aqueous parviflora) and the crop seeds Bf campestris and
extract on seed germination and seedling growth af aestivum were soaked in 2-4% Sodium
some winter crops and associated weeds. hypochlorite for 2 minutes separately. The seeds
As some growth inhibitors have been reportedvere then washed with distilled water thoroughly.
from some other species Aftemisia, therefore, it The sterilized petridishes were lined with single
is hypothesized that aqueous extractAdiemisia Whatman No. 1 filter paper and moistened with 5
dubia possibly will also reduce seed germinatiorml of treatment solution. Uniform size seeds of the
of both winter weeds and winter crops due to theitrops B. campestris, T. aestivum) and weedgA.
allelopathic effects. The adverse effect on seewbnyzoides, B. pilosa, C. rotundus and G.
germination will be more on weed seeds than oparviflora) were selected and five seeds of each
crop seeds because the size and reserve fomedted species were kept in sterilized petridishes
materials in weed seeds are comparatively less. containing 0% (control), 1, 2.5, 5 and 10%
concentrations of aqueous extracts for 10 days. For
MATERIALS AND METHODS control, seeds were grown in filter paper soaked
Site for seed collection with distilled water. All these experiments were

Experiments were conducted under Iaborator9°”dUCted under normal room temperature. Each

conditions at Botany Department, Amrit Campugreatment was replicated four times. The moisture

(Tribhuban University), Kathmandu. The maturelevel in the petridish was maintained by adding

weed seeds ofAgeratum conyzoides, Bidens distilled water as required.

pilosa, Cyperus rotundus andGalinsoga parviflora  Statistical Analysis

were collected from Wheat, Mustard and Radish To understand significant difference among
fields and fallow land from different sites ofthe data obtained at each treatment, statistical
Kathmandu valley in Kirtipur (Machhegaon,analysis was done by using IBM SPSS Statistics
Chhobhar),  Bhaktapur  (Thimi, Lokanthali, Version 20. The data were subjected to one way
Gatthaghar) and Godavari. ANOVA followed by Duncan’s Multiple range

test.
Preparation of extracts of Artemisia dubia

Artemisia dubia plants were collected from RESULTS

Kirtipur, Bhaktapur and Kathmandu area for |n the present study, seed germination, shoot
preparing the extracts of stem, root and leafength and root length was found decreased with
Collected plants were air dried and then leaf, stefhe increase in the concentration of aqueous
and roots were separated. To prepare aqueogi@tracts in both crops Bfassica campestris,
extract, 2 g of grinded air dried leaf, stem anotro Triticum aestivum) and tested weedsBidens
were soaked in 20 ml distilled water for 24 hpjjosa, Ageratum conyzoides, Galinsoga parviflora
separately. The extracts were filtered usingngd Cyperus rotundus) (Tables 1-6). Seed
Whatman No.1 filter paper and thus 10% stockermination of both crop®. campestris and T.
solution was prepared. From this stock solutiorgestivum was found reduced significantly with
5%, 2.5%, and 1.0% concentration was prepargflcrease in concentration of root, stem and leaf
by diluting with distilled water. extract ofA. dubia (Tables 1 and 2). Insignificant
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decrease in germination drassica seeds was extract than in stem or leaf extracts, but in
observed at 1, 2.5 and 5% root extract bufriticum, reduction in germination of seeds was
significant reduction was noticed at 5 and 10%nore with root and stem treatments than with leaf
concentrations. Similarly, insignificant decrease iextract. Inhibition of growth i.e. denoted by shoot
Triticum seed germination was observed up tand root length was highest with leaf extract in
2.5% root and leaf extract treatment. GerminatioBrassica but it was more with root extracts in
of Brassica seeds was found to be higher in rooffriticum (Table 2).

Table 1. Effect of root, stem and leaf extracts oArtemisia dubia on seed germination (%+SD),
shoot and root length (cm+SD) oBrassica campestris after 10 days.

Concentration Root extract Stem extract Leaf extract

(%) Germination Shoot Root Germination  Shoot Root  Germination  Shoot Root
length  length length length length  length

0 100 8.05 5.86 80 6.13 4.87 90 3.64 1.87
+0.00c +0.37d +0.50e *16.32b +0.39c +0.41c +11.54 b +1.39c +1.11b

1 80 5.71 4.77 75 4.25 3.15 85 3.45 1.61
+16.32b  +1.39c #1.17d *12.14b +1.90b +1.41b +10.00 b +1.52c¢ +1.14b

25 80 4.03 3.59 65 3.13 2.38 70 2.20 0.98
+0.00 b +1.81b +1.28c +19.14ab +2.38ab +1.83ab +34.64ab +1.75b 10.96a

5 75 2.71 2.35 50 2.27 1.89 50 1.65 0.73
+10.00b +1.63a +1.42b +11.54a +2.38a +1.95a +25.8la +1.79ab 10.97a

10 60 1.84 161 45 1.87 1.65 40 0.84 0.35

+16.32a *1.40a *1.23a *10.00a +2.17a +1.89a +16.32 a +1.12a +0.48a

Same letters in the same column after Mean + SI3 do¢ differ significantly according to ANOVA folleed by
Dunkan’s Multiple Range Test at P=0.05.

Table 2. Effect of leaf, stem and root extracts ofArtemisia dubia on seed germination (%SD),
shoot and root length (cm+SD) off riticum aestivum after 10 days.

Concentration Root extract Stem extract Leaf extract
(%) Germination ~ Shoot Root  Germination  Shoot Root  Germination  Shoot Root
length length length length length length
0 85 8.89 6.12 100 9.00 5.27 100 10.28 7.58
+19.14 ¢ +0.45e +0.34e +0.00 ¢ +1.18c #0.27b +0.00 b +0.34d +1.05¢
1 80 7.60 5.16 75 6.19 431 100 8.58 6.56
+0.00 ¢ +0.49d +046d +10.00b *3.71b #275b +0.00 b +298c *0.84c
25 70 4.54 3.89 70 5.77 4.26 85 5.18 3.92
#1154 bc ¥2.36c *2.0l1c +20.00ab +252b #1.86b *10.00ab *2.45b *1.76b
5 55 3.48 2.92 55 3.21 2.25 75 3.90 3.15
+10.00ab #2.09b *1.75b +10.00ab +3.04a *2.20a *30.00ab +3.10ab *2.50 ab
10 40 231 1.96 50 2.65 1.66 60 3.11 2.49

+23.09a #1.76a +153a +20.00a *2.73a *1.71a *16.32a +244a +2.08a

Same letters in the same column after Mean + SI3 do¢ differ significantly according to ANOVA folleed by
Dunkan’s Multiple Range Test at P=0.05.
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Insignificant effect on seed germination wasseedlings decreased significantly (P=0.05) in all
observed up to 2.5% root, stem and leaf extract ineatments with increase in concentration (Tables 3
Bidens pilosa (Table 3) and up to 1% of root, stemand 4). Leaf extract of 5 and 10% concentration
and leaf extract imgeratum conyzoides (Table 4). was found to be more detrimental for germination
In both weeds, seed germination decreasesf seeds of Ageratum conyzoides and no
significantly ~ (P=0.05) with their  higher germination was observed.
concentrations. The length of shoot and root of

Table 3. Effect of leaf, stem and root extracts oArtemisia dubia on seed germination (%SD),
shoot and root length (cm+SD) oBidens pilosa after 10 days.

Concentration Root extract Stem extract Leaf Extract

(%) Germination ~ Shoot Root  Germination  Shoot Root  Germination  Shoot Root
length length length length length length

0 85 4.94 3.85 85 4.35 3.47 80 7.81 6.36
+10.00c +1.7d +1.38& +10.00c +1.9% +1.54c +16.32 ¢ +1.21c +1.4%

1 70 4.00 3.17 75 3.32 2.49 70 4.61 3.96
+11.54c +1.74cd +1.41bc +10.00bc +1.97bc +1.50b +11.54bc +3.1% +2.68

2.5 65 3.42 2.77 70 2.75 2.03 65 4.50 4.05
+19.14bc  +1.76bc +1.4%  +11.54bc +1.87ab +1.46ab  +13.00bc +3.41b +2.80b

5 55 2.70 2.32 60 2.22 1.64 50 3.24+34m 241
+10.00ab +1.64ab *1.41b +16.32ab +1.87ab +1.3%b +11.54ab b +2.57a

10 40 1.88 1.34 50 1.53 1.11 35 0.71 1.55

+16.32a +1.96a +1.40a +11.54a +1.5% +1.23 +10.0(a +2.32%a +2.30a

Same letters in the same column after Mean + SI3 do¢ differ significantly according to ANOVA folleed by
Dunkan’s Multiple Range Test at P=0.05.

Table 4. Effect of leaf, stem and root extracts ofArtemisia dubia on seed germination (%SD),
shoot and root length (cm+SD) ofAgeratum conyzoides after 10 days.

Concentration Root extract Stem extract Leaf extract

(%) Germination  Shoot Root Germination Shoot Root Germination Shoot  Root
length length length length length  length

0 80 2.29 1.62 75 217 1.44 70 2.00 1.22
+16.32d +1.40b *1.11b +10.00 ¢ +1.41b #1.03b +20.00 b +0.52c #0.25b

1 75 2.07 1.44 65 1.80 1.20 50 1.19 1.02
+10.00cd  *1.56b *1.10b  *19.00bc  *1.31b *0.97b +11.54ab +0.34b +0.05a

25 60 1.74 1.29 50 1.60 1.15 35 1.30 111
+0.00bc +1.24b *0.95b *1154ab *1.42b *0.73b +19.14a +1.11ab #0.0la

5 50 1.60 151 45 1.50 1.33 NG NG NG

#1154 b +0.81a *0.57a #¥19.14ab  *0.79a #0.57a
10 30 1.35 1.19 40 1.35 1.32 NG NG NG

+11.54 a +0.39a *0.21a +0.00a +0.38a +0.38a

Same letters in the same column after Mean + SI3 do¢ differ significantly according to ANOVA folleed by
Dunkan’s Multiple Range Test at P=0.05.NG = No geation
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Seed germination dbalinsoga parviflora and than root or stem. Significant decrease in shoot
Cyperus rotundus decreased with increase inlength and root length of seedlings were observed
concentration of root, stem and leaf extract®\of with high concentrations. Germination of
dubia (Tables 5 and 6). In both weeds, seealinsoga seed was completely inhibited with 10%
germination in root extract was more than irstem and leaf extract of. dubia (Table 5).
extracts of stem and leaves. Lowest percentage 8imilarly complete inhibition of seed germination
seed germination was observed with leaf extraetith 10% root stem and leaf was observed in
treatment indicating its more allelopathic effectyperus rotundus (Table 6).

Table 5. Effect of leaf, stem and root extracts ofArtemisia dubia on seed germination (%SD)
shoot and root length (cm+SD) dBalinsoga parviflora after 10 days.

Concentration Root extract Stem extract Leaf extract

(%) Germination ~ Shoot Root  Germination  Shoot Root  Germination  Shoot Root
length length length length length length

0 75 1.73 1.39 65 1.64 1.28 60 1.40 1.20
+10.00 ¢ +1.32b #1.03c #19.14d #1.05c  +1.00b +28.28 ¢ +0.93c +0.44b

1 65 1.49 1.29 50 1.36 1.17 45 1.16 111
+10.00c +1.39b 0.87bc *11.54cd #0.84bc *0.82b #19.14bc =0.77bc  +0.44b

25 45 1.40 1.20 40 1.30 1.08 20 117 1.02
+10.00b  #1.35b *0.77bc #0.00bc #0.74bc #0.75b  #16.32ab *0.37ab  +0.09a

5 40 1.32 111 30 1.28 1.03 15 1.20 1.00
+16.32ab +0.8la 0.51ab z*1154ab *0.47ab *047a *10.00a +0.52a  0.07a

10 25 1.22 1.10 NG NG NG NG NG NG

+10.00 a +0.30a 0.19a

Same letters in the same column after Mean + SI3 do¢ differ significantly according to ANOVA folleed by
Dunkan’s Multiple Range Test at P=0.05;.N®lo germination

Table 6. Effect of leaf, stem and root extracts oArtemisia dubia on seed germination (%SD)
shoot and root length (cm+SD) ofCyperus rotundus after 10 days.

Concentration Root extract Stem extract Leaf extract
(%) Germination ~ Shoot Root Germination ~ Shoot Root Germination ~ Shoot Root
length  length length  length length  length
0 70 1.65 1.48 65 1.42 1.33 60 1.39 1.30
+11.54 ¢ +0.89c +0.66d +10.00 ¢ +0.98c *0.88c +16.32 ¢ +0.52¢c *0.25c
1 50 1.54 1.37 55 1.36 1.24 45 1.23 117
+25.81¢c +0.80c #0.59cd #19.14c *0.92c *0.73c +10.00 ¢ +0.52b +0.21b
25 25 1.38 1.29 30 1.25 1.20 25 1.18 1.07
+19.14 b +0.85c *0.44bc *1154b +0.88 bc +0.48b +10.00 b +0.34a +0.13ab
5 20 1.27 1.18 15 1.22 117 15 112 1.04
+0.00ab +0.44b +0.25ab +10.00ab +0.48 ab +*0.26ab *10.00ab  *0.08a *0.04a
10 NG NG NG NG NG NG NG NG NG

Same letters in the same column after Mean * SB3 do¢ differ significantly according to ANOVA folleed by
Dunkan’s Multiple Range Test at P=0.05;.N®lo germination
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Comparing seed germination oBrassica of some selected weedsPh@laris minor L.,
campestries in leaf extract (where the allelopathic Chenopodium murale L., Sonchus oleraceus L.,
effect was high) with other tested weed (Tables Cyanodon dactylon L. and Convolvulus arvensis
and 3-6), it was observed that adverse effect dn) on seed germination and seedling growth of
seed germination is low iB. campestries than in  wheat {Triticum aestivum L.) also showed similar
other tested weeds. Similarly, from comparison ohhibitory effects on seed germination; seedling
seed germination ofriticum astivum (in root and length and seedling dry weight of crop, which
leaf extracts) and other weeds (Table 2-6), it wascreased progressively on increasing the
noted that adverse effect ofriticum seed concentration of extracts of weed plants (Gupta

germination was less than in studied weeds. and Mittal 2012).
Seed germination and seedling growth of
DISCUSSION weeds Bidens pilosa, Ageratum conyzoides

In the present study it was found that seefpalinsoga parvifiora andCyperus rotundus grown
germination, shoot length and root IengtHh the aqueous extract Af dubia also revealed the

decreased in extract of vegetative parts (leaf Stereductlon with increase in concentrations. Katoch

and root) ofArt i but the effect of leaf extract et al. (2012) have also reported that the inhibition

was more pronounced. Putnam (1988) listed 8f seed germination and seediing growth were

. ., dependent on concentration and numerically more
classes of allelochemicals namely alkaloids, = . ) s
. . . _ . _.__Inhibition was observed at higher concentration. In
bezaoxaziones, cinnamic acid derivatives, o )
. present study significant reduction of shoot and
Cyanogenic compounds, ethylene and others. More . .
) ] root length occurred in all concentrations of leaf
amount of volatile phytotoxic compounds have . .
i ) extract, which were also observed by many earlier

been recorded from green leafy partArtemesia . . e
o ) ) workers while working on other weeds indicated

californica (Halligen 1973) and possibly such

. . _ . that leaves have more powerful inhibitory
phytotoxic chemicals are also preseniAindubia allelopathic effect than other vegetative parts

and this may be the reason for more a"el‘)pathifkanchan 1975, Tefera 2002, Maharjah al.
effect of leaf on seed germination. 2007). Passim and Rodrigues (1999) also
The germination of seeds, root and shoGhentioned that the aqueous extractAsfemisia
length of crop planB. campestris andT. aestivum  yelotrum reduced the seed germination, shoot and
was inhibited by the aqueous extract of wéed (gt length of some cropZda mays, Glycine max)
dubia. Among the different treatments, the seednd weeds like Bidens pilosa, Galinsoga
germination was more reduced in 5% and 10%arviflora, Sda rhombifolia, Amaranthus
concentration of root, stem and leaf extractsetroflexus, Ipomoea aristolochiaefolia, and
Similar effects were obtained by Watban andCenchrus echinatus.
Salama (2012) ofArtemisia monosperma extract There is total inhibition of seed germination of
on Phaseolus wulgaris. Similarly, decrease in Ageratum conyzoides, Galinsoga parviflora and
germination, growth and chlorophyll contentsTin  Cyperus rotundus with higher concentration of leaf
aestivum was reported by Deef and El-Fattahextract. Work by Mittal and Kohli (2010)
(2008) when grown on the aqueous extract dhentioned that Artemisia oil has bioherbicidal
Artemesi aprinces. Study of the allelopathic effects Properties as it causes phytotoxicity and interfere
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Abstract

A study was conducted to investigate the effects of invasive weed Ageratina adenophora on the seed
germination and seedling growth of Triticum aestivum, Brassica campestris and on weeds Ageratum
conyzoides, Bidens pilosa, Galinsoga parviflora and Cyperus rotundus. The aqueous extracts of Ageratina
plant’s part root, stem and leaf; and compost extract of Ageratina on different concentrations (control, 1, 2.5, 5
and 10%) were used to determine its effect on the seed germination, shoot and root length of Triticum aestivum,
Brassica campestris and some common weed seeds under laboratory condition. The compost of A. adenophora
at different doses viz. 0, 10, 20, 40 and 50g compost/kg soil was also applied to study the effect on the seed
germination and seedling growth of B. campestris and T. aestivum and some weed seeds. The aqueous and
compost extracts of Ageratina caused significant reduction in the seed germination and seedling length (shoot
and root) which increased progressively on increasing the concentration of invasive plant's extract. The stem
and leaf extracts of A. adenophora have more inhibitory effect on the germination percentage of winter crops as
compared to root extract on the test crop seeds under study. In the compost of A. adenophora, the weeds
showed more reduction in comparison to the crop plants B. campestris and T. aestivum.

Key words: Invasive, aqueous extract, compost, allelopathy, inhibition.

INTRODUCTION

A total of 190 invasive alien species under 112 genera belonging to 47 families has been recorded
from the Indian Himalayan region (Kumar et al. 2016, Sekar et al. 2012). In China 25 out of 33 highly
noxious weeds have significant allelopathic impact on surrounding plants. The release of biochemicals
called allelochemicals, reduce the seed germination and seedling growth of surrounding plants
(Ferguson et al. 2013). The plant species belonging to family Asteraceae produce the substances that are
toxic to germination and growth of other plant species (Tripathi et al. 1981). Invasive plant parts have
allelopathy to continue for their ecological accomplishment.

The allelochemicals discharged from a plant are due to volatilization, leaching, exudation and
decomposition (Gill et al. 1993). The allelopathic activities of the crude methanol extract of
Chromolaena. odorata, on the seed germination and seedling growth of tomato have been observed by
Tijani and Fawusi (1989).

Ageratina adenophora of Asteraceae family is a troublesome, aggressive, toxic perennial weed. It
threatens bio, eco, agro and forestry systems in the tropical and subtropical regions. Ageratina
adenophora (syn.name- Eupatorium adenophorum) weed came to Nepal through Mexico is one of the
serious weeds in Asia. It quickly spreads across the terai, midhill and low mountain areas (Bisht et al.
2016).

Kumar et al. (2016) reported that the loss of plant diversity in both crop and forest areas over the last
two to three decades is due to invasive plant. Parthenium hysterophorus, Ageratina adenopha, Lantana
camara, Ageratum conyzoides and Bidens pilosa are degrading valuable crop and fodder plants
(especially herbs and grasses). The leachates of A. adenophora plant damage cell membrane and
influence the endogenous compounds like abscisic acid, indole 3-acetic acid and zeatinriboside of the
roots of upland rice (Zheng et al. 2012).
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The present work was carried out to understand the allelopathic influences of Ageratina adenophora
on winter crops like mustard (Brassica campestris), wheat (Triticum aestivum) and four common weeds
(Ageratum, Bidens, Cyperus and Galinsoga) by using their plant parts (root, stem and leaves) aqueous
extract, compost extract and compost.

MATERIAL AND METHODS

The invasive plant Ageratina adenophora and mature selected weed seeds were collected from
selected sites around Kathmandu valley in Nepal, before flowering in May-June 2014. The matured
seeds of Bidens pilosa, Ageratum conyzoides, Galinsoga parviflora and Cyperus rotundus were also
collected from different sites around Kathmandu valley like Kirtipur and Bhaktapur areas in the months
of March and April 2014. In Kirtipur (Machhegaon, Chhobhar, Chhugaon, Dhapla and near Tribhuban
University and in Bhaktapur- Lokanthali (Near- Manohara Khola), Thimi, Gatthaghar, Sano Thimi and
Balkot the samples were collected from fallow land and from the wheat and mustard fields.

The seeds of selected crops and weeds were collected, cleaned and dried. The nutrients like protein
test method following AOAC (2012), carbohydrate and fat (test method- CFL Manual) per seed was
analyzed at the Department of Food Technology and Quality control, Central Food Laboratory,
Babarmahal, Kathamandu, Nepal.

The soil texture, pH, humus content in the soil of experimental site was conducted in the laboratory
condition. The NPK test was conducted by Forest and Soil Science, Department of Forest Research and
Survey, Nepal.

The plant parts (viz. root, stem and leaves) were separated, air dried and ground to make powder. To
prepare aqueous extract, 2g of ground air dried leaves, stem and root were separately soaked in 20 ml
distilled water for 24 hours. The extract was filtered using Whatman No.1 filter paper and 10% stock
solution was prepared. From this stock solution, 5, 2.5 and 1.0% concentrations were prepared by
diluting with distilled water.

A pit of 60.96 cm x 91.44 cm x 91.44 cm (length x breadth x depth) was prepared at shady place and
was filled with layers of Ageratina plant altering with soil. It was left for seven months (March to
September, 2015). This decomposed compost was ready to use. From this compost the experiment on
compost extract at laboratory was conducted.

Two grams of air dried compost were soaked in 20 ml distilled water for 24 hours. The extract was
filtered using Whatman No.1 filter paper and 10% stock solution was prepared. From this stock solution,
5, 2.5 and 1.0 % concentrations were prepared.

Seed germination experiment

i) Weed seeds of A. conyzoides, B. pilosa, C. rotundus and G. parviflora and the crop seeds of B.
campestris and T. aestivum were soaked, separately in 2-4% Sodium hypochlorite for two minutes. The
seeds were then washed with distilled water thoroughly. The sterilized petridishes were lined with single
piece of Whatman No. 1 filter paper and moistened with 5ml of treatment solution. The crops (viz. B.
campestris and T. aestivum) and uniform size weed seeds of A. conyzoides, B. pilosa, C. rotundus and G.
parviflora were selected and ten seeds of each species were kept in sterilized petridishes containing
control, 1, 2.5, 5 and 10% concentrations of (a) aqueous extract and (b) compost extracts for 10 days.
For control, seeds were grown in a piece of filter paper soaked with distilled water. All these
experiments were conducted under normal room temperature with five replications. The moisture level
in the petridish was maintained by adding distilled water as required.

i) The seed germination experiment was also conducted in poly bag (35.56 x 17.78 cm) by using
different concentrations (viz. 10, 20, 40 and 50 g/kg soil) of A. adenophora compost in the month of
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November, 2015. There were five replications of each treatment (10 selected seeds of weed and crops
were sown). Seed germination and seedling growth were recorded after 30 days. The nutrient like
protein, carbohydrate and fat per seed was analyzed at the Department of Food Technology and Quality
Control, Central Food Laboratory, Kathmandu, Nepal.

Statistical analysis was done by using SPSS statistical version 20. The data were subjected to one
way ANOVA followed by Duncan’s Multiple Range Test.

RESULTS AND DISCUSSION

The soil of experimental site was sandy loam and loamy type having 6.2 pH and 0.88% humus. Total
N.P.K. were recorded 0.140, 0028 and 0.018%, respectively. The crop T. aestivum showed more content
of moisture, protein, crude fiber and carbohydrate (viz. 0.54, 0.66, 0.30 and 3% per seed, respectively)
than B. campestris (viz. 0.03, 0.08, 0.007 and 0.09% per seed, respectively) and other weed seeds of A.
conyzoides, B. pilosa, C. rotundus and G. parviflora. Fat content was more in B. campestris (0.16%)
than in T. aestivum (0.13%) and other weeds. Crude fiber was the highest in T. aestivum and lowest in
Brassica. Among the weeds the protein content ranged from 0.009 to 0.02 %, fat from 0.001 to 0.01%
and carbohydrate from 0.018 to 0.103%.

Ageratina adenopnora aqueous extract

The seed germination, shoot and root length of germinated seeds mostly decreased with the increase
in the concentration of Ageratina root, stem and leaf aqueous extract in both tested crops B. campestris
and T. aestivum, and weeds A. conyzoides, B. pilosa, C. rotundus and G. parviflora (Tables 2 and 3).

Seed germination

i.a) Impact of aqueous extract on the seed germination of crops- the seed germination of B. campestr
is reduced insignificantly in 2.5 and 5% of A. adenophora root and stem extract, respectively but in leaf
extract it was 5 and 10% (Table 3). The seed germination of Brassica seed was higher in stem extract
than in root and leaf extracts. The shoot and root length of the germinated seeds of B. campestris
reduced significantly in all treatments in comparison to the control. Mostly, insignificant reduction in the
shoot and root lengths of seedlings was 5 and 10% in root and stem extracts, respectively. In leaf extract,
the root length of B. campestris decreased significantly in all treatments, but insignificant reduction was
observed in 1 and 2.5% concentrations (Table 1).

Reduction in the percentage germination of Triticum seeds was more on root extract than in stem and
leaf extract treatments. Significant decrease in seed germination was 5 and 10% in root and leaf extracts.
The shoot and root length of T. aestivum seedlings reduced significantly in all treatments. The root
length was reduced significantly in all treatments of A. adenophora plant parts (Table 1).

Impact of the aqueous extract of A. adenophora was more or less similar on all weeds. The seed
germination of A. conyzoides decreased insignificantly with all treatments in root extracts. Reduction
was the same in stem and leaf extracts and decreased significantly (p=0.05) with their higher
concentrations. There was complete inhibition at 10% of stem and leaf extracts. Seed germination in leaf
extract was less than in root or stem extract with 1% concentration, but the seed germination was
reduced insignificantly (p=0.05) at 2.5 and 5% concentration of stem extract. The shoot length of
seedlings decreased significantly at root, stem and leaf extracts (Table 2).

The seed germination of the weed B. pilosa decreased insignificantly at 1 and 2.5% concentrations
of the root, stem and leaf extracts of A. adenophora. The percentage of germination declined
significantly in all the treatments up to 2.5% of root, stem and leaf extracts of A. adenophora. The shoot
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and root length of the seedlings decreased significantly (p=0.05) in all treatments with increase in
concentration (Table 2).

Table 1. Effect of root, stem and leaf extracts of A. adenophora on the seed germination (SG mean £SD), shoot length
(SL mean £SD ) and root length (RL mean £SD) of crops (B. campestris and T. aestivum) after 10 days.

Species  Plant Concentration (%)
organs 0 1 2.5 5 10
Root SG (%) 92.5+5.00c 85+5.77 ¢ 72.545.00 b 67.5£9.57 b 5545.77 a
8 extract SL(cm) 11.63+2.25e  8.76+2.47d 5.32+2.15¢ 4.11+1.05b 2.21+0.49 a
= RL(cm) 9.01+0.92e¢ 8.36+2.06 d 4.65+1.01 c 2.91+0.47 b 2.21+0.49 a
S Stem SG(%)  92.5+5.00c 85+5.77bc 75.5+5.77 b 67.5+5.00 a 60+0.16 a
g extract SL(cm)  6.49+0.62 d 5+0.73 ¢ 3.94+0.86 b 3.68+0.45 ab 3.410.42 a
o RL(cm) 5.63+0.62d 4.83+0.51 c 3.14+0.78 b 2.96+0.66 b 2.58+0.74 a
é Leaf SG(%)  95+5.77d 80+8.16 ¢ 70+8.16 bc 60+11.54 ab 52.5+5.00 a
© Extract SL(cm) 6.89+0.51¢ 5.82+0.51 d 4.24+0.19 ¢ 3.38+0.36 b 2.21+0.23 a
@ RL(cm) 4.14+0.45d 3.45+0.31 ¢ 3.3+0.10 ¢ 2.4+0.32 b 1.85+0.22 a
Root SG(%)  90+8.16d 82.5+9.57cd  72.5+5.00 bc  65+5.77 ab 55+10.00 a
= extract SL(cm) 11.83+1.69d 9.44+1.97¢c 79+145h 4.45+0.88 a 4.08£1.00 a
2 RL(cm) 7.57+0.68 d 5.72+1.58 c 44740410 3.56+0.94 a 3.51+0.54 a
2 Stem SG(%)  9545.77d 85+5.77 cd 77.545.00 bc  70+11.54 b 5545.77 a
g extract SL(cm) 14.27+151e 11.98+1.50d 9.13+0.83¢c 7.81£0.96 b 4.21+0.50 a
3 RL(cm) 125+1.47e 9.6+1.24d 7.89+1.04 c 7.16+0.78 b 3.77+0.37 a
= Leaf SG(%)  95%5.00c 85+5.77 bc 80+11.54bc  67.5£15.00ab  60+5.00 a
= Extract SL(cm) 9.46+0.63 e 7.88+0.45d 6.25+0.09 ¢ 4.47+1.00 b 3.35+0.40 a
RL(cm) 6.15+0.69¢ 5.08+0.57 d 4.5840.55 ¢ 3.644+0.43 b 3.240.17 a

Mean +SD in the same column followed by the same letter does not differ significantly according to Duncan’s Multiple
Range Test at p=0.05 followed after ANOVA.

The application of A. adenophora plant part extract severely affected the germination, seedling
growth of weed the of C. rotundus. The seed germination of C. rotundus was reduced as the
concentration increases, but insignificant reduction was observed in all treatments of stem extract. Total
inhibition was observed at 5 and 10% treatments on stem and leaf extracts. The growth of C. rotundus
seedling was inhibited at higher concentration of aqueous extract (Table 2). The germination percentage
of the seed of G. parviflora decreased with increase in concentration of the root, stem and leaf extracts
of A. adenophora. Seed germination in the root extract was more than in the stem and leaf extracts. The
leaf extract showed more allelopathic effects than the root or stem extracts. Total inhibition was
observed in 5% concentration in stem extract and 5 and 10 % leaf extract. Shoot and root length
exhibited insignificant reduction in 1, 2.5, 5 and 10% root extract in comparison to the control. At leaf
extract significant reduction was observed in shoot and root lengths (Table 2).

ib) Effects of A. adenophora compost extract on the seed germination and seedling growth of crops

and weeds- Crop and weed seed germination and seedling growth under laboratory conditions with
different concentrations of compost aqueous extract ranging from 1 to 10% showed different responses.
Seed germination, shoot and root lengths decrease more in the weed seeds (A. conyzoides, B. pilosa, C.
rotundus and G. parviflora) than in the crops B. campestris and T. aestivum with the increase in
concentration of A. adenophora compost extract (Table 3).

The seed germination of the crop B. campestris showed insignificant reduction with 1, 2.5 and 5% of
compost extracts, but seed germination was completely inhibited at 10% A. adenophora compost
extract. The seed germination of T. aestivum reduced significantly (p=0.05) at 1%, but at higher
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concentrations (2.5, 5 and 10%) reducion was insignificant. The seed germination of weed A. conyzoides
and G. parviflora reduced insignificantly up to 2.5 %. The seeds of B. pilosa showed insignificant
reduction with 1, 2.5 and 5% concentrations. The total inhibition of seed germination of Bidens weed
was observed at 10%. The seed germination of C. rotundus was reduced insignificantly at 1%
concentration of Ageratina compost extract in control (Table 3).

Table 2. Effect of root, stem and leaf extracts of A. adenophora on the seed germination (SG mean +SD), shoot length
(SL mean £SD) and root length (RL mean £SD) of weeds (viz. A. conyzoides, B. pilosa, C. rotundus and G.
parviflora) after 10 days.

Species Plant Concentration (%)
organs 0 1 2.5 5 10
Root SG (%) 67.5+15.00a 57.5+9.57a 57.545.00 a 5545.77 a 52.5+9.57 a
§ extract  SL(cm) 2.94+0.21e 2.76+0.18 d 1.76+0.12 ¢ 1.55+0.11b 1.29+0.05 a
S RL(cm) 2.54+0.36¢ 1.79+0.23 d 1.5+0.13 ¢ 1.23+0.09 b 1.07+0.07 a
e Stem SG(%) 72.5%9.57c 65+5.77 ¢ 55+10.00ab  50%8.16 a NG
8 extract  SL(cm) 1.87+£0.50c 1.67+0.35¢ 1.1940.30 b 0.92+0.11a NG
S RL(cm) 1.68+0.45d 1.54+0.31 ¢ 1.04+0.28 b 0.74+0.09 a NG
© Leaf SG(%)  75%5.77¢ 55+5.77 b 52.5#5.00ab 45%5.77 a NG
S Extract SL(cm) 1.81+1.04d 1.12+0.42 ¢ 0.91+0.20 b 0.84+0.08 a NG
< RL(cm) 1.61+0.08 ¢ 1+£0.23 b 0.77£0.18ab  0.71+0.07 a NG
Root SG(%) 80%8.16¢ 7515.77 ¢ 70+11.54bc  62.5+5.00ab 5515.77 a
extract ~ SL(cm) 9.18+1.85e 7.96+1.55 d 6.32+0.32 ¢ 5.27+0.40 b 4.38+0.27a
o RL(cm) 8.36+1.68d 7.06+1.43 ¢ 4.36+0.59 b 3.4240.16 a 2.92+0.55 a
% Stem SG(%)  80+11.54c 72.5+5.00bc  67.5+5.00bc  62.5+9.57 ab 52.5+9.57 a
@ extract  SL(cm) 8.33+0.51e 7.03+1.38 d 5.65+1.57 ¢ 4.73+1.09 b 2.63+0.21a
g RL(cm) 7.4+0.79 e 6.31+1.74 d 3.68+1.08bc  3.1+0.70 b 2.28+0.24 a
m Leaf SG(%)  85%5.77h 75+5.77 ab 67.549.57ab  57.5+26.29 a 55+5.77 a
Extract SL(cm) 8.5+1.07e 6.76+0.66 d 5.7+151c 4.27+0.84 b 2.89+0.64 a
RL(cm) 6.74£1.55¢ 5.76+1.23 b 5.11+1.53 b 2.86+£0.48 a 2.53+0.58 a
Root SG (%) 65%5.77¢c 62.545.00 bc  55+5.77abc 50411.54 ab 47.5+9.57 a
@ extract ~ SL(cm) 1.44+0.05e 1.27+0.05d 0.85+0.05 ¢ 0.65+£0.09 b 0.45+0.05a
B RL(cm) 1.26+0.06 ¢ 1.13+0.09d 0.65+0.06 ¢ 0.4340.10 b 0.25+0.05 a
g Stem SG(%) 62.5+5.00a 57.549.57 a 55+5.77 a NG NG
= extract  SL(cm) 1.43+0.42b 1.08+0.40 a 0.91+0.09 a NG NG
= RL(cm) 1.26+0.37¢ 0.92+0.35b 0.73+0.07 a NG NG
§ Leaf SG(%)  75%5.77b 57.5£9.57 a 55+5.77 a NG NG
o Extract SL(cm) 1.5+0.08 b 1.25+0.27 a 1.21+0.10 a NG NG
RL(cm) 1.35+0.07 ¢ 1.15+0.25 b 0.86+0.19 a NG NG
© Root SG(%)  72.5%5.00c 62.545.00 bc  60%8.16 ab 55410.00 ab 50+8.16 a
5 extract  SL(cm) 1.69+0.06 c 1.46+0.32 b 1.32+0.28 b 1.21+0.28 a 1.21+0.11 a
§ RL(cm) 1.52+0.04 c 1.25+0.27 b 1.18+0.25 b 0.98+0.32 a 1+0.09 a
S Stem SG(%) 57.5+5.00a 55+5.77 a 52.5+9.57 a 52.5+5.00 a NG
oy extract ~ SL(cm) 1.96+0.73c 1.27+0.19 b 1.03+0.14ab  0.94+0.06 a NG
§ RL(cm) 1.43+0.66c 1.07+0.14 b 0.82+0.13 a 0.78+0.09 a NG
£ Leaf SG(%)  70%x11.54b 65+5.77 ab 52.545.00 a NG NG
3 Extract SL(cm) 1.4+0.62a 1.28+0.28 a 1.18+0.06 a NG NG
RL(cm) 1.31+0.50b 1.16+0.24ab  1+0.08 a NG NG

Mean £SD in the same column followed by the same letter does not differ significantly according to Duncan’s Multiple
Range Test at p=0.05 followed after ANOVA. NG-No Germination.

The shoot length was reduced significantly, but root length of B. campestris reduced significantly
with 1 and 2.5% concentrations. In T. aestivum, the shoot and root lengths reduced significantly at all
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concentrations (viz. 1, 2.5, 5 and 10%). The shoot and root lengths of weed's shoot and root length
reduced significantly with increasing concentrations of compost extracts. The Bidens seed germination
and shoot lengths were reduced insignificantly, but root length reduced significantly at higher
concentration (2.5 and 5%) (Table 3).

Table 3. Effect of A. adenophora compost extract on the seed germination (SG mean +SD), shoot length (SL mean
+SD) and root length (RL mean £SD) of selected crop and weed seeds after 10 days.

Species Concentration (%)
0 1 2.5 5 10
Brassica campestris SG (%) 75%5.77 b 62.5+5.00 a 57.545.00 a 55+5.77 a NG
SL(cm) 6.59+0.24d 3.78+0.22¢ 2.41+0.61b 2.09+0.11a NG
RL(cm) 5.50+0.12d  3.00+0.60 b 2.23+0.55b 2.20+0.02a NG
Triticum aestivum SG(%)  77.545.00 ¢ = 70+11.54 bc 62.5+5.00ab  60+11.54ab 55+10.00 a
SL(cm) 7.81+0.38 e  6.89+0.13d 5.83+0.39 c 4.94+0.10b 3.26%091a
RL(cm) 7.66+0.29 e 6.51+0.50 d 5.41+0.14 c 4.624049b 3.04+0.48 a
Ageratum conyzoides SG(%)  57.5+9.57 a  55+12.90a 52.54£5.00 a NG NG
SL(cm) 3.21+0.07 ¢ = 2.87+0.06 b 1.68+0.42 a NG NG
RL(cm) 3.06+0.05c 2.91+0.19b 1.31+0.30 a NG NG
Bidens pilosa SG(%)  77.5+5.00 b  57.5+9.57 a 55+5.77 a 525+5.00a NG
SL(cm)  3.55+0.13d 2.55+0.56 ¢ 1.28+0.46 b 0.99+0.06a NG
RL(cm) 2.60+0.10 ¢  2.18+0.39b 1.13+0.36 a 1.00£0.03a NG
Cyperus rotundus SG(%) 57.545.00 a  52.5+9.57 a NG NG NG
SL(cm) 1.81+0.08 b  1.00+0.07 a NG NG NG
RL(cm) 1.66+£0.10 b  0.894#0.13 a NG NG NG
Galinsoga parviflora  SG(%) 67.5£9.57 a  55+12.90a 50+14.14 a NG NG
SL(cm) 2.48+0.11 ¢ 1.81+0.20b 0.84+0.22 a NG NG
RL(cm) 2.11+0.09c 1.46+0.24 b 0.45+0.06 a NG NG

Mean £SD in the same row followed by the same letter does not differ significantly according to Duncan’s Multiple Range
Test at P=0.05 followed after ANOVA. NG-No Germination.

ii) Effects of Ageratina compost amended with soil on seed germination and seedling growth

The seed germination of B. campestris and T. aestivum reduced insignificantly with 10, 20 and 40 g
compost/kg soil concentration. The seed germination of B. campestris was completely inhibited at 50
g/kg soil treatment (Table 4).

The seed germination of weeds B. pilosa and G. parviflora reduced insignificantly at 10 and 20 g
compost/kg soil treatments. The seed germination of A.conyzoides and C. rotundus was completely
inhibited at higher concentration of compost (viz. 20, 40 and 50 g/kg soil) (Table 4).

The shoot and root length of B. campestris significantly increased with 10 compost/kg soil
concentration, but reduced significantly at high concentrations (20 compost/kg and above).The shoot
and root lengths of T. aestivum showed not much differences in compost 10 g/kg soil in both crops. The
shoot and root length of weeds A. conyzoides, and C. rotundus showed significant reduction at 10g
compost/kg soil concentration, but in case of B. pilosa shoot and root length significantly reduced in 10,
20 and 40g compost/kg soil concentrations in comparison to control. In G. parviflora significant
reduction was observed in 10 and 20 g compost/kg soil concentrations in comparison to control, but
insignificant reduction in between 10 and 20 g compost/kg soil concentrations (Table 4).

The alkaloids are more in leaves comparatively over the stem and root of the same plant species
(Achakzai et al. 2009). Forty five volatile compounds are found in Ageratina adenophora plants. The
compounds identified from the stem and leaves of this species are octacosanoic acid, hydroxycinnamic
acid, ferulicacid, cafeicacid etc. (Subba 2012). The presence of flavonoid glycosides in the leaves was
also reported by Nair et al. (1995). Seed germination in T. aestivum was higher in stem than the root and
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leaf extracts of A. adenophora. Seed germination was observed in stem and leaf extract even at higher
concentration (2.5-10%), in comparison to root extract. Seed germination was reduced significantly in
comparison to control, but the germination of both crops was observed even at higher concentration. The
shoot and root lengths of both crops were significantly reduced in the aqueous extract of A. adenophora
plant's part.

Table 4. Effect of A. adenophora compost (amended with 0, 10, 20, 40 and 50 g/kg soil) on the seed germination (SG
mean +SD), shoot length (SL mean £SD) and root length (RL mean +SD) of selected crops and weed seeds after 30

days.
Species Concentration(g/kg soil)
0 10 20 40 50
Brassica SG (%) 60+8.16a 55+10.00 a 52.545.00 a 50+0.00 a NG
campestris  SL(cm)  16.58+1.96c 17.25+1.09c 12.71+1.36b 441+1.49 a NG
RL(cm) 14.40+2.11c 15.10+1.34c¢ 11.53+1.16b 3.46+0.91 a NG
Triticum SG(%) 62.5+9.57a 57.545.00 a 55+12.90 a 52.545.00 a 50+11.54 a
aestivum SL(cm) 17.99+050c 17.59+091c 13.20+4.37b 5.60+1.54 a 4.44+0.19 a
RL(cm) 17.41+0.56c¢ 17.10+0.73c¢ 12.68+4.23 b 5.27+1.49 a 4.25+0.19a
Ageratum SG(%)  55+12.90 a 52.5+5.00 a NG NG NG
conyzoides SL(cm) 3.15+0.24 Db 2.14+0.10 a NG NG NG
RL(cm) 2.92+0.25b 1.75+0.41 a NG NG NG
Bidens SG(%)  57.5+5.00 b 55+5.77 ab 52.5+5.00 ab 50+0.00 a NG
pilosa SL(cm) 13.19+0.79d  8.94+0.79 c 3.62+0.98 b 2.30+0.19a NG
RL(cm) 12.374055d 8.74+0.91c 3.21+0.93 b 2.02+0.21 a NG
Cyperus SG(%)  55+10.00 a 52.5+5.00 a NG NG NG
rotundus SL(cm) 3.86+0.44 b 3.01+0.27 a NG NG NG
RL(cm) 3.55+0.45b 2.97+0.53 a NG NG NG
Galinsoga  SG(%)  65+5.77b 55+5.77 ab 39+23.41 a NG NG
parviflora ~ SL(cm) 4.64+0.70b 3.01+0.27a 2.81+0.07 a NG NG
RL(cm) 4.32+0.71b 2.77+0.29 a 2.51+0.16 a NG NG

Mean £SD in the same row followed by same letter does not differ significantly according to Duncan’s Multiple Range Test
at P=0.05 followed after ANOVA; NG-No Germination.

The weeds A. conyzoides and C. rotundus were fully inhibited at higher concentration in leaf extract.
In 1% aqueous concentration, the seed germination of A. conyzoides was higher in stem extract. In B.
pilosa seed germination reduced significantly as the concentration increases, but was not completely
inhibited even at higher concentration as found in the case of other weeds.

This may be due to the size of the seed. Katoch (2012) also reported that the large seed size was least
sensitive to germinate and growth. The C. rotundus and G. parviflora were completely inhibited at 10%
aqueous stem and leaf extract of A.adenophora. A number of researchers reported that large amount of
allelochemicals released from the leaves which inhibit the growth (Zhao et al. 2009). The antioxidant
activities of methanol, extracts from the leaves of Ageratina also inhibited the seed germination and
seedling growth of other species (Ralte 2014).

The compost extract of A. adenophora showed detrimental effect more in the weeds studied than
winter crops. Seed germination of B. campestris was inhibited at higher concentration, but Triticum did
not. Ageratum and Galinsoga significantly reduced at lower concentration, but completely inhibited at
higher concentration. In B. pilosa, seed germination was also inhibited at higher concentration. The seed
germination of C. rotundus was observed only at lower concentration of Ageratina compost extract.
Similar results found by Zhang et al. (2008) showed that the aqueous leachates of the stems and leaves
of A. adenophorainhibited seed germination and seedling growth of Neocheiropteris
palmatopedata. The inhibitory effects increased with increasing leachate concentrations.
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The reduction of seed germination, seedling growth of B. campestris and T. aestivum increases with
the increase of concentration in the soil amended compost of A. adenophora. It might be due to the
allelochemicals released by Ageratina plant residues into the soil. It affects the germination and seedling
growth processes by reducing cell division or auxin induced growth of roots (Katoch 2012, McCalla and
Haskins 1964). At higher concentration (50g compost/kg soil), the seed germination of B. campestris
fully inhibited, but Triticum germinated. In comparison to Brassica and other weed seeds, nutrient
content (carbohydrate and protein) and seed weight per seed were higher in T. aestivum (Table 1).
Presence of defensins and more nutrient content in seed possibly overcome the adverse impact of
phenolic compounds on the seed germination of T. aestivum. The seed germination, shoot and root
length of A. conyzoides and C. rotundus were germinated at lower concentration only (10g compost/kg).
Besides B. pilosa and G. parviflora totally inhibited at higher concentrations (5 and 10g compost/kg
soil). It might be possible due to the additive and synergistic effects become significant at lower
concentration (Einhelling and Rasmussen, 1978). G. parviflora germination was higher in sandy and
loamy soil and able to germinate in 4-10mm depth (De Cauwer et al. 2013). Eupatorium adenophorum
plant was rich in phenolic compound like 2-hydroxycoumaric acid which inhibited the crop and
surrounding plant's seed germination and seedling growth (Zheng et al. 2012).

It can be concluded that the plant part of A.adenophora, particularly stem and leaves contains more
allelochemicals than root. The allelochemicals of A.adenophora severely affected seed germination as
well as shoot and root length of all tested weeds and crops. Aqueous extract of A. adenophora had more
inhibitory effect on the growth of shoot as well as root. Seed germination, shoot length and root length
of A. conyzoides, G. parviflora and C. rotundus were fully suppressed. B. pilosa was less reduced in A.
adenophora extract. The seed germination of B. campestris and weeds A. conyzoides, G. parviflora and
C. rotundus were completely suppressed at higher concentrations, but the crop T. aestivum could
germinate and survived even at 50 g compost/ kg soil treatment. Seed germination was higher in crops
than in weeds indicating that there is a possibility of using the compost of A. adenophora in wheat and
mustard fields as utilizes the invasive weeds as compost and reduces the population of other weeds due
to its allelopathic effect.
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This study was conducted at Research laboratory, Botany Department Amrit
Campus, Kathmandu, Tribhuvan University, Nepal, in the year 2015-2016 to
investigate the allelopathic effects of compost extract and soil amended with
compost invasive weed Parthenium weed on seed germination and seedling
growth of two crops Triticum aestivum, Brassica campestris and some common
weeds (Ageratum conyzoides, Bidens pilosa, Galinsoga parviflora and Cyperus
rotundus). Parthenium hysterophorus was collected before flowering and
matured seeds of Bidens pilosa, Ageratum conyzoides, Galinsoga parviflora
and Cyperus rotundus were collected from different sites around Kathmandu
valley like Kirtipur and Bhaktapur areas. The compost extract of Parthenium of
different concentration (control, 1, 2.5, 5 and 10%) and Parthenium compost
(control, 10, 20, 40 and 50 g compost/kg soil) were used to determine its effect on
seed germination, shoot and root length of T. aestivum and B. campestris and
selected common weed seeds under laboratory condition. The compost extracts
of Parthenium caused significant reduction in seed germination, seedling length
(shoot and root length) of selected crops and weeds. The selected common
weeds showed more reduction in germination and vegetative shoot and root
length in comparison to crop plants (B. campestris and T. aestivum) in the soil
amended with the compost of Parthenium.

INTRODUCTION

Parthenium hysterophorus is an invasive weed,
commonly known as carrot grass, bitter weed or star
weed and belongs to the family Asteraceae. In rainy
season, P. hysterophorus completes its life cycle
within 16-18 weeks (Maharjan et al. 2014).
Parthenium had been ranked top ten among the list of
worst weed in the Global Invasive Species Database
(Callaway and Ridenour 2004). Ecological impact and
economic loss due to rapid expansion of Parthenium
has become a regional environmental issue of tropical
world (Bhowmik et al. 2007, Sushilkumar 2014). In
Nepal, this species entered probably in 1950s from
India. Herbarium specimens of this plant were
collected from Trishuli valley of Nuwakot district, a
small city north to Kathmandu, in 1967 (Tiwari et al.
2005). In Nepal, this plant has already invaded the
maize, sugarcane and mustard fields (Shrestha 2014),
while in India, this weed has been reported to infest all
type of crops and orchards (Sushilkumar 2014).
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Singh et al. (2003) explored the allelopathic
properties of unburnt (UR) and burnt (BR) residues
of P. hysterophorus on the growth of winter crops,
radish and chickpeas. Soil amended with UR and BR
extracts, revealed the phytotoxic effects towards test
crops, UR crude extracts being more active showed
toxic effects on the growth. These effects were
attributed to the presence of phenolics (Singh et
al. 2003). Parthenin has also been reported as a
germination and radical growth inhibitor in a different
species of dicot and monocot plants (Patel 2011). The
present study attempts to find out the allelopathic
influences of compost extract and compost of P.
hysterohorus on some common weeds and winter
crops. It is hypothesized that both the compost
extract and compost will have inhibitory effects on
winter weeds and crops affecting its germination and
growth as well.
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MATERIALS AND METHODS

Preparation of extract

Parthenium hysterophorus was collected from
different selected sites around Kathmandu valley,
Nepal, before flowering in May-June, to prepare
compost. Mature seeds of Bidens pilosa, Ageratum
conyzoides, Galinsoga parviflora and Cyperus
rotundus were collected from different sites around
Kathmandu valley like Kirtipur and Bhaktapur areas in
the month of March and April in 2015 for seed
germination experiments.

A pit of 2x3x3 feet was prepared at shady place
and was filled with layers of Parthenium plants
altering with soil. It was left for seven months (from
March to September, 2015) to become compost.
Experiment on compost extract at laboratory was
conducted from this compost. To prepare compost
extract, compost was air dried then 2 g of compost
were soaked in 20 ml distilled water for 24 hours. The
extract was filtered using Whatman No.1 filter paper
and thus 10% stock solution was prepared. From this
stock solution, 1.0, 2.5, 5.0 and 10.0% concentration
was prepared. The Parthenium compost was also
tested by amending 10, 20, 40 and 50 g compost in
1.0 kg soil of Kirtipur and Bhaktapur, separately, in
polybag (size 14"x7)

Seed germination

The dominant weed seeds (A. conyzoides, B.
pilosa, C. rotundus and G. parviflora) and the crop
seeds of B. campestris and T. aestivum were soaked
in 2% sodium hypochlorite for 2 minutes separately.
The seeds were then washed with distilled water
thoroughly. Ten seeds of each species were kept in
sterilized Petri-dishes containing control, 1.0, 2.5, 5.0
and 10.0% concentrations of compost extracts for 10
days. For control, seeds were grown in filter paper
soaked with 5 ml distilled water. All these
experiments were conducted under normal room
temperature with five replications. The moisture level
in the Petri-dish was maintained by adding distilled
water as required.

The seed germination experiment was
conducted in polybag by using different
concentration of P. hysterophorus compost (10, 20,
40 and 50 g/kg soil) in the month of November 2015.
The soil for this experiment was sandy loam type
having 6.2 pH and humus 0.88%. The nutrients NPK
of the soil was recorded 0.14,0, 0028, 0.018%
respectively. There were five replications of each
treatment (10 seeds of selected seeds of weed and
crops were sown separately). The germination and
seedling growth was recorded after 40 days. The soil
without compost was taken as control.
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Statistical analyses were done by using SPSS
statistical version 20. The data were subjected to one
way ANOVA followed by Duncan’s Multiple Range
Test

RESULTS AND DISCUSSION

Seed germination, shoot and root length
decreased more in the tested weed seeds (Ageratum
conyzoides, Bidens pilosa, Cyperus rotundus and
Galinsoga parviflora) than in selected crops
(Brassica campestris and Triticum aestivum) with an
increase in concentration of Parthenium compost
extract (Table 1). Parthenium compost extract
showed insignificant reduction on seed germination
of B. campestris with 1.0 and 2.5% , but it was
reduced significantly with 5.0%. Seed germination
was completely inhibited at 10% Parthenium
compost extract. Seed germination of T. aestivum
was enhanced significantly (P=0.05) at 1.0 and 2.5%
compost extract treatment, but at higher
concentrations (5 and 10%), it reduced significantly.
Seed germination of weeds A. conyzoides and G.
parviflora reduced insignificantly up to 5%, but
seeds of Bidens pilosa showed significant reduction
with 2.5 and 5% treatments. Total inhibition of weed
was observed at 10%. No seed germination of
Cyperus rotundus was observed even at lower
concentrations of Parthenium compost extract
(Table 1).

The shoot and root length of B. campestris
reduced significantly with increase in concentration
of Parthenium compost extract. In T. aestivum, the
shoot and root length increased significantly at 1%
concentration, but reduced significantly at higher
concentration (5 and 10%). Shoot and root length of
weed seedlings reduced significantly with increasing
concentrations of compost extracts (Table 1).

Seed germination of crops B. campestris and T.
aestivum increased insignificantly with 10 and 20 g/
kg soil treatment with compost of Parthenium, but it
reduced significantly with high concentrations in
compost amended with soil. Seed germination of B.
campestris was totally inhibited at 50 g/kg soil
treatment (Table 2).

Seed germination of weeds A. conyzoides, B.
Pilosa and G. parviflora reduced at 10 and 20 g/kg soil
treatment. Seed germination of Cyperus rotundus was
completely inhibited at all treatments of (Table 2).

The shoot and root length of B. campestris and T.
aestivum significantly increased with 10 and 20 g/kg
compost, but it reduced significantly with high
concentrations (40 g/kg and above) in both crops. The
shoot and root length of weed A. conyzoides reduced
significantly with 10 and 20 g/kg soil treatment, but in
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case of B. pilosa and G. parviflora it reduced
significantly with 20 g/kg soil treatment only (Table 2).

The reduction in seed germination and seedling
growth in B. campestris was possibly due to
presence of significant amount of phenolics the
largest group of secondary metabolites in P.
hysterophorus plant (Singh et al. 2005, Safdar et al.
2014). Altogether about 47 phytocomponents; 3
terpenoids, 14 fatty acids, 4 hydrocarbons, 7
alcohols, 5 phytosterols, and 14 other metabolites are
reported in leaf of Parthenium (Ahmed et al. 2018).

Lesser detrimental effect of Parthenium
compost extract was observed in T. aestivum than in
B. campestries. Afridi et al. (2015) reported that the
effect of allelochemicals on seed germination tested
were unfavorable on the seed germination of T.
aestivum and other species. The insignificant changes
in Triticum seed germination shoot and root length
with lower concentrations may be due to secondary
metabolites cysteine rich proteins- defensins present
in endosperm of Triticum (Freeman and Beattie
2008).

Seed germination of Brassica was more or less
remained same up to 2.5% compost extract treatment
but it was enhanced up to 5% in T. aestivum.
Similarly, soil amended with Parthenium compost
also showed insignificantly different seed germination
of Brassica up to 20 g/kg soil treatment and up to 40
g/kg soil treatment in case of Triticum. Seed
germination of T. aestivum increased slightly at 10
and 20 g/kg treatments. Presence of plenty of
micronutrients such as Fe, Zn, Mn and Cu and macro
nutrients including NPK in Parthenium compost

makes it two times richer than farmyard manure
(Krishna Murthy et al. 2010, Sushilkumar et al.
2005), and this possibly might have acted as the
promoter for seed germination and seedling growth in
low concentrations. But at high concentrations, the
allelochemicals found in Parthenium might be
responsible for the inhibition of cell division,
gibberelline and indolacetic acid functions
(Tomaszewski and Thimann 1966).

Various types of terpenoids, (9 in roots, 3 in
stem and 3 in leaf) are also found in Parthenium
(Ahmed et al. 2018). The noxious behavior of this
weed was thought to be due to the sesquiterpene
lactone parthenin, which is synthesized by this plant
and play a role of allelopathic interference with
surrounding plants (Belz 2007). Possibly these
terpenoids interfere with enzymatic activity and
reduces seed germination of crops as well as weeds
at higher concentrations.

Allelochemicals of P. hysterophorus severely
affected the seed germination, shoot and root length of
all tested weeds and crops at higher concentration. The
C. rotundus was totally inhibited in all tested
concentration of Parthenium compost extract and
compost amended soil. The seed germination of
Brassica and weeds A. conyzoides and G. parviflora
were fully suppressed at higher concentrations, but the
crop Triticum could germinate and can survive at
higher concentration. The enhancement of seed
germination and seedling growth of Triticum (up to 40
g compost/kg soil) and Brassica (up to 20 g compost/
kg soil) indicate that there is a possibility of using the
compost of Parthenium hysterophorus to reduce the
associated weeds in wheat and mustard fields.

Table 1. Seed germination (% £SD), shoot and root length (cm £SD) of selected crop and weed seeds growth on
Parthenium compost extract (control, 1, 2.5, 5, 10% concentration)

Parthenium compost extract (%)

Species 0 1 25 5 10
Brassica campestris SG 75+10.00 b 75+5.77b 70+5.67 b 67.5+5.00 a NG

SL 3.25+1.93d 2.63+1.53 ¢ 1.96+£1.22 b 1.46+£1.03 a NG

RL 3.34+1.96d 2.68+1.59 ¢ 1.74£1.09 b 1.13+0.84 a NG
Triticum aestivum SG 67.5+5.00 b 8545.77 cd 80.5+0.00 cd 70+ 1154 b 50+21.60 a

SL 3.92+2.61b 5.63+2.40 ¢ 4.36+2.38 b 3.65+1.92 b 1.03+1.01a

RL 3.76x2.50 b 5.54+2.38 ¢ 4.142.24 b 3.46+1.85b 0.93+0.92 a
Ageratum conyzoides SG 57.5+5.00 a 52.5049.57 a 50.00+12.58 a 48+11.57a NG

SL 1.95+1.72¢c 0.69+0.68 b 0.69+0.67 b 0.51+0.50 a NG

RL 1.27+1.18¢c 0.60+0.55 b 0.58+0.57 b 0.44+0.43 a NG
Bidens pilosa SG 62.5£5.00 b 65+12.90 b 52.5+16.32 a 50+14.14.00 a NG

SL 2.81+2.09¢ 1.69+1.30 b 1.1074£1.104 b 0.94+0.86 a NG

RL 2.59+1.94b 1.32+1.13a 1.04+1.03 a 0.89+0.81 a NG
Cyperus rotundus SG 5545.77 NG NG NG NG

SL 1.06+£1.03 NG NG NG NG

RL 0.89+0.88 NG NG NG NG
Galinsoga parviflora SG 5545.77 a 52.545.00 a 50+8.16 a 47.5+£9.57 a NG

SL 1.90£1.77 b 0.82+0.79 a 0.70+0.68 a 0.43+0.41 a NG

RL 1.78+1.66 a 0.73+0.70 b 0.61+0.59 b 0.34+0.33 a NG

SG-seed germination; SL-Shoot length; RL-Root length; NG- No Germination; Same letters in the same column after Mean +SD does
not differ significantly according to ANOVA followed by Duncan’s Multiple Range Test atP=0.05
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Table 2. Seed germination (% +SD), shoot and root length (cm +SD) of selected crop and weed seeds growth on soil
amended with Parthenium compost at (0,10,20,40 and 50g compost/kg soil concentration)

Soil amended with Parthenium compost (g/kg)

Species
0 10 20 40 50
Brassica campestris SG 60+14.14 b 65+12.50 b 70+8.16 ab 60+0.00 a NG
SL 8.16+7.21b 12.3148.84 b 19.9+10.19 b 6.25+5.10 a NG
RL 6.44+5.92 b 10.92+7.93 b 10.33+5.87 b 5.14+4.11a NG
Triticum aestivum SG 57.5+5.00 ab 70+11.54 be 68+14.14 bc 65+5.77 ab 52.5+12.58 a
SL 9.267.73 b 14.64+9.83 ¢ 17.23+11.48¢c 9.86+7.72 b 3.68+3.56 a
RL 7.6616.47 b 11.71+7.83 ¢ 12.31+9.03 ¢ 8.2416.42 ab 3.30+3.20a
Ageratum conyzoides SG 55+5.77 a 52.5+5.00 a 45+5.00 a NG NG
SL 2.25+2.14 b 1.05+1.02 a 0.90+0.86 a NG NG
RL 1.90+1.76 b 0.96+0.92 a 0.82+0.79 a NG NG
Bidens pilosa SG 55+12.90 b 50+8.16 ab 47.5+9.57 a NG NG
SL 2.27+2.19b 2.01£1.94 b 1.26x1.21a NG NG
RL 2.00+£1.94 b 1.84+1.79 b 1.04£1.02 a NG NG
Cyperus rotundus SG 52.5+9.57 a NG NG NG NG
SL 1.21+1.16 a NG NG NG NG
RL 1.09+1.05a NG NG NG NG
Galinsog parviflora SG 55+5.77 a 52.5+5.00 a 50+8.16 a NG NG
SL 1.69+1.62 b 1.32+1.27h 0.71+0.68 a NG NG
RL 1.63+1.54 b 1.24+1.19b 0.61+0.59 a NG NG

SG-seed germination; SL-Shoot length; RL-Root length; NG- No Germination; Same letters in the same column after Mean+SD does
not differ significantly according to ANOVA followed byDuncan’s Multiple Range Test at P=0.05
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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



Babita Das et al. 365

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).



Seed germination and seedling growth of some crops and weed ... 368

SL Moisture

- 13ml
—_ m6ml
=
= T9ml
£
g 12ml
ye =15ml
o
=
w

Species

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).

100 | SG-pH | 1pH-5

:.':'

90 - 7= = *.pH-6
S 80 1 FE .
o I'A= =i O -
S vE . (FEE 7 - oHT
= 70 - .rf: o | E Y =p
) e | Ve = - e
B 604 MEE ME D 3 = ¥ retl
1] re e I s { 3 & H-8
s Y |AEH B B A& Gk |AE T
s oAl A Al Al |EIAE -me
o 40 - 2= TEE=" 3 = (= 7= ] B pH-
=) '.{‘. ‘} ;’E £l = = =] it &
- 30 | |PBYH |FEEH 7B k e 7= 3
2 en FEE B r 73 430E
n 20 /4 £ /4 & = . £ 5

A (VR B A 4= =
w1 |8 |EE A Al B |AE
0 - '/;" ;l— AR R 7-’;"’: = '—': | P = — r"‘P: fi
w5 ) > S >
Sy & ¥ N & &
¥ e @ < S N
S ¢ $ Q 3 S
> > & <
%0 8 < < C}Q
W
Species

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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