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Summary 

Observations of the failure of calotrope 
(Calotropis procera (Ait.) W.T.Ait.) to 
establish in areas with well-grown 
buffel grass (Cenchrus ciliaris L.) sug
gested that allelopathy may be in
volved. Established bulfel grass and soil 
containing intact buffel grass roots 
strongly inhibited growth of calotrope 
seedlings despite heavy watering and 
nutrient supply. Up to 90% loss of 
slem dry weight occurred in calotrope 
seedlings grown in soil containing 
buffel grass roots compared with con
trol and when grown in soil from which 
buffeJ grass had been removed. No sup
pression of calotrope occurred in con
trol soil with surface-applied or 
incorporaled buffel grass shoots. It is 
concluded thai a chemical or. chemicals 
was released into the soil by living 
buffel grass rools causing Ihe suppres
sion of calotrope seedlings. 

Introduction 

Buffel grass (Cenchrus ciliaris L.) is an 
important intrqduced pasture species 
now naturalized in northern Australia, 
and calotrope (Calolropis procera 
(Ait.) W.TAit.) is a weed that is spread
ing rapidly in the East Kimberley. 
especially on over-grazed pastoral land 
and newly disturbed areas. Buffel grass 
is native to north tropical and south 
Africa. India and Indonesia (Whyte ef 
01 .• 1959) and calotrope to tropical Asia 
and Africa (Meadly. 1971). According 
to Humphreys (1974). buffel grass was 
first introduced accidentally in the 
nineteenth century in Afghan camet 
harness to the Port Hedland district of 
Western Australia. The seeds of calo
trope were also thought to have reached 
Australia in the packing of a camel 
saddle brought from India during one 
of the gold rushes (Meadly. 1971). 

There is no economical method of 
controlling extensive infestations of 
calotrope under pastoral situations. 
since the use of the recommended spray 
treatment Tordon 50-D (picloram + 
2.4-D) is too costly for large infesta' 
tions. which are often inaccessible. 
Thus. very little effort is made to con
trol calotrope. Fortunately calotrope is 

a problem only in over-grazed areas. 
and never in cultivated fields. 

It has been observed that calotrope 
seedlings fail to establish in areas with 
well-grown buffel grass, which suggests 
the possibility of an allelopathic effect 
of buffel grass on calotrope. 

Allelopathy in grasses has been 
reported by several researchers. Blady 
grass (Imperala cylindrica (L.) Beauv.) 
(Eussen. 1977) and limpograss (Hemar
thia aitissima (pair.) Stapf. and Hubb.) 
(Young el al .• 1979) are among the trop
ical grasses with which allelopathy has 
been associated; the latter inhibited the 
legume green-leaf desmodium (Des
modium intortum (Miller) Fawc. and 
Rendle). Awnless brome (Bromus iner
mis Leysser) has been known to release 
toxic materials from its roots (Benedict. 
1941) and according to Welbank (1960) 
and Griimmer (1961). English couch 
grass (Agropyron repens (L.) Beauv.) 
inhibits the growth of cultivated plants 
primarily by release of phenolic acids 
and the essential oil agropyrene from 
decaying roots. Many other grasses and 
broadleaved species also show aile 10-
pathy involving inhibition of the ger
mination and growth of other species 
in spite of favourab le nutrient supply 
(Lovett. 1982). 

A. H. Cheam 

No work has been reported on the 
allelopathic interactions between buffel 
grass and calotrope. This paper reports 
on experiments designed to show the 
superior competitive ability of buffel 
grass over calotrope and the possibil
ity that allelopathy may be involved. 

Materials and methods 

Buffel grass seeds cv. West Australia 
and ripe seeds of calotrope were used. 
All experiments used four replications 
with randomized complete block 
design. 

In a preliminary trial the competi
tion between buffel grass and calotrope 
was examined in a 50:50 v/ v sand plus 
sawdust mixture, a light sandy soil. a 
loam and a heavy clay. The growth of 

Table 1 Treatments applied in Experiment 2 

Treatment 

I control 
2 I 8 / 0 wk 
33810 wk 
45 BI O wk 
5 I 8 / 6 wk 
63816 wk 
75816 wk 
8 I 8/6 wk/ root only in situ 
9 3 8 16 wk/ root only in situ 

10 5 8 16 wk/ root only in situ 
11 I 8 16 wklshoot only to surface of control soil 
12 3 8 / 6 wk/ shoot only to surface of control soil 
13 5 8 16 wk / shoot only to surface of control soil 
14 I 816 wk/shoot only buried in control soil 
15 3 8 16 wk/ shoot only buried in control soil 
16 5 8 16 wk/ shoot only buried in control soil 

Number of buffel 
grass plants 

Nil 
I 
3 
5 
I 
3 
5 
I 
3 
5 
I 
3 
5 
I 
3 
5 

• O""' pregerminated seeds planted at the same time as ca1otrope seeds 
6 weeks = planu 6 weeks old at the time when calolTOpe seeds were planted 

Buffel grass 
growth stage· 

o 
o 
o 

6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
6 weeks 
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calotrope was suppressed by buffe! 
grass irrespective of soil type. All sub
sequent work was carried out in the 
sand plus sawdust mixture. 

Experiment I: Competition between 
buffel grass and calotrope 
Different densities of buffel grass were 
grown in 14 cm plastic pots in a growth 
chamber of 30 De 12 hr, 20De 12 hr 
with an irradiance of 55 W m-' during 
the 12 hr photoperiod to different ages, 
as follows: 

1 no buffel grass (control) 
25 buffel grass plants (B) / O week old 
325 BI O week 
450 BI O week 
5 5 B/ 6 week 
625 B/ 6 week 
750 B/ 6 week 
85 B/ 9 week 
925 B/ 9 week 

10 50 B/ 9 week 
Ten calotrope seeds pregerminated at 
30D e in the dark were planted, evenly 
distributed, in every pot and thinned to 
five plants per pot after 7 days. The 
plants were allowed to grow for 5 weeks 
after thinning, during which time they 
were watered frequent ly with deminer
alized water applied directl y to the soil. 
Plant nutrients were maintained at 
non-limiting levels by weekly applica
tions of a complete nutrient solution . 
Plant height and maximum leaf length 
and breadth of the first pair of true 
leaves for calotrope were measured 3 
a nd 6 weeks after interaction, since 
they had been found to be suitable for 
measuring the competitive response in 
the preliminary trial. 

Only data obtained 3 weeks after in
teraction are reponed in this paper. The 
data was analysed by analysis of vari
ance, and unless otherwise stated the 
means were separated by Duncan's 
multiple range test at the 95"70 con
fidence level. 

Experiment 1: Testing for 
allelopathy in buffel grass 
The drastic suppression of calotrope by 
buffe! grass noted in Experiment I sug
gested that biochemical inhibition was 
involved, and an experiment was un
dertaken to test whether there is any 
a llelopathic mechanism in the buffel 
grass-calotrope interaction. The treat
ments listed in Table I were applied to 
three densities of buffel grass (I, 3 and 
5 plants per pot) at two growth stages 
(0 and 6 weeks old). 

Treatments I and 11-16 used soil that 
previously had no buffel grass grown in 
it. Eight uniform pregerminated calo
trope seeds were sown I cm deep in 
every pot and thinned down to five 
seedlings after 1 week. The experiment 

was carried out in a growth chamber 
under a controlled temperature and 
light regime identical to that used in 
Experiment I. All pots received ade
quate demineralized water daily and 
100 mL of complete nutrient solution 
once and later twice a week. After 3 
and 6 weeks the height of the calotrope 
seedlings was recorded and the maxi
mum length and breadth of the first 
pair of true leaves measured. After 9 
weeks the height of the calotrope seed
lings was again recorded, the total leaf 
area per plant determined and the 
leaves, stems and roots harvested for 
dry weight determinations. Only results 

of the calotrope response fo llowing 9 
weeks growth are presented in this 
paper. 

Experiment 3: Further testing for 
allelopathy in buffel grass 
This experiment was designed to prove 
that the inhibit ion of calotrope 
observed in treatments 8 to 10 of 
Experiment 2 was not due to physical 
obstruction caused by the presence of 
buffel grass roots. Soil in which buffel 
grass had grown previously for a period 
of 6 weeks was collected, thoroughly 
mixed and sieved to remove all buffel 
grass roots. The presence of any buffel 

Table 2 Effect of different densities of buffel grass of three ages on the growth 
and development of 3-week-old calotrope plants 

Treatment 

1 No buffel gr.ss (control) 
2 5 BIO wk 
325 B/ O wk 
4 50 BIO wk 
55 B/ 6 wk 
625 B/6 wk 
750 B/ 6 wk 
85 B/ 9 wk 
925 B/ 9 wk 

1050 B/ 9 wk 

Plant height 
(mm) 

45 .0b' 
46.2b 
47.8b 
47 .9b 
17.8. 
18.9. 
19.1. 
20.1. 
15.7a 
17.0. 

Calotrope 
First pair of true leaves 

Length (mm) Breadth (mm) 

38.6d 
36.ged 
34.0be 
31.1b 

7.8a 
9.3. 
9.1. 
9.6. 
8.0a 
6.3. 

24.0e 
23 .0e 
20.7b 
19.7b 
4.5. 
5.6a 
5.0a 
5.3. 
4.8a 
4.0. 

• Means within a column followed by the same letter are not significantly different at the 511l~ level according 10 
Duncan's multiple range lesl 

Table 3 Effect of different buffel grass treatments on the growth of calo trope 
seedlings after 9 weeks 

Plant Leaf Dry weight per plant 
Treatment height area/ plant (mg) 

(mm) (em ') Leaf Stem Root 

J No bulfel grass (control) 171.8.b' 84.3. 226.5. 241.5a 261.0. 
2 I B/ O wk 177 .7. 70.5ab 215.0.b 253.4. 230.2.b 
3 3 B/ O wk 174.2.b 58. lb 163.5b 185 .3. 179.3b 
45 B/ O wk 173 .3.b 76.5.b 182. lab 225 .3. 225.0ab 
5 I B/ 6 wk 63 .5e 7.ge 20.7e 13 .8 b 29.0e 
63 B/ 6 wk 61.6e 6.5e 16.6e I LOb 15.le 
75 B/ 6 wk 56.l e 5.8e 15.le Il.7b 17.7e 
8 I B/ 6 wk/ root only 65.7e 14.6e 42 .5e 27.lb 68.5e 
9 3 B/ 6 wk / root only 55.ge 1O.7e 35.5e 22.8b 63.8e 

10 5 B/ 6 wk/ root only 62.8e 13.2e 4O.2e 26.9b 74.7e 
11 I B/ 6 wk/ shoot only 

(Soil surface) 182.1. 82.2a 239.7. 247.0a 222.8ab 
12 3 B/ 6 wk/ shoot only 

(Soil surface) 186.5. 71.7.b 184.5ab 215.7. 277 .5. 
13 5 B/ 6 wk/ shoot only 

(Soil surf.ee) 176.8. n .8ab 205 .9ab 25 1.2a 293.8a 
14 I B/ 6 wk/shoot only 

(buried) 171.9ab 75 .3.b 218.8ab 256.5a 253.2a 
15 3 B/ 6 wk/ shoot only 

(buried) 149.8b 59.4b 164.7b 202.4a 23 1.6ab 
16 5 B/ 6 wk/ shoot only 

(buried) 165.4ab 62.0ab 184.1 ab 228.7a 24 1.1 ab 

• For each time of assessment, means within a column followed by the same letter are nol significantly different 
at the Silo level according 10 Duncan's new multiple range test 

-t 

\ 



grass root exudate in the soil was then 
determined by planting 15 calotrope 
seeds in each pot using six replicates 
and a procedure identical to that of Ex
periment 2, except that the number of 
emerged calotrope seedlings in both 
treated and untreated soils were noted 
I and 2 weeks after sowing, when they 
were thinned to five plants per pot The 
effects of treatments were observed on 
plant height and leaf length and 
breadth of the first pair of true leaves 
3 weeks after sowing the calotrope. 

Results 

Experiment J: Competition between 
buffet grass and ca/otrope 
Table 2 shows that 6- and 9-week-old 
buffel grass plants significantly sup
pressed the growth and development of 
calotrope seedlings. The suppression 
was highly significant irrespective of 
the buffel grass densities. Suppression 
was noted for all the growth criteria 
measured. 

Experiment 2: Testing for 
alle/opathy in buffer grass 
The effect of the various buffel grass 
treatments on the growth responses of 
calotrope seedlings is shown in Table 3. 

Each of the growth parameters 
measured showed a very marked sup
pression of calotrope in the presence of 
6-week-old intact buffel grass plants 
and their roots only irrespective of the 
buffel grass densities (see Plates I and 
2). 

There was no inhibition of calotrope 
in control soil containing surface
applied or incorporated buffel grass 
shoots, nor was calotrope suppressed 
when it was germinated together with 
the buffel grass. 

Experiment 3: Further testing for 
alle/opathy in buffer grass 
Table 4 shows that calotrope seedlings 
were inhibited when grown in soil in 
which buffel grass had grown pre
viously, despite the removal of all the 
buffel grass roots prior to testing. The 
inhibitory effect was on tbe growing 
calotrope seedlings only and not on the 
germination of calotrope. 

Discussion 

The results suggest that alleIopathy is 
involved in the suppression of calo
trope seedling growth in a population 
of well-established buffel grass, espe
cially in Experiment 2 in which the 
marked suppression of 9-week-old 
calotrope plants occurred (a) in the 
presence of well-established intact 

buffel grass, and (b) in pots from which 
buffel grass top growth had been 
removed. Using a similar technique, 
Meissner et 01., (1979) found that bio
logically active substances released 
from the underground parts of Cyper
us rotundus L. inhibited shoot and root 
growth of barley, cucumber and toma
to. Beltrano and Montaldi (1981) 
demonstrated that maize plants grown 
in pots containing J ohnsongrass (Sor
ghum halepense L. Pers.) roots showed 
a loss of up to 50"1. dry weight com
pared with plants grown in control con
tainers. In a more direct approach, 
Steenhagen and Zimdahl (1979) found 
that soil samples from areas of moder
ate and high densities of leafy spurge 
(Euphorbia esula L.) inhibited the 
growth of tomatoes in the glasshouse. 

Comparing the degree of inhibition 
in situations (a) and (b) above, in (a) 

, 
I I 

\ 
, 
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there was a slightly greater suppression 
of calotrope which could be attributed 
to the additional effects of competition 
for light. However, in situation (b) 
where light was no longer a limiting 
factor, the suppression was almost as 
great, implying the presence of allelo
pathy. Drastic suppression was 
achieved even in the presence of a single 
buffel grass plant, suggesting that the 
allelochemical is quite potent. The 
absence of inhibition in control soil 
containing surface applied or incor
porated buffel grass shoots implies that 
the allelochemical was not present in 
decaying plant residues. It has to be 
produced by the living root system of 
buffel grass. 

The presence of allelopathy in buffel 
grass is further supported by the obser
vation that calotrope was not sup
pressed when it was germinated 

I 
I ' 
~\F t 
(~ I I r i'\, /yV '\ 

, I i/ ' i. I \ j \ j},1 
Iii 
I i \' 'U 

" 

Plat. 1: GrCMIlh 01 9-week-old calotrope seedlings with three densities if S-week-old live intact bullet grass. Pots 
Irom lett to right: control, live, three and one buffet grass plants. 

Plat. 2: GrCWlh of 9-week-old calotrope seedlings with three densities d 6-week-dd buffet grass whose aerial 
parts had been removed. Pots from left to right control , five. three and one buffet grass plant roots 
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Table 4 Germination and growth of calotrope in soil in which buffel grass had 
grown for 6 weeks previously. The treated soil was free from buffel grass roots 

Cumulative germination (010) 
Weeks after sowing 

Treatment 
1 week 2 weeks 

Control soil 80.0 86.7 
Treated soil 83 .3 90.0 

Level of 
significance N.S. N.S. 

together with the buffel grass. This 
could mean that the quantity of allelo
chemical released varies with the 
growth stage of the buffel grass and 
that the sensitivity of the calotrope 
seedling decreases with age. No sup
pression would occur unless enough 
allelochemical has been released into 
the soil and the allelochemical must be 
present in sufficient quantity when the 
calotrope seedling is in its early sensi
tive stage of growth. The quantity of 
inhibitory exudates produced by plants 
varies with the growth stage in par
thenium weed (Parlhenium hyslero
phorus L.), since Sukhada and 
Jayachandra (1979) found that soil 
from which Parlhenium plants were re
moved at the rosette and flowering 
stage caused greater inhibition of 
nodulation and root and shoot growth 
in Phaseolus vulgaris L. than that from 
which the weed was removed at the 
four leaf stage. 

Results from Experiment 3 further 
suggest the presence of an allelo
chemical in the soil from which the 
roots of buffel grass had been removed. 
However, the suppression of calotrope 
was not so marked. This was probably 
due to the dilution of the allelo
chemical caused by the mixing of the 
soil prior to testing for the aile loch em
ical. I f the soil had not been disturbed, 

Growth response 
Plant First pair of true leaves 
height 
(mm) Length (mm) Breadth (mm) 

49.6 30.6 18.5 
32.8 21.7 12.8 

p= p= p = 
0.001 0.001 0.001 

it is suspected that the chemical will be 
concentrated mainly in the top few cen
timetres of the soil profile. Working on 
the allelopathic effects of wireweed 
(Polygonum aviculare L.), Kloot and 
Boyce (1982) found that it was the top 
I cm of soil which contained most of 
the allelochemical. The site of release 
of the allelochemical and its distribu
tion in the soil profile are discussed in 
a separate paper. 
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