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To enumerate resistance in Kenaf (fibre crop) genotypes with distinct host suitability, biological performance and growth parameters of mealybug, 
Phenacoccus solenopsis Tinsley.

Laboratory and glasshouse experiments 
were conducted to assess the host suitability and resistance 
of genotypes on the basis of relative colonization, growth 
and survival in terms of establishment rate and nymphal 
duration of mealybug. 

The wild accession, WHIJ 50 belonging to 
Hibiscus spp. and the variety JRM 3 of H. cannabinus 
recorded significantly lowest female establishment rate, 
instantaneous population increase, nymphal survival and 
growth index with longer nymphal duration possessing 
possible antixenosis- and antibiosis- mediated resistance. 
On the other extreme the susceptible genotype, WHIN 47 
(H. acetocella) proved favourable for crawler developmental 
parameters.

The level, mechanism and basis of 
resistance in kenaf enumerated from this study may pave 
the way for creating vigorous kenaf hybrids resistant to 
cotton mealybug.
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unfavourable for the proliferation of pest. This strategy not only 
limits the reproduction of pest, but also lengthens the growth 
period facilitating directly suppressing the population build up as 
well as predation by natural enemies (Tertuliano et al., 1993). For 
the acceptance of host plant by an insect herbivore, there must be 
an attraction by the host plant for feeding and the insect must 
grow, complete its development in the plant on to new progeny 
(Schoonhooven et al., 2005). Hence, to find out the resistant 
variety/germplasm, comparative resistance was studied by 
investigating various antixenosis and antibiosis parameters on 
the basis of relative establishment and growth of cotton mealybug 
on selected genotypes consisting of released varieties and wild 
germplasm of kenaf. 

Materials and Methods

Insect culture: Mealybug cultures were maintained in the potted 
cotton plants in the glasshouse of ICAR-Central Research 
Institute of Jute and Allied Fibres, (CRIJAF) Barrackpore, India. 
Ovisac producing females were collected from the stock of 
mealybug population. In laboratory, neonate crawlers emerging 
from such ovisacs were drawn through a fine brush under 10x 
magnifying glass for use in all the experiments.

Maintenance of plants for the study: The seeds of kenaf 
genotypes used in the study were collected from the gene bank of 
ICAR-CRIJAF, Barrackpore, India. Seven released varieties 
(AMC 108, JBM 81, JRM 3, JRM 5, MT 150, JBM 2004 D and HC-
583) of Hibiscus cannabinus along with 2 wild accessions, i.e., 
WHIN-47 (Hibiscus acetocella) and WHIJ-50 (Hibiscus spp.) were 
evaluated for resistance against mealybug. The seedlings were 
grown singly in plastic pots (10 cm upper diameter, 7.5 cm lower 
diameter, and 10 cm height) filled with soil, sand and FYM (6:2:2). 

Establishment rate and population growth study: To 
enumerate plant resistance, nine genotypes were evaluated 
under glasshouse conditions (28 ± 2°C temp, 75±5% RH) for 
relative host suitability based on establishment rate, crawler 
development and instantaneous growth rate of mealybug 
population. Twenty crawlers of mealybug were released on the 
terminal leaf of each 25-day-old kenaf seedling of each 
variety/accession in completely randomised design of 
experiment. The unit of twenty crawlers per seedling as treatment 
was replicated six times. Twenty collected crawlers after counting 
were transferred on to a fresh mealybug-free kenaf leaf. After 30 
min when the crawlers settled in the lower leaf surface, individual 
leaf was placed over the first expanded leaf of each kenaf 
seedling. The infested leaf was attached to the plant with the help 
of plastic U-clip. Within 1-2 days, the crawlers from individual leaf 
settled in the topical part of each kenaf seedlings. To prevent the 
climbing of ants, other arthropods, and mealybugs on plants, 
entomological glue (Reliable Corporation, Chennai, India) was 
applied around the stem at the base of each seedling. 

The seedlings were kept at sufficient spacing to restrict 
the inter-plant crawler movement. The observation was recorded 
on number of females established (15 days after release), 

Introduction

Kenaf, Deccan hemp (Hibiscus cannabinus L: 
Malvaceae) is a hardy, bast fibre yielding industrial crop grown in 
India and other Asian countries mainly for fibre. It is a 
biodegradable, lignocellulosic natural fibre, used in sackings and 
hessian for bulk packaging, home furnishing, geotextiles, paper 
pulp, composites and cellulosic biofuel (Satya et al., 2013). 
Recent findings have designated it as a multi-purpose crop due to 
its array of industrial applications (Falasca et al., 2014). Kenaf 
fibre is an excellent source for fabrics, building materials, bedding 
materials, oil absorbent etc. (Alexopoulou, 2015). The presence 
of bioactive compounds including tannins, saponins, alkaloids, 
fatty acids, phospholipids, tocopherols and phytosterols has 
widened its industrial use (Mohamed et al., 1995). A new 
application of its leaf powder as food additive that enhances the 
availability of calcium and fibre has been recorded (Alexopoulou, 
2015). Improved cultivation of this crop with integrated input and 
resources has every probability of raising the return from marginal 
soils. This further ensures the income of small and marginal 
farmers by opening the avenues for diversified export-oriented 
products. However, as a cultivated crop, it suffers from the 
damage of many pests, most important of which is mealybug.

Although mealybugs of different species have been 
reported in kenaf, in recent years the infestation of invasive cotton 
mealybug, Phenacoccus solenopsis Tinsley (Hemiptera: 
Pseudococcidae) has been reported to cause regular damage 
inflicting loss in productivity and quality of fibre (Satpathy et al., 
2010; Satpathy et al., 2013). The pest status of cotton mealybug is 
due to several factors. Firstly, the pest is exacerbated by dry and 
warm condition, when it multiplies very fast and the farmers 
mostly rely on broad-spectrum insecticides which are highly 
disruptive to natural enemies (Tertuliano et al., 1993). Besides, 
the capacity of insect to utilize diverse host plants, i.e., crops to 
weeds, high fecundity, adaptation to temperature and insecticide 
resistance facilitates the invasiveness and pest status. (Hao-Jie 
et al., 2019). Mealybugs feed by sucking the plant sap, causing 
leaf senescence, pre-mature leaf fall as well as shortened plant 
height and even plant death (Culik and Gullan, 2005). Damage of 
cotton mealybug, P. solenopsis Tinsley causes loss in productivity 
and quality of kenaf fibres. In view of repeated failure of 
insecticidal approach for managing mealy bugs, host plant 
resistance is the ideal approach in preventing crop yield loss due 
to mealybug in kenaf (Satpathy et al., 2013). However, measuring 
resistance is seldom straightforward, and many different 
approaches are being used, thus affecting biological 
interpretations. Choosing an appropriate measure for plant 
resistance is essential for engineering future varieties for 
improved plant production security, with less dependence on 
chemical pesticides (Stenberg and Muola, 2017). 

As kenaf is a relatively new host of cotton mealybug, it is 
very important to study the eventual degree of resistance to 
mealybug amongst the selected varieties and accession of wild 
species. One of the best way for reinforcing the impact of other 
tools of IPM like selecting varieties which are relatively 
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on different genotypes were subjected to ANOVA through 
COSTAT followed by Duncan Multiple Range Test (P=0.05) for 
mean comparison. The significance of differences between 
treatments was measured by F-test at P = 0.05.

Results and Discussion

After 15 days of plant infestation with neonate crawlers, 
there was a highly significant difference in host suitability 
exhibited by the number of developed females on the kenaf 
varieties/accessions (F=29.8; P<0.001). Specifically, the number 
of female mealybugs was significantly high (11.00 per plant) in 
WHIN 47 (H. acetocella) indicating higher preference (Table 1). 
The mean females per plant data indicated that accession, WHIJ 
50 belonging to Hibiscus spp. had significantly least (2.77) 
number of adult females (DMRT, P<0.05). The mean 
establishment rate of mealybug which is indicative of the 
proportion of crawlers developing into adult females on the kenaf 
genotypes (varieties/accessions) showed a significant difference 
(F=29.3; P<0.001). The establishment rate of insect was 
significantly low, i.e., 0.14 and 0.22 in WHIJ 50 and JRM 3, 
respectively (DMRT, P<0.05). WHIN 47 (H. acetocella) proved 
favourable for crawler development in the kenaf seedlings with 
significantly high establishment rate (DMRT, P<0.05).  

There was highly significant difference in crawlers 
produced by the established females on kenaf varieties and 
accession (F=76.3; P<0.001). As other growth parameters, the 
number of offsprings from the established female mealybugs in 
each plant was significantly high in JBM 81 (DMRT, P<0.05) at par 
with WHIN 47 and HC 583. The wild accession, WHIJ 50 proved 
to be least suitable for multiplication of mealy bug that recorded 
significantly lowest number of crawlers per plant (DMRT, P<0.05). 
The instantaneous rate of increase of mealybug population 
showed significant variation among the kenaf genotypes (F=90.1; 
P<0.001), among which this parameter was significantly lowest in 
WHIJ 50 (0.14) followed by JRM 3 (0.18) (DMRT, P<0.05) (Fig. 1). 
The life duration and survival rate of mealybug crawlers and 
nymph (female) reared in the laboratory on the detached leaf of 
kenaf genotypes indicated significant variation (F=7.07; P<0.001 

crawlers produced by the established females per plant 21 days 
after release. The establishment rate was calculated 15 days 
after the release of crawlers by the ratio of number of females 
present on the seedlings and the number of crawlers initially 
released per plant (Oliveira et al., 2014). The mealybug crawlers 
(offspring from established female) on leaves and stem of each 
genotype were counted under stereo-microscope (Leica S6D, 
Germany). The number of F1 insects (mealybugs produced by 
established females) was counted after 21 days, and the 
instantaneous rate of increase was calculated according to the 
modified methodology of Stark and Bank, 2003 as given below.

Instantaneous rate of increase (ri) = ln (N  / N ) / ∆t)f 0

Where ln= natural logarithm, N= final number of observed f

crawlers, N = initial number of crawlers released, Δt= duration 0

from crawler release to count of F1 crawlers.

Survival and life duration study: Survival, developmental 
duration and growth index of mealybug was assessed on nine 
kenaf genotypes. For each genotype, detached topical leaves 
of 25-day-old potted plants with petiole tips wrapped in wet 
adsorbent cotton were placed underside up in Petri dish (9 cm 
dia) on water-soaked 2-layer filter paper. In each Petri dish, 20 
neonate mealybug crawlers were released on 2 uniform leaves 
(10 in each leaf). Petri dishes along with insects were incubated 
in a BOD incubator (Indo-Scientific Surgicals, OVFU®, O-CIS-
12D, India) set at 28°C ±1°C. Treatment constituted twenty 
mealybugs on the leaves of each kenaf genotype replicated six 
times. Mealybugs on the leaves inside the Petri dishes were 
examined daily using a stereo-microscope (Leica S6D, 
Germany).  Daily mortality was recorded and survival in each 
replicate was determined as percentage of surviving 
individuals. Observation on survival and different stages of 
nymphal development were recorded; fresh leaves of 
respective treatments were replaced at 3 days interval. Growth 
index was calculated according to Raulston (1975).

Statistical analysis: The establishment rate, average number of 
female per plant, survival percent and nymphal duration of female 

Table 1: Mean female per plant, crawler per plant and establishment rate of P. solenopsis on seedlings of different kenaf varieties and accessions

Genotypes Female per plant Crawler per plant Establishment rate

C B CAMC 108 (Hc) 8.11±0.60 840.72±15.11 0.41±0.03
AB A ABJBM 81 (Hc) 9.78±0.52 927.06±30.42 0.49±0.03
F E FJRM 3 (Hc) 4.39±0.49 401.85±28.67 0.22±0.02
DE E DEJRM 5 (Hc) 6.44±0.53 474.23±37.02 0.32±0.03
CD D CDMT 150 (Hc) 7.53±0.50 632.08±44.27 0.38±0.02
E C EJBM 2004 D (Hc) 6.09±0.38 732.31±35.14 0.31±0.02
BC AB BCHC-583 (Hc) 8.66±0.25 884.01±33.37 0.43±0.01

A AB AWHIN 47 (Ha) 11.00±0.57 925.97±19.52 0.55±0.03
G F GWHIJ 50  (Hsp.) 2.77±0.30 190.55±10.33 0.14±0.01

LSD (p =0.05) 1.35 85.67 0.07

Hc- Hibiscus cannabinus, Ha- Hibiscus acetocella, Hsp.- Hibiscus species (species not yet identified). Values are mean ± SEM
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and F=9.42; P<0.001). The kenaf genotypes tested for host 
suitability, which exhibited significant negative effect on survival 
of crawlers and nymphs on the wild accession were WHIJ 50; 
cultivated varieties, JRM-3 and JRM-5 (37.71 to 42.82) (37.43 to 
46.05%) (DMRT, P<0.05) that indicates manifestation of 
maximum antibiosis on immature stages reared on the detached 
leaf from the respective plants (Table 2). 

On the other extreme, the survival of mealy bug was more 
in the wild accession, WHIN 47; cultivated varieties, JBM-81, 
AMC-108 and HC-583 (52.16 to 57.84) (62.35 to 71.60%) (DMRT, 
P<0.05). The developmental period of immature stages (crawler 
and nymph) on various host plants varied from 16.54 to 23.30 
days. The wild accession, WHIJ 50 and variety JRM 3 significantly 
prolonged the growth period of immature stages developed into 
female (23.30 and 21.15 days) (DMRT, P<0.05) as compared to 
the varieties of cultivated species and another wild accession of 

H. acetocella (16.54 to 19.64 days). Significant effect of host 
plants was exhibited on the growth index of mealybug reared on 
different genotypes (F=12.10, P<0.001). Kenaf varieties, JBM 81, 
HC583 and the wild accession WHIN47 were assumed to be 
more susceptible with significantly higher growth index (3.27 to 
3.42) (DMRT, P<0.05). As reflected on other performance 
parameters, the growth was significantly lowest (1.64) on the wild 
accession WHIJ 50 (DMRT, P<0.05). Our study reflects that 
seven kenaf varieties (Hibiscus cannabinus) and two wild 
germplasm accessions (one each of Hibiscus acetocella and 
Hibiscus spp.) demonstrated variable degree of host suitability for 
P. solenopsis. Following the release of crawlers on these tested 
kenaf lines, there was a significant difference in the rate of female 
establishment, the number of progeny crawlers from the 
established females, were the parameters indicative of suitability 
of plants as host for proper growth and multiplication of mealybug. 
Significantly least number of females could develop with the 

Table 2: Mean survival, durations pre-imaginal development (crawler to adult) and growth index of P. solenopsis cumulative on detached leaf of different 
kenaf varieties and accessions

Genotype Survival (%) Female duration (days) Growth index

ABC CD ABAMC 108 (Hc) 62.35 *(52.16±2.31) 17.89±0.63 2.94±0.19
A D AJBM 81 (Hc) 71.60 (57.84±1.73) 17.01±0.84 3.42±0.10
DE AB DEJRM 3 (Hc) 46.05 (42.78±2.48) 21.15±0.43 2.03±0.13
DE CD CDJRM 5 (Hc) 46.20 (42.82±4.76) 18.10±0.72 2.35±0.20
CD BC CDMT 150 (Hc) 50.90 (45.52±1.77) 19.64±0.55 2.33±0.10
BCD CD BCJBM 2004 D (Hc) 54.69( 47.65±2.97) 17.98±0.76 2.65±0.11

AB D AHC-583 (Hc) 66.71 (54.8±3.52) 16.54±0.86 3.39±0.37
A CD AWHIN 47 (Ha) 71.24( 57.59±1.95) 17.77±0.58 3.27±0.19
E A EWHIJ 50  (Hsp.) 37.43 (37.71±0.65) 23.30±0.74 1.64±0.07

LSD (p =0.05) 7.70 1.97 0.52

Values are mean ± SEM, *Figures in the parentheses are arcsine transformed values

Fig. 1: Instantaneous rate of mealybug population increase on different kenaf genotypes.
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Exploitation of plant defences to breed resistant variety is 
one of the novel components of integrated pest management 
programs, which minimizes insect damage. Unlike other crops, 
the presently cultivated kenaf varieties substantially lack 
resistance against mealybug, which is emerging as a new 
problem under changing climatic conditions. This study revealed 
considerable resistance in the wild genotype WHIJ 50 and the 
cultivated variety JRM 3. In the case of insects, possessing multiple 
overlapping short life stages on short-duration crops, restriction of 
colonization caused by antixenosis and reduction of population size 
mediated by antibiosis are equally important. (Stenberg and Muola, 
2017). This theory also fits well for kenaf and mealybug as it is a 
short duration crop and mealybug has overlapping generations due 
to faster growth. A previous study established that through wide 
hybridization between different kenaf species it is possible to 
transfer useful genes from wild to elite cultivated varieties (Satya, 
2013). In that direction, the outcome of this study brought out the 
relative resistance levels of the kenaf genotypes and may pave the 
way for creating and producing vigorous hybrids that would display 
satisfactory resistance to mealybug infestation.  
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