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Abstract

Parthenium hysterophorus L. (parthenium weed) is an annual weed that
grows rapidly in disturbed land. It is considered as one of the most hazardous
weeds in Pakistan as it poses serious health problems to livestock as well as
severe allergenic reactions in humans. It has invaded the Punjab and Khyber
Pakhtunkhwa provinces and also been spreading in other parts of the country
where it poses a risk for the grazing lands, roadsides, forests, wet lands, waste
lands and of all types of cropped and non-cropped areas in Pakistan. The
present studies were carried out to determine the impact of four locally
available broad leaf herbicides viz; Stomp 455 CS (pendimethalin), Buctril
Super 60 EC (bromoxynil + MCPA), Vantage 48 SL (glyphosate) and Logran
Extra 750 WG (triasulfuron + terbutryn) (@ recommended and % of recom-
mended dose) against P. Aysterophorus grown in pots at research field of
CABI CWA, Rawalpindi. All herbicides were applied at three growth stages
(rosette, bolted and flowering). The observations for the mortality of 2. Ays-
terophorus were made 2 and 4 weeks after spray. The glyphosate was the
most effective and reported 100% mortality of P. Aysterophorus plants at flo-
wering stage followed by bromoxynil + MCPA (89%), pendimethalin (80%)
and triasulfuron + terbutryn (61%) at recommended dose after 4 weeks of
spray. All tested herbicides achieved a mortality between 38% - 86% at rosette
while 54% - 96% mortality at bolted stage after 4 weeks. Initially, 2 weeks af-
ter spray at flowering stage glyphosate caused 53% wilting followed by 49%
(bromoxynil + MCPA), 33% (pendimethalin) and 9% (triasulfuron + terbu-
tryn) at their recommended doses. The results indicated that P. Aysteropho-
rus is the most susceptible to glyphosate and bromoxynil + MCPA, both these
herbicides are very promising for the wilting and management of parthenium
weed.
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1. Introduction

The exotic plant invasions have become a global threat to agriculture, commer-
cial productivity, conservation of natural resources and human health [1] [2],
with alien invasions being categorized as the second largest threat to biodiversity
[2] [3]. Parthenium hysterophorus L. (Asteraceae) is an annual invasive herb
that aggressively colonizes cropped and non-cropped areas. It is native to
Southern United States, Mexico, West Indies and South America [4] [5] but has
been accidentally introduced into several countries of Africa, Asia, Australia and
Pacific Islands, where it has become a serious agricultural and rangeland weed.
This invasive weed is ranked as one of the worst weeds currently known [6] [7].
Parthenium hysterophorus is capable of producing thousands of small white ca-
pitula (flowers), each yielding five seeds on reaching maturity [8]. Due to its high
fecundity, a single plant can produce up to 25,000 seeds, while 200,000 viable seeds
m™ can be found in abandoned fields [5] [9] [10] [11].

It is thought that P. Aysterophorus came to India as a contaminate of wheat
kernels imported from USA under the Unite States (US) PL-480 scheme, known
as “Food for Peace” which was a food assistance programme of the US govern-
ment [12]. These seeds spread easily in all states of India through air and water
because of their minute size and light weight. Since establishment in India, it al-
so spread into neighboring countries including Nepal, Pakistan and Bangladesh.
In India, this invasive weed was first noted by Professor Paranjape in 1951 in
Poona (Maharashtra) and reported by Rao in 1956 [12]. P. Aysterophorus ar-
rived in Pakistan in the late 1990s, and since then spread rapidly and now occurs
in central and upper Punjab, some parts of North West Frontier Province &
Kashmir where it has achieved the status of worst weed in Pakistan [13]. The
weed affects the production of crops, animals, human and animal health, and
biodiversity. Bajwa and colleagues [14] confirmed that farmers from three dif-
ferent cropping regions of Punjab, Pakistan reported significant impacts of par-
thenium weed in their cropping area and livestock production, human health
and social well-being. In Pakistan, in parthenium weed free treatment up to 81%
reduction in grain yield of sorghum has reported by Bajwa and colleagues [15].
According to Nadeem et al. [16] the weed also caused a major outbreak of air-
borne contact dermatitis, where 391 patients reacted positively for P. Aystero-
phorus from 511 patients suspected of allergic contact dermatitis at Dermatology
Department, Mayo Hospital, Lahore, Pakistan. The losses caused by weeds to
agriculture worldwide have been estimated to be about $10 billions annually
[10], while in Pakistan the annual losses caused by weeds exceed $1.05 billion
[17].
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In non-cropped situations, various methods are being used to manage this in-
vasive weed with manual removal being most prevalent in Pakistan. However,
manual and mechanical methods for controlling parthenium weed are not effec-
tive [18]. Pulling out the weed results in rapid regeneration, followed by quick
flowering with thousands of seed being produced and skin allergies are also re-
ported in people removing this weed manually without proper covering [19]
[20] [21]. Chemical control in certain circumstances can be an effective and
quick method for the management of P. Aysterophorus. In other parts of the
world, chemicals have been shown to effectively control P. Aysterophorus [22]
[23] but in Pakistan little information is available for the chemical control of this
weed. The present study aimed to examine the impact of different locally availa-
ble broad leaf herbicides for the management of P. hysterophorus. The results of
this study will aid in future management decisions of P. Aysterophorus in Pakis-

tan.

2. Materials and Methods

Collection of Parthenium hysterophorus Seeds

Seedlings of P. hysterophorus were collected from the vicinity of Rawalpindi
and Islamabad during February 2018 and grown in the experimental field of
CABI CWA, Rawalpindi (Lat: 33.644970; Long: 73.083235). After two months,
seeds for further studies were collected from this stock population when plants
were fully matured and their seeds ripened.

Growing of Parthenium hysterophorus plants

Parthenium hysterophorus nurseries were grown one month apart (May,
June, July) in order to obtain three different growth stages viz., rosette, bolted
and flowering plants. One hundred and eight plastic pots (25 cm diameter) were
filled with mixed sandy loam soil and young seedlings were singly transplanted
into these pots. After transplanting, the pots were kept in tunnels covered with
transparent plastic sheet and irrigated as required on a regular basis.

Toxicity Bioassay

Four locally available broadleaf herbicides Stomp 455 CS (pendimethalin),
Buctril Super 60 EC (bromoxynil + MCPA), Vantage 48 SL (glyphosate) and
Logran Extra 750 WG (triasulfuron + terbutryn) were purchased from Asia
Scientific Store, Rawalpindi. The impact of tested chemicals was studied on three
different growth stages (rosette, bolting and flowering) of P. hAysterophorus using
a complete randomized plot with 108 P. Aysterophorus pots. Each herbicide was
tested at recommended (D,) and half of recommended dose (D,) including a
control treatment. Each treatment was replicated four times and quantity of
chemical required for treating each pot was calculated by measuring area cov-
ered by a single pot (Table 1). The calculated amount of each tested chemical
was applied to all potted plants separately except control treatments where simi-
lar amount of tap water was applied. All treatments were applied through a sim-

ple hand sprayer in morning during a bright sunny day. The trial was carefully
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Table 1. Trade name, active ingredient, mode of action and dose rate of the synthetic
herbicides used for the experiment.

Dose Rate (kg-ai-h™)

Active Y% of
Trade name Mode of Action
Ingredient Re;:)oor:exrg;lc)ied Recommended
! Dose (Do)
. . Meristematic
Stomp 455 CS Pendimethalin . 1.12 0.56
inhibitor
Buctril . Photosystem-II
Bromoxynil + MCPA o 0.80 0.40
Super 60 EC inhibitor

Vantage 48 SL Glyphosat Non selective, 40 2.0
antage osate . .
& P systemic herbicide

L Acetolactate
ogran
% Triasulfuron + Terbutryn  synthase inhibitor 0.30 0.15
Extra 750 WG o
(ALS Inhibitor)

observed on regular basis for the appearance of any signs of necrosis or wilting
and observations for P. hysterophorus mortality was noted based on number of
branches wilted after an interval of 2 and 4 weeks after spray.

Mortality was calculated using Abbot’s (1925) formula;

Mo —Mc

Mean Mortality (%) = 100~ Mo x100

Mo = Mortality observed in treatments.

Mc = Mortality observed in control.

Statistical analysis:

Data for mortality of P. hAysterophorus were subjected to analysis of variance
(ANOVA) using Statistica 8.1 software. To determine statistical differences be-
tween means the Tukey-HSD post hoc test at the 5% significance level was em-

ployed.

3. Results

All the four chemicals tested proved significantly effective (d.f = 3; f.u = 318.78; p
< 0.05) for the wilting of parthenium plants, however, with a variable response to
mortality.

Among the four tested herbicides the glyphosate was found to be the most ef-
fective against P. Aysterophorus (Figure 1). The effect of herbicides were directly
proportional to the time and dose rates, after four weeks of spray with a maxi-
mum mortality of 94% with glyphosate followed by bromoxynil + MCPA (86%),
pendimethalin (73%) and triasulfuron + terbutryn (51%) at recommended doses
(D1) (Figure 1). Initially, 2 weeks after spray the recommended dose of bro-
moxynil proved slightly more toxic than glyphosate as it induced 48% mortality
of the target weed while 46% was observed with glyphosate. However, 4 weeks
after spray glyphosate resulted in highest mortality of parthenium plants from all

tested herbicides. Triasulfuron + terbutryn showed minor impacts for the control
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of parthenium weed and proved least effective. The findings also exhibited that
D, of tested herbicides proved least effective, only glyphosate resulted in slightly
higher than 60% wilting of P. hysterophorus even after exposure of 4 weeks
(Figure 1).

The results verified that each herbicide showed a variable response to different
growth stages (rosettes, bolting and flowering) of parthenium plants. The rec-
ommended dose (D) of glyphosate induced 100% mortality of flowering stage,
while 96% and 86% mortality was achieved at rosette and bolted stage, respec-
tively, while % of recommended doses (Do) resulted in less than 70% wilting of
three growth stages of weed (Figure 2). Bromoxynil + MCPA has also proved
very effective against parthenium and was second to glyphosate. The recom-
mended dose (D;) of bromoxynil + MCPA resulted in 94%, 89% and 76% mor-
tality at rosette, flowering and bolted stage after four weeks of spray, respectively
(Figure 3). While D, evidenced 69%, 58% and 44% mortality in flowering, ro-
sette and bolted stages of target weed after same time of herbicidal exposure, re-

spectively (Figure 3).

120 4

[

100 4
80 A b
60 1 de o de de
40 A f

Percent Mortality + S.E

fe fgh
20 4

0

2 WAS 4 WAS

W Pendimethalin  @Bromoxynil @ Glyphosate B Triasulfuron

Figure 1. Mortality effects of tested herbicides for P. Aysterophorus at recommended (D1)
and Y2 of recommended doses (Do) after 2 and 4 weeks after spray (d.f = 3; fea = 318.78; p
< 0.05).!
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Figure 2. Effect of glyphosate at recommended (D:) and % of recommended doses (Do)
for mortality rate (%) on three different growth stages (rosette, bolted & flowering) of P.
hysterophorus after 2 and 4 weeks after spray (d.f = 2; fca = 18.65; p < 0.05).>

'Error bars indicate + SE of the mean values. WAS: weeks after spray.
“Error bars indicate + SE of the mean from four replicates. WAS: weeks after spray.
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Other two chemical herbicides (pendimethalin and triasulfuron + terbutryn)
proved significantly less toxic (d.f = 3; f.y = 318.78; p < 0.05) to test weed plants
at both concentrations recommended and half (D, & Do) and time intervals (2 &
4 weeks after spray). At early stage (2 weeks after spray) of spray pendimethalin
forced almost same mortality in three growth stages of parthenium at Dy and Dy,
but with the increase of exposure time it resulted in 80%, 70% and 69% mortality
at D, while 58%, 48% and 36% mortality of flowering, bolted and rosette stage at
D, respectively (Figure 4). Triasulfuron + terbutryn proved least effective as
compared to all four test herbicides. Initially 2 weeks after spray at D; and D, of
triasulfuron + terbutryn, no mortality was observed in all test growth stages of
parthenium, while maximum exposure period (4 weeks after spray) evidenced
almost 25% mortality at Dy while more than 50% mortality at D, as it resulted
61%, 54% and 38% mortality in flowering, bolted and rosette stages of parthe-
nium weed (Figure 5).

120 -
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" 100 a
¢ b —
> 80 c
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c
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Figure 3. Effect of bromoxynil + MCPA at recommended (D:) and % of recommended
doses (Do) for mortality rate (%) on three different growth stages (rosette, bolted & flo-
wering) of P. hysterophorus after 2 and 4 weeks after spray (d.f = 2; fea = 6.872; p < 0.05).2
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Figure 4. Effect of pendimethalin at recommended (D:) and % of recommended doses
(Do) for mortality rate (%) on three different growth stages (rosette, bolted & flowering)
of P. hysterophorus after 2 and 4 weeks after spray (d.f = 2; fca = 5.165; p < 0.05).*

*Upright bars indicate + SE of the mean from four replicates. WAS: weeks after spray.
“Error bars indicate + SE of the mean from four replicates. WAS: weeks after spray.
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Figure 5. Effect of triasulfuron + terbutryn at recommended (D1) and ¥% of recommended
doses (Do) for mortality rate (%) on three different growth stages (rosette, bolted & flo-
wering) of P. hysterophorus after 2 and 4 weeks after spray (d.f = 2; feu = 0.31; p > 0.05).°

4. Discussion

Comparison of mortality in P. Aysterophorus weed plants at different growth
stages at D, and D, dose rates of four tested herbicides (pendimethalin, bro-
moxynil + MCPA, glyphosate and triasulfuron + terbutryn) is an important
biological parameter to determine their effectiveness. The outcomes clearly
showed that fully grown plants of invasive weed parthenium can effectively be
controlled using glyphosate and bromoxynil + MCPA. The other two herbicides
used in the experiment did not provide satisfactory results when applied to ro-
sette, bolted and flowering stage. Although their full dose (D;) shows some mor-
tality but they failed to control the weed up to 50%. Similar results for herbicidal
impacts have been reported by Javaid and colleagues [23] and Shabbir [24].
Njoroge [25] proved in Kenya that even low concentrations of glyphosate are
very effective against parthenium weed in coffee plantations. Our outcomes are
supported by Krishna ef al [26] who reported that glyphosate, glufosinate and
trifloxysulfuron provided 86% to 95% control of parthenium weed at bolted
stage. Earlier studies shows that bromoxynil + MCPA is very effective as post
emergence treatment [27] and have also been approved effective against weeds
of wheat [28].

Similar observations were noted by Balyan et a/ [29] and Krishna et al [26]
who confirmed that at the rosette stage, glyphosate provided almost 93% control
of parthenium weed after three weeks of treatment. Acifluorfen, bentazon, gly-
phosate, imazaquin, and metribuzin applied post emergence to plants less than
7.5 cm tall controlled 80% parthenium weed [30]. Our observations are in line
with Rosale-Robles et al [31] who showed 47% to 82% control of parthenium
weed in sorghum field with bromoxynil + MCPA.

Triasulfuron + terbutryn proved least effective in this experiment for the
management of P. hysterophorus. Singh et al. [32] affirmed that 2,4-D, atrazine,

metribuzin, triasulfuron + terbutryn, chlorimuron, and glufosinate failed to

*Error bars indicate + SE of the mean from four replicates. WAS: weeks after spray.
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control parthenium weed, while glyphosate provided up to 95% control of this
noxious weed. Walia et al [33] also stated that herbicides other than glyphosate
applied to full grown parthenium plants did not provide satisfactory results for
its management. An overall comparison of tested herbicides for the management
of parthenium weed showed that maximum control can only be achieved with
glyphosate and bromoxynil + MCPA. Moreover, the information on the mortal-
ity of different growth stages of parthenium weed will be helpful for devising the

strategies for the best time of its management.

5. Conclusion

The recommended dose (D) of glyphosate and bromoxynil + MCPA showed
promising results for the mortality of parthenium weed after 4 weeks of spray
while pendimethalin and triasulfuron + terbutryn provided less control when
applied at different growth stages of parthenium. In light of the instant studies, it
is recommended that glyphosate as a generalized weedicide (non-selective herbi-
cides: Table 1) is the most effective and can be suggested for non-cropped areas
or barren lands, while bromoxynil + MCPA as a specified broad leaf herbicide

should be used to manage the parthenium weed in cropped areas.

Acknowledgements

We wish to acknowledge the support of our donors who make action on Inva-
sives possible, in particular UK Aid (DFID) and the Directorate-General for In-
ternational Cooperation (DGIS, Netherlands). CABI is an international intergo-
vernmental organization, and we gratefully acknowledge the core financial sup-
port from our member countries (and lead agencies) including the United
Kingdom (Department for International Development), China (Chinese Minis-
try of Agriculture), Australia (Australian Centre for International Agricultural
Research), Canada (Agriculture and Agri-Food Canada), Netherlands (Directo-
rate-General for International Cooperation), and Switzerland (Swiss Agency for
Development and Cooperation). See

http://www.cabi.org/about-cabi/who-we-work-with/key-donors/ for full details.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this

paper.

References

[1] Vitousek, P.M. (1990) Biological Invasions and Ecosystem Process—Towards an
Integration of Population Biology and Ecosystem Studies. Oikos, 57, 7-13.
https://doi.org/10.2307/3565731

[2] Mooney, H.A. and Hobbs, R.J. (2000) Invasive Species in a Changing World. Island
Press, Washington DC.

[3] Walker, B.H. and Steffen, W.L. (1999) Interactive and Integrative Effects of Global

DOI: 10.4236/as.2020.117039

624 Agricultural Sciences


https://doi.org/10.4236/as.2020.117039
http://www.cabi.org/about-cabi/who-we-work-with/key-donors/
https://doi.org/10.2307/3565731

K. Alietal.

(15]

(18]

(19]

Change on Terrestrial Ecosystems. In: Walker, B., Steffen, W., Candell, J. and Ingram,
J.» Eds., The Terrestrial Biosphere and Global Change. Implications for Natural and
Managed Ecosystems, Synthesis Volume, International Geosphere-Biosphere Pro-
gram Book Series 4, Cambridge University Press, Cambridge, 329-375.

Picman, J. and Picman, A.K. (1984) Autotoxicity in Parthenium hysterophorus and
Its Possible Role in Control of Germination. Biochemical Systematics and Ecology,

12, 287-292. https://doi.org/10.1016/0305-1978(84)90051-6

Navie, S.C., McFadyen, R.E., Panetta, F.D. and Adkins, S.W. (1996) The Biology of
Australian Weeds Parthenium hysterophorus L. Plant Protection Quarterly, 11,
76-88.

Holm, L.J.D., Holm, E., Pancho, J.V. and Herberger, J.P. (1997) World Weeds: Nat-
ural Histories and Distribution. John Wiley & Sons, New York.

Jayaramaiah, R., Balenahalii, N., Ramesh, B., Krishnaprasad, T., Sunil, K.R., Pra-
modh, G., Ramkumar, C. and Sheshadri, T. (2017) Harmful Effects of Parthenium
hysterophorus and Management through Different Approaches—A Review. Annals
of Plant Sciences, 6, 1614-1621. https://doi.org/10.21746/aps.2017.05.002

Patel, S. (2011) Harmful and Beneficial Aspects of Parthenium hysterophorus. An
Update. Biotechnology, 1, 1-9. https://doi.org/10.1007/s13205-011-0007-7

Joshi, S. (1991) Interference Effect of Cassia uniflora Mill. on Parthenium hystero-
phorusL. Plant Soil, 132, 213-218. https://doi.org/10.1007/BF00010402

Adkins, S.W. and Navie, S.C. (2006) Parthenium Weed: A Potential Major Weed for
Agro Ecosystems in Pakistan. Pakistan Journal of Weed Science Research, 12, 19-36.

Javaid A. and Adrees, H. (2009) Parthenium Management by Cultural Filtrates of
Phytopathogenic Fungi. Natural Product Research, 23, 1541-1551.
https://doi.org/10.1080/14786410902726167

Rao, R.S. (1956) Parthenium, a New Record for India. Journal of the Bombay Natu-
ral History Society, 54, 218-220.

Shabbir, A. (2006) Parthenium Weed an Emerging Threat to Crops. Parthenium
News, No. 1, University of the Punjab, Lahore.

Bajwa, A.A., Farooq, M., Nawaz, A., Yadav, L., Chauhan, B.S. and Adkins, S. (2019)
Impact on Invasive Plant Species on the Livelihoods of Farming Households: Evi-

dence from Parthenium hysterophorus Invasion in Rural Punjab, Pakistan. Biologi-
cal Invasions, 21, 3285-3304. https://doi.org/10.1007/s10530-019-02047-0

Bajwa, A.A., Nawaz, A., Farooq, M. and Chauhan, B.S. (2020) Parthenium Weed
(Parthenium hysterophorus) Competition with Grain Sorghum under Arid Condi-
tions. Experimental Agriculture, 56, 387-396.
https://doi.org/10.1017/S0014479720000034

Nadeem, M., Rani, Z., Aman, S., Kazmi, A.H. and Shabbir, A. (2005) Parthenium
Weed: A Growing Concern in Pakistan. Journal of Pakistan Association of Derma-
tologist, 15, 4-8.

Hassan, G. and Marwat, K.B. (2010) Integrated Weed Management in Agricultural
Crops. National Workshop on Technologies for Sustainable Agriculture, Faisalabad,
24-26 September 2001, 27-34.

Muniappa, T.V., Ramchandra, P.T.V. and Krishnamurthy, K. (1980) Comparative
Efficacy and Economics of Mechanical and Chemical Method of Control of Parthe-
nium hysterophorus Linn. Indian Journal of Weed Science, 12, 137-144.

Lonkar, A., Mitchell, J.C. and Calman, C.D. (1974) Contact Dermatitis from Par-

DOI: 10.4236/as.2020.117039

625 Agricultural Sciences


https://doi.org/10.4236/as.2020.117039
https://doi.org/10.1016/0305-1978(84)90051-6
https://doi.org/10.21746/aps.2017.05.002
https://doi.org/10.1007/s13205-011-0007-7
https://doi.org/10.1007/BF00010402
https://doi.org/10.1080/14786410902726167
https://doi.org/10.1007/s10530-019-02047-0
https://doi.org/10.1017/S0014479720000034

K. Alietal.

[25]

[26]

(33]

thenium hysterophorus. Transactions of the St. John’ s Hospital Dermatological So-
ciety, 60, 43-53.

Chippendale, J.F. and Panetta, F.D. (1994) The Cost of Parthenium Weed to the
Queensland Cattle Industry. Plant Protection, 9, 73-76.

Dhawan, S.R. and Dhawan, P. (1996) Regeneration in Parthenium hysterophorus L.
World Weeds, 3, 181-182.

Haseler, W.H. (1976) Parthenium hysterophorusL. in Australia. PANS, 22, 515-517.
https://doi.org/10.1080/09670877609414342

Javaid, A., Anjum, T. and Bajwa, R. (2006) Chemical Control of Parthenium hyste-
rophorus. International Journal of Biology and Biotechnology, 3, 619-622.

Shabbir, A. (2014) Chemical Control of Parthenium hysterophorus L. Pakistan
Journal of Weed Science Research, 20, 1-10.

Njoroge J.M. (1991) Tolerance of Bidens pilosaL. and Parthenium hysterophorus L.
to Paraquat (Gramoxone) in Kenya. Kenya Coffee, 56, 999-1001.

Krishna, N.R., Bryson, C.T. and Burke, I.C. (2007) Ragweed Parthenium (Parthe-

nium hysterophorus) Control with Pre-Emergence and Post-Emergence Herbicides.
Weed Technology, 21, 982-986. https://doi.org/10.1614/WT-07-053.1

Javaid, A. (2007) Efficacy of Some Common Herbicides against Parthenium Weed.
Pakistan Journal of Weed Science Research, 13, 93-98.

Hussain, N., Khan, M.B., Tariq, M. and Hanif, S. (2003) Spectrum of Activity of
Different Herbicides on Growth and Yield of Wheat ( 7Triticum aestivum). Interna-
tional Journal of Agriculture and Biology;, 5, 166-168.

Balyan, R.S., Yadav, A. and Malik, R.K. (1998) Efficacy of Herbicides and Carrier
Volumes on the Carrot Weed (Parthenium hysterophorus L.). Proceedings of the
5th International Symposium on Adjuvants for Agrochemicals. Challenges and
Opportunities, Vol. 1, 182-186.

Tyson, R.V. and Bryan, H.H. (1987) Screening Pre and Post Emergence Herbicides
for Parthenium (Parthenium hysterophorus L.) Control. Proceedings Southern
Weed Science Society, Vol. 40, 131-136.

Rosales-Robles, E., Sanchez-de-la-Cruz, R. Salinas-Garcia, J. and Pecina-Quintero,
V. (2005) Broadleaf Weed Management in Grain Sorghum with Reduced Rates of
Post Emergence Herbicides. Weed Technology; 19, 385-390.
https://doi.org/10.1614/WT-04-170R1

Singh, A.Y., Balyan, R.S., Malik, R.K. and Singh, M. (2004) Control of Ragweed
Parthenium (Parthenium hysterophorus) and Associated Weeds. Weed Technolo-
g7, 18, 658-664. https://doi.org/lO.1614/WT—03—128R2

Walia, U.S,, Brar, L.S., Jand, S. and Kler, D.S. (2002) Control of Sorghum halepense
and Parthenium hysterophorus with Different Brands of Glyphosate. Environmen-
tal Ecology, 20, 540-543.

DOI: 10.4236/as.2020.117039

626 Agricultural Sciences


https://doi.org/10.4236/as.2020.117039
https://doi.org/10.1080/09670877609414342
https://doi.org/10.1614/WT-07-053.1
https://doi.org/10.1614/WT-04-170R1
https://doi.org/10.1614/WT-03-128R2

	Comparative Efficacy of Common Broad Leaf Herbicides against an Invasive Weed: Parthenium hysterophorus L.
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

