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Abstract

A research to evaluate the allelopathic potential of 39 aromatic plant species of Rawalako!

Azad Kashmir was carried out using dish pack method. Leaf leachates of aromatic plant species

were used against the letfuce seeds as the test species and growth wasi measured after 72 hours.

In the study area, aromatic plants play a significant role among the farmers and almost all the

people living in villages and remote areas. Some plant species have bioactive properties and

these properties enable them to have allelopathic activity. Plant species showed certain

inhibitory and stimulatory allelopathic effects on the growth of lettuce. Vicia sativashowed the

greatest inhibitory effect on lettuce growth followed by Atlium sativurn, Rosa damascena,

Trifulium repens and Pinus wallichiana among other top 5 species. These species have certain

uses e.g. they produce food for humans and animals, used for ornamental purposes along with

some medicinal uses and also for timber wood and fodder for the cattle. The results of this

study suggest that allelopathic potential of the aromatic plants can serve as a tool for weed

control, growth enhancer and as a result improving the environmental quality and sustainable

development along with a lot of economic benefits for the local community.
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1. Introduction

In tttis study an effort has been made to evaluate the allelopathic potential of 39 aromatic plant

species of Rawalakot" AzadJammu & Kashmir.

Allelopathy is an effect of a species on the grourlh ofanother species through the release

of chemicals into the environment. This effect may be direct or indirect, positive or negative

@ice, 1984). Allelopathic interactions can be an important factor in the success of aromatic

plant species as well as invasive plants. They may affect physiological processes and as a result

may influence the structure of communities @derjit,2}O3).

Allelopathy is a normal process and it involves beneficial and harmflrl biochemical

interactions among all types of plants and also include other microorganisms. After the book

"allelopathy" by Rice (1984) was published, attention in scienffic community increased and

its definition was reinforced later on. The effects of a plant species on another may be inhibitory

or stimulatory and ttlis is dependent upon the concentation of chemical compounds released

from these plants. Certain chemicals decrease the growth of some plant species at small

concentations and they can increase the growth of other plant species at higher concentation.

In allelopathS the allelochemicals are released from dead or living tissues of donor plant and

they are received by the target plant. Different organs ofplants such as tissues, leayes, flowers,

fruits, stems, roots, rhizomes, seeds, pollen are the cornmon sources of allelopathic chemicals

of donor plants (Weir et a1.,2004).

Aromatic plants are the plants in which aromatic substances are produced and released.

They are used in making perfumes, in cooking, in the foo4 pharmaceutical and also in liquor

industries. A large n'mber of aromatic plants are the species of the Latraceae, (Jmbelliferae,

Ivlyrtaceae and Labiatae families. Certain allelochemicals are synthesized during growth and

developmental period of the plants. Plants release these chemicals at their early developmental

\
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stages and even when plants are sfressed and competing with neighboring plants for water,

light nutients (Smirnoff and Hutchinson 1965). Crops that possess allelopathic activity can

decrease the risk of major diseases that could reduce crop yields due to disease causing agents

and as a result they reduce fungicide, bactericide and anti-viral applicatio4 so it saves the cost

and helps to protect our environment (Huang and Chou, 2005). Certain phytochemicals have

low or zero toxicity to beneficial insects and animals and have a vmiety of activity with varying

and diverse site of action and they possess a hlgh degradation rate. This shows that allelopathic

activity is directly or indirectly involved in the management of diseases in crop production

@ais e/ a1.,2004a).

These chemicals can influence important physiological processes like respiration,

photosynthesis, cell division, elongation, membrane fluidity, protein biosynthesis and also the

activities of enzymes. Allelopathic compounds may also have an impact on tissue water status.

Normally, they are more effective in mixtures in order to affect the targets (Rice, 1984 and

Everts,2002).

Active substances of aromatic plants have stong allelopathic properties and they can

be safely used in agro-ecosystems. Certain medicinal plants inhibit the growth of selected

weeds and several herbicidal allelochemicals from these plants have also been identified (Khan

et a1.,2010). It is not much dfficult to screen the allelopathic planE from medicinal plants

because they are rich in metabolic compounds (Fuji et al.,z0B).It has been reported in many

research works that the kind and concentration of secondary metabolites is different among

certain plant speoies and these factors may be different even in the different parts of the same

plant. These secondary metabolites mostly have qualitative and quantitative differences and

this depends upon genetic drift physiological conditions, season, harvesting time and

analytical method sample preparation (Cirak et a1.,2008).

U
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The anti-malarial drug artemisinin is obtained from the leaves of Artemisia annua and

the release of this compound into forest soils may causie a risk in forest ecosystems like the

effects on ectomyconl'izal firngal nutrient uptake and also in the areas where commercial

cultivation of this plant is carried out. This drug is recommended for the initial teatment of

malaria by the World Health Organization. This plant is grown on large scale in Southwest

China for commercial use because of high artemisinin concenfation in its leaves (Yanget al.,

2009). Cerain plant species release secondary metabolites which are referred to

allelochemicals, into soil environment for their safety from other plants and pattrogenic

microbes (Duke et a1.,2000).

Weeds are considered among the major threats to plants worldwide and the use of

herbicides has increased to a large extent over the recent decades as a result increasing the cost

and also environmental impacts of herbicides @rethour and Weersink, 2001). Plants having

allelopathic potential can be used as an alternative tool for weed contol. To reduce the

reliability on chemical weed confiol methods, several alternative shategies and techniques are

under development to establish biological solutions and to reduce the harmful effects of

herbicidal use in agricultural field (Xuan et a1.,2005).

It is hoped that this study will encourage further studies related to the field ofallelopathy

in order to develop new techniques for weed and disease control in crops and planb and also

obtain certain other benefits.

,t:
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Purpose of Study

Aromatic plants have a major influence on different components of the environment. Certain

aromatic plants and their by-products have been used by human beings over the yea$.

Rawalakot has a large variety of aromatic plant species and they are used for different purposes,

e.g. source offood fuel, omamental uses, medicinal uses, furniture making etc. Many aromatic

plant species can survive the conditions like pollution, salinity, excessive rainfall, drought and

flower in these situations. Along with this, some of them are also avoided by herbivores and

pathogens because they produce certain toxic and repellent compounds. These features show

that these plants species might have some unstudied allelopathic potentials. Therefore, there is

a need to increase the use of these species for other purposes as well, e.g. bio pesticides and

bio fertilizers and for this purpose it is necessary to evaluate their allelopafhic potential.

Aims and objectives

The aim of this research is to study the allelopathic potential of aromatic plants of Rawalakot,

in order to contribute towards the knowledge on alternative methods of weed and disease

control in crops and plants.

The objectives ofthe study include:

Identification of aromatic plant species in Rawalakot.

Screening and evaluation of allelopathic potential of the identified aromatic plants of

Rawalakot.

hn
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2.Literature Review

Knowledge of interactions between plants has been gathered for more than two thousand years.

Many examples are described by farmers, gardeners, botanists that suggest allelopathic

interactions between plants. Destnrction of weeds through chickpea (Cicer arietinum) plants

was observed by Theophrastus (300 B.C.). It was reported by Romans in lA.D. that farmland

can be burnt or destoyed by barley, chickpea, bitter vetch (Vicia ervilia) and fenugreek

(Trigonella foenumgraecum). He also explained that the shade of black walnut is heavy and

black walnut and its residues may cause harm to man and any other in its vicinity. In 1600's

many naturalisb noted in the English literature that several plants do not grow properly in the

presence of one another. The Japanese literature also gives examples of plants causing harm to

others because ofthe release of toxic compounds with rainfall, mainly Japanese red pine (Pinaa

deru iflora) (Rice, I 9M).

In 1800's, agronomists started noting the problems with the repeated cropping of some

perennials. In I E04 it was discovered that clover was failing in some areas of England where

it was being cultivated regularly due to sickness of soil, which increase with the time. De

Candolle firstly did experiments and said that soil sickness, may be the result oftoxicity linked

with root exudates. In l8El, it was observed that vegeation under black walnut was sparse in

the pasture settings, the reason of this may be high mineral requirement of the free, or poisonolxt

moisture that is dripping offthe tee itself (Stickney and Hoy, lSEl). It is worth noting that

several species that have powerful medicinal effecE on humans are found to have strong

allelopathic effects also. Interest in allelopathy field increased again in the 206 century, with

the development of new techniques of bioassay, extraction, chemical isolation and

identifi cation (Willis, 1997).

a
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Certain papers were published from 1948 to 1965 that described certain allelochemicals

from plant residues and also the significance of the microbial interaction after these residues

decompose (Putnam and Weston, 1986).

In the 2lst century, publications in the allelopathy field have increased largely as

physiologists, soil scientists, weed scientists and natural products chemists continue to research

this challenging area (Macias et a1.,2002).

International Allelopathy Society was formed in 1994. This is organized for scientific

purpose, mainly to promote the cooperation and collaboration among the scientists in

allelopathy field. Allelopathy research can bring different disciplines together to increase

success in sustainable agriculture. Many international conferences have been organized to

promote enthusiasm in allelopathic research. Allelopathic effects merely extend beyond plant

suppression, they include vegetation patterns, seed preservation, germination of fungal spores,

nitrogen cycle, mutualistic associations, crop productivity and also plant defence. Researches

have demonstated critical cases of seed and growth reduction by allelochemicals recently, that

effect vegetation patterns, rate, sequences in plant succession, weed abundance, crop

productivity and problems in replanting fruit and other crops as well (El-Darier and Tammam,

2009).

v

Evaluation of Allelopathy in Aromatic Plants of Rawalakot, Azad Jammu & Kashmir



\f

Uteroture Revlew

Chemicals which are released from plants and impose allelopathic influences are called

allelochemicals. Most of these chemicals are classified as secondary metabolites from acetate

pathway and range in structure from simple hydrocarbons to complex polycyclic aromatics e.g.

phenolic compounds, tannins, flavonoids, alkaloids, steroids and glycosides. Almost all the

classes of secondary plant producb are implicated in allelopathic interference (Weston and

Duke, 2003). The term ooallelochemical" is related to the role of the compoun{ but not related

to the acfual chemical identity, since depending on an organism or some environmental

parameters, one compound can sometimes act as an allelochemical and at othertimes or places

can play other roles. There is a large number of secondary metabolites in the plant kingdom

and many are found to be phytotoxic @inhellig et a1.,2002). Chemicals need to be transferred

from one organism to another for allelopathic process to take place. Many phytotoxic

substances suspected of causing germination and inhibition in growth have been identified

from plant tissues and soils. The phytotoxic activity of such chemicals outside the plant is

changed by biological abiotic factors occurring in the soil (Kobayashi, 2004).

Plants or organisms that release such compounds are "donor species", and those

influenced in their growth are called "target species". Allelopathy covers plant-plan! plant-

microorganisms, plant-virus, plant-insects, and plant soil-plant chemical interactions. These

effects might be stimulatory or inhibitory, it depends on the identity of the active compound,

static and dynamic availability, persistence and fate of organics in the environment and vmies

on particular target species (Inderjit and Keating, 1999).

These chemicals may be produced by different parts of planb including roots,

rhizomes, stems, leaves, flowers, Inflorescences, fruits, and seeds @ice, 1984). They are

produced in above or below ground plant parts or can be produced in both to cause effects in a

U\s
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wide range of plant communities. The donor plants generally store the chemicals in the plant

cell in an inactive form, e.g. water soluble glycosides, polymers, lignins and salts. These

allelochemicals are released through cleavage by planb enzyme and also some environmental

sfress (Weston" 1996). Chemicals in higher plants are released by volatilization (significant

under arid or semi-arid conditions), leaf or stem leachates (chemicals release by rainfall, dew

or inigation from the aerial parts of plan6), root exudation (release of chemicals through roots

by certain processes including diffirsioq vesicle tansporf ion channels) and decomposition by

microorganism or other mechanisms, and are carried away by wind and water (Inderjit and

Keating, 1999).

Concenfrations of these chemicals in the donor plant can also vary over time and in the

plant tissue produced. For example, Foliar and leaf litter leachates of Eucalypttu species are

more toxic as compared to the bark leachates to certain food crops. These chemicals are

generally secondary plant products and the also breakdown products from decomposing plant

tissues. Allelochemicals are norrrally stored in the vacuoles and prevent bad effects on the

producing plant, but are mostly leached out of the tissue (Ilall and Henderlong 1989). The

inhibitory materials can be auto inhibitory or hetero inhibitory, some may be highly selective

and their effect is dependent upon the concentration. It has been found that phytotoxic effecb

are density-dependent. Phytotoxicity is greatest at low plant densities and growth reductions

due to resource competition are greatest at high plant densities (Weidenhamer et al., 1989).

2.2 F actors affecting allelochemicals production

The amount in which chemicals are produced in the donor plant is the result of the interaction

between plant's genetic factors and environmental factors. Climatic factors have a big

influence on the production of such chemicals. Some chemicals may be influenced by the

duration, amount and intensity of light. Greatest quantities are produced when there is an

I
lN
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exposure to the ultraviolet and long- day photoperiods. Increased amount of allelochemioals

was reported by Rice (1984) from the plants exposed to higher ambient temperatures. Water

plays significant role in allelopathy and acts as a solvent and also a carrier of these chemicals

and leachates from an aerial plant parts and in the soil. Activity in the soil by microorganisms

is sensitive to the moisture level of soil (Rizvi et a1.,1992).

Composition and concenEation of allelochemicals change with the age, plant orgaos

and among different plant species. tlabitat may also play a significant role in the expression of

allelopathy. Naturally, the allelopathic potential of a plant is likely to change with the site

because of its climatic conditions. Allelopathic potential is changed by seasonal conditions

such as air, soil temperature and soil moistue. It was found that allelopathic inhibition of

germination, growth of aspen (Populus tremula) was most signifioant in May, June, and

September (Qasem and Foy, 2001).

The isolation and identification of chemicals from producer plants with biological

activity do not show that these compounds interfere in nature through allelopathy (Weston,

2000). Transformation, retention and ransport of these chemicals in the soil and

physicochemical and biological components of soil have effect on the fate of allelopathic

chemicals, ultimately on allelopathy in the soil. Physicochemical facton affect the quantity and

qualrty of compounds. Particularly, soil texture influences the expression of allelopathy in

natural systems. Soil biological and chemical charaoteristics i.e. texture, nutrients,

microorganisms, organig matter, moisture and pH have their influences on allelopathic

expression. They influence adsorption and transport in soil and metabolism of allelochemicals

(Kobayashi, 2004). Soil pH has an important role to play in the uptake and immobilization of

inorganic ions and on the resultant accumulation of nutrients, and higher pH can increase

microbial activity (Inderjit and Dakshint, 1994).

0

Evaluation of Allelopathy in Aromatic Plants of Rawalakog Azad Jammu & Kashmir 10



"sr

Chopter No,2 Llteroture Review

The chemical characters of soil mostly change after addition of plant debris, roots,

leaves ofdonor plants and these changes have been proved to change the action ofallelopathic

chemicals. Allelopathic interactions in soil environments depend to a lmge extent on the

turnover rate of allelochemicals in soil rhizosphere and their interactions with clay, organic

matter and certain factors that may shange the physio-chemical and biotic oharacteristics ofthe

soil @lum et al., 1999). In the recent time research by Blum and his laboratory has shown that

soil texfure, soil p[I, organic compounds, available nutrients are also very important in

affecting the uptake of allelochemicals and also their ability to persist in the presence of soil

microorganisms @lum, 1998). Soil moisture dynamics may also effect the phytotoxicity of

allelochemicals. Studies by Blum suggest that increased evapotanspiration and lower soil

moisture also'results in decreased plant phytotoxicity of allelochemicals in the soil solution

(Blum et a1.,2002).

Microorganisms in the soil also play a significant role in allelopathy because they have

the potential to change the effects, to degrade toxic compounds or to produce the toxic ones

(Inderjit, 2003). They may influence the availability of nutrients, by the release of chemical

compounds bound to soil particles. These oompounds may be present in free, reversibly bound

or irreversibly bound forms. ln general, the first two forms are considered important from the

standpoint of allelopathy. However, bound forms may also be important. Allelopathic plant

species increase the production of phytotoxic metabolites when they are subjected to

environmental stresses factors e.g. mineral deficiency, exteme temperatr.ues, moisture stess,

exfieme light levels, herbicides, fungicides, insecticides and plant growth regulators (Einhelig

lese).

Allelochemicals need to be taken up by the receptor plant to have a direct effect (Willis,

1985). They are mainly absorbed by the target plant through the roots, by active or passive

transport and they move through the xylem by mass flow. An allelochemical, when taken up,k

Evaluation of Allelopathy in Aromatic PlanB of Rawalakot, Azad Jammu & Kashmlr 11
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interferes with certain physiological processes of the receptor plant. Different studies have

shown that the response to allelochemicals can be concentuation dependent Those

allelochemicals that inhibit the growlh of certain species at a concenfration might stimulate the

growth of the same species at different concentrations. It is necessary to identifr the

ooncentration at which a specific response occurs if this interaction is to be used in weed

management programme. Along with this, various parts of the plant may differ in their

allelopathic potential. The metabolites leached from plants consist of different substances like

mineral nutrients, carbohydrates, amino acids, and other organic compounds. These substances

may inhibit or sometimes stimulate plant growth, depending on different concentations, the

leachability, season, and also the age of the plant. More recently it was proposed that complex

biochemicals may not be the only substances which are used by plants to interfere with one

another and it has also been suggested that inorganic elemenb may be used in allelopathic

manner. They reported that elements including heavy metals and salts in soils can occur by

hyperaccumulatioq litter decomposition and by altering rhizosphere chemisty (Chon & Kim,

2002).

The phytotoxic activity of the chemicals released from incorporated residues can be

affected by abiotic and biotic factors like physicochemical and microbiological soil properties

(Popa et a1.,2008). So a phytotoxic compound may be inactivated, become more activated or

converted to some new toxins by soil microorganisms (Kobayashi, 2004). Composition profile

and quantity of allelochemicals depend on the time after incorporation into the soil. In most

cases, it was found that the phytotoxic potential of decaying plant residues wasi manimum at

the early stages of decomposition (Xuan et al., 2005). As decomposition carries orr,

phytotoxicity decreases or even disappears. This can be explained by the fact that quantity and

activity of phytotoxins are affected by biotic and abiotic processes in the soil (Sampietro er a/.,

2007).

N
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2.3 Process of Actions of Allelochemicals

Literoture Review

The mode of action of a chemical can be divided into direct and indireot action. Alternation of

soil properties, nutitional status and an altered population or activity of micro-organisms are

the effects that represent the indirect action. The direct action includes the biochemical and

physiological effects of allelochemicals on oertain significant processes of plant growth and

metabolism. The mechanism and modes of allelochemicals action were initially described and

after that they have been continuously reviewed. Different mechanisms of action for

allelochemicals are involved in the inhibition and modification of plant grourlh and

development @inhellig et a1.,1986). These are the sites or processes which are targets for

allelochemicals : cell division , production of plant hormones and their balance , membrane

stability and permeability , germination of pollen , mineral uptake , movement of stomata ,

pigment synthesis , photosynthesis , respiration , amino acid synthesis , nitogen fixation ,

specific enzyme activities , inhibition of nifri$ing bacteria, Nz fixing bacteria, plant -water

relations, modification of DNA aod RNA and complexities of nutrients and conduction tissues

(Wink et al.,l99E).

These chemicals can be selective in their actions or plants can be selective in their

resporuie. These things are complicated further by the presence of more than an active

compound from a single plant. E.g. sorghum species oontains cyanogenic glycosides, tannins,

flavonoids, quinines and phenolic acids. All ofthese have certain inhibitory functions and most

ofthem produce several biological lesions @inhellig, 1995).

The effects of the exhacts from most Artemisia species are because of presence of a

mixture of compounds, mainly terpenoids and also include coumarins and polyacetylenes as

well. Certain observations have shown that glandular hair-like tichomes on the leaf surface

produce enonnous quantities of camphor, samphene, cineole and significant quantities of

;\
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artemisinin and arteether among others, camphor is the most active in seed inhibition (Weston

& Duke,2003).

The initial biochemical effect of allelochemicals seems is on the synthesis of protein

mediated by RNA and DNA. Certain allelochemicals have also been shown 1s inhibit mitosis

in plant roots, e.g. cou'rrarin can completely block mitosis in onion roots within a few hours

after treatment. Volatile terpenes from Salvia leucophylla are inhibitors of mitosis in cucumber

seedlings. These compounds also have effects on the division of a large number of bacterial

species isolated from soil @inhe[ig 1995).

Germination of cereals depends on certain activities that regulate starch break down

necessary for supplying substrates to respiratory metabolism. Eucalyptus leaf leachates

decreased a-amylase activity in seeds of finger-milet (Eleusine coracanta), that result in

inhibition of germination (Padhy et a1.,2000).

Glyoxylate cycle plays a vital role in the mobilisation of fiiacylglycerides in the

germination prooess of fat storing seeds. During the early stages of germinatiorl the en4mes

of glyoxylate cycle such as isocitratelyase QCL) increase their activity because of marimum

lipid metabolism in the storage tissue of germinating seeds (Mclaughlin and Smith, 1994).

Data obtained by certain research works suggesb the effect of allelopathic compounds on the

activity of isocitatelyase and also on gene expression. It was also reported that ttre observed

decrease in enzymatic activity is a secondary effect of allelochemicals related to protein

damage. Therefore, effects of allelochemicals on seed germination appear to be mediated

through a disruption of nornral cellular metabolism rather than through damage of organelles.

Reserve mobilisation, a process which usually takes place rapidly during early stages of seed

gerrrination seems to be delayed or decreased under allelopathy sfess conditions (Muscolo er

al.,2001).

.iilv
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Disturbance in the process of photosynthesis is one of the most commonly observed

physiological effect of different allelochemicals. Because of this action of allelopathic

compounds, they have properties to be used in inorganic agriculture e.g. in sustainable weed

management as natural herbicides. Decrease in chlorophyll content and reduction of carotenoid

concentration was detected in lettuce seedlings when fieated with artemisinin. Photosynthesis

rate reduced in leaves of white mustard (Sinopis Alba) plants exposed to sunflower (Helianthus

annuus) allelochemicals, with the reduction in transpiration rate that suggested limited CO2

diffitsion into chloroplast due to stomata closing (Gniazdowska and Bogatelq 2005).

kthibition of seedling growth in allelopathy stress conditions can be a result of

decreased ion up take. Root comes first in contact with allelochemicals in the rhizosphere, thus

the effect of allelochemicals on ion up take is specifically important. Certain other studies with

whole plants and cell cultures have shown a reducfion in the uptake of macro and

micronutrients in the presence of phenolic acids. The phenolic acids suppress absorption of

phosphate, potassium, nitrate, and magnesium ions, and overall changes in tissue content of

mineral ions are among the effects on plants growth @inhellig et a1.,2002). Toxicity from

vanillic and p-coumaric acids was found when barley seedling were deficient in P or N and

concluded that toxicity of these phenolic compounds is dependent on nutrient concentrations.

Therefore, effects of allelochemicals on ion uptake may be a result ofthe decreased respiration

rate and insufficient amount of ATP synthesized in root cells (Gniazdowska and Bogatek,

200s).

Mostly, volatile compounds are released from plants in drought areas and water- born

phytotoxins such as flavonoids, alkaloids, and phenolic compounds are released from plants in

humid areas. Allelochemicals may also persist in the soil and affect neighbouring and also the

plants in successions. The effects of these allelochemicals are often observed in the early life

cycle that cause Inhibition of seed germination and seedling growth. The compounds have a

F
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wide range ofmechanisms ofactions, alkaloids effects on DNA, quinons effects photosynthetic

and mitochondrial fimctions, while phenolics effect phytohormonal actlity, ion uptake, and

water balance (Chou, 1999).

There are several secondary metabolites that act as plant allelochemicals including

phenolic, terpenoid, flavonoid and alkaloids. Phenolic compounds such as phydroxybenzoia,

vanillic, p-coumaric, syringic and ferulic acids are a main category of such chemicals. They

have been identified as allelopathic agenB in natural and agroecosystems. They affect seed

germination, seedling growth, chlorophyll content, respiratory activity, enzymes activities and

also cell division (Inderji! 2003). There is a little information on the interaction ofphenols and

other compounds on how they affect germination and seedling growth but there is evidence

that a mixture of phenols increases their inhibitory action. It can be used as both pre- and post-

emergent herbicide and is phytotoxic towards a number of weedy species (Li et a1.,1993).

The most common phenolic compounds in allelopathy are the derivatives of cinnamic

and benzoic acids, coruradns, tannins and other polyphenolic complexes, and certain

flavonoids. The level of production and release of these compounds varies among different

plants (Macias et a1.,2004). Certain phenolic acids and tannins appear to have quite similar

mechanisms of action, they inhibit the plant growth by multiple physiological effects that

create a generalized cytotoxicity @inhellig, 1996).

As compared to ttre phenolic acids, the mechanisms of flavonoid action are less

understood. Certain allelopathic flavonoids are effective inhibitors of energy metabolism, they

block mitochondrial and chloroplast functions (Maeias et al., 2004). The concentration of a

phenolic acids required to ffibit seed germination is normally higher than the concentration

required to inhibit grorvth in whole seedlings. Along with many symptoms, a decrease in

photosynthesis efficiency is a common effect of allelopathic phenolics. sorgoleone, a;r;.,
l!'
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benzoquinone in sorgh"m root exudates was found to inhibit the o;rygen evolution of soybean

leaf disk and isolated pea chloroplasts that resulted in growth reduction and photosystem II

electon hansferee reaction (Gonzalez et a1.,1997).

2.4 Allelopathy assessment

As a first step, laboratory bioassay is used to investigate the allelopathy. Bioassays are useful

and necessary for studying the allelopathic potential of plant or soil exhacts and also for

evaluating the activity of the extracb during purification and identification of allelopathic

compounds. Nearly all reports on allelopathy describe some t,?e of bioassay method used to

demonsfate allelopathic activity (Macias et a1.,2000).

Mainly, there are two kinds of measuremenB used for testing biological activity of

allelopathic compounds: the measurement of specific biological activrty (e.g., inhibition of

photosynthesis) or measurements of some aspects of growth (e.g., germination, root dry

weight). The most commonly used bioassay to test allelopathic activrty in an exfact is the

technique of seed germination in Peti dishes on filter paper, sand, soil or agar. Percent

germination has generally been used to measure &e effects of allelopathic compounds. It's a

rapid method for a large number of samples. Recording germination is a commonly used

measurement but several investigations have shown that this is not the most sensitive parameter

(Leather & Einhellig 1988). Root length is often shown more sensitive than the gerrrination

bioassay, possibly because radicle elongation occurs by cell extension only. Germination

includes both cell extension and cell division. Roots are not as easy to measure as germination

and the design of the bioassay method can affect the growth of the roots (Wardle et a1.,1993).

Bioassays for such studies mostly comprise of seed germination, seedling growth,

radicle lengttr, seedling fresh weigh! photoslmthetic activity test and may detect potential

allelopathic effects under controlled laboratory conditions (Aliotta et al., 2006). Although
V
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bioassays using water extracts from plants are helpful to prove the existence of allelochemicals

in them, these effects mostly disappear under field conditions because of adsorption to soil

particles, decomposition and leaching. Because of the criticisms directed to the aqueous exhact

bioassays, screening bioassays using intact plant seedlings have been developed. Plants at the

seedling stage are also used in allelopathy studies (Wu er a1.,2000).

Different species are used in bioassays to assess allelopathic activrty. Standard indicator

species, like lettuce, radish and duckweed are recommended for the preliminary testing of

allelopathic activity due to their availability and high sensitivity to allelopathic actions (Fujii,

t9e2).

I
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2.5 Examples of Allelopathic Activity of Plant Species

2.5.1 C h enop o di um ambro sioides

The chinampa farming system is recognized as one ofthe most intensive systems ofagriculture

in terms of total annual production per unit of land. Chinampas are essentially raised fields

surrounded by water and they provide an example of an efficient and self-sustaining

agricultural system which has been functioning for hundreds of years in the valley of Mexico.

A most intriguing characteristic of the chinampa farming system is the absence of herbicides

used for weed confrol. This suggests the presence of built-in mechanisms of weed confrol, that

may include allelopathy, the interference in the metabolism and/or growth of a plant through

substances produced and released into the environment by another plant (Rice, 1984).

It was found in a study of the chinampa ethnoflora that chinampa farmers grow

Chenopodium ambrosioides only when the crops are ready to be harvested. According to the

chinampa farmers, this plant doesn't let other plants to grow. Furthermore, the analysis of the

chinampa vegetation indicated thaf C. ambrosioides disfiibution is clumped and that

interspecific associations with crop plants are negative. Chenopodiurn arnbrosioides is a

widespread plant species native of topical America It is an annual or short-lived perennial

herb that has been used for centuries as condimen! traditional purgative for intestinal worms

and several other medicinal purposes. Its biological activity is widespread and it has been

shown to affect viruses, fimgi, nematodes and insects (Verma and Baranwal, 1983). Phytotoxic

effects ofthis plant haven't been tested yet Its widespread biological activity gives information

about the tradifional use and management of the species, and the vegetation analysis.

Allelopathic interference may be significant in the places where this species is grown. For

understanding the ecological basis of weed control in the chinampa agroecosystem, this study

was conducted with the following objectives: To deterrrine the possible allelopathic potential

'F"r
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of Chenopodium ambrosioides; to isolate and identify its active compounds; and to assess

whether the active compounds from Chenopodium ambrosioides would produce allelopathic

effects on crop species @eterson et al.,1989).

2.5.2 Allelopathic Influences of Artemisinin

Artemisinin is an anti-malarial drug extacted from the leaves of Artemisia annua.Its release

into forest soils may produce a potential risk for forest ecosystems, i.e. effects on

ectomycorrhizal fungal nutient uptake, in areas where commercial and continual cultivation

of this plant is practiced. Therefore, growth, proton and oxalate efflux, and nutrient uptake

(nitrogen, phosphorus and potassium) of three isolates of Suillus luteus (S. luteus l, S. luteus

13, and S. luteus I l) and of one isolate of Suillus subluteus (S. subluteus 12) were compared

in culture solutions with different nominal artemisinin concentrations. The results proved that

artemisinin influenced significantly the growth of all studied fungr. With 25mg artemisininl-l

added, fungal biomass was decreasedby 78.6% (S. luteus l),96.7% (S. luteus 13),77.8% (5.

luteus I l) and 86.8% (S. subluteus 12) compared with the control (without artemisinin). This

explains why ectomyconhizal fungal sporocar?s in forests are consistently not found near

cultivated fields of this plant. The arnount of proton eflux by the fungd isolates also reduced

as nominal artemisinin concentrations increased, which indicates the limited ability of

ectomyconhizal fungi to mobilize nutrients from soil minerals. However, nominalartemisinin

significantly increased the rate of fungal oxalate efflux, suggesting membrane damage and the

abnormal opening of anion channels on hyphae cell membranes. Nominal artemisinin also

reduced the uptake of nitrogen, phosphorus and potassium by the fungal isolates. Therefore,

artemisinin released from largelrtemisia annuaplantations may affect ectomyconhizalfungal

growth, nutrition and functions in forest ecosystems in Southwest China (Li et al.,2Ol4).

Artemisinin is recommended by WHO as a drug for the initial teatment of malaria-

Artemisia annua is now grown on a large scale for commercial use in Southwest Chin4 due to

E
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high concentrations of artemisinin in the leaves. Several plant species release secondary

metabolites, usually referred as allelochemicals, into soil environments to protect themselves

against other plants and pathogenic microorganisms @uke et aI.2000).

2.5.3 Allelopathic influences of Chenopodiaceae species on seed germination

Certain classes of allelopathic substances are produced naturally by most plant species. These

compounds are usually synthesized in the leaves, which fall to the ground during periods of

stress. Rain assists leaching of allelopathic substances into the soil, where they can affect the

germination and growth of other plants. The effects of allelopathy on germination and growth

of plants may occur through a number of processes such as reduced mitotic activity in roots

and hypocotyls, suppressed hormone activity, reduced rate of ion uptake, inhibited

photosynthesis and respiration, and inhibited protein formation, decreased permeability of cell

membranes and inhibition of enrqe action. The results from the research suggest that

allelopathy can be a possible mechanism to control the timing of germination and seedling

establishment (Jefferson & Pennacchio, 2003).

2.6 Allelopathy as a tool for Weed Control

Weeds are among the major threats to crop productions worldwide and herbicide use has

increased too much over recent decades. Most of that growttr has been driven directly by

increased labour costs and indirectly by available and effective alternative weed confiols

@rethour and Weersinh 2001). To decrease the reliance on chemical weed managements,

some other techniques are under development to discover biological solutions to reduce the

negative impacts of herbicide and insecticide use in agriculture (Xuan et a1.,2005). Many

plants produce certain secondary metabolites and also show allelopathic activity e.g. growth

inhibitory effects on other plants. Certain plant species provide excellent weed control in

intercropping or as soil additives. Allelopathic substances have tendency to be used as

'!d
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herbicides or templates for new synthetic herbicide classes (Dlke et al., 2000). These

allelochemicals are prone to qualitative and quantitative variations and it depends upon genetic

drift and ploidy level, physiological conditions, season, harvesting time and analyticat method

sample preparation (Qirak et a1.,2008). Therefore, the determination of the optimum harvest

time is important to obtain manimum natural production and to assess the viability of a plant

as a potential crop (Taylor and Staden, 2001).

Because of increase in herbicide-resistant weed biotypes and environmental concerns about

the safety of synthetic herbicides, appreciable efforts have been put into intoducing alternative

weed-management strategies and decreasing the dependence on synthetic herbicides. Use of

certain plants with snong allelopathic properties for weed confiol has shown very good results.

Cell growth in plants is dependent upon nonnal mitotio processes, then DNA synthesis, mitosis

and cytokinesis occur. Cell division is a continuous prooess that occurs in plant meristematic

regions (Singh et a1.,2002). Mitotic activrty (a measurement of actively dividing cells known

as the mitotic index), alterations in the mitotic phase, and individuat cell abenations are the

main parameters by which plant grourlh can be evaluated. Cytogenetic assays for evaluation of

these parameters are normally carried out using the Allium test. Use of this approach as a

screening system accurately predicted the herbicidal activity of unknown compounds.

Characteiaed by rather homogenous meristematic cells, very large chromosomes and a basic

chromosoms a.m[sJ of only sb<teen, the Allium cepa (the common onion) is ideal for use in

bioassays. Allium is a rapid, reliable, and inexpensive system by which the toxic effects of

certain chemical compounds may be monitored and classified for potential environmental

pollution effects (Leme and Marin, 2008).

l!
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2.7 Nlelopathy as an Alternative and Eco-friendly Tool for Disease

Control in Plants

Allelopathy takes place when plant release some specific chemicals which affect other species

in its vicinity. It is a natural phenomenon and it has been observed for more than 200 years and

the phenomenon reports as early as 300 BC document that many crop plants inhibited the

growth of other plants. The term Allelopathy is derived from two Greek words: 'allelon',

meaning 'of each other', and 'pafhos', meaning 'to suffer'. This old concept was known to

classical researchers in the Greek and Roman era- Negative impacts of crop plants on other

planb were observed by Theophrastus and by Pliny tr, while De Candolle recognized

allelopathy to be soil sickness. The term 'allelopathy' was first used by Aushian plant

physiologist Molisch, who defined it as the chemical interaction between plants and

microorganisms. Allelopathy is a process whereby secondary metabolites synthesised by fungr,

viruses, microorganisms and plants influence biological and agricultural systems which can be

either stimulatory or inhibitory (Singh et a1.,2012).

The chemicals released are norrrally secondary plant metabolites or by-products

ofthe principal metabolic pathways in plants. They are non-nutritional and may be synthesised

in any plant part including leaves, stems, roots, bark, seeds, etc. Under helpful environmental

conditions, these chemicals are released into the environment by the processes of volatilization,

root exudation, decomposition and leaching, as a result affecting the growth of adjacent plants

@ais ef a1.,2004a). Not all such chemicals are involved in vital physiological events within

the plant system. Allelopathy involves the synthesis of plant bioactive compounds known as

allelochemicals which are capable of acting as natural disease contoller and can solve

problems like resistance development in races of pathogens, health defects and soil and

environmental pollution caused by the use of synthetic agrochemicals (Singh et al., 2012).-"
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When allelopathic crops are used as cover crops, intercrops, or grown in rotational sequences,

they can combat disease pathogens and additionally build up fertility and organic matter status

of soil, so reduce soil erosion and improve farm yields. So, allelopathy can be exploited

profitably in a lot of ways. Allelopathy is process that involves secondary metabolites that

effect the growth and development of agricultural and biological systems, including beneficial

and harmful effects. Allelopathy also refers to the positive and negative effects of one plant on

another plant through the release of chemicals from plant parts by leaching, root exudation,

volatilization, residue decomposition and certain other processes in both natural and

agricultural systems. Micro-organisms including fungi, bacteri4 viruses, and nematodes are an

important part of agro ecosystem (Gomez et a1.,2003).

Control of disease-causing organisms is an important part in every crop production

system. The goal of allelopathy for disease contol has a great importance to increase crop

production. This method is very useful in order to control diseases in various types of crops in

an effective manner. It is dependent upon the chemical constitution of allelochemicals.

Allelopathic interactions include plant-plant plant microorganisms, plant-virus, and plant-soil-

plant chemical interactions (Singh et a1.,2012).

Plant diseases have bad effects on many crops e.g. cereals, oilseeds, and especially

vegetables. Certain soil-borne diseases cause extreme loss to crop production by disturbing the

crop stand and decreasing product quality. Number of cultural practices like burning infected

plant debris and using resistant cultivars have been used but diseases still cause abundant losses

in crop productions. Plant allelopathy mechanism can be applicable as a component of

integrated disease management program. Chemical disease control for most diseases is either

unavailable or ineffective so plant pathogens can be suppressed using allelopathic crops in a

number of ways. Intercropping is a reliable allelopathic technique to biologically conhol soil-

borne disease (Gomez et al., 2003). Root exudation releases allelochemicals into the

v

\€

Evaluation of Allelopathy in Aromatic plants of Rawalakot, Azad Jammu & Kashmir 24



Chopter No.2 Literature Review

rhizosphere, effectively causing influence on the interactions between neighbouring plants and

microbes. Canola tissues containing high levels of the glucosinolate 2-phenylethyl (2-PE) is

proved to be toxic against a large number of cereal pathogens e.g. plant parasitic nematodes.

!d Intercropping creates a microclimate which helps to reduce disease intensity (Sn$r et al.,

2012).

v
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Table 2.l Alletopathic suppression of pathogens, nematodes and diseases
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Table 2.2 Allelochemicals showing defence against pathogens
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3. Research Methodology

3.1 Study area

Rawalakot is a town located in district Poonch, Azad Kashmir and the district headquarters of

Poonch division. Rawalakot is located at latitude 33o51'32.18'N, longitude 73"45'34.93"E and

an elevation of 5374 feet. It is approximately 120 km (75 mi) from the city of Rawalpindi.

Rawalakot features a subtropical highland climate due to high altitude. It has mild to

warm temperatures during the spring and autumn seasons, humid temperafures during summer

and cold to snowy weather in the winter. The temperature can rise up to 38 'C during the

summer season and drop to -5 oC during the winter. Snowfall occurs in December, January,

and February and sometimes in March as well. Most of the rainfall occurs during the monsoon

season.

Rawalakot has a variety of aromatic plant species which are used for certain purposes,

e.g. source of food, omamental purpose, medicinal uses etc. This research evaluates the

allelopathic potential of some aromatic plant species of Rawalakot.

3.2 Field Work

The study trips were made in April and May, 2015. The field work was based on the sample

collection of aromatic plant species from the different villages of Rawalakot.

I
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3.2.1 Sample Collection

Research Methodology

>

The sample collection was carried out during the blooming period of the plants species and the

specimens were preseryed and identified. The leaves samples were dried by putting in the

incubator for 24 hours at 60"C. The plant samples were then deposited in the lab of IIU,

Islamabad for the research.

3.3 Materials

Materials used in the lab for the experiment include: filter papers, aluminum foil, beakers,

letfuce seeds, crushed leaves of the plant samples, scotch tape, distilled water, syringe, face

mask, marker, scissors etc.

3.4 Method

Dish pack method was used for the analysis of allelopathic potential of aromatic plant species.

It is a newly developed method to analyze volatile allelochemicals. Volatile compounds from

leaves are mostly diffirsed by wind and usually difficult to be concentrated enough to have

potent inhibitory activity in the field. In dish pack method, crushed leaves of the plant species

are put into one of the well in a 6-well-multi-dish. One filter paper and 0.7m1 of distilled water

is added into the other 5 wells, and 7 seeds of lettuce are put on the filter paper. Each side of

the multi-dish is sealed with aluminum foil and put into the incubator. The growth of test plants

is measured after 72 hours.

t/
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Table 3.1: Botanical names, local names and family names of the

tested plant species.

€
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No Botanical Names Local Names Family Name.s

l. Vicia sativaLiwr. Phali Papilionaceae

2. Allium sativumLirul- Thoom Alliaceae

3. Rosa damascenaMiller Gulaab Rosaceae

4. Trifulium repens Linll.; Sree Papilionaceae

5. P inus w al I i c hiana J ack.gon Raar Pinaceae

6. E I ae agnus umb ellata Thunb. Giyanni Elaeagnaceae

7. Carnpsis grandiflora Schumann (Thunbog) Bail Bignoniaceae

8. Ranunc u lu s mur i c at us Lillur. Maleen Ranunculaceae

9. Rob inia ps eudo ac ac ia Liwr" Keekar Mimosaceae

10. Prunus domesticaLiwt" Plum Rosaceae

11. Rosa brunonii LinJley Safaid Gulaab Rosaceae

12. Dry opt er is st ew artii Fraser-Jenk Kaki Dryopteridaceae

l3 Ficus palmafa Forssk Phawara Moraceae

t4 Cedrus deodara (D. Don) G. Don Dayaar Pinaceae

15 Morus albaLim. Toot Moraceae

t6 Melia azedarachliwt Dareek Meliaceae

t7 D i o s pyr o s v ir gi n i ana Liwr. Amlook Ebenaceae

18 Rumex acetosaLinrt Halfri Polygonaceae

t9 Prunus perslca (Lrnn) Batsch Aarwari Rosaceae

20 C oriandrum s ativum Lfun. Dhania Apiaceae

2t Punica granatumLinn Daroona Punicaceae

22 Populus nigraLirur, Safeda Salicaceae

23 Mentha piperita I Linlr" Poodeena Lamiaceae

24 Prunus domestica subsp. P omariorum Ltulul.. Aaloo Bukhara Rosaceae

25 Prunus aviumLivr. Loochi Rosaceae
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26 Pseudocydonia sinensis @umont de couner) Koehne Bai dana Rosaceae

27 Hibis cus syriacus Liwr. Safaid Patti Malvaceae

28 Cannabis sativaLhtrl.; Bhang Cannabaceae

29 Dahlia pinnata I Cavanilles Aaloo Phool Asteraceae

30 Berberis lycium Rloyle Sumbal Berberidaceae

3l Antirrhinum majusL. Qasni Phool Scrophulariaceae

32 D ahl i a p inn at a 2 Cav anillex; Aaloo Phool Asteraceae

33 Prunus americana Marshall Khoobani Rosaceae

34 Dryopteris ffinis (Lowe) Fraser -Jenkins Kangi Dryopteridaceae

35 Aesculus indica (Wall. ex Cambess.) Hook San Hippocastanaceae

36 Mentha piperita2tim Bareena Lamiaceae

37 B r as s i c a j unc e a (Linn-) Czernohorslqy Oaar Brassicaceae

38 Viburnum grandifl orum W all. s,( DC. Jammar Caprifoliaceae

39 Thuj a occidentalis Linn Saroo/\4or Pankhi Cupressaceae
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4. Results

Extension ofhypocotyl and radicle for all the tested plant species is given in the table 4.1. This

a shows that pattern variations of rates have been figured and the principles of variations in theV
patterns have been assessed.

Table4.l: Allelopathic Activity of Aromatic Plant Samples by Dish Pack Method

,".)
U

\
€

Botanical Names Family Radicle Hypocotyl Ranking

l. ViciasativaLim" Papilionaceae @.14 90.277 t**

2. AlliumsattvumLim" Alliaceae 67.689 81.433 **

3. Rosa damascenaMiller Rosaceae 74.013 10s.902 **

4. TrifuliumrepensLhrt Papilionaceae 74.421 89.939 **

5. Pirus wallichiana Jwkggn
Pinaceae 76.349 84.016 *

6. Elaeagrus umbellate Thurb.
Elaeagnaceae 79.545 65.7M *

7. Campsis grandiflora Schumann

(Thuberg)
Bignoniaceae 76.530 I r0.E69 *

8. Ranurrcalus muricdus Linrr Ranunoulaceae ttt.E42 104.r66

9. Robinia pseudoacacia Linr" Mimosaceae ttt.842 tt6.3t9

10. Prunus domestica Lirul,.
Rosaceae tM.046 105.5

ll. Rosa brunonii Lindley
Rosaceae 95.375 94

12, Dryopteris stewartii Fraser-Jenk
Dryopteridaceae 107.658 9s.5
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13. Fictts palmcfa Fonsk
Moraceae 83.il5 90

14. Cedrus deodara @. Don) G.

Don
Pinaceae 85.585 E7.475

15. Morw albaLirut Moraceae 88.511 I15.345

I 6. Melia azedarach Linn Meliaceae 92.t24 91.463

17 . Diospyros virginiana Linrl- Ebenaceae l0l.t56 101.626

It. Rumex acetosaLint Polygonaceae 87.899 96.938

19. Prunus persica (Lim.) Batsch
Rosaceae 1o3.693 98.360

20. C oriandrum s ativum Ltu:r;
Apiaceae 109.37s 94.262

21. Punica granatum Linr. Punicaceae 100.E52 100.409

22. Populus nigra Lirur.
Salicaceae 103.591 tt7.39t

23. MertlapiperitatUt Lamiaceae 86.647 92.213

24. Prurus domestica subsp.

PomariorumLfun Rosaceae 98.011 108.606

25. Prunus aviumLin* Rosaceae 89.133 77.356

N. Pseudocydonia sinensis @mont

de Coursct) Koehr
Rosaceae 99.431

27. Hibiscas syriacus Ltrlln
Malvaceae 87.025 93.478

28. C annabis sativa Lim- Cannabaoeae tt2.34l 102.173

29. Dahlia pinnata I Cavanilles
Asteraceae 102.E48 100

30. Berb eris lyciun Royle
Berberidaceae tot.26s 95.652
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31. Antinhinutn majw L Scrophulariaceae 120.535 127.232

32. Dahlia pinnota 2 Cavanilles
Asteraceae tt7.283 89.130

33. Prurrus americana Ma$hall
Rosaceae 95.679 102.t73

34. Dryopteris ffinis (Lowe)

Fraser-Jenkins Dryopteridaceae 91.049 78.260

35. Aescuhts indica (Wall. ex

Cambess.) Hmk
Hippocastanaceae 106.48t 102.173

3 6. Mentlu piperita 2 LiilL Lamiaceae t02.071 103.603

37. Brassica juncea (Lim.)

Czernohorsky
Brassicaceae 105.029 lt7.tt7

38. Viburnum grandiflontm wall.

ex DC.
Caprifoliaceae 112.426 t2E.378

39. Thuj a occidentalis Linr" Cupressaceae 96.153 94.s94

Mean 9s.473 98.547

SD 13.939 13.r33

Mean-lSD 81.s34 Es.4l3

Mean-1.5SD 74.565 78.847

Mean-2SD 67.595 72.280

Mean-2.5SD 60.626 65.713
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Table 4.1 gives the details about the percentage growth rate, compared to that of the

control; stronger inhibitory activity in the radicle: *M-l(o), ** M - 1.5(o), ***M-2(o).

20

18

L6

!14
9L2
E
910
o8
oz6

4

2

0

below 19

Percentage lnhibition
I Root I Hypocotyl

Figure 4.1: Comparison of Radicle and Hypocotyl growth inhibition in lettuce by Dish Pack

method.
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-
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Elgure a.lh E:geriment pictue

Local Name: Phali Flowering period: June- August

4.1. I)escription of rop Five Allelopathic Aromatic Plants

l. Wcia sdiva

;s.v

l

:r

Ilg$r'e 4.1a. Vicia sativa

Common Name: Vetch

r\v

Eabltet Fields, yads, wastelmd, with foddsrcrops etc. Habifi Herb

Arig!ru It is ndive to souhem Europe md also cultivated in Mediterranear, west md ceirtral

AsA chin4 ea$era Asi4 hdia ad arso itr usA in many temperate, md Eopical

regions.

Dsm'ption:

Wcla sstiva is m srmual herb and it om grow upto 2 m€tries all. Its stm is f@r-mgted, itis

smotiEes hairY, cm be brmched md uotrmcneq cm also be climbing or decumbat (raiting

along iho $ounO- Its Imves are compmed of 3{ pairs of opposite leaflet and a terminal 2-3

brmched ten&il ftd assists in the climbing habit Flowers of this plamt are papilionacems

(resmbling the garden pea flower). They ocon in the uils be,tween the teaf stalk and the main

s€m' m be single or in cluatcrs ofup to 3. It h4 a fruit which is sub+ylindrical pod up to 7

Er/aluatron of AlElopathy th Aromailc plenB of Rapahkot,4261.mmu & Kashmlr 35
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cm long and contains up to 12 seeds. The seeds are round and can be black to brownish in

colour.

Potential Uses:

It is widely cultivated for its high quality forage and grain for livestock. Common vetch is a

valuable cover crop, it is also used as green manure. It helps with the suppression of spring

weeds and is a beneficial cover crop in vineyards and orchards. Weed suppression is increased

when the legume is associated with a cereal companion crop (Sattell et a1.,1998).

Environmental Importance:

Common vetch is a mostly grown as a forage crop and outside cultivation it is often considered

as a weed. It belongs to the legume family. It can fix nitrogen from the air due to symbiotic

relationship with bacteria in the root nodules. Common vetch is high in protein.

Its residues are succulent and decompose quickly. They act as green manure. The best

stage is full bloom and residues are easily ploughed down with a disc harrow. Residues

provide a moisture-conserving mulch in strip-tillage systems. Because of Nitrogen fixation,

common vetch lowers the overall C: N ratio of mixed pasture sand speeds up decomposition

(Sattell et a1.,1998).

tlc
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2.AfuHsativum
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E

Hgurc42a Alliunsaivmt

Common Name: Cirlic

Habiht Cultivatedbeds

Ilestriptbn:

Efuure 42b. Experlment Picture

Local Nam*: Thoom/I-ehsm

nffiuing Scason: Its cloves cme or$ in lgte nufrmn fs m euly srrrmer crop. It cm also be

plmd in earty rying seasm M Se prroeccim may dmease.

Eabit Herb Origin: Asia

Itis abulbousplatr, can grow aborr 1.2 meter. It produceshermaphroditeflowers and fu

pdtinatlmis sried out hybees and some otherinsects"

Poffilial Uscg

Its bulb can be used raw or cooked- It is uscd all over the world 6fl mainry in southern

Etlfcpe fu the flavouring in a numben offmds Garlic is verynuritious aard healthy addition

to&edi6but flavmrisortuemely stsongsoitismo$yusdin lm quantities forthe flsvolr

in sda& and also in csskd foods. Its leaves cm also be used is salads and em be ceokcd

\z

Results

Evaluatlon of Allelopathy ln Aromatic Plants of Rawalakot, Azad Jammu & Kashmlr 38



\{

Chopter No.4

also. It can be used for medical purposes as well, e.g. antiseptic, anti-inflammatory, tonic,

anti-microbial etc.

Nr
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3. Rma danwcena

\a

a

mgprr 4iu Rua dmnseena lEgme {3h. ExBulmem picture

r.ocat Nemc: Gulaab Common Name: Rose Flwering Season: April - hflay

Origiu Middle East Habit thciduous$nrb

HebthE This plmt grcws best c moder& temperafinw wifr a flow of humid air ering

flmering

Ilescrlption:

It is a perennial plant md it cm live as long as 50 years. Plmt can reach the height of 2.5 to 3

reErB. fts ms rspovidod wift ssrtziil prictle of tmequal size. Ie leurthas 5 to Z leafles.

Sotire pts are dch in yitmin C.

Potcntial Uscs:

Itismo,sdy used m m ornamemtal plmt grown forflowe,rs inthe grden md indoors as well.

It slso hps m importmt uso for commercial pro&ction offfimes md cnt flowq crops. It is

atso tlseat as tmdscrye plant md forthe plrpoae like gme aover md slope sabilizdion. It is

usrad frr sevenal m€dicinal purposes also.
\

ResulA
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Environmental Importance:

Air filhation, anti-microbial, has a pleasant odour etc.

Results

*2

g
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4. Tr$folinm rqpens

a
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Flguil! 44a. Trifolhm rnperut

Common Name: White Clover

F,hrcriEg Period: IVtay to Jrme

Hsbibt Leurns, grassy areas, fields etc.

Description:

Xlgurc 4.4b. Enperime,nt Pictue

ItreI Name: Sree Origin: Europe

HabiG Herbaceous perennial

-\f

It is a dtlarf anrl rirr-fonming p€ffif,iat mat rnody gfows ro 4 if,e,htr all md sp€ads t6 12

inches or more by stems which root along the ground d the nodes. It has trifoliate (3-parted),

gret leaes and tre flowqs ue wfus ftd bloofir in spirg sq!$nr. IB learves aad flgwq's

appm m ditrenErt sfialks fiom the creeping stms. Is flowers are ffiastiye to the bses. It is a

oimopn fixing plant and used in eop rotation.

Po&ntiettlses:

It is use as a lgwn srbstitute, in meadows etc. It is also added to grass seed for laums or grassy

a,Eas qhere grass doesn't grour alone, ussd as forage also.

Resutts
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Environ mental Importance:

This plant has the ability to compete with weeds. It is moderate during early but has improved

ability with time. Also has good nitrogen fxing ability.

-,tr-

.V
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5. Piruswallichiana

l-l

rd

f,tgurl 45e. Pimzs walltchiana rlgure asb. Eaperirment picnre

r,ocalName: Raar common Name: pinetee Habit coniferous trees

Haffit Mountain sc.!ees, Glacier forelands

f,Iwer{ng Scason: They ue oie4green trees.

Ilescription:

Origin: Himalayan Region

Pines re ev€rgreeil, cdif€rous fesioous tr€es rlrff ctr grow ffom 30-50 tr tall. It mo$ly grows

in mountain valleys at high altitudes. Tenaperg[e climdes with dry winters and wet sunmers

ne fuvowfule for this ptart

Potenlbl Uscs:

Ie wood is htr4 druable md resinous. It has a lot of conrmersial imporhce &re to the

utilizdion of its timb€r md wood pulp. Also usd for commeroial production of turpemtine.

Used for plmting in prks md gadens. Its wmd has a lot ofuse in high-value carpemry items,

e.g window frames, funritrre, floons, roofing md paelling

Results

vl
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Environ mental Importance:

Pine trees provide habitat and also food source wildlife. It has high resistance to air pollution

and tolerates it much better than many other species.

ilt

V
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5, Discussion and Conclusion

Discussion

Certain hindrance and stimulation is displayed by the allelopathic effect of the 39 aromatic

plant species used in this research.

Inhibition in the radicle of lettuce was found, as a result of the allelopathic effect of 7

species from number 20 to 39 and 14 species out of l-19 also caused inhibition in the radicle

of the lettuce. Inhibition in the hypoootyl of lettuce was measured as a result of the effect of 3

species from number 20-39. From number l-19, 18 species caused the inhibition in the

hypocotyl of lettuce. From all 39 species, lt were found to have stimulatory effect on the

growth.

Species showing the strongest allelopathic effect on the growth of lettuce nclude Vicia

sativa followed by Allium sativurn, Rosa damascena, Trifolium reperus arldPinus wallichiana.

In20l3, an experiment was performed in order to assess the allelopathic effect of water

extracts of Vicia sativa on the germination and seedling growth of mungbem (Vigra radiata)

and mashbean(Vigna mungo) at different concenfrations viz. 0,1,2,3 and4%o. The results of

the experiment showed that the water exhacb of Vicia sativa inhibited almost all of the

germination and seedling growth properties of these crops at certain concentrations compared

to the control. Lowest germination percentage, germination inde>q root and shoot length and

seedling dry weight of both crops was observed because of the effect of water er<fiact of Vicia

sativa at4Yo concenfration. Its effect was approximately same with the concentation of extract

at3Yo. hesence of Ferulic acid,4-Hydroxy-3-Methoxybenzoic acid and pCoumaric acid was

found after water extracts were analyzed. This study shows thad Vicia sativa has an inhiSi16ry

influence on the germination and seedling growth of mungbean and mashbean which occu6 as

;\
J

:'.
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a result of the presence of phenolics. So, Vicia sativa can decrease the production of crops

(Zohaib et a1.,2014).

The essential oil ofRosa damasceno petals was evaluated in the research to find out its

antibacterial effects against three sfiains of Xanthomonas axonopodis. The essential oil ofRosa

damascena showed certain antibacterial properties and it may be a potential confiol agent in

the management of the disease caused in tomato and pepper plants (Basim and Basim, 2OO3).

Garlic (Allium sativum) stalk is a by-product and the waste of garlic production but now it

is considered as a useful resource. It is important to utilize this resource in an effective manner

to reduce the environmental pollution and also for the improvement of sustainable agriculture.

The allelopathy of decomposed garlic stalk was investigated in a research at certain ratios

(0:100, l:100, 3:100 and 5:100) using lettuce as the allelopathic test plant. According to the

results ofthe research, it was found that lower concentation improved lettuce plant growth and

increase in the concenfation reduced the growth. The highest ratio of stalk to soil (5:100)

significantly improved the root length and fresh weight of lettuce but a reduction was found in

the shoot length and fresh weight. Lower ratio of stalk to soil caused an increase in protein and

chlorophyll content and the activity ofplant enzymes. Increase in the concenfation resulted in

an increase in the activity of soil urease and sucrose. This research serves as a scientific basis

for allelopathic study of decomposed garlic stalk and its applicafion (Han et a1.,2013).

In order to assess the allelopathic activity of Trifotium reperls on grasses, the effects on the

germination rate, germination energy, gerrrination indef vigor index, shoot heigh! root

height, dry weight fresh weight of Lolium perenne, Festtrce rubra, Festuce arundinacea, poa

prateruis arad Agrostis stolonifera from the decomposed liquids from Trifolium reperut wete

studied in this research. Bio-assay results showed that the decomposed liquids resulted in an

improvement in both seed gemrination and seedling growth of all test turf grasses at low

tua'

'J
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concentration (0.011 g'ml--l) and significantly inhibited the growttr at high concentration

(0.090 g'mLl)@0.05).The decomposed liquids decreased the seed germination of turfgrasses

and inhibited the growth of seedling. Presence of phenolics in the decomposed liquids was

found after the analysis of allelochemicals. The study shows that the decomposed liquids of

Trifolium repens have sEong allelopathio potential and inhibit the normal growth of turf

grasses. Allelopathy of decomposition is one of the reasons due to which Trifolium reperut

invades the turf grass (Liang et al.,20ll).

Aqueous methanol extracts from pine needles caused-an ffibition in the growth of roots

and shoots of Lepidium sativum, Lactuca sativa, Medicago sativa, Lolium mulffiorum,

Pheleum praterue, Digitaria sanguinalis and Echinochloa crus-galli. Increase in the

concentration caused an inhibition which suggests that the pine needles have certain

allelopathic properties and have growth inhibitory substances. The aqueous methanol extract

was purified and an inhibitory substance was isolated and determined by spectral data as

9alphq l3beta-epidioxyabeit-8(14) en-lE-oic acid. This substance resulted in the inhibition of

root and shoot growth of cress atd Echinochloa cnu-galli seedlings at concentations more

than 0.1 mM. The endogenous concentation of the substance was 0.13 moll4cg pine needle.

The results from the research suggest that galpha" l3beta-epidioxyabeit-8(14) en-l8-oic may

have a contribution to the inhibitory effect of the pine needles and may have a significant role

in the allelopathy of pine (I(ato et a1.,2009).

The results of this study agree with the previous studies where these species were found to

have allelopathic effects on the growth of test species. Some of the effects are concentation

dependent. This study found out Vicia sativa having an inhibitory effect on the grorvth of

Iettuce which agrees with the study performed by (Zohaib et a1.,2014), where water soluble

phenolics of Vicia sativa caused inhibition on the germination and seedling growth of pulse

€

.<!'
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crops. Results also agree with the findings of allelopathic effects of decomposed garlic (Altium

sativum\ stalk on lettuce, where an increase in concenfation resulted in an increase in inhibition

(tlan et a1.,2013). Moreover, the results also agree with the research on decomposed liquids

of Trifulium repew inhibited the growth of turf grasses (Liang et al.,20ll). This study also

shows similarity with the findings of the study on pine needles that caused inhibition in the

root growth of certain plant species due to presence of allelochemicals (Kato et a1.,2009).

r- \l
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Conclusion

According to results obtained from this research, it can be concluded that the tested plant

species have certain allelopathic properties. The interactions between the allelochemicals of

leaf leachates of the plant species and test species (lettuce) revealed that some species have

strong inhibitory effect on the growttr" i.e. they cause reduction in radicle and hypocotyl

elongation of lettuce and some species increased the grorvth rate because of their stimulatory

effect. It was evident from the results thal Vicia sativa (common vetch) has the stongest

inhibitory potential among all the tested species. Most of the species already have certain uses

e.g. sources of food ornamental uses, few are used for their medicinal properties, timber wood

etc. This study suggests that the aromatic plant species may be used for the biological weed

control because of their sEong inhibitory effecb and also the utilization of certain species as a

catalyst to improve the crop production due to their positive effecb on growth. Along with this,

certain species may also be used as natural medicines because of stong anti-microbial

properties. It may also be concluded that further researches are required on their mechanism of

action and separation, purification and identification of bioactive substances to improve the

possibilities of usingthem effectively as bio herbicides and growttr enhancers and also for other

suitable purposes in the future.

I
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