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Introduction

Rice (Oryza sativa L.) is one of the most important cereal

crops feeding more than half of the world population, more

particularly in Asia, Africa and Latin America.   E. colona is one of the

most problematic weeds in up land and medium land rice causing

significant loss in crop yield (De Datta and Nantasomsaran, 1991;

Singh et al., 2003). This loss, so far, is attributed to be due to crop

- weed competition because E. colona grows abundantly with the

rice crop right from germination to peak growth period of tillering
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Abstract

Echinochloa colona (L.) Link   is a very problematic weed in up land and medium land rice causing significant

reduction in yield. In the present investigation, laboratory and field experiments   were conducted to evaluate

the nature of interaction E. colona on germination and growth   of the up land rice cultivar ‘Vandana’. The effects

of decomposing and decomposed aqueous leachates (1-10%w/v) obtained from the dried biomass of 20, 30,

40 and 60 days old  E.colona   plants  were studied on rice using petridish bioassay technique with   three

different types of culture media like filter paper, soil,  and soil + activated charcoal.  The decomposing leachates

of E. colona   showed strong toxic effect on root and shoot growth of rice, the highest being noted with 10%

leachates of 60 days old plant residue. It inhibited root and shoot growth by 100% and 43.9% respectively as

compared to control. The corresponding decomposed leachates inhibited rice germination by 90% and root and

shoot growth by 70 and 25% respectively. These toxic effects of leachates showed in filter paper medium were

significantly reduced in soil and soil plus activated charcoal media proving their allelopathic nature. In a field

experiment, E. colona and rice were grown in  proportions of 1:1, 1: 2 and 1:4, the total plant density being

maintained at 100 pants m-2.  The height and dry matter of rice were adversely affected with increasing in E.

colona population. From another similar   field trial, data on dry matter of   20, 30, 40, and 60 days old plants

were taken and their plant relative yield (PRY) and relative yield total (RYT) values were calculated. The PRY

and RYT values were found to be less than unit (<1) throughout the growth period studied which suggested  the

presence of severe antagonistic interspecific interaction between rice and E.colona due to allelopathy.

Key words

Oryza sativa, Echinochloa colona, Upland rice, Allelopathy.

Publication Data

Paper received:

25 October 2010

Revised received:

19  September 2011

Re-revised received:

29  November 2011

Accepted:

12  December 2011

Evaluations of allelopathic effect of Echinochloa colona weed

on rice  (Oryza sativa L. ‘Vandana’)

Author Details

D. Swain Crop Improvement Division, Central Rice Research Institute (ICAR), Cuttack-753 006, India

(Corresponding author) e-mail :  dr_dswain@yahoo.com

Seema Paroha Crop Improvement Division, Central Rice Research Institute (ICAR), Cuttack-753 006, India

Monika Singh Crop Improvement Division, Central Rice Research Institute (ICAR), Cuttack-753 006, India

H.N.Subudhi Crop Improvement Division, Central Rice Research Institute (ICAR), Cuttack-753 006, India

giving a stiff competition for nutrition and space (Moody, 1991;

Labrada, 1996). In recent years, it has been emphasized that in

addition to competition, weeds influence crop growth through release

of allelochemicals into the environment (Reigosa et al., 1999;

Bhowmik and Inderjit, 2003). However, the allelopathic angle of this

crop-weed interaction especially in field condition has not been

adequately studied. Allelopathy is an ecological phenomenon and

defined as plant and plant chemical interaction (Inderjit and Weiner,

2001). Allelochemicals chiefly the secondary metabolites like phenolic,

quinines or alkaloids and more effective ones like terpenoids,
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monoterpenes, sesquiterpenes, sesquiterpene  lactones,triterpines

and fatty acids that are released in the environment play important

role by affecting physiological functions, which may lead to stimulation

or inhibition  of the neighbouring plants in the ecosystem (Sauerborn,

1999; Macias, 1995) .  But the fact remains that apart from competition,

allelopathy plays a key role in the crop-weed interaction in affecting

the crop yield (Rizvi et al., 1992).The allelopathic potential in

extracts of various plant species have been studied including E.

colona (Narwal and Tauro, 1994; Zimdahl, 1999; Sondhia and

Swain, 2002; Swain et al., 2008).   Out of the 30,000 plant species

identified as weeds, 250 are really important and about 80 are

known to reduce crop yields (Sauerborn, 1999) The weeds release

allelochemicals to the environment through various means and

chiefly by leaching, washings during precipitation and after death

and decomposition (Anaya, 1999; Ninkovic, 2003). It is difficult to

isolate allelopathy from resource competition under field condition.

But due to the recent development of understanding of chemical

influences between various species of plants in natural and managed

ecosystem (Blum, 1995; Duke et al., 2000; Einhelling, 1996) and

availability of suitable culture techniques, it is possible to conduct

experiments which provide fairly good accounts of determining the

extent and nature of allelopathy through field trials (Dekker et al.,

1983; Einhelling, 1996). However, more than one technique may

be needed to estimate the extent of allelopathic effect in the plant

community (Rice, 1995; Rizvi, 1992). In the present investigation,

experiments were conducted to evaluate the allelopathic influence

of E. colona on the growth and yield of the up land rice ‘Vandana’

(RR-167-982).

Materials and Methods

Petri dish bioassay : The seeds of rice ’Vandana’ were obtained

from the departmental store of the Institute. Seeds of E.colona weed

were   collected from the plants growing in the rice fields of the

research farm in the previous wet season, sun dried and stored in

desiccators for further use. The   weed plants were grown in the

field in monocultures following standard agronomic practice. Weed

plant samples (whole plant) were collected at intervals from 20, 30,

40, and 60 days old plants (DOP), dried in the hot air oven at 700C

for 72 h and powdered in a laboratory mill using a   40 mesh sieve.

The weed powder thus obtained was soaked in distilled water

(DW) for different durations and the leachates obtained were used

for bioassay study. The effect of leachates in filter paper (FP), soil

and soil plus activated charcoal (AC) were evaluated to assess the

extent of activity in soil and the chemical nature the allelopathic

substance present in the weed leachates respectively.

The bioassay experiments were conducted in borosilicate

glass petri dishes of 100 x 20 mm dimension.  To obtain

decomposing leachates (10%w/v), 10 g of dry weed powder

were soaked in 100ml of   distilled water for 24 h at room temperature

in a 250 ml Erlenmeyer’s flask closed with cotton plug, filtered

through two layers of cheese cloth and centrifuged at 1000 g for

15 min. Similarly for decomposed leachates (10%w/v), 10g of

powder was soaked in 100ml of distilled water and allowed to

decompose for 10 days followed by filtration and centrifugation.

The leachates were further diluted to 1-5%v/v with distilled water.

Distilled water (DW) was used as control. Twenty five rice seeds

were taken on Whatman No.1 filter paper in the petri plate and

moistened with 10ml of the desired leachates and incubated in a

seed germinator at 25ºC. Three replicates for each treatment

including control were maintained. For soil treatment, 50g of dried

and powdered farm soil were taken in each petri dish and

moistened to saturation followed by sowing of seeds on the soil

surface and incubated in the seed germinator. For AC treatment,

1 g of AC was mixed thoroughly with 50g of soil powder per petri

dish. Incubation of petri dishes were done for 5-7 days after

which observations were recorded on germination percentage

and root and shoot length of rice   and the  data were statistically

analyzed using INDOSTAT. Control replicates for different

treatments were maintained using distilled water in place of

leachates.

Field experiments: The field experiments were conducted at the

research farm of National Research Centre for Weed Science,

Jabalpur located between 22.49º-24.8º N; 78.21º-80.85º E and

411.78m above msl. The soil belongs to kheri series having dark

grayish brown clay and moderately alkaline in nature.The average

annual rainfall was 1253.4 mm mostly during June – October, 2004.

Crop (rice) and weed (E.colona) seeds were direct seeded both

during the wet season of the year. A recommended dose of NPK-

60, 40, 30 kg ha-1 was given. Half of N and all P
2
O

5
 and K

2
O were

applied basally and the remaining N in two equal splits each at 20

and 40 DAS. The treatments included, mono culture of crops, mono

culture of weeds, mixed culture of crops and weeds in the ratio 1:1.

The treatments were replicated 4 times in a randomized block design.

Seeds of crops and weeds (sand mix = weed seed: sand = 1:10)

were sown in rows with standard spacing and latter the plant density

were maintained by thinning of excess plants at 10 DAS. Various

observations like plant height and dry weight of rice and E.colona

were taken at 20, 30, 40 and 60 DAS. The field experiments as

described above to study the mutual allelopathic interferences

between two different plant species (crops and weeds in the present

case) were those of the simple replacement series experiments by

Dekker et al. (1983). The calculations involved determination of

plant relative yield (PRY) at any stage of growth of the plants i.e. the

ratio of the dry weight of crop or weed in mixed culture divided by

the dry weight of the same in monoculture. PRY value equal to unit,

showed similar effects of inter- and intraspecific interference; PRY <

1, showed interspecific interference more severe than the

intraspecific interference and PRY > 1, revealed; intraspecific

interference more severe than interspecific interference. The relative

yield total (RYT) is the sum of PRY of crop plus the PRY of weed

divided by two. If RYT=1.0 showed crop and weed competing for

the same resources; RYT >1.0 revealed, crop and weed are

exploiting the environment in different ways (different rooting depths,

for example) or benefiting each other so that the yield in mixture is

greater than that would have been predicted from the yields in
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monoculture and RYT <1.0 revealed, mutual antagonism or

allelopathy may be occurring between the two species.

Results and Discussion

Petri dish bioassay study :  The effects of decomposing leachates

of 20 and 60 days old plants (DOP) of E. colona, in filter paper, soil

and soil + AC media had no adverse effect on germination of rice

(Figs.1a, d). However, the germination of rice was adversely

affected by the leachates of 30 and 40 DOP of E. colona in filter

paper medium which were almost nullified in the presence of soil

and soil +AC (Fig.1b, c). The root growth of rice was adversely

affected by the leachates of 20, 30, 40, and 60 DOP, and the toxicity

increased with the increasing concentrations of the leachates (Figs.

2a-d). The highest adverse effect of 100% root inhibition in filter

paper medium was noted with 10% w/v decomposing leachates of

60 DOP which could not be recovered in soil and soil+AC media

(Fig. 2d). The same concentration of leachates of   20, 30 and 40

DOP inhibited root growth by 53.03, 50, and 65.51% respectively

(Figs.2a-c). These toxic effects on rice root growth were to a great

extent reduced in the soil and soil +AC media but the remaining

effects were toxic enough that could inhibit rice root growth

significantly. The shoot growth of rice was also adversely affected

by the leachates of   20-60 DOP in all concentrations (Fig.3a-d).

There was a liner relationship between the concentration of the

leachates and the degree of shoot inhibition. The 10 % leachates of

20 DOP was found to be most toxic in filter paper medium which

inhibited rice shoot growth by 67.39% (Fig.3a). The inhibitory

effects of E. colona leachates on rice shoot growth was reduced

significantly in soil medium and to a great extent in soil +  AC

medium. However, the toxic effects as expected persisted in the soil

to an extent that    adversely affected   the rice shoot growth (Fig.

3b-d). It was thus quite clear that the decomposing leachates of the

E. colona  were highly toxic to the germination and root and shoot

growth of ricer which were considerably reduced or nullified in

presence of activated charcoal and soil or both and thus proving

their allelopathic nature. Living plants constantly release

allelochemicals to the environment in the form of leachation,

volatilization, and root exudation throughout their growth period

(Reigosa et al., 1999; Anaya, 1999). It was expected that these

allelochemicals upon release and their interactions with   various

biotic and abiotic physico-chemical processes of the agro- ecosystem

affect the associated flora. The degrees of toxicity of these

allelochemicals depend upon their concentration, flux rate, age

and metabolic stage of the plant, prevailing climate and season,

and environment conditions (Wyman-Simpson et al., 1991;   Wardle,

et al., 1993; Weidenhamer, 1996; Nilsson, et al., 1998). Our

observations also corroborated these findings that the effects of the

decomposing weed leachates were quite linear and increased with

increasing concentrations of the leachates. The toxicity of the

leachates also increased with the age of the weed and the highest

toxicity was noted with 10% decomposing leachates of 60 days old

E.colona plant that completely inhibited the root growth of rice

(Fig.2d).

Effect of decomposed leachates of E. colona on germination

and root and shoot growth of rice  : The decomposed leachates

of 20 - 60 DOP of E. colona inhibited the germination and root and

shoot growth of rice significantly at 10 % leachates (Fig.1-3, e-h)

These adverse effects also persisted in soil but reduced in soil +

charcoal media. There was complete root inhibition with leachates

of 40 DOP (Fig.2g), and those of 20, 30 and 60 DOP leachates

were also equally effective in inhibiting   root   growth by 90, 70, and

70% respectively (Figs.2e, f, h). The adverse effect on shoot growth

was noticed with 10 % decomposed leachates of 60 DOP which

inhibited rice shoot growth by 25% ( Fig.3h).The toxic effects of

decomposed leachates were greatly reduced with soil and soil+AC

media [Figs.1-3(e-h)] as compared to the decomposing leachates

[Figs. 1-3(a-d)]. The highest germination inhibition of 90% was

noted with the 10%w/v leachates of 60 DOP which was however

nullified in soil and soil +AC medium. In both the cases of decomposing

and decomposed leachates, it was mostly observed that, the toxic

effects of weed leachates on germination, and roots and shoot growth

of rice increased with increasing concentrations of the leachates

and also with the increasing age of the weed. Introduction of soil for

allelopathy bioassay study was considered to provide information

close to field conditions where the allelochemicals after its release

interact with the soil environment including the soil microorganisms

(Foy, 1999; Inderjit and Dakshini, 1999). Activated charcoal was

used to ascertain the involvement of allelochemicals as the causative

agent as it has the property of strongly adsorbing toxic organic

molecules including allelochemicals by electro static attraction

(Ridenour and Callaway, 2001). As such, the adverse effects of

weed leachates were to some extent   reduced in the soil medium

and to a greater extent in the soil + AC medium. The balance toxic

effect was quite significant in many cases suggesting their persistence

in the soil in effective concentrations. The excess amount of

allelochemicals which could not be adsorbed to soil is of vital

importance in agro-ecosystem for crop weed interference and

depends upon their relative susceptibility.

                    It is well-known that in agro- ecosystems, weeds

interfere with crops in two important ways, by inhibiting germination

and by inhibiting the growth of the crop (Inderjit and Dakshini, 1999).

In the present investigation, it was clear that the leachates of E.

colona in different state of decomposition and concentrations showed

inhibitory effect on rice germination and seedling growth. The adverse

effects on germination was reduced in presence of soil, and soil+AC

but not on root and shoot  growth, which indicated that root and

shoot were more sensitive to the allelochemicals present in the

weed residue. The use of soil in allelopathy bioassays studies have

been emphasized which provided   information close to field conditions

(Foy, 1999; Inderjit and Dakshini, 1999). However, in case of soil+

AC, the adverse effects were in most cases completely reduced.The

AC has also been used in allelopathic bioassay experiments to pin

point the involvement of allelochemicals (Ridenour and Callaway,

2001) as the causative agent since AC has the property of strongly

adsorbing toxic organic molecules including allelochemicals by

electrostatic attraction. Similarly, soil also contains humus which like
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Fig. 1: Effect of decomposing (a, b, c, d) and decomposed (e, f, g, h) leachates of 20, 30, 40 and 60 days old plant (DOP) on germination of rice ‘Vandana’

in filter paper (FP), soil and activated charcoal (AC). Values are mean of four replicates + SD or SE; LSD significant at p < 0.05

Swain et al.

(d) Decomposing leachates of 60 DOP (h) Decomposed leachates of 60 DOP

(g) Decomposed leachates of 40 DOP(c) Decomposing leachates of 40 DOP

(b) Decomposing leachates of 30 DOP (f) Decomposed leachates of 30 DOP

(e) Decomposed leachates of 20 DOP(a) Decomposing leachates of 20 DOP
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Fig. 2: Effect of decomposing (a, b, c, d) and decomposed (e, f, g, h) leachates of 20, 30, 40 and 60 days old plant (DOP), on root growth of rice ‘Vandana’

in filter paper (FP), soil and soil plus activated charcoal (AC). Values are mean of four replicates + SD or SE; LSD significant at p < 0.05

Allelopathy of E. colona on rice

(h) Decomposed leachates of 60 DOP(d) Decomposing leachates of 60 DOP

(g) Decomposed leachates of 40 DOP(c) Decomposing leachates of 40 DOP

(f) Decomposed leachates of 30 DOP(b) Decomposing leachates of 30 DOP

(e) Decomposed leachates of 20 DOP(a) Decomposing leachates of 20 DOP
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Fig. 3: Effect of different concentrations fo decomposing (a, b, c, d) and decomposed (e, f, g, h) leachates of 20, 30, 40 and 60 days old plant (DOP) on shoot

growth of rice ‘Vandana’ in filter paper (FP), soil and soil plus activated charcoal (AC). Values are mean of four replicates + SD or SE; LSD significant at p < 0.05

(e) Decomposed leachates of 20 DOP(a) Decomposing leachates of 20 DOP

Swain et al.

(h) Decomposed leachates of 60 DOP(d) Decomposing leachates of 60 DOP

(g) Decomposed leachates of 40 DOP(c) Decomposing leachates of 40 DOP

(b) Decomposing leachates of 30 DOP (f) Decomposed leachates of 30 DOP
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AC has the property of adsorbing organic molecules and the adverse

effect noted in soil medium was due to the excess of allelochemicals

that affected the root and shoot growth of rice. It thus proved that

higher concentrations of allelochemicals are needed to cause

adverse affects on the root and shoot growth of rice. Further, since

AC treatment used to reduce or nullify the toxic effects of leachates,

it clearly indicated the involvement of allelochemicals present in the

weed leachates which are the causative agents of adverse effects

on rice germination and seedling growth that were released from

extracts / leachates during the extraction processes (Inderjit and

Nilsen, 2003).

 Allelopathic effect of E. colona on field rice : A field trial was

conducted where rice and E. colona were grown in mixed culture

with   increasing densities of the latter, in the proportion of rice to E.

colona   of  1:1, 1:2, and 1: 4 respectively, keeping the total density

of rice + E.colona plant population fixed at 100 plants m-2  ( i.e. rice:

EC= 50:50, 34:66 and 20:80). In addition, rice and E. colona were

also grown in their respective monocultures with fixed densities of

100 plants m-2. Observations on plant height and plant dry weight

were taken at 20, 30, 40 and 60 days after sowing (DAS). It was

noted that the height of rice was decreased with increasing densities

of E. colona at   30, 40 and 60 DAS (Fig.4a) and the lowest  being

noted with 20R+80 E. colona composition at 60 DOP where the

rice plant height was reduced by 18.18% (Fig.4a). A similar trend

was also noted with the rice dry weight accumulation and the

corresponding rice plant dry weight reduction was   38.22% (Fig.4b).

In other words, there was a linear reduction of rice height and dry

weight which became more apparent with increasing age of the

plants (Fig.4a, b). In early stage of growth at 20 DAS, the difference

of height of rice plant in association with E. colona was not significant

as compared to the rice in monoculture. But at 30, 40, and 60 DAS,

the decrease in height of the rice was quite significant and the effect

was clearly noticed in treatments with increasing E. colona densities.

The adverse effects of different densities of E.colona species on

upland rice resulting in significant yield reduction have been reported

Fischer et al. (1997).

Mutual interaction of rice and E. colona : A separate field trial

conducted to evaluate the relative roles of allelopathy and competition

showed negative interaction between rice and E. colona. It was

noted that the RYT values of  rice was less than unit (<1) through

out the growth period studied i.e. at 20, 30, 40, and 60 DAS (Fig.4c).

It showed that the inter-specific interference between rice and E.

colonain mixed culture (where rice and E. colona were grown

together) was more severe than the intra-specific interference

between the rice plants growing in the monoculture. In other words,

the rice plant growing in mixed culture with E. colona was found to

be weaker than the rice plant growing in its monoculture. It was thus

abundantly clear that why the rice plant growing along with E.

colona in mixed culture at 20, 30, 40, and 60 DAS were all weaker

than the rice plants growing in their respective pure rice cultures,

where there was no interference of E. colona present. It was further

noted that the RYT values of rice at 20, 30, 40 and 60 DAS were

also less than unit (Fig.4c). These RYT values represented the

average PRY values of rice and E. colona. It was otherwise

indicative of the fact that the interactions between the two species

(rice and E. colona) in mixed cultures remained antagonistic or

allelopathic in nature throughout their growth period and had not

shown any influencing or growth inducing interactions at any stage

of growth. It was thus quite apparent that the present investigation

involving in-vitro laboratory bioassay techniques under controlled

conditions with soil and activated charcoal amendments and field

trials proved beyond doubt that the interspecific interference between

rice and E.colona was an antagonistic one and might be due to

allelopathy. More than one technique is always needed to confirm

Allelopathy of E. colona on rice

Fig. 4(c): Effect of E. colona (EC) in mixed culture on rice (R) plant relative

yield (PRY) and relative yield total (RYT). The values are mean of four

replicates + SD or SE. LSD significant at p < 0.05.

Days after sowing

1.2

1

0.8

0.6

0.4

0.2

0
20 30 40 60

PRY-R

PRY-EC

RYT-R and EC

Fig. 4(b): Effect of E. colona (EC) in mixed culture on rice (R) plant dry

weight. The values are mean of four replictes + SD or SE. LSD significant

at < 0.05.

Fig. 4(a): Effect of E. Colona (EC) in mixed culture on rice (R) plant height.

The values are mean of four replictes + SD or SE. LSD significant  at < 0.05.
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the involvement of the complex process of allelopathy (Rice 1995;

Rizvi et al., 1992). The findings of this investigation proved   that

both rice and E. colona had antagonistic allelopathic effect which

opened up the possibility of screening rice cultivars with higher

allelopathic potential that could be utilized for the sustainable

ecological management of this problem weed. Existence of large

variation in allelopathy among rice cultivars have been reported

(Olofsodotter, 2001). In recent years, efforts have been made to

screen out rice cultivars having allelopathic potential on various

weeds like ducksalad (Heteranthera limosa [Saw] Willd.), redstem

(Ammania coccinea Rottb.), and barnyard grass (Echinochloa

crus-galli [L.] Beauv.). Dilday et al. (2001) screened 5000

accessions of rice out of which 412 were identified in field tests

that had an area of allelopathic activity <10cm to ducksalad,  145

accessions   to redstem and 94 accessions to barnyard grass.

Similarly, Seyyed et al. (2010) reported the presence of phytotoxic

potential in the water extracts of rice hull that showed inhibitory

effect on the germination and dry matter of Sylibum marianum but

not adversely affected Echinochloa crus-galli. Other rice

accessions like ‘Shafag’ induced increase in dry weight of E.

crus-galli.

Thus it was apparent that rice accessions differ in their

allelopathic potentials against their associated weeds and this

property could be of use in breeding for the genetic improvement

of this trait. Both species in mixed culture showed mutual

antagonistic effect that varied in course of their growth and

development and this variability might provide clues for screening

rice cultivars with greater allelopathic potential for problem weeds

of rice and help provide a better weed management practice and

reduce herbicide load on the environment.
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