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SUMMARY 

 Weeds are the serious problem in our agriculture system. Therefore we need to 

know weeds and its relation to crops. Present study was conducted to describe the 

allelopathic effect of the three common weeds of Sindh Chenopodium album, 

Chenopodium murale and Anagallis arvensis on six tests crops viz., wheat, cowpea, 

chick pea, mung, pearl millet and maize. The experiments were carried out in 

laboratory and green house. The influences of weed on test species are evaluated by 

two separate laboratory experiments. In first trial study the comparison of osmotic 

stress by mannitol solution and allelopathic effect of weed extract with varied 

concentration (1, 3, and 5%) compared with different osmotic potentials (22, 32.9, 

43.9 and 66kPa) of mannitol solutions, to explore the role of osmotic potential. 

 The second experiment was conducted to study the allelopathic effect by shoot 

and root leachate of weed species on different parameters of test species. In the green 

house experiments monoculture (only test species and only weed species) and 

combine culture (Weed and test species) pot trial carried out. Allelopathic effects of 

weed from first experiments to last on these growth parameters i.e. percent 

germination, speed of germination, radicle length, plant height and fresh/dry weight of 

root and shoot of test species, the results obtained are summarized as under.  

1.  Comparison between osmotic potential and weed extract trial show that 

germination was not considerably effected by osmotic potential while in 

extract (1, 3, and 5%) Chenopodium album and Chenopodium murale   highly 

reduced than the Anagallis arvensis. Chenopodium album (5%) extract 

reduced the percent germination (18% in cowpea, 30% in pearl millet) like 

Chenopodium murale 5% extract showed the similar trend (reduction, 22% in 

wheat, 50% in gram). 

2. Low osmotic potential have no considerable effect on radicle growth of all test 

species as compared to extract trial. Radicle length significantly effected in 

comparative trial show the same trend in high osmotic potential 66 kPa = 5% 

extract of weeds. Five percent extract of Chenopodium album and mannitol 

solution (66 kPa) were significantly reduced the radicle length as 8.21 to 
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0.79cm in wheat and 7.84 to 1.57cm in gram. Same concentration (5%) of 

Chenopodium murale, Anagallis arvensis and mannitol solution were also 

significantly reduced the radicle length as 8 to 4cm in wheat, 8 to 1 cm in 

gram and 9 to 1 cm in pearl millet while in other weed as 10 to 3 cm in cow 

pea, 9 to 3 cm in pearl millet. On the basis of these results it is concluded that 

weed extract had pronounced and dominating effects on test crops by 

allelopathy which osmotic pressure also play a minor role 

3. Root and shoot leachate of the weeds were considerably affected germination 

and speed of germination of test species. Radicle growth in some test species 

significantly affected by root leachate and shoot leachate. However leachate of 

Chenopodium album and Anagallis arvensis have no significant effect on 

radicle elongation of some test species i.e. gram, maize and pearl millet.  

Generally these results revealed that the root leachate highly effected the 

growth of test species than the shoot leachate. 

4. In mono and combine culture study the morphological characters i.e. plant 

height, fresh and dry weight statistically assessed. The weed species also 

considerably effected seed germination of all test species in combine culture 

trials. Gram seed germination highly effected to all test species in 

Chenopodium murale (38%), similarly Chenopodium album also effected 

gram seed germination (72%) and Anagallis arvensis effected (70%) in gram 

and wheat while the remaining test species were also considerably affected.       

Further more in combine culture trial Chenopodium album reduced the plant 

height of gram (17.49cm), wheat (12cm) and pearl millet (17cm) significantly. 

Chenopodium murale and Anagallis arvensis also significantly effected on 

wheat (18, 12 cm), gram (8, 17cm) and mung (8, 14cm) while the remaining 

test species also significantly reduced the plant height. Shoot and root weight 

of test plant were found to be higher in weed free (control) trial. Dry weight of 

shoot and root of test species in combine culture growth were significantly 

reduced. Results showed that reduction in germination, plant height and dry 

matter were affected due to the allelopathic effect of weed species.     
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 Above investigations show that in general these weeds have allelopathic 

effects on test crops, in there initial stage of growth (germination and radicle 

elongation). Therefore precautionary action should be taken to remove these weeds 

from the field to increase crop production. 
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CHAPTER NO. 1 

Introduction 

Allelopathy is a process in which an organism produces some chemical 

compounds those effects growth, survival and reproduction of other organisms. 

Allelopathy is also characteristic of some lower plants like algae, bacteria and fungi.  

Around the 300 B.C. Theophrastus noticed the inhibitory effect of pig weed on 

alfalfa. Yang and Tang in China around the first century described pesticide abilities 

in 267 plants with allelopathic effects. In 1832, De Condolle stated that crop plant 

exudates were responsible for agriculture problem called soil sickness. In early of 19th 

century Schreiner and Reed (1907) reported that the root of wheat, oat and other crop 

plants exude chemicals which are inhibitory to their own seedling. Other people also 

observed the negative effects of one plant on other plants.  The term allelopathy 

derived from the words “allel” means mutual harm and “pathy” means suffering. It 

was first used in 1937 by Molisch. He used the term to describe biochemical 

interactions of plants that inhibit the growth of neighbor plants. In 1970s great efforts 

were made by some researchers to investigate the competitive and allelopathic 

role/effect of plants. Different plants produce different types of organic compounds. 

These secondary metabolites are terpenoids, steroids, alkaloids, Phenyl propane and 

acetogenins and these arise from acetate or amino acids (Whittaker and Fenny 1971). 

Rice (1984) expended the definition of allelopathy, according to him all the direct 

positive or negative effect of a plant on another plant or on micro-organism by the 

liberation of biochemicals into the natural environment is called allelopathy. Twelve 

years (in 1996) later the term allelopathy was defined as a broader chemical 

interaction by allelopathy society.  Any process involving secondary metabolites 

produced by plants, algae, bacteria and fungi which influence the growth and 

development of agricultural and biological system is considered Allelopathy (Anon, 

1996). In the recent studies allelopathy simply define as the ability of plants, to 

stimulate or inhibit the growth of other plants by exuding chemicals. In other words, it 

is defined as any direct or indirect harmful and beneficial effects on another plant by 

release of chemical compound and their residues in the soil and hazardous/non 
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hazardous to ecology and environment. In the beginning of nineteenth century many 

ecologists did not accept allelopathy because effect of competition could not be 

distinguished from allelopathy. Competition is a negative affect when two or more 

plants or organisms attempt to directly use the same sources. Allelopathy affects the 

other plants by the input of substances (allelochemical) into the environment. Some 

species of weed and crop plants show the autotoxicity as an interspecific form of 

allelopathy. Both auto toxicity and allelopathy are influenced by soil type and rainfall 

patterns (Jennings and Nelson, 1998). Many researchers reported a strong correlation 

between the allelopathic activity of rice (Oryza sativa L.) on lettuce and duck salad 

(Ebana et al., 2001). 

Allelochemicals: 

In the process of allelopathy plant produces one or more biochemicals which 

are known as allelochemicals. These may have beneficial or detrimental effects on the 

target organisms. Negative allelopathic compounds play an important role of plant 

defense against herbivory. 

The allelochemicals are generally metabolites and compounds which can be 

identified by different stresses like water stress, nutrient and temperature or 

sometimes response to microbial metabolism. These compounds are soluble in water. 

Weeds and crop plants have several allelopathic effects on the plant growth but it is 

important to determine weather the effect or stress among the crop plant is by weeds 

or some other factors involved on the plant growth. 

Rice (1984) and Putnam (1985) reported that allelochemicals are present in 

virtually all plant tissue, i.e. leaves, flower, fruit, stems and roots. Allelochemicals 

released by four ways i.e volatilization, root exudation, leaching rain fall and 

decomposition of plant residues. 

. According to Rice (1984), these chemicals influenced some process of 

growth and metabolism e.g., mineral uptake, membrane permeability, photosynthesis, 

respiration and specific enzyme activity. Putnam and Tang (1986) and Einhellig 

(1987) raised a question that the biochemical agents were in sufficient concentration 

and with enough persistence in the environment to affect a neighboring or succeeding 
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plant. According to Rizvi et al (1992), this subject not only deals with the gross 

biochemical interactions and their effect on the physiological process but also with 

mechanism of action of allelochemicals at specific site of action at the molecule level. 

The mechanism and the process of allelopathy is also cumulative and involve 

and form the production of allelochemicals but not a single phytotoxin was 

responsible for or produce as the result of interference with neighboring plant. In the 

process of allelopathy, allelochemicals are released and associate with other plant 

litter or present and absorb in the soil. Maximum amount of these chemicals 

commonly found in leaves and stem comparatively in flowers and fruits. It has been 

documented that plant responded to environmental stress by the presence of 

allelochemicals. The mechanism of allelopathy concentrates on these processes which 

involved in the production of allelochemicals. Allelochemicals act directly and 

indirectly commonly as secondary metabolites.  Certain allelochemicals are found in 

weed i.e. vallinic acid, ferulic acid, syringic acid, p-coumaric acid and gallic acid 

were identified by Alsaadawi and Dayan (2009). 

Role of Allelopathy: 

Allelopathy plays adverse and some beneficial effects on the field and 

succeeding crops. In general the weeds have the allelopathic effects on crops which 

commonly found in agro ecosystem but some of the allelochemicals are used as 

herbicides. Aldrich (1984) stated that environmental conditions that restrict growth 

tend to increase the production of allelochemicals. 

According to Akram et al., (1990) that allelochemicals produced by plants 

may be released into the surrounding environment in sufficient amount with enough 

persistence to affect neighbouring and succession species. According to Rizvi et al., 

(1992), allelopathic plants affect the patterning of vegetation in their immediate 

vicinity. 

Agriculture and allelopathy: 

Weeds are very common and serious problem in field. Many of the weeds 

species have deleterious effect on crops yield. Some weeds are inhibiting the seed 
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germination, initial radicle growth and some are inhibiting the growth of crop. Weed 

density is used to find the losses of crop yield. 

Weed: 

In the present time the concept of weed is more difficult to describe by the 

man’s way of life. In the mechanism of germination photosynthesis and other vital 

processes, proper supply of water, nutrient and sun light are necessary for the growth 

of plant but due to presence of weed, desired plant cannot grow properly or not 

survive (Anderson, 1983).   According to Hussain et al., (1988) word weed is used in 

the sense that “out of place”, unwanted or non useful plant. These plants with 

interference in crop and non-crops are considered as weeds (FAO, 1994). A weed is 

an unwanted plant in cultivated fields, slopes, orchids, green belts, forests or lawns 

compete with crop plants for water, nutrition, light and space (Ahmed and Shaikh, 

2003).The weeds not only decrease the potential yield but also affect the quality of 

crops. The eradication of weeds from the crop fields is necessary, applying different 

methods e.g., hoeing, tillage, crop rotation, biological control and chemical control. 

For example in rice (Oryza sativa L.) low yield is due to the weeds and losses are very 

high. Manual labour either not available or very expensive, therefore, chemical weed 

control becomes economical in rice. 

Many researchers agreed the harmful effect of weeds on crops. Weeds may 

cause more loss to crops comparative to pests, insect and different diseases. Like the 

crops weeds are also divided into Rabi and Kharif weeds. Rabi weed infest the Rabi 

season crop while Kharif weed infest the Kharif crops (Khan et al., 2004). Pakistan is 

an agriculture country but the cultivated area of agriculture and forests are decreasing 

in area and crop yield. There are many factors responsible for it and one is weed 

plants which caused serious problem for crops. Many weeds are affecting a single 

crop. Following list gives the name of some important weeds and their affected crops. 
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Table 1. Few common crops and associated weeds species      

Crop Weed 
English 
name/ 
Local 
name 

Botanical name English name/ Local 
name Botanical name 

Cotton/ 
Kappas Gossypium hirsutum L. 

Slender 
Amarantha/Jangli, 
Mariro, Cholai 

Amaranthus virids L. 

Common 
lambsquarter/Jhill 

Chenopodium album L. 

Dodak Euphorbia indica L. 

Wheat/ 
Gandum Triticum aestivum L. 

Scarlet pimpernel/Belli 
buti  

Anagallis arvensis L. 

Pill bearing spurge/ 
Asthema plant 

Euphorbia hirta L. 

Fumitory/Shahtarah Fumaria indica Hausk. 

Gram/ 
Channa Cicer arietinum L. 

Onion weed/ Wild 
onion/ Basri  

Asphodelus tenuifolius 
cavas. 

Scarlet pimpernel/Belli 
buti 

Anagallis arvensis 

Bind weed/Lehli /Naro  Convolvulus arvensis L. 

Mustard/ 
Sarson Brassica compastris L. 

Common 
lambsquarter/Jhill 

Chenopodium album L. 

Kandero/ camel thorn Alhagi maurarum 
Medik. 

Onion/ 
Piaaz Allium cepa 

Jhill/ Common 
lambsquarter 

Chenopodium album L. 

Scarlet pimpernel/ Belli 
buti 

Anagallis arvensis L. 

Fumitory shahtarah Fumaria indica Husk. 

Mazie/ 
Makai Zea mays L. 

Slender Amarantha/ 
Cholai  

Amaranthus viridis L. 

Bind weed/ Lehli/Naro Convolvulus arvensis L. 
Common Pursalene/ 
Qulfa loonak 

Portulaca oleraceae L. 

Mung/ 
Mung Vigna radiate L. 

Slender amarantha/ 
Mariro/Cholai 

Amarathus viridis L. 

Mork Della Purple 
nutsdge 

Cyperus rotendus L. 

Pearl 
Millet Penisetum americanum 

Qulfa Loonak/ common 
pursalane 

Portulaca oleracea L. 

Slender Amrantha/ 
Jangli Cholai 

Amaranthus viridis L. 

Rice Oryza sativa L. 
Burnyard grass/ 
Dhadda 

Echinochla crusgall L. 
Beaur. 

Purple nuts edge/ Mork Cyperus rotandus L. 
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Della 
Umbrella sedge Cyperus difformis L. 
False daisy Eclipta prostrata  
Horse purslane/carpet 
weed 

Trianthema 
portulacastrum L. 

Sunflower Helianthus annus L. 

Common 
Lambsquarter/ Bathu 

Chenopodium album L. 

Goose foot Chenopodium murale L.
Yellow sweet clover Melilotus indica L. 
Broad leave dock Rumex dantatus L. 

 

(Chenopodium album L. ) 

Plant of chenopodium album is annual 10-150 cm, usually erect, variously 

branched, + grey farinose. Stem yellowish to green, green-straited, sometimes reddish 

or with red spots at leaf axils. Lower and medium leaves petiolate, blade usually 2-6 

(-10) cm, variously trullate, rhombic-ovate to lanceolate clearly longer than broad, 

base narrowly to broadly cuneate, margin irregularly serrate to entire. Inflorescence a 

variable spiciform or cymosely branched panicle, mostly terminal. Perianth falling 

with fruit. Seeds horizontal, black, 1.1-1.5mm in diameter, ovate, margin weakly 

acute, test a with faint radial striae otherwise almost smooth. (Freitag et al., 2001). 

Chenopodium album commonly known as Lambsquarter. Almost 

cosmopolitan, commonly present in all over the country, mainly tropics and colder 

areas. It grows in gardens, ruderal places, road sides, irrigated sub-humid places and 

in wide range of soil types and pH. Chenopodium album as delimited here, is not 

uniform, its morphological variation is wide probably both because of genetic and 

environmental factors. Most difficult to identify are small plants with narrow or 

almost circular, (±) entire leaves. C. giganteum D.Don distributed in India and closely 

related to Chenopodium album also expected in our area. It has large, roundish leaves 

with regularly dentate margin and usually red vesicular hairs. (Freitag et al., 2001). 

Chenopodium album is widely spread weed with wheat(Le Tourneau et al.,, 

1956, Saeed et al.,, 1987) and is responsible for reduction in both shoot and root 

growth of wheat, when it grown in 2% (W/V) extract of common lambsquarters. It 

also caused inhibitory effect on the radicle growth of corn, bean and wheat. Bukolova 
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(1971) found that wheat, rye and garden cress show reduction in mitotic activity in 

their roots if associated with this weed. Alam (1996) reported that weed affected the 

dry matter yield of wheat and rice. It is most problematic weed of wheat, indicated by 

many workers of agricultural fields in Pakistan. Weed infestation is the main cause of 

low wheat yield in Pakistan and is reported to cause yield reduction of 25-30% 

(Anjum and Bajwa, 2010). 

(Chenopodium murale L.): 

Plant is annual, stem yellowish to green-striped, rarely tinged with red, to 70(- 

90) cm, usually erect often much branched especially in basal parts, branches + 

spreading, lower most, subopposite. Leaves usually olive green, some times yellowish 

or tinged with red, petiole shorter than or equal to blade; blade thin to somewhat 

fleshy, usually broad, (triangular-) broadly ovate- broadly trullate (-rhombic), coarsely 

dentate, apex acute to obtuse, uppermost leaves lanceolate, sometimes entire. 

Inflorescence terminal and axillary, mostly leafy, branches shorter than subtending 

leaves, glomerules small, + densely arranged. Flowers bisexual and sometimes 

female.Perianth segments 5, prominently keeled near apex, green, some times red 

when old, vesicular hairy. Stamens 5. Stigmas 2. Fruits falling with perianth,. Pericarp 

prominently papillose, firmly adherent. Seeds horizontal, black, 1.1-1.4 mm in 

diameter, round in outline, margin acutely keeled; testa prominently pitted, pits not 

elongated ( Freitag et al., 2001).    

Chenopodium murale commonly known as nettle leaf goose foot. It is the 

member of family Chenopodiaceae. Plant of C. murale grow in tropical and 

subtropical region of the world like Pakistan, Srilanka, India, Afghanistan, Iran and 

few examples in oceanic Island, America and South Africa. In Pakistan it also found 

in northern areas e.g. Chitral, Peshawer, Sakesar mountain track. Many districts of 

Balochintan e.g. Khuzdar, Mardan, Turbat. In Punjab and Sindh, C. murale present 

many places and show dense population. Plant occurs in low land parts of the area.  It 

has the allelopathic effect on the different crops. It  usually grow as an annual 

weed.Plant is found road sides, garden fields, crop fields,  river side’s and near hill 

areas (Freitag et al.,, 2001). 
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 (Anagallis arvensis L.): 

Plant annual, stem decumbent to erect, not rooting at the nodes, square in 

outline. Leaves sessile, opposite-decussate, pale green, 10-16×7-12mm, ovate-oblong, 

obtuse or subacute, upper ones smaller, nerves fiant, margin minutely papillose. In 

variety one of arvensis flower orange-red to scarlet. 2 var. arvensis flower blue to 

deep blue. Flowers solitary axillary, pedicle 1.4-2.5 (-3.5)cm long, slender, glandulose 

nodding in bud condition, usually exceeding the subtending leaf. Calyx shortly 

companulate; lobes 3.5-4mm long. Corolla rotate; lobes 4-5mm long, obovate. 

Stamens + equaling the carpel; filaments 2-2.5 mm long, reddish-pink, basally dilated 

and connate; glandular, anther 1mm long, basifixed, yellow, + apiculate. Ovary 

globose, less than 1mm broad; seeds trigonal, 1mm broad, dark brown, vesiculose 

(Nasir  1984). 

It is a common weed, found in India, Pakistan, Nepal, Persia, China, USA and 

Europe. In Pakistan, distributed in all part of the country i.e. Punjab, Sindh, KPK, 

Balochistan and Kashmir. Plants frequenting in hilly areas from altitudes of 1300-

2200m. Plants of the low lands from sea level to 1700 m.  The Pimpernel is a winter 

weed of vegetable and wheat crop. It also grows on road side, waste places, irrigation 

canals, in ditches and meadows. The blue color of the flower can fade with age to 

almost white-pink as observed in plants collected from Attock District. The leaves 

from Dadu specimen (Sindh) are larger than usual, (30×11mm). In northern areas the 

occurrence of the blue flowered var. coerulea and in the tropics generally may be due 

to photoperiodism and other genetic factor (Nasir, 1984). The plant is also known as 

Shepard’s sundial because it has the ability to indicate time and weather. The flower 

open early in the morning and close mid-day (8.00 am to 3.00 pm). It also has the 

medicinal importance from ancient to present days uses of herb are for dropsy, 

rheumatic infection, hepatic and renal complaints. 

Crops: 

Varieties of crops are grown in Sindh. Wheat, Cotton, Rice, Sugarcane are the 

major field crops while Mango, Bananas and Chillies are horticultural crops. Some 

under food crops like Maize, Sorghum, Millet and Barely are also grown in 50% of 
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the area. There are two sowing seasons Kharif and Rabi, Kharif begins from April-

August and harvested in October-December, while the Rabi season start (sown) from 

September-November and the crops are harvested in February-April. 

Present studies included a few Kharif (Maize, Pearl millet, Mung) and two 

Rabi crops (Wheat and Gram) as test species. 

Wheat (Triticum aestivum Linn): 

Wheat (Triticum aestivum Linn.) belongs to the family graminae (Poaceae). It 

is the major Rabi (winter) crop of Pakistan, sowing time is from 1st November to 20th 

November, and harvesting time is March while late planting varieties are sown from 

21st November to 15th December and harvested in May. This is the sowing period in 

Sindh province. Wheat grown in many irrigation districts of Sindh e.g. Larkana, 

Shikarpur, Jacobabad, Nawabshah, Hyderabad, Sukkur and etc. According to current 

data 2.5 million acres of land is used for wheat cultivation in Sindh out of 14 million 

acres of land under cultivation. Sindh produce the 12% of wheat in the country. The 

crop is a staple diet in Pakistan as well as in most part of the world in Indus valley of 

Pakistan wheat has been cultivated since ancient time. According to some experts, 

Pakistan is the 4th largest producer of wheat in Asia. The flour of grain is used for 

making bread, locally making of Suji (Semoline) and sifts.             

Plant is annual, leaf blad flat. Inflorescence a distichous spike. Laterally 

compressed, 2-6 (-9)-flowered. Spikelets solitary at the nodes, the upper 1-2 floretes 

usually sterile, asymmetrical, ± keeled, keeled towards the tip. Triticum consist of a 

polyploidy series in which there are diploid, tetraploid and hexaploid with 

chromosome number of 2n=14, 28 and 42 (Cope ,1982).    

Gram (Cicer arietinum Linn.): 

 It belongs to the family leguminosae (Papilionaceae) and Egypt is the native 

country where it was growing since ancient time. India is the leader in the production 

of Chickpea. Chickpea is the major winter food legume and mung is the major 

summer legume. Chickpea occupies 73% of the total pulses with 76% contribution to 

the total production (www.parc.gov.pk). Chickpea flour and seed is also used for 
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food. It has carbohydrates, low fat and Zinc, protein and crude fiber. Gram is also 

used for cattle food. Germinating gram seed used as salad adhesive and textile sizing.   

Gram (Cicer arietinum) plant is annual herb, up to 1 m tall. Stem glandular 

pubescent. Leaf imparipinnately compound, leaflets 7-17 mm long, 4-10 m broad, 

mostly elliptic, dentate, acute, glandular pubescent. Flower solitary, peduncle 5-20 

mm long, pedicel 5-10 mm long, bract 2-3 mm long, calyx 7-9 mm long. Corolla 

white to purple vexillium 10-22 m long. Fruit 2-3.5 cm long, 1-1.5 cm broad, and 1-4 

seeded, glandular pubescent (Ali, 1977). 

Mung (Vigna radiata L.): 

Mung bean known as mung, green gram and golden gram. These are the seeds 

of Vigna radiata native of Bangladesh, India and Pakistan. Mung belong to the family 

Papilionaceae in the region of Asia. Mung beans are high in protein (21%-28%) and 

the other minerals and vitamins are also present in it. In Pakistan, it is grown in 

province of Punjab on largest area after chickpea. It is used by humans for food as 

sprouts and dry seeds and as forage for livestock. Seeds are also used as vertigo. 

Mung extract is said to have curative properties in Polyneutrites gallinarum. The 

plants are also used for food of hay. 

Plant is climbing or erect herb, stem pubescent, hair brown. Leaf trifoliate, 

petiole 5-21 cm long, leaflet 5-16 cm long, 3-12 cm broad, elliptic rhomboid or ovate. 

Inflorescence axillary, many flowered calyx tube 3-4mm long, glabrous, teeth 1.5-4 

mm long and ciliate. The upper pair almost united. Corolla greenish yellow. Fruit 4-9 

cm long, linear cylindrical, dark brown, 8-14 seeded (Ali, 1977). 

Maize (Zea mays Linn.): 

Zea mays belongs to the family Graminae (Poaceae) is familiar as maize or 

Indian corn. America is the native country introduce into the world. It is a summer 

crop. In Pakistan, maize is third important cereal after wheat and rice. Maize accounts 

for 4.8% of the total cropped area and 3.5% of the value of agricultural output. It is 

planted on an estimated area of 0.9 million hectare with an annual production of 1.3 

million tones. The bulk (97%) of the total production comes from two major 
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provinces; Khyber Pakhtoon Khaw (KPK) accounting for 57% of the total area and 

68% of total production. Punjab contributes 38% acreage with 30% of total maize 

grow production while small amount of maize (2-3%) is produced in the province of 

Sindh and Balochistan.  

Maize is cultivated as a purpose of forage and food crop. The grains are source 

of starch, vitamins, proteins and minerals. It is estimated that in Pakistan, maize 

distributed to 0.607 million tons for direct human consumption while 0.450 million 

tons for poultry feed and live stock. Most important use is ethanol obtained from 

maize can be used as a biomass fuel. The grain is not only useful but whole plant is 

important for us. 

Maize is a tall, determinate, monoecious, annual plant. It produced large, 

narrow, opposite leaves, born alternatively along the length of stem. Maize is 

monoecious plant, that is, the sexes are portioned into separate pistillate and the shoot 

terminates into the inflorescence bearing staminate or pistillate flowers (Dhillon and 

Parsanna, 2001). The male flower matures earlier than the female flower. The male 

spikelet are usually collected in terminal raceme while the solitary female 

inflorescence consist of numerous female spikelet seated on a spongy axis (Cope, 

1982). 

Cowpea  (Vigna unguiculata Linn.): 

Cowpea  (Vigna unguiculata) is an annual grain legume. It was originated in 

Africa. Currently it is widely grown in Africa and Nigeria, which are the largest 

producer. It also grown in Latin America, South East Aisa and United States. In 

Pakistan, it is not grown on large area (Chaudhry et al.,2002). It is used as pulses in 

form of dry seeds. 

Cow pea has important nutrition component used as human diet as well as 

feed and fodder for livestock. Starch obtained from the seeds may be used for textile 

sizing and as thickening agent in Calico-printing. Cowpea seeds are considered and 

prescribed in hepatic trouble. Seeds contain stigma sterol and may be used in place of 

Soya bean in the preparation of steroidal hormones which may be as every part of 

plant e.g. the young tender green leaves used as potherb like spinach, seed used as 
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fresh and dried like vegetable. In some African countries hay is used as fodder for live 

stock. 

Vigna unguiculata is glabrescent, scrambling annual plant. Leaf trifoliate. 

Petiole 1.5-13 cm long; leaflet-broad, ovate-lanceolate, glabrous or sparsely pubescent 

on both surfaces. Inflorescence axillary, 2-12 flowered, peduncle 2-36 cm long; bracts 

3-5 mm long. Pedicel 1-4 mm long. Calyx glabrous. Corolla white, greenish yellow or 

purple. Fruit up to 20 or 30 cm long, glabrous, seed 6-9 mm long (Ali, 1977). 

Pearl millet (Pennisetum glaucum Linn.): 

It belongs to the family graminae and grows in low rainfall region. Millet is 

largely cultivated in Africa, Arabia and Asia. In Pakistan, pearl millet is grown in 

many districts of Punjab e.g. Gujrat, Rawalpindi, Jehlum and Attock etc, in Sindh: 

Hyderabad, Khairpur, Dadu, Nawabshah, Sanghar and Tharparkar. In Balochistan, 

Sibbi, Khuzdar and Lorali and KPK, Bannu, D.I. Khan and Karak. The crop is grown 

mainly in Kharif season and harvesting between September to February.  

It is an important food crop as seed for the fodder crop. It is also used in 

poultry food and as green fodder for animals. Weed may be controlled by the millet or 

ability to compete with weeds. Pearl millet is sown in rows, where fodder crops are 

grown in high population or densities therefore the cultivated crop control the weed 

growth. Balten sperger (2002) and Faridullah et al., (2010) reported that P. glaucum 

grow in those area where water is a limiting factor for growth of crop.  

Pearl millet (Pennisetum glaucum) plant is annual or perennial, leaf blades 

linear to lanceolate, flat or convolute; ligule a line of hairs, rarely membranous, 

inflorescence a cylindrical to subglobose spike like panicle terminal on culms and 

branches, each spikelets subtended by a deciduous involucres of 1- many slender 

bristles free throughout; rhachis rounded or angular, with or without short peduncle 

stumps. Spikelets narrow lanceolate to oblong, dorsally compressed, glabrous, lower 

floret male or barren its lemma of variable length and membranous, upper lemma as 

long as the spikelets or a little shorter, usually pubescent in margins (Cope, 1982). 
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Objectives of my study: 

 The present research was carried out with following objectives. 

 To study the influence of weed on six test crops. 

 To explore the allelopathic potential of three weeds including 

Chenopodium album, Chenopodium murale and Anagallis arvensis on 

a few crop species particularly Wheat, Gram, Mung, Maize, Cow pea 

and Pearl millet.  
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CHAPTER NO. 2 

REVIEW OF LITERATURE 

Allelopathy is recently a new concept in agro-ecosystem of Pakistan. Many 

factors are involved in allelopathic interaction between plant to plant. A lot of work 

on allelopathic effect of various plant species has been published in developed 

countries. In Pakistan, various workers also evaluated allelopathic characteristic of 

different weed species using various crops as test species. I am presenting here only a 

few examples for overseas and some important recent work from Pakistan. 

Some weeds have allelopathic effects as well as antifungal affect. Rafique et 

al., (1984) studied about the antifungal activity of some common weeds like 

Chenopodium album, Asphodelus tenuifolius, Chenopodium murale, Convolvulus 

arvensis, Fumaria parviflora and Coronopus didymus collected and macerated in 

distilled water then poured into fungal plates. Each plate with test organism 

(Helmeinthosproium, H. carbonum, H. oryzae, Colletotrichum falcatum and 

Alternaria porri) was used. But only Anagallis arvensis and Chenopodium album had 

antifungal properties against all four Helminthosporium spp. and leaf extract and stem 

extract of Chenopodium album inhibited Colletotrichum falcatum. 

Hussain et al., (1991) studied about the allelopathic effects of Walnut (Juglans 

regia L.) on potato, turnip, corn and Bean by the walnut extracted from various parts, 

shoot litter and natural rain leachate. In the field investigations revealed that the 

germination height, shoot, fresh and dry weight of test crop was significantly affected 

by walnut extract when compared to their same crop without walnut extract. In the 

laboratory findings that Ferulic, p-coumeric acid, chlorogenic and gallic acid were 

identified as the possible allelopathic substances in the aqueous extracts and natural 

rain leachate of the walnut tree.  

Wardle et al., (1991) found allelopathic potential of noddling thistle (Cardius 

nutans L.) seeds on four test species i.e. cocksfoot, perennial ryegrass, white clovers, 

subterranean clover. Bioassay experiment to assess the cumulative germination, speed 

of germination and radicle elongation. Radicle elongation of all species was 
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substantially inhibited by nodding thistle seeds. A probability analysis that a high 

density of nodding thistle seeds has the potential to extract a substantial negative 

effect on newly sown pasture. 

Wardle et al. (1992) described the influence of osmotic effects of aqueous 

plant extract on the result of allelopathy. They found that the bioassays using aqueous 

plant extracts were more realistic when osmotically adjusted the control values with 

the same osmotic potential of mannitol solution or the plant extract was used. 

Noor et al. (1995) determined the allelopathic effect under canopy soil of 

Prosopis juliflora Swartz on germination and early seedling growth of Zea mays, 

Triticum aestivum and Albiza lebbeck. Aqueous extract were prepared by different 

parts of Prosopis and studied the effects. Fruit and seed extract considerably delayed 

and reduced germination compared with root, shoot, while seedling growth remained 

unaffected in most crops. 

Tanveer et al. (1999) found the fertilizer method applied on the weed 

Chenopodium album in competition period with wheat. In subjected, Chenopodium 

album competed to wheat var Pasban 90 was given N and P fertilizers by side 

placement for different length of time i.e. 6 weeks after emergence, pupate and 

concentration in the weed were greater, whereas uptake and concentration in wheat 

were greater with side placement and decreased within period of weed competition. 

Alam et al. (2001) reported that the weed seed of Anagallis arvensis was 

affected alone and in combination with NaCl to the wheat seedling growth. There was 

not significant effect on shoot length in 0.2%. But 0.4% NaCl reduced the shoot and 

root growth and root growth was affected more than the shoot growth. 

Qureshi and Bhatti (2001) carried out a survey in wheat field of district 

Sukkur and reported the forty five weed species belonging to sixteen angiospermic 

families. The dominant weed species were Lathyrus aphaca L. Fumaria indica 

(Hussak), Alghai maurorum Medic, Chenopodium album L., Chenopodium murale L., 

Rumex dentatus L. Coronopus dydymus (L.) Smith. While, Grangea maderaspatana 

poir was reported for the first time as a weed in Pakistan. 
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Rebaz et al. (2001) examined the allelopathic effect of aqueous extract of 

Anagallis arvensis L. on the germination and early seedling growth of test species 

such as pearl millet, mustard, carrot, turnip, wheat and corn. These species showed 

different response to the extract. Germination was reduced by shoot extract in 

sequence of pearl millet > mustard>carrot>turnip>wheat=corn. Decaying Anagallis 

arvensis in 5, 10 and 20g/kg soil substantially inhibited germination and seedling 

growth of pearl millet in all dosages.  

Alam et al. (2002) worked with the aqueous leaf extract of Chenopodium 

album L. alone and in combination with NaCl on the growth and germination of 

wheat. The treatment with salt drastically reduced the growth of wheat. 

Cheema et al. (2002) found the allelopathic response of wheat varieties and 

Rabi weeds by sorghum water extract. The spray of SWE of sorghum after sowing 

inhibited the density and biomass of weeds species e.g. Chenopodium album (48%), 

Phalaris minor (21-34%), Rumex dentatus (35-46%), Avena fatua (26-35%) 

respectively. While in varieties of wheat, grain yield enhanced by 10-22% and also 

improved the leaf area, productive tillers and grain number by SWE sprays. 

Khalid et al. (2002) reported that the allelopathy is normally a big challenge in 

agriculture of Pakistan, through the allelopathic potential of some weeds and crops 

which control the weeds by releasing of the different allelochemicals. 

Khan et al. (2002) reported crop weed competition in wheat. Weed infestation 

period significantly affected the plant height, spike length and the 1000 grain weight. 

Uncontrolled weed caused almost 65% grain yield loss compared to weed infestation 

only for first two and four weeks after sowing. 

Randhawa et al. (2002) reported the allelopathic effect of sorghum water 

extract on the growth of Trianthema portulacastrum. Sorghum water extract at high 

concentration reduced the germination of T. portulacastrum by 15-20%. Similarly, the 

root and shoot length of T. portulacastrum significantly suppressed by sorghum water 

extract, while concentration of extract promoted shoot length of T. portulacastrum. 
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Shaukat et al. (2002) found the allelochemical and nematicidal potential of 

Argemone mexicana which decomposed the leaf tissues in methanol. It affected the 

growth of Lycopersicum esculantum (tomato). These leave tissues were mixed in soil 

at the rate of 50g/kg, 30g/kg and 10g/kg. In 10g/kg enhanced, while 30g/kg growth 

substantially retarded and in 50g/kg caused 80% mortality in plant growth. Plant 

material establishes whether decomposition was necessary to produce phytotoxic 

symptoms. But in general decomposing plant material caused greater phytotoxicity 

than the aqueous extract. 

Shaukat et al. (2003) reported the allelopathic effect of Launaea procumbens 

(Roxb.). Rammaya and Rajgopal on seed germination and early seedling growth of 

four test species, mustard, bulrush millet, corn and spinach. Root and shoot growth of 

all four species were substantially reduced by Launae extract in the order: 

spinach>mustard>corn>millet. 

Nasir and Sultan (2004) conducted a survey in mustard field in Chakwal and 

recorded some importance data. The weed species with 50-100% field uniformality 

were Asphodelus tenuifolius, Convolvulus arvensis, Fumaria indica and Medicago 

denticulata. While, Anagallis arvensis, Asphodelus tenuifolius, Fumaria indica, 

Sorgham halepense and Trifolium polycerata had high density then the others and 

these weeds associated with mustard crop and must be affected the production. 

Javed et al. (2005) reported the allelopathic effect of Desmotachyta bipinnata 

L. on Parthenium hysterophorus L. In Punjab waste-land rapidly occupied by the 

noxious weed but Desmotachyta bipinnata is an allelopathic grass which restricted the 

spread of this weed. In the field study aqueous root and shoot extracts of D. bipinnata 

of 5, 10, 15 and 20% (w/v) concentrations significantly reduced the germination of 

Parthenium hysterophorus. 20% root and shoot extracted was completely arrested the 

weed germination and also inhibited the root and shoot length and seedling biomass 

of Parthenium hysterophorus. 

Khan et al. (2005) reported in a laboratory based studies of allelopathic effects 

of tree extracts Eucalyptus and Acacia on weed and crops. Extracts stimulated the 

germination of Asphodelus tenuifolius cavas and have inhibitory effects on Brassica 

compestris and Triticum aestivum. 
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Javaid and Anjum (2006) reported that the exotic weed Parthenium 

hysterophorus L. suppressed the early seedling and controlled by the extracts of three 

allelopathic grasses i.e. Dicanthium annulatum stapf, Cenchrus pennisetiformis 

hochest and Sorghum halepense Pers. The highest suppressive ability was exhibited 

by extracts of C. pennisetiformis and 20% of shoot and root extracts completely 

inhibited the germination of P. hysterophorus. From these three allelopathic grasses, 

S. halepense has less inhibitory effects than the P. annulatum and C. pennisetiformis. 

Shahid et al., (2006) found that the response of wheat by the application of 

aqueous extracts of different allelopathic plants Sorghum halepense, Sorghum bicolor, 

Eucalyptus camaldulensis and Acacia nilotica. Sunflower extract was the most 

inhibiting to germination, shoot and root length of wheat, while Sorghum halepense 

extract resulted insignificant effect to wheat growth. 

Alam and Shaikh (2007) reported the allelopathic effect of leaf aqueous 

extract of common purslane (Portulaca oleracea L.) on rice germination and root and 

shoot length with alone and in combination with NaCl (2 % and 4%).Germination had 

no effected but root growth in 4% was more affected than the shoot growth.Root 

length reduced by NaCl combination  40.1% over to control. 

Alam and Shaikh (2007) found the influence and allelopathic effects of leaf 

extract of nettle leaf goosefoot (Chenopodium murale L.) on rice seedling growth. 

Leaf extract and NaCl combined have significant effects on germination. The leaf 

extract combined with NaCl drastically reduced the root and shoot growth  of rice 

compared to control. 

Ashraf and Akhlaq (2007) studied the allelopathic effect of sorghum plant 

water extract (WE) used on suppression of weeds in wheat and grain yield under rain 

fed conditions. Water extract of sorghum spray significantly reduced plant population, 

fresh and dry weight Anagallis arvensis L. (Pimpernal), Chenopodium album L. 

(Lambsquarter), Fumaria indica L. (Fumatory). All parts of sorghum treatments 

suppressed plant height. Longer spike and heavier grain were found in stem + root 

with water extract treatment, but only root water extract spray increased wheat yield 

by 12% compared to control. Sorghum water extract caused reduction in weed density 

over control. 
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Hussain et al. (2007) reported the allelopathic effects of Senna (Cassia 

angustifolia Vahl.) on germination and seedling growth of cereal crops i.e. Maize, 

Rice, Wheat and Sorghum and their associated grassy weeds i.e. Avena fatua, 

Dactyloctenum aegyptium, Echinocloa colona, Phalaris minor and sorghum 

halepense. Senna used as plant extracts, mulch and soil incorporation with control. 

All senna treatment in variable allelopathic affects on germination and seedling 

growth of all test species and weeds. A significant was observed in Senna/Wheat 

interaction in mulching of Senna which 11% reduced the germination over control 

while seedling growth promoting of wheat. In other cereals the extracts reduced the 

germination and clearly positive effect on seedling growth and the extract was growth 

promoter for weeds. Mulching treatment reduced the growth characters. 

Kazi et al. (2007) conducted a survey of four irrigated farms of wheat fields of 

Tandojam Sindh. In these farms the most populated and frequently occulting 

commonly weed was lambsquarter (Chenopodium album). Its frequency was 30% and 

relative density was 13.53%, while Heliotropium europacum L. was the least 

population density with 0.52% and the least frequently with 3.3% occurring weed. 

This result was concluded from the data of twenty six weed species of wheat field. 

While dense populated weeds were Melitotus indica L., Phalaris minor L., Cornopus 

didymus (L.) and Cyndom dactylon L. 

Cheema et al. (2008) report accept the chemicals and other methods the 

natural and alternative tool against the exploitation of allelopathic potential of crop 

and weed management e.g. Sorgham extract (Sorghum) applied 30-60 days after 

sowing. It can reduce the biomass of weed and increase the wheat yield 20%, compare 

with control. According to this application, Weed management is better for wheat and 

other crops. 

Rajput et al. (2008) surveyed and collected the data of weeds which present in 

field of cotton (Gossypium hirsutum L.) in Ubaro District Sukkur. Weeds belong to 21 

families and number of seventy six plants was identified. In this check twenty two 

weeds species are recorded in the family Poaceae, the data collected from ten different 

cotton fields. Some of weeds like Chenopodium murale, Chenopodium album, 
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Melilotus parviflora, Cyperus rotandus and trianthema are the most frequent weed 

which commonly formed in the study area. 

Naseem (2009) reported the influence of sunflower plant extract on wheat and 

other weeds in the same field. Some weeds Chenopodium album L., Coronopus 

didymus L., and Avena fatua L. have inhibitory effects on wheat, but all the treatments 

of extracts increased the wheat yield significantly than control. 

Jabeen and Ahmed (2009) reported the allelopathic effects of Euphorbia hirta 

L., Asphodelus tenuifolius cavase and funmaria indica and they were responded 

differently on growth and germination of maize. Fumaria indica and Asphodelus 

tenuifolius (weed powder) inhibited the germination and growth of maize. Asphodelus 

tenuifolius was remarkable, while Euphorbia hirta slightly affected the germination 

and the speed of germination of maize. Comparison of these weeds fumaira indica 

Hussk had most inhibitory effect and highly depressed germination and the speed of 

germination of maize. 

Cheema et al. (2010) reported in a field trial to determine the allelopathic 

effects of water extract of rice weeds. The water extract with half dose of herbicide 

was effective in controlling the weeds. Extract of Sorghum alone suppressed the 

weeds in rice field effectively. 

Jabeen et al. (2011) reported the allelopathic effects of weed Asphodelus 

tenuifolius cavas on the growth of wheat and sorghum bicolor (L). In this experiment 

sorghum bicolor acted as an allelopathic crop and suppressed the weed, while wheat 

growth was affected by Asphodelus tenuifolius.   

Mubeen (2011) reported the allelopathic effects of aqueous extract of weeds, 

Trianthema portulacastrum L., Dactyloctenium aegyptium L. and Eleusine indica L. 

on the germination and seedling growth of Rice (Oryza sativa L.) seed soaked. By the 

root and shoot extracts of Trianthema portulacastrum L., the rice showed the 

inhibitory effects on root and shoot length, whereas, rice seedling showed minimum 

effect on the length of root and shoot, when soaked in Dactyloctenium aegyptium L. 

and Elusine indica L., extracts. The weed Trianthema portulacastrum L. proved to be 

the most problematic weed for rice seedling and growth. 
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Rabbani et al. (2011) assessed the competition level of five problematic weeds 

namely, Cyperus rotandus L., Cyprus difformis L., Echinochloa colonum (L.) Link, 

Paspalum paspatrides (Mich) and Morsilea minuta L. with two rice varieties. 

Basmati-385 and Super Basmati. In field experiments super Basmati was found to be 

comparatively more tolerant to weed infestation then Basmati-385. In weed 

competition root and shoot growth and grain in both rice varieties were adversely 

affected. In grain yield reduction in super Basmati was 6-40% and Basmati-385 was 

21-56%. Echinochloa colonum (L) was most effective and competitive weed losses of 

56 and 42% in Basmati-385 and Super Basmati. While the second highest damaging 

weeds P. papaloides weed caused 47% yield losses in Basmati-385. 

Salam et al. (2011) reported the allelopathic effects of root and shoot leachates 

of weed Anagallis arvensis on Vigna radiate L. and Pennisetum americanum L. 

Radical elongation showed different responded. The growth of Vigna radiate was 

significantly reduced while P. americanum was enhanced by root leachate and the 

shoot leachate showed the non-significant results on germination and radical length. 

Shafique et al. (2011) found the herbicidal effects of aqueous leaf extracts of 

three species Chenopodium album L., Chenopodium murale L. and Chenopodium 

ambrosiodes L. on the wild oat (Avena fatua L.) which problemed in wheat field. 

Lower concentration of 2% of three weeds were significantly affected while, 

enhanced seedling growth of Avena fatua L. but higher concentration 6% and 4% of 

C. album and C. murale caused significant inhibition in germination and resulted in 

66-34% decline in germination and showed non-significant effect of Chenopodium 

ambrosioides on germination and seedling growth of Avena fatua. In these three 

species leaf extract of Chenopodium album contain herbicidal constituents and 

managed the growth of A. fatua. 

Shahzad et al. (2011) found the weed crop competition on growth and yield of 

garden cress (Lepidium sativum L.). In full season a of field experiment, the dominant 

weeds were Phalaris minor, Anagallis arvensis, Chenopodium album, Convolvulus 

arvensis and Medicago denticulata. The maximum seed yield was recorded in plots. 

Weeds were not allowed to grow throughout the season. Phalaris minor, 

Chenopodium album, Anagalllis arvensis were significantly affected in forty days, but 
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the differences between weedy check and competition for 80 days after sowing were 

not significant. So the weeds controlled before 40 days after emergence of the crop 

was found the critical period of weed crop competition.  

Yasmin et al. (1999) found the allelopathic effect of two important crop wheat 

(Triticum aestivum L.) and chick pea (Cicer arietinum) on each other’s growth and 

quality. Both have the suppressive effects of extracts in different concentrations (25, 

50 and 75%). Wheat water extracts have no inhibitory effect on germination of 

chickpea seeds, root and shoot length, while chickpea water extracts has inhibitory 

effects on wheat germination. Root and shoot length were greatly affected. 

Ehsan et al. (2012) found the strong allelopathic potential of Anagallis 

arvensis L. The two varieties of wheat by the extract of whole plant of Anagallis 

arvensis L. reduced the germination, plumule growth, radical growth, cell size and 

fresh dry weight of two wheat varieties namely Ghaznavi and Uqab. 

Al-johani et al. (2012) investigated the impact of extract of two weeds 

Chenopodium murale and Malva perviflora on barley growth and photosynthesis. All 

growth parameters i.e. plant height, number of leaves and root dry weight highly 

affected in C.murale than M.parviflora. 

Jabeen et al. (2013) reported the allelopathic effect of three weed species 

Asphodelus tenuifolius, Euphorbia hirta and Fumaria indica used as ground material 

and mix with soil in different ratio on wheat growth. F. indica and A. tenuifolius 

significantly reduced the germination and plant height of wheat while E. hirta show 

no significant effect on wheat. 

Besides above mentioned weed/crops allelopathic relation, detailed interaction 

among crops i.e. wheat, gram, mung, maize, cow pea and pearl millet weeds i.e. 

Chenopodium album L., Chenopodium murale L. and Anagallis arvensis L. are still 

unknown in our environment. Many workers used plant extract to assess allelopathic 

effect while here different approaches for example osmotic effect, root/shoot leachate 

and combine culture growth experiments were conducted. It is hoped that these results 

would be informative and may be use in management of these weeds. 
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CHAPTER NO. 3 

MATERIALS AND METHODS 

The allelopathic effect of weeds Chenopodium album, C. murale and 

Anagallis arvensis on test crops; mung, pearl millet, maize, wheat, cowpea and gram 

experiment were determined using green house and laboratory facilities of department 

of botany, Federal Urdu University of Art, Science and Technology Karachi-Pakistan. 

The germination experiments were carried out in laboratory and pots in green house 

by the following methods. 

Collection of material: 

The weed plants collected from sites of Karachi University, Federal Urdu 

University, different waste places, road sides of Karachi and Hyderabad. Sufficient 

amount of weed plants Anagallis arvensis, Chenopodium album and Chenopodium 

murale were collected to obtain extracts and sown in pots for leachate and combine 

culture trials in Department of Botany, FUUAST, Karachi. Test crops seeds were 

obtained from Atomic Energy Commission and Agricultural Research Station, 

Tandojam. The seeds of test crop were cleaned and stored in paper bags and kept in 

dry place at room temperature in laboratory. Following test crop varieties were used 

in present studies. 

Wheat  (Mehran 89 and Sarsabaz 86) 

Gram  (DG 92) 

Maize  (Sahiwal 2002 and Golden) 

Pearl millet (PARC MS-2 and Bajra Super) 

Mung  (EAM-96) 

Cow pea (DG-89) 

The result of data of the germination, radicle growth and plant height were 

obtained from Petri dishes and pot trails. Calculation of percent germination, speed of 
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germination ‘S’ by Khandakar and Bradbeer, (1983), percentage of inhibition on 

radicle growth and plant height by Surnedara and Pota, (1978) by the following 

formula. 

1. Germinability (G%) 

 

2. Speed of germination index (S) 

 

Where N1/1, N2/2, N3/3….Nn/n= Proportion of seeds with germinated on day 
1,2,3…..n. 

3. Inhibition 

 

Where: I= % inhibition, E1= Response of control plant, E2= Response of treatment 
plant 

Laboratory experiment  

Mannitol experiment:     

Using aqueous extract of weed plant is one of the common techniques used for 

studying influence of allelopathy. Germination is also assessed by the relative 

importance of osmotic influence. According to Bell (1974) it is assumed that the 

response of seeds or seedling to plant extracts is not entirely due to the allelopathy, 

the possibility exists that the extract may also exert negative osmotic effect on the test 

species. The test species were tested by using Mannitol solution of varied 

concentrations to test the effects of possible osmotic potential. 

Preparation of Mannitol solution: 

Aqueous solution of mannitol were prepared in four different concentrations 

i.e. 16, 24, 32 and 50 gl-1 which corresponding 22.0, 32.9, 43.9 and 66 kPa (osmotic 

potential) and deionized water was used as a control, to asses their relative effects on 
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seed germination and radicle elongation (Wardle et al., 1992). Milk cryoscope was 

used to determine osmotic potential. Each concentration of mannitol solution prepare 

in 400 ml distilled water express/define in following table. 

Preparation mannitol solution in different concentration 

22.0 kPa 16 gl-1 solution 6.4g mannitol  + 400 ml distill water 
32.9 kPa 24 gl-1 solution 9.6g mannitol  + 400 ml distill water 
43.9 kPa 32 gl-1 solution 12.8g mannitol + 400 ml distill water 
66 kPa 50 gl-1 solution 20.0g mannitol + 400 ml distill water 

    

All six test crop seed germination bioassays were conducted in laboratory. 

Five replicates per treatment with10 seeds were kept in 9 cm diameter petri dish and 

Whatman No. 1 filter paper also kept inside the petri dishes. The petri dishes were 

covered with glass covering and sealed by insulating tape. Normally the temperature 

of the trial was 20-30°C (varied due to germination of seed of test crop). Three ml 

mannitol solution and deionized water used on alternate days in each trial. The trial 

terminated after ten days. Germination of seeds in each petri dish of test crop was 

daily recorded and radical length measured on alternate day. Cumulative percent 

germination, speed of germination (S) and radical length were calculated according to 

the formula described before.  

Preparation of extract: 

Sufficient amount of weed plants were collected, washed and dried at room 

temperature for 7-10 days and ground by Willey Mills to 1 mm (40 mesh) size. Ten g 

of whole plant material mixed with 100 ml distill water and left for 24 hours in dark 

in laboratory at room temperature (Average 25-30°C during day) for extraction. A 

filtrate obtained from mixture and final volume up to 100 ml, 10% aqueous extract 

considered as a stock solution adjusted to pH 6.8 with 1m HCL (Rice, 1972). A series 

of dilutions (1%, 3% and 5%) were made from stock solution. In all petri dishes and 

pot before experiments seeds of test crops and weeds were sterilized with 0.1% HgCl2 

for 1 minute and 3 to 4 time washed with distill water for removing fungi and the 

residues of HgCl2. Sterilization was necessary for each experiment by similar method, 

so it was decided to discuss together and avoid repetition in other experiments. 
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Germination and radical elongation: 

A series of dilution (1%, 3% and 5%) from the stock solution were used in 

bioassay trials. Bioassay trials were carried out in glass petri dishes (9.0 ×1.5cm) to 

study the allelopathic effect of aqueous extract of weed on germination of crop seeds. 

Ten sterilized seeds of each test species kept in petri dishes, Whatman no. 1 double 

filer paper used in petri dishes.  Seeds of test crop arranged at uniform distance in 

petri dishes and covered with glass lid in each concentration of extract. All 

experiments were carried out at room temperature of 25± to 20°C and varied due to 

requirement of test crop. Five replicates were setup for each test species of 

concentration of weed extract with control of test species. In each petri dish pour 3 ml 

of extract was used, while control treated with distilled water. Petri dishes were 

regularly checked for moisture, germination of seeds and radicle length till the trial 

terminated. Seed germination was recorded every day while radicle growth measured 

for 10 days with data collected on alternate days.  

Leachate bioassay: 

Experiments were conducted in green house and laboratory. Weed plants 

grown in pots of 15 cm diameter were filled with 500gm soil after emergence weeds 

seedlings were grown for one month. 

Aqueous leachate bioassay is commonly used to investigate potential 

allelopathic effect of soluble compounds leached through the plant canopy via 

artificial rainfall on associated species (Stowe, 1979). Design of experiment followed 

as extract bioassay used the 9 cm diameter petri dish and Whatman No. 1. filter paper 

kept inside the Petri dishes. 

Artificial rain drip (Shoot leachate): 

A sufficient amount (1kg approximately) of each weed species leaves was 

sprinkled with tap water for removal of any surface allelopathic chemicals and 

collected in a funnel attached to conical flask. 500 ml distilled water was sprayed with 

a sprayer on the shoots and the leachate collected. This spraying procedure normally 
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complete 40-50 minutes per sample (Wardle et al., 1993). The leachate was filtered 

through Whatman No. 1 filter. The filtrate was full strength leachate and used in 

experiments. 

Root leachate: 

Root leachate obtained from all weed plants by following method (Ahmed and 

Wardle, 1994). Weed containing pots were irrigated with tap water until 300 ml 

leachate passed through the roots system. A beaker was kept below each pot of weed 

plant. The process normally took forty minutes per sample. The mixture filtered by 

Whatman No. 42 filter paper. The filtrate or root leachate was stored in conical flask 

and kept in a refrigerator at 10-20°C for further use.         

. The seeds of all test species were surface sterilized as described before. Ten 

seeds of test species were placed on the filter paper in each petridish.Distilled water 

were used in control of each replicate.   Three ml of root and shoot leachate of each 

weed species were used with five replicates of test species..  Leachate and distilled 

water in the petri dishes poured in alternate days. Temperature of trial were 

maintained at 20-25°C depending on crop species. Seed germination was assessed 

every day and speed of germination index ‘S’ , percent inhibition in radicle length 

was measured at end of trial while radical length was measured alternate days. 

Green house experiments: 

Pot experiments: 

Allelopathic potential of weed Chenopodium album L., Chenopodium. murale 

L. and Anagallis arvensis L. were assessed on the germination , plant height, 

inhibition percent in plant height and dry mass root and shoot of test crops. These  

experiment were conducted in pots with five replicates of control of weed 

(monoculture), control of test species (monoculture) and five replicates of interaction 

of test crops and weed plants (combine culture). The seeds were sown in each pots of 

control of test species, combine culture pot and control of weeds. Germination 

recorded every day and after the completion of germination in seven to ten days. The 

seedlings were thinned and three individual plants left in each pot for control trial.  
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But in combine culture pot have six plant three plant of weed and three plants of test 

species. Recorded the plant height per week and than after four weeks trial was 

terminated and record the fresh and dry weight of shoot and root. 

Data Analysis: 

Data were analyzed and subjected to analysis of variance (ANOVA) or 

Factorial analysis of variance (FANOVA) depending upon the experimental design 

according to Gomez and Gomez (1984). The follow up of FANOVA included Least 

Significant Difference (LSD). Duncan’s multiple range test was also used to compare 

the treatment means. Analysis of variance (ANOVA) of factorial analysis of variance 

(FANOVA) were followed by the standard error of the difference between means.  
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CHAPTER NO.4 

 

EXPERIMENTAL RESULTS 

 

COMPARISON OF OSMOTIC AND ALLELOPATHIC 
RESPONSE OF WEED AND EXTRACT 

 

A. Allelopathic effect of Chenopodium album on six test species: 

The seed of all test species i.e. wheat, gram, maize, mung, cowpea and pearl 

millet were treated with mannitol solutions of various osmotic potential. In these trials 

possible inhibitory or stimulatory effect of mannitol solutions are assessed. In other 

trial which was run side by side, known concentrations (1%, 3%, and 5%) of weed 

plant extract were used to evaluate germination and radicle elongation of test species. 

Results of both trials were compared to explore actual allelopathic effects of weed 

species on following test species. 

1. Wheat (Triticum aestivum L.) 

2. Gram (Cicer arietinum L.) 

3. Mung (Vigna radiata L.) 

4. Maize (Zea mays L.) 

5. Cow pea (Vigna unguiculata L.) 

6. Pearl millet (Pennisetum glaucum L.) 
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1. Wheat (Triticum aestivum L.): 

   Table 1A. Effect of osmotic stress on seed germination and seedling growth of wheat 

(Appendix 1A) 

Treatments Final 
germination 

Speed of 
germination  

Radicle 
elongation (cm) 

% inhibition 
radicle elongation 

Control 100±0 86.3 11.65±0.51a 0 
22 kPa 94±4 74.5 11.65±0.51a 0 
33 kPa 86±6 73.3 10.52±0.27b 9.69 
44 kPa 88±5.83 77.6 8.68±0.27b 25.4 
66 kPa 94±4 70 8.21±0.55b 29.52 

 

 

 

 

 

 

 

 

 

 

Fig. 1A. Effect of osmotic potential on germination, radicle elongation and inhibition 
% in radicle elongation 

 

Table 1A and Fig. 1A shows the effect of different osmotic solution of 

mannitol on germination, radicle elongation and % inhibition of wheat. It is shown 

that no significant effect and associated from zero (control) to 22 osmotic potential, 

however from 33 kPa to 66 kPa considerable reductions in seed germination and % 

inhibition is recorded. Radicle elongation is significantly reduced in 33 to 66kPa 

mannitol. It is also evident from the Table that effect of osmotic potential from 33 kPa 

to 66 kPa is same and not significantly different in radicle elongation (Fig. 1A). 
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Table 1B. Effect of Chenopodium album extract on germination and radicle elongation of 
Wheat (Appendix 1B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
in radicle 
elongation 

Control 94±2.44 86.6 12.02±0.71a 0 

1% 48±15.93 49 1.90±0.54b 84.2 

3% 56±10.77 36 1.16±0.13b 90.35 

5% 44±15.03 33 0.79±0.23b 93.43 

 

 

 

 

 

 

 

 

 

 

Fig. 1B. Effect of different concentration of aqueous extract of Chenopodium album 
whole plant on germination, root length and % inhibition in root length 

 

Table 1B and Fig. 1B show the effect of different concentrations of 

Chenopodium album plant extract on germination, radicle elongation and % inhibition 

of test species wheat. It is evident that higher reduction in germination, speed of 

germination, radicle elongation and % inhibition were recorded even in to 1% weed 

extract which is equivalent to only 22kPa. In 5% solutions (66kPa) of mannitol and 

plant extract, pronounced reduction in germination (94 to 44), speed of germination 

(70 to 33), radicle elongation (8.21 to 0.79) and % inhibition (30 to 93) were recorded 

in plant extract. These Tables show the test species “Wheat” is highly sensitive to 

Chenopodium album and this weed has strong allelopathic effect on this crop. 
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2. Gram (Cicer arietinum L.) 

Table 2A. Effect of osmotic stress on seed germination and seedling growth of gram 

(Appendix 2A) 

Treatments Final 
Germination 

Speed of 
germination 

Radicle 
elongation (cm) 

% inhibition 
radicle elongation 

Control 100±0 70.6 10.48±0.33a 0 
22 kPa 96±2.4 60 9.3±0.32b 11.25 
33 kPa 90±6.3 60 9.24±0.38b 12.21 
44 kPa 92±3.7 58 8.68±0.31bc 17.17 
66 kPa 88±5.8 50 7.84±0.53c 27.67 

 

 

 

 

 

 

 

 

 

 

Fig. 2A. Effect of osmotic potential on germination, radicle elongation and inhibition 
% in radicle elongation 

 

Response of various concentrations of mannitol solution on germination, 

radicle elongation and % inhibition of gram is postulated in Table 2A and Fig. 2A. 

Gram seems sensitive to even 22kPa osmotic potential and significant reduction in all 

above parameters is recorded. This table shows higher the osmotic potential, higher 

the reduction in germination and radicle growth. It seems that gram is sensitive to 

osmotic potential. 

 

a b b bc c

0

20

40

60

80

100

120

1 2 3 4 5

Treatments

P
ar

am
et

er
s 

Final Germiantion Radicle elnogation Inhibiton %

Control               22 kPa                33 kPa            44 kPa            66 kPa



Chapter 4:  EXPERIMENTAL RESULTS (OSMOTIC & 
ALLELOPATHIC RESPONSE) 

-33- 
 

Table 2B. Effect of Chenopodium album extract on germination and radicle elongation of 
Gram (Appendix 2B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle 

elongation 

Control 84±6.78 58 9.06±0.72a 0 

1% 64±5.09 37 3.06±0.35b 66.3 

3% 56±8.71 31 1.91±0.21bc 79.1 

5% 50±3.16 8.5 1.57±0.19c 87.7 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2B. Effect of different concentration of aqueous extract of Chenopodium album 
whole plant on germination, root length and % inhibition in root length 

This Table and Fig. 2B. also shows the similar trend i.e. higher the 

concentration of plant extract higher reduction in germination, speed of germination, 

radicle growth and increased % inhibition. These results are highly significant if 

compared with control. 

Both Tables (2A and 2B) shows significant effect of osmotic potential and 

plant extract. However plant extract effects (allelopathic) are stronger than osmotic 

effect. If 5% concentration solution of mannitol and plant extract is considered 8 to 

2cm in radicle growth and 28 to 88% inhibition were recorded in plant extract. 
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3. Mung (Vigna radiata L.)   

Table 3A. Effect of osmotic stress on seed germination and seedling growth of Mung 

(Appendix 3A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation (cm) 

% inhibition 
radicle elongation 

Control 100±0 90 12.76±0.49a 0 
22 kPa 94±4 83 11.16±0.39b 12.53 
33 kPa 86±5.09 71.5 9.52±0.54c 25.39 
44 kPa 92±3.74 78 9.58±0.38c 24.92 
66 kPa 94±4 81.6 9.4±0.70c 26.33 

 

 

 

 

 

 

 

 

 

 

Fig. 3A. Effect of osmotic potential on germination, radicle elongation and inhibition 
% in radicle elongation 

 

Table 3A and Fig. 3A. indicate the stress created by mannitol solution by 

osmotic pressure on germination, radicle growth and % inhibition of test species 

(mung). Through numerically marked reduction is not seen, osmotic solution 

significantly reduced radicle growth and % inhibition if compared with control 

(0.0kPa). 
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Table 3B. Effect of Chenopodium album extract on germination and radicle elongation of 
Mung (Appendix 3B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle 

elongation 

Control 98±2 80 13.86±0.56a 0 

1% 78±7.3 62 4.75±0.25b 33.1 

3% 72±6.6 51 3.12±0.12b 77.5 

5% 60±7.07 40 2.25±0.26c 83.77 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3B. Effect of different concentration of aqueous extract of Chenopodium album 
whole plant on germination, root length and % inhibition in root length 

 

Table 3B and Fig. 3B showed the stress created by weed extract (allelopathy) 

on germination, speed of germination, radicle elongation and % inhibition of mung. 

Considerable reductions in above mentioned parameters of test species were recorded. 

If 5% solution (66kPa) of both mannitol and weed extract is compared 94 to 60 in 

germination, 82 to 40 in speed of germination and 9 to 2cm in radicle growth were 

decreased in weed extract. Percentage of inhibition was highly (26 to 84%) increased 

showing stronger effects of weed extract on test species. 

a
b b c

0

20

40

60

80

100

120

1 2 3 4

Treatment

Pa
ra

m
et

er
s

Final germination Radicle elongation Inhibition %

Control 1% 3% 5%



Chapter 4:  EXPERIMENTAL RESULTS (OSMOTIC & 
ALLELOPATHIC RESPONSE) 

-36- 
 

4. Maize (Zea mays L.)  

Table 4A. Effect of osmotic stress on seed germination and seedling growth of Maize 

(Appendix 4A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle elongation 

Control 94±4 76 11.46±0.75a 0 
22 kPa 86±5.09 66.5 8.78±0.42b 22.98 
33 kPa 88±5.83 66.6 11.44±0.58a 0.70 
44 kPa 94±4 62 9.38±0.60b 17.42 
66 kPa 90±4.47 58 8.51±0.53b 25.08 

 

 

 

 

 

 

 

 

 

  

Fig. 4A. Effect of osmotic potential on germination, radicle elongation and inhibition 
% in radicle elongation 

 

Effect on germination, speed of germination, radicle growth and % inhibition 

of test species using control (0.0 kPa) and different concentrations of mannitol 

solutions are shown in Table 4A and Fig. 4A. Data does not show any systematic 

change with increasing concentration due to the unexplainable design. Mannitol 

solution of 22kPa, 44kPa and 66kPa show significant reduction in radicle growth if 

compared with control. 
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Table 4B. Effect of Chenopodium album extract on germination and radicle elongation of 
Maize (Appendix 4B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle elongation 

Control 84±4 73 15.23±0.29a 0 
1% 68±8 61 4.94±0.5b 84.2 
3% 40±8.3 48 1.98±0.34c 90.35 
5% 60±8.3 35 1.66±0.23c 93.43 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4B. Effect of different concentration of aqueous extract of Chenopodium album 
whole plant on germination, root length and % inhibition in root length 

 

Effect of weed extract on germination, speed of germination etc. are shown in 

Table 4B. Marked reduction in germination, speed of germination and radicle 

elongation was recorded with increased concentration of weed extract. Five percent 

(66 kPa) solutions of both mannitol and weed extract show marked deduction in 

germination (90 to 40), speed of germination (80 to 35) and radicle growth (8.5 to 

2cm). Similarly inhibition was increased from 25 to 94 showing stronger effect 

(allelopathy) of weed extract on test species.   
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5. Cow pea (Vigna unguiculata L.) 

Table 5A. Effect of osmotic stress on seed germination and seedling growth of Cowpea 

(Appendix 5A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle elongation 

Control 100±0 77 12.15±0.73a 0 
22 kPa 88±5.83 67 11.25±0.58a 7.40 
33 kPa 86±5.09 73 11.28±0.34a 7.16 
44 kPa 88±5.83 69.5 10.74±0.39ab 11.60 
66 kPa 86±5.09 66.6 9.52±0.32b 21.64 
 

 

 

 

 

 

 

 

 

 

 

Fig 5A. Effect of osmotic potential on germination, radicle elongation and inhibition 
% in radicle elongation 

 

Results of germination, radicle growth and percentage inhibition of test 

species (Cow pea) using different concentration (osmotic potential) of mannitol are 

presented in Table 5A and Fig. 5B. From control (0.0kPa) to 44kPa osmotic potential, 

minor reduction is recorded in germination and speed of germination with no 

significant reduction in radicle growth. However percentage inhibition was increased 

with increasing osmotic potential. 
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Table 5B. Effect of Chenopodium album extract on germination and radicle elongation of 
cowpea (Appendix 5B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle 

elongation 

Control 98±2 76 12.18±0.79a 0 

1% 68±5.8 50 3.07±0.22b 73.9 

3% 40±10.4 21 1.82±0.28b 85.8 

5% 18±8 9 1.65±0.26b 86.5 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5B. Effect of different concentration of aqueous extract of Chenopodium album 
whole plant on germination, root length and % inhibition in root length 

Table 5B and Fig. 5B present effect of weed extract on germination, speed of 

germination, radicle growth and percent inhibition of test species. It is seen that test 

species (cowpea) is highly sensitive to weed extract, since 1% weed extract has 

significant effect on radicle growth. Other parameters are also considerably reduced 

while inhibition markedly increased. Five percent solution (66kPa) of mannitol and 

weed extract showed reduction in germination from 86 to 18, speed of germination 

from 67 to 9 and radicle growth from 10 to 2cm while % inhibition increased from 22 

to 86%. 

a
b b b

0

20

40

60

80

100

120

1 2 3 4

Treatment

Pa
ra

m
et

er
s

Final germination Radicle elongation Inhibition %

Control 1% 3% 5%



Chapter 4:  EXPERIMENTAL RESULTS (OSMOTIC & 
ALLELOPATHIC RESPONSE) 

-40- 
 

6. Pearl millet (Pennisetum glaucum L.)  

Table 6A. Effect of osmotic stress on seed germination and seedling growth of pearl millet 
(Appendix 6A) 

Treatments Final 
Germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle elongation 

Control 100±0 82.6 10.88±0.53a 0 
22 kPa 100±0 76.3 8.6±0.36b 20.95 
33 kPa 90±4 80 8.98±0.19b 17.46 
44 kPa 100±0 82.6 8.96±0.52b 17.64 
66 kPa 100±0 81.3 9.36±0.48b 13.97 

 

 

 

 

 

 

 

 

 

 

Fig. 6A. Effect of osmotic potential on germination, radicle elongation and inhibition 
% in radicle elongation 

 

Effects of different osmotic potentials of mannitol solution on germination, 

radicle elongation and % inhibition of pearl millet (test species) are shown in Table 

6A and Fig. 6B. Results show no effect of osmotic potential on germination and speed 

of germination. While radial growth was significantly reduced in even 22kPa osmotic 

potential.  Inhibition % was increased due to increased osmotic potential but 

unexplainable. 
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Table 6B. Effect of Chenopodium album extract on germination and radicle 
elongation of Pearl millet (Appendix 6B)  

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition radicle 
elongation 

Control 98±2 77 9.73±0.30a 0 

1% 62±6.63 39 2.67±0.29b 72.6 

3% 48±5.83 16.5 1.91±0.17bc 80.4 

5% 30±8.3 12.3 1.76±0.20c 81.92 

a
b bc c

0

20

40

60

80

100

120

1 2 3 4

Treatment

Pa
ra

m
et

er
s

Final germination Radicle elongation Inhibition %

Control 1% 3% 5%

 

Fig. 6B. Effect of different concentration of aqueous extract of Chenopodium album 
whole plant on germination, root length and % inhibition in root length 

Table 6B and Fig. 6B showing effect of weed extract on germination, radicle 

growth and % inhibition of test species (pearl millet). It is shown that radicle growth 

by weed extract is significantly reduced even in one percent extract. Similarly 

germination and speed of germination are considerably reduced with highly increased 

percent inhibition. Tables show that pearl millet (test species) effected by weed 

extract (Chenopodium album) through allelopathy. Osmotic potential only affected 

radicle growth significantly. If both types of solution compared, germination reduced 

from 100 to 30, in speed of germination, 81 to 12 in radicle growth, from 9 to 12 due 

to osmotic potential than plant extract, while % inhibition increased from 14 to 82%. 
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B. Allelopathic effect of Chenopodium murale extract on six test 

species 

 Effect of different potential of mannitol solution on test species i.e. wheat, gram, 

mung, maize, cow pea and pearl millet are presented in previous result with C.album. 

Since each species may show different response, in this chapter effect of other weed 

extract (Chenopodium murale) on same test species are described. For comparison 

purpose trials of mannitol are also considered. 

 

1. Wheat (Triticum aestivum L.) 

Table 1. Effect of Chenopodium murale extract on germination and radicle elongation of 

Wheat (Appendix 7A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% 
inhibition 

radicle 
elongation 

Control 94±4 81.3 19.42±0.54a 0 

1% 82±3.7 53 10.26±0.25b 47.16 

3% 42±5.8 24 6.86±0.97c 64.67 

5% 22±8.66 10 3.85±0.39d 80.17 
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Fig. 1. Effect of different concentration of aqueous extract of Chenopodium murale 
whole plant on germination, root length and % inhibition in root length 

 

Above Table 1 and Fig. 1 show allelopathic effect of Chenopodium murale 

plant extract on germination, radicle growth and % inhibition of test species (wheat). 

Table shows that germination and speed of germination are considerably reduced with 

increased concentration of weed extract. Radicle growth in significantly reduced even 

in one percent plant extract while % inhibition is considerably increased with 

increased extract concentration. 

For this weed species if 5% concentration solution was compared with 5% mannitol, 

reduction in germination was from 94 to 22, speed of germination from 70 to 10 and 

radicle growth was from 8 to 4 cm, while inhibition was increased from 30 to 80%. 

These results show strong allelopathic effect of this weed on wheat (Fig. 1). 
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2. Gram (Cicer arietinum L.) 

Table 2. Effect of Chenopodium murale extract on germination and radicle elongation of 

Gram (Appendix 8A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle 

elongation 

Control 98±2 50.3 10.07±0.09a 0 

1% 74±6 23 1.94±0.08b 80.73 

3% 58±6.6 26 1.49±0.18bc 85.21 

5% 50±7.07 31 1.06±0.01c 89.48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Effect of different concentration of aqueous extract of Chenopodium murale 
whole plant on germination, root length and % inhibition in root length 
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Table 2 and Fig. 2 show strong allelopathic effect of Chenopodium murale extract 

on germinate, speed of germination and % inhibition while radicle growth of gram 

was significantly reduced even in 1% extract. Data shows the germination and speed 

of germination are considerably reduced with increasing concentration of weed 

extract. Percent inhibition considerably increased with extract concentration. 

Maximum concentration of weed extract 5% was compared with 5% mannitol 

solution in germination the reduction was 88 to 50%, speed of germination has same 

value, radicle growth was reduced from 8 to 1cm, while inhibition was increased from 

28 to 90%. These results show strong allelopathic effect of this weed on gram.  

 

3. Mung (Vigna radiata L) 

Table 3. Effect of Chenopodium murale extract on germination and radicle elongation of 

Mung (Appendix 9A) 

 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle 

elongation 

Control 82±3.74 85 11.79±1.18a 0 

1% 60±8.36 70 6.3±0.39b 46.56 

3% 58±3.7 38 5.69±0.42b 51.73 

5% 56±5.09 18.6 5.36±0.56b 54.53 
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Fig. 3. Effect of different concentration of aqueous extract of Chenopodium murale 
whole plant on germination, root length and % inhibition in root length 

 

Table 3 and Fig. 3 showed the weed extract strongly effected the percent 

germination and speed of germination. Radicle growth significantly decreased 

gradually in each concentration even in (1%) 22kPa osmotic potential of weed extract. 

However percent inhibition showed the same trend i.e. increased inhibition with 

increased concentration. Five percent (66kPa) mannitol solution was compared with 

5% weed extract solution reduction in germination was from (94 to 56), speed of 

germination from (82 to 19%) and radicle growth (9 to 5cm). Similarly percent 

inhibition was increased from (26 to 54%). The data revealed that osmotic potential 

has little effect on mung but significantly affected by weed extract. 
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4. Maize (Zea mays L.) 

Table 4. Effect of Chenopodium murale extract on germination and radicle elongation of 

Maize (Appendix 10A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% 
inhibition 

radicle 
elongation 

Control 90±4.4 53 21.86±1.24a 0 

1% 82±3.74 50 18.46±0.35b 15.5 

3% 60±8.3 48 16.47±0.91b 24.65 

5% 52±3.74 52 16.53±0.54b 24.38 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Effect of different concentration of aqueous extract of Chenopodium murale 
whole plant on germination, root length and % inhibition in root length 

  

 

Control 1% 3% 5% 

Pa
ra

m
et

er
s 



Chapter 4:  EXPERIMENTAL RESULTS (OSMOTIC & 
ALLELOPATHIC RESPONSE) 

-48- 
 

Table 4 and Fig. 4 show the minor allelopathic effect of weed extract on the 

growth parameters. Table show that germination is considerably reduced, while speed 

of germination does not show any difference with increased concentration of extract. 

Radicle growth decreased significantly with increased weed extract and concentration. 

Five percent mannitol solution (66kPa) and 5% weed extract showed the reduction in 

germination from 90 to 52, speed of germination 58 to 52 and radicle growth from 8 

to 16cm, while inhibition percent almost same as 24 to 25. Result indicated that 

radicle growth of maize was reduced by both osmotic potential and allelopathic effect 

of weed extract, however allelopathy is dominating factor. 

 

5. Cowpea (Vigna unguiculata L.) 

Table 5. Effect of Chenopodium murale extract on germination and radicle elongation of cow 

pea (Appendix 11A) 

 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% 
inhibition 

radicle 
elongation 

Control 90±9.4 70 10.01±0.40a -- 

1% 78±4.89 55 8.58±0.53b 14.28 

3% 90±6.35 52.5 8.84±0.19b 11.68 

5% 68±7.34 44 8.34±0.31c 16.68 
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Fig. 5. Effect of different concentration of aqueous extract of Chenopodium murale 
whole plant on germination, root length and % inhibition in root length 

 

Table 5 and Fig. 5 revealed that germination was not decreased in 3% extract, 

while in remaining two concentrations considerably decreased. Speed of germination 

gradually slow down with the increased concentration. Radicle elongation has 

significantly affected by one percent extract. Five percent (66kPa) solution of 

mannitol and weed extract (5%) showed the reduction in germination from 86 to 68, 

speed of germination from 70 to 44%, radicle growth from 9.52 to 8.34cm, while 

percent inhibition in radicle growth from 21.64 to 16.68%. These results showed that 

the test species (cowpea) not seriously affected by weed extract only. Osmotic 

potential has also slightly reduced the radicle growth.  
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6. Pearl millet (Pennisetum glaucum L.) 

Table 6. Effect of Chenopodium murale extract on germination and radicle elongation of 

Pearl millet (Appendix 12A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle 

elongation 

Control 84±6.78 65 12.04±1.10a 0 

1% 62±3.74 49 3.62±0.30b 69.06 

3% 64±2.44 47 1.82±0.20b 84.9 

5% 54±2.44 43 1.08±0.35b 91.03 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Effect of different concentration of aqueous extract of Chenopodium murale 
whole plant on germination, root length and % inhibition in root length 
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Table 6 and Fig. 6 presented the effect of weed extract on germination, speed 

of germination, radicle growth and percent inhibition in radicle growth of test species 

(pearl millet). Germination and speed of germination are considerably reduced in each 

concentration. Similarly radicle growth significantly reduced even in 1% percent 

weed extract, while percent inhibition markedly increased with increased extract 

concentration.  

Five percent weed extract was compared with 5% mannitol solution, reduction 

in germination was from 100 to 54, speed of germination from 81 to 43 and radicle 

growth was from 9 to 1cm, while inhibition was highly increased from 14 to 91%. 

These results indicated that weed extract has pronounced allelopathic effect on pearl 

millet. 
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C. Allelopathic effect of Anagallis arvensis extract on six 

test species 

1. Wheat (Triticum aestivum L.): 

 Table 1. Effect of Anagallis arvensis extract on germination and radicle elongation of Wheat 

(Appendix 7B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% 
inhibition 

radicle 
elongation 

Control 98±2 70 20.43±0.95a 0 

1% 86±6.78 51 8.38±0.28b 58.99 

3% 84±8.12 46 6.50±0.52c 63.19 

5% 74±5.09 47 5.10±0.36c 75.04 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Effect of different concentration of aqueous extract of Anagallis arvensis 
whole plant on germination, root length and % inhibition in root length 
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Table 1 and Fig. 1 show the effect of Anagallis arvensis extract of different 

concentration on the following parameters. Germination, speed of germination, 

radicle elongation and percent inhibition show higher reduction in each concentration 

(1%, 3%, 5%), the concentration of extract has 22kPa, 33kPa and 66kPa. 

Five percent solution of mannitol (66kpa) and extract have markedly 

pronounced reduction in germination from 94 to 74, speed of germination (70 to 47), 

radicle length (8 to 5cm) and percent inhibition from 29 to 75% were recorded in both 

solutions respectively. These results show the test crop (wheat) is highly sensitive to 

weed extract because weed has stronger allelopathic effects on this crop. 

 

2. Gram (Cicer arietinum L.): 

 

Table 2. Effect of Anagallis arvensis extract on germination and radicle elongation of Gram 

(Appendix 8B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle 

elongation 

Control 88±3.74 64 8.70±0.69a 0 

1% 78±5.83 53 5.73±0.42b 34.14 

3% 80±4.47 45 5.08±0.31b 42.19 

5% 66±9.27 47.6 2.82±0.23c 67.59 
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Fig. 2. Effect of different concentration of aqueous extract of Anagallis arvensis 
whole plant on germination, root length and % inhibition in root length 

 

 Table 2 and Fig. 2 also show the similar results i.e. reduction recorded in 

germination, speed of germination with increasing concentration. Results show highly 

significant in comparison to control. Germination, speed of germination, radicle 

elongation and % inhibition in radicle growth in 5% concentration of mannitol 

compared to 5% of weed extract show the considered reduction in germination (from 

88 to 66), (55 to 47) in speed of germination, (8 to 3 cm) in radicle length and (from 

27 to 68) in % inhibition. The growth of test species (gram) highly restricted by 

higher concentration of weed extract and little by osmotic potential. 
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3. Mung (Vigna radiate L.) 

  Table 3. Effect of Anagallis arvensis extract on germination and radicle elongation of Mung 

(Appendix 9B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle 

elongation 

Control 100±0 81 10.29±0.71a 0 

1% 94±4 69 8.24±0.23b 19.92 

3% 92±3.74 69 7.9±0.53b 22.93 

5% 90±5.47 68 7.9±0.58b 23.12 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Effect of different concentration of aqueous extract of Anagallis arvensis 
whole plant on germination, root length and % inhibition in root length 

Data presented in Table 3 and Fig 3. Showed the slight stress in germination and 

speed of germination while radicle growth was significantly reduced gradually with 

increased concentration. These growth parameters are compared with 5% mannitol 

solution and 5% extract of weed. These are from 94 to 90 in germination, 81 to 68% 

in speed of germination, 9 to 8 cm in radicle growth and % inhibition was from 26 to 

23%. A result showing the growth of mung was not highly reduced by osmotic 
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potential and extract concentration. However osmotic potential and weed extract both 

significantly reduced the radicle growth of mung even in low concentration. 

4.  Maize (Zea mays L.) 

Table 4. Effect of Anagallis arvensis extract on germination and radicle elongation of Maize 
(Appendix 10B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% 
inhibition 

radicle 
elongation 

Control 98±2 53 19.86±0.60a 0 

1% 94±4 43 18.40±0.37b 7.35 

3% 74±4 38.5 17.96±0.48b 9.56 

5% 72±3.74 26 15.98±0.46c 19.53 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Effect of different concentration of aqueous extract of Anagallis arvensis 
whole plant on germination, root length and % inhibition in root length 

Table 4 and Fig. 4. Show the effect of Anagallis arvensis extract on 

germination, speed of germination etc. Germination and speed of germination are 

considerably reduced while radicle growth was decreased significantly with increased 

concentration of weed extract. Percentage inhibition of radicle elongation is gradually 

increased with increased extract concentration. Mannitol 5% solution compared to 5% 

weed extract show the deduction in germination from 90 to 72, speed of germination 
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58 to 26% and radicle growth 8 to 16 cm and % inhibition was decreased from 25 to 

19. Data showing that osmotic potential and weed extract both significantly reduced 

the radicle growth and no factor seems dominating. 

5. Cowpea (Vigna unguiculata L.) 

Table 5. Effect of Anagallis arvensis extract on germination and radicle elongation of cowpea 

(Appendix 11B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% 
inhibition 

radicle 
elongation 

Control 100±0 73 13.66±0.77a 0 

1% 98±2 70 8.76±0.46b 35.88 

3% 96±2.4 67 4.45±0.17c 67.42 

5% 92±2 69 2.63±0.42d 80.74 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Effect of different concentration of aqueous extract of Anagallis arvensis 
whole plant on germination, root length and % inhibition in root length 
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Data showed the extract of weed effect on germination, speed of germination, 

radicle growth and percent inhibition of test specie (cow pea) (Table 5 and Fig. 5). 

Germination and speed of germination were not seriously affected by weed extract. 

However extract has significantly reduced radicle growth from 1% weed extract to 

5% extract. Percent inhibition also considerably reduced in each concentration of 

extract. Five percentages (66kPa) of mannitol solution and 5% extract (weed) showed 

more reduction in mannitol that extract (86 to 92) in germination. Speed of 

germination show similar trend as from 67-69, but radicle growth from 10 to 3cm. 

while % inhibition in radicle growth from 22 to 81 cm. Results indicate that weed 

extract (allelopathic) significantly reduced radicle growth and considerably increased 

the % inhibition. 

 

6. Pearl millet (Pennisetum glaucum L.): 

Table 6. Effect of Anagallis arvensis extract on germination and radicle elongation of Pearl 

millet (Appendix 12B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
elongation(cm) 

% inhibition 
radicle 

elongation 

Control 100±0 72 18.98±0.74a 0 

1% 96±2.4 64 7.74±0.94b 59.23 

3% 96±2.4 68 4.75±0.57c 74.9 

5% 88±3.7 70 2.78±0.15d 85 
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Fig. 6. Effect of different concentration of aqueous extract of Anagallis arvensis 
whole plant on germination, root length and % inhibition in root length 

 

Table 6 and Fig. 6 are showing the effect of weed extract on germination, 

speed of germination, radicle growth and percent inhibition in radicle elongation of 

test plant (pearl millet). It seems that test specie (pearl millet) is highly sensitive to 

weed extract; even 1% of weed extract significantly reduced the radicle length. Five 

percent mannitol (66kPa) solution and 5% weed extract slightly reduced (100 to 96) 

germination and speed of germination (81 to 70) while significantly reduced radicle 

growth (9.36 to 3 cm). Similarly % inhibition is strongly effected (14 to 85) in weed 

extract. It shows that the test specie (pearl millet) was strongly affected by weed 

extract (Anagallis arvensis) through allelopathy and osmotic potential has little effect 

on the growth of pearl millet.  
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Conclusion 

Present results show that osmotic potential has little effect on wheat, gram, 

mung, maize, cow pea, pearl millet and responsible effect (gram, cow pea) on 

germination of test species. Radicle elongation is significantly reduced by osmotic 

potential except in cow pea where only 5% mannitol significantly effected its growth. 

Percent inhibition of radicle growth ranged from 14% (pearl millet) to 30% (in 

wheat). These results are compared with plant extract of three weed species i.e. 

Chenopodium album, C. murale and Anagallis arvensis. 

It is observed that plant extract of Chenopodium album has considerable and 

stronger effect on test species than mannitol (osmotic) solution. If 5% of both types of 

solution are considered plant extract show 82% (in pearl millet) to 93% (in maize and 

wheat) percentage inhibition in radicle elongation. Through mannitol and plant extract 

both significantly reduced the radicle growth, but data shows stronger inhibitory 

effect of plant extract on test species. 

Like above weed species plant extract of Chenopodium murale has 

considerable and stronger effect on test species than osmotic potential. Plant extract 

(5%) has stronger effect on inhibition percent of radicle growth of wheat, gram, 

mungand and pearl millet. It ranged from 54% (mung) to 91% (Pearl millet). In 

mannitol and weed extract, maize show similar while cow pea show little (22 to 16%) 

effect, through both solutions show significant reduction in radicle growth. 

Anagallis arvensis plant extract has poor effect (23% and 20%) on mung and 

maize radicle inhibition respectively. While above mentioned weed have minimum 

effects (10cm) only on mung radicle growth. Radicle elongation has significantly 

inhibited by both osmotic potential and plant extract but plant extract has stronger 

effect than osmotic potential like above two weed species. 

Radicle growth is extremely important and sensitive phase for plant growth. 

Present study show that it is affected by osmotic potential and plant extract due to 

presence of allelopathic compounds. Different test crops or test plants show different 

response to osmotic potential and plant extracts. However in general test species are 

affected by pronounced allelopathic effects of weeds.     
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CHAPTER NO. 5 

ROOT AND SHOOT LEACHATE 

Allelopathic effect of root and shoot leachate of Chenopodium album, 

Chenopodium murale and Anagallis arvensis on test species germination, speed of 

germination and radicle growth of six test species are described in this chapter. 

Results showed the allelopathic effects of above mentioned weeds on wheat, gram, 

mung, maize, cowpea and pearl millet. 

A. Chenopodium album L. 

1. Effect on Wheat (Triticum aestivum Linn.): 

In Table 1 germination of test species were recorded in control, root and shoot 

leachate treatments. Leaf and root leachate of Chenopodium album affected the seed 

germination and speed of germination compared with control. Control treatment 

showed the highest germination 96% of seeds. Root leachate reduced the 

germination as 84% of control, which further reduced the germination 80% in leaf 

leachate. Speed of germination “S” was highest (95%) in control and lowest (75%) in 

root leachate. 

Length of radicle was significantly reduced in root and shoot leachate. Percent 

inhibition in radicle growth was similarly effected in both leachates. Both type of 

leachate effected the radicle growth significantly (P<0.05) (Fig. 1). 

Table 1. Effect of aqueous leaf and root leachate on germination and radicle growth of Wheat 
(Appendix 13A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 96±2.44 95 15.64±0.47a 0 

Root 
Leachate 84±4 75 10.28±0.41b 34.27 

Shoot 
Leachate 80±4.47 78 10.30±0.64b 34.14 

ANOVA different letter represent significant at 0.05 or letter LSD. 
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Fig. 1. Allelopathic effect of Chenopodium album on various growth related factors on wheat 

2. Effect on Gram (Cicer arietinum L.): 

Table 2, Fig. 2 shows percent germination in control and treatments. Minimum 

germination 78% was recorded in leaf leachate, while in root leachate it was 80%. 

Maximum germination (96%) recorded in control. Speed of germination ‘S’ (Table 2) 

was higher (79%) in control than in leaf leachate (68%) and distinctly lowest (59%) in 

root leachate. Speed of germination and percent germination reduced in leaf and root 

leachate as compared to control. Radicle elongation of test species was considerably 

reduced by both leachates. Percent inhibition in radicle length showed a pronounced 

difference between both leachates was 36.38% in shoot leachate and 22.14% in root 

leachate. 

Table 2. Effect of aqueous leaf and root leachate on germination and radicle growth of Gram 
(Appendix 14A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm) 

% inhibition 
radicle growth 

Control 96±2.44 79 12.01±1.51a 0 

Root 
Leachate 80±3.1 59 9.35±0.77a 36.38 

Shoot 
Leachate 78±3.74 68 7.94±1.36a 22.14 

ANOVA different letter represent significant at 0.05 or letter LSD  
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Fig. 2. Allelopathic effect of Chenopodium album on various growth related factors on gram 

3. Effect on Mung (Vigna radiata L.):  

Table 3 shows the effect of weed leachate on test species (mung) germination 

percentage, speed of germination, radicle growth and percent inhibition in radicle 

elongation. Reduction in germination was slightly observed in root leachate (90%) 

and leaf leachate (92%) as compared with control (96%). Maximum speed of 

germination also showed in control 95%, minimum in root leachate 81% and 90% in 

leaf leachate (Fig. 3). 

 Root length of mung was not pronounced in root leachate (10.04cm) than 

shoot leachate (11.48cm) treatment but show the same  significant reduction in both 

leachate to control(16.14cm). Highest percent inhibition of radicle growth was also 

found in root leachate 38% and 29% in shoot leachate. Root and shoot leachate did 

not considerably reduced the final germination over the control but radicle growth 

showed more pronounced and significant inhibition in both leachate (P<0.05). 
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Table 3. Effect of aqueous leaf and root leachate on germination and radicle growth of Mung 
(Appendix 15A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm) 

% inhibition 
radicle growth 

Control 96±2.44 95 16.14±0.62a 0 

Root 
Leachate 90±3.12 81 10.04±0.95b 37.7 

Shoot 
Leachate 92±3.72 90 11.48±0.99b 28.8 

ANOVA different letter represent significant at 0.05 or letter LSD  
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Fig. 3. Allelopathic effect of Chenopodium album on various growth related factors on mung 

4. Effect on Maize (Zea mays L.): 

Table 4, show 92 % germination in control, 80% in root leachate and 78% in 

leaf leachate treatment. Highest (99%) speed of germination found in control, 70% in 

root leachate and 72% in leaf leachate (Fig. 4). 

Root lengths as well as the radicle inhibition percentage were not affected by 

both leachates.  Radicle length (13.59cm) was registered in shoot leachate and 

(13.65cm) in root leachate. Result indicates no significant effect of treatment on 

radicle growth of test crop. Percent inhibition in root leachate (6.12%) and leaf 

leachate (6.53%) were not influence radicle growth of maize. Shoot leachate slightly 
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affected the germination but not significantly reduced the growth. These results   of 

Chenopodium album leachate do not show any allelopathic effect on maize growth. 

Table 4. Effect of aqueous leaf and root leachate on germination and radicle growth of Maize 
(Appendix 16A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm) 

% 
inhibition 

radicle 
growth 

Control 92±3.74 99 14.54±1.26a 0 

Root 
Leachate 80±4.4 70 13.65±0.60a 6.12 

Shoot 
Leachate 78±3.74 72 13.59±0.86a 6.53 

ANOVA difference letter represent significant at 0.05 or letter LSD  

a a a

0

20

40

60

80

100

120

Control Root Leachate Shoot Leachate

G
er

m
in

at
io

n 
%

Treatment

Final germination Radicle growth Inhibition % 
 

Fig. 4. Allelopathic effect of Chenopodium album on various growth related factors on maize 

5. Effect on Cow pea (Vigna unguiculata L.): 

Table 5 and Fig. 5. show germination was not considerably reduced in cowpea 

by the leachates. In control, germination (90%) was slightly higher than root (88%) 

and shoot (82%) leachate. However speed of germination was considerably reduced to 

66% only in root leachate, 70% in leaf leachate and 75.66% in control. Radicle 

growth in root (13.26cm) and leaf leachate (13.47cm) were almost same but 
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significantly (P<0.05) reduced if compare with control. Similarly, percent inhibition 

of radicle growth showed in root leachate 30% and leaf leachate 29%. For this species 

leachate does not show any considerable on germination while allelopathy of weed 

significantly affected radicle growth. 

Table 5. Effect of aqueous leaf and root leachate on germination and radicle growth of 
Cowpea (Appendix 17A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth 

% inhibition 
radicle growth 

Control 90±4.47 75.66 19±0.5a 0 

Root 
Leachate 88±3.74 66 13.26±1.04b 30.2 

Shoot 
Leachate 82±3.7 70 13.47±0.80b 29.10 

ANOVA different letter represent significant at 0.05 or letter LSD  
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Fig. 5. Allelopathic effect of Chenopodium album on various growth related factors on 

cowpea 

6. Effect on Pearl millet (Pennisetum glaucum L.): 

 Germination and radicle growth data of pearl millet seed shown in Table 6 

and Fig. 6. Percent germination reduced by root leachate was 84% and  leaf leachate, 

it was 82% compare to controlwas98%. The speed of germination in control was 

94%, with slowest 70% in root and 75% in leaf leachate. 
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Data of radicle elongation and percent inhibition in radicle length also shown 

in Table 6. Both leachate had significantly (P<0.05) effected the growth of radicle. 

The radicle length in root leachate 5.91 cm and 7.59 cm in shoot leachate was 

recorded. Percent inhibition also highly increased in both leachates. 

Table 6. Effect of aqueous leaf and root leachate on germination and radicle growth of Pearl 
millet (Appendix 18A) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 98±2 94 25.5±0.95a 0 

Root 
Leachate 84±4 70 5.91±0.39b 76.8 

Shoot 
Leachate 82±4.8 75 7.59±0.17b 70.23 

ANOVA different letter represent significant at 0.05 or letter LSD 
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Fig. 6. Allelopathic effect of Chenopodium album on various growth related factors on Pearl 
millet 
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B. Chenopodium murale L.: 

1. Effect on Wheat (Triticum aestivum Linn.): 

Table 7 and Fig. 7 show that germination was considerably reduced (78%) 

in both leachates. Speed of germination show 57% in root leachate, and shoot leachate 

showed 63% both values low as compared to control 76%. 

Radicle growths in both treatments were almost same. In control, root 

length was 15.02cm; both leachates significantly reduced the radicle growth i.e. in 

root leachate 6.64cm and leaf leachate 6.67cm. Percent inhibition (Table 7) slightly 

increased in shoot leachate than root leachate .The results of radicle elongation 

pointed out that leachate of weed caused highly significant (P<0.05) effects on the 

growth parameters of test species.  

 

Table 7. Effect of aqueous leaf and root leachate on germination and radicle growth of Wheat 
(Appendix 13B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 96±2.44 76 15.02±0.46a 0 

Root 
Leachate 78±5.83 57 6.64±0.38b 55.79 

Shoot 
Leachate 78±5.83 63 6.67±0.78b 55.59 

ANOVA different letter represent significant at 0.05 or letter LSD  
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Fig. 7. Allelopathic effect of Chenopodium murale on various growth related factors on wheat 

2. Effect on Gram (Cicer arietinum L.): 

Germination, speed of germination and radicle growth are given in Table 

8. The result revealed that the maximum germination in control (92%), leaf leachate 

(88%) and in root leachate (82%). Speed of germination was 74% in shoot while 

minimum 66% in root leachate. 

Radicle growth of gram was not considerably reduced in shoot leachate as 

compare to control, but significantly reduced in root leachate. Inhibition percent in 

radicle growth was increased (19.04%) in root leachate than shoot leachate 1.21%. 

Results showed that radicle growth was more effected by root leachate than shoot 

leachate. 

Table 8. Effect of aqueous leaf and root leachate on germination and radicle growth of Gram 

(Appendix 14B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm) 

% inhibition 
radicle growth 

Control 92±3.74 80 12.34±0.62a 0 

Root Leachate 82±3.74 66 9.99±0.95b 19.04 

Shoot Leachate 88±3.7 74 12.19±0.79a 1.21 

ANOVA different letter represent significant at 0.05 or letter LSD 
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Fig. 8. Allelopathic effect of Chenopodium murale on various growth related factors on gram 

3. Effect on Mung (Vigna radiata L.): 

Table 9 and Fig. 9 show effects of weed leachate. Seed germination was 

recorded 92% in leaf leachate, 86% in root leachate as compared to control 100%. 

The speed of germination was slightly low in leaf leachate 83% than 84% in root 

leachate while highest in control 94%.  Radicle growth significantly suppressed in 

shoot leachate 9cm and root leachate 11cm shows the allelopathic effect of weed. 

Radicle growth inhibition percent also compared in both treatments as root leachate 

(22.6%) and increased in leaf leachate (38.69%). These results showed that the radicle 

length was significantly (P<0.05) reduced in both leachate due to the allelopathic 

effects of weed.  

Table 9. Effect of aqueous leaf and root leachate on germination and radicle growth of Mung 
(Appendix 15B) 

Treatments Final 
germination

Speed of 
germination

Radicle 
growth(cm)

% inhibition 
radicle growth

Control 100±0 94 13.93±0.54a 0 

Root 
Leachate 86±2.44 84 10.78±0.53b 22.6 

Shoot 
Leachate 92±3.74 83 8.59±0.77c 38.69 

ANOVA different letter represent significant at 0.05 or letter LSD  
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Fig. 9. Allelopathic effect of Chenopodium murale on various growth related factors on mung 

 

4. Effect on Maize (Zea mays L.): 

The final germination percentage in control was 96% and markedly 

inhibited in root leachate 86% (Table 10). Speed of germination was almost uniform 

in root leachate (59%) and leaf leachate (60%) compared with control (74%) (Fig. 

10).  

Radicle length (11cm) in shoot leachate and (12cm) in root leachate were 

significantly reduced as compared to control (19cm). It shows that both leachate has 

similar effect on radicle elongation .Percent inhibition of radicle growth was also 

pronounced in both leachate (45.7%) in shoot leachate and (36.6%) in root leachate. 

Inhibition percent and radicle growth was more affected than germination in both   

leachates. 
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Table 10. Effect of aqueous leaf and root leachate on germination and radicle growth of 
Maize (Appendix 16B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 96±2.44 74 19.55±0.68a 0 

Root 
Leachate 86±2.44 59 12.38±1.13b 36.6 

Shoot 
Leachate 92±2 60 10.61±0.49b 45.7 

ANOVA different letter represent significant at 0.05 or letter LSD 
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Fig. 10. Allelopathic effect of Chenopodium murale on various growth related factors on 
maize 

5. Effect on Cow pea (Vigna unguiculata L.): 

Table 11 and Fig. 11 shows germination percentage (94%) of cowpea 

seeds did not differ in shoot leachate compare to control while germination was 

reduce in root leachate (86%). Speed of germination was almost uniform from control 

(75%) to shoot leachate (72%) and root leachate (68%). Root length in control was 

(18.42cm) with a significant difference observed in the treatment 15.27cm in leaf 

leachate and 13.78cm in root leachate. Inhibition percent in radicle elongation was 

maximum 24.70% in leaf leachate than 17.10% in root leachate. These results 
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indicated that both leachate were significantly influenced the radicle growth and 

slightly effect the germination showed only in root leachate. 

Table 11. Effect of aqueous leaf and root leachate on germination and radicle growth of 
Cowpea (Appendix 17B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 94±4 75 18.42±0.68a 0 

Root 
Leachate 86±5.09 68 15.27±0.59b 17.10 

Shoot 
Leachate 94±2.44 72 13.78±0.89b 24.70 

ANOVA different letter represent significant at 0.05 or letter LSD 
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Fig. 11. Allelopathic effect of Chenopodium murale on various growth related factors on 

cowpea 

6. Effect on Pearl millet (Pennisetum glaucum L.): 

Table 12 and Fig. 12 shows percentage of seed germination was 84% in 

root leachate followed by leaf leachate 90% over control 100%. Speed of germination 

considerably differed in both treatments. In root leachate it was highly decreased 

(54%) than the shoot leachate (70%) as compared to (91%) control. The radicle 
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growth was significantly reduced in root leachate (11cm) and leaf leachate (15.68cm) 

as compared to control (22.87cm). Percent inhibition of root length show stronger 

effect with root leachate compared to shoot leachate.  

Table 12. Effect of aqueous leaf and root leachate on germination and radicle growth of Pearl 
millet (Appendix 18B) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 100±0 91 22.87±1.33a 0 

Root 
Leachate 84±2.44 54 11±1.6b 51.7 

Shoot 
Leachate 90±3.16 70 15.68±2.55b 31.2 

ANOVA different letter represent significant at 0.05 or letter LSD  
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Fig. 12. Allelopathic effect of Chenopodium murale on various growth related factors on 

Pearl millet 
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C.  Anagallis arvensis L.: 

1. Effect on Wheat (Triticum aestivum Linn.): 

Table 13 and Fig. 13 show that wheat germination did not highly 

decreased by the treatments. Highest germination percent (94%) in control, treatment 

were compared it and observed 88% in leaf leachate and 84% in root leachate. Speed 

of germination has the similar result like seed germination with 67% in root leachate 

and 62% in leaf leachate. Radicle length were significantly (P<0.05) reduced in both 

leachate compared to control. Percent inhibition considerably increased (63.5%) in 

root leachate and 46.2% in shoot leachate. 

Table 13. Effect of aqueous leaf and root leachate on germination and radicle growth of 
Wheat (Appendix 13C) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm) 

% inhibition 
radicle growth 

Control 94±4 95 15.64±0.47a 0 

Root 
Leachate 84±2.4 67 5.7±0.20b 63.5 

Shoot 
Leachate 88±2 62 8.4±1.5b 46.2 

ANOVA different letter represent significant at 0.05 or letter LSD  
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Fig. 13. Allelopathic effect of Anagallis arvensis on various growth related factors on wheat 
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2. Effect on Gram (Cicer arietinum L.): 

Table 14 and Fig. 14 show that seed germination was considerably decreased 

in both leachate of weed. Percentage of germination in root was 82% and 84%in shoot 

leachate was compared to control (98%). Root and shoot leachate showed a slight 

difference in seed germination. Speed of germination in treatments was slower than 

control (78%), in root leachate it was 61% and 70.04% was in shoot leachate.  

The length of radical was significantly decreased in all treatments as compared 

to control. Maximum reduction in radicle growth observed in shoot leachate 5.70cm 

than root leachate 7.13cm. Percent inhibition in radical elongation in root leachate 

was 46.2% and in shoot leachate was 54.6%. Results indicate that radicle growth 

highly reduced in shoot leachate than root leachate due to allelopathy of weed. 

Table 14. Effect of aqueous leaf and root leachate on germination and radicle growth of gram 
(Appendix 14C) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm) 

% inhibition 
radicle growth 

Control 98±2 78 12.56±1.72a 0 

Root 
Leachate 82±3.74 61 7.13±0.55b 46.2 

Shoot 
Leachate 84±4 70.04 5.70±0.87b 54.6 

ANOVA different letter represent significant at 0.05 or letter LSD 
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Fig. 14. Allelopathic effect of Anagallis arvensis on various growth related factors on gram 
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3. Effect on Mung (Vigna radiata L.): 

Table 15 and Fig. 15, germination were not considerably affected by shoot 

leachate. Maximum (100%) germination was observed in control, minimum (84%) in 

root leachate and (92%) in shoot leachate. Speed of germination (100%) in control, 

90% and95% in leaf and root leachate was recorded.   

The data of root length statistically analysis showed that the root/shoot 

leachate of Anagallis arvensis significantly (P<0.05) affected the radicle length. It 

was 12cm in control, 5cm in root length and 9cm in leaf leachate respectively. 

Inhibition percent in radicle length was maximum in root leachate (60%) than shoot 

leachate 24.32%. In this trial root leachate has stronger allelopathic effect on mung 

radicle elongation. 

Table 15. Effect of aqueous leaf and root leachate on germination and radicle growth of Mung 
(Appendix 15C) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 100±0 100 12.26±0.74a 0 

Root 
Leachate 84±2.4 95 4.93±0.40b 59.70 

Shoot 
Leachate 92±2 90 9.28±0.62c 24.30 

ANOVA different letter represent significant at 0.05 or letter LSD  
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Fig. 15. Allelopathic effect of Anagallis arvensis on various growth related factors on mung 
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4. Effect on Maize (Zea mays L.): 

       Germination percent of maize seed Table 16 and Fig. 16. Showed no considerable 

difference in root leachate (88%) and leaf leachate (86%) as compared to (98%) 

control. Leaf leachate show more allelopathic effect on maize radicle growth than root 

leachate. Speed of germination data show that leaf leachate 75% and root leachate 

was 89% over the 96% of control.  

Radicle lengths of test species (maize) were significantly (P<0.05) reduced in 

both leachate of weed. In leaf leachate radicle growth was 12cm while in root leachate 

it was 13cm compared to control which was 21 cm. Percent inhibitions in radicle 

elongation observed different response as maximum inhibition in leaf leachate was 

42% and in root leachate it was 35%.  

Table 16. Effect of aqueous leaf and root leachate on germination and radicle growth of 
Maize (Appendix 16C) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 98±2 96 20.62±0.89a 0 

Root Leachate 88±2 89 13.37±1.13b 35.16 

Shoot Leachate 86±5.09 75 11.98±1.56b 41.90 

ANOVA differentletter represent significant at 0.05 or letter LSD 
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Fig. 16. Allelopathic effect of Anagallis arvensis on various growth related factors on maize 
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5. Effect on Cowpea (Vigna unguiculata L.): 

Table 17 and Fig. 17 show the leachate significantly (P<0.05) reduced 

radicle growth but show slight reduction in germination treatments. Results of 

germination showed 84% in root leachate and 92% in leaf leachate compared to 

(100%) control. Speed of germination showed no considerable difference with control 

(78%) and root/shoot leachate. Radicle growth highly reduced (8cm) in root leachate, 

9cm in leaf leachate was compared to 19cm with control. Inhibition percent of radicle 

elongation were also reduced in both treatments, as 56% in root leachate and 51% in 

leaf leachate. These results showed that radicle growth were significantly (P<0.05) 

reduced while germination were considerably suppressed by the treatments 

respectively. 

Table 17. Effect of aqueous leaf and root leachate on germination and radicle growth of 
cowpea (Appendix 17C) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 100±0 78 18.82±0.53a 0 

Root 
Leachate 84±2.44 75 8.20±1.67b 56.42 

Shoot 
Leachate 92±2 79 9.29±0.49b 50.63 

ANOVA different letter represent significant at 0.05 or letter LSD 
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Fig. 17. Allelopathic effect of Anagallis arvensis on various growth related factors on cowpea 
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6. Effect on Pearl millet (Pennisetum glaucum L.): 

Table 18 and Fig. 18 showed slight difference in germination by leaf 

leachate (90%) and (86%) root leachate compared to (100%) control. Radicle length 

was not significantly reduced in treatments. Root length in root leachate 5cm and leaf 

leachate 5cm as compared to control (6cm). Similarly percent reduction in radicle 

growth was 19% in root leachate and 14% in leaf leachate were not considerably 

recorded. These results show that the leachate treatment was not significantly 

influence on germination percent and radicle elongation of this test species (Pearl 

millet). It seems no allelopathic effects of weed leachate on this test species. 

Table 18. Effect of aqueous leaf and root leachate on germination and radicle growth of Pearl 
millet (Appendix 18C) 

Treatments Final 
germination 

Speed of 
germination 

Radicle 
growth(cm)

% inhibition 
radicle growth 

Control 100±0 100 5.68±0.55a 0 

Root 
Leachate 86±2.44 90 4.62±0.38a 18.66 

Shoot 
Leachate 90±3.16 95 4.88±0.22a 14.08 

ANOVA different letter represent significant at 0.05 or letter LSD  
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Fig. 18. Allelopathic effect of Anagallis arvensis on various growth related factors on Pearl 

millet 
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Conclusion 

These trials show root/shoot leachate of Chenopodium album, Chenopodium 

murale and Anagallis arvensis reduced radicle growth in test species significantly 

except in maize, if C. album leachate was used. Radicle growth of pearl millet does 

not allelopathically inhibited by Anagallis arvensis. Similarly % inhibition was 

considerably lower in treatment compared to control almost in all test species. 

Shoot and root leachate of weed Chenopodium album and Chenopodium 

murale observed considerable effect on test species (wheat, gram, mung, maize, cow 

pea and pearl millet) on germination but Anagallis arvensis show little effect of 

germination on above test species. 

In comparison of root and shoot leachate of Chenopodium album almost both 

has same effect on wheat, maize and cow pea but little effect on gram, mung and pearl 

millet in radicle growth. Root leachate show percent inhibition in radicle growth was 

6% in maize and 77% in pearl millet while similar trend in shoot leachate was 

observed 7% in maize and 70% in pearl millet. 

Like the Chenopodium album both leachate of Chenopodium murale show 

same results on the test species on radicle growth and significantly reduced as 

compared to control. Percent inhibition of radicle growth in root leachate show 17% 

(Cow pea) to 56% (wheat) while in shoot leachate show 25% (cow pea) to 60% 

(wheat) through both leachate showed effect on reduction of radicle length. 

Radicle growth significantly reduced in test species by Anagallis arvensis root 

and shoot leachate.  Percent inhibition of radicle growth i.e. in root leachate was 19% 

(pearl millet) to 63% (wheat) and 14% (pearl millet) to 51% (cow pea) in shoot 

leachate. 

The stronger allelopathic effects of these weeds were observed by root 

leachate than shoot leachate.  
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CHAPTER NO 6 

COMBINE CULTURE GROWTH 
A. Chenopodium album L.: 

1. Wheat (Triticum aestivum L.): 

Germination was more effected (74%) in treatments while it was 98% in 

control. Weed plant show 94% germination in treatment and 96% in control. Speed of 

germination was minimum in combine culture growth of wheat decreased to 64% 

compare to control 89% (Fig. 1). The weed plants showed 70% and 65% in mono and 

combine culture respectively. Plant height significantly reduced in treatment 

(12.008cm) from the control. In combine culture the growth of weed decreased 

(12.27cm) than control (16.34 cm). Comparison of percent inhibition in plant height 

between test plant was (52.98%) and (24.90%) in weed plant (Table 1). As above 

mentioned the height of plant restricted in combine culture. The dry mass of shoot 

(0.58g) and root (0.032g) significantly decreased compare to control dry mass of 

shoot (0.98g) and root (0.13g) (Fig. 2.). The above mentioned results indicated that  

the allelopathic effect on all mentioned parameters in treatments have strong 

allelopathic effect on wheat growth.  

 

 

 

 

 

 

 

Fig. 1. Effect of Chenopodium album on germination, plant height and % reduction in 

plant height 
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Table 1. Allelopathic effect of Chenopodium album on various growth related factors on wheat (Appendix 19A and 25A) 

Treatments Final 
germination 

Speed of germination 
% 

Plant height 
(cm) 

% reduction 
in plant 
height 

Fresh wt 
shoot(g) 

Dry wt 
shoot(g) 

Fresh wt 
root(g) 

Dry wt 
root(g) 

Control T.S 98±2 89 25.54±0.97a - 4.36±0.26a 0.98±0.21c 0.80±0.02a 0.13±0.01c 
C. Culture T.S 74±6.78 64 12.008±0.80c 52.98 2.8±0.16b 0.58±0.21c 0.22±0.03b 0.032±0.0086d 
Control weed 96±4 70 16.34+_1.75b - 3.3±0.2a 0.73±0.17c 0.30±0.04b 0.05±0.006d 
C. Culture weed 94±4 65 12.27±0.97c 24.9 3.18±0.20a 0.92±0.07c 0.32±0.02b 0.05±0.01d 

T.S= Test Specie, C= Combined 

 

Fig. 2. Effect of Chenopodium album on shoots, roots fresh and dry weight of wheat 
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2. Gram (Cicer arietinum L.): 

Germination percentage of gram in combine culture (weed and test specie) 

was considerably effected compared to control. Germination of gram control (98%) 

compared to the treatments was 72%, speed of germination was maximum in control 

(83%) and lowest (55%) in combine culture (Fig. 3). However in Chenopodium album 

no remarkable difference between control (68%) and treatment (62%) was recorded. 

Effect of plant interaction or combine growth treatment on vegetative growth 

parameter i.e. plant height, fresh and dry biomass of test crop were significant as 

compared with its controls. Gram plant height is significantly reduced (17.99cm) in 

combine culture as compared to control (32.26cm), but weed plant do not show 

significant difference in both height (18.36 & 15.91cm) and affected to test species in 

combine growth (Table 2, Fig. 4). Maximum reduction in plant height was 45.78% in 

combine culture as well as in Chenopodium album showed only (13.34%).  Fresh and 

dry biomass showed more pronounced allelopathic effect in combine culture 

treatment. It is indicated in Table 2 that shoot fresh / dry weight of gram was 

significantly reduced compared to control. Similarly only root fresh weight of gram 

was significantly reduced compared to control. While no significant difference 

between dry weight of root in control and treatment. 

 

 

 

 

 

 

 

Fig. 3. Effect of Chenopodium album on germination, plant height and % 

reduction in plant height  
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Table 2. Allelopathic effect of Chenopodium album on various growth related factors on gram (Appendix 20A and 26A) 

Treatments Final 
germination 

Speed of 
germination (%) 

Plant height 
(cm) 

% 
reduction 
in plant 
height 

Fresh wt 
shoot(g) 

Dry wt 
shoot(g) 

Fresh wt 
root(g) 

Dry wt 
root(g) 

Control T.S 98±2 83 32.26±0.98a - 3.67±0.16a 1.02±0.02d 0.59±0.02a 0.02±0.002d 
C. Culture T.S 72±3.74 55 17.49±0.68b 45.78 1.86±0.10c 0.099±0.14f 0.36±0.009b 0.004±0.001d
Control weed 96±2.44 68 18.36±0.75b - 3.06±0.12b 0.81±0.09de 0.29±0.01c 0.01±0.001d 
C. Culture weed 92±3.74 62 15.91±0.77b 13.34 2.87±0.15b 0.51±0.22e 0.306±0.01c 0.030±0.01d 

T.S= Test Specie, C= Combined. 

 

 

 

 

 

 

 

Fig.4. Effect of Chenopodium album on shoots, roots fresh and dry weight of gram 
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3. Mung (Vigna radiata L.): 

Germination percentage and speed of germination of mung in combine culture 

treatment was not considerably different to control (Table 3). Low germination 

percent showed in mung (74%) which grow with weed plants (combine culture) 

compared to control (98%). Similar trend observed in weed seed germination in 

control as (88%) and combine culture showed (84%) (Fig.5). Speed of germination 

was maximum (78%) in control of mung and minimum (61%) in weed of combine 

culture (Table 3). Weed plant height (12.63cm) was significantly reduced in combine 

culture treatment. While mean length of mung plant in control and combine culture 

(15.27cm & 14.97cm) have not significant effect. Fresh and dry biomass of control of 

test specie show significantly (P<0.005) higher than treatments. Fresh weight of test 

species shoot 3.06g and root 0.93g were significantly reduced as compared with 

control (Fig. 6). Although in combine culture mung plant fresh and dry weight of 

shoot significantly reduced except dry weight of root as compare with their control. 

According to these results the presence of weed against the test species was led to 

highly decreasing in fresh and dry masses but plant height was not affected.  

 

 

 

 

 

 

 

 

 

Fig. 5. Effect of Chenopodium album on germination plant height and % reduction in 
plant height 
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Table 3. Allelopathic effect of Chenopodium album on various growth related factors on mung (Appendix 21A and 27A) 

Treatments Final 
germination 

Speed of 
germination (%) 

Plant height 
(cm) 

% 
reduction 
in plant 
height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 98±2 78 15.27±0.58a - 3.46±0.17a 1.04±0.06d 1.16±0.09ab 0.13±0.04d 
C. Culture T.S 74±5.09 64 14.97±0.57a 2.42 3.06±0.16b 0.81±0.09e 0.93±0.07c 0.035±0.005d 
Control weed 88±3.74 69 15.67±0.43a - 3.05±0.11b 0.64±0.10e 1.36±0.10a 0.22±0.03d 
C. Culture weed 84±4.89 61 12.63±0.70b 19.46 2.82±0.21b 0.55±0.05e 1.07±0.14bc 0.15±0.03d 

T.S= Test Specie, C= Combined 

 

Fig. 6.    Effect of Chenopodium album on shoots, roots fresh and dry weight of mung  
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4. Maize (Zea mays L.): 

Seed germination appears to be slightly decreased in treatment. Seed 

germination of maize observed in control was 90% and 87% in combine culture. 

Similarly it was 96% in weed control and 86% in combine culture treatment (Fig. 7). 

Speed of germination showed same behaviors in control of test plant (82%) and weed 

plant (80%), and in combine culture test plant 57% and weed plant was 53% (Table 

5). Effects on vegetative growth i.e. shoot height and fresh and dry weight of shoot 

and root of control and treated plants are presented in Fig 8. Results showed similar 

trend as the maximum test crop plant height was 31.14 cm in control and was 

27.23cm in combine culture while 18.09 cm in weed control and 15.67cm in combine 

culture. Reduction percent in maize was 12.55% and 13.37% in Chenopodium album. 

Data revealed that there is no significant difference between plant heights in control 

and combine culture. Fresh and dry weight of shoot and root of test crop were almost 

statistically significant in mono and combine culture. Maize showed insignificant 

effect only on plant height (Table 4). 

 

Fig. 7. Effect of Chenopodium album on germination, plant height and % reduction in 

plant height 
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Table 4. Allelopathic effect of Chenopodium album on various growth related factors on maize (Appendix 22A and 28A)  

Treatments Final 
germination 

Speed of germination 
% 

Plant 
height (cm) 

% 
reduction in 
plant height 

Fresh wt 
shoot(g) 

Dry wt 
shoot(g) 

Fresh wt 
root(g) 

Dry wt 
root(g) 

Control T.S 90±5.8 82 31.14±0.93a - 3.86±0.23a 1.002±0.35d 0.72±0.03a 0.021±0.04c 
C. Culture T.S 87±3.16 57 27.23±2.01a 12.55 2.14±0.47bc 0.44±0.19e 0.51±0.02b 0.02±0.02c 
Control weed 96±2.44 80 18.09±0.41b - 2.79±0.2b 0.30±0.04e 0.78±0.05a 0.09±0.05c 
C. Culture weed 86±4 53 15.67±0.43b 13.37 2.26±0.19c 0.29±0.15e 0.78±0.04a 0.03±0.002c 

T.S= Test Specie, C= Combined 

 

Fig. 8. Effect of Chenopodium album on shoots, roots fresh and dry weight of maize 
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5. Cow pea (Vigna unguiculata L.)  

The germination percent in seed of test crop and weed under the influence of 

different parameters are presented in Table 5 and Fig. 9. Germination of test crop in 

combine culture treatment (90%) was not affected by weed plant and compare to 

control (92%) similarly weed plant germination was 98% in control and 90% in 

treatment. Speed of germination of test plant and weed (70%) and (65%) slightly 

decline in treatments as compared to controls 74% and 75%, respectively. Plant height 

of Cow pea was not significantly affected in combine culture growth (Fig. 9). Test 

plant height in control was 19.49cm and in treatment 18.69cm while Chenopodium 

album in control was 16.02cm and in treatment was 14.58cm. Minor reduction in 

plant height observed in test crop and weed plants. The shoot and root fresh  weight of 

test crop in control and treatment were showed significant reduction while root dry 

weight  also (0.05g) was significantly reduced as compared to control (0.13g)(fig10). 

 

Fig. 9. Effect of Chenopodium album on germination, plant height and % reduction in 

plant height 
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Table 5. Allelopathic effect of Chenopodium album on various growth related factors on cow pea  (Appendix 23A and 29A) 

Treatments Final 
germination 

Speed of germination 
% 

Plant 
height (cm) 

% reduction 
in plant 
height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 92±5.83 74 19.49±0.64a - 4.36±0.26a 0.98±0.21c 0.80±0.02a 0.13±0.01e 
C. Culture T.S 90±4.47 70 18.69±0.44a 4.1 3.18±0.20b 0.92±0.07c 0.32±0.02b 0.05±0.01d 
Control weed 98±2 75 16.02±0.45b - 3.3±0.2b 0.73±0.17c 0.30±0.04b 0.05±0.006e 
C. Culture weed 90±3.16 65 14.58±0.87b 8.98 2.86±0.16b 0.58±0.21d 0.22±0.03c 0.03±0.008e 

T.S= Test Specie, C= Combined 

 

Fig. 10. Effect of Chenopodium album on shoots, roots fresh and dry weight of cow pea 
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6. Pearl millet (Pennisetum glaucum L.): 

Studies to investigate the allelopathic effect of weed on Pearl millet are shown 

here. Germination considerably effected in combine culture treatment (86%) compare 

to control (94%) while in weed control (98%) and in combine culture (94%) has no 

markedly difference in treatment. Speed of germination in mono and combine culture 

of weed (69%) and test plant (68.5) as compared to their controls showed in weed 

81.2% and in Pearl millet was 88% (Table 6, Fig. 11). 

In the given data plant height of Pearl millet (17.30cm) was significantly 

(P<0.05) effected by the weed as compared to control was 34.36cm where as the 

Chenopodium album height were almost same in control (14.91cm) and treatment 

(14.06cm). In combine culture crop plant height was reduced (49.65%) and weed 

plant height reduced only (5.70%). Data of fresh and dry weight of test plant in 

combine culture was significantly affected might have been due to the allelopathic 

effect. Hence the test species dry weight of shoot (0.15g) and root (0.002g) of in 

combine culture compared to dry weight of shoot (0.18g) and root (0.008g) of control. 

The total dry weight of shoot and root of Pearl millet showed decline in treatment 

(Fig. 12). 

 

 

 

 

 

 

 

Fig. 11.  Effect of Chenopodium album on germination, plant height and % reduction 

in plant height 
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Table 6. Allelopathic effect of Chenopodium album on various growth related factors on Pearl millet (Appendix 24A and 30A) 

Treatments Final 
germination 

Speed of germination 
% 

Plant height 
(cm) 

% 
reduction 
in plant 
height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 94±4 88 34.36±0.66a - 2.64±0.16ab 0.18±0.10d 0.26±0.01ab 0.008±0.005c 
C. Culture T.S 86±5.09 68.5 17.30±1.32b 49.65 1.5±0.23c 0.15±0.06d 0.22±0.03b 0.002±0.0006c
Control weed 98±2 81.2 14.91±0.76bc - 3.06±0.16a 0.48±0.15d 0.31±0.01a 0.02±0.006c 
C. Culture weed 94±2.44 69 14.06±0.89c 5.7 2.4±0.24b 0.096±0.01d 0.30±0.01a 0.003±0.005c 

T.S= Test Specie, C= Combined 

 

 

 

 

 

 

 

Fig. 12. Effect of Chenopodium album on shoots, roots fresh and dry weight of Pearl millet 
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B. Chenopodium murale: 

1. Wheat (Triticum aestivum L.): 

Germination, plant height fresh weight and dry biomass presented in Table 7 

and Fig. 13. Germination of wheat seed drastically effected in combine culture (68%) 

as compared to control (100%), while weed trial showed same observation in control 

(90%) and treatment (90%). Minimum speed of germination (48%) of wheat in 

combine culture over to control (70%) , in weed plants showed same trend of ‘S’ 

value in control and treatment .The plant height in weed interaction treatment 

significantly inhibited the growth in wheat (18.93cm) as compared to control 

(35.87cm). Percent inhibition in plant height of test plants in treatment was 47.22% 

where as in weed it was only 2.28%. Fig.14. presented fresh and dry weight of shoot 

and root, showing the significant difference in fresh matter of shoot and root (1.41g 

and 0.002g) of wheat in combine culture compared to control (3.1g and 0.008g). This 

response of wheat indicated that weed plant may contain the allelochemicals which 

highly effected the growth of test crop. 

 

Fig. 13. Effect of Chenopodium murale on germination, plant height and % reduction 

in plant height 
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Table 7. Allelopathic effect of Chenopodium murale on various growth related factors on wheat (Appendix 19B and 25B) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 100±0 70 35.87±1.83a - 3.1±0.08a 0.43±0.17c 0.22±0.01b 0.008±0.005d 
C. Culture T.S 68±11.57 48 18.93±1.31b 47.22 1.41±0.09b 0.10±0.007c 0.14±0.01c 0.002±0.0004d
Control weed 90±3.16 65 17.48±0.99b - 2.92±0.20a 0.26±0.08c 0.3±0.01a 0.18±0.009d 
C. Culture weed 90±3.16 63 17.08±2.31b 2.28 3.002±0.18a 0.25±0.08c 0.30±0.36a 0.009±0.003d 

T.S= Test Specie, C= Combined 

 

Fig. 14. Effect of Chenopodium murale on shoots, roots fresh and dry weight of wheat 
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2. Gram (Cicer arietinum L.): 

Seed germination, plant height, fresh and dry weight of shoot and root studied 

under combine culture treatment expressed in Table 8 and Fig. 15. In this experiment 

seed germination of test plant showed drastically decreased in combine culture. Only 

38% in combine culture over to control as 88% was recorded. Germination of 

Chenopodium murale seeds in control was 82% and 73% in combine culture 

treatment. Similarly speed of germination ‘S’ was lowest (25%) in combine culture 

growth of gram to control 69% and weed have same value of ‘S’ in control and 

combine culture 60% and 59%. A significant reduction in plant height of gram was 

observed in combine culture (8.42cm) compared to control (34.33cm). Plant height of 

weed in control (16.37 cm) was less than the combine culture (23.09cm). Percent 

reduction observed only in test plant height (75.47%) while weed plants show not 

reduced the plant height. Fresh and dry weight of shoot of gram showed significantly 

(P<0.05) decrease in combine culture growth (Fig. 16) respectively. However 

Chenopodium murale create significant reduction at all growth parameter in combine 

culture growth trials in gram, due to their strong allelopathic effects. 

 

 

 

 

 

 

 

 

Fig. 15. Effect of Chenopodium murale on germination plant height and % reduction 

in plant height 
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Table 8. Allelopathic effect of Chenopodium murale on various growth related factors on gram (Appendix 20B and 26B) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
 (g) 

Control T.S 88±3.74 69 34.33±0.36a - 4.47±0.33a 1.08±0.05cd 0.72±0.08a 0.03±0.01b 
C. Culture T.S 38±5.83 25 8.42±3.09c 75.47 1.55±0.46c 0.17±0.09e 0.19±0.06a 0.002±0.001b 
Control weed 82±5.8 60 16.73±1.54b - 3.02±0.15b 0.66±0.22de 0.28±0.01ab 0.06±0.01b 
C. Culture weed 73±16.50 59 23.09±3.21b - 3.89±0.13a 0.99±0.09cd 0.57±0.15a 0.04±0.01b 

T.S= Test Specie, C= Combined 

 

Fig. 16.  Effect of Chenopodium murale on shoots, roots fresh and dry weight of gram 
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3. Mung (Vigna radiata L.): 

Germination, speed of germination, plant height and dry biomass of test and 

weed plant is presented in Table 9 and Fig. 17. Germination percentage showed the 

considerable difference with control (100%) and treatment (64%). Weed showed 96% 

in control and 88% in treatment. But speed of germination showed less difference in 

control and combine culture growth of weed and test crop (70%, 62%) and (72%, 

69%) respectively. Minimum plant height (8.52cm) of mung in combine culture 

suppressed by weed plant compared to control (12.16cm). Weed plant height 

observed maximum in control (11.61cm) compared with combine culture (9.46cm). 

Inhibition or reduction percent in plant height was 32.38% in mung and 18.51% in 

weed (Fig. 17).Fresh weight of shoot and root were significantly reduced in treatment.  

While dry biomasses have insignificant difference in Fig.18.Among these parameters 

the interactive effect between test plant and weed caused inhibitory effect on 

germination, plant height and fresh weight of shoot and root by their allelopathic 

effect. 

 

Fig. 17. Effect of Chenopodium murale on germination, plant height and % reduction 

in plant height  
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Table 9. Allelopathic effect of Chenopodium murale on various growth related factors on mung (Appendix 21B and 27B) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt root 
(g) 

Dry wt root  
(g) 

Control T.S 100±0 72 12.16±0.46a - 3.1±0.22a 0.35±0.13c 0.79±0.06a 0.0047±0.0004d

C. Culture T.S 64±9.27 
69 

8.52±1.59c 
32.38 

2.24±0.14b 0.24±0.04c 0.14±0.04c 0.004±0.001d 
Control weed 96±2.44 70 11.61±0.47ab - 2.93±0.17a 0.72±0.16c 00.74±0.03a. 0.002±0.0002d 
C. Culture weed 88±2 62 9.46±0.17bc  18.51 2.97±0.13a 0.22±0.02c 060±0.06b 0.0026±0.0005d

T.S= Test Specie, C= Combined 

 

Fig. 18.  Effect of Chenopodium murale on shoots, roots fresh and dry weight of mung 
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4. Maize (Zea mays L.): 

Percent germination, speed of germination, plant height, and fresh/dry weight 

of shoot/root of maize and weed plant is presented in Fig. 19, 20 and Table 10. Seed 

germination trend was observed in treatment (70%) as compared to control (100%) 

and control of weed plant showed 90% and 80% in combine culture. Speed of 

germination of maize slow in mono and combine culture and lowest (45%) in 

combine culture, this trend also similar in weed species. Plant height does not affected 

by any allelopathic effect of weed in combine culture. Plant height also showed 

somewhat similar result. Percent reduction of plant height in both plants was showed 

same trend. Fresh weight of shoot (2.14g) and root (0.68g) of maize was significantly 

reduced as compared to control fresh weight of shoot (2.85g) and root (1.02g).  While 

similar trend showed in weed fresh masses. The result showed that the test plant was 

poorly affected by weed allelopathy but fresh weight of shoot and root of test plant 

significantly reduced.  

  

Fig. 19. Effect of Chenopodium murale on germination, plant height and % reduction 

in plant height 

 



Chapter 6:  RESULTS (COMBINE CULTURE GROWTH) 

‐101‐ 

 

Table 10. Allelopathic effect of Chenopodium murale on various growth related factors on maize  (Appendix 22B and 28B) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 100±0 70 33.32±1.77a - 2.85±0.22a 0.96±0.06b 1.02±0.40a 0.02±0.01c 
C. Culture T.S 70±1 45 33.28±1.10a 0.12 2.14±0.12b 0.52±0.14b 0.68±0.07b 0.002±0.0005c
Control weed 90±0.44 64 10.65±0.42b - 2.82±0.17a 0.59±0.21b 0.97±0.11a 0.05±0.02c 
C. Culture weed 80±1.1 56 10.62±0.78b 0.28 2.28±0.14ab 0.41±0.13b 0.86±0.08ab 0.02±0.01c 

T.S= Test Specie, C= Combined 

 

Fig. 20.  Effect of Chenopodium murale on shoots, roots fresh and dry weight of maize 
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5. Cow pea (Vigna unguiculata L.): 

Data presented in Table 11 and Fig. 21 is germination percentage, speed of 

germination, plant height and fresh and dry biomass of test plant under combine 

culture growth. Germination in control (100%) and in combine culture (94%) 

similarly in weed control it was 96% and 94% in combine culture. Speed of 

germination showed almost same trend as mention in germination. Among the 

interactive effect on plant height between treatment and control non-significant 

difference were observed with respect to germination. Reduction percent in plant 

height of test plant was 0.47% and weed plant was 0.28% (Fig. 22). However the 

fresh and dry matter of Vigna unguiculata shoot 4.004g, 0.84 g were significantly 

reduced in combine culture as compared to control was recorded. But non significant 

reduction was seen only in the dry weight of root (0.02g) of test plant in combine 

culture over to control (0.03g) (Fig.22). Result of this study indicated that the weed 

does not reduce the plant height but less reduction in the dry matter it poorly shows 

the allelopathic inhibition to test plant. Result showed weed did not show serious 

allelopathic effect on test crop. 

 

 

 

 

 

 

 

 

Fig. 21. Effect of Chenopodium murale on germination, plant height and % reduction 

in plant height 
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Table 11. Allelopathic effect of Chenopodium murale on various growth related factors on cow pea (Appendix 23B and 29B) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 100±0 67 33.38±1.77a - 6.07±0.54a 1.30±0.06c 1.16±0.11a 0.03±0.006b 
C. Culture T.S 94±2.44 59 33.22±1.05a 0.47 4.004±0.15b 0.84±0.07cd 0.71±0.03b 0.02±0.01b 
Control weed 96±2.44 61 10.65±0.42b - 3.64±0.23a 0.88±0.08cd 1.36±0.16a 0.39±0.20c 
C. Culture weed 94±4 54 10.62±0.78b 0.28 4.30±0.35b 0.99±0.07c 1.13±0.05a 0.02±0.008b 

T.S= Test Specie, C= Combined 

 

Fig. 22.  Effect of Chenopodium murale on shoots, roots fresh and dry weight of Cowpea 
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6. Pearl millet (Pennisetum glaucum L.): 

Data revealed that seed germination of Pearl millet slightly decreased 90% in 

combine culture as compared to control 100% while Chenopodium murale showed 

the similar trend as in test species (Table 12, Fig. 23). The speeds of germination low 

in test specie(68%) to control(83%) ,while almost same values has weed specie . Plant 

height of test crop was significantly reduced in treatment (34.49cm) as compared to 

control (38.18cm).  Weed plant height not affected in combine culture was7.61cm 

and8.73cm in control (Fig. 23). Reduction percent in plant height of test species and 

weed was not higher 9.66% in Pearl millet and 12.82% in weed specie (Fig. 24). Dry 

weight of Pearl millet root was not highly decreased in interactive growth with weed. 

Fresh weight of shoot and root of test species in combine culture showed the 

significant reduction as compared to control.  

 

Fig. 23. Effect of Chenopodium murale on germination, plant height and % reduction 
in plant height 
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Table 12. Allelopathic effect of Chenopodium murale on various growth related factors on Pearl millet (Appendix 24B and 30B) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 100±0 83 38.18±0.88a - 3.38±0.21a 0.28±0.12c 1.16±0.18a 0.009±0.04c 
C. Culture T.S 90±3.16 68 34.49±1.56b 9.66 2.7±0.20b 0.15±0.14c 0.73±0.05b 0.002±0.0002c 
Control weed 100±0 60 8.73±0.59c - 2.82±0.19b 0.25±0.08c 1.01±0.11ab 0.03±0.003c 
C. Culture weed 80±1.1 58 7.61±0.70c 12.82 2.35±0.21b 0.39±0.11c 1.14±0.14a 0.01±0.003c 

T.S= Test Specie, C= Combined 
 

 
 
 

Fig. 24. Effect of Chenopodium murale on shoots, roots fresh and dry weight of gram 
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C. Anagallis arvensis L.: 

1. Wheat (Triticum aestivum L.): 

Data Presented in Table 13 and Fig. 25 show germination of wheat in control 

(100%) and (70%) in combine culture while weed showed same result in control and 

treatment. Speed of germination of test specie was 69.4% and 68% of weed in 

combine culture treatment. Plant height of wheat was significantly affected in 

combine culture (13.96cm) as compared to control (27.7cm) (Fig. 26). Percent 

reduction in plant height of wheat 49.62% and 10.95% in weed.  In combine culture 

growth of wheat shoot fresh weight (2.21g) significantly reduced as compared to 

control (3.26g). Similarly in combine culture wheat root fresh weight (1.02g) was 

reduced as compared to fresh weight of control (1.28g). Among the interaction 

between weed and crops were significant different on germination, plant height, fresh 

weight of shoot and root of test crop and weed specie.   

 

Fig. 25. Effect of Anagallis arvensis on germination, plant height and % reduction in 

plant height 
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Table 13. Allelopathic effect of Anagallis arvensis on various growth related factors on wheat (Appendix 19C and 25C) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 100±0 81 27.7±2.79a - 3.26±0.17a 0.33±0.11c 1.28±0.08bc 0.04±0.01d 
C. Culture T.S 70±5.4 69.4 13.96±1.69b 49.62 2.21±0.10b 0.22±0.03c 1.02±0.17c 0.02±0.04d 
Control weed 80±5.7 70.5 12.32±0.78b - 2.95±0.18a 0.57±0.07c 1.67±0.08a 0.1±0.01d 
C. Culture weed 80±2.1 68 10.97±0.44b 10.95 2.96±0.22a 0.15±0.023c 1.37±0.14b 0.04±0.01d 

T.S= Test Specie, C= Combined 

 
Fig. 26. Effect of Anagallis arvensis on shoots, roots fresh and dry weight of wheat 
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2. Gram (Cicer arietinum L.): 

Seed germination of gram and weed in treatment was not much different as 

compared to control while test species in combine culture it was considerable 

reduced. Fifty nine percent speed of germination in gram was recorded in combine 

culture (Table 14, Fig. 27). Whereas weed specie show almost same values as (75%), 

(72%) in both treatments. Plant height was significantly influence in combine culture 

(17.14cm) as compared to the control (21.85cm). Percent reduction in plant height 

was 21.55% and weed was 18.09%. Dry weight of root was not reduced by adjacent 

weed plants (Fig. 28). Results showed that the plant height significantly affected in 

combine culture and dry weight of shoot, fresh weight of shoot/root is also 

significantly reduced by allelopathic effect of weed. 

 

Fig. 27. Effect of Anagallis arvensis on germination, plant height and % reduction in 

plant height 
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Table 14. Allelopathic effect of Anagallis arvensis on various growth related factors on gram (Appendix 20C and 26C) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 93.3±6.66 93 21.85±0.59a - 3.27±0.07a 1.14±0.08d 0.82±0.05b 0.029±0.015d 
C. Culture T.S 70±5.77 59 17.14±0.52b 21.55 1.66±0.22c 0.12±0.08e 0.53±0.06c 0.026±0.007d 
Control weed 86.6±3.33 75 13.98±0.66c - 2.59±0.21b 0.49±0.04e 1.16±0.14a 0.025±0.002d 
C. Culture weed 80±5.77 72 11.45±0.92d 18.09 2.05±0.22c 0.16±0.04e 0.81±0.02b 0.025±0.005d 

T.S= Test Specie, C= Combined 

 

Fig. 28. Effect of Anagallis arvensis on shoots, roots fresh and dry weight of gram  
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3. Mung (Vigna radiata L.): 

Germination percentages in test species do not show any considerable 

difference with control (100%) and combine culture (83.3%) (Table 15, Fig. 29). In 

weed trial seeds show maximum germination percentages in combine culture (86%) 

compare to control (76%). The speed of germination index was 76.3% of mung and 

was 78% in weed control. Where as in treatment “S” slightly decreased as (65.5%) in 

mung and (70%). Plant height significantly decreased in combine culture (14.88cm) 

compared to control (21.21cm) while weed plant show less difference in control 

(10.51cm) and treatment (9.86cm). Reduction percent in plant height was 29.84% in 

test crop and (6.18%) in weed plant. Test plant showed only the significant reduction 

in fresh weight (1.78g) of test specie as compared to control (2.9g) .While dry weight 

of shoot and root was not significantly reduced as compared to control dry weight 

(Fig. 30). Result showed that weed plant influenced the effect on growth of plant 

height and fresh weight of test plant. It indicates the allelopathic effect of weed on 

mung. 

 

Fig. 29. Effect of Anagallis arvensis on germination, plant height and % reduction in 

plant height 
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Table 15. Allelopathic effect of Anagallis arvensis on various growth related factors on mung (Appendix 21C and 27C) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 100±0 76.3 21.21±0.52a - 2.9±0.23a 0.58±0.12c 0.64±0.10b 0.04±0.007c 
C. Culture T.S 83.3±3.3 65.5 14.88±0.90b 29.84 1.78±0.11b 0.36±0.09c 0.53±0.66b 0.01±0.002c 
Control weed 76±3.4 78 10.51±0.67c - 3±0.31a 0.43±0.12c 0.79±0.03a 0.04±0.02c 
C. Culture weed 86±4.35 70 9.86±0.58c 6.18 2.65±0.11a 0.6±0.08c 0.66±0.03b 0.02±0.004c 

T.S= Test Specie, C= Combined 

 

Fig. 30. Effect of Anagallis arvensis on shoots, roots fresh and dry weight of mung 
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4. Maize (Zea mays L.): 

Percentage of maize seed germination in control (86.66%) and (70%) in 

treatment is presented in Table 16 and Fig. 31. Weed plants control (83.3%) and in 

combine culture (73.3%) show that minor effect on germination. Similarly speed of 

germination showed same trend in control and treatment. Plant height of maize 

observed in treatment (17.14cm) and (20.18cm) in control, showed the significant 

reduction. While weed plant height did not affected in combine culture compared to 

control. Percent reduction in plant height in test plant (15.06%) and weed plant 

(16.14%) were also similar (Fig. 32). In combine culture fresh (2.05g) and dry (.43g) 

mass of maize shoot was significantly reduced as compared to control. While in root 

only fresh weight showed a significant reduction to control than dry mass. Results 

indicated that weed markedly suppressed these growth parameters due to their 

allelopathic effects. 

 

Fig. 31. Effect of Anagallis arvensis on germination, plant height and % reduction in 

plant height 
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Table 16. Allelopathic effect of Anagallis arvensis on various growth related factors on maize (Appendix 22C and 28C) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 86.66±13.3 60 20.18±0.71a - 2.96±0.18a 1.04±0.05c 0.99±0.05a 0.028±0.003c 
C. Culture T.S 70±1 55 17.14±1.19b 15.06 2.05±0.22b 0.43±0.12d 0.86±0.05b 0.021±0.003c 
Control weed 83.3±3.3 62 10.9±1.03c - 2.42±0.18b 0.65±0.11cd 1.05±0.04a 0.05±0.008c 
C. Culture weed 73.3±3.33 59 9.14±0.85c 16.14 1.93±0.05b 0.23±0.07d 0.87±0.06b 0.036±0.008c 

T.S= Test Specie, C= Combined 

 

Fig. 32. Effect of Anagallis arvensis on shoots, roots fresh and dry weight of maize 
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5. Cow pea (Vigna unguiculata L.): 

The data on percent germination of test crop on weed species is presented in 

Table 17 and Fig. 33. Almost similar percent germination (90%) was noticed in 

combine culture treatment as compared to control (93.3%). Weeds also show the less 

difference in percentage of germination in treatment (83%) to control (86%). The 

observation on speed of germination is also presented in Table 17. There was no 

pronounced difference in speed of germination as compared to control. Plant height 

(15.32cm) of cow pea was significantly affected in the combine culture treatment. 

Test and weed species percent reduction in plant height (12.50%) and (1.51%) in 

combine culture. Test crop fresh weight of shoot showed significant reduction as 

compared to control. While the other masses were insignificant to controls. Weed 

showed no allelopathic effect on germination and speed of germination of cowpea. 

Overall this weed show poor allelopathic effects on cow pea. 

 

Fig. 33. Effect of Anagallis arvensis on germination, plant height and % reduction in 

plant height 
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Table 17. Allelopathic effect of Anagallis arvensis on various growth related factors on cow pea (Appendix 23C and 29C) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 93.3±3.3 68 17.51±0.56a - 3.28±0.21a 0.86±0.14d 0.80±0.40a 0.10±0.07b 
C. Culture T.S 90±5.77 63 15.32±0.55b 12.5 2.75±0.05b 0.72±0.12d 0.79±0.05a 0.04±0.003b 
Control weed 86±3.2 67 12.51±0.65c - 2.65±0.19b 0.79±0.08d 0.69±0.06a 0.02±0.003b 
C. Culture weed 83±3.12 62 12.32±0.57c 1.51 2.28±0.18c 0.71±0.07d 0.74±0.02a 0.02±0.005b 

T.S= Test Specie, C= Combined 

 

Fig. 34. Effect of Anagallis arvensis on shoots, roots fresh and dry weight of cow pea 
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6. Pearl millet (Pennisetum glaucum L.): 

Anagallis arvensis effect the germination of Pearl millet in combine culture 

(86%).  Germination of weed seeds in combine culture (83%) and (90%) in control 

(Table 18, Fig. 35). Speed of germination decreased in test crop treatment (74%) to 

control (84%). Weed showed same results of ‘S’ values. Data revealed in Table 18 

that maximum plant height in control (16.5cm) was significantly affected on height of 

test plant (13.4cm) in combine culture, while in weed plant trial slight difference in 

control and combine culture plants was recorded (Fig. 35). Percent reduction in Pearl 

millet was 20.36% and 16.81% in weed plant were seen. Fresh weight of shoot (2g) in 

test plant was significantly reduced with control (2.96g).  The dry weight of shoot and 

root in combine culture compared to control were not significantly decreased. Results 

indicated that the plant height and fresh biomass of Pearl millet significantly 

suppressed by weed.  

 

Fig. 35. Effect of Anagallis arvensis on germination, plant height and % reduction in 

plant height 
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Table 18. Allelopathic effect of Anagallis arvensis on various growth related factors on Pearl millet (Appendix 24C and 30C) 

Treatments Final 
germination 

Speed of 
germination % 

Plant height 
(cm) 

% reduction in 
plant height 

Fresh wt 
shoot (g) 

Dry wt 
shoot (g) 

Fresh wt 
root (g) 

Dry wt root 
(g) 

Control T.S 100±0 84 16.5±0.52a - 2.96±0.18a 0.67±0.10c 0.85±0.03b 0.02±0.006c 
C. Culture T.S 86±6.6 74 13.14±1.02b 20.36 2±0.17b 0.34±0.08c 0.85±0.02b 0.01±0.009c 
Control weed 90±5.7 65 8.74±0.50c - 2.73±0.11a 0.51±0.06c 1.7±0.04a 0.07±0.02c 
C. Culture weed 83±6.4 63 7.27±0.20c 16.18 2.8±0.16a 0.53±0.12c 0.78±0.04b 0.02±0.004c 

T.S= Test Specie, C= Combined 

 

  Fig. 36. Effect of Anagallis arvensis on shoots, roots fresh and dry weight of Pearl millet 
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Conclusion 

 

Test species (wheat, gram, mung, maize, cow pea and pearl millet) grow with weeds 

Chenopodium album, Chenopodium murale and Anagallis arvensis and assessed as combine 

culture growth. Results in combine culture trials showed the low respond on germination 

almost in all test species by weeds.  

Plant height of test species gram, wheat and pearl millet were significantly affected 

while remaining test species were slightly affected in Chenopodium album. Percent inhibition 

in plant height was minimum (2%) in mung and maximum (53%) in wheat. Fresh biomass of 

shoot and root were significantly reduced by allelopathic effect of weed in nearly all test 

species. 

Chenopodium murale retarded strongly the plant height of wheat, gram, mung and 

pearl millet while in maize and cowpea were not significantly affected. It is also observed 

that combine culture growth show 75% in gram and 12% in maize percentage of plant height 

inhibition. Fresh weight of shoot and root of all test species significantly reduced in combine 

culture compared with their control. 

Like above weed species Anagallis arvensis has strong and significant effect on plant 

height of test species wheat, gram, mung while low effect on maize, cow pea and peal millet 

but percent inhibition in plant height show the different responded in this weed from above 

weed as maximum 50% in wheat and minimum 12% in cow pea. Fresh biomass of test 

species significantly reduced. 

Combine culture growth trend show the strong allelopathic effect by these weeds in 

given parameters of test plant growth. 
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DISCUSSION 

The discussion based on the inhibitory or stimulatory effect of weeds due to 

allelopathic nature on the growth parameters i.e.germination, radicle elongation, and 

plant height, plant fresh and dry weight of different test species. Inhibitory effect of 

osmotic potential on germination and radicle growth of test species were also 

discussed.    

Osmotic potential of water create a stress in absorption of water .However, a 

question arise that the properties of osmotic potential phenomenon affect only on 

growth of plants or by other treatments i. e.extract of weed in different concentration, 

root and shoot leachate and combine culture growth of test and weed plants. 

Present studies on water potential regarding osmo-condition media (mannitol) 

and their concentration levels on test crops germination and root length discussed. 

Different osmotic potential of mannitol solution were used in comparison with weed 

extract for different growth parameters of test species. Osmotic potential solutions 

slightly effected the percent germination in all test species. Lowest germination 

observed in cow pea at highest osmotic potential. However these results also 

consistence of Gharoobi et al. (2012), results showed that germination of corn, barely 

and canola was not affected by osmotic potential only corn seed germination was 

effective in -0.5 PEG solutions. Smith et al. (1989) showed the consistent of these 

results who reported the germination in wheat and other crop decreased with 

increasing moisture tension. 

 The most critical phase for establishment of any species showed in the time of 

germination and early seedling growth. Similar results implied that Hampson and 

Simpson (1990) found that germination of seed is strongly influenced by variation in 

temperature, water stress, and light requirement and these factors often show 

significant interaction in their effect on germination. Root lengths were not 

significantly reduced throughout in all levels it depends on osmotic potentials level of 

mannitol solution. Similar results were reported by Khan (1992) that osmotic potential 

should be so adjusted to allow all the biochemical and physiological germination 
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process to take place but to inhibit the cellular development and consequently root 

emergence even after weeks of contact between the seed and the osmotic solution. 

Similar results found by Serraj and Sinclair (2002) Osmotic adjustment in all plant 

tissues result in water uptake and it maintain the cell turgor pressure and hence change 

their physiological processes such as stomatal regulation, photosynthesis and cell 

expansion etc. 

 In these studies highest level of osmotic potential have negatively affected the root 

length of test species these results are similar with Chaves et al. (2003) who found the 

reaction of the plant to water stress differ significantly at various organizational levels 

depending upon intensity and duration of stress as well as plant species and its stage 

of development.  

 Bell (1974) reported that the response of seeds or seedling to plant extracts is 

due entirely to allelopathy however the possibly exists that the extracts may also exert 

negative osmotic effects on the test species. In present study pearl millet results at 

higher osmotic concentration are in line with Akber et al. (2009) who reported that the 

plumule and radicle growth reduced with highest level (16gL-1) of PEG osmoticam 

and their concentration. Similar results also supported by Redhouane (2007) who 

stated that pearl millet seed exposure to osmotic stress affect germination as well as 

root and shoot length. The result of this study is similar to Neto et al (2004) reported 

interaction between osmotic treatment (Mannitol concentrations) and Soyabean 

(Glycinmax L. Merril) germination and seedling growth germination did not  decrease 

but hypocotyl and root length gradually reduced in other treatments. In these studies 

some of the crops not strictly affected by levels of osmotic potentials. Present results 

regarding the effect of osmotic stress on the gram radicle growth decreased in higher 

concentration of mannitol. Similar results of Pratap and Sharma (2010) who stated 

that in black gram seeds growth   showed the length of stem, root and number of 

lateral roots were decreased with increase in PEG. 

 Osmotic effects of different potential mannitol solutions compared with the 

allelopathic effects of weeds extract of Chenopodium album, Chenopodium murale 

and Anagallis arvensis on germination and radicle growth of the test crops discussed 
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below. Different weed extract (aqueous, ethanol and acetone) significantly reduced 

germination and shoot and root length. 

In the growth of plant first physiological response consider as seed 

germination. In any stress condition seed germination differentially affected because 

during germination biochemical changes takes place and provide the basic frame 

work for the growth of plants. Many scientists have suggested phenolics compared as 

the main cause of inhibition of metabolic process during germination (Kuiters, 1989; 

Williams and Hoagland 1982).  

Petri plate experiment in present investigation assessed germination and 

radicle growth of test species are presented. Chenopodium album in each extract 

concentration highly affected germination in wheat, gram, cow pea and pearl millet 

than remaining plants .Results of chick pea and wheat also similar to investigation of 

Kadioglu et al. (2005) who reported the allelopathic effect of weeds extracts 

Chenopodium album L., Matricaria chamomilla L., Glycyrrhiza glabra L., Sorghum 

halepene L. and Resed lutca L. on seed germination of onion, barely, wheat, pepper, 

tomato, chickpea, common bean and corn. Chickpea and wheat seed germination 

inhibited by Chenopodium album L., Solanum nigram L. and Matricaria chamomilla 

L.Radicle elongation also affected in all test plants but highly decrease the radicle 

growth in wheat of each concentration of weed extract. Germination and radicle 

growth is suppressive in the presence of allelochemicals in plant materials which 

dissolved in water. These results are also consistent with finding of Kitanaka and 

Takido (1986), who reported the wheat plant was significantly affected by allelopathic 

effect of Chenopodium album. Similarly these results supported with Majeed et al. 

(2012) who reported the fresh leaf extract of Chenopodium album reduced plant 

height, number of tillers/ plant, spike length, grain yield/plant and 1000 grain weight 

especially at higher concentration of wheat. These results also  consistent of Alam et 

al. (2002) reported leaf extract of Chenopodium album and Sodium chloride salinity 

alone or in combination had no significant effect on wheat seed germination but 

length of shoot and root were significantly reduced in all treatment. 

In present study cow pea seed germination and radicle growth was strongly 

inhibited in highest concentration of weed extract. The aqueous extracts of many 
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weeds species are known to inhibit seed germination (LeTourneau et al., 1956; 

Ohman & Kommedahl, 1960; Singh 1968; Datta and Sinha-Roy, 1975; Naqvi & 

Mullar, 1975; Friedmen et al., 1977). 

Tollenaar et al. (1994) and Murphy et al. (1996) reported that higher corn 

densities reduced the contradictory effect of weed biomass compared to their lower 

densities. On the other side King (1966) stated that weed fast growth in term of height 

and leaf development suppressed the crop by competing for space. Result of present 

study established that, in mung, gram, pearl millet and cowpea germination 

percentage and radicle length significantly decreased gradually by weed in extracts 

(allelopathy). Similar findings were reported by Singh and Sangeeta (1991) who 

investigated the influences of extract of Parthenium hysterophorus L. (Congress 

grass) on germination and seedling of cereal rice and wheat and pulses black gram 

and chickpea in both cereal and pulses decline germination and  reduction in length of 

root and shoot was observed. In this result mung showed considerable reduction in 

germination percent and highly significant reduction in radicle length. This result 

supported by Kumbher and Dabgar (2010) who studied the comparative effect of 

different part of weed (Panicusm colonum L.) on growth of Vigna radiate L. the order 

of effectiveness was inflorescence >stem and leaf> root. Whereas these findings are 

similar and supported by Dave and Jain (2009) allelopathic effects of Chenopodium 

album L. on in vitro seed germination of Triticum aestivum L. Bhowmik and Dall 

(1979) also found that water extracts of Chenopodium album inhibited root and shoot 

growth of corn and hypocotyls growth of soya bean.  

Chenopodium murale extract concentration as above described showed the 

allelopathic effect on germination. Fifty percent germination revealed in all test plants 

except wheat it showed less than 50 % in higher concentration. The behavior of 

percent germination decreasing under increasing concentrations of extract. 

Germination completed under three stages in first stage the seeds imbibe, second 

stage hydration process in seeds and finally growth phase start. Tawaha and Turk 

(2003) and Olofsdotter (2001) found an indirect relation between lower germination 

rate and allelopathic inhibition may be the consequence of inhibition of water uptake 

and alteration in the synthesis or activity of gibberellic acid (GA3).  Radicle growth of 

wheat, gram and pearl millet comparatively highly reduced than the remaining test 
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species. Gram seeds showed the maximum significant reduction in radicle length. 

Furthermore it reduced the radicle growth in pearl millet, mung and in wheat 

gradually in higher concentration. These results correlated with the finding of 

Chandra et al. (2012) who said that Withania somnifera extract has an allelopathic 

effect on the seedling growth of  cicer arietinum.Simlarly Alam and Shaikh (2007) 

who reported the aqueous leaf extract of Chenopodium murale L. combination with 

NaCl influence on rice seedling growth and germination.  Irshad and Cheema (2004) 

reported allelochemicals inhibit seed germination by blocking hydrolysis of nutrients 

reserve and cell division. Allelochemicals are also cause significant reductions in the 

growth of plumule and radicle of various crops reported by Ogbe et al. (1994). 

 These results are supported by many researchers as, lentil growth reduced by 

Chenopodium murale, i.e. reported by Rahimzadeh et al., (2012) who found the 

allelopathic effect of root and seed extract of goose foot, red rot amarantha and bind 

weed, these extract significantly decreased germination percent epicuticle length, root 

and shoot dry weight of lentil.Similarly Al Johani et al. (2012) found the allelopathic 

impact of Chenopodium murale and Malva parviflora. Root growth of barley were 

not affected with M. parviflora, but highly reduced in all ranges of Chenopodium 

murale extract. Our results clearly indicated that allelopathic potential of 

Chenopodium murale extract have significantly effect on all test crops. Many 

researchers have found that extract of a number of weeds species shown to be 

inhibitory effect to germination of crop seeds (Shaukat et al., 1985; Casado 1995; 

Hofmann et al., 1996; Lydon et al., 1997; Tajuddin et al.; 2002). El-Khatib et al., 

(2004) reported the phytotoxicity of Chenopodium murale aqueous extracts with 

inhibitory effect covers all stages of test species growth i.e Triticum pyramidal, 

Lycopersicum esculantum and Cucmus sativus test species 

 Anagallis arvensis extract significantly reduced the radicle growth in all 

plants but gram, wheat, cowpea and pearl millet considerable reduction in the radicle 

length than mung and maize. This trend shows germination and radicle growths were 

decreased when the concentration of extract increased. Bora et al. (1999) found that 

the inhibitory effect of leaf extract of Accacia auriculiformis on germination of some 

agricultural crops was proportional to the concentration of extract. Similarly pearl 

millet results supported with Alagsaboopathi (2013) results that the aqueous leaf 
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extracts of Argenome mexicana showed inhibitory effect on germination, radicle 

elongation, plumule length, fresh and dry weight of Sorghum bicolor. Dongre and 

Mishra (2002) study the vegetation in the field of urd (Phaseolus mungo). These 

weeds were Parthenium hysterophorus, Eclipta alba, Anagallis arvensis, Lippa 

modiflora and Polygonum plebejum different interference mechanism of weeds 

including allelopathy which can result in heavy crop losses were studied. Qasem 

(1995) reported the allelopathic effect of Amarathus retroflexus L., A. blitoides, S. 

wats and A. gracillis Desf. on wheat. These weed species extracts reduced 

germination, coleoptiles length; root length and root dry weight of wheat seedlings. 

Many researchers supported the results of allelopathic effect of weeds extract reduced 

the percent germination and seedling growth decrease with increasing extract 

concentration.  

Anagallis arvensis extract do not markedly affect the germination i.e. mung, 

cow pea and pearl millet but radicle length significantly inhibited. These results 

consistence of Aliotta et al. (1990) who found that the germination was not affected 

but root growth and dry weight of both radish and lettuce were markedly inhibited by 

weed extract. Similarly Haque et al. (2003) found that the extracts of leaves of Acacia 

auriculiformis inhibited the root, shoot and rate of germination by using agricultural 

crops Brassica junica L., Phaseolus mungo L., Raphnus sativus, Vigna unguculata L. 

and Cicer arietinum L.These results supported with Rao and Reddy (1984) and 

Antonio et al., (1999), who reported the aqueous extracts of Leucaena on germination 

and radicle elongation of three forage grasses in which radicle elongation was a more 

sensitive indicator for extracts effects rather than seed germination. These results are 

similar and confirm with the findings of Uddin et al., (2000), Alam (1990), 

Chaturvedi and Jha (1992). They supported the radical growth and lateral 

developments of root were more sensitive and respond strongly in more concentration 

of extract in shoot comparison. Anagallis arvensis  extract showed same trend with 

wheat these results same as Siddiqui et al. (2009), aqueous extract of weed Prosopis 

juliflora caused pronounced inhibitory effect on seed germination and root length of 

receptor plant(wheat) Inhibitory effect was much pronounced on radicle length rather 

than germination. 
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The petri plate experiments with weed leachate observed more or less similar 

results. So it was decided to discuss the result of test crops wheat, maize, gram, mung, 

cow pea and pearl millet together to avoid the repetition. The leaf and root leachate of 

three weeds Chenopodium album L., Anagallis arvensis L and Chenopodium murale 

L. showed the similar results on germination of test crops. Only gram and wheat 

slightly suppressed the germination by all three weeds.  

These results showed germination and radicle growth was severely inhibited in 

both leachate.Saritha et al; (2007) reported the seed germination is the crucial stage of 

plant’s life cycle and is highly responsive to the environment of the medium. Similar 

result reported by Salam et al; (2011) who observed the germination of pearl millet 

and mung was not affected in root and shoot leachate of Anagallis arvensis. However 

this study is not dependant on concentration of leachate. Allelochemicals soluble in 

water can be stimulatory or inhibitory. These results was also proved by the studies of 

Romman etal;(2010) who reported the leachate of Euphorbia hierosolymitana  

inhibited seed germination, radicle and coleoptile length of wheat and also decreased 

the fresh and dry weight of root.Many researchers have reported allelopathic effects 

of many weeds on crops (Oudhia et al., 1977). These results supported by Swaminath 

et al. (1990)who reported allelopathic influence of composite leachate obtained from 

root, leaves and flower of Parthenium hysterophorus on cowpea, sorghum and 

sunflower ,germination and seedling growth were severely inhibited by leachate. In 

artificial rain drip or leaf leachate suggested that the allelochemicals present in many 

weeds. Chenopodium album leaf leachate showed non significant effect on radicle 

length of gram and maize than remaining crops were significantly reduced the radicle 

length. Both leachate of Chenopodium murale and Anagallis arvensis affected the 

radicle growth in all test species except gram and pearl millet.Similar results 

associated with Shaukat et al. (1983) reported that the leachate from Inula grantioides 

by artificial rain drip significantly inhibited the shoot growth of Pennisetum 

americanum while Cenchrus pennisetiformis inhibit only root growth of Pennisetum 

americanum.  

 These results showed  that allelochemicals may be present in root leachate 

caused inhibition in root length of test crops. Similarly Kimber (1973) indicated that 

root exudates of wild oat (Avena fatua) reduced the growth of wheat by either leached 
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allelochemicals from the residue or produced during microbial decay. Some 

contradicts of previous research that Chenopodium album (Lambsquarter) has 

stimulatory effect on growth of wheat by Bhatia et al. (1982). In contrast to our results 

wheat growth effected by the weeds due to presence of some allelochemicals and 

some environmental conditions. These results correlated with the findings of Kohli et 

al;(1998) who reported that allelochemicals were responsible for the significant 

decrease in seed germination and seedling growth of crop plants.  

. From these studies the results obtained that root leachate of three weeds most 

strongly affected the radicle growth than leaf leachate. But root length of gram and 

maize effected by leaf leachate of Anagallis arvensis and Chenopodium album. 

Similar results were obtained by Qasem and Hill (1989) who investigated the 

allelopathic role of Chenopodium album L. and Senecio vulgaris on tomato. C. ablum 

leachates significantly reduced the tomato growth more than S. vullgaris.   

Similar results was obtained by Patil (2011)who studied the effect of leaf 

leachate of Eupatorium odoratum L. on bajra, soyabean and mustard which are 

sensitive at germination and root and shoot growth of all test crops. 

 These investigations showed Pearl millet significantly reduced the root length 

in both leachate of Chenopodium album and Chenopodium murale but maximum 

reduction show in root leachate .Similarly this explanation can be enhanced by 

obtaining the results of Yadav and chauhan (1998) who studied the significant effect 

of root leachates from Parthenium hysterophorus, Asphodelus tunifolius and Pluchea 

lanceolata on wheat. Similarly  these results were also supported by  Inam et al. 

(1987),who reported  that Xanthium strumarium L. is both a weed and waste land 

specie reduced the germination, early growth, fresh and dry mass of test species 

Lactuca sativa, Brassica compestris, Pennisetum americanum and Zea mays in 

experiments of extract, rain leachate and litter.   

Similar results reported by Hussain et al., (1997) who studied the allelopathic 

suppression of wheat and mustard by Rumex dentatus sp. Klotzschianus that aqueous 

extract, rain leachate and litter inhibited the germination and seedling growth of both 

species. 
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Hassanet al. (2012) reported that during seed germination, biochemical 

changes takes place, which provide the basic frame work for subsequent growth and 

development. The growths of test crop observed with the interaction of Chenopodium 

album in combine culture experiments percent germination were not highly effected. 

In earlier research the worker have also reported inhibition of seed germination by 

allelochemical through their interference in energy metabolism, cell division, mineral 

uptake, blockage of hydrolysis of nutrient reserve and biosynthetic processes (Rice, 

1984.  Irshad and Cheema (2004) and Ogbe et al. (1994) also proved that these factors 

may cause significant reduction in the growth of plumule and radicle of various crops.  

In combine culture experiment, speed of germination showed differential 

response.  These results are similar with the findings of Sannigrahi and Chakraborthy 

(2005) those attributed the differential response due to the presence of various 

allelochemicals in plants. In present investigations the plant height of wheat, gram and 

Pearl millet were highly reduced and the remaining test crop did not affect of 

interaction of Chenopodium album may be due to compatibility with weed. The dry 

matter of root and shoot is the deciding factor in crop vigor determination and it’s 

decided the function of root and shoot. The above mentioned crops have significantly 

less seedling dry matter than control. These results correlated with Kobayashi (2003) 

who reported the allelochemicals can directly affected the growth of receiver plants in 

soil as they are directly available for absorption by the plant. Jabeen et al. (2011) 

found the same results where wheat height was significantly reduced in combine 

culture treatment with Asphodelus tenuifolius may be due to the allelopathic effect of 

weed. In present study control plant in test species have almost higher biomass than 

the plant which grow in combine culture trial. These results are similar to Nassab and 

Lalelo (2012) who reported the full interaction of wheat with Avena fatua L. (wild 

oat) had more negative effects on plant height, number of leaves, chlorophyll content, 

flag leaf area and chlorophyll content. These results were also supported by Singh et 

al. (2003) who found the phytotoxicity of Ageratum conyzoides to the growth of 

wheat in all treatments. Among these results in combine culture plant growth had 

inhibitory effect on dry biomass of test plants were significantly (P<0.05) reduced. 

Elmore (1985) reported that Cyprus rotandus allelopathically caused the crop losses 

i.e. cotton, maize, soyabean, sorghum, groundnut and tobacco. Allelopathic effect of 
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Chenopodium murale on test crop grow in combine culture medium, weed affects 

vegetation through its adaptability to various environments and by growing in a wide 

range of soil type (Holm et al., 1997). In these experiments germination in wheat, 

mung and gram were highly reduced, however no pronounced difference were 

detected in remaining plants. Similar results were obtained by Singh et al. (2005) and 

Batish et al. (2007) who reported that the weeds are exerts allelopathic effects on crop 

seed germination and growth by releasing water soluble compounds into the soil. 

Moreover these results correlated with Katoch et al. (2012), who found that the cereal 

crops maize large seeds were less sensitive while wheat and paddy with small seeds 

was more susceptible to the allelopathic effect of weed residue during germination. 

Rice (1984) reported that the phenolics are most common and widely distributed 

water soluble allelochemical. In plant- plant interference in above mentioned plants 

were showed significant (P<0.05) difference in plant height. The result indicated same 

effects of C. murale are in agreement with Al Johani et al. (2012) who reported that 

the barely plant height was more affected in C. murale extract in all concentration.  

The dry matter of test species were not influenced (P<0.05) except gram, mung and 

wheat. Goose foot (C. murale) has allelopathic properties due to its causes the 

inhibiting effect and retarding the growth of many crops. All the test crop of these 

result were also subjected to germination studies, plant height and dry and fresh 

biomass of shoot and root under the influence of Anagallis arvensis. Germination data 

of test crop indicated similar trend and showed considerable difference in treatment 

over to control. Test plants, wheat, gram and mung showed significantly (P< 0.05) 

inhibited in plant height and dry weight production. Among these results were similar 

with the findings of Narwal et al. (2005) reported the inhibitory effects of allelopathic 

compound which are reflected in the loss of seed germination, seedling growth, leaf 

area, and dry matter production finally causes the halt of growth and development. 

Above discussion shows that present findings are with agreement to various 

researchers working in this field. Osmotic potential shows inhibiting effects on early 

stage of test species development but in present weed/crop relation allelopathy have a 

pronounced inhibitory effect. Defining the allelochemicals was not the aim of present 

study, however it may be explore in future. Present studies stress the need for better 

weed control or management practice to increase crop production. 
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Appendix 1A: ANOVA and Duncan’s multiple range test for the effect of osmotic 
potential (mannitol) on wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 39.39 4 9.98 11.89 0.0000*** 

Error 16.78 20 0.83   
Total 56.71 24  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.83 Degree of freedom:  20 
Significance level: 0.05   LSD0.05: 1.20 
 
Rank Treatment Mean n Non-significant range 

1 1 11.65 5 a 
2 2 10.52 5 a 
3 3 9.22 5    b 
4 4 8.68 5    b 
5 5 8.21 5    b 

 
 

Appendix 2A: ANOVA and Duncan’s multiple range test for the effect of osmotic 
potential (mannitol) on Gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 18.63 4 4.65 6.22 0.0020*** 

Error 14.98 20 0.74   
Total 33.61 24  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.74 Degree of freedom:  20 
Significance level: 0.05   LSD0.05: 1.14 
 
Rank Treatment Mean n Non-significant range 

1 1 10.48 5 a 
2 2 9.3 5 a 
3 3 9.24 5    b 
4 4 8.68 5    bc 
5 5 7.84 5      c 
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Appendix 3A: ANOVA and Duncan’s multiple range test for the effect of osmotic 
potential (mannitol) on Mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 42.80 4 10.70 7.93 0.0005*** 

Error 26.98 20 1.34   
Total 69.79 24  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.34 Degree of freedom:  20 
Significance level: 0.05   LSD0.05: 1.53 
 
Rank Treatment Mean n Non-significant range 

1 1 12.76 5 a 
2 2 11.16 5   b 
3 4 9.58 5      c 
4 3 9.52 5      c 
5 5 9.4 5      c 

 
 

Appendix 4A: ANOVA and Duncan’s multiple range test for the effect of osmotic 
potential (mannitol) on Maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 39.79 4 9.94 5.72 0.0031** 

Error 34.76 20 1.73   
Total 74.56 24  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.73 Degree of freedom:  20 
Significance level: 0.05   LSD0.05: 1.73 
 
Rank Treatment Mean n Non-significant range 

1 3 11.44 5 a 
2 1 11.36 5 a 
3 4 9.38 5    b 
4 2 8.78 5    b 
5 5 8.51 5    b 
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Appendix 5A: ANOVA and Duncan’s multiple range test for the effect of osmotic 
potential (mannitol) on Cowpea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 18.71 4 4.67 3.70 0.0206* 

Error 25.25 20 1.26   
Total 43.97 24  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.26 Degree of freedom:  20 
Significance level: 0.05   LSD0.05: 1.48 
 
Rank Treatment Mean n Non-significant range 

1 1 12.15 5 a 
2 3 11.28 5 a 
3 2 11.25 5 a 
4 4 10.74 5 ab 
5 5 9.52 5    b 

 

Appendix 6A: ANOVA and Duncan’s multiple range test for the effect of osmotic 
potential (mannitol) on Pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 15.96 4 3.99 4.13 0.0133* 

Error 19.28 20 0.96   
Total 35.24 24  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.96 Degree of freedom:  20 
Significance level: 0.05   LSD0.05: 1.29 
 
Rank Treatment Mean n Non-significant range 

1 1 10.88 5 a 
2 5 9.36 5    b 
3 3 8.98 5    b   
4 4 8.96 5    b 
5 2 8.6 5    b 



APPENDICES 

‐149‐ 

 

Appendix 1B: ANOVA and Duncan’s multiple range test effect of Chenopodium album 
extract on germination and radicle elongation of Wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 433.68 3 144.56 132.66 0.0000*** 

Error 17.43 16 1.08   
Total 451.11 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.08 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.39 
 
Rank Treatment Mean n Non-significant range 

1 1 12 5 a 
2 2 1.90 5    b 
3 3 1.16 5    b 
4 4 0.79 5    b 

 
 

 

Appendix 2B: ANOVA and Duncan’s multiple range test effect of Chenopodium album 
extract on germination and radicle elongation of Gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 176.60 3 58.86 68.93 0.0000*** 

Error 13.66 16 0.85   
Total 190.26 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.85 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.23 
 
Rank Treatment Mean n Non-significant range 

1 1 8.91 5 a 
2 2 3.06 5    b 
3 3 1.91 5    bc 
4 4 1.55 5      c 
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Appendix 3B: ANOVA and Duncan’s multiple range test effect of Chenopodium album 
extract on germination and radicle elongation of Mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 428.46 3 142.82 235.70 0.0000*** 

Error 9.69 16 0.60   
Total 438.16 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.60 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.04 
 
Rank Treatment Mean n Non-significant range 

1 2 13.85 5 a 
2 1 4.57 5   b 
3 3 3.19 5      c 
4 5 2.25 5      c 

 
 

 

Appendix 4B: ANOVA and Duncan’s multiple range test effect of Chenopodium album 
extract on germination and radicle elongation of Maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 595.07 3 198.35 250.71 0.0000*** 

Error 12.65 16 0.79   
Total 607.73 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.79 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.19 
 
Rank Treatment Mean n Non-significant range 

1 1 15.23 5 a
2 2 4.74 5    b 
3 3 2.21 5       c 
4 4 1.78 5       c  
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Appendix 5B: ANOVA and Duncan’s multiple range test effect of Chenopodium album 
extract on germination and radicle elongation of Cow pea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 373.80 3 124.60 126.25 0.0000*** 

Error 15.79 16 0.98   
Total 389.59 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.98 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.33 
 
Rank Treatment Mean n Non-significant range 

1 1 12.18 5 a 
2 2 3.05 5    b 
3 3 1.93 5    b 
4 4 1.8 5    b 

 

 

Appendix 6B: ANOVA and Duncan’s multiple range test effect of Chenopodium album 
extract on germination and radicle elongation of pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 217.73 3 72.57 189.34 0.0000*** 

Error 6.13 16 0.38   
Total 223.86 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.38 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 0.83 
 
Rank Treatment Mean n Non-significant range 

1 1 9.73 5 a
2 2 2.67 5    b 
3 3 2.04 5    bc   
4 4 1.74 5      c 
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Appendix 7A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale extract on germination and radicle elongation of wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 656.06 3 218.68 118.91 0.0000*** 

Error 29.42 16 1.83   
Total 65.48 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.83 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.81 
 
Rank Treatment Mean n Non-significant range 

1 2 19.144 5 a 
2 1 10.20 5    b 
3 3 6.86 5       c 
4 5 3.85 5          d 

 
 

 

Appendix 8A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale extract on germination and radicle elongation of gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 245.34 3 81.78 546.23 0.0000*** 

Error 2.39 16 0.14   
Total 247.73 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.14 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 0.51 
 
Rank Treatment Mean n Non-significant range 

1 Control 9.49 5 a 
2 1% 1.72 5    b 
3 3% 1.49 5    bc 
4 5% 1.066 5      c   
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Appendix 9A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale extract on germination and radicle elongation of mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 134.96 3 44.98 17.05 0.0000*** 

Error 42.21 16 2.63   
Total 177.17 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 2.63 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 2.17 
 
Rank Treatment Mean n Non-significant range 

1 Control 11.69 5 a 
2 1% 6.23 5   b 
3 3% 5.67 5   b 
4 5% 5.31 5   b 

 
 

 

Appendix 10A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale extract on germination and radicle elongation of maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 82.91 3 27.63 9.90 0.0006*** 

Error 44.63 16 2.78   
Total 127.54 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 2.78 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 2.23 
 
Rank Treatment Mean n Non-significant range 

1 Control 21.86 5 a 
2 1% 18.194 5    b 
3 3% 17.08 5    b 
4 5% 16.73 5    b  
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Appendix 11A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale extract on germination and radicle elongation of cowpea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 7.37 3 2.45 3.58 0.0374* 

Error 10.98 16 0.68   
Total 18.36 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.68 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.11 
 
Rank Treatment Mean n Non-significant range 

1 Control 10.01 5 a 
2 1% 9.19 5 ab 
3 3% 8.84 5 ab 
4 5% 8.34 5      c 

 

 

 

Appendix 12A: ANOVA and Duncan’s multiple range test eEffect of Chenopodium 
murale extract on germination and radicle elongation of pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 413.29 3 137.76 80.87 0.0000*** 

Error 27.25 16 1.70   
Total 440.54 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.70 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.74 
 
Rank Treatment Mean n Non-significant range 

1 Control 12.02 5 a 
2 1% 2.54 5    b 
3 3% 1.60 5    b   
4 5% 0.73 5    b 
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Appendix 7B: ANOVA and Duncan’s multiple range test effect of Anagallis arvensis 
extract on germination and radicle elongation of wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 734.35 3 244.78 137.8 0.0000*** 

Error 28.41 16 1.77   
Total 762.77 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.77 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.78 
 
Rank Treatment Mean n Non-significant range 

1 Control 20.4 5 a 
2 1% 8.38 5    b 
3 3% 6.50 5       c 
4 5% 5.10 5       c 

 
 

 

Appendix 8B: ANOVA and Duncan’s multiple range test effect of Anagallis arvensis 
extract on germination and radicle elongation of gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 88.42 3 29.47 28.39 0.0000*** 

Error 16.60 16 1.03   
Total 105.03 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.03 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.36 
 
Rank Treatment Mean n Non-significant range 

1 Control 8.69 5 a 
2 1% 5.8 5    b 
3 3% 5.01 5    b 
4 5% 2.82 5      c   
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Appendix 9B: ANOVA and Duncan’s multiple range test effect of Anagallis arvensis 
extract on germination and radicle elongation of mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 19.607 3 6.53 4.34 0.0203* 

Error 24.06 16 1.50   
Total 43.613 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.50 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.64 
 
Rank Treatment Mean n Non-significant range 

1 Control 10.3 5 a 
2 1% 8.246 5   b 
3 3% 7.938 5   b 
4 5% 7.916 5   b 

 
 

 

Appendix 10B: ANOVA and Duncan’s multiple range test effect of Anagallis arvensis 
extract on germination and radicle elongation of maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 38.41 3 12.80 11.09 0.0003*** 

Error 18.46 16 1.15   
Total 56.87 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.15 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.44 
 
Rank Treatment Mean n Non-significant range 

1 Control 19.86 5 a
2 3% 18.40 5    b 
3 1% 17.96 5    b 
4 5% 15.98 5      c  
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Appendix 11B: ANOVA and Duncan’s multiple range test effect of Anagallis arvensis 
extract on germination and radicle elongation of cowpea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 353.58 3 117.86 84.96 0.0000*** 

Error 22.19 16 1.38   
Total 375.77 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.38 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.57 
 
Rank Treatment Mean n Non-significant range 

1 Control 13.52 5 a 
2 1% 8.76 5    b 
3 3% 4.45 5       c 
4 5% 2.63 5           d 

 

 

 

Appendix 12B: ANOVA and Duncan’s multiple range test effect of Anagallis arvensis 
extract on germination and radicle elongation of pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 773.73 3 257.91 128.52 0.0000*** 

Error 32.10 16 2.00   
Total 805.84 19  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 2.00 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.89 
 
Rank Treatment Mean n Non-significant range 

1 Control 18.98 5 a 
2 1% 7.82 5     b 
3 3% 4.86 5        c 
4 5% 2.91 5          d 
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Appendix 13A: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 96.58 2 48.29 34.04 0.0000*** 

Error 17.02 12 1.41   
Total 113.61 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.41 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 1.64 
 
Rank Treatment Mean n Non-significant range 

1 Control 15.70 5 a 
2 Shoot leachate 10.38 5    b 
3 Root leachate 10.31 5    b  

 
 

 

Appendix 14A: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 41.73 2 20.86 2.65 0.1111ns 

Error 94.38 12 7.86   
Total 136.11 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 7.86 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 3.86 
 
Rank Treatment Mean n Non-significant range 

1 Control 11.99 5 a 
2 Root leachate 9.37 5 a
3 Shoot leachate 7.96 5 a 
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Appendix 15A: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 101.82 2 50.91 13.54 0.0054*** 

Error 45.09 12 3.75   
Total 146.92 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 3.75 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 2.67 
 
Rank Treatment Mean n Non-significant range 

1 Control 16.146 5 a 
2 Shoot leachate 11.44 5   b 
3 Root leachate 10.058 5   b 

 
 

 

Appendix 16A: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 2.31 2 1.15 0.25 0.7767ns 

Error 53.84 12 4.48   
Total 56.16 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 4.48 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 2.91 
 
Rank Treatment Mean n Non-significant range 

1 Control 14.54 5 a 
2 Shoot leachate 13.72 5 a 
3 Root leachate 13.68 5 a 
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Appendix 17A: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of cowpea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 105.76 2 52.88 15.95 0.0004*** 

Error 39.77 12 3.31   
Total 145.53 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 3.31 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 2.50 
 
Rank Treatment Mean n Non-significant range 

1 Control 19 5 a 
2 Root leachate 13.47 5    b 
3 Shoot leachate 13.26 5    b 

 

 

 

Appendix 18A: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 1177.54 2 588.77 337.22 0.0000*** 

Error 20.95 12 1.74   
Total 1198.49 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.74 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 1.82 
 
Rank Treatment Mean n Non-significant range 

1 Control 25.5 5 a 
2 Root leachate 7.59 5     b 
3 Shoot leachate 5.92 5     b 
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Appendix 13B: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 231 2 115.87 71.18 0.0000*** 

Error 19.53 12 1.62   
Total 251.27 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 16.2 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 1.75 
 
Rank Treatment Mean n Non-significant range 

1 Control 15.02 5 a 
2 Root leachate 6.92 5    b 
3 Shoot leachate 6.57 5    b  

 
 

 

Appendix 14B: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 17.28 2 8.64 2.68 0.1087ns 

Error 38.62 12 3.21   
Total 55.90 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 3.12 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 2.47 
 
Rank Treatment Mean n Non-significant range 

1 Control 12.33 5 a 
2 Shoot leachate 12.19 5 a
3 Root leachate 9.99 5 a 
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Appendix 15B: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 73.32 2 36.66 18.63 0.0002*** 

Error 23.60 12 1.96   
Total 96.93 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.96 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 1.93 
 
Rank Treatment Mean n Non-significant range 

1 Control 13.93 5 a 
2 Root leachate 10.78 5   b 
3 Shoot leachate 8.54 5      c 

 
 

 

Appendix 16B: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 222.68 2 111.34 33.20 0.0000*** 

Error 40.23 12 3.35   
Total 262.92 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 3.35 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 2.52 
 
Rank Treatment Mean n Non-significant range 

1 Control 19.55 5 a 
2 Root leachate 12.38 5    b 
3 Shoot leachate 10.65 5    b 
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Appendix 17B: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of cowpea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 53.63 2 27.81 9.98 0.0028** 

Error 32.22 12 2.68   
Total 85.85 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 2.68 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 2.22 
 
Rank Treatment Mean n Non-significant range 

1 Control 18.42 5 a 
2 Root leachate 15.27 5    b 
3 Shoot leachate 13.91 5    b 

 

 

 

Appendix 18B: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of pear millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 357.29 2 178.64 9.87 0.0029** 

Error 217.09 12 18.09   
Total 574.39 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 18.09 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 5.86 
 
Rank Treatment Mean n Non-significant range 

1 Control 22.87 5 a 
2 Shoot leachate 15.17 5     b 
3 Root leachate 11.00 5     b 
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Appendix 13C: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 245.04 2 122.52 23.68 0.0001*** 

Error 62.08 12 5.17   
Total 307.12 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 5.17 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 3.13 
 
Rank Treatment Mean n Non-significant range 

1 Control 15.64 5 a 
2 Root leachate 8.40 5    b 
3 Shoot leachate 6.18 5    b  

 
 

 

Appendix 14C: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 244.59 2 122.29 23.66 0.0001*** 

Error 62.02 12 5.16   
Total 306.61 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 5.16 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 3.13 
 
Rank Treatment Mean n Non-significant range 

1 Control 15.64 5 a 
2 Root leachate 8.40 5    b 
3 Shoot leachate 6.18 5    b 
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Appendix 15C: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 135.77 2 67.88 39.31 0.0000*** 

Error 20.72 12 1.72   
Total 156.49 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 1.72 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 1.81 
 
Rank Treatment Mean n Non-significant range 

1 Control 12.26 5 a 
2 Root leachate 9.27 5   b 
3 Shoot leachate 4.93 5      c 

 
 

 

Appendix 16C: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 221.37 2 110.68 14.09 0.0007*** 

Error 94.25 12 7.85   
Total 315.62 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 7.85 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 3.86 
 
Rank Treatment Mean n Non-significant range 

1 Control 20.74 5 a 
2 Root leachate 13.37 5  b
3 Shoot leachate 11.98 5    b 
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Appendix 17C: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of cowpea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 353.20 2 176.60 32.01 0.0000*** 

Error 66.19 12 5.51   
Total 419.39 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 5.5 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 3.23 
 
Rank Treatment Mean n Non-significant range 

1 Control 19 5 a 
2 Root leachate 9.29 5    b 
3 Shoot leachate 8.20 5    b 

 

 

 

Appendix 18C: ANOVA and Duncan’s multiple range test effect of aqueous leaf and 
root leachate on germination and radicle growth of pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Radicle length 3.04 2 1.52 1.80 0.2064ns 

Error 10.12 12 0.84   
Total 13.16 14  

 

Duncan’s Multiple Range Test 
Factor: Raidcle elongation Error means square: 0.84 Degree of freedom:  12 
Significance level: 0.05   LSD0.05: 1.26 
 
Rank Treatment Mean n Non-significant range 

1 Control 5.68 5 a 
2 Root leachate 4.88 5 a 
3 Shoot leachate 4.62 5 a 
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Appendix 19A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 598.87 3 199.62 28.31 0.0000*** 

Error 112.81 16 7.05   
Total 711.68 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 7.05 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 3.56 
 
Rank Treatment Mean n Non-significant range 

1 1 25.54 5 a 
2 4 16.34 5    b 
3 3 12.27 5       c 
4 2 12.01 5       c 

 
 

 

Appendix 20A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 59.62 3 286.54 87.65 0.0000*** 

Error 52.30 16 3.26   
Total 911.93 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 3.26 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 2.42 
 
Rank Treatment Mean n Non-significant range 

1 1 23.26 5 a 
2 3 18.36 5    b 
3 2 17.49 5    b 
4 4 15.91 5    b 
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Appendix 21A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 28.09 3 9.36 5.48 0.0087** 

Error 27.29 16 1.70   
Total 55.38 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 1.70 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.75 
 
Rank Treatment Mean n Non-significant range 

1 3 15.67 5 a 
2 1 15.27 5 a 
3 2 14.97 5 a   
4 4 12.63 5     b 

 
 

 

Appendix 22A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 1146.87 3 382.29 48.23 0.0000*** 

Error 126.81 16 7.29   
Total 1273.68 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 7.92 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 3.77 
 
Rank Treatment Mean n Non-significant range 

1 1 31.14 5 a 
2 2 27.43 5 a 
3 3 18.09 5    b 
4 4 11.94 5       c 
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Appendix 23A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on cowpea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 79.02 3 26.34 13.13 0.0001*** 

Error 32.09 16 2.00   
Total 111.11 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 2.00 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.89 
 
Rank Treatment Mean n Non-significant range 

1 1 19.51 5 a 
2 2 18.69 5 a 
3 3 16.02 5    b 
4 4 14.58 5    b 

 

 

 

Appendix 24A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 1375.70 3 458.56 102.79 0.0000*** 

Error 71.37 16 4.46   
Total 1447.07 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 4.46 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 2.83 
 
Rank Treatment Mean n Non-significant range 

1 1 34.38 5 a 
2 2 17.30 5    b 
3 3 14.91 5    bc 
4 4 14.06 5      c 
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Appendix 19B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 1428.37 3 476.12 16.21 0.0000*** 

Error 469.74 16 29.35   
Total 1898.11 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 29.35 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 7.26 
 
Rank Treatment Mean n Non-significant range 

1 1 35.87 5 a 
2 2 18.93 5    b 
3 3 17.48 5    b 
4 4 13.99 5    b 

 
 

 

Appendix 20B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 1806.29 3 602.09 21.70 0.0000*** 

Error 443.90 16 27.74   
Total 2250.19 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 27.74 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 7.06 
 
Rank Treatment Mean n Non-significant range 

1 1 34.338 5 a 
2 4 23.152 5    b 
3 3 16.374 5    b 
4 2 8.428 5      c 
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Appendix 21B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 46.17 3 15.39 4.06 0.253* 

Error 60.63 16 3.78   
Total 106.81 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 3.78 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 2.61 
 
Rank Treatment Mean n Non-significant range 

1 1 12.16 5 a 
2 4 11.62 5 ab 
3 3 9.34 5   bc   
4 2 8.52 5     c 

 
 

 

Appendix 22B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 2567.67 3 855.89 135.10 0.0000*** 

Error 101.35 16 6.33   
Total 2669.03 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 6.33 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 3.37 
 
Rank Treatment Mean n Non-significant range 

1 2 33.38 5 a 
2 1 33.22 5 a 
3 3 10.65 5    b 
4 4 10.62 5    b 
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Appendix 23B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on cowpea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 97.81 3 32.60 5.80 0.0070** 

Error 89.79 16 5.61   
Total 187.60 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 5.61 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 3.17 
 
Rank Treatment Mean n Non-significant range 

1 1 20.21 5 a 
2 2 18.21 5 ab 
3 4 16.23 5    bc 
4 3 14.28 5      c 

 

 

 

Appendix 24B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 3995.16 3 1331.72 255.40 0.0000*** 

Error 83.42 16 5.21   
Total 4078.59 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 5.21 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 3.06 
 
Rank Treatment Mean n Non-significant range 

1 1 38.126 5 a 
2 2 34.492 5    b 
3 3 8.73 5      c 
4 4 7.61 5      c 
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Appendix 19C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 907.07 3 302.35 21.04 0.0000*** 

Error 229.88 16 14.36   
Total 1136.96 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 14.36 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 5.08 
 
Rank Treatment Mean n Non-significant range 

1 1 27.77 5 a 
2 2 13.96 5    b 
3 4 12.32 5    b 
4 3 10.97 5    b 

 
 

 

Appendix 20C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 342.82 3 114.27 53.04 0.0000*** 

Error 34.46 16 2.15   
Total 377.29 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 2.15 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.96 
 
Rank Treatment Mean n Non-significant range 

1 1 21.85 5 a 
2 2 17.77 5    b 
3 3 13.39 5      c  
4 4 10.86 5         d 
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Appendix 21C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 410.09 3 136.69 57.97 0.0000*** 

Error 37.72 16 2.35   
Total 447.81 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 2.35 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 2.05 
 
Rank Treatment Mean n Non-significant range 

1 1 21.21 5 a 
2 2 14.88 5   b 
3 3 10.51 5     c   
4 4 9.86 5     c 

 
 

 

Appendix 22C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 403.78 3 134.59 28.80 0.0000*** 

Error 74.76 16 4.67   
Total 478.55 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 4.67 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 2.89 
 
Rank Treatment Mean n Non-significant range 

1 1 20.18 5 a 
2 2 17.14 5    b 
3 3 10.9 5       c 
4 4 9.14 5       c 
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Appendix 23C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on cowpea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 102.41 3 34.13 17.00 0.0000** 

Error 32.12 16 2.00   
Total 134.53 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 2.00 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 31.89 
 
Rank Treatment Mean n Non-significant range 

1 1 17.51 5 a 
2 2 15.32 5   b 
3 3 12.21 5      c 
4 4 12.12 5      c 

 

 

 

Appendix 24C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Plant height 266.58 3 88.86 43.08 0.0000*** 

Error 32.99 16 2.06   
Total 299.57 19  

 

Duncan’s Multiple Range Test 
Factor: Plant height Error means square: 2.06 Degree of freedom:  16 
Significance level: 0.05   LSD0.05: 1.92 
 
Rank Treatment Mean n Non-significant range 

1 1 16.5 5 a 
2 2 13.20 5    b 
3 3 8.74 5      c 
4 4 7.27 5      c 
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Appendix 25A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

41.80 7 5.97 49.57 0.0000*** 

Error 3.85 32 0.12   
Total 45.65 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.12  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.44 
Rank Treatment Mean n Non-significant range 

1 5 3.07 5 a 
2 1 3.002 5 a 
3 7 2.74 5 a 
4 3 1.85 5    b 
5 2 0.86 5      c 
6 8 0.79 5      c  
7 6 0.74 5      c 
8 4 0.55 5      c 

 

Root 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

1.31 7 0.188 91.25 0.0000*** 

Error 0.06 32 0.002   
Total 1.38 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.002  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.058 
Rank Treatment Mean n Non-significant range 

1 1 0.49 5 a 
2 7 0.38 5    b 
3 5 0.34 5    b  
4 3 0.32 5    b 
5 2 0.09 5      c 
6 8 0.028 5        d 
7 4 0.020 5        d 
8 6 0.017 5        d 
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Appendix 26A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

62.07 7 8.86 102.002 0.0000*** 

Error 2.78 32 0.08   
Total 64.85 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.08  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.37 
Rank Treatment Mean n Non-significant range 

1 1 3.67 5 a 
2 5 3.06 5   b 
3 7 2.87 5   b 
4 3 2.03 5      c 
5 2 1.02 5         d 
6 6 0.81 5         de 
7 8 0.51 5           e 
8 4 0.09 5             f 

 

Root 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

1.69 7 0.24 268.55 0.0000*** 

Error 0.02 32 9.02   
Total 1.72 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 9.02  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.058 
Rank Treatment Mean n Non-significant range 

1 1 0.59 5 a 
2 3 0.36 5    b 
3 7 0.30 5      c  
4 5 0.29 5      c 
5 8 0.03 5        d 
6 2 0.02 5        d 
7 6 0.01 5        d 
8 4 0.004 5        d 
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Appendix 27A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

55.04 7 7.86 95.41 0.0000*** 

Error 2.63 32 0.08   
Total 57.67 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.08  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.36 
Rank Treatment Mean n Non-significant range 

1 1 3.67 5 a 
2 5 3.82 5   b 
3 7 2.07 5   b 
4 3 1.90 5      c 
5 2 1.04 5         d 
6 6 0.64 5           e 
7 8 0.55 5           e 
8 4 0.33 5           e 

 

Root 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

10.63 7 1.51 46.03 0.0000*** 

Error 1.05 32 0.03   
Total 11.68 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 6.03  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.23 
Rank Treatment Mean n Non-significant range 

1 5 1.36 5 a 
2 1 1.18 5 ab 
3 7 1.07 5    bc  
4 3 0.93 5      c 
5 6 0.22 5        d 
6 8 0.15 5        d 
7 2 0.13 5        d 
8 4 0.03 5        d 
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Appendix 28A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

65.97 7 9.42 75.47 0.0000*** 

Error 3.99 32 0.12   
Total 69.96 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.12  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.45 
Rank Treatment Mean n Non-significant range 

1 1 3.74 5 a 
2 5 2.79 5   b 
3 3 2.7 5   bc 
4 7 2.26 5      c 
5 2 1.01 5         d 
6 4 0.44 5           e 
7 6 0.29 5           e 
8 8 0.12 5           e 

 

Root 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

4.76 7 0.68 133.44 0.0000*** 

Error 0.16 32 0.005   
Total 4.92 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.005  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.23 
Rank Treatment Mean n Non-significant range 

1 5 0.786 5 a 
2 7 0.786 5 a 
3 1 0.72 5 a  
4 3 0.51 5    b 
5 8 0.037 5        c 
6 6 0.033 5        c 
7 4 0.026 5        c 
8 2 0.021 5        c 
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Appendix 29A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on cow pea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

75.57 7 10.79 55.66 0.0000*** 

Error 6.20 32 0.19   
Total 81.78 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.19  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.56 
Rank Treatment Mean n Non-significant range 

1 1 4.36 5 a 
2 5 3.3 5   b 
3 3 3.18 5   b 
4 7 2.86 5   b 
5 2 0.98 5      c 
6 4 0.92 5      c 
7 6 0.73 5      c 
8 8 0.58 5         d 

 

Root 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

2.28 7 0.32 124.98 0.0000*** 

Error 0.08 32 0.002   
Total 2.37 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.002  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.06 
Rank Treatment Mean n Non-significant range 

1 1 0.80 5 a 
2 3 0.32 5    b 
3 5 0.30 5    b  
4 7 0.22 5       c 
5 4 0.13 5          d 
6 2 0.057 5              e 
7 6 0.052 5              e 
8 8 0.031 5              e 
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Appendix 30A: ANOVA and Duncan’s multiple range test effect of Chenopodium 
album on various growth related factors on wheat 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

54.55 7 7.79 58.42 0.0000*** 

Error 4.26 32 0.13   
Total 58.81 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.13  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.47 
Rank Treatment Mean n Non-significant range 

1 5 3.06 5 a 
2 1 2.64 5 ab 
3 7 2.44 5   b 
4 3 1.5 5     c 
5 6 0.48 5        d 
6 4 0.18 5        d 
7 2 0.15 5        d 
8 8 0.09 5        d 

 

Root 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

0.73 7 0.104 76.58 0.0000*** 

Error 0.04 32 0.001   
Total 0.77 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.001  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.47 
Rank Treatment Mean n Non-significant range 

1 5 0.31 5 a 
2 7 0.30 5 a 
3 1 0.26 5 ab  
4 3 0.22 5   b 
5 6 0.027 5      c 
6 2 0.008 5      c 
7 8 0.003 5      c  
8 4 0.002 5      c 



APPENDICES 

‐182‐ 

 

Appendix 25B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

62.23 7 8.89 92.82 0.0000*** 

Error 3.06 32 0.09   
Total 65.29 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.09  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.398 
Rank Treatment Mean n Non-significant range 

1 1 3.1 5 a 
2 7 3.002 5 a 
3 5 2.92 5 a 
4 3 1.41 5   b 
5 4 0.49 5     c 
6 2 0.43 5     c 
7 6 0.26 5     c 
8 8 0.10 5     c 

 

Root 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

0.63 7 0.091 67.34 0.0000*** 

Error 0.04 32 0.001   
Total 0.68 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.001  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.047 
Rank Treatment Mean n Non-significant range 

1 7 0.302 5 a 
2 5 0.3 5 a 
3 1 0.224 5   b  
4 3 0.142 5      c 
5 6 0.009 5        d 
6 2 0.008 5        d 
7 8 0.006 5        d 
8 4 0.002 5        d 
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Appendix 26B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

89.28 7 12.75 47.30 0.0000*** 

Error 8.62 32 0.26   
Total 97.91 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.26  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.66 
Rank Treatment Mean n Non-significant range 

1 1 4.47 5 a 
2 7 3.89 5 a 
3 5 3.02 5   b 
4 3 1.55 5      c 
5 2 1.054 5      cd 
6 8 1.054 5      cd  
7 6 0.66 5           e 
8 4 0.17 5           e 

 

Root 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

2.89 7 0.41 3.97 0.0032*** 

Error 3.33 32 0.10   
Total 6.22 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.10  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.41 
Rank Treatment Mean n Non-significant range 

1 1 0.70 5 a 
2 7 0.57 5 a 
3 3 0.55 5 a  
4 5 0.28 5 ab 
5 6 0.06 5   b  
6 8 0.04 5   b 
7 2 0.03 5   b 
8 4 0.002 5   b 
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Appendix 27B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

63.19 7 9.02 91.02 0.0000*** 

Error 3.17 32 0.09   
Total 66.37 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.09  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.040 
Rank Treatment Mean n Non-significant range 

1 1 3.1 5 a 
2 7 2.97 5 a 
3 5 2.94 5 a 
4 3 2.24 5       b 
5 8 0.57 5           c 
6 4 0.35 5           c 
7 2 0.26 5           c 
8 6 0.22 5           c 

 

Root 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

4.48 7 0.640 92.82 0.0000*** 

Error 0.22 32 0.006   
Total 4.70 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.006  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.106 
Rank Treatment Mean n Non-significant range 

1 1 0.79 5 a 
2 5 0.74 5 a 
3 7 0.60 5    b  
4 3 0.41 5      c 
5 2 0.0047 5        d 
6 4 0.0041 5        d 
7 8 0.0026 5        d 
8 6 0.002 5        d 
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Appendix 28B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

38.98 7 5.56 43.35 0.0000*** 

Error 4.11 32 0.12   
Total 43.09 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.12  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.46 
Rank Treatment Mean n Non-significant range 

1 1 2.85 5 a 
2 5 2.82 5 a 
3 7 2.28 5   b 
4 3 2.14 5   b 
5 2 0.96 5     c 
6 6 0.58 5     cd 
7 4 0.52 5     cd 
8 8 0.41 5       d 

 

Root 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

7.69 7 1.09 36.94 0.0000*** 

Error 0.95 32 0.02   
Total 8.64 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.02  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.22 
Rank Treatment Mean n Non-significant range 

1 1 1.02 5 a 
2 5 0.97 5 a 
3 7 0.86 5 ab  
4 3 0.68 5    b 
5 6 0.059 5        c 
6 2 0.0225 5        c 
7 8 0.0224 5        c 
8 4 0.0024 5        c 
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Appendix 29B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on cow pea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

140.50 7 20.07 61.01 0.0000*** 

Error 10.52 32 0.32   
Total 151.03 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.32  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.73 
Rank Treatment Mean n Non-significant range 

1 1 6.07 5 a 
2 7 4.30 5   b 
3 3 4.004 5   b 
4 5 3.64 5   b 
5 2 1.30 5      c 
6 8 0.99 5      c 
7 6 0.88 5      c 
8 4 0.84 5         d 

 

Root 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

11.19 7 1.59 30.05 0.0000*** 

Error 1.70 32 0.05   
Total 12.89 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.005  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.29 
Rank Treatment Mean n Non-significant range 

1 5 1.36 5 a 
2 1 1.16 5 a 
3 7 1.13 5 a  
4 3 0.71 5   b 
5 6 0.39 5      c 
6 8 0.023 5         d 
7 2 0.021 5         d 
8 4 0.020 5         d 
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Appendix 30B: ANOVA and Duncan’s multiple range test effect of Chenopodium 
murale on various growth related factors on pearl millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

65.70 7 9.38 64.18 0.0000*** 

Error 4.67 32 0.14   
Total 70.38 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.13  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.47 
Rank Treatment Mean n Non-significant range 

1 1 3.38 5 a 
2 5 2.82 5     b 
3 3 2.7 5     b 
4 7 2.35 5     b 
5 2 0.43 5        c 
6 8 0.39 5        c 
7 6 0.25 5        c 
8 4 0.15 5        c 

 

Root 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

10.26 7 1.46 31.09 0.0000*** 

Error 1.50 32 0.04   
Total 11.77 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.04  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.27 
Rank Treatment Mean n Non-significant range 

1 1 1.16 5 a 
2 7 1.14 5 a 
3 5 1.01 5 ab  
4 3 0.73 5   b 
5 6 0.09 5      c 
6 8 0.01 5      c 
7 2 0.009 5      c  
8 4 0.002 5      c 
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Appendix 25C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on wheat 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

66.05 7 9.43 95.67 0.0000*** 

Error 3.15 32 0.09   
Total 69.20 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.09  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.40 
Rank Treatment Mean n Non-significant range 

1 1 3.266 5 a 
2 7 2.96 5 a 
3 5 2.95 5 a 
4 3 2.21 5   b 
5 6 0.578 5     c 
6 2 0.332 5     c 
7 4 0.324 5     c 
8 8 0.15 5     c 

 

Root 

Variable: Wheat 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

17.48 7 2.49 60.35 0.0000*** 

Error 1.32 32 0.04   
Total 18.80 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.001  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.047 
Rank Treatment Mean n Non-significant range 

1 5 1.67 5 a 
2 7 1.37 5   b 
3 1 1.28 5   bc  
4 3 1.02 5     c 
5 6 0.1 5        d 
6 8 0.06 5        d 
7 2 0.04 5        d 
8 4 0.03 5        d 
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Appendix 26C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on gram 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

47.29 7 6.75 62.22 0.0000*** 

Error 3.47 32 0.10   
Total 50.76 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.26  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.66 
Rank Treatment Mean n Non-significant range 

1 1 3.27 5 a 
2 7 2.59 5   b 
3 5 2.05 5      c 
4 3 1.66 5      c 
5 2 1.14 5        d 
6 6 0.49 5           e  
7 8 0.16 5           e 
8 4 0.12 5           e 

 

Root 

Variable: Gram 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

7.45 7 1.06 56.16 0.0032*** 

Error 0.60 32 0.01   
Total 8.06 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0. 018  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.177 
Rank Treatment Mean n Non-significant range 

1 5 1.16 5 a 
2 1 0.82 5   b 
3 7 0.81 5   b  
4 3 0.53 5      c 
5 2 0.029 5         d 
6 4 0.028 5         d 
7 8 0.0254 5         d 
8 6 0.0252 5         d 
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Appendix 27C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on mung 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

50.57 7 7.22 50.001 0.0000*** 

Error 4.62 32 0.14   
Total 55.19 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.14  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.48 
Rank Treatment Mean n Non-significant range 

1 5 3 5 a 
2 1 2.9 5 a 
3 7 2.65 5 a 
4 3 1.78 5       b 
5 2 0.58 5           c 
6 8 0.47 5           c 
7 6 0.43 5           c 
8 4 0.29 5           c 

 

Root 

Variable: Mung 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

4.27 7 0.61 62.42 0.0000*** 

Error 0.31 32 0.009   
Total 4.59 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.009  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.12 
Rank Treatment Mean n Non-significant range 

1 5 0.79 5 a 
2 7 0.66 5    b 
3 3 0.646 5    b  
4 1 0.64 5    b 
5 6 0.69 5      c 
6 2 0.04 5      c 
7 8 0.02 5      c 
8 4 0.01 5      c 
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Appendix 28C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on maize 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

46.95 7 6.70 37.84 0.0000*** 

Error 5.67 32 0.17   
Total 52.62 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.17  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.54 
Rank Treatment Mean n Non-significant range 

1 1 3..36 5 a 
2 3 2.48 5   b 
3 5 2.42 5   b 
4 7 1.93 5   b 
5 2 1.04 5     c 
6 6 0.65 5     cd 
7 4 0.31 5       d 
8 8 0.23 5       d 

 

Root 

Variable: Maize 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

8.36 7 1.19 154.03 0.0000*** 

Error 0.24 32 0.007   
Total 8.61 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.007  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.11 
Rank Treatment Mean n Non-significant range 

1 5 1.05 5 a 
2 1 0.99 5 a 
3 7 0.87 5    b  
4 3 0.86 5    b 
5 6 0.05 5        c 
6 8 0.036 5        c 
7 2 0.033 5        c 
8 4 0.02 5        c 
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Appendix 29C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on cow pea 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

41.09 7 5.87 55.22 0.0000*** 

Error 3.40 32 0.10   
Total 44.49 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.32  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.73 
Rank Treatment Mean n Non-significant range 

1 1 3.28 5 a 
2 3 2.75 5   b 
3 5 2.65 5   b 
4 7 2.22 5      c 
5 2 0.86 5         d 
6 6 0.79 5         d 
7 4 0.72 5         d 
8 8 0.71 5         d 

 

Root 

Variable: Cowpea 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

5.23 7 0.79 81.54 0.0000*** 

Error 0.29 32 0.009   
Total 5.53 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.0091  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.123 
Rank Treatment Mean n Non-significant range 

1 1 0.808 5 a 
2 3 0.798 5 a 
3 7 0.742 5 a  
4 5 0.69 5 a 
5 2 0.104 5   b 
6 8 0.023 5   b 
7 6 0.021 5   b 
8 4 0.013 5   b 
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Appendix 30C: ANOVA and Duncan’s multiple range test effect of Anagallis 
arvensis on various growth related factors on pear millet 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of shoot 

47.37 7 6.76 77.11 0.0000*** 

Error 2.80 32 0.08   
Total 50.18 39  

 
Duncan’s Multiple Range Test 
Factor: Shoot  Error means square: 0.08  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.38 
Rank Treatment Mean n Non-significant range 

1 1 2.96 5 a 
2 7 2.8 5 a 
3 5 2.73 5 a 
4 3 2 5     b 
5 2 0.67 5        c 
6 8 0.53 5        c 
7 6 0.51 5        c 
8 4 0.34 5        c 

 

Root 

Variable: Pearl millet 
SOURCE SS df MS F-value P-value 

Main effect 
Fresh & Dry 
weight of root 

7.40 7 1.05 276.06 0.0000*** 

Error 0.12 32 0.003   
Total 7.52 39  

Duncan’s Multiple Range Test 
Factor: Root  Error means square: 0.0038  Degree of freedom:  32 
Significance level: 0.05   LSD0.05: 0.07 
Rank Treatment Mean n Non-significant range 

1 5 1.07 5 a 
2 3 0.85 5   b  
3 1 0.8 5   b  
4 7 0.78 5   b 
5 6 0.07 5      c 
6 8 0.025 5      c 
7 2 0.020 5      c  
8 4 0.01 5      c 
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ABSTRACT 

 
A laboratory trial was conducted to investigate the effect of lambsquarter Chenopodium album L. aqueous extract on germination and 

radicle elongation of two test species, namely wheat and maize. The trial was replicated five times with three concentrations of the 

weed extract including 2, 4, 6% and control. The germination and radicle length were recorded for ten days. Aqueous extract of 
Chenopodium album was strongly inhibitory to germination and had remarkable effect on the growth of wheat and maize. Final 

germination and speed of germination were both reduced by the extracts. Germination and root length of wheat and maize was 

significantly suppressed at higher concentration (i.e. 4 and 6%), while lower concentration (2%) of the extract in both test species 
showed greater germination and radicle elongation than at higher concentration. Thin layer chromatography of the phenolics present in 

the shoot was performed. Seven phenolic compounds were detected .which presumably act as the allelochemicals under field 

conditions.  The possible mechanisms of germination and radicle growth inhibition are discussed.  

 

Key-words: Allelopathy,  Chenopodium album, wheat, maize.   
 

INTRODUCTION 

 

Allelopathy is the ability of plants to inhibit or stimulate growth of the neighboring plants in the environment by 

exuding chemicals. Although the term “Allelopathy” has undergone several changes, it has been redefined as “any 

direct or indirect harmful or beneficial effects by one plant on another through the production of chemical 

compounds that it releases into the environment (Shaukat et al., 1983, Birkett et al., 2001). Allelopathy is a natural 

phenomenon that may be considered as a tool for biological weed control in crop production (Marcias et al., 2007; 

Heidarzadeh et al., 2010). Many secondary metabolites may function as allelochemicals, such as turpenoids, 

phenolics, alkaloids, fatty acids, steroids and polyacetylenes (Kohli et al., 2001; Blokker et al., 2006). The 

allelochemicals are released in soil by weeds and when the allelochemicals are accumulated in soil in significant 

amounts, they inhibit the processes of germination and growth and thereby reduce crop production. Shaukat et al., 

(2002) reported that whereas a 50% aqueous extract of Argemone mexicana promoted plant growth a 100% extract 

concentration significantly reduced plant height, and fresh weight of shoots and root. In general, decomposing plant 

material caused greater phytotoxicity compared with the aqueous extract.  Similarly, Akhter et al., (2001) reported 

that aqueous extracts of Cirsium arvense and Ageratum conyzoides could suppress the germination and early 

seedling growth of some weeds of wheat. Dahiya and Narwal (2003) found that root exudates of Helianthus annus 

L. are allelopathic towards Agropyron repens L., Avena fatua L., Celosia crustata and Chenopodium album L. 

Shaukat et al., (1999) reported the effect of five phenolic compounds (allelochemicals) alone and in combination 

with 2, 4-D herbicide in sandy and clay loam soil and demonstrated the suppressive and synergistic effects of the 

allelochemicals and phenolic compounds at different depths. Some crop plants have weed suppressive activity such 

as Sorghum bicolor (L.) Moench. which is used as a natural herbicide. The allelopathic interference by weed extract 

has been established as one of the several factors that regulate the growth of plants (Alam et al., 1997).   

Weeds are the unwanted plants having relatively little economic value and also grow in association with 

domesticated crops. They affect the crops in different steps of growth and compete for water, nutrients, light and 

other resources. Their seeds remain dormant for long periods and remain viable for many years. Weeds can be 

controlled manually, chemically and sometimes mechanically. The manual method is time consuming and laborious 

while the chemical control method is more effective than others. Sometime plants show the positive allelopathic 

effects on the cultivated crops like Sorgaab water extract alone and in combination with herbicides for controlling 

weeds in mung bean crop (Khaliq et al., 2002). 

 

Lambsquarter (Chenopodium album L.) 

Chenopodium album L. commonly known as Lambsquarter (family: Chenopodiaceae) is a cosmopolitan weed, 

commonly present throughout Pakistan mainly in tropics but also in cooler areas. It grows in gardens, ruderal places, 
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road sides, irrigated places and sub-humid places and grows in wide range of soil types and pH values. 

Chenopodium album as delimited here, is not uniform, its morphological variation is wide probably both because of 

genetic and environmental factors.  

It is a most problematic weed of wheat which is proven by many surveys of agricultural fields in Pakistan. Le 

Tourneau et al., (1956) and Alam et al., (2002) reported reduction in both shoot and root growth of wheat, when 

grown in 2% (W/V) extract of common lambsquarter. Bukolova, (1971) and Alam et al., (2002) found reduced 

mitotic activity in the roots of wheat, rye and garden cress following treatment with Chenopodium extract. Anjum 

and Bajwa (2010) reported the broad leaf weeds Rumex dentatus L. and Chenopodium album L. as the main cause of 

low yield of wheat in Pakistan. The effect on tillering capacity decreases by 41.6% and consequently, the crop yield. 

Alam et al., (2002) studied the effect of Chenopodium album extract alone or in combination with NaCl on growth 

of wheat crop. The weed and salinity together may be hazardous to the growth of crop. Germination was not 

significantly affected but root growth was more affected than shoot growth.  

        

MATERIALS AND METHODS 

 

Collection of samples 

The allelopathic effects of aqueous extract of Chenopodium album on seed germination and radicle elongation 

of test species wheat and maize were investigated.. The field grown fresh plants of common lambsquarter 

(Chenopodium album L.) were collected from Federal Urdu University Campus, Gulshan-e-Iqbal, washed with 

distilled water and air dried in greenhouse for ten days. Trial was conducted in laboratory, Department of Botany, 

Federal Urdu University, Karachi. The well dried plant samples were ground in a Willey mill and passed through a 

20 mesh screen. The seeds of wheat and maize were obtained from Pakistan Agricultural Research Council (PARC). 

 

Germination and growth 

The aqueous extract was prepared from ground material in different percentages i.e. 2%, 4% and 6%. Two, 4 

and 6g of plant materiel were soaked in 100 ml distilled water for 24 h at room temperature. Subsequently, the 

aqueous extract was obtained by filtering the mixture using Whatman No. 1 filter paper. Distilled water served as 

control. Petri plates were thoroughly washed with detergents. Seeds of test species cleaned and surface sterilized 

with Sodium hypochlorite (2%). Ten seeds of maize or ten seeds of wheat were grown in Petri dishes. Five 5ml of 

2%, 4% and 6% aqueous extract was poured into the dishes. Five ml distilled water served as control. Treatments 

and controls were replicated five times each. Small amounts of respective solutions were added when it was obvious 

that Petri plates were beginning to dry out.  Germination was recorded daily and root (radical) growth was measured 

at 10 days.  

 

Statistical analysis 

Data were subjected to statistical analysis. Germination data of both the test species were analyzed by RMD 

(Repeated Measures Design) using SPSS Ver. 14 Software. The percentage of the total number of seeds of both test 

species which germinated during 10 days period was recorded. A “Speed of germination” index (S) for each species 

was determined by following formula (Khandakar and Bradbeer 1983). 

 

S= {
N

1/1+
N

2/2+
N

3/3+…..+ 
N

n/N}×100 

 

Where N1, N2, N3….N=total number of seeds in a treatment which germinated on day 1,2,3…..N following 

setup of the experiment; the index S ranges from 0 (If no seed ever germinated) to 100 (If all seeds germinated on 

the first day). The program GERMSPD was developed by one of us (S.S.S.).  

 

Chromatography: 

Ether extract of Chenopodium album was evaporated to dryness, dissolved in 2 ml of 80% ethanol and used for 

loading on silica gel F254 thin layer chromatographic plate. The chromatogram was developed in acetic acid-

chloroform 1: 9 v/v by ascending chromatography using reference phenolic compounds. The phenolic compounds 

were detected using ferric chloride –ferric cyanide [FeCl3.K3Fe (CN)6] reagent and under UV-light along with 

ammonia vapors (Harborne, 1973). Rf values of the compounds were determined and matched with those provided 

in literature (e.g., Harborne, 1973). 
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RESULT AND DISCUSSION 

 

Effect of aqueous extract of Chenopodium album on germination of wheat and maize:  

Germination of the two test species was inhibited by various concentrations of the extract compared to controls 

and the degree of inhibition varied. In wheat seeds mean of percent germination reduce in higher concentration as 

compared with control (Table 1). Speed of germination was also slow in 6% extract of Chenopodium album (33). 

Similarly in maize the germination was highly affected by 6% extract mean of percent germination was (40). 

Normally the speed of germination in not fast in control (73%) but slow in treatment like in 6% was (35%) only. 

Similar observation was found by Ankita and Chabbi (2012) aqueous extract of weeds in different concentration 

were applied to determine their inhibitory effect on germination, seedling length and seedling dry and fresh weight 

of crops. Likewise, weed extract also affected the germination of maize seeds and the the degree of adverse effect 

was similar for the two test species. The maximum percentage was found in control (82%) and the minimum (42%) 

in 4% extract. Inhibition of germination of several crops has also been demonstrated when their seeds were exposed 

to root and shoot extracts of a weed, Citrullus colocynthis (Shaukat et al., 1985). 

 

Table 1. Effect of Chenopodium album extract on final germination percentage, speed of germination and radicle 

growth and reduction of radicle growth of wheat (Triticum aestivum L.). 

 

Treatments 
Final Germination 

 (%) 
Speed of Germination (%) 

Radicle growth  

(???) 

% reduction in 

radical growth 

Control 94±2.44 86.6 12.02±0.71 - 

2% 44±15.03 86 1.90±0.54 84.2 

4% 56±10.77 49 1.16±0.13 90.35 

6% 48±15.93 33 0.79±0.23 93.43 

 

Table 2. Effect of Chenopodium album extract on final germination percentage, speed of germination and radicle 

growth and reduction of radicle growth of maize (Zea mays L.). 

 

Treatments Final Germination (%) 
Speed of Germination (%) 

 

Radicle growth 

(???) 

% reduction in 

radical growth 

Control 84±4 73 15.23±0.29 - 

2% 68±8 61 4.74±0.5 68.8 

4% 60±8.3 48 1.98±0.34 87 

6% 40±8.3 35 1.66±0.23 89.2 

 

Table 3. Results of Repeated Measures Design using Generalized Linear Model (GLIM) for the effect of 

Chenopodium album extract on germination of wheat and maize. 

 

Effect of weed extract on radicle elongation of wheat and maize:  

The radicle elongation of wheat and maize (Table1and 2) was inhibited by the weed extract. The extent of 

reduction was at a greater degree for wheat compared to maize. Lovett et al., (1989) also reported that biological 

activities of receiver plants to allelochemicals that the response is known to be concentration dependent.  Responses 

are characteristically, stimulations at low concentration of allelochemicals and inhibition at the higher concentration. 

In wheat seedling was highly affected compared with control (Table1). Percent inhibition of radicle growth over 

 Effect Value F Hypothesis df Error df P 

Wheat 
Factor1      Pillai’s Trace  

                 Wilk’s Lambda 

0.373 

0.627 

14.293
a 

14.293
a
 

4 

4 

96 

96 

<0.001 

<0.001 

Maize 
Factor1      Pillai’s Trace 

                Wilk’s Lambda 

0.540 

0.460 

28.223
a 

28.223
a
 

4 

4 

96 

96 

<0.001 

<0.001 
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control highly increased in 6% (93.43%) and also in 2% and 4% extract. In maize radicle growth decreased in high 

concentration of extract (Table 2). Percent inhibition of radicle growth was the maximum in 6% of extract as 

compared with control. Suseelamma et al., (1992) found a significant reduction in root and shoot length of horse 

gram with the extract of Digera muricata and Shaukat et al. (1985) reported more inhibition of root growth of 

Lactuca sativa, Sorghum bicolor, Brassica rapa, Pennisetum americanum  and Medicago sativum under influence of 

extracts of Citrullus colocynthis, a weed of several crops in Sindh.  

 

Table 4. Rf values of phenolic principles in ether fraction of aqueous extract of Chenopodium album and reaction to 

chromatogram developing reagents. 
 

Phenolics Rf-value FeCl3+K3Fe(CN)6 UV + NH3 vapours 

Caffeic acid      68.71 Dark blue Bright blue green 

Vanillic acid       84.14 Purple Blue green 

Syringic acid       79.87 Purple Blue 

p-Coumaric acid       71.56 Blue Bright violet 

Ferulic acid       73.48 Purple blue Blue green 

Gallic acid       21.05 Brownish Bluish-brown  

Unknown       96.34 Bluish Blue 

 

Table 3 showed the different aqueous extracts significantly suppressed radicle elongation of both the test 

species. Because of the non-independence of observations, repeated measures design (RMD) was performed. 

Factorial analysis of variance (FANOVA) was not applicable and RMD was mandatory for this analysis. The result 

of repeated measures design ANOVA showed a significant effect of allelopathic treatment in wheat seeds (F=61.25, 

P<0.001). In the result of other test species maize the repeated measure design ANOVA showed a significant effect 

of extract (F=98.5, P<0.001). Furthermore the significance of the results of repeated measures can also be judged by 

significant values of Pillai’s trace and Wilk’s Lambda (P<0.001) in both the test species i.e, wheat and maize. 

These results showed that the growth parameters of test species were significantly inhibited when water extract 

of the weed was applied to the test species. The toxic effects of the phenolic compounds on seed germination and 

plant growth have been previously reported (Stowe et al., 1987; Blum, 1996; Inderjit, 1998; Burhan and Shaukat, 

2000). It is concluded that water extract of weed used in this study inhibit the germination and radical elongation of 

wheat and maize.  Control and management of the weed is needed in crop field because the weeds not only interfere 

with crop growth but also adversely affect the biodiversity of the area mostly due to their allelopathic influence. 
 

Allelochemicals: 

Chromatograms sprayed with ferric-chloride-ferricyanide reagent and UV-rays disclosed seven different 

phenolic compounds from the shoot tissue of Chenopodium album (Table 4). These were: caffeic acid, vanillic acid, 

syringic acid, p-coumaric acid, ferulic acid, gallic acid and an unknown. Due to the death and decay of plants and as 

a result of leaching it is possible that these phenolic compounds may accumulate in biologically significant amounts 

in the soil and play a key role as habitat variable exerting a causative influence on growth and development of other 

neighbouring plants.. Although the roots of C. album were not tested for the phytotoxins, they also presumably 

release the diffusates into the soil. The toxic nature of phenolics to germination and growth of plants has been 

reported by many workers (Blum, 1996; Reigosa et al., 1999; Burhan and Shaukat, 2000; Stupnicka-Rodzynkiewicz 

et al., 2006). Thus the inhibition of radicle growth by aqueous sextract of Chenopodium album can be expected to be 

due to phenolic compounds. Therefore, the allelopathic potential of C. album may be hypothesized due to the 

production and accumulation of phenolic compounds in significant amounts in the soil and resulting in phytoxicity 

to the neighbouring plants. 
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Abstract 
 

The green house based experiments were conducted in the Department of Botany FUUAST, 
Karachi to study the allelopathic effects of root and shoot leachates of Anagallis arvensis on the 
two test species viz., bajra and mungbean. The percentage of seed germination, speed of 
germination and radical elongation of the test species were recorded after 10 days. Both leachates 
have no effect on seed germination and speed of germination of the test species. Radical elongation 
of two test species showed different response. Mung radical growth was significantly reduced while 
bajra radical growth was significantly enhanced by the root leachate of weed. 
 
Introduction  
 

The economy of Pakistan is depending upon the agriculture and most of the 
important crops are wheat, maize, rice, cotton etc. It is commonly known that weeds are 
responsible for substantial reduction in the yield of main crops of our country. Weeds are 
the unwanted plants and any plant competing with cultivated plants or that some other 
ways interfere with main legitimate activities is considered to be a weed (Nasir & Sultan, 
2004). Many weeds and crops are capable of producing phytotoxic chemical compounds 
that can negatively influence the growth and productivity of surrounding plants (Evenari, 
1949). The weed plants also compete with crop plants for light, water, nutrients, space 
and caused drastic effects on the yield of crops. Plants influence growth of each other by 
means of exudates, leachates or from the residue incorporated in the growing medium 
(Alam & Sheikh 2007, Colton & Einhelling, 1980; Rice, 1984). Allelochemicals may 
reach to the crop by leachates from foliage or by root exudation and the leaf extract also 
inhibit the germination in the different plants and cause the several root infections 
(Shaukat & Siddiqui, 2001). According to Jabeen & Ahmed (2009), the plants may 
exhibit inhibitory or rarely stimulatory effect on germination and growth of other plants 
in the immediate vicinity.   

The phenomenon of allelopathy i.e., one higher plant is exerting a detrimental 
influence on another through the production of germination growth inhibiting substances 
have been widely reported (Martin & Rademacher, 1960; Muller & Muller, 1964; Naqvi 
& Muller, 1975; Friedman et al., 1975; Bukhari, 1978). The possible allelochemicals 
involved in these interactions are phenols, terpens, glucoside etc. These water soluble 
allelopathic compounds of weed (leaf and root) are affected drastically on the other plants 
function, germination, radical elongation and shoot length. These allelochemicals may 
inhibit or enhance the radical growth and also affect on the germination. Therefore, a 
study was conducted to see the allelopathic effects of Scarlet pimpernel (Anagallis 
arvensis) on the seed germination and radical elongation of mung and bajra under green 
house conditions. 
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 Vigna radiata  L., mung bean, also known as green bean, mung or moong dal which 
is a native to Bangladesh, India and Pakistan and also found in hot and dry regions of 
South Europe and Southern U.S.A. The seeds are small, oval in shape and green in 
colour. The crop is grown in two seasons one is the Rabi season, (starting from 
November) and the other in the Kharif season (starting from June). It is a tropical crop. 
Mung bean also has the carbohydrate, protein, calcium, magnesium and phosphorus as 
nutritive ingredients. 
 
Pennisetum americanum L., (Bajra): This is a second test crop is commonly known as 
pearl millet, bajra (India) and dukn (Sudan). It has originated in central tropical Africa, 
India and widely distributed in the dry region of the world. Season of growth is in early 
summer. Pearl millet cultivation is dispersed mainly during Kharif (Rainy) season in our 
whole country. The plant is grown in area with an average annual rainfall of 125–900 
mm. Seeds are very small from 3–10 mg in weight. Seeds are ready to harvest just three 
to four weeks after anthesis. Most crops of pearl millet are sown in rows and where as 
fodder crops are grown in high densities and thus the crop canopy suppress weed growth. 
The yield of crop pearl millet vary in different region due to rainfall, soil type and varies 
from season to season. 

Pearl millet is an important grain crop in Africa, the stalks are used in the dry tropics 
for home building and also used as a cereal. The crop would thus escape drought and 
could be planted several times in a year, if conditions are favorable.  
 
Anagallis arvensis Linn., (Scarlet pimpernel): A common weed in wheat and winter 
vegetable. It is much branched weed with 20-45cm height (Alam et al., 2001). It is 
widely distributed throughout the world being found in all temperate regions in both 
hemispheres. The common varieties of Anagallis arvensis are growing in Persia, Nepal, 
China, Mauritius, USA and Chile. The plants have square stem, have their egg shaped 
stalkless leaves, sessile and arranged in pairs, the leaves always keep their faces turned to 
the light. The pimpernel flower initiated in May until late into August. The flower 
appears singly, solitary axillary, red, blue and purple in colour. Thin stalk which are erect 
during flowering, but curved backward when the seeds are ripening. As the autumn 
approached, the fruit in the center of each flower swells and ripens. It is in the form of a 
little capsule, full of countless tiny seeds. The seeds of the plant, which are very 
numerous and enclosed in small capsule are brown in colour. The weed produces many 
thousand seeds per plant. The seeds generally remain viable in the soil for about 10 years. 
This weed completes with wheat crop in early stage of its growth (Alam et al., 2001).  
 
Medicinal purpose: The ancient reputation of Scarlet pimpernel has survived to the 
present day especially in dealing with disease of brain and epilepsy. The flowers have 
also been found useful in epilepsy. It is of a cordial sudorific nature and a strong infusion 
of it has been considered an excellent medicine in feverish complaints. Modern 
authorities consider that caution should be exercised in the use of this herb for dropsy, 
rheumatic affection, hepatic and renal complaints. The objective of present work was to 
investigate any possible role of allelopathy on the germination and length of radical of 
mung and bajra, using root and shoot leachates of this weed and to compare the rate of 
germination and the radical elongation of the test crops by the application of root and 
shoot leachates of weed Anagallis arvensis. The test crops were mung bean and pearl 
millet and the weed was Anagallis arvensis.  
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Materials and Methods 
 

The experiments were conducted at the green house and in the laboratory of the 
Department of Botany, Federal Urdu University, Karachi. Weed plants were grown in the 
pots and before flowering, root leachate was obtained by adding 500ml distilled water in 
each pot. A beaker was kept below each pot and the solution obtained was of root 
leachate. The mixture was filtered by the Whatman No. 42 filter paper. The filtrate or 
root leachate was stored in a refrigerator at 20˚C for further experimentation. 

Similarly, the leaf leachates of the weed plants were obtained in the pots, and before 
the flowering, 500ml distilled water was sprayed gradually which lasted for 30-40 
minutes and then the leaf leachates collected (Shoukat et al., 1983). The leachate was 
filtered and kept for the further experimentation in a refrigerator. 

Healthy seeds of moong (Vigna radiata or Phaseolus aureus) and bajra (Pennistum 
americanum) were collected from local Agriculture store. Seeds were surface sterilized 
with 1% sodium hypochlorite solution for 5-10 minutes then rinsed thoroughly with 
distilled water for many times to remove the excess amount of chemical, before use for 
the experimental work. 

Seed germination under both root and shoot leachates and control condition was 
performed in the laboratory with five replicates. The trial was completed in ten days, and 
data on germination and radical elongation were recorded.  

Ten sterilized seeds were evenly placed on the filter paper in sterilized Petri dishes 
(9cm). The Petri dishes were placed in growth chamber. Germination was determined by 
counting the number of germinated seeds at 48-h intervals and radical length was 
measured after every alternate days. Root length of the seedlings were recorded. Seed 
germination in percentage, speed of germination ‘S’ (Khandakar & Bradbeer, 1983), root 
lengths were calculated by the following formula. 
 

S= [ N1/1+N2/2+N3/3…..N/n ] x 100/1 
 
where N1, N2, N3, …..N = Proportion of seed which germinate on days 1, 2, 3 …. N 
following setup of the experiment. 
 

Mean and standard error were compared and presented in Tables 1 & 2. 
Statistics and data analysis: The treatments in all experiments were laid out in RMD 

(Repeated Measured Design) by SPSS version 10 with five replicates. Data of 
germination percentage and root length analyzed by Wilks’ Lambeda, Pillai’s trace occur 
in multi variate test.  
 
Results and Discussion 
 

Table 1 showed that leaf leachate and root leachate have no effects on percentage 
germination of both test species. Speed of germination index of mung increased under 
shoot leachate (rainfall) compared to control, while showed no effect with root leached. 
In pearl millet the speed of germination showed no significant difference with control and 
other treatments. This showed that for germination phenomenon, there was a tolerance 
behavior in mung and bajra seeds. Seed germination is considered to be the most critical 
stage of plant development and growth; the necessities of seed germination of any crop 
area water for hydrolysis of reserves, hydration of enzymes for operational confirmation 



IRAM US SALAM ET AL., 

 

354 

of cell membrane and organelles and finally to provide the force for cell expansion 
induced by germination (Alam & Shaikh, 2007). After the germination test, the data of 
radical elongation was used as an indicator of test species response (Barnes & Putnam, 
1987; Leather & Einhelling, 1986). Radical length of mung decreased under root 
leachate, which showed allelopathic effect of the weed, while the leaf leachate did not 
show any considerable difference compared with control. Root and shoot leachates of 
weed positively affected and enhanced the radical length of bajra. Both species showed 
different response with leaf and root leachates. Root leachate of weed suppressed the 
radical growth of mung while enhanced the growth of bajra. Similar findings have been 
reported by other. Rice (1986) reported that the stimulatory effect were likely to emerge 
either from growth promoting compounds in the tissues themselves or enhanced 
microbial activity. 

Table 2 shows multivariate test in repeated measured design. The observations at 
different time periods were not independent, therefore factorial analysis of variance 
(FANOVA) was not applicable so the repeated measure design was chosen, because it 
was more suitable for this situation. The significant differences among treatments for 
radical elongation in ten days (F = 183, p<0.001) in bajra have indicated the allelopathic 
effects of the weed. These results showed that root leachate of weed significantly 
enhanced the radical growth of bajra. Jabeen et al., (2011) reported the allelopathic effect 
of bajra on weed Asphodelus tenuifolius, where the weed growth was suppressed by this 
crop species. In our case, the growth of weed Anagallis arvensis was also suppressed by 
bajra. This gives additional support to the opinion that some crops reduce the growth of 
some weeds due to their allelopathic ability. On the basis of this trial it was suggested 
that presence of Anagallis arvensis should be ignored for growing bajra crop, while 
control measures should be taken in mung field. Mung radical elongation was 
significantly (F=107, p<0.001) suppressed by allelopathic effect of this weed.  
 

Table 1.  Effects of leachate of Anagallis arvensis on the germination and radical  
length of radical of bajra/ mungbean. 

Germination 
(%) 

Speed of germination 
index “S” 

Mean length of radical 
(cm) Treatments 

Mung Bajra Mung Bajra Mung Bajra 
Control 100 ± 0.0 100 ± 0.0 96 94 6.676, ± 

0.16036 
1.9095, ± 
0.10460 

Rainfall 100 ± 0.0 100 ± 0.0 100 94 6.0384, ± 
0.23800 

2.4004, ± 
0.04860 

Root leachate 100 ± 0.0 100 ± 0.0 95 96 3.4028, ± 
0.10871 

2.448, 
± 0.16102 

 
Table 2.  General Linear model effect of weed (Anagallis arvensis) on radical  

elongation of test species of bajra and mung. 
Test species  Effect Value F Hypothesis Error df Sig. 
Bajra Day 

 
Pillai’s Trace 
Wilks’ Lambda 

0.836 
0.164 

183.757ª 
183.757ª 

4.000 
4.000 

144.000 
144.00 

0.001 
0.001 

Mung 
 

Day 
 

Pillai’s Trace 
Wilks’ Lambda 

0.750 
0.250 

107.045ª 
107.045ª 

4.000 
4.000 

143.000 
143.00 

0.001 
0.001 
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Abstract 

 
Three weed species viz., Asphodelus tenuifolius Cav., Euphorbia hirta L., and Fumaria indica (Haussk.) Pugsley were 

used in the form of powder with different ratios/quantity as treatments of 10, 25, 50 and 100g and mixed with uniform 
amount of soil (500g). Wheat seeds were grown and it was observed that 10 and 25g powder/500g soil of Asphodelus 
tenuifolius considerably increased the germination and rate of germination of wheat, while the powder of other two species 
reduced this phenomenon in the test species at the concentration of 25, 50 and 100g/500g soil. All the weeds powder 
treatments showed remarkable varied effects on the plant height and their weights (fresh, dry shoot and root weight) of the 
test plant. The powder of Fumaria indica and Asphodelus tenuifolius significantly reduced, while the Euphorbia hirta 
showed non-significant effects on the wheat plant height. Soil containing Euphorbia hirta powder showed the significant 
reduction in the fresh and dry shoot weight of wheat plant.  

 
Introduction 
 

Pakistan is an agricultural country with its economy 
being greatly dependent upon agriculture. Wheat is the 
major cereal grain crop of the world including Pakistan. 
In Pakistan, greater part of the population is living in the 
rural areas and their chief source of income depends 
generally on agriculture and agricultural products. The 
uses of pure seed, suitable l and preparation, balanced 
fertilizers and suitable irrigation along with weed control, 
play important role for higher wheat yield. The notion of 
weeds as unwanted plants was born when man started to 
grow intentionally plants for food. Agricultural researches 
have found that weeds cause 17-25% losses in wheat 
annually due to their competitive and allelopathic nature 
(Shah, 2006; Shad, 1987). According to the International 
Allelopathy Society, any process involving secondary 
metabolites produced by plants, algae, bacteria and fungi 
that influence the growth and development of any 
biological system is termed as allelopathy (Anon, 1996). 
In Allelopathy, competitions of the plants have negative 
effects when two or more organisms attempt to directly 
use the same resources. A large number of 
allelechemicals, which are released by plants are 
stimulatory or have inhibitory effects with the interactions 
of weeds and crops (Burhan & Shaukat, 2000; Rebaz et 
al., 2001; Shaukat et al., 2002). Therefore, a better weed 
management is required, where allelopathy can play an 
effective role in the crop field system. Muzik (1970) has 
reported that crop losses due to weeds are greater than 
insects, pests and plant diseases. It was estimated that in 
wheat yields losses ranged from 20 to 40% due to 
interaction with weeds (Ahmed & Shaikh, 2003). There 
are about 30 different weed species generally found in 
fields of wheat in Sindh and of which 12 to sixteen weed 
species are widely distributed causing losses up to 
economic threshold level (Ahmed & Shaikh, 2003).  

In spite of modern weed control technology, weeds 
continue to cause annual losses of about 10% in 
agricultural production in the world. The annual economic 
loss caused by weeds in agricultural production is 

estimated at more than 18.2 billion dollars, with about 12 
billion dollar of this amount attributed to the production 
losses caused by weeds. Another 3-6 billion dollar is 
spent on cultural ecological and biological weed control 
methods (Alam, 1991). The growers are paying very little 
attention to the weed control or using the eradication 
practice, hence suffering 15 to 25 percent wheat grain loss 
(Tunio, 2001). Bearing these considerations in mind, the 
present investigation was conducted to explore any 
allelopathic potential of three common weeds which were 
found associated with wheat crop. 
 
Materials and Methods 
 

Dry plant materials of three weeds (Asphodelus 
tenuifolius, Euphorbia hirta and Fumaria indica) were 
collected, washed, dried and then ground in a Wiley Mill 
and weighed out in the ratios of 10, 25, 50 and 100g each 
of the three weed species. For each weed species five 
replicates with five treatments and including controls were 
used. The powder of each weed with the above quantity 
was mixed thoroughly with 500g soil (sandy loam) 
separately and then sufficient quantity of water was added 
to all the plastic bags and kept for one week in the glass 
house to develop any possible microbial activity. Sufficient 
quantity of healthy seeds of wheat were sterilized with 3% 
sodium hypochlorite solution and then thoroughly washed 
with the sterile distilled water several times. 

Ten healthy seeds of wheat were sown in all the 
treated (control, 10, 25, 50 and100g) plastic bags. Each 
treatment was replicated five times. The numbers of seeds 
germinated were counted daily in each treatment, till the 
completion of germination period. Speed of germination 
index “S” was also calculated as described by Khandakar 
& Bradbeer (1983). 
 

S= [N1/1+N2/2+N3/3 ……] ×100/1 
 
where N1, N2, N3 ………Nn=proportion of seeds which 
germinate on day 1, 2, 3 ……… n following set up of the 




