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Introduction
Eggplant Solanum melongena L. is an important vege-

table crop cultivated for its fruits. It is also known as brinjal, 
aubergine, garden egg, or guinea squash in countries1. Al-
though India and Afghanistan are considered the original 
homeland of eggplant plants, eggplant cultivation is current-
ly widespread in all regions of the world2. Several varieties 
of eggplant fruits show a wide range of shapes and colors, 
ranging from long elongated to oval to ovoid-shaped fruits, 
displaying multiple colors spanning from shades of purple, 
yellow, and green to white. Among the various factors that 
may cause the eggplant's low productivity is the damage 
caused by many pests, such as different species of aphids, 
mites, moths, and the whitefly Bemisia tabaci (Gennadius)3.

The whitefly B. tabaci (Gennadius) (Hemiptera, Aleyro-
didae) is a species complex with a worldwide distribution, 
considered a severe pest on several plant families, inclu-
ding Solanaceae4. Throughout the whitefly life cycle, it feeds 
on the leaves, causing direct and indirect damage to the 
host plant by piercing leaves, sucking sap, and producing 
honeydew (on which sooty mold develops). It also affects 
growth, photosynthesis, and chemical and phonological 
processes5,6, in addition to transmitting a wide range of vi-
rus diseases such as Tomato yellow leaf curl virus (TYLCV), 
tomato chlorosis virus (ToCV), sweet potato chlorotic stunt 
virus (SPCSV), mild cowpea mottle virus (CpMMV), melon 
yellowing-associated virus (MYaV), lettuce infectious ye-
llows virus (LIYV), tobacco mosaic virus (TMV), and tomato 
mosaic virus (TMV)7. The sweet potato whitefly B. tabaci is 

well known that the whitefly infestation on vegetables cau-
ses a reduction in chlorophyll content and other pigmenta-
tions in the infested plants8. Whitefly nymphs usually cause 
chlorosis in infested leaves9. The result of the decrease in 
the concentration of chlorophyll negatively affects the pho-
tosynthesis process and leaf gas exchange8.

The control of B. tabaci is a challenge because of the 
several generations annually developing and its ability to 
acquire resistance to insecticides quickly10. Over the years, 
many studies on the plant host preferences of B. tabaci and 
host suitability among different plant varieties have been 
carried out5,11-14. Furthermore, several studies focused on 
the effect of host plant growth by whitefly infestation, such 
as the age and population size of whitefly infestation and 
the ability to reproduce it15. However, the physiological and 
biochemical changes caused by B. tabaci in the infected 
plant hosts were not seen. This study aimed to assess the 
impact of B. tabaci on the chlorophyll concentration of some 
eggplant varieties.

Materials and methods 

Prepared greenhouse and growth conditions
The study was conducted at the University of Baghdad, 

Agricultural Engineering Sciences, located at the Al-Jadri-
yah Campus. Different varieties of hybrid eggplants Barce-
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Abstract: The sweet potato whitefly, Bemisia tabaci (Hemiptera: Aleyrodidae), is one of the most important pests 
in vegetables. Although the host plant Solanum melongena, is considered the most preferred, the whiteflies have 
preferences for particular varieties of eggplant. In this study, we evaluated three eggplant varieties in choice feeding 
tests. We found that the varieties of Zomorrod and Barcelona were the most preferred with the highest numbers of 
whitefly nymphs, which were 312 and 300 per leaf, respectively, on the last week of May. In comparison, the nymph 
average was 171.8 per leaf on the last week of May on the kareema. Chlorophyll concentration has been negatively 
affected by the infestation of B. tabaci. The investigation of the chlorophyll content ratio between the uninfested and 
infested eggplant leaves showed a decrease in chlorophyll content at 13.95 and 6.60 11 mg/L of the Zumorrod variety for 
the uninfested and infested leaves, respectively, with 52.67% chlorophyll reduction. At the same time, the mean 
chlorophyll content for uninfested and infested eggplant leaves of the Barcelona variety was 12.74 and 4.95 mg/L, 
respectively, with 61.14% chlorophyll reduction. At the same time, the Kareema variety was recorded at 17.49 and 4.95 
mg/L for the uninfested and infested leaves, respectively, with 72.39% chlorophyll reduction. Furthermore, feeding by B. 
tabaci reduced leaf photosynthesis in eggplant by restricting gas exchange through stomata and reducing chlorophyll's 
content and photosynthetic capacity.
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lona F1 (Fito Semillas company, Barcelona, Spain), Zomo-
rrod F1 (Enza Zaden company, Netherlands), and Kareema 
F1 (Vilmorin Seed Generation Company, Paris, France) 
were obtained from the local market. Seeds were sown in 
a planting tray filled with potting mix under controlled condi-
tions and kept free from pest and disease infestations. The 
seedlings of eggplants were transferred to the greenhouse 
(9 × 13 m2) till the seedlings reached 2-4 leaves. Eggplants 
were irrigated and fertilized with NPK fertilizers. The green-
house was divided into five plots with 10 planting rows. 
Each plot was cultivated with one variety of eggplant and 
was divided into 5 plots containing 10 eggplant plant seed-
lings, in a total of 50 plants per variety.

Population Density Calculation
Five leaves were taken from each eggplant variety and 

replicated each week randomly during April and May to cal-
culate the nymph number of whitefly B. tabaci on both sur-
faces of the leaves for the three varieties of eggplants men-
tioned above. The samples of eggplant leaves were placed 
into zip lock bags with initial details such as the name of the 
eggplant variety, collection date, and the replicate number. 
The zip bags were transferred to the laboratory, examined 
using a stereomicroscope and needle on the same day of 
sample collection, and counted the nymph number.

Chlorophyll content
Based on Goodwin's method (16), the concentration of 

chlorophyll in the uninfested and infested leaves of three 
varieties of eggplants (Zomorrod, Kareema, and Barcelona) 
was measured by using a spectrophotometer; uninfested 
leaves were taken from plants regularly sprayed by chemi-
cal pesticides to prevent pest infestation. Uninfested and 
infested leaves extraction were prepared with three repli-
cates. Five leaves were taken from uninfested and infes-
ted leaves from each variety for each replicates separately, 
leaves drying under laboratory conditions, and mortar and 
pestle were used for crushing the leaves. A quantity of 0.2 
g of leaf powder was taken from each treatment, placed in 
a glass vial, added a volume of 20 ml of acetone / water 
(80:20) solvent, and left for 24 hours. The extract was pla-
ced on a spectrophotometer port to measure chlorophyll 
content for each replicate from each variety. To calculate 
the absorbance of the grape leaf extract sample, the wa-
velengths 663 nm and 645 nm were set up in the spectro-
photometer to estimate the amount of chlorophyll in each 
instance by the concentration of (mg/mL) according to the 
following equations:

Chlorophyll a (mg/mL) = 12.7 D (663nm) – 2.69 D 
(645nm)

Chlorophyll b (mg/mL) = 22.9 D (645nm) – 4.68 D 
(663nm)

Total chlorophyll (mg/mL) = 20.2 D (645nm) +8.02 D 
(663nm)

Where D represents the spectrophotometer reading, 
20.2 and 8.02 mg/g referred to the absorbance of chloro-
phyll a and b at 645 nm and 663 nm, respectively.

% reduction of chlorophyll was calculated by the equa-
tion below as described by Farina et al.23:

Statistical analysis
All field tests were conducted using the Randomized 

Completely Block Design (RCBD) utilizing the statistical 
analysis program SPSS version 26 to analyze variance 
(ANOVA) on the data. The chlorophyll content of uninfested 
and infested eggplant leaves with whiteflies from each tes-
ted variety was compared using the least significant diffe-
rence (LSD) under the probability level of 0.05.

Results
The population of whitefly B. tabaci nymphs in the three 

varieties of eggplant: Kareema, Barcelona, and Zumorrod, 
from the beginning of April to the end of May, are reported 
in Figure 1. It is shown that three peaks of the whitefly B. 
tabaci population began to gradually increase to reach their 
first peak, and the average of whitefly nymphs was 45.4, 52 
and 40 nymphs per leaf in the last week of April for the va-
rieties of eggplant Barcelona, Zumorrod, and Kareema, res-
pectively. While, the average population of whitefly nymphs 
was recorded to reach the second peak of whitefly nymphs 
density of 274.2, 381.6, and 148.4 nymphs per leaf in the 
second week of May for the three eggplant varieties Bar-
celona, Zumorrod, and Kareema, respectively. However, 
the average population density of whitefly B. tabaci nymphs 
was recorded at 300, 312 and 171.8 nymphs per leaf on the 
last week of May for Barcelona, Zumorrod, and Kareema, 
respectively. Statistically, there were significant differences 
between the three eggplant varieties in the severity of whi-
tefly B. tabaci between these three varieties, the highest 
infestation of the whitefly in the nymph instar was on Zu-
morrod, followed by Barcelona, and then Kareema was the 
least.

The population density of the whitefly nymph on the 
two eggplant varieties, Barcelona and Zumorrod, was more 
sensitive to whitefly infestation than Kareema. The infesta-
tion of whitefly on different eggplant varieties may return to 
eggplant morphological characteristics.

The current study demonstrated that the whitefly, B. 
tabaci, feeding on host eggplant decreased the concentra-
tion of plant pigments, especially chlorophyll a, chlorophy-
ll b, and total chlorophyll. Plant sap, which contains plant 
pigments like chlorophyll, can cause reduced in the plant 
colors of the sap when directly sucked. There was a sig-
nificant difference in the content of both chlorophyll a and 
b between uninfested and infested eggplant leaves for all 
varieties. The range of both chlorophylls a and b was 9.75 
and 4.19 mg/L for uninfested and 3.16 and 3.43 mg/L for 
infested leaves of Zumorrod variety, respectively. While in 
the Barcelona variety, the chlorophyll was recorded for both 
chlorophyll a and b at 8.68 and 4.07 mg/L for uninfested lea-
ves and 2.91 and 2.03 mg/L for infested leaves with whitefly, 
respectively. Moreover, the variety of Kareema was 12.53 
and 5.41 mg/L for the content of both chlorophylls a and b in 
the uninfested leaves, respectively. On the other hand, the 
concentration of chlorophylls a and b were 3.08 and 2.07 
mg/L, respectively, in the infested leaves of Kareema (Table 
1 and Figure 2).
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Table 1. The comparison between different uninfested and infested varieties of eggplants (Zumorrod, Barcelona, and 
Kareema) with whitefly Bemisia tabaci in chlorophyll content.

Figure 1. Popu-
lation density of 
whitefly B. tabaci 
nymphs on three 
varieties of eg-
gplant (Zumorrod, 
Barcelona, and 
Kareema).

Figure 2. The concentration of chlorophyll content (mg/L) ± STD in various uninfested and infested eggplant varieties 
(Zumorrod, Barcelona, and Kareema) with whitefly Bemisia tabaci. Different litters mean significant differences at the level 
0.05 for total chlorophyll.
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The data on total chlorophyll content in different varie-
ties of eggplant showed significant differences in the mean 
content of total chlorophyll between uninfested and infested 
leaves of different varieties of eggplant with whitefly B. ta-
baci. Table 1 also demonstrates that the mean content of 
total chlorophyll was more significant than infested leaves 
as shown in Zumorrod variety 13.95 and 6.60 mg/L for un-
infested and infested leaves, respectively. At the same time, 
the total chlorophyll of the eggplant Barcelona variety was 
12.74 and 4.95 mg/L in uninfested and infested eggplant, 
respectively. In addition, the array of Kareema was read at 
17.49 mg/L of total chlorophyll in uninfested leaves com-
pared with 4.95 mg/L in infested eggplant leaves Figure 2.

The values of chlorophyll a, b, and total chlorophyll 
decreased under the feeding stress of B. tabaci. The fo-
llowing means of chlorophyll content (Table 2) indicated that 
the reduction of chlorophyll content had significantly less 
chlorophyll a, b, and total chlorophyll in infested than unin-
fested eggplant leaves, as represented in Zumorrod variety 
chlorophyll a was 67.57%, chlorophyll b 18.12% and total 
chlorophyll 52.67%. The results showed that the reduction 
percentage of chlorophyll a, b and total chlorophyll in the 
Barcelona variety was 66.37, 50.12, and 61.14%, respec-
tively. Similarly, the chlorophyll content values were 75.39, 
61.66, and 72.39% in the Kareema variety. The whitefly B. 
tabaci infestation on different varieties of eggplant signifi-
cantly reduces chlorophyll content compared with uninfes-
ted eggplant leaves (Figure 3).

Discussion
The preferences of whiteflies for several eggplant varie-

ties (Zumorrod, Barcelona, and Kareema) were evaluated in 
this study. The investigation was conducted every week du-
ring the study time. The density of the whitefly nymph popula-
tion on the two eggplant varieties, Barcelona and Zumorrod, 
was more susceptible to whitefly infestation than Kareema. 
A similar result was observed by (17) Proved that the two 
eggplant varieties, H149 and JSZ, were more preferred for 
feeding and egg-laying by whiteflies than other studied varie-
ties, and adult whiteflies lived longer on these varieties. On 
the other hand, infection with B. tabaci reduces percentages 
in various growth parameters of eggplant, such as leaf area, 
fresh leaf weight, dry leaf weight, chlorophyll content, and 
rate of Photosynthesis18. This is consistent with our results, 
and significant differences were reported between uninfested 
leaves and the infested leaves of the three varieties (Zumo-
rrod, Barcelona, and Kareema). According to our study fin-
dings, feeding by whitefly B. tabaci decreased the number 
of plant pigments such as chlorophyll a, b, and total chloro-
phyll. The reduced levels of chlorophyll may be because of 
sucking on plant sap containing plant pigments. Due to the 
lowering level of chlorophyll content as a result of B.taba-
ci feeding compatible with (19,20) who mentioned that the 
concentration of chlorophyll changes in the plant during its 
growth or as a result of external pressure, such as infestation 
with sup-sucking insects that feed on plants sap21,23.

Table 2. The percentage of chlorophyll reduction in different varieties of eggplant (Zumorrod, Barcelona, and Kareema) 
caused by whitefly Bemisia tabaci.

Figure 3. The percentage of chlorophyll reduction caused by the infestation of whitefly B. tabaci. Different litters mean 
there were significant differences at the level 0.05 for chlorophylls a, b and total chlorophyll.
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Moreover, the feeding of B. tabaci caused a decrease 
of 9.7% and 65.9% in both chlorophyll content and pho-
tosynthesis rate, respectively, in eggplant leaves. Aside 
from reducing the photosynthesis rate, Shannag22 pointed 
out that the infestation of B. tabaci also reduces the rate 
of water content by 32% more than uninfested plants. Be-
cause of the loss of chlorophyll, the injury may reduce pho-
tosynthesis, reducing the quantity and quality of eggplants. 
Chlorophyll can be reduced by sucking pests' infestations, 
and the chlorophyll concentration can change during the 
growth and development of the eggplant contents. Additio-
nally, we found that uninfested eggplant plant chlorophyll 
content values were higher than those of infested plants. In 
eggplant plants, feeding activity by both nymphs and adults 
of whitefly B. tabaci reduces the amount of chlorophyll a, b, 
and total chlorophyll in the leaves. It has a detrimental effect 
on the rate of transpiration and photosynthesis.

Conclusions
From these results, we conclude that B. tabaci varies 

in the severity of infection between the three variants, the 
highest condition of the whitefly was in Zumorrod. Barce-
lona, and the least was Kareema. This injury accompanies 
by a significant reduction in chlorophyll concentration in the 
infected leaves compared with uninfested leaves. Further-
more, a significant decrease in chlorophyll concentration 
in the infected leaves compared with uninfested leaves; a 
reduction in leaf photosynthesis leads to lower production.
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