
PHYTOTOXIC POTENTIAL OF ESSENTIAL OIL FROM
LEAVES OF EUCALYPTUS TERETICORNIS AGAINST

RICE (ORYZA SATIVA) AND ITS WEEDS,
ECHINOCHLOA 

CRUS-GALLI AND CYPERUS ROTUNDUS

A Dissertation submitted to the Central University of Punjab 

For the Award of 

Master of Philosophy 

In 

Environmental Science and Technology 

BY 

Gajendra Singh Vishwakarma

Administrative Guide: Prof. P. Ramarao 
Dissertation Coordinator: Dr. Sunil Mittal  

 Centre for Environmental Science & Technology 

School of Environment and Earth Sciences
Central University of Punjab, Bathinda 

March, 2012



CERTIFICATE

I declare that the thesis/dissertation entitled “PHYTOTOXIC POTENTIAL OF

ESSENTIAL  OIL  FROM  LEAVES  OF  EUCALYPTUS TERETICORNIS

AGAINST RICE (ORYZA SATIVA) AND ITS WEEDS, ECHINOCHLOA CRUS-

GALLI AND  CYPERUS ROTUNDUS” has been prepared by me under the

guidance of  Dr.  Sunil  Mittal,  Assistant  Professor,  Centre for  Environmental

Science and Technology, School of Environment and Earth Sciences, Central

University of Punjab. No part of this thesis/dissertation has formed the basis

for the award of any degree or fellowship previously. 

Gajendra Singh Vishwakarma

Reg. No: CUP/MPh-PhD/SEES/EVS/2009-10/03

Centre for Environmental Science and Technology,

Central University of Punjab,

Bathinda-151001

Punjab, India

Date: 

1



CERTIFICATE

We  certify  that  Mr.  Gajendra  Singh  Vishwakarma  has  prepared  his

dissertation entitled ”PHYTOTOXIC POTENTIAL OF ESSENTIAL OIL FROM

LEAVES  OF  EUCALYPTUS TERETICORNIS AGAINST  RICE  (ORYZA

SATIVA) AND ITS WEEDS,  ECHINOCHLOA CRUS-GALLI AND  CYPERUS

ROTUNDUS”,  for  the award of M.Phil.  degree of  the Central  University of

Punjab, under our guidance. He has carried out this work at the Centre for

Environmental  Science and  Technology,  School  of  Environment  and  Earth

Sciences, Central University of Punjab.

Dr. Sunil Mittal

Assistant Professor,

Centre for Environmental Science and Technology,

School Environment and Earth Sciences,

Central University of Punjab, 

Bathinda - 151001.

Date:

Prof. P. Ramarao

Acting Dean

Centre for Environmental Science and Technology, 

School Environment and Earth Sciences,

Central University of Punjab, 

Bathinda - 151001.

Date:

2



ABSTRACT 

Phytotoxic Potential of Essential Oil From Leaves of Eucalyptus Tereticornis
Against  Rice  (Oryza  Sativa)  and  its  Weeds,  Echinochloa Crus-Galli and
Cyperus Rotundus

The present study was undertaken to explore the phytotoxic potential of essential
oil from Eucalyptus tereticornis against two major weeds of rice viz.  Echinochloa
crus-galli and Cyperus rotundus. The effect of essential oil was studied on growth
(percent  germination,  root  length  and  shoot  length  development)  physiological
parameters (chlorophyll content and percent respiration) and biochemical changes
in macromolecule content (protein and carbohydrate) under controlled conditions in
the  laboratory.  Studies  revealed  that  Eucalyptus tereticornis  essential  oil  (in
different  concentrations  ranging  from  25  to  250  µg/ml)  adversely  affected  the
growth  and  physiology  of  all  the  test  plants.  However  the  effect  was  more
predominant in weeds compare to the rice seedlings. When the seeds of test plants
were  exposed  to  100  and  250  µg/ml  oil  concentration,  seed  germination  and
seedling development of test weeds were highly affected as compare to the rice. C.
rotundus was found to be the most sensitive weed among test plants. In chlorophyll
content, the percent reduction at 250 µg/ml of essential oil was 60% 80% and 99%
in  O.  sativa, E.  crus-galli and  C.  rotundus,  respectively.  Similarly,  reduction  in
respiratory activity on exposure to 250 µg/ml of essential oil  was 20% 40% and
99% in O. sativa, E. crus-galli and C. rotundus, respectively. The effect of essential
oil  on macromolecules,  i.e.  carbohydrates and proteins also followed the similar
trend. The percent reduction in protein content was approximately 40%, 60% and
80% and percent reduction in carbohydrate content was 25% 60% and 90% in O.
sativa, E. crus-galli and  C. rotundus,  respectively on exposure to  100  µg/ml  of
essential oil. The present study concludes that essential oil of E. tereticornis shows
the toxicity selectively towards the  E. crus-galli and  C. rotundus  compare to O.
sativa. 

(Gajendra Singh Vishwakarma)           (Dr. Sunil Mittal)              (Prof. P. Ramarao)
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       CHAPTER -1

INTRODUCTION

Rice (Oryza sativa L.), a member of the Oryzoid group is one of the most 

important staple food for humans throughout the world. Among various Asian 

countries, China and India are the major producers of this crop (IRRI, 2011).  In 

India, it is cultivated in nearly all states but the major producers are Punjab, 

Haryana, Uttar Pradesh, Bihar, and West Bengal. The main varieties cultivated 

are Jaya, Pusa Sugandh, Unnatt Pusa, Basmati-1, Pusa R. H. 10. 

Due to increase in population, the demand for rice is growing every year. As 

per estimates by Thiyagarajan and Selvaraju, (2001), present demand of rice is 

nearly 100 million tons/year however; it is expected to reach 140 million tons by 

2025.  So in order to sustain present food self-sufficiency and future food 

requirements, India has to increase its rice productivity by 3 percent per annum. 

However, the productivity of rice is severely affected by weeds in the agro-

ecosystems. The major weeds of the crop are Echinochloa crus-galli L., Cyperus 

rotundus L., Echinochloa colonum L., Eptochloa chinensis L., Ischaemum 

rugosum, Aeschynomene aspera L., Cynodon dactylon L. (Johnson et al., 

2003).

Holm  et al., (1977) has reported  Echinochloa crus-galli L. and Cyperus

rotundus L., commonly  known  as  Cockspur or  Cockspur  Grass or

Barnyard Grass and Coco grass, respectively as the worst weeds of rice.

Further, as per  Fischer  et al., (2000), E. crus-galli  and C. rotundus are

considered worst weeds of rice because 

1. These reduce  crop yields by competing  with  the  crop for  essential

nutrients.
2. These act as a host for several mosaic virus diseases. 
3. These  are  also  herbicide-resistant  weed  biotypes  which  are  not

controlled by herbicides that were once effective.

For  controlling  these  weeds,  various  methods  are  applied  in  the  agro

systems. A detail  of all  methods used to control these weeds with their

merits and demerits are enlisted in Table-1.

Table-1: Different method for weeds control

S. No. Methods Merits Demerits



       1. Physical Methods

 Hand weeding

 Tillage

 Mowing

 Flooding

 Effective

 Non selective

 Equipment readily 

available

 Economic

 Eco-friendly

 Damage soil        

structure

 Damage some 

essential plants

 Short term 

control

2. Traditional Methods

 Timing of 

Plantation

 Crop rotation

 Sustainable

 Eco-friendly

 Cost effective

 Not Specific

 Not 100% 

effective

 Regrowth of 

weeds

    3. Biological Methods

 Selected natural 

enemies like 

insects 

herbivores and 

pathogens

 Non Toxic

 Selective, moretarget 

specific

 Beneficial for non 

cropping system

 Slow

 Costly

 Ineffective in 

cropping system

 Some time lose 

specificity

     4. Chemical Methods

 Use of 

Chemical 

 Fast acting  Required directed
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Herbicides  More effective

    Easy to handle        

spray equipment

 Cost varies

 Environmentally 

very harmful

Of the various methods of weed control, the chemical methods are more 

preferred worldwide because of their easy applicability and quick action. But, 

unfortunately continues and indiscriminate use of synthetic and chemical 

herbicides in agriculture has led to multiple toxic effects on the ecology and 

environment (Tsui and Chu, 2003; Relyea 2005; Contardo- Jara et al., 2009). 

The major environmental problems associated with use of synthetic herbicides 

are:

1. Contamination of surface and ground water recourse

2. Soil pollution 

3. Air pollution

4. Loss of soil micro flora and soil friendly worms

5. Loss of bird and aquatic biodiversity

6. Negative effects on human and animal life.

The herbicides are absorbed from the soil by the plants and enter the food chain. 

The direct and indirect effects of the synthetic herbicides on soil biodiversity, 

domestic and stray animals including humans have been reported worldwide 

(Zahm and Ward, 1998; Srinivas et al., 2005; Dawson et al., 2010). In humans,

exposure to synthetic herbicides results in acute and chronic health problems 

(Mathur et al., 2005; Halder, 2007; Thakur et al., 2008; Gill et al., 2009). These

range from temporary acute effects like irritation of eyes, excessive salivation to 

chronic diseases like cancer, reproductive and developmental disorders etc. 

(Yassi et al., 2001). As per Environmental Justice Foundation (2011), in 

developing countries, annually 10 million cases of poisoning occur among 

farmers and spray operators due to exposure to pesticides and herbicides.
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Therefore, there is an urgent need to find alternative methods or chemicals

which should be

1. Environmentally safe

2. Readily biodegradable in nature

3. More target specific

4. Multiple sites for their action to prevent resistance

5. Cost effective

Efforts are being done by number of scientists towards the discovery of new 

chemical compounds with unparallel emphasis on natural plant products, since 

chemical control is inevitable. In this direction, use of natural plant products as 

bioherbicides is under exploration because they are biodegradable and posses 

novel molecular target sites and also have qualities like diversity and complexity 

of chemical nature. During the last 40 years, number of researchers has 

highlighted the potential importance of natural plant products as herbicides 

(Komai and Tang 1989; Duke et al., 1997; Smith et al.,1997; Mitra et al., 2001;

Leo et al., 2002; Abad et al., 2007), Among the natural plant products, volatile 

essential oils are known to possess relatively high phytotoxicity towards a number

of plants (Kohli and Singh, 1991; Dudai et al., 1999; Tworkoski, 2002; Batish 

et al., 2004a; Singh et al., 2005; Cavalieri and Caporali 2008; Verdeguer et 

al., 2011).

Among various aromatic plants,  Eucalyptus  spp. are very well known for

their essential oil composed of a variety of volatile monoterpenes  (Kohli

and  Singh,  1991).  Among  various  species  of  Eucalyptus,  Eucalyptus

tereticornis is a good option for oil extraction because:

1. E. tereticornis is a tall evergreen plant.

2. The leaf biomass of the plant is easily available throughout Punjab. 

3. Species contain high amount of essential oil, the percentage yield of

essential oil  is better as compare to other species  (Iqubal  et al.,

2003).
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4. Greater  degree of  biological  activity of  its  essential  oil  has been

reported antioxidant (Singh et al., 2009), pesticidal, nematicidal and

fungicidal properties (Arango et al., 2010). 

Keeping the above discussion in the mind the present work was planned to

check the phytotoxicity of essential oil from the leaves of  E. tereticornis

against the Rice (O. Sativa) and its two weeds species E. crus-galli L. and

C.  rotundus  L.  with  the  objective  of  exploring  its  possible  use  as  a

bioherbicide. 
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CHAPTER- 2

    REVIEW OF LITERATURE

2.1. Weeds and their impacts

Weeds are the unwanted plants, which reduce crop yields by competing

with them for water, soil nutrients, light and space. Weeds are able to grow

very  fast  in  agro-  ecosystems  and  other  ecosystems  as  they  posses

inherent ability of dormancy which allows them to resist germination under

unfavourable  conditions,  (Hess  et  al., 1990;  Holt,  1994; Kim and Im,

2002; Ferrero, 2003).

Weeds deteriorate our soils, pollute water and cause disease in the nearby

plants because:-

1. They release poisonous chemicals in the soil (De Datta, 1981). 
2. They can change the level of nitrogen and other essential minerals of

soil (Ahmad and Wardle, 1994).
3. In aquatic bodies’ dense growth of weeds deoxygenate the water and

kills the fishes and other aquatic animals. 
4. Weeds  also  work  as  hosts  for  many disease  causing  agents  like

bacteria, virus and fungus.
5. Weeds  increase  the  production  cost  because  of  additional

expenditure in their control.

2. 2.  Productivity loss in rice (Oryza sativa L.) due to weeds

Rice is one of the most important staple foods in the world (Hakim et al.,

2010). The problem of weeds in rice fields cause great economic loss, an

average 10 - 35% reduction in the yield per year has been reported but

reduction may vary because it depends on the weed infestation (Karim et

al., 2004).   Begum  et  al., (2006) reported  that  the  total  uncontrolled

infestation of weeds may destroy 40-100% of crop. Echinochloa crus-galli

L.,  Cyperus rotundus,  Echinochloa colonum  L.,  Eptochloa chinensis  L.,

Ischaemum rugosum  L.,  Paspalum distichum  L.,  Cynodon  dactylon L.,

Cyperus  rotundus L.  are  the  main  weeds  reported  in  the  rice  fields

responsible for huge loss in the productivity every year  (Johnson et al.,



2000). Among these,  Echinochloa  crus-galli L. and  Cyperus rotundus L.

reported  as  worst  weeds  of  the  world  in  rice  field.  The  common

characteristics of the two weeds are as follow.

Table  2:  General  characteristics of  Echinochloa  crus-galli L.  and  Cyperus

rotundus L. 

   Source: (IRRI, 2011). 

Successful weed control  is one of the major requirements for economical

rice production (Azmi and Mortimer, 2000). As discussed in the introduction

part, use of chemical herbicides is one of the most preferable method of

weed  control  among  the  other  methods.  Propanil,  quinclorac,  cyhalofop-

butyl,  glyphoste,  bentazon, azimsulfuron are the main chemical herbicides
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Characteristics E. crus-galli L. Cyperus rotundus L.

Common Name Barnyardgrass Coco-grass

Grows on lowland, upland upland

Cultural Control
Thorough land preparation; 

early, deep

flooding; rotation

Early and dense 

cultivation, flooding

Life Cycle annual perennial

Method of 

reproduction
seeds seeds

Flowering Time/ 

Maturity Time
40-63 days 21 to 55 days

Seed wt in (g) 0.5-1 0.1

Major Draw back

Phenotypically

variable; responds to 

nitrogen, potassium, and 

phosphorus, show 

dormancy

Tubers viable for several 

years

Reported in 

country

India,China,Bangladesh,

Maleshia,Nepal,Pakistan, 

Japan, Bhutan

India,China,Bangladesh,

Maleshia,Nepal,Pakistan



used in the Asian countries for their control (Tseng et al., 2004; Abeysekera

and Wickrama, 2005). These Herbicides are able to achieve high level of

weed control and stabilizing the rice production. But at the same time these

herbicides  are  causing  environmental  burdens by their  negative  impacts.

Moreover,  these  weeds have  become  resistant  to  these  herbicides.

Rahman  et al., (2011), has reported that weeds  Leptochloa chinensis L.,

Echinochloa  crusgalli  L.,  Fimbristylis  miliacea  L.,  Echinochloa  colona  L.,

Cyperus irian  L.,  Sphenoclea zeylanica  L.,  Cyperus deformis  L.,  Scirpus

grossus L. and Jussia linifolia L. are the species placed under the category

of herbicide resistant weeds.

To overcome the problem, research leading to find new herbicides with novel

properties,  like  new  modes  of  action,  effective  in  low  concentration,

environmentally safe, more targets specific and economical is an ongoing

process.  Efforts  to  search  new herbicide  chemistry  have  been  made by

different researchers in various ways including natural products of  animal

and  plant  origin.  Essential  oils  from  aromatic  plants  like  Eucalyptus,

Callistemon have been reported to  be  excellent  material  for  the purpose

(Batish et al., 2006; Cavalieri and Caporali 2008). 

2.3. Phytotoxicity of Essential oil

 Essential oils are wide-spread secondary metabolites in the plant kingdom. They are 

well known for their phytotoxic nature due to the presence of varieties of constituents 

like cineoles, - and - pinenes, camphene, dipentene, tricyclo, eucalyptol   (Romagni 

et al., 2000; Schulz et. al., 2004; Chaimovitsh et al., 2010),    These constituents  

inhibit seed germination and plant growth and

cause morphological and physiological changes in plant seedlings (Singh et al., 2002; 

Angelini et al., 2003;  Dudai et al., 2004, Hale et al.,2004), inhibit respiration in 

treated cells, cause lipid oxidation, and disrupt microtubules (Singh et al., 2009; 

Zanellato et al., 2009; Kaur et al., 2010). The relevant literature is enlisted in table 

showing the different essential oil producing plant species and their target species.

Table: 3 Different studies on phytotoxic nature of essential oil against different 

target species.
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Essential oil Targeted Species Results References

Artemisia 
californica L.

Herbs in its vicinity Allelopathic  
effect

Haligan, 1975

Eucalyptus 
globulus 

Bermuda grass 
(Cynodon dactylon 
L.) 

Suppressed the 
early seedling 
growth 

Babu and 
Kandasamy, 
1997 

Origanum 
syriacum L. 
Micromeria 
fruticosa (L.) 
Druce, 
Cympopogon 
citratus (Nees.) 
Stapf.

Triticum aestivum 
L., Brassica nigra 
L, Amaranthus 
palmeri S. Wats.

Inhibited 
germination

Dudai et al., 
1999

Callicarpa 
japonica

Bentgrass,  lettuce 
seeds

Reduced the 
growth of  Bent 
grass effectively 
as compare to  
lettuce seeds

Kobaisy et 
al., 2001

45 
Monoterpenoids
From different 
essential oils

Lactuca sativa Twenty-four 
compounds were
extremely active 
against seedling 
growth

Vokou et al., 
2003

Eucalyptus oil Annual ryegrass 
(Lolium rigidum)

Complete 
inhibited growth

Barton et al., 
2005

Hyssopus 
officinalis L., 
Lavandula 
angustifolia 
Miller, Majorana
hortensis L., 
Melissa 
officinalis L., 
Ocimum 
basilicum L., 
Origanum 
vulgare L.

Raphanus sativus 
L., Lactuca sativa 
L. and Lepidium 
sativum L.

The assayed 
essential oils 
have shown a 
good inhibitory 
avctivity in a 
dose-dependent 
way, both on 
germination and 
radical 
elongation.

Arminante et
al., 2006

L. camara, 
E.camalulenisis 
and E. africanus

Amaranthus 
retroflexus, 
Chenopodium 
album and Rumex 
crispus

Completely 
inhibited the 
seed germination
and seedling 
growth

Kordali et al.,
2006

Eucalyptus 
citriodora

Bidens pilosa, 
Amaranthus viridis,
Rumex nepalensis,
and Leucaena 
leucocephala

Showing 
phytotoxicity by 
reducing  
germination and 
seedling growth, 
even the 

Setia et al., 
2007

Cont...



2.3.Essential oils of Eucalyptus species

Eucalyptus  plant  is  large,  handsome evergreen  tree,  24-40  (max.  50  m)  in

height, tall, straight trunk, 60-130 cm in diameter, it is Native to Queensland,

Australia, and commonly planted throughout the tropics, in the Mediterranean

area and in the Malesian area, mainly in Malaysia. Grows naturally on rolling

undulating  plateaux,  including  dry  ridges,  in  open  forest  and  woodland,

generally on poor soils, from 80 to 800 m altitude. The species can survive a

severe dry season (Annonymous, 1992).

Iqubal  et al., (2003) reported different genetic variants of eucalyptus are the

good source of essential oils. The oil is well known for its antimicrobial (Wilson

et al., 2005) larvicidal (Lucia et al., 2007), insect repellent (Choi, et al., 2004;

Jaenson et al., 2006) and antioxidant activity (Mutlu et al., 2011). 

Essential oil obtained from various species of Eucalyptus plant is also reported

for herbicidal nature by number of scientists (Batish et al., 2004, 2008; Setia et

al., 2007, Khan et al., 2008).

Essential oil of eucalyptus contain different types of bio active constituents like α

pinene 1,8 cineole, careneas, terpens, citronellal  which are responsible for its

phytotoxic nature (Singh et al., 2008; He  et al., 2009). Eucalyptus citriodora,

Eucalyptus  globulus,  Eucalyptus  tereticornis  and  Eucalyptus  robusta are  the

commonly found species of the eucalyptus plant. Their oil has been reported

phytotoxic  in  nature  in  different  studies.  Different  findings  regarding  the

phytotoxic nature of essential oil of Eucalyptus species as follow.
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Table 4: Phytotoxic nature of essential oil of Eucalyptus species

S. No Findings Reference 
1. Eucalyptus capable  of  allelopathically

suppressing  the  under  storey  growth  of

Casuarina  pusilla and  Leptospermum

myrsinoides.

Del Moral et al., 1978

     2. Recognized that  Eucalyptus  are  capable  of

suppressing under storey vegetation growth

via allelopathy

Tworkoski, 2002

      3. Bioactive compounds derived from  E. 

Citriodora  have been reported to cause 

phytotoxicity to a range of field crops, such as

wheat (Triticum aestivum), maize (Zea mays),

radish (Raphanus sativus) and rice (Oryza 

sativa)

Batish et al., 2004 

and 2008

      4. Essential oils from aromatic plant  
Eucalyptus camaldulensis L. at their different 

concentrations have adverse effects on the 

seed germination and seedling length of  
wheat (Triticum aestivum L.).

Khan et al., 2008

      5. E. tereticornis, and E. dundasii   essential oil 

show the inhibitory effects on the germination

of nnual ryegrass and barley grass  

He et al., 2009

2.3. Essential oil against  E. crus-galli   and C. rotundus 
 
Angelini et al., (2003) reported that the Essential oils of rosemary (Rosmarinus

officinalis  L.),  thyme (Thymus vulgaris  L.),  and savory (Satureja montana  L.)

showing inhibitory effects on the germination of  E. crus-galli and among them

Thymus vulgaris L. inhibited completely the germination of E. crus-galli.
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In another study Dhima et al., (2010) found that the essential oils isolated from

sweet fennel and sweet basil were the most phytotoxic on E. crus-galli.

In Case of C. rotundus L..,  Babu and Kandasamy, (1997) found the essential

oil obtained from Eucalyptus globules is able to suppress the establishment and

early seedling growth of the weed.  Komai and Tang, (1989) reported that the

volatile oil constituent’s cyperotundone and -cyperone restricted the growth of

Cyperus rotundus L. seedling.
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CHAPTER -3

OBJECTIVE AND PLAN OF WORK

3.1. Objective:

 To test the phytotoxicity of essential oil from leaves of E. tereticornis plant

against crop plant Oryza sativa L. and its major weeds Echinochloa crus-

galli L. and Cyperus rotundus L.

 To  study the  effect  of  essential  oil  of  E.  tereticornis  on  physiological

parameters i.e. total Chlorophyll content and percent cellular respiration

in Oryza sativa L., E. crus-galli L. and C. rotundus L.

3.2. Plan of Work:

 Extraction of essential oil from leaves of E. tereticornis using Clevenger’s 

apparatus.

 Determination of essential oil constitutes by GC-MS (Gas Chromatography 

Mass spectroscopy).

 Study the phytotoxicity of the oil against test plants in terms of 
o Percent germination 
o Root length 
o Shoot length 
o Dry weight 

 Study the effect of oil  on physiological parameters of the test plant in

terms of 
o Total Chlorophyll content
o Cell respiration 

 Study the effect of oil on biochemical parameters i.e.  carbohydrate and

protein contents of the test plants



CHAPTER - 4

MATERIALS AND METHODS

4.1. Extraction of essential oils

 4.1.1. Collection of plant material

The leaves of Eucalyptus tereticornis were collected from the field near Central

University of Punjab, Bathinda during March, 2011.

4.1.2. Extraction of essential oils

Nearly 2 Kg of freshly collected leaves was chopped into very small pieces and

mixed well with 4L of water. The mixture was heated at 105 ºC for 2:30 h using

Clevenger’s  apparatus and oil  distilled was collected from the nozzle of  the

condenser. The oils thus obtained was passed through sodium sulfate bed to

remove  water  vapours,  if  any and  stored  at  4  ºC  till  further  use.  In  similar

manner, the oil was extracted five times and the average was noted as percent

oil yield (w/v basis).

4.1.3. Composition of essential oils

The composition and the identification of the essential oil  were studied using

Gas Chromatograph coupled with Mass Spectrophotometer.

Gas chromatography – Mass spectrometry (GC-MS) conditions

Oil  was  analyzed  by  GC-MS  using  a  Shimadzu  QP  2010  Mass

Spectrophotometer. The details are as follow.

1 Detector flame ionization detector (FID)
2 Column SGE BP 20 polar column
3 Column size 30 m × 0.25 mm. i.d., 0.25 µm film thickness
3 Carrier gas Helium (He)
4 Linear velocity 38.5 cm sec-1

5 Split ratio 50:1
6 Oven temperature programmed from 40 ºC (isothermal for 4 min),

increased at  a  rate  of  4  ºC/min  up to  220 ºC

(isothermal for 5 min)
7 Mass spectral range mass/ion (m/z) ratio of 40 - 600 atomic mass unit

(amu)
8 Injector and detector

temperatures

220 ºC and 250 ºC



9 Calculated total ion chromatograms

The compounds were identified by co-GC with commercially available reference

compounds  and  by  comparing  the  mass  spectra  of  components  with  their

reference  spectra  and  matching  the  Kovats  /  retention  indices  (RI)  with

reference to homologous series of  n-alkanes (C7-C30; Supelco, Bellefonte, PA,

USA).  To  match  the  mass  spectra  of  the  components  with  standard  data,

computer  search  using  GC  –  Solutions  software  pre  loaded  with  standard

libraries of Wiley 275, Flavour and Fragrance, NIST 98 and NBS 75 K was

done.  Some  compounds  were  searched  using  reference  books  of  Adams

(2001). Kovats  retention  index  of  each  component  were  determined  by  co-

injection of oil with homologous series of  n-alkanes (C8-C32) under the exactly

same conditions. 

4.2. Study of physiological parameters

4.2.1. Procurement of material

For  the bioassay  seeds  of  cash  crops  Rice  (Oryza  sativa  L.)  and  Weeds

(Echinochloa  crus-galli L.  and  Cyperus rotundus  L.)  were collected from the

local market and fields. all the chemicals were purchased from Sdfine Pvt. Ltd.

and Loba Chem. Pvt. Ltd. India. 

4.2.2. Laboratory bioassey to test phytotoxicity

To study the effect of essential oil on seeds germination protocol of Azirak and

Karaman,  (2008),  was adopted with  slight  modifications.  Seeds of  rice  and

weed were dipped in distilled water for overnight for imbibitions. Then seed were

allowed to germinate on moistened filter paper for germination for 18 hr. After

germination fifteen seeds were sown in 15 cm diameter petri dish lined with two

layers of moistened Whatman no 1 filter paper. An aliquot of 0, 25, 50,100,250

µg/ml  of  essential  oil  applied  on  the  inner  side  of  cover  of  Petri  dish.

Immediately after the treatment, each petri dish with its cover was sealed with a

piece of parafilm to reduce evaporation. A similar set up but without essential oil

served as control. Each set up was arranged in triplicate form and kept for one

week at 25±2 C in dark and light condition.  
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The study of was carried in terms of percent germination, measurement of root

and shoot length and dry weight of 7-day-old plants.

4.2.3. Chlorophyll content 

Reagents

1.  DMSO (Dimethyl sulphoxide)

Procedure 

Total chlorophyll from 25 mg of leaves (control or treated) was extracted in 4 ml

of  (DMSO)  following  the  method  of  Hiscox  and Israesltam  (1979). The

extinction value of chlorophyll thus recovered in DMSO was measured at dual

wavelength of 645 and 663 nm on Systronic spectrophotometer using DMSO as

blank. Total chlorophyll content was calculated from extinction value following

the equation of Arnon (1949) and expressed on dry weight basis as suggested

by Rani and Kohli (1991).

Calculation

Total chlorophyll content (µg/ml) = 6.45 x A663 + 17.72 x A645 = A

(mg) leaves of Dry weight

(ml) DMSO of A x Volume
  (µg/mg) content lchlorophyl Total 

Where, A645 and A663 represent extinction values at 645 nm and 663 nm, respectively.  

4.2.4. Estimation of percent cellular respiratory ability

The cellular respiration or cell survival values of treated and control plants were

calculated following the method of Steponkus and Lanphear (1967).

Reagents

a) Phosphate buffer solution, pH 7.4: 0.1M

b) 2,3,5-triphenyl tetrazolium chloride (TTC) solution: 0.6% (w/v) was prepared

by dissolving 600mg of TTC in 100 ml of 0.1M phosphate buffer, pH 7.4.
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Procedure  

Took 50 mg of tissue from fully expanded leaves of test plants and dipped in test tubes 

containing 1.5 ml of freshly prepared (0.6%, w/v) TTC solution. The test tubes were 

incubated at room temperature for 18 h in dark. After 18 h, the content of test tube 

turned red. The TTC solution from the test tubes was drained off and the remaining leaf

tissue in test tubes was gently washed with distilled water 2-3 times to completely 

remove TTC solution. The red color of leaf tissue was extracted by adding 5 ml of 

absolute alcohol in each test tube followed by boiling the content on water bath for 20 

minutes. The extinction value of the solution was read at 530 nm on Systronic UV 

spectrophotometer and expressed in terms of dry weight equivalents. Dry weight 

equivalents of each sample were determined by keeping 50 mg of fresh leaves in an 

oven at 80 ºC for 24 h. The cellular respiratory ability was expressed as a percent with 

respect to control as suggested by Rani and Kohli (1991).

4.3. Biochemical Parameter analysis

4.3.1. Plant material preparation

Plant material was freed of pigment, fats and lipids by dissolving in acetone (for

72  h),  followed  by  acetone:petroleum  ether,  1:1  (for  24  h)  and  finally  in

petroleum  ether  (for  24  h).  It  was  powdered  and  used  for  estimation  of

carbohydrate and protein content. 

4.3.2. Carbohydrate content estimation

Estimation of carbohydrate content was done as per method of Loewus (1952).

Powdered plant material (10 mg) was added to 10 ml of distilled water in a test

tube  and  heated  at  100  ºC  for  15  min.  After  cooling,  the  test  tubes  were

centrifuged at  15,000 g  for  10  min.  The extract  was  carefully  removed and

stored in freezer at 0 ºC for further use.

Reagents

a) Anthrone reagent: 0.2% in conc. H2SO4

b) Glucose:  50 µg/ml (standard)

Procedure
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To 1 ml of extract added 4 ml of Anthrone reagent with constant shaking followed by 

heating on a boiling water bath for 20 min. The colour changed from brownish yellow to 

green. This change in colour concentration was read at 620 nm on a Systronic UV-190 

double beam spectrophotometer using Anthrone reagent as blank and against glucose 

as standard. The carbohydrate content was calculated and expressed in terms of mg/g 

fresh weight.

4.3.3. Protein content estimation

Water-soluble protein content was estimated as per method of  Lowry  et al.

(1951).

Reagents

a) Sodium carbonate: 2% in 0.1 N NaOH (referred to as A)

b) Copper sulfate (CuSO4 .5H2O): 0.5% in sodium citrate (referred to as B)

c) Mixture of A and B in ratio of 50: 1, v/v (referred to as C)

d) Folins-ciocalteu reagent diluted with water, 1: 1, v/v (referred to as D)

e) Bovine serum albumin (BSA) solution: 50 µg/ml  (standard)

Procedure 

To 10 mg of plant material was added 5 ml of reagent C and the contents were

shaken with hand for 10 min at room temperature. Then, 0.5 ml of reagent D

was added and the intensity of the blue colour developed was read after 30 min

at 700 nm on a Systronic UV spectrophotometer against bovine serum albumin

standard. A parallel blank was prepared in the same manner but without plant

material. The amount of protein content was calculated and expressed in terms

of mg/g fresh weight.

4.4. Calculation and statistics

All the experiments were performed in a completely randomized block design

and performed twice. For each treatment five replications were maintained. The

data collected from dose response study was subjected to one way ANOVA with

Tukey’s test.
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       CHAPTER- 5

RESULTS AND DISCUSSION

5.1. Composition of Essential oil

 The  major  constituents  of  essential  oil  were  studied  by  using  Gas

Chromatography coupled with Mass Spectrophotometer. Detailed conditions for

GC-MS was described in Chapter 4. Result obtained from the GC-MS analysis

show that the oil is a mixture of monoterpines, sesquiterpenes, alcohols, ketons

etc. A total of 33 components were identified constituting around 99.28% of the

total.

Table 5: Composition of essential oil from leaves of E. tereticornis.

Retention

Time
Compound

Percent

constituent

Chemical

Classifica

tion

Kovats

index

2.597 α-Pinene 34.47 MH 1056

2.882 α-Thujene 0.13 MH 1076

2.967 Camphene 0.26 MH 1083

3.417 β-Pinene 12.94 MH 1114

3.625 Sabinene 0.05 MH 1127

4.191 β-Myrcene 0.18 MH 1163

4.245 α -Phyllandrene 1.29 MH 1167

4.865 Limonene 3.56 MH 1204         

5.079 1,8-Cineole 25.14 OM 1213

5.884 α -Terpinene 0.43 MH 1246

6.501 Cymene 1.21 MH 1272

Cont…



6.782 Terpinolene 0.10 MH 1284

12.676 β-Citronellal 1.99 OM 1480

15.168 Isopulegol-I 0.49 OM 1560

15.438 Isopulegol-II 0.45 OM 1569

15.883 endo-Fenchol 0.44 OM 1584

15.956
trans-β-

Caryophyllene
0.36 SH 1586

16.236 Aromadendrene 0.26 SH 1595

16.406 Terpinen-4-ol 0.48 OM 1601

17.988 trans-Pinocarveol 1.75 OM 1654

18.316 Citronellyl acetate 0.27 OM 1665

19.169
α -Terpineyl

acetate
0.51 OM 1693

19.325 β-Terpineol 3.27 OM 1698          

21.475
1,  8  -  Citronellol

(R)
0.71 OM 1772

22.067 Myrtenol 0.53 OM 1793

22.244

S-trans  -2-

methylene-5-(1-

methylethenyl)-

cyclohexanol

0.10 OM 1799

29.458 Globulol 0.24 OS 2069

31.835 γ-Eudesmol 0.85 OS 2166
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32.032

5-

Azulenemethanol

,  1,2,3,4,5,6,7,8-

octahydro-

α,α,3,8-

tetramethyl

0.81 OS 2174

32.226 Aristolene 0.11 OS 2182

32.299 Hinesol 0.16 OS 2185

33.061 α -Eudesmol 2.43 OS 2217

33.263 β -Eudesmol 3.82 OS 2225

MH:  Monoterpene  Hydrocarbons  OM:  Oxygenated  Monoterpenes  SH:

Sesquiterpene Hydrocarbons OS: Oxygenated Sesquiterpenes

Majority of the constituents are monoterpene constituting approximately 72% of

the oil. The 3 constituents were unidentified.  α-Pinene (34.47 %), 1, 8-Cineole

(25.14%) and β-Pinene (12.94 %) were the major components constituting more

than 50% of the oil. Apart from these the other constituents in high conc. were

α- Eudesmol (2.43%) and β- Eudesmol (3.82%).
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5.2. Study  the  phytotoxicity  of  essential  oil  and  effect  of  oil  on

physiological parameters

5.2.1. Objective

 Study the phytotoxicity of the oil against test plants in terms of 
 Percent germination 
 Root length 
 Shoot length 
 Dry weight 

 Study the effect of oil on physiological parameters of the test plant in

terms of 
 Total Chlorophyll content
 Cell respiration

5.2.2. Results

5.2.2.1. Percent germination

It  was observed that  the  essential  oil  from  E.  tereticornis affected the  seed

germination of test plants  O. sativa, E. crus-galli  and  C. rotundus. At lowest

concentration (25 µg/ml), no effect was observed on O. sativa seeds while in E.

crus-galli  and  C.  rotundus significant  decrease  was  observed.At  higher

concentration (50 to 250 µg/ml) the germination was significantly reduced in all

the three seeds but variation was observed in percent reduction in rice and its

weeds. At highest concentration 250 µg/ml, the highest reduction was observed

in  C.  rotundus approximately  91% followed  by  E.  crus-galli  showing  almost

70%.  The  O. sativa was the least affected even at highest concentration 250

µg/ml, the percent reduction in germination was only 35%.
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Fig-1: Effect of essential oil of E. tereticornis on the germination of

O. sativa, E. crus-galli and C. rotundus.
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Different alphabets along each line represents significant differences over control at P 

0.05 applying Tukey’s test. 

a= Not significant, b < 0.05, c < 0.01, d < 0.001 e <0.0001

The results clearly indicate that the affect of oil treatment is more on the weed

seeds compare to the crop seeds. The above observations are in line with the

pervious observations of number of researchers working in this field. Batish et

al., (2004a, 2007 and 2008)  reported similar observation in which they found

that the essential  oils are potent inhibitor  of germination of weed species as

compare to the essential crops.

26



Table 6: Selectivity ratio analysis (SR) for percent germination

 Percent Germination

SR SR 
(X/R)

SR 
(X/R)

SR
(X/R)

SR
(X/R)

SR 
(X/R)

Concentratio
n µg/ml 0 25 50 100 250

O. sativa (R)
10

0 1.00 100 1.00 88.33 1.00 85.00 1.00 65.00 1.00
E. crus-galli 
(W1)

10
0 1.00 80.33 0.80 68.60 0.77 46.00 0.54 25.00 0.38

C. rotundus 
(W2)

10
0 1.00 75.00 0.75 65.00 0.73 33.00 0.38 7.33. 0.11

X= R or W1 or W2,   if X/R less than One indicates, essential oil is more toxic to weed.

On the basis of Selectivity Ratio Analysis conclusion is that the essential oil is

more toxic to C. rotundus as compare to E. crus-galli. And at the concentration

100 µg/ml essential oils are highly toxic to the weeds as compare to rice.  So

this  concentration  can  be  used  for  developing  the  herbicidal  formulation  of

essential oil.

5.2.2.2. Effect on shoot length

It  was  observed  that  the  essential  oil  from  E.  tereticornis affected  the

development  of  shoot  length  of  test  plants  O.  sativa,  E.  crus-galli  and  C.

rotundus. At  lowest  concentration  25  µg/ml,  no  effect  was  observed  on  O.

Sativa seeds while in  E. crus-galli  and  C. rotundus significant decrease was

observed. At higher concentration 100 to 250 µg/ml the percent shoot length

was significantly reduced in all the three seeds but variation was observed in

percent  reduction  in  O.  sativa and  its  weeds.  At  highest  concentration  250

µg/ml, the highest reduction was observed in  C. rotundus approximately 99%

followed by E. crus-galli showing almost 80%. 

Fig-2:  Effect  of  essential  oil  of  E.tereticornis  on  the  Shoot  length
development of O. sativa, E. crus-galli and C. rotundus
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The O. sativa was the least affected even at highest concentration 250 µg/ml, 

the percent reduction in shoot length was 65%. This indicates that the crop 

seeds are more tolerant to the toxicity induced by the essential oil.

Further, on the basis of Selectivity Ratio Analysis conclusion is that the essential

oil  is  more  toxic  to  C.  rotundus  as compare  to E.  crus-galli.  And  at  the

concentration 100 µg/ml essential oils are highly toxic to the weeds as compare

to  rice.   So  this  concentration  can  be  used  for  developing  the  herbicidal

formulation of essential oil.

Table 7: Selectivity ratio analysis (SR) for percent shoots length

 Percent Shoot Length
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SR SR 
(X/R)

SR
(X/R)

SR
(X/R)

SR
(X/R)

      
SR
 (X/R)

Concentrati
on µg/ml 0 25 50 100 250

O. sativa (R) 100 1.00 97.50 1.00
80.2
5 1.00 67.23 1.00 60.0 1.00

E. crus-galli 
(W1) 100 1.00 87.00 0.89

70.2
5 0.87 35.54 0.52 20.0 0.33

C. rotundus 
(W2) 100 1.00 60.00 0.61

43.2
4 0.53 22.00 0.32 2.00 0.03

X= R or W1 or W2,   if X/R less than One indicates, essential oil is more toxic to weed.

5.2.2.3. Effect on root length

It  was  clear  that  in  all  three  seeds  the  percent  root  length  was  reduced

significantly as compare to the control. In response to oil treatment the percent

development of roots in all  the three seeds were different, in case of rice at

lowest  concentration  (25  µg/ml)  the  reduction  was negligible  and at  highest

concentration (250 µg/ml) it was up to 40%. While in the case of in E. crus-galli

and C. rotundus  20 and 40% reduction was observed at lower concentration of

25 µg/ml. In C. rotundus, development of root was highly damaged in response

to treatment of essential oil; at higher concentration  250 µg/ml no roots were

developed. Similar results were observed in the work done by various scientists

(Singh et al., 2005; Kordali et al., 2008; Chowhan et al., 2011).  In previous

study it was described that the inhibition in the development of roots and shoots

apical may be due to the blocking of cell cycle by the constituents of essential

oil. Muller, (1965) has reported that volatile oils from Salvia leucophyalla inhibit

the mitosis in root and shoot tips of Cucumis sativus and inhibits the growth of

roots  and  shoots. In  another  study  Nishida  et  al.,  (2005) suggest  that  the

monoterpenoids produced by S. leucophylla, interfere with the growth of other

plants  in  its  vicinity  by blocking of  cell  division  in  the  root  and shoot  apical

meristems.  Similar  observations  have  been  made  by  (Batish  et  al.,  2007;

Singh et al., 2009).

Fig-3:  Effect  of  essential  oil  of  E.tereticornis  on  the  Root  length
development of O. sativa, E. crus-galli and C. rotundus
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Table 8: Selectivity ratio analysis (SR) for percent root length

Percent Root Length

SR

SR
(X/R)

SR
(X/R)

SR
(X/R)

SR
(X/R)

SR
(X/R)

Concentrati
on µg/ml 0 25 50 100 250

O. sativa (R) 100 1.00 98.32 1.00 80.93 1.00 66.21 1.00 48.36 1.00

E. crus-galli 
(W1) 100 1.00 69.70 0.88 69.07 0.86 69.70 0.51 17.30 0.35

C. rotundus 
(W2) 100 1.00 60.90 0.61 45.49 0.56 23.98 0.36 0.00 0.00

X= R or W1 or W2,   if X/R less than One indicates, essential oil is more toxic to weed.

On the basis of Selectivity Ratio Analysis conclusion is that the essential oil is

more toxic to C. rotundus as compare to E. crus-galli. And at the concentration

100 µg/ml essential oils are highly toxic to the weeds as compare to rice.  So

this  concentration  can  be  used  for  developing  the  herbicidal  formulation  of

essential oil.

5.2.2.4. Effect on dry weight
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The  trend  of  decrease  in  dry  weight  followed  like  the  previous  trends  of

decrease in root length and shoot length. As the root length and shoot length

has effect on the weight, similar trend was observed. At low concentration of 25

µg/ml, the decrease in dry weight of O. sativa was insignificant while significant

decrease was observed in the test weeds. At highest concentration (250 µg/ml),

the loss of dry weight was much higher up to 80-99% in both weeds E. crus-galli

and C. rotundus while in O. sativa it was decreased only up to 35 %. In other

results  the  Eucalyptus  sp  essential  oil  showing  same  effects  with  different

weeds like A. hybridus, P.oleraca (Verdugar et al., 2011).

Fig-4. Effect of essential oil of E. tereticornis on the percent dry weight of
O. sativa, E. crus-galli and C. rotundus.
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Table 9: Selectivity ratio analysis (SR) for percent Dry weight

                                                                  Percent Dry Weight

SR

SR
(X/
R)

      
SR
(X/
R)

SR
(X/R
)

SR
(X/R
)

SR
(X/R
)

Concentrat
ion µg/ml 0 25 50 100 250

O. sativa (R)
10

0 1.00 100 1.00
96.2

3 1.00
78.0

0 1.00
70.0

0 1.00
E. crus-galli 
(W1)

10
0 1.00

82.2
3 0.82

65.2
3 0.67

37.2
3 0.47

18.2
3 0.26

C. rotundus 
(W2)

10
0 1.00

75.0
0 0.75

53.2
3 0.53

35.1
5 0.45 0.00 0.00

X= R or W1 or W2,   if X/R less than One indicates, Essential oil is more toxic to weed.

On the basis of Selectivity Ratio Analysis conclusion is that the essential oil is

more toxic to C. rotundus as compare to E. crus-galli. And at the concentration

100 µg/ml essential oils are highly toxic to the weeds as compare to rice.  So

this  concentration  can  be  used  for  developing  the  herbicidal  formulation  of

essential oil.
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5.2.2.5. Effect on total chlorophyll content

The total  chlorophyll  content in test seeds exposed to essential  oil  was also

drastically affected. In general, chlorophyll content decreased with increase in

concentration  of  oil  (Fig.6).  The  effect  was  even  significant  at  lowest

concentration in both the test crop and test weeds. At 100 µg/ml concentration,

there was a significant reduction of approximately 40% in O. sativa, 60% in E.

crus-galli and 80% in  C. rotundus.  At highest concentration of 250 µg/ml, the

chlorophyll content reduced up to 60% 80% and 99% in O. sativa, E. crus-galli

and  C. rotundus respectively. The similar observations for chlorophyll content

was reported in the different reports of  (Tworkoski et al., 2002; Sethia et al.,

2007; Kaur et al., 2010).

Fig-5. Effect of essential oil of E.tereticornis on the percent Chlorophyll of
O. sativa, E. crus-galli and C. rotundus.
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Table 10: Selectivity ratio analysis (SR) for chlorophyll content

                                                                   Percent Chlorophyll content

SR
SR 
(X/R)

SR
(X/R)

SR
(X/R)

SR
(X/R)

SR
(X/R)

Concentration
µg/ml 0 25 50 100 250

O. sativa (R) 100 1.00 90.00 1.00 83.00 1.00 60.00 1.00 38.00 1.00
E. crus-galli 
(W1) 100 1.00 76.21 0.84 61.00 0.73 38.00 0.63 20.00 0.52
C. rotundus 
(W2) 100 1.00 76.00 0.84 40.00 0.48 20.00 0.52 0.00 0.00

X= R or W1 or W2,   if X/R less than One indicates, Essential oil is more toxic to weed.

On the basis of Selectivity ratio analysis it was concluded that the essential oil is

more toxic to C. rotundus as compare to E. crus-galli. And at the concentration

100 µg/ml essential oils are highly toxic to the weeds as compare to rice.  So

this  concentration  can  be  used  for  developing  the  herbicidal  formulation  of

essential oil.

5.2.2.6 Effect on percent cellular respiration
It  was  clear  from  the  results  that  in  response  to  different  concentration  of

essential oil  respiration of both weeds varieties were significantly reduced as

compare to the O. sativa. In O. sativa from 25 to100 µg/ml very little decrease in

respiration was observed at highest concentration of 250 µg/ml as compare to

the control.  While in the case of C. rotundus the reduction was 40 and 80% with

increase in concentration from 50 and 100 µg/ml and in E. crus-galli it was up to

20 and 40% with same concentrations. In this regards previous works was also

reported similar observation for cell respiration, Kohli et al., 1998, Mucciarelli

et al., 2001; Batish et al., 2004b, 2007; Singh et al., 2005, Setia et al., 2007

reported  that  volatile  oil  from  Eucalyptus spp.  (E.  citriodora,  E.  globulus)

reduced  the  respiration  process  in  Parthenium  hysterophorus,  Triticum

aestivum, Zea mays, Raphanus sativus, Cassia occidentalis, Amaranthus viridis

and Echinochloa crus-galli.

34



Fig-6. Effect of essential oil of E. tereticornis on the percent respiration of
O. sativa, E. crus-galli and C. rotundus.
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Table 11: Selectivity ratio analysis Table (SR) for percent respiration

                                                                             Percent Respiration

SR 
(X/R)

SR
(X/R)

SR
(X/R)

SR
(X/R)

SR
(X/R)

Concentratio
n µg/ml 0 25 50 100 250

O. sativa (R) 100 1.00 98.25 1.00 95.28 1.00 87.26 1.00 82.21 1.00
E. crus-galli 
(W1) 100 1.00 92.36 0.94 78.23 0.82 62.25 0.71 60.00 0.72
C. rotundus 
(W2) 100 1.00 87.23 0.88 63.00 0.66 20.00 0.22 0.00 0.00

X= R or W1 or W2,   if X/R less than One indicates, Essential oil is more toxic to weed.
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On the basis of Selectivity Ratio Analysis conclusion is that the essential oil is

more toxic to C. rotundus as compare to E. crus-galli. And at the concentration

100 µg/ml essential oils are highly toxic to the weeds as compare to rice.  So

this  concentration  can  be  used  for  developing  the  herbicidal  formulation  of

essential oil.

Discussion 

The seed germination, seedling length and dry weight of the test plants were

significantly affected in response to vapours of essential oil from leaves of  E.

tereticornis  plant.  In  general,  a  decrease  was  observed  with  increase  in

concentration of oil. At highest concentration, decrease in germination, seedling

length and dry weight of the test plants was observed. However, the effect was

variable in all the two test weeds i.e. the test plants responded differently to the

oil  treatment.  The fact  can be attributed that  the seeds with soft  outer seed

covering like C. rotundus was more affected as compare to seeds of O. sativa

and E. crus-galli with hard seed coats. This may be because of easy entry of the

volatile vapors in the seed. 

Further,  the  seeds  with  small  size  were  more  affected  to  the  treatments

compared to seeds with big size. Seeds of C. rotundus being small in size were

more  affected  as  compared  to  O.  sativa and  E.  crus-galli which  has

comparatively large seed size. This may be because the chemical compound

used in treatment will be more diluted in bigger seeds as compared to seeds

small in size. Weidenhamer  et al. (1987) has reported that the potency of the

phytotoxicity is governed by the ratio between the concentration of chemical and

the total seed weight. Hence, with increase in seed size and weight, the effect of

the treatment deacreases. Similar studies regarding phytotoxicity of essential oil

of a number of plants and their pure components, has earlier also been reported

(Ponce et al.,2001; Abrahim et al., 2000; Singh et al., 2002; Angelini et al.,

2003; Vokou, 2003;  Batish  et al., 2007; Kordali  et al., 2008; Singh  et al.,

2008; Zanellato et al., 2009; Kaur et al., 2010; Chowhan et al. 2011). 
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In the present study, greater inhibition in germination and growth was observed

test  weeds  as  compared  to  test  crop.  This  shows  the  specific  phytotoxic

potential of E. tereticornis essential oil against test weeds. This differential effect

may be attributed to genetic factors, morphology of seed, and also the seed

size. The mechanism of action of essential oil or its pure components include

mitotic inhibition, inhibition of protein metabolism, changes in hormones, root tip

inhibition,  interfering with  photosynthesis  activity  (Ahmed and Wardle 1994;

Ibrahim  et al., 2001; Singh  et al., 2002; Nishida  et al., 2005; Singh  et al.,

2006; Bainard et al., 2006; Bisio et al., 2010; Mutlu et al., 2010).

5.3. Biochemical studies

5.3.1. Objective

To study the effect of essential oil of E. tereticornis on carbohydrate and protein

contents of the test plants.

5.3.2. Results

5.3.2.1. Effect on carbohydrate content

The carbohydrate content in all test seeds exposed to essential oil reduced with

increase in concentration of oil (Fig.7). However, the effect was less in O. sativa

compared to E. crus-galli and C. rotundus.  At 25 µg/ml concentration, there was

a significant reduction of approximately 40% in  E. crus-galli and  C. rotundus

while in O. sativa  it was only 10%. At highest concentration of 100  µg/ml, the

content reduced  up to 25% 60% and 90% in  O. sativa, E. crus-galli and  C.

rotundus respectively. Same findings were reported in the work of (Bathis et al.,

2004; Chowhan et al., 2011).
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Fig -7. Effect of essential oil of E. tereticornis on the carbohydrate content 
of O. sativa,  E. crus-galli and C. rotundus.
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5.3.2.2. Effect on protein content

Like  carbohydrate  content,  the  protein  content  in  test  seeds  exposed  to

essential oil also reduced with increase in concentration of oil (Fig.7). Likewise

in  carbohydrates,  the  reduction  in  protein  content  was  less  in  O.  sativa

seedlings compare to E. crus-galli and C. rotundus. At 50 µg/ml treatment of oil,

reduction in protein content was approximately 40% in E. crus-galli and 65% in

C.  rotundus  while  O.  sativa  showed  a  reduction  of  only  30%.  At  highest

concentration of  100  µg/ml,  the protein  content  reduced approximately 40%,
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60% and  80% in  O.  sativa, E.  crus-galli and  C.  rotundus respectively.  The

results further indicate that among the test crops C. rotundus showed the overall

highest reduction at all treatments.

Fig -8. Effect of essential oil of E. tereticornis on the protein content of 

O. sativa,  E. crus-galli and C. rotundus.
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Discussion

It is evident from the results that treatment with E. tereticornis oil causes severe

reduction in  carbohydrate  and protein  content  in  shoots of  all  the three test

plants. The observation is similar to earlier reports that  allelochemicals affect

macromolecular content of  other plants during growth inhibition  (Zunino and

Zygadlo 2004; Nishida et al., 2005; Bainard et al., 2006; Singh et al., 2006,

2009; Multu et al., 2010b). During germination, the seedling use already stored

carbohydrates as source of energy. These carbohydrates are metabolized by

hydrolyzing  enzymes (-  and  -amylases),  which  are  released  by  aleuronic

layer of seed. So, the possible cause of reduction in carbohydrate content may

be increase in activities of carbohydrate metabolizing enzymes. 

Further,  the  water  soluble  carbohydrates  are  used  up  in  the  production  of

energy.  In  untreated  control  seedlings,  the  leaves  of  the  seedling  start

synthesizing new carbohydrates for food. However in case of seedlings treated

with essential oil, the reduced chlorophyll content becomes a limiting factor for

carbohydrate synthesis  and ultimately results  in  reduced synthesis  of  water-

soluble carbohydrates. 

Parallel  to  carbohydrate  content,  the  content  of  water  soluble  proteins

decreased in response to essential  oil  from  E. tereticornis.  This decrease in

protein  content  can  be  attributed  to  disturbed  metabolic  activities  like

photosynthesis  and  respiration  of  the  seedlings  (as  already discussed)  and

another cause may be increased activity of protease enzyme as reported by

number  of  researchers  (Singh  et  al., 2009;  Bigham  et  al.,  2010).  In

germinating seedlings gibberllins induce the production of hydrolyzing enzyme

by  activating  the  pre-existing  mRNA,  which  in  turn  hydrolyze  proteins.  The

another  cause  is  induction  of  stress  by  the  treatment.  Under  stress,  the

germinating  seedlings  hydrolyze  more  protein  by  increasing  production  of

hydrolyzing  enzyme  (protease)  to  overcome  energy  requirement.  These

observations  are  in  agreement  with  those  of  Batish  et  al., (2006)  who

demonstrated that protein content decreases in Phaseolus aureus hypocotyls in

response to L- DOPA. 
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Conclusions

 The  E.  tereticornis  essential  oil  exhibit  phytotoxicity  and  reduce  seed

germination,  seedling  growth  and also  affect  physiological  processes and

biochemical  parameters  like photosynthesis,  cellular  respiration,

carbohydrate and protein contents.

 Among the test plants studied,  C. rotundus was the most sensitive weed

followed by E. crus-galli while seeds of O. sativa were least affected.

 The effect was more on the test weeds than the test crop. 

 The effect was more in test plants with soft outer coat and small size seeds

as compared to seeds with hard outer coat and large size.
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SUMMARY 

The continues and indiscriminate use of chemicals in agro-ecosystems to control

pests especially weeds has led to various types of environmental and ecological

problems. Now the need is arising to find new chemicals with more eco friendly

properties. These herbicides are expected to have properties like specific mode of

action, easy biodegradability in nature, cheap etc.  Keeping this in mind, more of

the natural plant products are under exploration for their phytotoxic and herbicidal

potential. So, the present study was planned to check the phytotoxicity of essential

oil from leaves of Eucalyptus tereticornis plant.

The essential oils extracted from leaves of Eucalyptus tereticornis were subjected

to GC and GC-MS to find its  composition.  The constituents of  volatile  oil  were

identified using inbuilt libraries of Wiley 275, NBS 75K, and NIST 98, and matching

the retention index (RI) of each compound with the standard retention index for the

compound.  The  majority  of  the  constituents  were  monoterpenes  constituting

approximately 72% of the oil. The major monoterpenes identified were  α-Pinene

(34.47 %), 1, 8-Cineole (25.14%) and  β-Pinene (12.94 %). Apart from these the,

other  constituents  in  high  concentration  were  α-  Eudesmol  (2.43%)  and  β-

Eudesmol (3.82%).

The  essential  oil  from  Eucalyptus  tereticornis was  further  explored  for  its

phytotoxicity against crop Oryza sativa and its monocot weeds - Echinochloa crus-

galli  L. and  Cyprus rotundus. The phytotoxicity was studied in terms of effect on

percent germination, seedling length and dry weight. The effect on physiological

parameters, chlorophyll content and cellular respiration was also studied. 

The effect on percent germination was the maximum in C. rotundus and minimum

in O. sativa. Like germination, the root length of test plants was also significantly

reduced on exposure to  essential oil from  E. tereticornis.  However the effect was

lowest in O. sativa seedlings and highest in C. rotundus. The percent reduction in root

length on exposure to highest concentration of oil i.e. 250 µg/ml was approximately
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40% and 95% in  O. sativa seedlings and  C. rotundus respectively.  E.  crus-galli

showed a decrease of approximately 70% in root length on exposure to 250 µg/ml

of E. tereticornis oil.

Likewise, similar trends were observed in shoot length of the test plants where it

decreased with  increase in  concentration  of  the oil.  At  lowest  concentration 25

µg/ml,  no effect was observed on  O. sativa seeds while in  E. crus-galli  and  C.

rotundus significant decrease was observed. At higher concentration 100 to 250

µg/ml the percent shoot length was significantly reduced in all the three seedlings,

but  variation was  observed in  percent  reduction in  O. sativa and its  weeds.  At

highest  concentration  250  µg/ml,  the  highest  reduction  was  observed  in  C.

rotundus of approximately 99% followed by E. crus-galli showing almost 80%. 

Similarly,  the dry weight of the entire test plants also decreased on exposure to

various  concentrations  of  essential  oil.  At  low  concentration  of  25  µg/ml,  the

decrease in dry weight of O. sativa was insignificant while significant decrease was

observed in the test weeds. At highest concentration (250 µg/ml), the loss of dry

weight was much higher up to 80-99% in both weeds E. crus-galli and C. rotundus

while in O. sativa it was decreased only up to 35 %.

 Further,  the  chlorophyll  content  and  cellular  respiration  of  plants  treated  with  E.

tereticornis oil  were also estimated. Both the total  chlorophyll  content and percent

cellular respiration decresed on exposure to oil. Again the percent reduction in both

chlorophyll content and respiration  was highest in C. rotundus followed by E. crus-galli

and  O. sativa. The percent reduction in chlorophyll  content on exposure to 250

µg/ml  was  60%  80%  and  99%  in  O.  sativa, E.  crus-galli and  C.  rotundus

respectively. Similar trend was followed in case of respiration.

The effect of E. tereticornis oil was also studied on macromolecular content (water

soluble carbohydrates and proteins) of the test plants.  It  was observed that the

content of water soluble carbohydrates and proteins decreased on treatment with

different concentrations of E. tereticornis oil.
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 The cause of decrease in macromolecules can be attributed to increase in activity

of  hydrolyzing  enzymes.  At  25  µg/ml  concentration,  significant  reduction  of

approximately 40% and 42% was observed in water soluble carbohydrate content

of C. rotundus and E. crus-galli. At highest concentration of 100 µg/ml, the content

reduced  up  to  25% 60% and  90% in  O.  sativa, E.  crus-galli and  C.  rotundus

respectively.

Similarly, the reduction in protein content was less in O. sativa seedlings compare

to E. crus-galli and C. rotundus. At highest concentration of 100 µg/ml, the protein

content reduced approximately 40%, 60% and 80% in O. sativa, E. crus-galli and

C. rotundus respectively. 

Further, on the basis of selectivity ratio analysis, it was concluded that the essential

oil is more toxic to C. rotundus as compare to E. crus-galli. and at concentration of

100 µg/ml essential oils are highly toxic to the weeds as compare to rice.
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