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Summary   Laboratory and greenhouse studies were 
conducted to study the allelopathic potential of burnt 
and unburnt residues of Parthenium hysterophorus, an 
exotic noxious weed of India. Extracts prepared from 
both kinds of residues were found to be toxic to the 
growth of test crops mustard and turnip. Those from 
burnt residues were more toxic, yet contained lower 
amount of phenolics, well known phytotoxins that 
are found in many plant species. The higher allelo-
pathic activity in burnt samples was due to the higher 
alkalinity of these samples. Further, growth studies 
were carried out in soil amended with both residue 
types. It was observed that the growth of the two test 
crops was adversely affected by both samples. Soils 
amended with burnt residues were more alkaline and 
had lower phenolic content compared to those with 
the unburnt residues. It is concluded that the presence 
of phenolics and the change in pH, particularly with 
burnt residues, are responsible for the observed growth 
retardatory effects.
Keywords    Burnt,  unburnt residues,  allelopathy, 
 phenolics,  mustard,  turnip.

INTRODUCTION
Parthenium hysterophorus L. (hereafter referred to 
as parthenium) commonly known as congress grass 
in India has spread to several tropical parts of the 
world including India and Australia (Kohli and Rani 
1994). In India it is now found in most parts of the 
country except the higher reaches of the Himalayas. 
Though the weed is found mostly on disturbed sites, 
it can also be found in cultivated fi elds forming huge 
pure monocultures virtually devoid of any other 
plant species. A number of hazardous effects of the 
weed Parthenium are known such as a reduction in 
crop yield, the lo ss of native species biodiversity, as 
well as adverse effects on animal husbandry, human 
health and the ecosystem integrity (Kohli and Batish 
1994, Adkins and Sowerby 1996, Navie et al. 1996). 
The successful colonisation power of this weed has 
been attributed to its high competitive ability, its fast 
growth rate, its high reproductive potential, its effi cient 
utilisation of resources and allelopathy. Among these, 
the allelopathic nature (where allelopathy refers to any 
direct or indirect effect of plants, including microbes, 
on other plants through the release of chemicals into 
the environment) of the weed has been widely studied 

(Kanchan and Jayachandra 1980a,b, Mersie and Singh 
1987, Kohli and Batish 1994). 

The allelopathic nature of the weed parthenium 
has been attributed to the presence of a number of wa-
ter-soluble allelochemicals such as phenolic acids and 
sesquiterpene lactones, particularly parthenin (Kan-
chan 1975, Picman and Picman 1984). However, avail-
able information on parthenium allelopathy pertains to 
freshly collected plants. Little information is available 
regarding the allelopathic nature of the residues of the 
weed that are found in abundance upon completion 
of its annual life cycle. These residues either undergo 
natural decomposition or, as is the case in India, are 
burnt. As yet no studies have been undertaken to 
predict the effect of the burnt or unburnt residues on 
subsequent crop growth. It is hypothesised that burning 
and decomposition of weed residues should reduce the 
allelopathic nature of the weed. A study was therefore 
undertaken to assess the allelopathic effect of burnt and 
unburnt residues of parthenium on two winter crops 
viz. mustard and turnip.

MATERIALS AND METHODS
Collection of plant and soil material   parthenium 
residues were collected from the infested site selected 
near the campus of Panjab University, Chandigarh 
(30°45´N, 76°54´E, 333 m alt.), India. These were 
divided into two halves. One half was stored in poly-
thene bags after drying in shade and powdering (the 
unburnt residues). The other half was dried and burnt 
(the burnt residues). 

Soil was collected from the upper surface (3–5 cm) 
from a parthenium free area. It was air dried, sieved (2 
mm mesh) and stored in polythene bags for further use. 
The soil was sandy loam with a pH of 7.05, a conduc-
tivity of 0.04 mmhos cm-1, an organic carbon level of 
0.93% and phenolic content of 1.32 mg 100g-1.

Preparation of residue   Both burnt and unburnt 4 g 
residue samples were soaked in 100 mL of distilled 
water for 15 h at 24°C. The solution was then fi ltered 
through a double layer of muslin cloth followed by 
a Whatman No. 1 fi lter paper. Dilutions from this 
concentrate solution were then made to produce con-
centrations of 1 and 2% (w/v). These were kept in a 
refrigerator at 4°C until further use. 
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Bioassay study   For the purpose of growth studies 
seeds of mustard (Brassica campestris L.) and turnip 
(B. rapa L.) were obtained from the Plant Breeding 
Department of Punjab Agricultural University, Lu-
dhiana. India. For growth studies 20 seeds each of 
mustard and turnip were placed in a 15 cm diameter 
Petri dish lined with a Whatman No. 1 fi lter paper 
moistened with 7 mL of the respective aqueous extract 
solutions or distilled water (a control). Four replicates 
were maintained for each treatment and were arranged 
in a completely randomised manner. These were then 
placed in a growth chamber maintained at 25 ± 1°C 
temperature, 75 ± 3% relative humidity and 16/8 h 
light/dark photoperiod. After seven days, the seedling 
length (from tip of root to tip of shoot) of ten seedlings 
from each treatment was measured. The entire experi-
ment was repeated at a later date and the results are 
pooled from both experiments.

Incorporation of residues in soil   The data from 
growth bioassays amendment 10, 20 and 40 g of both 
unburnt and burnt residues of Parthenium were mixed 
by hand into 1 kg lots of dried soil. The soil samples 
were then wetted with 1 L distilled water and left for 18 
h at room temperature. Samples (250 g) of the respec-
tive amended soil were then taken in 15 cm diameter 
Petri dishes for plant growth studies.

Growth studies in amended soils   Samples (250 g) 
of each of the residue-amended soils were placed in 
15 cm diameter Petri dishes and sown with 20 seeds 
of either mustard or turnip. For each treatment four 
replicates were maintained in a completely randomised 
manner. All the Petri dishes were maintained at growth 
conditions similar to those used for the bioassay study. 
After eight days, the seedling length (from tip of root 
to tip of shoot) of 10 randomly selected seedlings from 
each treatment was measured. The measurements were 
made in each of the replicate and the data are presented 
as a mean of all the fi ve replicates.

Determination of phenolics content   Total water-
soluble phenolics in the aqueous extracts and residues 
(both unburnt and burnt) amended soils was estimated 
by the method of Swain and Hillis (1959) using Fo-
lin-Ciocalteu reagent and determined spectrophoto-
metrically at 700 nm using ferulic acid as a standard. 
For determining the amount from the amended soil, 
10 g of soil was shaken with 50 mL of water for 1 h, 
fi ltered and assayed. Five replicates were maintained 
for each estimation.

Determination of pH and conductivity   Electrical 
conductivity and pH of the residue extracts was 

measured directly with the help of digital pH and 
conductivity meter. In amended soils, however, a 1:5 
soil:water (w/v) solution was prepared and the pH and 
conductivity values were measured. For each estima-
tion four replicates were maintained. 

Statistical analysis   The data from growth bioassays 
with aqueous extracts and the growth studies in the 
residue amended soils were analysed by one-way 
analysis of variance at P <0.05 and P <0.01.

RESULTS AND DISCUSSION
Aqueous extracts from both unburnt and burnt resi-
dues of Parthenium reduced the seedling length of 
both the test crops studied (Table 1). In general, the 
extracts prepared from burnt residues were more phy-
totoxic towards the test crops than those from unburnt 
residues. At a 4% extract concentration from burnt 
residues the reduction in seedling length was nearly 
87% in both the crops. It was, however slightly less 
in case of unburnt residues i.e. nearly 77% in mustard 
and 81% in turnip (Table 1). The difference in seedling 
length was not only signifi cant from control but also 
among the treatments.

The inhibitory effect of extracts of parthenium 
residues, however, is not unexpected as these are 
known to be phytotoxic owing to their allelopathic 
nature (Kanchan and Jayachandra 1980a,b, Mersie and 
Singh 1987, Kohli and Batish 1994). This can be at-
tributed to the release of water-soluble allelochemicals 
from the residues that include phenolics and sesquit-
erpene lactone parthenin (Picman and Picman 1984, 
Mersie and Singh 1988). In our study signifi cantly 
higher amount of phenolics were found to be present 

Table 1.   Effect of aqueous extracts of parthenium 
residues on percent reduction in seedling length of 
mustard and turnip.

Conc. (%)
Nature of 
residue

% Reduction in seedling length

Mustard Turnip 

0 – 0 0
(16.6 ± 1.05 cm) (15.3 ± 0.5 cm)

1.0 Unburnt 31.38A 40.01A

Burnt 41.82A 45.59A

2.0 Unburnt 54.94A 57.11A

Burnt 70.14A 66.47A

4.0 Unburnt 77.23A 81.01A

Burnt 87.49A 86.59A

Figures in parenthesis represent the value in water treated 
control. 
A represents signifi cant difference from control at P <0.05.
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in the aqueous extracts prepared from the unburnt resi-
dues, however, this amount was much less in extracts 
prepared from burnt residues (Table 2). 

Likewise, there were differences in the pH of both 
extracts. The pH of the extracts prepared from the un-
burnt residues ranged from 6.8 to 6.69 whereas that 
of burnt residues varied from 11.18 to 11.96 (Table 
2). This indicates that high pH of the burnt residue 
extracts also plays an important role in the retardation 
of growth of mustard and turnip. The greater phyto-
toxicity of the burnt residue may thus be due to the 
more alkaline nature of these extracts compared to the 
unburnt residues. The increase in pH in the extracts of 
burnt residues may be attributed to ash accretion domi-
nated by carbonates of alkali and alkaline earth metals 
(Van Rueler and Janssen 1996) and due to direct con-
vective transfer of ash (Harwood and Jackson 1995). 
As regards the conductivity of extracts, only a minor 
difference could be observed in the extracts prepared 
from unburnt and burnt residues (data not presented). 
Thus, the observed inhibitory effect of extracts from 
unburnt residues could be directly due to the presence 
of signifi cantly higher amount of phenolics whereas 
that of burnt residues could be partly due to the pres-
ence of phenolics as well as increase in pH. 

In order to determine the phytotoxicity of both un-
burnt and burnt residues in soil, these were amended in 
the soil and their effect was observed on the test crops 
mustard and turnip. Similar to the extracts, the seed-
ling length of both the crops was signifi cantly reduced 
compared to control and the differences were signifi cant 
even among the treatments (Table 3). This could also be 
explained on the basis of release and accumulation of 
phenolics in the soil amended with the residues (Table 
4). In this case also the pH of soil amended with burnt 
residues was alkaline compared to unburnt residues 
(Table 4), whereas a little difference was observed in 
the electric conductivity (data not presented). 

The phenolics present may undergo a number of 
changes such as detoxifi cation, toxifi cation and chemi-
cal transformation upon release into soil, and may act 
as a source of carbon for microbes (Blum et al. 1999) 
that reduce their concentration. Thus only a fraction 
of the originally produced phenolics are available for 
bringing about growth inhibition in soil such as those 
found freely in soil sap or those that are loosely and 
reversibly bound to soil particle. Microbial decay or 
adsorption (irreversible) to soil particles may therefore 
make phytotoxins/allelochemicals unavailable to target 
plant systems. In parthenium, a number of phenolic 
acids have been identifi ed such as caffeic, vanillic, 
ferulic, chlorogenic and anisic acid (Kanchan 1975, 
Kanchan and Jayachandra 1980a,b). In the present 
study, however, a collective effect of the phenolics 

has been studied as these act in combination rather 
than in isolation (Blum et al. 1999).

From the present study it is clear that both burnt 
and unburnt residues have the potential to adversely 
affect the growth of other plants, either by releasing 

Table 2.   Phenolics content and pH value of burnt and 
unburnt residue extracts.

Conc. (%)
Nature of 
residue pH

Phenolics 
(µg mL-1)

0 – 6.90 3.5

1.0 Unburnt 6.80A 126.3A

Burnt 11.18B 14.8A

2.0 Unburnt 6.77A 231.7A

Burnt 11.60A 22.6A

4.0 Unburnt 6.69A 474.9A

Burnt 11.96A 39.0A

A,B represents signifi cant differences from the control at 
P <0.05 and P <0.01.

Table 3.   Seedling length of mustard and turnip in the 
soils amended with residues of parthenium.

Conc. (%)
Nature of 
residue

% Reduction in seedling length

Mustard Turnip 

0 – 0 0
(16.8 ± 0.92 cm)(15.6 ± 0.65 cm)

1.0 Unburnt 19.35A 17.24A

Burnt 25.83A 18.60A

2.0 Unburnt 28.08A 28.85A

Burnt 44.89A 28.23A

4.0 Unburnt 53.32A 46.91A

Burnt 72.29A 39.67A

Figures in parenthesis represent the value in water treated 
control. 
A represents signifi cant difference from control at P <0.05.

Table 4.   Phenolics content and pH value of soil 
amended with parthenium residues.

Conc. (%)
Nature of 
residue pH

Phenolics 
(mg 100g-1)

0 – 7.28 1.32

1.0 Unburnt 7.11A 5.54A

Burnt 7.86B 3.84A

2.0 Unburnt 7.03A 7.34A

Burnt 8.01A 4.52A

4.0 Unburnt 6.80A 11.60A

Burnt 8.91A 5.61A

A,B represents signifi cant difference from control at P <0.05 
and 0.01.



508

Fourteenth Australian Weeds Conference

allelochemicals or changing the pH of the growing 
medium.
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