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ABSTRACT

Aim of the Study
Heavy doses of synthetic weed control chemicals have caused herbicide resistance in weeds. Natural com-
pounds produced by living organisms constitute a wide field for ecologically safe herbicides. The The experi-
ments were designed to test allelopathic potential of hexane extracts of selected plants against common weeds 
in agriculture viz. Euphorbia helioscopia, Rumex dentatus, Phalaris minor, Avena fatua and Chenopodium 
album. 

Materials and methods
Allelopathic potential of Carica papaya, Rhazya stricta, Lantana camara and Pinus roxburghii hexane ex-
tracts against weeds was determined at 100%, 75% and 50% concentration on soil, filter paper and agar. 
Parameters adopted for assessing allelopathic potential were the germination (%) and the length of seedling 
(cm). Data analysis was performed using the Statistica 9 software. 

Results and Conclusion
The results indicated that R. stricta, C. papaya, L. camara and P. roxburghii hexane extracts possesses sup-
pression effects against weeds among which L. camara had the most conspicuous inhibition effects on se-
lected weeds. The inhibitory effects of germination and seedling growth were in order R. stricta > L. camara 
> C. papaya > P. roxburghii. Field analysis to assess the phytotoxic ability of these species to be used as 
herbicide is recommended.
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Introduction
Synthetic chemicals are widely used for weed control. 
These chemicals increase crop production, but at the 
same time they may have a detrimental effect on both 
the human health and the environment. Additionally, 
the growth of weeds resistant to man-made weedicides 
is a major concern. Over the last few years, intensive 
use of herbicides to suppress weeds is becoming one 
of the world’s prominent ecological and environmen-

tal challenges. Residues of herbicides in seeds, under-
ground water and soil that produce health threats and 
resistant biotypes are dangers that we face,while try-
ing to develop different weed management techniques. 
Since synthetic chemicals pose negative impact, de-
mand for new classes of chemicals may grow, particu-
larly biodegradable ones, such as plants that may grow 
as natural herbicides (Aryakia et al., 2015). 
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Allelopathy is a natural technique which is environ-
mentally friendly. This is one of potential approaches 
to weed management that may enhance crop produc-
tivity (Kamran et al., 2017). According to Kong and 
Hu (2001) “Allelopathy is a science that studies any 
process involving secondary metabolites developed by 
plants, micro-organisms, viruses and fungi influencing 
the growth and development of agricultural and bio-
logical systems”. Plant-based herbicides will reduce 
the usage of synthetic weed control herbicides; they 
will produce less contamination and mitigate concerns 
related to human health. Alkaloids, benzoic and cin-
namic acids, glucosionates, flavonoids, phenolics and 
terpenes are the most widely available allelochemicals 
(Khan et al., 2014).

MATERIALS AND METHODS

The allelopathic potential of leaves of selected plants 
was evaluated: viz., R. stricta, P. roxburgii, C. pa-
paya and L. camara. Fresh leaves were collected (at 
33°36′N latitude, 73°02′E longitude) for each species. 
The plant material was dried in laboratory at 30°C and 
crushed to fine powder using a heavy duty blender 
(Ramsumair et al., 2014). The samples were kept in 
airtight zip lock bags (Anwar et al., 2016). Test species 
seeds viz. Euphorbia helioscopia, Chenopodium al-
bum, Avena fatua, Rumex dentatus and Phalaris minor 
were collected from the Barani Agricultural Research 
Institute (BARI), Pakistan. 

Dry leaf powder (10 gm) of each test species was 
soaked in n-hexane (100 ml) at 25oC for 24 hours, 
which yielded 10 per cent hexane extract stock solu-
tion. Dilutions were further prepared i.e. T1 (100 
percent), T2 (75 percent), T3 (50 percent). Bioassays 
have been performed using filter paper and soil as the 
medium. Extract (15 ml) was poured to 25g soil in 
each petri dish for each of the three concentrations, 
while 5ml extract was poured to filter paper. Alumi-
num foil wrapped petri dishes were kept at 28°C for 
15 days in growth chamber (NTS Model MI-25S). 
The percentage of germination (per cent), radicle 
size, and length of seedling (cm) was calculated by 
comparison with control (Anwar et al., 2017; Ma-
harjan et al., 2007). The results were statistically an-
alysed using STATISTIX 9 software (Nekonam et al., 
2014).

RESULTS AND DISCUSSION

Phytotoxic activity of R. stricta
There was a substantial reduction in C. album germi-
nation (35 percent), R. dentatus (33 percent) and P. 
minor (32 percent), though there was no considerable 
impact on T. aestivum, E. helioscopia and A. fatua ger-
mination presenting opposition to the extract. For C. 
album the highest inhibition of seed germination was 
noted (47 percent), followed by P. minor (44 percent) 
and R. dentatus (43 percent) applied into the soil. Based 
on statistical data it was concluded that R. dentatus (44 
percent) and A. fatua (40 percent) in R. strictaa n-hex-
ane extract on filter paper exhibited the highest radicle 
size inhibition activity. Likewise, hexane extract on soil 
initiated a substantial lessening in the size of R. denta-
tus (51 percent) and A. fatua (50 percent). However, the 
data indicated that radicle size of C. album, T. aestivum, 
E. helioscopia and P. minor remained unchanged. The 
minimum radicle size on filter paper and soil was no-
ticed for R. dentatus i.e. 56 percent and 49 percent re-
spectively. For C. album, T. aestivum, E. helioscopia 
and P. minor the maximum radicle size (96 per cent) 
was recorded. The current study’s experimental findings 
showed that n-hexance extract of R. stricta substantially 
repressed the seedling length of T. aestivum (51%), A. 
fatua (29%) and R. dentatus (27%) as opposed to filter 
paper controls. The seedling elongation of P. minor, C. 
album and E. helioscopia was not significantly affected. 
R. stricta hexane extract also substantially checked the 
seedling lendth of T. aestivum (59%), R. dentatus (35%) 
and A. fatua (56%) in soil. Arithmetical data suggested 
that for T. aestivum the minimum size of the seedling 
was 49 per cent and 42 per cent on soil and on filter 
paper, respectively. It was indicated that for P. minor, E. 
helioscopia and C. album the average seedling length 
(95 per cent) was recorded (see: Fig 1). 

Such findings are consistent with the results of 
Alam (1990), where inhibition of the length of the 
seedling was noted by enhancing application of the 
R. stricta extract. Zackrisson and Nilsson (1992) 
observed substantial supression in germination and 
seedling length of Z. mays by R. stricta extract. The 
present findings confirmed the previous findings of 
Bora et al. (1999) who obseved the inhibitory ability 
of R. strictaa leaves extract on seed growth, seedling 
length of some agrarian crops.



Fig. 1. Phytotoxic activity of R. stricta hexane extract against selected weeds (FP=Filter Paper, S=Soil, T=Treatment)
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Phytotoxic activity of L. camara
There was a substantial inhibition in the germination 
of E. helioscopia (36 percent) followed by P. minor 
(34 percent) and A. fatua (33 percent) compared to 
filter paper control, while there was no noteworthy 
impact on the germination of C. album, T. aestivum 
and R. dentatus showing inhibition to L. camara ex-
tract. Maximum inhibition of seed germination was 
observed for P. minor (41%), followed by A. fatua 
(40%) and E. helioscopia (39%) after the introduc-
tion of L. camara extract into the soil. For R. dentatus, 
T. aestivum and C. album, the maximum germination 
(97 per cent) was recorded. Minimum germination on 
filter paper and soil has been noted in the present study 
for E. helioscopia (66 percent) and P. minor (61 per-
cent), respectively. A concentration-dependent allelo-
pathic effect was observed. A. fatua (39 percent) and 
R. dentatus (35 percent) in L. camara extract exhibited 
the highest radicle size inhibition activity. Extract on 
soil induced substantial decrease in the radicle size of 
A. fatua (40%) and R. dentatus (30%). The radicle size 
of E. helioscopia, T. aestivum, C. album and P. minor 
remained unaffected. Minimum radicle size on filter 
paper and soil was observed for A. fatua, i.e. 62 per 
cent and 60 per cent respectively. For T. aestivum, 
E. helioscopia, C. album and P. minor the maximum 
radicle size (96 per cent) was noted. Data showed that 
L. camara extract considerably repressed R. dentatus 
(46 per cent) and A. fatua (42 per cent) seedling length 
compared to the filter paper sample. Interestingly, 
T. aestivum, C. album, P. minor, E. helioscopia and 
did not have any major effect on seedling elongation. 
Similarly, L. camara extract substantially repressed 
R. dentatus (49 per cent) and A. fatua (45 per cent) 
seedling length in soil. For T. aestivum, C. album, 
P. minor and E. helioscopia the maximum seedling 
length (95 per cent) was recorded (see: Fig. 2).

Statistics also suggested that C. album, T. aestivum 
and R. dentatus led to the highest observed values of 
germination. Limited germination on filter paper and 
soil was recorded for E. helioscopia and P. minor. It was 
observed that for the E. helioscopia, P. minor, T. aes-
tivum and C. album radicle size was the highest. A. fat-
ua was noted for the lowest radicle size. The data shown 
that in terms of seedling elongation T. aestivum, C. al-
bum, E. helioscopiaand P. minor presented the higest 
activity. R. dentatus was observed to have produced the 

lowest seedling size. Tadele (2014) noted that extract 
from L. camara leaves suppressed the Eragrostis teff 
germination significantly. Padhy et al. (2000) stated that 
seed germination reduction could be due to metabolite 
imbalances by the allelochemicals in the extract of L. 
camara. All growth factors of Vigna radiata seeds were 
inhibited by different concentrations of L. camara. All 
parts of the L. camara extracts have significantly con-
trolled the growth of Setaria italica, Pennisetum ameri-
canum and Lactuca sativa (Hussain et al., 2011).

Phytotoxic activity of C. papaya
There was a substantial reduction in E. helioscopia 
germination (35 percent) followed by P. minor (33 
percent) and A. fatua (32 percent), however there was 
no substantial impact on the germination of C. album, 
T. aestivum and R. dentatus as a result of exposure 
to C. papaya extract. The highest inhibition of seed 
germination was observed for E. helioscopia (50 per-
cent) followed by P. minor (46 percent) and A. fatua 
(42 percent), when introducing C. papaya extract into 
the soil. For C. album, R. dentatus and T. aestivum the 
maximum germination (97 per cent) was recorded. The 
data showed that T. aestivum (51 per cent), P. minor (37 
per cent) and R. dentatus (35.5 per cent) in C. papaya 
extract exhibited the highest radicle size inhibition ac-
tivity. Hexane extract on soil caused major T. aestivum 
(57.5 percent), R. dentatus (50.5 percent), and P. minor 
(49.5 percent) reduction. The current study’s statistical 
results showed that the radicle size of E. helioscopia, 
A. fatua and C. album remained unchanged, that is, no 
impact of the treatment was noted. The findings also 
tell us that the lowest radicle size was observed on filter 
paper and soil, for T. aestivum, i.e. 50 percent and 43 
percent, respectively. For E. helioscopia, A. fatua and 
C. album the radicle size (96 percent) has been record-
ed. Data indicated that C. papaya extract repressed P. 
minor (35%) and C. album (34%) seedling length. Data 
showed that the seedling elongation of E. helioscopia, 
T. aestivum, A. fatua and R. dentatus had no notewor-
thy impact. C. papaya extract repressed C. album (49.5 
percent) and P. minor (48.5 percent) seedling length in 
soil. The smallest size of the seedling was noted on fil-
ter paper and soil for P. minor (66.5 percent) and C. al-
bum (51.5 percent). For E. helioscopia, T. aestivum, A. 
fatua and R. dentatus the maximum seedling length (95 
per cent) was noted (see: Fig. 3). 



Fig. 2. Phytotoxic activity of L. camara hexane extract against selected weeds (FP=Filter Paper, S=Soil, T=Treatment)



Fig. 3. Phytotoxic activity of C. papaya hexane extract against selected weeds (FP = Filter Paper, S = Soil, T = Treatment)
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The maximum germination was noted for the 
T. aestivum, C. album and R. dentatus. The highest 
supression of radicle was measured for E. heliosco-
pia, A. fatua and C. album. T. aestivum was observed 
to produce the lowest radicle size. The maximum 
length of the seedling was recorded for E. heliosco-
pia, T. aestivum, R. dentatus, and A. fatua. The low-
est seedling length was found for P. minor. C. papa-
ya benzyl isothiocyanate and associated compounds 
(e.g., phenethyl isothiocyanate, allyl isothiocyanate) 
are recognized as germination inhibitors (Wolf, 
1984). Inhibitory actions may be due to reduced cell 
sizes and cell division (Ortega et al., 1988; Einhellig 
and Leather, 1988).

Phytotoxic activity of P. roxburghii
Results showed a significant reduction in the germi-
nation of T. aestivum, A. fatua and C. album – 54%, 
43% and 48%, respectively – although no noteworthy 
impact on the growth of E. helioscopia, R. dentatus 
and P. minor has been recorded. The highest germi-
nation (98 per cent), was observed for E. helioscopia, 
P. minor and R. dentatus. C. album (41 percent) and 
R. dentatus (40 percent) showed radicle supression in 
P. roxburghii extract, while there was no significant re-
sult on the radicle size of A. fatua, T. aestivum, E. he-
lioscopia and P. minor. P. roxburghii extract on soil in-
duced a substantial reduction in the size of R. dentatus 
(51 per cent) and C. album (49 per cent). For A. fatua, 
T. aestivum, P. minor and E. helioscopia the maximum 
radicle size (98 per cent) was recorded. The data estab-
lished that a minimum radicle size was observed for 
C. album (61 per cent) and R. dentatus (51 per cent). 
P. roxburghii extract delayed the seedling growth of 
A. fatua (39%) followed by R. dentatus (35%). In the 
same way, the seedling growth of R. dentatus (50 per-
cent) and A. fatua (46 percent) was repressed in the ex-
tract applied to soil. For C. album, T. aestivum, P. mi-
nor and E. helioscopia the maximum seedling length 
(98 percent) was noted. For A. fatua (63 per cent) and 
R. dentatus (62 per cent) on filter paper and soil, cor-
respondingly, the minimum seedling length was noted 
(see: Fig. 4). 

For T. aestivum, limited germination has been 
noted. For E. helioscopia, C. album, T. aestivum and 
P. minor the maximum seedling length has been re-

corded. The data determined that least seedling size 
was observed on filter paper and soil, for A. fatua 
and R. dentatus. Kato-Noguchi et al. (2009) stated 
that various Pinus sp. extracts exhibit herbicidal ca-
pacity. Melkania (1984) established possible inhibi-
tory properties of the P. roxburghii extract. Hamrouni 
et al. (2015) studied the allelopathy of P. halepen-
sis, indicating herbicidal activity. Amri et al. (2013) 
distinguished herbicidal capability of P. halepensis 
against cereal crop weeds. Monnier et al. (2011) 
recommended the Pinus needles’ inhibitory effect. 
Fernandez et al. (2013) reported on the phytotoxic 
activity of P. halepensis, which could be autotoxic 
(Navarro-Cano et al., 2009).

Pesticide-based water contamination is also 
caused by improper storage and distribution of agro-
chemicals. The effects of pesticides on water quality 
are correlated with the following factors: the active 
ingredient in the formulation of pesticides, the pol-
lutants present as impurities in the active ingredient, 
the additives combined with the active ingredient 
(wetting agents, diluents or solvents, stretchers, ad-
hesives, buffers, preservatives and emulsifiers), the 
degradants produced during the chemical phase, and 
microbial agents. Two major human health impacts 
result from ingestion of pesticide-contaminated fish 
and shellfish, and the direct ingestion of water pol-
luted with pesticides (Ongley et al., 1996). Over 
the past 20 to 30 years, the accelerated use of ag-
rochemicals has increased productivity profitably, 
but it has also had an adverse effect on the quality of 
groundwater in many of the world’s major agricul-
tural areas. There has been serious concern about the 
contamination of groundwater, linked to nitrogen fer-
tilizers and pesticides, from widespread, regular soil 
application as well as point sources (Hallberg, 1987). 
In order to ensure a decreased impact on water qual-
ity, environmentally sustainable policies should be 
implemented. Among these, rational fertilizer place-
ment rates, timing, form and technology can lead to 
economic and environmental benefits; minimum cul-
tivation systems can minimize soil erosion and avoid 
dispersed pollution losses; Conservation Agriculture 
can reduce surface runoff among sustainable crop-
ping systems and can help conserve water (Stagnari 
et al. 2016).



Fig. 4. Phytotoxic activity of P. roxburghii hexane extract against selected weeds (FP=Filter Paper, S=Soil, T=Treatment)
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CONCLUSION

Current experiments suggest that the tested plant 
n-hexane extracts at greater concentrations decreases 
the seed germination and seedling length of the weeds. 
The data provided evidence of herbicidal potential 
of species viz. C. Papaya, L. camara, P. roxburghii 
and R. stricta against weeds (Rumex dentatus, Che-
nopodium album, Avena fatua and Phalaris minor) in 
dose-dependent manner, with a maximum decrease in 
germination and seedling elongation at 100% concen-
tration of the extracts. The inhibitory effects on the 
germination and growth were established in the fol-
lowing order: R. stricta > L. camara > C. papaya > 
P.  roxburghii. Based on these facts, field experiments 
are reccomended.
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FITOTOKSYCZNE DZIAŁANIE ZWIĄZKÓW BIOAKTYWNYCH Z CZTERECH ROŚLIN NA WYBRANE 
CHWASTY W ROLNICTWIE

ABSTRAKT

Cel badań
Stosowanie dużych dawek syntetycznych chemikaliów do zwalczania chwastów spowodowało uodpornienie 
tych ostatnich na herbicydy. Naturalne związki wytwarzane przez organizmy żywe stwarzają szerokie pole 
do poszukiwania ekologicznie bezpiecznych herbicydów. Przedstawione tu badania miały na celu zbadanie 
potencjału allelopatycznego ekstraktów heksanowych wybranych roślin w stosunku do chwastów pospoli-
tych występujących w rolnictwie.

Materiały i metody
Allelopatyczny potencjał ekstraktów z roślin Carica papaya, Rhazya stricta, Lantana camara i Pinus 
roxburghii hexane przeciwko następującym chwastom. Euphorbia helioscopia, Rumex dentatus, Phalaris 
minor, Avena fatua i Chenopodium album oznaczono w stężeniu 100%, 75% i 50% na podłożu glebowym, 
bibule filtracyjnej i agarze. Przyjętymi parametrami oceny potencjału allelopatycznego były kiełkowanie 
(%) oraz długość sadzonki (cm). Analizę danych przeprowadzono za pomocą oprogramowania Statistica 9.

Wyniki i wnioski
Na podstawie uzyskanych wyników stwierdzono, że ekstrakt heksanowy z R. stricta, C. papaya, L. camara 
i P. roxburghii wykazuje możliwe działanie supresyjne, a spośród tej grupy eksytrakt L. camara wykazywał 
najbardziej wyraźny wpływ hamujący na wybrane chwasty. Skuteczność hamowania kiełkowania i wzrostu 
ustalono w następującej kolejności R. stricta > L. camara > C. papaya > P. roxburghii. Zalecane są dalsze 
badania terenowe w celu oceny zdolności fitotoksycznej tych gatunków i ich przydatności jako herbicydów.

Słowa kluczowe: bioherbicydy, supresja wzrostu, fitotoksyczność


