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Summary 
Laboratory, greenhouse and field stud
ies were conducted to determine the 
allelopathic potential of legume cover 
crops on gennination and growth of two 
weed s pecies, viz. Asystasia itltnlsa and 
Paspalum conjugatum. Both the weed 
species exhibited greater phytotoxic re
sponses from CalopogoniJ.lm cflertllellm 
and Mucuna coclJinclJineflsis as com
pared to other legum e cover crops. The 
ge rmination of A. iutnlsa and P. con
jtlgatum decreased by 19 and 34% re
spectively compared to the control when 
grown in full-strength aqueous extract 
(66.6 g L-') of C. e/unli. Jlm. When grown 
in full-s trength aqueous extract of 
M. cOc/JinclJinensis, th e gennination of 
A. intnlsil and P. conj llgatum were 
reduced by 23 and 27% respectively com
pared to the control. The use of full
strength aqueous extract of C. caenl/eflm 
and M. coc/riuclrinensis significantly 
reduced Ihe radicle length and dry 
weight of both weed species. The emer
gence and dry weight of A. iutnlsa and 
P. conjugahlm were affected when these 
plants were grown under greenhouse 
conditions in the presence of increasing 
amounts of M. cochincl,iJuusis and 
C. caeruleum debris incorporated into 
the soil medium . Conversely, the emer
gence and dry weight of A. intrusa and 
P. conjugatum were not affected by the 
presence of Centrosema pubescells 
debris. 

Introduction 
It may be economica l to prevent infesta
tion with undesired plants in a cultivated 
area by cultural practices. This has been 
exemplified particula rly in plantation 
crops where legumes a re es tablished in 
the inter-rows. The legumes provide con
siderable amounts of nitrogen, increaSing 
the organic matter and thus improving 
soil physical properties, as well as pre
venting the encroachment of weeds. The 
two most common weeds in young rub
ber and oil palm plantatiOns in Malaysia 
were Asystasia in trusa BJ. and Paspalum 

conj ugallml Berg. (Pamplona 1975, Chee 
1989). In the field, thei r populations were 
reduced with the ex istence of legume 
COVer crops (Scholaen and Koch 1988) . 

Legume cover crops are widely used to 
control weeds in young rubber and o il 
palm plantations in Malaysia (Abu and 
Samsudin 1985, Chee 1989). These crops 

cover the soil and reduce the light reach
ing soil surface. Thus, reduction of weed 
growth could be due to competition 
(Pushpa rajah 1977, Wilson el at. 1982) . 
However, other factors may also playa 
ro le in reducing weed growth. It has been 
reported tha t many species of leguminous 
cover crops contain secondary plant prod
ucts with allelopathic potentials, but only 
a limited number have been investigated 
so far (White el at. 1989). For example, 
Trifolium sp. and Vicin sp. reduced germi
nation and growth of certain weeds and 
otherforage crops (White et ai. 1989). The 
objective of the present study was to 
investigate the allelopathic potential of 
legume cover crops on the grow th o f 
A. ;11tTIISa and P. cOlljllgatU11I, the two 
major weed species in rubber and oil palm 
plantations. 

Materials and methods 
The allelopathic potential of five species 
of legume cover crops i.e ., C. caerulellm, 
C. 11IllcUlwides, C. p"bescel1s, P. java/lica 
and M. cDchinc!Jhlensis, were studied, 
while two species of weed i.e., A. illtTIIsa 

(broad leal) and P. conjllgalu", (grass) , 
were used as bioassay species. Above 
ground plant materials including stems 
and leaves were collected fo r the 
allelopathic study from the Rubber Re
search Experimenta l Stat ion at Sungai 
Buloh Selangor, Malaysia. The collected 
plant materials were oven-d ried at SO·C 
for th ree days, then frozen until used. 

Soil-root core bioassay 
Soil-root cores were collected at the same 
location and time by using a hand-held 
soil sa mpler. The cores (15 cm depth) 
were obtained from areas where the 
above ground legume biomass had been 
harvested for the legume debris and aque
ous extrac t studies. For control trea tments 
the soil cores were collec ted from adjacent 
areas of the same field which was free 
from legume and other plant material. 
There were 35 samples taken from each 
area, with or without legume cover crops. 
The soil samples from each of the areas 
were mi xed thoroughly and fi lled in to 
8 x 12 cm polythene bags. 

Five seeds each of the bioassay species 
were sown into polythene bags 1 em be
low the soil su rface and placed in the 
greenhouse. There were five replications 
for each group of soi l. All polythene bags 

24 and 34'C. Fourteen days after planting 
(DAP) seedling emergence was recorded 
and then the plants were thinned to two 
seedlings per polythene bag. The plants 
were harvested. four weeks after planting 
and the average plant height and dry 
weight per bag was determined . 

Aqlleous legume extract study 
This experiment was conducted to deter
mine whether the legume debris con
tained any water soluble phytotoxic com 
ponents. Ten grams each of the fresh root, 
stem and leaf tissues of the legume cover 
crops were cut into 2 to 4 cm lengths be
fore extraction . Plant materials were kept 
in a flask containing 150 mL disti lled wa
ter and agitated for 12 hours on an orbital 
shaker at room temperature (27 ± 3'C). 
The legume extract was strained through 
four layers of cheesecloth, then through 
two layers of Whatman No.2 filter paper. 
The extract was kept refrigerated at 5°C 
for a maximum of 12 days before use. 
Three concentrations of legume cover 
crops aqueous ex tract were used for the 
experiment i.e., full-strength (66.6 g L·'), 
half-trength (33.3 g L·') and quarter
strength (16.7 g L·') . Dilution was made 
with distilled water. Three concentrations 
of polyethylene glycol (PEG) 6000 MW of 
0,5,8 and 10% were included as controls 
fo r the possible osmotic effects of the leg
ume extracts. A distilled water control 
was included wi th both the extrac t and 
PEG treatments. The pH of the five leg
ume extract solutions and three PEG con
centrations ranged from 5.2 to 6.2. The 
osmotic potentials of two leguminous 
cover crops (M. COCh;'lChilltl1Sis and 
C. catTIIleum) and PEG solu tions were de
termined . 

Twenty five seeds each of A. ill frll sn and 
P. cOlljllgntll11l were placed in separate 
petri d ishes fitted with 9 cm Whatman 
No. 2 filter papers. Ten millilitres each of 
legume cover crops extract, PEG, or d is
tilled water for· tlie controls, were used to 
wet the filter papers. The covered petri 
dishes were placed in an incubator at 
30·C. Percent germination and grow th pa
rameters (rad icle length and dry weight) 
were recorded after 14 days. Seeds with a 
5 m m radicle length (RL) were considered 
germinated. RL (P. cOllj llgntllm) or radicle 
plus hypocotyl length (R H) for A. i1ll r ll,a 
and d ry weight of the seedlings were ex
pressed as a percentage of the contro l (dis
tilled water). 

Legume debris bioassay 
These studies were conducted to deter
mine whether the legume debris wou ld 
have <In effect on the growth of A. in frusn 
and P. cOlljugntlllll under fi eld-like 
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conditions. Legume plant tissue was cut 
into 2 to 4 cm lengths and added to poly
thene bags conta ining Serdang Series soil 
(pH 4.6, o rganic carbon 0.68%, sand 80.3, 
silt 5.8, clay 13.9%). Six concentrations o f 
legume debris viz. 0, 2.2, 4.4, 6.6, 8.8 or 11 
g per 1500 g soil were e ither placed on the 
soil surface o r mixed thoroughly into the 
entire potting med ium . A concentra tion 
of 2.2 g d ebris per 1500 g soil w as compa
rable to legume dry matte r level of 3220 
kg ha·' in the field (deriva tion based on 
2.24 x 10' kg soil ha·' per 15 cm depth). 
There w ere five replications for each treat
ment of each bioassay species. 

Five seeds of A. intrusn and P. CO Il 

j llgntrun were planted in each bag and the 
bags were watered as needed. Seedling 
emergence w as recorded 14 days after 
planting and the plants were thinned to 
two seedlings per bag. The plants were 
harvested 4 weeks afte r planting and dry 
weight per bag was determined. 

Statistical analysis 
A complete randomized design with five 
replications fo r each concentration was 
used for the debris and extrac t studies. All 
data was subjected to an analysis o f vari
ance and Duncan's multiple range test to 
determine differences among treatments 
at 0.05 probability level. 

Results 

Soil-root core bioassay 
Based on the statistical analysis of two in
dependent samples o f soil with and with
out legume cover cro ps it was shown that 
the emergence, p lant he ight and dry 
weight of A . illtrusa was increased by8, 42 
and 58% respec tive ly, while for P. 
cOlljuga tum the increase was 13, 30 and 
35% respective ly (Table 1). 

Aqueous legume extract bioassay 
The response of the bioassay species to the 
aqueous extracts varied between the two 
species o f A. illtrusa and P. conjugatum 
and diffe red Significantly amongst the 
legume extracts for each bioassay species. 
Table 2 showed tha t full-strength o f 
C. caeruleum and M. cochinchillensis ex
tracts reduced the germination o f 
A. intrusa by 19 and 23% respective ly, 
while C. pubescflls and C. mllcw wides ex
tracts showed no effect on the germina
tion of A. intrusa. In contrast, P. javanica 
extract a t full -strength increased the ger
mina tion o f A. intrusa by 10%. Full
streng th of C. caerl/leum and M . cocllin
chinen sis ex trac t reduced P. conjugatum 
germina tion by 34 and 27% respectively, 
while C. pubescens extrac ts showed no ef
fect. On the contra ry, germination of 
P. conjllgatum increased significantly by 
17 and 14% at 66.6 g L·I of C. nwcunoides 
and P. javallicn , respectively (Table 2). 

A. illtTll sa radicle leng th (RH) wa s 

Table 1. Effect of soil from field-grown with or without legume cover 
crops on emergence, plant height and dry weight of A. intmsa and P . 
conjllgahlflr (±S.E.). 

Parameter 

Emergence (%) 
Plant height (cm) 
Dry weight (g) 

A Legwne cover crops. 

A intrusa 
soil with w ithout 

LCe LCC 

80 ± 6.32 
17 ± 0.72 

0.63 ± 0.06 

68 ± 4.90 
12 ± 0.81 

0.40 ± 0.03 

P.conjugatum 
soH with without 

LCC LCC 

72 ± 4.90 
13 ± 0.57 

0.42 ± 0.04 

64 ± 7.43 
10 ± 0.46 

0.31 ± 0.03 

Table 2. Effect of aqueous legume d ebris extract on germination of 
bioassay species. 

Legume speciesA 

Extrac t conc. 
(g L"') CC MC CP CM PJ 

Al PC' AI PC AI PC AI PC AI PC 
(% o f control) 

0.0 1 Oil' 1 Oil' l Oil' 1 Oil' 1 Oil' l Oil' l Oil" 1()()b 1 ()()b l Oil' 
16.7 99' 85' 98' 96' 102' 99' 106' 104" 106'" lOS'" 
33.3 99' 73' 93' 75' 103' 106' 103' ]]3" 104'" ]]8' 
66.6 81' 66' 77" 73' l OS' lll' 93" ]] 7' 1 JO' ]]4" 

Values are means of five replications. Colwnn of means followed by the same letter are not 
Significantly different at 5% level as determined by Duncan's multiple range test. 
A Legume species (CC = C. Cileruleum; MC = M. cochinchinensis; CP = C. pubescens; CM = C. 

muculloides; PJ = P. javanica). 
B AI = A. illtrusa and PC = P. conjugatum. 

Table 3. Effect of aqueous legume d ebris extract on radicle length of 
bioassay species. 

Legume speciesA 

Extract conc. 
(g L·') cc MC CP CM PJ 

Al PC' AI PC AI PC AI PC AI PC 
(% of control) 

0.0 1 Oil' 1 Oil' l Oil' 1 Oil' l Oil' l Oil' 1 Oil' 100' 1 Oil' 100' 
16.7 83' 94' 91' 92' 106' l Oil' ]]2' 126' 106'" 123" 
33.3 75' 77" 75' 821b 104' ]] 7' 101' 133' 121" 125' 
66.6 75' 65' 73' 61 ' 84' 120' 97' 131' 125' 127' 

Values are means of five replications. Column of mea ns followed by the same letter are not 
significantly different at 5% level as determined by Duncan's multiple range test. 
A Legwne species (CC = C. Cileruleum; MC = M. cochinchinensis; CP = C. pusbescens; CM = C. 

mucrUloides; Pj = P. javanicn). 
B AI = A. intrusa and PC = P. co11juga tllm. 

Table 4. Effect of aqueous legume debris extract on dry weight of bioassay 
species. 

Legume speciesA 

Extract conc. 
(g L·') cc MC CP CM PI 

Al PC' AI PC AI PC AI PC AI PC 
(% of contro l) 

0.0 1 Oil' 1 Oil' 1 Oil' 1 Oil' 1 ()()b 1 Oil' 1 Oil' 1 Oil' l Oil' 1 ()()b 
16.7 98' 79" 96'" 92' 138' 101' 108' 101' ]]7' 112" 
33.3 87" 63' 85" 66" 135' 1I8' 120' ]]9' ]]7' 135' 
66.6 69' 52' 71 ' 65' 119" 11 6' lOS' ]]9' 128' 135' 

Values are means of five replications. Column of means followed by the same letter are not 
significantly different at 5% level as determined by Duncan's multiple range test. 
A Legume species (CC = C. Cileru/eum; MC = M. codlillchineusis; CP = C. p"sbesams; CM = C. 

mucwloides; Pj = P. javanica). 
B AI = A. intrusa and PC = P. colljugaillm. 
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reduced to 25, 27 and 16% of the control in 
the full-strength o f C. cnemIell"" 
M. cochjnchinensis and C. pubescells ex
tracts, respectively, but remained unaf
fected by the full-strength of 
C. mucunoides. However, P. javflnica ex
tract increased the RH of A. illlntsa by 25% 
(Table 3). The radicle length o f 
P. cDlrjugn turn was reduced to 35 and 39% 
in the full-strength of C. caerlileum and 
M. cochillchinensis extracts, respectively, 
but there was no significant difference in 
the radicle length of P. conjugntwn in ex
tract of C. pubescens. P. javanicn and 
C. l1/1lctmoides extract increased the radi
cle length of P. coujugatum by 27 and 31% 
respectively (Table 3). The dry weight o f 
A. illirusn was reduced by 31 and 29% of 
the control in full-strength of C. caeruleum 
and M. cDchinchinwsis extrac t solutions 
respectively (Table 4) . The dry weight of 
A. intrusfl increased by 38% in q uarter
strength bu t showed no significant effect a t 
full-strength of C. pubescens . C. ltIllculloides 
extract showed no effect on the d ry weight 
of A. intrllsa, while P. javanica increased 
28% of A. jlltn/sa dry weight. C. cnen/leum 
and M. cochin-chinensis reduced dry weight 
of P. conjllgatum by 48 and 35%, respec
tively (Table 4). There was no Significant 
difference in dry weight of P. conjugatum 
due to C. mllclHzoides and C. pubescens ex
tracts, while P. javallicn increased 35% dry 
weight of P. conjugalu", in full-strength o f 

Table 5. Osmotic potentials of 
legume extract and PEG solutions. 

Extrac t Osmo tic potential 
conc. CC MC 
(g V) (mOsm) 

16.7 15 13 
33.3 26 28 
66.6 55 58 

PEG 
conc.(%) (mOsm) 

5 18 
8 35 
10 60 

CC ; C. caeruleum. 
MC ; M . cochinchil1fllsis. 

extract. 
Table 5 shows the osmotic potentials o f 

legume extract and PEG solu tions. The 
osmotic potentials for each concentration 
did not differ much between the two spe
cies. The percentage germination o f 
A. intrllsa seeds, radicle length and dry 
weight remained unaffected by PEG solu
tion, but tended to decrease with the in
crease of PEG concentrations. Ln contrast, 
P. conjugaillm germination and radicle 
length was slightly reduced by 13 and 
34% of the control in 10% PEG (Table 6). 

Legllme debris bioassay 
The emergence o f A. i"trusa and 
P. conjllga tunt seedlings were not affected 
when C. pubescens debris remained on the 
soil surface. The emergence decreased 
progressively to 80 and 75% of that of the 
control, respectively, with an increase in 
the rate o f incorporated C. pubescens de
bris (Figure 1A). lncreasing the amount of 
M. cochillchinensis debris reduced the 
emergence of A. illtrusa and P. conjllga tllm 
seed lings. Inco rpo rated debris o f 
M . cochillchinensis at 8.8 g per 1500 g soil 
showed a significant reduction on the 
emergence of A. iutrusa (Figure ] B). 
C. caerulellm debris inhibited the emer
gence of A. hltrusa and P. conjugat llm 
seedlings when incorpo rated at the high
est rate (Figure lC). The emergence of 
P. conjllgatllm seedling was affected when 
the debris o f C. caeruleum was placed on 
the soil surface. 

The dry weight of A. illtrllsa and 
P. conjllga tllm responded positively to 
C. pllbescens placed on the soil surface at 
the highest rates. In contrast, C. pubescells 
debris slightly reduced the dry weight of 
A. intrusa and P. conjuga tlOll when 
C. pllbesctll s debris was incorpora ted a t 
the highest rate (Figure 2A). A. ill lrusa and 
P. cOlljllgatll1tl dry weight was slightly re
duced by M. cochinchillfllsis debris placed 
on the soil surface. The dry weight o f 
A. intrl/sa and P. conjilgatillfl decreased 
progressively to 51 and 74% of the control 
with an increase in the concentration o f 
incorpo rated M . concil incltil1el1sis debris 
(Figure 28). C. eneruleulII reduced the dry 
weight o f A. i"tTlISa and P. conjllgatum 

Table 6. Effect of PEG solution on germination, radicle length and dry 
weight of A. intntsa and P.conjllgatlllll.· 

A.intrusa P. conj llgn tllm 
PEG 
conc.(%) G RL DW G RL DW 

0 78' HXl' ](Xl' 73' 1 ilO" HXl" 
5 77' 94' 97' 81 '" 108' 121' 
8 72' 89' 89' 7Jl>e 88' 82" 

10 70' 84' 82' 67' 66' 72' 

Va lues are means of fi ve replica tes. Column of mea ns followed by the same letter are not 
significantly different at 5% level as determined by Duncan's multiple range. 
• C = germination in percentage, RL = Radicle length in percent of control, DW = Dry weight 

in percent of control. 

wi th high rate debris placed on the soil 
surface or incorporated into the soi \. The 
d ry weight of A. i"tnlsa and P. conjllgntllm 
was reduced to 64 and 41 % of the control 
at the highest rate of incorporated 
C. caerulwlII debris (Figure 2C). 

Discussion 
The soil, fie ld-grown with legume cover 
crops, had no nega tive effects on the 
growth of A. ill trllsa and P. c011j llgatum. 
The results showed that A. hltrllsa and 
P. colljugatu", slightly increased their ger
mination and growth compared to those 
o f the controL This enha ncement was 
probably due to the higher N content in 
the soil where legume cover crops were 
grown. It has been reported that the yield 
o f corn was increased when grown with 
intercropped legume cover crops com 
pared to corn monoculture for several 
years in the same land (Scott el al. 1987). 
Legume cover crops such as Hairy vetch 
and Crimson clover supplied bio logically 
fi xed N to the com (Ebelhar el al . 1984, 
Holderbaum et al . 1990). Fo r long- term 
periods soil under legume cover crops 
were more stimulatory to the growth of 
neighbouring p lants. 

Moisture stress o f the extrac t solution 
did not a ffect the germ ina tion and growth 
of A. intrusa. However, the germination 
and growth of P. cOlljugatum was reduced. 
to 71 and 67% by 8 and 10% PEG concen
tratio ns, respectively. This germination 
ra te was greater with full-strength o f 
C. caeruleum (48%) and M . cochinchillensis 
(53%) extract on P. cOlljugntul1l. Therefore; 
the reduction in Paspalu11I germination 
may have been the result of the osmotic 
potential and allelochem ical in the eX:-
tracts. The osmotic potential of 10% PEG 
did no t differ significa ntly with full
strength o f M . coclt jllc},inens is and 
C. cnem/cum aqueous extracts (Table 5). 
Plant species may differ in thei r to lerance 
to osmo tic pressure of the solutions 
(Bieber and Hoveland 1968). In this case 
P. cOl1 jllgntum was found to be more sen
si tive to osmotic concentration than 
A. inlrllsa. sahid (1985) reported the re
d uction of percentage germina tion, radi
cle length · and wet weight o f 
P. c011jllgntunJ with the increase o f osmotic 
potential o f the germinating medi um . 
While germination and growth o f 
A. illtrllsn was not affected by the osmotic 
po ten tial, the pH of the legumino us ex· 
tract was no t the facto r affecting germina
tion of A. illtmsn and P. cOlljugntllm seeds 
(sahid and Ju raimi 1989). The o ptimum 
pH for germination of A. illtmsn range 
from 4.0 to 8.0, while it was 5.0 to 7.0 for 
P. conjugatllm (sahid 1985, Sa hid and 
Juraimi 1989). 

Soil variab les such as shading, aera tion, 
water and nutrien t infi ltration, and wa ter 
holding capaci ty may be modified by the 
add ition of debris to the soil surface o r 
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Figure 1. Effect of legume debris (A, C. pllbescens; B, M. 
coc/,incllinensis; C, C. eaentlellln) at two soHloealions 
(Top = soil surface and Inc. = incorporated) on emer
gence of A. intntsa and P. conjllgatllfll. 0-0 A. intntsa 
(Top), .-. A. intntsa (Ine),a-a P. conjllgatllln (Top), 
"'- '" P. conjllgatrtrl' (Inc). 

Figure 2. Effect of legume debris (A, C. pllbescens; B, M. 
coe/,ine/,inensis; C, C. caentle",n) at two soHlocalions 
(Top = soH surface and Inc = incorporated) on dry 
weight of A. intmsa and P. conjllgatrtrl" 0-0 A. intnlsa 
(Top), .-. A. intntsa (Ine), a-a P. conjllgatllln (Top), 
"'-'" P. conjllgatll'" (Inc). 

incorporation into the soil. These factors 
could influence the biochemical or physi
cal interaction occurring between the de
bris and test plants. In our experiments 
adequate amounts of water and nutrient 
solutions were supplied and seeds were 
covered with loose soil to avoid obstruc
tion from the incorporated debris to mini
mize the effect of these factors. Seedling 
emergence appeared not to be physically 
impeded by debris at either location or at 
any concentration (White et al. 1989). 

The test plants in the d~bris study re
sponded not only to the amount of debris, 
but also to the change in debris location. 
Thus, the location of debris in relation to 
growing roots appears to be an important 
factor in the allelopathic interactions. Our 
results have shown that phytotoxicity was 
enhanced by soil incorporation of the leg
ume cover crop debris into the soiL incor
poration of the debris into the soil may 
promote its chemical and microbial de
composition accompanied by the release 
of soluble organic constituents. Weed or 
crop seeds and roots in proximity would 

therefore have a greater probability of 
coming into contact with allelopathic 
compounds. Conversely, debris located 
on the soil surface may decompose at a 
lower rate and thus release allelo
chemicals in lower quantities, distant 
from expanding roots. Furthermore, 
seeds may be unable to germinate due to 
less light reaching the soil surface if it is 
covered with plant debris. 

A. intrusn and P. conjllgntum growth 
were reduced by certain legume cover 
crop species (M. cochinchinensis and 
C. caeruleum) only where quantities of de
bris were greater than normal field levels. 
These results were in line with those of 
White et af. (1989) who stated that legume 
cover crops such Trifolium sp. and Vida 
sp. only affected the growth of certain 
crops and weeds at high rates. Evenari 
(1949) no ted that certain plants contain 
alkaloids that inhibit the physio logical 
processes of other plants at higher rates, 
but were stimulatory at lower level. 

Therefore, successfully planted legume 
cover crops could suppress weed growth 

not only due to their high com petitiveness 
for nutrients, light and water, but also 
through the possible release of aile 10-
chemicals to the environment. However, 
further studies are needed to identify the 
active chemical component of the inhibi
tors present in legume debris. Thus, im
plementing legume cover crop planting 
into weed control strategies in no-till 
crops would appear practical and of some 
potential benefit when coordinated with 
herbicide applications. 
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