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Effects of different agricultural wastes and botanical on 
root knot nematode (Meloidogyne spp) on okra 

(Abelmoschus esculentus L. Moench) 
 

ONONUJU, C. C.1, IKWUNAGU, E. A.*1, OKOROCHA, A. D.2 AND OKORIE, C. C.2 
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2
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Received 26 March, 2014; Accepted 13 May, 2014 
 

The effect of agricultural wastes and a botanical on root knot nematode (Meloidogyne spp) on okra 
(Abelmoschus esculentus L. Moench) was investigated in pot experiment. The experiment was laid out 
in a completely randomized design with five treatments each replicated five times. The treatments 
included: sawdust, oil palm sludge, cassava peels, bitter leaf powder, carbofuran plus untreated control. 
All the treatments except oil palm sludge and nematicide were applied at the rate of 20 g each. Oil palm 
sludge was applied at the rate of 20 ml while the nematicide at 3.0 g ai per plant. The plants were 
inoculated with 2000 nematode eggs (Meloidogyne spp.) three weeks after emergence. Treatments and 
fertilizer were applied one and three weeks after inoculation respectively. Eight weeks after treatment 
application, the experiment was terminated and the following collected; fresh and dry shoot weight, 
plant height, number of leaves, number of galls, population of nematode eggs in the roots and 
nematode population in the soil. Results obtained indicated non-significant difference between the 
treatments in the parameters recorded except plants treated with bitter leaf and nematicide in some 
cases. Generally, results from bitter leaf were better and compared favourably with the nematicide 
treated plants. 
 
Key words: Agricultural wastes, Meloidogyne spp, Abelmoschus esculentus 

 
 
INTRODUCTION 
 
Okra (Abelmoschus esculentus L. Monech) is a flowering 
plant, belonging to the family Malvaceae (Mallow family) 
(NRC, 2006). It is a warm-season crop grown in home 
gardens. It is an upright plant with a hibiscus-like flower 
(Smith et al., 2002), grown in tropical and warm 
temperate climates (Ijewere, 2012) and as a widely 

cultivated vegetable (Schippers, 2002) grown as annual 
or biannual crop. 

It was first domesticated in West and Central Africa and 
is now cultivated throughout the tropics primarily for local 
consumption (Schippers, 2000; Kamara et al., 2005). 

Okra has been found to be an important
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vegetable crop in the tropical and subtropical zones of 
the world in that it is a good source of vitamins A, B 
complex and C, proteins and minerals for human diets 
(Adebisi et al., 2007). It is also a source of iron, calcium, 
potassium and other minerals with high thiamine, 
riboflavin and niacin than other vegetables (Rice et al., 
1991). The young immature pods are used as boiled 
vegetable in cooking soup, while in dried form they are 
used as soup thickener (Yadev and Dhanker, 2002; 
George, 2005). 

The stem can be used in making rope and paper while 
the foliage can serve as a good source of fodder to 
livestock (Raemakers, 2001; Ahmed et al., 2006). A 
greenish-yellow edible oil, gotten from the okra seed is as 
high as about 40% in some varieties (Mays et al., 1990). 
The oil has been found to be suitable for use as a bio fuel 
(Farrooq et al., 2010). 

Okra is notorious for its susceptibility to root-knot 
nematodes (Noling, 2012). They are found to be a 
serious pest of okra, damaging a stand and greatly 
decreasing and delaying the production of pods (Bolles 
and Johnson, 2012). The extent of damage by the 
nematode is influenced by the level of soil nematode 
infestation and environmental factors (Ononuju and 
Fawole, 2000). Some plant-parasitic nematodes have the 
greatest impact on crop productivity when they attack the 
roots of seedlings immediately after seedling germination 
(Ploeg, 2001). Inasmuch as they are generally regarded 
as silent enemies, they have caused losses of up to 80% 
in vegetable fields where their infestation is very high 
(Kaskavalci, 2007). 

The populations of plant-parasitic nematodes in the 
field can be minimised through several approaches which 
include the use of natural enemies (Khan et al., 2007), 
use of resistant varieties (Williamson and Kumar, 2006), 
enhancing cultural practices (Okada and Harada, 2007) 
and use of synthetic nematicides (Browning et al., 2006). 
Farmers generally have relied on the use of synthetic 
nematicides over the years and this has resulted to its 
excessive and unsafe usage (Taniwiryono et al., 2007). 
Indiscriminate use of synthetic nematicides for the control 
of nematodes leads to phytotoxicity, environmental 
pollution and nematode resistance (Yudelman et al., 
1998). On the other hand, its unsafe usage may result in 
poisoning of humans especially in developing countries 
like Nigeria (Conway, 1995). To this effect, it is of 
economic importance to find alternative control strategies 
which are as effective as synthetic nematicides, safer to 
farmers, consumers, and the environment and relatively 
easily available at low price (Fernandez et al., 2001). 

Such alternatives are the use of botanical nematicides 
(nematicides of plant origin) and agro wastes (Javed et 
al., 2006). The use of organic amendments for the control 
of plant-parasitic nematode has been advocated for the 
resource poor farmers from many African countries 
(Olaniyi et al., 2005). Inasmuch as they are slow to act 
and large quantities are needed before reasonable 
control  can  be achieved,  it  is  relatively cheap,  readily 
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available and its application, technologically simple 
(Barman and Das, 1996). Ononuju and Okoye (2003) 
emphasised the advantages and potential use of 
ingredients of higher plants in controlling plant diseases. 
Organic amendments have beneficial effects on the soil’s 
nutrient, physical conditions and biological activity hence 
improve the health of plants and reduce the nematode’s 
population (Oka and Yermiyahu, 2000). According to 
Kimenju et al. (2004), organic amendment application 
stimulates the activity of natural antagonist of plant-
parasitic nematodes. Numerous plant species belonging 
to 57 families have been identified locally to contain 
nematicidal compounds (Sukul, 1992). They are applied 
either as soil drench, root dip or as foliar spray (Agbenin, 
2004). 

This study therefore aims at determining the effect of 
different agricultural wastes (sawdust, cassava peels, oil 
palm sludge) and a botanical (bitter leaf) on Meloidogyne 
spp on okra. 
 
 
MATERIALS AND METHODS 
 
Experimental location 

 
The experiment was carried out in the Department of Plant Health 
Management, Michael Okpara University of Agriculture Umudike, 

Abia state, Nigeria. Umudike is located on latitude 522’ N and 

longitude 733’ E and an altitude of 122 m above sea level with an 
annual rainfall of 1916 mm, relative humidity of 76% and 

temperature range of 19-35C (NRCRI, 2010). 

 
 
Experimental design 

 

The experiment was arranged in a completely randomized design in 
an open field platform using plastic pots with five treatments 
replicated five times including the control. 
 
 
Source of seeds 

 
Seeds of okra variety TAE 38 were obtained from the Teaching and 
Training Farm Centre of College of Crop and Soil Sciences, Michael 
Okpara University of Agriculture Umudike, Abia state. 
 
 
Agricultural wastes and botanical used 

 
The agricultural wastes and botanical used were cassava peels, 
sawdust, oil palm sludge and bitter leaf. The cassava peels and 
bitter leaf were air dried before they were blended to powder with 

an electric blender. 

 
 
Preparation of nematode inoculum 

 
Root-knot nematode eggs were extracted from the heavily galled 
roots of Basella alba (Cylon spinach) using sodium hypochlorite 
(NaOCl) technique (Hussey and Barker, 1973). The number of eggs 
in the suspension on a millilitre was estimated by counting four 
samples of a millilitre each using down caster counting dish under 
stereomicroscope and the average was taken. Each millilitre 
contains about 125 nematode eggs, hence 16 ml of the suspension 
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containing about 2,000 nematode egg was used to inoculate the 
plant. 
 
 
Planting of seeds 

 
Okra seeds were sown three seeds per hole in plastic pots whose 
diameter are 22.5 cm and contain 4.5 kg mixture of sandy loam soil. 

The soil was steam sterilized at 70C for 120 min. Two weeks after 
planting, the okra plants were thinned down to a healthy seedling 
per pot. 
 
 
Inoculation of nematode eggs to the plant 
 
Three weeks after germination, the plants were inoculated by 
pouring a calculated volume of the suspension containing 2,000 
nematode eggs extracted by Hussey and Barker (1973) method 
near the plant by making a groove around it. 
 
 
Treatment and fertilizer application 

 
Seven days after the inoculation, 20 g each of the powder of the 
cassava peels, bitter leaf and sawdust were applied evenly on the 
soil surface around the plant roots and covered with top soil. Also, 
20 ml of the oil palm sludge and a synthetic nematicide 
(Carbofuran) at 3.0 g ai were applied. The control consisted of pots 
without treatment application. NPK fertilizer was applied at the rate 
of 100 kg/ha (Ijoyah and Dzer, 2012), that is, 0.4 g per bucket two 
weeks after. The plants were watered as when due. 

 
 
Data collection and statistical analysis 

 
At the end of the experiment, 12 weeks after planting, the following 
parameters were collected: Fresh shoot weight; dry shoot weight; 
plant height; number of leaves; number of galls; population of 
nematode in the soil (Hussey and Barker, 1973); population of 

nematode eggs in the roots (Hussey and Barker, 1973). 
The data collected were subjected to Analysis of Variance 

(ANOVA) and means were compared using Least Significant 
Difference (LSD) at 5% probability level (P<0.05) by using computer 
software “Genstat Discovery Edition 4”. 
 

 

RESULTS 
 
Table 1 shows the effect of treatments on plant height 
and number of leaves. There was no significant 
difference recorded among the treatments including the 
control on plant height although the highest plant height 
(31.55 cm) was recorded for the plants with nematicide 
treated soils while the least (26.67 cm) was recorded for 
the plants whose soils were treated with sawdust. On the 
number of leaves, significant difference (P<0.05) was 
recorded between the plants whose soils were treated 
with the nematicide (7.34) and the control (5.83), but the 
other treatments did not significantly differ from the 
control. However, the other treatments did not differ 
significantly from each other and the control. 

The effect of treatments on fresh and dry shoot weight 
are shown in Table 2. Significant differences were not 
observed  among  the  treatments including the control  in  

 
 
 
 
fresh shoot weight although plants treated with bitter leaf 
recorded the highest fresh shoot weight (15.26 g) with the 
least weight (10.28 g) recorded for sawdust treated. On 
dry shoot weight, all the treatments did not differ 
significantly from the control, excerpt plants treated with 
bitter leaf. Still, bitter leaf and oil palm sludge treated 
plants gave the highest dry shoot weight (6.04 and 5.36 g 
respectively), but did not differ significantly from each 
other. 

Table 3 shows the effect of treatments on the number 
of galls, egg and nematode population in the soil. The 
treatments and the control did not differ significantly from 
each other on the number of galls and the number of 
nematode eggs on the roots of the plants respectively. 
However, the plants whose soils were treated with the 
nematicide had the least number of galls (26.4) while the 
highest (59.4) was observed for the sawdust treated 
plants. 

Also, the nematicide treated soil had the least number 
of nematode eggs (3340) in the plant roots while oil palm 
sludge treated plants, had the highest (6480). On the 
other hand, on the nematode population in the soil, 
significant differences (P<0.05) were recorded between 
the treatments and the control, but the nematicide (580), 
bitter leaf (1020) and cassava peels (1200) treated soils, 
did not differ significantly from each other. The least 
number of nematode population in the soil was recorded 
by nematicide treated soil (580) followed by the bitter leaf 
treated (1020), whereas the control recorded the highest 
(4400) population of nematode in the soil.  
 
 
DISCUSSION 
 
The stunted growth and reduction in number of leaves 
(defoliation) recorded were due to the inability of the 
plants to take up water and nutrient from the soil through 
its root, which they need for photosynthesis. This is in 
agreement with the findings of Alabama and Alabama 
(2009) who reported that nematodes damage plants by 
feeding on the roots, weakening the plant’s ability to take 
up water and nutrient. Also, the findings of William and 
Robert (2007) confirmed that the nematode infestation 
leads to wilting and stunted growth. Observation on the 
lack of effect on the number of leaves in this study is 
similar to that of Claudius-Cole et al. (2010) who 
observed that there was no significant difference in total 
number of leaves of plants treated with some plant 
extracts.  

The soils treated with bitter leaf provided organic matter 
and the additional nitrogen to the okra plants. This led to 
the significant increase in dry shoot weight of okra. Oka 
and Yermiyahu (2000) confirms the beneficial effects of 
organic amendments on soil’s nutrients. Imafidor and 
Angaye (2009) also confirms the supply of soil nutrients 
by bitter leaf. However, the non-significant effect of the 
treatments on fresh shoot weight could be due to its slow  
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Table 1. Effect of treatments on vegetative growth of okra inoculated with nematodes. 
 

Treatment Plant height (cm) Number of leaves 

Oil palm sludge 31.27 6.71 

Bitter leaf 28.07 6.89 

Cassava peels 27.88 6.89 

Sawdust 26.67 6.23 

Nematicide 31.55 7.34
a
 

Control 29.92 5.83
b
 

LSD (0.05) NS 1.286 
 

Where NS means no significant difference or non significance. ab means significant difference 

 
 
 

Table 2. Effect of treatments on yield components of okra inoculated with nematodes. 

 

Treatment Fresh shoot weight (g) Dry shoot weight (g) 

Oil palm sludge 14.48 5.36* 

Bitter leaf 15.26 6.04
a
* 

Cassava peels 11.56 4.30 

Sawdust 10.28 4.08 

Nematicide 12.70 5.00 

Control 12.52 3.94
b
 

LSD (0.05) NS 1.935 
 

Where NS means no significant difference or non significance. ab means significant difference.* means 
No Significant Difference 

 
 
 

Table 3. Effect of treatments on nematode gall, egg (in the roots) and population (in the soil) on okra inoculated with 

nematodes. 
 

Treatment 
Number 

of galls 

Number of nematode eggs 

in roots 

Number of nematodes in 

the soil 

Oil palm sludge 35.6 6480 2260.0 

Bitter Leaf 39.8 3620 1020.0
a
 

Cassava Peels 31.2 3360 1200.0
a
 

Sawdust 59.4 4260 2200.0 

Nematicide 26.4 3340 580.0
a
 

Control 55.4 5340 4400.0
b
 

LSD (0.05) NS NS 1243.9 
 

Where NS means no significant difference or non significance. ab means significant difference.  aa means No Significant 

Difference. 

 
 
 
rate to action (Barman and Das, 1996) or due to the poor 
nutrient and water flow as a result of the formed galls on 
the plant roots (Ploeg, 2001). 

The treatments recorded significant reduction of 
nematodes in the soil due to their biological activity 
against the nematode population in the soil. Oka and 
Yermiyahu (2000) reported the effect of organic 
amendments on soil nematode. This they did by 
releasing some toxic chemicals to the nematodes 
(Olabiyi, 2004; Tobih et al., 2011). Galls recorded across 

the treatments indicated proliferation of nematodes and 
their active penetration due to the level of soil infestation 
(Ononuju, 1999) and low quantity of treatments applied 
which could not inhibit parasitic attack. Other workers, 
Barman and Das (1996) and Imafidor and Angaye (2009) 
confirmed this. The effectiveness of the nematicide in 
reducing gall formation, number of eggs and nematode 
population in the soil, is due to the ability of the 
nematicide to kill, inhibit or repel the nematode attack on 
the  plant.  Oudejans(1991)  supported  this  in  his report  
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that the use of synthetic compounds kills, inhibit or repel 
injurious organisms. 
 
 
Conclusion  
 
There were significant differences between the control 
and treatments in some of the parameters measured 
while there were no significant differences in others. 
Synthetic nematicide appeared to be more effective in the 
control of the nematode and consequently increasing the 
yield components of the plant. Also from this work, bitter 
leaf appeared not to differ significantly (P<0.05) from the 
nematicide in most parameters. 

In all, bitter leaf compared favourably with the nema-
ticide. Further rates of application of treatments are 
needed in both green house and field trials. It is 
recommended that there should be further confirmation of 
crop seeds that have been released to be susceptible to 
root-knot nematode. Again it is recommended to 
determine the effect of the treatments on crop yield. 
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Ecology of whitefly Bemisia tabaci Genn., has been studied extensively in the recent past and a varying 
response was observed on different host plants. The degree of this variation is because of type of host 
plant combination. The present investigation was conducted to find out the comparative age specific 
survival, mortality and life table parameters in presence of four major fruit bearing vegetables that is 
brinjal (Solanum melongena L.), chili (Capsicum annuum L.), tomato (Lycopersicon esculentum Mill.) 
and okra (Abelmoschus esculentus (L.) Moench), under laboratory conditions (26±3°C, RH: 75±5% and 
photophase: 14 h). The maximum survival and minimum mortality was observed on brinjal, while chili 
has been documented with reciprocity. Among the host plants, on which whitefly was reared, brinjal has 
shown superiority, documenting least mortality and shorter development of immature stages of whitefly. 
Least generation time (23.67±0.97 days) was observed on brinjal and maximum time was consumed on 
chili (33.57±1.10 days). Similarly, the highest intrinsic rate of increase (rm) was recorded on brinjal 
followed by tomato and the smallest rm was observed on chili. A significant difference in net 
reproductive rate (Ro) was perceptible, being highest on tomato (89.50±2.13 females/female). However; 
corresponding potential fecundity and maximum mean egg laying was received on brinjal. Fastest 
doubling time was also recorded on brinjal (8.41±0.02 days) followed by tomato (10.87±0.03 days) while 
maximum doubling time was witnessed on chili (14.01±0.05 days). The highest annual rate of increase 
(ARI), 1.27±0.02x10

10
 of individuals per year was found on brinjal and lowest on chili. The host 

preference of whitefly on the basis of present investigations, can be arranged in the following order 
brinjal>tomato>okra>chili. 
 
Key words: Bemisia tabaci, life table, fruit bearing vegetables, life parameters, female fertility 

 
 
INTRODUCTION 
 
India has long history of vegetarianism and the main 
vegetable crops are brinjal, chili tomato, okra, cabbage 
and cauliflower etc (Johnson et al., 2008) which suffers 
from various insect pests. Among the insect pests, sweet 

potato whitefly (Bemisia tabaci Genn.) reported as pest of 
tobacco in 1889 (Lin et al., 2007) is a major threat 
worldwide (Kakimoto et al., 2007; Bayhan et al., 2006) 
feeding on vegetables, fruit crops (Naveed et al., 2007; 

 
*Corresponding author. E-mail: entosaif@rediffmail.com.  
 
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 
International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


 
 
 
 
Chaudhuri et al., 2001) and pulses from 86 botanical 
families (Salas and Medoza, 1995). Adults and nymphs 
are damaging stages and generally found resting 
underside of the leaves. Apart from sap sucking (Khan et 
al., 2011) and excreting honey dew (Kakimoto et al., 
2007), whitefly also transmits more than 115 types of 
virus (Luan et al., 2011) to the commercial crops among 
which 90% belong to the Begomovirus genus (Jones, 
2003).  

A high reproductive rate and protective feeding 
locations on the host enables them to cause severe 
damage, also hinders the efficacy of pesticide control. 
According to Lin et al. (2007), despite major advances 
having been made in understanding the biology and 
behavior of B. tabaci and in developing pest-manage-
ment systems (Gerling and Mayer, 1996; Naranjo, 2001), 
whitefly still remains a major threat for commercial 
cultivation and this may be attributed to intensive use of 
pesticides (Bonato et al., 2007). Characteristic features 
like high natality rate, broad host range, ability to adapt to 
new hosts and ability to develop resistance to insec-
ticides etc., are few reasons behind the geographic 
expansion of whitefly and its importance (Basit et al., 
2012). Any pest management program should be based 
on adequate knowledge on ecological aspects of 
concerned pest and of factors that is host plants, climatic 
conditions etc, responsible for change in status of key 
pest (Southwood, 1978; Bonato et al., 2007). Life 
parameters have been observed on more than 50 host 
plants (Naranjo et al., 2010), also in last few decades, a 
number of studies have been conducted, describing host 
suitability on various host plants (Carabali et al., 2010; 
Kakimoto et al., 2007; Bayhan et al., 2006; Samih, 2005; 
Samih et al., 2003a, b; Tsai and Wang, 1996; Chang-Chi 
et al., 1995; Bethke et al., 1991; Costa et al., 1991a; 
Sharaf et al., 1985) but none of the studies have included 
four vegetables viz., Brinjal (Solanum melongena L.), chili 
(Capsicum annuum L.), tomato (Lycopersicon 
esculentum Mill.) and okra (Abelmoschus esculentus (L.) 
Moench). The present investigation was assigned to 
investigate the impact of host plants on survival, mortality 
and life table parameters on major vegetables (brinjal, 
chili, tomato and okra) in particular. This study intends 
providing essential gap filling information for devising 
effective management strategies for whitefly.  
 
 
MATERIALS AND METHODS 

 
Cohort establishment and assessment of survival and 
mortality 

 
Seedlings of tomato, chili and brinjal were transplanted while okra 
was sown in thermo-coal pots of 9 cm in top diameter, 6 cm in 
bottom diameter, with 7 cm in height under laboratory conditions 
(temperature 26±3°C, RH: 75±5% and photophase: 14 h) at 
Department of Protection, Faculty of Agricultural Sciences, Aligarh 
Muslim University, India and kept screened to avoid further whitefly 
infestation. The leaves having pupae of B. tabaci were collected from 
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from the brinjal crop grown at experimental fields of Department of 
Plant Protection, Aligarh Muslim University. Ten pairs of adult 
whitefly emerged from the collected pupae were released in 
confined plastic vials on undersurface of leaves to obtain fresh 
eggs. These vials were provided with two square shape ventilation 
windows at either ventral sides, one at bottom and second one at 
neck opposite to that of bottom and a fine meshed cloth was pasted 
as screen on the windows (Plate 1). After 24 h of confined 
exposure, eggs were selected for the further studies on develop-
ment and survival. Two eggs from each exposed leaf were selected 
and marked with black permanent and nontoxic marker and such 
leaves containing those of eggs were tagged at petiole region to 
facilitate the infestation identity while rest of the eggs were 
discarded. The whole amount of such tagged plants used under the 
study were screened with fine meshed white cotton cloth to avoid 
further infestation of whitefly, mites or ants if there were any. This 
ensured that every leaf chosen remained with a specific number of 
eggs, all of which had been marked. A single leaf was used per 
plant and 100 eggs were marked on 100 plants to give a cohort of 
200 eggs. Settled first-instar nymphs were identified and marked on 
separate leaves by making a circle. The leaves and nymphs were 
marked using the same procedure as above. These first instars 
were identified by their translucent color, small size, and charac-
teristic ovoid shape. Marked nymphs were revisited after 1 h to 
ensure that they had settled. Any nymph that had crawled out of the 
circle was replaced by marking new one on another leaf of a new 
plant. All cohorts in each plot were established on the same day, 
and were marked between 07:00 and 10:00 h of the same day.  
 
 

Effect of host plants on whitefly life parameters 
 

Newly emerged male and female B. tabaci were paired and each 
couple was released in plastic vials described above and attached 
on undersurface of leaves of the respective new food plants. 
Female fertility life tables constituting parameters viz., female 
fecundity, pre-oviposition, oviposition and post-oviposition periods 
etc, were constructed based on Birch (1948) and Southwood 
(1978). For adults, the survival rate from birth to age x (Ix) and 
fecundity (mx) were calculated according to Birch (1948). The data 
obtained were further used to analyze the intrinsic rate of increase 
(rm, females per female per day), the net reproductive rate (R0, 
females per female per generation), finite rate of increase (λ, 
individuals per females per day), the mean generation time (T, In 
(R0)/rm), and the doubling time (DT, day) were estimated using 
dedicated software. 
 
 

Data analysis 
 

The below given assumptions were used for the documentation of 
age specific life-table. 
x = age of the insect in days; lx = number of individuals that 
survived at the beginning of each age interval x; dx = number of 
individuals that died during the age interval x; 100qx = per cent 
mortality, computed through the following equation: 100qx = [dx/ lx] 
x 100; ex = expectation of life or mean life remaining for individuals 
of age x; Life expectation was calculated using the equation:ex = Tx 
/ lx  

To obtain ex, two other parameters Lx and Tx were also computed 
as below: 
 

Lx = the number of individuals alive between age x and x+1 and 
calculated by the equation: 
Lx = lx+1 (x+1)/2  
Tx = the total number of individuals of x age units beyond the age x 
and obtained by the equation: 
Tx = lx + (lx + 1) + (lx + 2)…………. +lw  
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Plate 1. Plate plastic vials used to rear adults under leaflets of different host 
plants in this study. 

 
 
 
Where, lw = the last age interval. 

The following parameters were also computed for female fertility 
table: 
 
Net reproductive or replacement rate (Ro) 
 
Net reproductive or replacement rate (Ro) is known as the "carrying 
capacity" of the average insect under defined set of abiotic 
conditions. The information on the multiplication rate of a population 
in one generation is obtained from the following equation: 
 
Ro = Ix.mx 

 
Mean length of generation (T) 
 
Mean length of generation (T) is denoted as the mean period 
between the birth of the parent and the birth of their offspring. 

This period is an evaluated approximate value since the progeny 
is produced over a period of time and not at a definite time. The 
calculation was made through the method opined by Dubin and 
Lotka (1925). 

 
T = ∑ [Ix. mx. x] / ∑ [Ix. mx] 
 
Intrinsic rate of increase (r)  
 
 Intrinsic rate of increase (r) is defined as the instantaneous rate of 
increase of a population in a unit time under a set of ecological 
condition (Birch, 1948). A rough and accurate estimate of the 
intrinsic rate of increase (r) can be calculated by using the following 
equation: 
 
(i) r = [Loge Ro] / T (for rough estimation) 
(ii) e

-rx
. Ix mx = 1 (for accurate estimation)  

Where 'Ro' represents net reproductive rate and 'T' represents 
mean length of generation. 

Finite rate of increase (λ)  
 
Finite rate of increase (λ) provides the information about the 
frequency of the population multiplication in a unit of time (Birch, 
1948). 
 
λ = e

r
 (8) 

Taking loge on both sides we get loge λ = loge e
r
, where, λ =Antiloge 

e
r
 

 
 

Potential fecundity (Pf)  
 
Potential fecundity (Pf) is the total number of eggs laid by an 
average female in her life span. This was obtained by adding up the 
age-specific fecundity column. 
Pf = ∑ mx  
 
 

Doubling time (DT)  
 
Doubling Time (DT) is defined as the time required for the 
population to double and is calculated as follows: 
 
DT = Loge 2/r  
 

 

Annual rate of increase (ARI) 
 

Annual rate of increase (ARI) can be calculated from the intrinsic 
rate of increase (r), finite rate of increase (λ), doubling time (DT), or 
the net reproductive rate (Ro) assuming that the rate of increase 
was constant throughout the year. 
 
ARI = 365 = e

365r 
= 2

365/DT 
= Ro 

365/T
  

 
Jackknife pseudo-values were calculated with a computer
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Figure 1. Age specific survival (lx), expectancy of life (ex) and mortality (dx) of whitefly (Bemisia tabaci Genn.,) on 
different host plants. Temperature: 26±3°C, RH: 75±5% and photophase: 14 h. 

 
 
 
program (La Rossa and Kahn, 2003). The data on variation in 
number of both sexes emerging, duration of different life 
parameters on different host crops were subjected to analysis of 
variance (ANOVA) by the program "MINITAB version 11" unless 
stated otherwise. Tukey’s HSD test was used to compare rm and 
other life table parameters on different vegetable crops. 
 
 

RESULTS 
 
Age specific survival, expectation of life and 
mortality  
 
With the advancement of age, the age specific survival 
was found to turn down gradually (Figure 1). Mortality 

pattern was observed to be fluctuating on all the host 
crops whereas the maximum mortality was observed at 
egg, 1

st
 larval and at pupal stage (Figure 1). It is revealed 

from the current findings that it took maximum period (43 
days) to complete a single generation on tomato followed 
by chili (41 days) with the least on brinjal (33 days) 
(Figure 1). On the other hand the, maximum life was 
expected at egg stage was 25.56 days on chili Followed 
by 18.31 days on brinjal. The life expectation dropped 
down as life advanced in case of brinjal and chili but it 
was found to increase a bit on tomato and okra (Figure 
1). 

The survival of egg stage can be arranged in 
decreasing order as brinjal>chili>tomato>okra (Table 1). 
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Table 1. Development (mean ± SEM) of immature whitefly (Bemisia tabaci Genn.) (in days) on 
different vegetable hosts.  
 

Host Egg 1
st

 instar 2
nd

 instar 3
rd

 Instar Pupa Total 

Brinjal 5.62±0.12
a
 3.19±0.14

a
 3.46±0.12

b
 2.78±0.13

a
 4.26±0.08

b
 19.31±0.34

a
 

Chili 7.32±0.16
c
 4.36±0.10

c
 4.38±0.14

c
 5.62±0.14

c
 7.21±0.12

d
 28.89±0.87

c
 

Tomato  7.54±0.13
d
 3.69±0.14

b
 3.32±0.15

a
 5.74±0.16

d
 3.26±0.39

a
 23.55±0.92

b
 

Okra 6.32±0.12
b
 4.36±0.15

c
 4.74±0.13

d
 3.22±0.11

b
 4.78±0.08

c
 23.42±0.86

b
 

 

*Means followed by same alphabets exhibit non-significant difference. Temperature: 26±3°C, RH: 
75±5% and photophase: 14 h. 

 
 
 

 

 

 
 
 

1st Instar 3rd Instar 2nd Instar  
 

Figure 2. Mortality of immature stages of B. tabaci on different host plants. Temperature: 
26±3°C, RH: 75±5% and photophase: 14 h. 

 
 
 

The developmental periods of egg on each host plant 
were found to vary from 5.62±0.12

 
days on brinjal to 

7.54±0.13
 
days on tomato (f-467.54, p-0.00, df-3, 12) 

(Table 3). Highest mortality of eggs was observed on 
okra (30%) and the least on brinjal (12%) (Figure 2). 
However, the hatching period was found greatest on 
tomato (7.54±0.13 days) and a significant variation (f- 
4765.4, p-0.00, df- 3, 12) was recorded among all the 
host plants (Table 1).  

The pre-oviposition period of B. tabaci is defined as the 
period between adult emergence and egg deposition. A 
short period of varying pre-oviposition period was also 
recorded in this study (f-72.56, p-0.00, df-3, 12), being 
maximum on tomato (1.45±0.55 days) and the minimum 
on chili (0.75±0.25 days) (Table 1). Adult longevity varied 
significantly on all the host plants (f- 66.76, p-0.00, df- 3, 
12) and females had longer longevity than males on all 
host plants. The longest duration of male adult life 
(15.42±0.28 days) and female life (1946±0.43 days) was 
observed on tomato while shortest duration for male 
(1030±0.34 days) and female (12.00±0.40 days) was 
recorded on okra (Table 1). 
 
 
Development and survivorship of immature stages 
 
An  identical and  highest span of 1

st
 instar  larval life was  

recorded on chili (4.36±0.10 days) and okra (4.36±0.15 
days) (f-78.56, p-0.00, df-3, 12) (Table 2) whereas the 
maximum mortality at 1

st
 instar larval stage occurred on 

okra (10.30%) followed by brinjal (12%) with least on chili 
(3.71%). However, in 2

nd
 instar larval stage, there was no 

mortality on chili (Figure 2). During 2
nd

 instar, okra 
documented least mortality (3.28%) but the development 
at same stage was also found to be maximum (4.74±0.13 
days) on okra (f-566.08, p-0.00, df- 3, 12).  The 3

rd
 instar 

larval stage registered longest span of time on tomato 
(5.74±0.16 days) and lowest period on brinjal (2.78±0.13 
days) (f-1850.51, p-0.00, df- 3, 12) and the highest 
mortality at 3

rd
 stage was found on tomato (8.34%) 

(Figure 2). Among the entire host plants, on which 
whitefly was reared, brinjal has shown superiority 
producing least mortality and shorter development for 
immature stages of whitefly (Table 2) which indicate the 
suitability of brinjal as a host for immature development of 
whitefly. The pupal stage exhibited maximum develop-
ment period on chili (7.21±0.12 days) and minimum on 
tomato (3.26±0.39 days) (f-3688.94, p-0.00, df- 3, 12), 
the concerned mortality was also observed to be highest 
on chili (5.8%) and lowest on tomato (1.82 %). The 
overall development of immature whitefly on all the host 
plants exhibited a significant difference except on tomato 
and okra (f-136.34, p- 0.00, df- 3, 12) and was found to 
be delayed most on chili (28.89±0.87 days) whereas
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Table 2. Life parameters (mean ± SEM) of Bemisia tabaci on different vegetable hosts.  
 

Host Male longevity Female longevity Pre-ovipostion period 
Oviposition 

period 

Hatching 

(% age) 
Sex ratio 

Brinjal 12.42±1.05
b
 14.28±0.40

c
 1.2 ± 0.35

c
 14.00±1.00

b
 88.00 1.72:1 

Chili 11.00±0.63
a
 12.80±0.49

b
 0.75±0.25

a
 12.00±0.50

a
 86.00 1.09:1 

Tomato 15.42±0.28
c
 19.46±0.43

d
 1.45±0.55

d
 19.00±1.25

c
 74.00 1.29:1 

Okra 10.30±0.34
a
 12.00±0.40

a
 1.00±0.50

b
 12.00±0.75

a
 70.00 1.18:1 

 

*Means followed by same alphabets exhibit non-significant difference. Temperature: 26±3°C, RH: 75±5% and photophase: 14 h. 
 
 
 

the least period of development was recorded on brinjal 
(19.31±0.34 days) (Table 2). In the present findings, the 
development rate, survival and fecundity were signifi-
cantly different on each host plants.  
 
 
Life table parameters 
 
A definite pivotal age was also observed during the 
course of oviposition (Figure 3). The longest egg laying 
duration of 19 days was observed on tomato followed by 
14 days on brinjal whereas an identical mortality period of 
12 days each was recorded on chili and okra (Figure 3). 
A significant difference (f-1726.48, df- 3, 12, p- 0.00) in 
net reproductive rate (Ro) was perceptible on all the host 
plants, being highest on tomato (89.50±2.13 females/-
female), nevertheless, corresponding potential fecundity 
was received on brinjal (Table 3).  

The maximum mean egg laying was also recorded on 
brinjal. A fractional difference (f- 406.48, p- 0.00, df-3, 12) 
was observed in intrinsic rate of increase (rm) (Table 3). It 
was found maximum on brinjal (0.190±0.002 females/ 
female/ day) followed by tomato (0.147±0.007 females/ 
female/ day). The smallest rm was observed on chili 
(0.114±0.004 females/ female/ day) pointing a poor 
performance of whitefly on chili (Table 3). There was a 
significant difference on mean generation time (Tc) on 
different host plants (f-573.01, p-0.00, df- 3, 12) (Table 3). 
Whitefly documented least generation time (23.67±0.97 
days) on brinjal and maximum time was consumed on 
chili (33.57±1.10 days) (Table 3).  

On the other hand whitefly doubled its population 
fastest on brinjal (8.41±0.02 days) followed by tomato 
(10.87±0.03 days), while maximum doubling time was 
witnessed on chili (14.01±0.05 days) (Table 3). The 
highest annual rate of increase (ARI), 1.27±0.02x10

10
 

individuals per year was found on brinjal and lowest on 
chili (Table 3). 
 
 
DISCUSSION 
  
Age specific survival, expectation and mortality 
 
Host plant species differ greatly in expressions of their 
suitability as food source and shelter for specific insects 

with regard to survival and reproductive rates of an insect 
(Lin and Ren, 2005). Varying responses of B. tabaci in 
terms of life attributes was observed when exposed to 
different host plants (Qui et al., 2003; Lin et al., 2003). In 
the present investigation, a gradual decrease was 
observed in age-specific survival (Figure 1). A fluctuating 
trend of mortality was observed on all the host and egg, 
1

st
 instar larval and pupal stages were found to be most 

susceptible.  
In eggs, there is an arrangement of tube like structure 

called as stalk which helps the egg to get attached with 
leaf surface (Lloyd, 1922). This acts as a source of water 
transport from the tissues to the eggs (Paulson and 
Beardsley, 1985; Buckner et al., 2002). This mortality 
may be attributed to egg hatch failure due to certain 
reasons like problem of improper solute uptake through 
egg stalk (Iida, 2009; Kakimoto et al., 2007), and egg 
might have taken up certain chemicals through stalk 
depending upon host plant that might have spoiled the 
eggs (Iida, 2009).  

The shortest life of whitefly was observed on brinjal and 
the longest on tomato (Figure 1). Similar findings were 
also reported by Tasai and Wang (1996) while, the early 
mortality at first instar stage, could be attributed to the 
longer time required for crawlers to settle down on host 
plants (Lin and Ren, 2004; Tsai and Wang, 1996). 

According to Van Lenteren and Noldus (1990), the host 
plant preference in Trialeurodes vaporariorum (West-
wood) was directly related to biological performance on 
the plant. Elevated rate of reproduction, low transience 
rate and shorter development time of insects on a 
particular host points toward greater suitability of a host 
plant (Costa et al., 1991, a, b; Coudriet et al., 1985; 
Awmack and Leather, 2002; Hasan and Ansari, 2011). 
The gradual decreasing expectation of life was noticed as 
maximum on chili in the present investigation (Figure 1). 
Samih et al. (2003) recorded a gradual decreasing life 
expectation of whitefly on chili which is in agreement with 
the present findings. The egg survival was observed 
maximum on brinjal with least on chili (Table 1) which is 
in complete agreement with the results of Sharaf et al. 
(1985). Development of eggs laid by females on each 
host plant was found varying and the highest mortality of 
eggs was observed on okra (30%) and the least on brinjal 
(12%) (Figure 2). Hatching period was greatest on 
tomato. However, a significant variation was recorded
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Figure 3. Age specific female survival and natality of whitefly (Bemisia tabaci) on different hosts, temperature: 
26±3°C, RH: 75±5% and photophase: 14 h. 

 
 
 
among all the host plants (Table 2). Adult life of whitefly 
varied significantly among the host plants and females’ 
life was observed more than males on all host plants. 
Host plants were found influencing the sex ratio signi-
ficantly (Bonato et al., 2007). The superior sex ratio was 
witnessed on brinjal (Table 1) among all the host plants 
as was reported by Sharaf et al. (1985), contrary to 
Fekrat and Shishehbor (2004) who reported a significant 
role of temperature in the case of sex ratio.  
 
 
Life table parameters 
 
To  compare  the  whitefly population,  significance of  life  

table parameter was highlighted by Wang and Tsai 
(1996).  The longest egg laying duration was observed on 
tomato followed by brinjal (Figure 3). A significant 
difference in net reproductive rate (Ro) was perceptible 
being the highest on tomato. However, corresponding 
potential fecundity was received on brinjal (Table 3). This 
difference in net reproductive rate may be attributed to 
different host plants (Islam and Shunxiang, 2007; Bonato 
et al., 2007) or the varying environmental conditions (Lin 
and Ren, 2004). However the maximum egg laying was 
received on brinjal contrary to the results of Tsai and 
Wang (1996). Omondi et al. (2005) has opined the 
oviposition as a good indicator of host acceptance in 
choice assays. A clear difference in intrinsic rate of 
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Table 3. Life table parameters (mean ± SEM) of whitefly (Bemisia tabaci Genn.) on different host plants.  
 

Host  
Potential 

fecundity (Pf) 

Net reproductive rate 

(Ro) 

Intrinsic rate of 
increase 

(rm) 

Finite rate of 
increase (ʎ) 

Mean length of 
generation (Tc) 

Doubling time 
(DT) 

Annual rate of 
increase (ARI) 

Eggplant 218±2.83
d
 88.94±2.32

c
 0.190±0.002

d
 1.084±0.003

a
 23.67±0.97ª 8.41±0.02ª 1.27±0.02x10

10 b
 

Chili 132±2.92
a
 45.73±2.94

a
 0.114±0.004

a
 1.305±0.003

d
 33.57±1.10

d
 14.01±0.05

d
 6.89±0.05x10

7 d
 

Tomato 186±7.31
c
 89.50±2.13

c
 0.147±0.007

c
 1.195±0.003

b
 30.62±0.72

c
 10.87±0.03

b
 1.12±0.03x10

13 a
 

Okra 148±2.92
b
 57.98±3.31

b
 0.136±0.004

b
 1.229±0.004

c
 29.89±0.75

b
 11.74±0.02

c
 2.24±0.02x10

9 c
 

 

*Within column, means followed by different letters are significantly different according to Tukey’s HSD tests (P<0.05). Temperature: 26±3°C, RH: 75±5% and photophase: 14 h. 
 
 
 

increase (rm) was apparent in our study and was 
observed to be highest on brinjal (Table 3). It was 
found maximum on brinjal followed by tomato 
(Table 3). Kakimoto et al. (2007) has also 
reported superior rate of natural increase on 
brinjal as compared to tomato and other host 
plants. There was a significant difference on mean 
generation time (Tc) on different host plants 
(Table 3). Whitefly performed well on brinjal by 
documenting least time and maximum time was 
consumed on chili (Table 3). On the other hand, 
whitefly doubled its population fastest on brinjal 
pursued by tomato while maximum doubling time 
was witnessed on chili (Table 3). The highest 
annual rate of increase (ARI) individuals per year 
was found on brinjal and lowest on chili (Table 3). 
 
 
Development and survivorship of immature 
stages 
 
The literature on biology and ecology from recent 
past reveals that the development of immature 
Bemisia tabaci is dependent on type of whitefly 
population or biotype (Muniz and Nombela, 2001; 
Bonato et al., 2007) or host plants (Zalom et al., 
1995; Tsai and Wang, 1996; Muniz and Nombela, 
1997; Nava-Camberos et al., 2001; Lin and Ren, 
2004; Bonato et al., 2007). The instar duration of 
B. tabaci was differently affected by the various 

hosts during nymphal development (Campos et 
al., 2003; Bonato et al., 2007). Among the entire 
host plants, on which whitefly was reared, brinjal 
has shown superiority by documenting least 
mortality and shorter development time for 
immature stages of whitefly (Table 2) which 
indicates the suitability of brinjal as a host for 
immature development of whitefly (Awmack and 
Leather, 2002; Hasan and Ansari, 2011). Sharaf 
et al. (1985) has also revealed the superiority of 
brinjal over other host plants for immature B. 
tabaci. Tsai and Wang (1996) observed that the 
survival of immature stage of B. argentifolii was 
more on brinjal than tomato and whitefly took less 
time for development from egg to adult on brinjal 
than tomato. Nymphal survival was found contrary 
to the findings of Campos et al. (2003). In present 
findings, the development rate, survival and 
fecundity were significantly different on each host 
plants and the results are contrary to the findings 
of Samih (2005) and are in agreement with those 
of Camberos et al. (2001).  
 
 
Conclusion 
 
The whitefly, when reared on four major fruit 
vegetables (brinjal, chili, okra and tomato) showed 
high fondness of brinjal by documenting maximum 
survival, minimum mortality, shorter generation 

time, highest potential fecundity and intrinsic rate 
of increase whereas chili was inferior most among 
all the host plants. It can be concluded from the 
above investigations and discussion that brinjal 
can serve most preferred host. Therefore an 
avoidance of continuous cultivation of brinjal in 
areas having in vogue cultivation of the above 
mentioned major fruit vegetables.  
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