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Zygogramma bicolorata Pallister (Coleoptera: Chrysomelidae) is a satisfactory potential candidate for con-
trolling Parthenium hysterophorus L. The study was conducted in order to evaluate the bio-control poten-
tial of Z. bicolorata to satisfactory reduced the density of parthenium weed in natural field conditions.
Therefore, beetles were released in the twelve study sites @ 12 adults and/or larvae/m2 in their respective
sites on 5th, 10th, 15th and 20th day after initial field releases. Observations were made on defoliation by
the beetle, perthenium plant height, plant biomass, leaf injury rating and soil seed reservoir. Present
study showed that field releases of Z. bicolorata considerably lowering down the parthenium density at
all treated sites. At larval release sites by the 60th day of observation a complete defoliation was noted,
however at adult release sites it took 80 days for complete defoliation. Moreover, significantly higher
number of developmental stages i.e. eggs, larvae and adults were noted in the adults released sites than
to larval released sites and the controls. It was also noted that plant height and its density, flowers &
leaves production, biomass of parthenium plant and seed reservoir in soil was negatively affected in trea-
ted sites as compared to untreated sites. Thus, we have concluded that adults can be utilized in biocontrol
program because population build-up was greater in those sites where adults were released.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Congress grass, Parthenium hysterophorus L. (Asteraceae:
Heliantheae) is herbaceous weed of international importance and
originate from central and south America (Dolai et al., 2019). It is
now considered as the most devastating weed of both agricultural
and urban areas of Asia (Patel, 2011; Hasan and Ansari, 2016a) and
Australia (Navie et al., 1996; Dhileepan and Strathie, 2009). After
its introduction in late 19500s in Pune (Rao, 1956), it spread over
an area of �35 million ha of Indian lands including roadsides, rail-
way tracks, cultivated fields and water lands (Singh et al., 2008).
Parthenium weed spread to the large area very quickly due to its
high reproductive capacity (5000–10,000 seeds/plant), its light
seed weight which disperse by wind very easily and lack of seed
dormancy which allowed parthenium to complete at least 3–4
generations/year (Shabbir and Bajwa, 2006; Sushilkumar and
Varshney, 2007; Sushilkumar and Ray, 2011; Hasan and Ansari,
2016b). Nevertheless, this weed is a responsible factor for causing
many health related issues to human and livestock which have
now reached to epidemic proportions (Mahadevappa, 1999;
Singh, 2001; Sushilkumar, 2005; Patel, 2011). Warm temperature
with sufficient rainfall favors the germination and growth of
parthenium at any time of the year (Hasan, 2015; Hasan and
Ansari, 2015). Effective management of parthenium is very difficult
due to its capacity to produced seeds in large quantity, adaptability
to grow well/flourish in any kind of habitats and allelopathic
potential (Sushilkumar and Saraswat, 1999; Patel, 2011).

In India the biocontrol program of parthenium was initiated in
1984 in Bangalore by the introduction of leaf-feeding beetle, Zygo-
gramma bicolorata Pallister (Chrysomelidae: Coleoptera) from
Mexico (Jayanth, 1987). After successful introduction, Z. bicolorata
became colonized within 3 years and caused a considerable
damage to the parthenium plants and lowering down its density
in the trialed areas (Jayanth and Bali, 1994a; Sushilkumar and
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Ray, 2011). Nonetheless, in Jammu and Kashmir in 1992, adults of
Z. bicoloratawere mass released in parthenium prone areas at large
scale (Gupta et al., 2002). After introduction, Z. bicolorata spread
over >9000 km2 area (Gupta, 2008; Gupta et al., 2010) and caused
suppression of parthenium in many parts of the state (Gupta et al.,
2004). Furthermore, Geographical Information System (GIS) based
map was used by Dhileepan and Senaratne (2009) in order to ade-
quately determine the current geographical distribution of Z. bicol-
orata in different states of India, as well as in neighboring
countries.

Parthenium weed contains main allelochemical such as parthe-
nin, which is known to cause a germination and radicle growth
inhibitor in a variety of agricultural important economic crops.
Nonetheless, this allelochemical inhibit shoot/root growth, nutri-
ent uptake from soil and caused detrimental effects on naturally
occurring symbiotic organisms (Hassan et al., 2017). Therefore, to
control parthenium weed herbicidal application is the only meth-
ods remain, which offered good but time being results
(Sushilkumar, 2005). Further, it is already known that indiscrimi-
nate use of synthetic herbicides can pose a threat to environment,
soil fauna, human & animal health and other parts of ecosystem
(Hasan and Ansari, 2016a). Nevertheless, eco-toxicity and/or non-
target toxicity of herbicides can disrupt the integrated weed man-
agement programs by killing the natural enemies associated with
weeds. Thus, the associated problems with herbicides have led to
change in management strategies with the focus on long-term
solution of weed using classical biological control (Syrett et al.,
1999; Hasan and Ansari, 2017). Therefore, we can reduce the usage
of herbicides by field releasing of natural enemies time to time to
control parthenium. Plethora of literature is available on popula-
tion dynamics, dispersal, feeding and reproduction of Z. bicolorata
(Jayanth and Bali, 1993a,b,c, 1994b; Jayanth et al., 1993, 1997;
Hasan and Ansari, 2017). However, limited information is available
on augmentation and colonization of Z. bicolorata for biological
control of parthenium weed in India (Jayanth, 1987; Sushilkumar
and Ray, 2011). Therefore, present study was needful in order to
evaluate the impact of field release program of Z. bicolorata for bio-
logical suppression of parthenium in Aligarh region, India.
2. Materials and methods

2.1. Study areas

Field experiments were conducted in 12 locations. It is situated
at latitude 27�530N and longitude 78�050E/27.88�N. These locations
were selected on the basis of presence of lush green parthenium
plants almost throughout the year and have not been utilized for
cultivation of any crop for at least one and a half year prior to
experiments. These selected locations have parthenium infesta-
tions with a density of 60–65 plants/m2 and the average height
ranged from 20 to 60 cm and moisture �80 to 85%.
2.2. Culture maintenance in protected field conditions

A bulk culture of Z. bicolorata was maintained on parthenium
plants grown in 30 plastic pots (18 cm diameter; 20 cm deep) kept
inside insect-proof cages (80 � 85 � 55 cm; each pot in each cage),
in the experimental field conditions of Department of Plant Protec-
tion, Faculty of Agricultural Sciences. These plastic pots were filled
with sun solarized soil mix with a layer of coconut coir at the base
of pots for appropriate drainage and proper maintenance of mois-
ture required for the growth of parthenium plants. Same aged
parthenium seedlings (�2 or 3) were transplanted in these pots
and irrigated whenever required. Five pairs of adults were released
on each potted plants (30 days old) for egg laying and develop-
ment. Adults and immature of this beetle were provided with
new parthenium plant time to time when previous plants were
defoliated. Moisture was maintained in pots for the better growth
of parthenium as well as quick development of the beetles. Devel-
opmental stages i.e. adults of the same age and 3rd instars of
Z. bicolorata were picked up time to time from their mass rearing
cages and utilized in subsequent experimentations.

2.3. Field releases of Z. bicolorata

Field releases of both adults (same age) and 3rd instars of Z.
bicolorata was made at 8 locations (4 locations for adults and 4
locations for larvae) @ of 12 individuals/m2 and 4 locations were
left as controls, thus a total of 12 locations were chosen for exper-
imentation. The field release was made on 1st May 2010 and fur-
ther releases were carried out on 5th, 10th, 15th and 20th day
after initial release. Experimental sites used for control were
remained as such without releasing of adults and larvae of Z.
bicolorata.

2.4. Observations on released sites

2.4.1. Damage potential of Z. bicolorata
The observations were made from 20th to 80th days after initial

inoculation at an interval of 20 days. Twenty-five parthenium
plants were tagged randomly to examine the level of defoliation,
in each location. In larval and adults released sites, the damage rat-
ing was designated from 0 to 100% by visually observing the plants.
Locations designated as control were also examined for natural
attack by this beetle. The plants with complete defoliation and
no flower were designated as 100% damage. Each plant was consid-
ered as a replicate.

2.4.2. Population growth of Z. bicolorata
Population growth/build-up of Z. bicolorata was also accessed

by manually observing the developmental stages (i.e. number of
eggs, larvae and adults) on infested plants at each site after an
interval of 20th days right from the first release until a complete
defoliation is noted.

2.4.3. Impact of field releases of Z. bicolorata on plant height
Plant height was examined in randomly selected 25 plants from

each study site and the shoot of these plants were measured just
above the ground level to the terminal portion of the plants with
the help of measuring tape. Measurements of plant height were
taken in the second week of November (2010 and 2011) as most
of the adults of Z. bicolorata undergone diapause and no chance
of plant damage is remained.

2.4.4. Impact of field releases of Z. bicolorata on weed density
The density of the weed was only monitored in the month of

July (2nd week) 2010, 2011 and 2012, by directly counting parthe-
nium plants/m2 at all experimental sites and replicated four times.

2.4.5. Impact of field releases of Z. bicolorata on flowers and leaves
production

The impact of feeding on flowers and leaves was assessed by
counting of the flowers and leaves of 20 tagged plants from each
site in second week of May 2012.

2.4.6. Impact of field releases of Z. bicolorata on plant biomass
Twenty plants from each location were selected and uprooted

just above the ground level in second week of May 2012 and
allowed to dry in oven at 60 �C. The biomass of plants was mea-
sured using electronic balance (Pricision balance, CB-Series, Con-
tech) and each plant was considered as a replicate.
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2.4.7. Impact of field releases of Z. bicolorata on soil seed storage
At the completion of the experiment (second week of July

2012), soil samples (2.5 cm depth) were collected randomly from
five sites each in control, larvae and adults release locations. Col-
lected soil was brought to the laboratory and spread in plastic trays
(15 � 8 � 4 cm) already filled with sterilized garden soil. Sufficient
moisture was provided using sprinkle bottle for proper germina-
tion of seeds of parthenium stored in soil collected from experi-
mental sites. Thus, the number of sprouted seeds/m2 was then
counted.
2.5. Statistical analysis

Logistic regression analysis (Pearson-X2) was performed in pro-
portional binomial data of per cent damage before one way analy-
sis of variance (ANOVA). Data of plant height (cm) of two
consecutive years (2010 and 2011) were compared by the two-
way analysis of variance. All treatment means were compared by
a post hoc Tukey’s HSD test. Statistical analysis and graphic presen-
Fig. 1. Damage (%) at adults/larvae released and untreated sites. Box plots w
tation were performed in the language program R 2.10.1, (R Devel-
opment Core Team 2010).
3. Results

3.1. Damage potential of Z. bicolorata

Zygogramma bicolorata have caused considerable damage to
various plant parts i.e. leaves, stem and flower of Parthenium when
they established in the field (Fig. 1). Box plots demonstrated that
the larval released sites have caused a significant more damage
than the adults released sites. The damage was increased with time
as indicated by the 20th (F = 35.87; df = 2, 74; P < 0.001) and 40th
(F = 45.89; df = 2, 74; P < 0.001) day after initial inoculation. Fur-
thermore, it was noted that larvae have caused a complete damage
by the 60th day (F = 76.77; df = 2, 74; P < 0.001). Whereas, 80 days
(F = 95.97; df = 2, 74; P < 0.001), were required in complete damage
to the plants in the adults released sites (Fig. 1). However, com-
pared of treated and untreated sites at 80th days showed a signif-
icantly difference, and minor damage was evident in control sites.
ith similar letters are not significantly different (Tukey’s HSD; P > 0.001).



Fig. 2. Population/plant of Z. bicolorata in adults/larvae released and untreated sites. Box plots with similar letters are not significantly different (Tukey’s HSD; P > 0.001).
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3.2. Population build-up of Z. bicolorata

Results showed that population build-up was not quick in larval
released sites as compared to adults released sites by the 20th day
of observation (F = 33.39; df = 2, 74; P < 0.001). However, population
of Z. bicolorata and its damage potential increased with time in lar-
val released sites as indicated in 40th day (F = 45.89; df = 2, 74;
P < 0.001) and 60th day (F = 76.39; df = 2, 74; P < 0.001) of inocula-
tion (Fig. 2). But due to 100% defoliation to the plants in adults
and larval released sites by 80th day, the population tends to
negate (F = 95.77; df = 2, 74; P < 0.001). However, in control plots
population of Z. bicoloratawere also observed in 60th day of obser-
vation (mid July), though no individuals of this beetle were
released (Fig. 2).
3.3. Impact on plant height

The observations on plant height in larval and adults released
sites in 2010 indicated that there was no significant difference,
however, the considerable difference was detected in height of
the plants in the treated and untreated sites in both study years
(F = 0.25; df = 1; P = NS*Years, F = 60.15; df = 2; P < 0.001*Treat-
ments, F = 4.45; df = 2; P < 0.015*Years � Treatments at total
df = 149). Furthermore, results of the present study indicated a sig-



Fig 3. Impact of field releases of adults/larvae of Z. bicolorata on plant height of P.
hysterophorus in 2nd week of November of the year 2010 and 2011. Box plots with
similar letters are not significantly different (Tukey’s HSD; P > 0.001).

Fig. 4. Impact of field releases of Zygogramma bicolorata (adult and larvae) on parthenium
not significantly different (Tukey’s HSD; P > 0.001).
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nificant difference in the height of plants in adults and larval
released sites in the year, 2011 (Fig. 3).

3.4. Impact on plant density

Plant density was also significantly affected by larvae and
adults augmented sites from 2010 (F = 0.37; df = 2, 11; P = NS) to
2012 (F = 112.37; df = 2, 11; P < 0.001) as compared to untreated
sites (Fig. 4).

3.5. Impact on flowers and leaves production

It was evident a lower rate of flowers (F = 1320.46; df = 2, 59;
P < 0.001, Fig. 5) and leaves production (F = 221.54; df = 2, 59;
P < 0.001, Fig. 6) at all treated sites. Further, larval released sites
had lowest number of leaves as compared to adults released sites.

3.6. Impact on plant biomass

Plant biomass was significantly highest in control sites
(F = 561.95; df = 2, 59; P < 0.001) followed by larval and adults aug-
mented sites. Larval and adults augmentation in field resulted in
decreased in plant biomass to 42.9% and 56.64%, respectively when
compared to the biomass of plants grown in control plots (Fig. 7).

3.7. Impact on soil seed storage

Up to a regular damage by Z. bicolorata for more than 120 days
have significantly reduced the reservoir of parthenium seeds in soil
by 75% (F = 1451.45; df = 2, 14; P < 0.001) (Fig. 8).

Meteorological data on average temperatures, humidity and
annual rainfall of years 2010, 2011 and 2012 of Aligarh region is
presented in Fig. 9.

4. Discussion

This case study clearly demonstrated that the field releases of
Z. bicolorata have negative impact on various fitness parameters
i.e. leaves and flower production, soil seed reservoir, seed germina-
tion and adequate growth of parthenium plant. The outbreak of Z.
bicolorata have caused 80–100% defoliation which resulted into
considerable reduction of leaves and flower production, density
of plants, plant growth, production of flowers and soil seed reser-
voir in almost all studied sites. In previous studies many workers
plant density/m2 in year of 2010, 2011 and 2012. Bar plots with similar letters are



Fig. 5. Impact of field releases of Zygogramma bicolorata (adult and larvae) on
flowers/plant of P. hysterophorus in 2nd week of May of the year 2012. Box plots
with similar letters are not significantly different (Tukey’s HSD; P > 0.001).

Fig. 6. Impact of field releases of Zygogramma bicolorata (adult and larvae) on
leaves/plant of P. hysterophorus in 2nd week of May of the year 2012. Box plots with
similar letters are not significantly different (Tukey’s HSD; P > 0.001).

Fig. 7. Impact of field releases of Zygogramma bicolorata (adult and larvae) on plant
biomass (gm) of P. hysterophorus in 2nd week of May of the year 2012. Box plots
with similar letters are not significantly different (Tukey’s HSD; P > 0.001).

Fig. 8. Impact of field releases of Zygogramma bicolorata (adult and larvae) on soil
seed reservoir/m2 of P. hysterophorus in 2nd week of July of the year 2012. Box plots
with similar letters are not significantly different (Tukey’s HSD; P > 0.001).
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have reported almost a similar percentage of defoliation (�85%)
caused by Z. bicolorata and complete reduction in plant density
in Indian agro climatic conditions (Jayanth and Bali, 1994a;
Jayanth and Visalakshy, 1996; Sushilkumar and Ray, 2011). Never-
theless, McFadyen and McClay (1981) concluded that the defolia-
tion and damage of parthenium plants by Z. bicolorata depends
on geographic locations as well as study years under Australian
scenario. Further, it was previously noted that after field releases
of Z. bicolorata in the area of released sites can takes up to four
years to get their colony well established and strong, necessary
for the desirable biological control of parthenium weed (Jayanth,
1987). However, in many instances after well enough colonization
of Z. bicolorata in the field the adequate biological control of this
weed was not satisfactory due to slow growth, late emergence
from diapusing state, slow feeding, high mortality rate and low
reproduction of the beetles (Sushilkumar and Ray, 2011). Among
these factors, diapausing behavior of this beetle considerably slow
down its biocontrol potential especially in the month of December
where majority of the adult’s population remains in diapause
(Jayanth and Bali, 1993b; Hasan et al., 2017).

Our results showed that, the considerably highest number of
developmental stages of Z. bicolorata i.e. eggs, larvae and adults
were recorded in adults released sites which might be due to that
after being released, female adult starts laying eggs and build-up of
population. Therefore, laboratory reared adults if releases in field
conditions on parthenium prone areas time to time, an extensive
impact on weed density, its flower production and soil seed reser-
voir can be achieved. Defoliation by Z. bicolorata significantly
reduced not only the plant height but also the flower and seed pro-
duction. It might be due to the regular herbivory by this beetle
which destroyed the growth pattern of apical meristem resulted
into reduction in plant height, alteration in branching pattern
and ultimately less or no production of flower and seeds



Fig. 9. Meteorological data of Aligarh region, UP, India, for the period of 2010 to 2012, illustrating mean monthly maximum and minimum Temperature, maximum and
minimum relative humidity and average rainfall.
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(Dhileepan et al., 2000). Previously, Kovalev and Medvedev (1983)
reported that the herbivory in Ambrosia weed by the introduction
of a related species i.e. Z. saturalis also caused a reduction of plant
height, flower and seed production.

Nonetheless, results of this study demonstrated that in com-
pletely defoliated plants, Z. bicolorata targeted flower buds for
egg laying. After hatching neonate feeds on flowers and by doing
so preventing the seed production. Similarly, Dhileepan et al.
(2000) have reported that 98% defoliation of parthenium plant do
not produced any flower and seed. Furthermore, our results also
showed that due to complete defoliation of plant and its density
there was ultimately a reduction of number of flower and seed pro-
duction/m2 up-to 5 to 150-folds. Similarly, these observations
were previously taken by Lonsdale et al. (1995) in Sida acuta and
by Blossey (1992) in Lythrum salicaria L. due to the introduction
of their respective bio-control agents. This continuous defoliation
of parthenium plant by Z. bicolorata upto 3 or more years signifi-
cantly reduced the soil seed reservoirs which ultimately lower
down the abundance of parthenium density in study locations
(Dhileepan et al., 1996; Hasan and Ansari, 2015).

Moreover, for an effective biological control of parthenium a
proper population build-up of Z. bicolorata is important, which
could be attributed for timely releases of these beetles in the field.
Nevertheless, field releases of the correct stage of this beetle are
also as important as the correct time. Therefore, field releases of
adult stage of Z. bicolorata are quite effective as they are responsi-
ble for build-up of whole population in less time, thereby decreas-
ing the density of parthenium plant. Our study showed that field
releases of adults of Z. bicolorata considerably reduced the density
of plant, affects the various growth stages, defoliated the plant,
damage the flowers and lowering down the rate of seed formation
(Sushilkumar and Ray, 2011). Similarly, workers have previously
reported up to 100% defoliation of parthenium plant by Z. bicol-
orata (Hasan and Ansari, 2015; Hasan et al., 2017).

It could be concluded from the present investigations that lar-
vae are effective defoliator than the adults but field releases of
adults could provide effective management of parthenium
plants. Because adults are responsible for population build-up
and propagate the new colony of better performing individuals
which leading to quick and effective control of parthenium at
release site.
Declaration of Competing Interest

The authors declared that there is no conflict of interest.

Acknowledgments

F.H. is highly thankful to UGC, New Delhi, India for financial
assistance during this research program. F. H is thankful to Prof.
Athar Ali Khan, D/O Statistics and Operation Research, Aligarh
Muslim University, Aligarh, India for his statistical suggestions
and graphical presentation in this manuscript. The authors
(SM and KAAG) express their sincere appreciation to the Deanship
of Scientific Research at the King Saud University for its
funding of this research through the Research Group Project
No. RG-1435-012.
References

Blossey, B., 1992. Impact of Galerucella pusilla and G. calmariensis (Coleoptera:
Chrysomelidae) on field populations of purple loosestrife (Lythrum salicaria). In:
Delfosse, E.S., Scott, R.R. (Eds.), Eight International Symposium on the Biological
Control of Weeds. Lincoln University, Canterbury, New Zealand, pp. 27–31.

Dhileepan, K., Madigan, B., Vitelli, M., McFadyen, R., Webster, K., Treviño, M., 1996.
A new initiative in the biological control of parthenium. In: Shepherd, R.C.H.
(Ed.), Proceedings of the Eleventh Australian Weed Conference, Weed Society of
Victoria, Australia. 30 September to 3 October 1996, pp. 309–312.

Dhileepan, K., Senaratne, K.W., 2009. How widespread is Parthenium hysterophorus
and its biological control agent Zygogramma bicolorata in South Asia? Weed Res.
49, 557–562.

Dhileepan, K., Setter, S.D., McFadyen, R.E., 2000. Impact of defoliation by the
biocontrol agent Zygogramma bicolorata (Coleoptera: Chrysomelidae) on the
weed Parthenium hysterophorus (Asteraceae) in Australia. BioControl 45, 501–
512.

Dhileepan, K., Strathie, L., 2009. Parthenium hysterophorus L. (Asteraceae). In:
Muniappan, R., Reddy, G.V.P., Raman, A. (Eds.), Weed Biological Control with
Arthropods in the Tropics: Towards Sustainability. Cambridge University Press,
Cambridge, UK, pp. 272–316.

Dolai, A.K., Bhowmick, M.K., Ghosh, P., Ghosh, R.K., 2019. Utilization of congress
grass (Parthenium hysterophorus L.) for soil fertility enhancement and improved
productivity of potential crop sequences in West Bengal. J. Pharmacogn.
Phytochem. 8, 2241–2245.

Gupta, R.K., Bali, K., Khan, M.S., 2002. Biological war against congress grass in J&K.
Popul. Sci. 10, 28–33.

Gupta, R.K., Bali, K., Khan, M.S., Monobrulla, Md., Bhagat, R.M., 2004. Predatory bugs
of Zygogramma bicolorata: an exotic beetle or biological suppression of
Parthenium hysterophorus L. Curr. Sci. 87, 1005–1010.

http://refhub.elsevier.com/S1319-562X(20)30109-1/h0005
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0005
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0005
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0005
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0015
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0015
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0015
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0020
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0020
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0020
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0020
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0025
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0025
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0025
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0025
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0030
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0030
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0030
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0030
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0035
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0035
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0040
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0040
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0040


1878 F. Hasan et al. / Saudi Journal of Biological Sciences 27 (2020) 1871–1878
Gupta, R.K., Gupta, S., Balia, K., Srivastava, K., 2010. Enhancing bio-suppression of
Parthenium hysterophorus L.: Diapause in Zygogramma bicolorata Pallister and its
manipulation through insulin-like peptides (ILPs). J. Asia-Pacific Entomol. 13,
303–308.

Gupta, S., 2008. Diapause behaviour and impact assessment of Zygogramma
bicolorata Pallister on Parthenium hysterophorus L. in Jammu. M. Sc. Thesis
submitted to SKUST-Jammu., 54 p.

Hasan, F., 2015. Bionomics of Zygogramma bicolorata Pallister on Parthenium
hysterophorus (Linn.). Ph.D thesis submitted to Department of Plant Protection,
Faculty of Agricultural Sciences, Aligarh, Muslim University, Aligarh, India.

Hasan, F., Ansari, M.S., 2015. Temperature - dependent development and
demography of Zygogramma bicolorata Pallister (Coleoptera: chrysomelidae)
on Parthenium hysterophorus L. Ann. Appl. Biol. 168, 81–92.

Hasan, F., Ansari, M.S., 2016a. Ecotoxicological hazards of herbicides on biological
attributes of Zygogramma bicolorata Pallister (Coleoptera: Chrysomelidae).
Chemosphere 154, 398–407.

Hasan, F., Ansari, M.S., 2016b Factors responsible for stage-specific mortality and
sex ratio adjustment in Zygogramma bicolorata Pallister on Parthenium in field
conditions. Arch. Phytopathol. Plant Protect, 1–17. doi: 10.1080/
03235408.2016.1142364.

Hasan, F., Ansari, M.S., 2017. Lethal and Sub-lethal effects of insecticides on the
biological attributes of Zygogramma bicolorata Pallister (Coleoptera:
Chrysomelidae): a biocontrol agent of Parthenium hysterophorus L. Neot.
Entomol. 46, 473–486.

Hasan, F., Ansari, M.S., Dhillon, M.K., Muslim, M., Bhadauriya, A.P.S., Tanwar, A.K.,
Ahmad, S., 2017. Diapause incidence in Zygogramma bicolorata Pallister
(Coleoptera: Chrysomelidae). Inter. J. Trop. Insect Sci. 38, 145–158.

Hassan, G., Rashid, H.U., Amin, A., Khan, I.A., Shehzad, N., 2017. Allelopathic effect of
Parthenium hysterophorus on germination and growth of some important crops
and weeds of economic importance. Plan. Danin. 36, e018176372.

Jayanth, K.P., Visalakshy, P.N.G., Ghosh, S.K., Chaudhary, M., 1997. Feasibility of
biological control of Parthenium hysterophorus by Zygogramma bicolorata in the
light of the controversy due to its feeding on sunflower. In: Mahadeveppa, M.,
Patil, V.C. (Eds.), First International Conference on Parthenium Management.
University of Agricultural Sciences, Dharwad, India, pp. 45–51.

Jayanth, K.P., Visalakshy, P.N.G., 1996. Succession of vegetation after suppression of
parthenium weed by Zygogramma bicolorata in Bangalore, India. Biol. Agric.
Hort. 12, 303–309.

Jayanth, K.P., 1987. Introduction and establishment of Zygogramma bicolorata on
Parthenium hysterophorus in Bangalore, India. Curr. Sci. 56, 310–311.

Jayanth, K.P., Bali, G., 1993b. Diapause behavior of Zygogramma bicolorata
(Coleoptera: Chrysomelidae), a biocontrol agent of Parthenium hysterophorus
in Bangalore, India. Bull. Entomol. Res. 83, 383–388.

Jayanth, K.P., Bali, G., 1994a. Biological control of Parthenium hysterophorus by the
beetle Zygogramma bicolorta in India. FAO Plant Protec. Bull. 42, 207–213.

Jayanth, K.P., Bali, G., 1994b. Life table of the parthenium beetle Zygogramma
bicolorata Pallister (Coleoptera: Chrysomelidae) in Bangalore, India. Insect Sci.
Appl. 15, 19–23.

Jayanth, K.P., Bali, G., 1993a. Biological studies on Zygogramma bicolorata Pallister
(Coleoptera: Chrysomelidae), a biocontrol agent of Parthenium hysterophorus L.
(Asteraceae). Biol. Cont. 7, 93–98.

Jayanth, K.P., Bali, G., 1993c. Temperature tolerance of Zygogramma bicolorata
(Coleoptera: Chrysomelidae) introduced for biological control of Parthenium
hysterophorus (Asteraceae) in India. J. Entomol. Res. 17, 27–34.

Jayanth, K.P., Mohandas, S., Asokan, R., Visalakshy, P.N.G., 1993. Parthenium pollen
induced feeding by Zygogramma bicolorata (Coleoptera: Chrysomelidae) on
sunflower. Bull. Entomol. Res. 83, 595–598.

Kovalev, O.V., Medvedev, L.N., 1983. Theoretical principles for the introduction of
Ambrosia leaf beetles of the genus Zygogramma Chevr. (Coleoptera:
Chrysomelidae) into the USSR for the biological control of Ambrosia. Entomol.
Obozrenie. 62, 1–19.

Lonsdale, W.M., Farrell. G., Wilson, C.G., 1995. Biological control of a tropical weed:
a population model and experiment for Sida acuta. J. Appl. Ecol. 32, 319–399.
Mahadevappa, M., 1999. Parthenium and Its Management. Pbl. Publication Center,
University of Agricultural Sciences, Dharwad (Karnataka).

McFadyen, R.E., McClay, A.R., 1981. Two new insects for the biological control of
parthenium weed in Queensland. In: Wilson, B.J., Swarbrick, J.D. (Eds.), Sixth
Australian Weeds Conference. Weed Science Society of Queensland, Australia,
pp. 145–149.

Navie, S.C., McFadyen, R.E., Panetta, F.D., Adkins, S.W., 1996. The biology of
Australian weeds 27. Parthenium hysterophorus L. Plant Prot. 11, 76–88.

Patel., 2011. Harmful and beneficial aspects of Parthenium hysterophorus: an
update. 3 Biotech. 1, 1–9.

Rao, R.S., 1956. Parthenium, a new record for India. J. Bombay Nat. Hist. Soc. 54,
218-20.

Shabbir, A., Bajwa, R., 2006. Distribution of parthenium weed (Parthenium
hysterophorus L.), an alien invasive weed species threatening the biodiversity
of Islamabad. Weed Biol. Manag. 6, 89–95.

Singh, B., 2001. Parthenium: a dreaded weed. Agricult. Today., 9–10
Singh, R.K., Kumar, S., Kumar, S., Kumar, A., 2008. Development of parthenium

based activated carbon and its utilization for adsorptive removal of p-cresol
from aqueous solution. J. Haz. Mat. 155, 523–535.

Sushilkumar., 2005. Current status of parthenium and Mexican beetle
(Zygogramma bicolorata) in central India. In: Proceedings of Second
International Conference on Parthenium Management Held at Bangalore
(Karnataka), 5-7 December 2005. pp. 114-119.

Sushilkumar., Ray, P., 2011. Evaluation of augmentative release of Zygogramma
bicolorata Pallister (Coleoptera: Chrysomelidae) for biological control of
Parthenium hysterophorus L. Crop Protec. 30, 587-591.

Sushilkumar., Saraswat, V.N., 1999. Integrated management: the only solution to
suppress Parthenium hysterophorus. In: Shankaran, K.V., Murphy, S.T., Evans, H.
C. (Eds.), Alien Weeds in Moist Tropical Zones: Banes and Benefits. Proceeding
for the Workshop Held at KFRI, Peech, 2-4 Nov. 1999, pp. 150-168.

Sushilkumar., Varshney, J.G., 2007. Gajarghas ka jaivik niyantran: vartaman sththi
evam sambhavnaye. (Biological Control of Congress Grass: Present Status and
Future Possibilities). National Research Centre for Weed Science, Jabalpur, India.

Syrett, P., Fowler, S.V., Coombs, E.M., Hosking, J.R., Markin, G.P., Paynter, Q.E.,
Sheppard, A.W., 1999. The potential for biological control of Scotch broom
(Cytisus scoparius) (Fabaceae) and related weedy species. Biocon. News. Inform.
20, 17–34.

Further Reading

Jayanth, K.P., Visalakshy, P.N.G., 1994. Dispersal of the parthenium beetle
Zygogramma bicolorata (Chrysomelidae) in India. Biocontrol Sci. Technol. 4,
363–365.

Jayanth, K.P., Bali, G., 1995. Effect of continuous laboratory rearing on fecundity,
longevity and sex ratio of Parthenium beetle, Zygogramma bicolorata Pallister
(Coleoptera: Chrysomelideae). J. Entomol. Res. 20, 151–156.

Jayanth, K.P., Nagarkatti, S., 1987. Investigations on the host specificity and damage
potential of Zygogramma bicolorata Pallister (Coleoptera: Chrysomelidae)
introduced into India for the biological control of Parthenium hysterophorus.
Entomon 12, 141–145.

Khloptseva, R.I., 1991. The use of entomophages in biological pest control in the
USSR. Biocontr. News Info. 12, 243–246.

Knutson, A.E., Teddlers, L., 2002. Augmentation of green lacewing, Chrysoperla
rufilabris in cotton in Texas. Southwestern Entomol. 27, 231–239.

Li, L.Y., 1994. Worldwide use of Trichogramma for biological control on different
crops: a survey. In: Wajnberg, E., Hassan, S.A. (Eds.), Biological Control with Egg
Parasitoids. CAB International/IOBC, pp. 37-51.

McFadyen, R.E.C., 1992. Biological control against parthenium weed in Australia.
Crop Prot. 11, 400–407.

Withers, T.M., 1998. Influence of plant species on host acceptance behavior of the
biocontrol agent Zygogramma bicolorata (Col.: Chrysomelidae). Biol. Cont. 13,
55–62.

http://refhub.elsevier.com/S1319-562X(20)30109-1/h0045
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0045
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0045
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0045
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0060
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0060
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0060
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0065
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0065
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0065
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0075
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0075
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0075
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0075
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0080
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0080
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0080
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0085
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0085
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0085
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0090
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0090
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0090
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0090
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0090
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0095
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0095
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0095
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0100
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0100
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0105
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0105
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0105
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0110
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0110
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0115
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0115
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0115
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0120
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0120
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0120
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0125
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0125
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0125
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0130
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0130
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0130
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0135
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0135
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0135
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0135
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0150
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0150
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0150
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0150
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0155
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0155
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0170
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0170
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0170
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0175
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0180
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0180
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0180
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0205
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0205
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0205
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0205
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0210
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0210
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0210
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0215
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0215
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0215
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0220
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0220
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0220
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0220
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0225
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0225
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0230
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0230
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0240
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0240
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0245
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0245
http://refhub.elsevier.com/S1319-562X(20)30109-1/h0245

	Does Zygogramma bicolorata Pallister really affects the growth, density and reproductive performance of Parthenium hysterophorus L?Zygogramma bicolorata Pallister really affects the growth, density and reproductive performance of partheni
	1 Introduction
	2 Materials and methods
	2.1 Study areas
	2.2 Culture maintenance in protected field conditions
	2.3 Field releases of Z. bicolorata
	2.4 Observations on released sites
	2.4.1 Damage potential of Z. bicolorata
	2.4.2 Population growth of Z. bicolorata
	2.4.3 Impact of field releases of Z. bicolorata on plant height
	2.4.4 Impact of field releases of Z. bicolorata on weed density
	2.4.5 Impact of field releases of Z. bicolorata on flowers and leaves production
	2.4.6 Impact of field releases of Z. bicolorata on plant biomass
	2.4.7 Impact of field releases of Z. bicolorata on soil seed storage

	2.5 Statistical analysis

	3 Results
	3.1 Damage potential of Z. bicolorata
	3.2 Population build-up of Z. bicolorata
	3.3 Impact on plant height
	3.4 Impact on plant density
	3.5 Impact on flowers and leaves production
	3.6 Impact on plant biomass
	3.7 Impact on soil seed storage

	4 Discussion
	Declaration of Competing Interest
	Acknowledgments
	References
	Further Reading


