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Introduction
Whiteflies are considered a most damaging pest in all cassava-producing
regions, as they are responsible for transmitting plant viruses and directly
damaging plants via heavy infestation (Reddy, 2015). Aleurodicus
dispersus Russell (Hemiptera: Aleyrodidae) commonly known as
Spiralling whitefly, a native to the Caribbean region and Central America
(Reddy, 2015; Waterhouse & Norris, 1987). Over 300 plant species from
approximately 77 families have been recorded as hosts of Aleurodicus
dispersus Russell, worldwide (Lambkin, 1999), and the species is known
to have widely spread over North America, South America, Asia, Africa,
Australia and in several Pacific Island Countries (PIC). In the South
Pacific it is known from Majuro (1986) (Marshall Is), Cook Islands (1984),
Fiji (1985), Nauru (1987), Papua New Guinea (1987), Kiribati (June
1988), Tokelau (late 1988) and Tonga (November 1988) (Waterhouse &
Norris, 1987).
Whiteflies are considered to be a major agricultural pest, causing damage
to crops by altering the growth, photosynthesis, chemical and phenological
processes (Boopathi et al., 2015; Nabity et al., 2009). Whiteflies secrete
sticky honeydew which at many times results in the formation of dark
sooty moulds on leaves. Nymphs also secrete white, waxy flocculent
materials which can spread widely. The secretion of honeydews causes
premature shedding of leaves, and the sooty moulds hinder photosynthesis
by blocking the entry of carbon dioxide into the leaf cells through the
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stomata, which greatly reduces the photosynthetic product values
(Henneberry et al., 2007; McAuslane et al., 2004; University of Florida,
2015).
Stomatal apertures control both the water loss from plant leaves and the
uptake of CO2 for photosynthesis. Measurements of stomatal apertures are
important indicators of plant water status and gas exchange, giving an
insight of the plant’s ability to grow and adapt to the changing
environmental conditions. Stomatal conductance gives a numerical
measure of the water vapour or carbon dioxide passage rates through the
stomata or small pores of the plant. This short study aimed to investigate
whether stomatal conductance of cassava leaves was affected by infested
of Spiralling whitefly eggs.
Materials and Methods
The Spiralling whiteflies (Aleurodicus dispersus) were introduced and
bred (3 months after planting) on 6 cassava plants (Manihot esculenta
(Crantz)) under glasshouse conditions without any exposure to
insecticides. The plants were maintained in the glasshouse for
appropriately 6-7 months prior to the study. The temperature for the
experimental period (September-December) ranged from 25-30°C with the
relative humidity of around 80%. Similarly, 6 plants without whiteflies
were used as control plants.
The stomatal conductance in mmol m−2 s−1 was measured on the upper
canopy leaves (height =135-150 cm) of the cassava plants using an AP4
Leaf Porometer (Model: AP4 Delta-T Device- Cambridge- UK) between
1100 hours and 1200 hours daily for 7 days. The stomatal conductance was
measured as described by Schymanski et al. (2013), as high leaf
temperature is best captured during sun flecks around 1100 hours. The
mature leaves (not too young and too old) were randomly selected for each
day taking leaf size and canopy height into account.
To statistically test the difference between the infested and non-infested
leaves, an independent sample t-test was performed at each time point.
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Results
The diurnal stomatal conductance of cassava leaves was significantly
affected by A. Dispersus egg deposition. Lower conductances were
recorded for the infested leaves for all days. The infested leaves had lower
mean values of conductance (M= 11.90 mmol m−2 s−1) while the noninfested leaves were associated with higher mean values (M= 17.80 mmol
m−2 s−1), (p<0.05).Within the first 3 days of measurements, the
conductance trend was similar for both infested and non-infested leaves
showing no significant difference. After 3 days the conductances for the
infested leaves were significantly low (Figure 1).
The stomata usually maintain the internal partial CO2 pressure in relation to
the external pressure (Neves et al., 2006; Ramos & Grace, 1990). Figure 2
depicts how the eggs laid by female whiteflies on cassava leaves affect the
stomatal pores. It was roughly estimated that an average whitefly egg
blocks 36 stomatal pores in cassava leaves.
Discussion
The findings clearly showed a significant decrease in the stomatal
conductance of whitefly infested leaves when compared to non-infested
leaves. The significant decrease in the stomatal conductance is due to the
eggs being laid on the lower surface of the leaves by the female whiteflies
(Figure 2); egg deposition covered the stomata thus blocking its access to
light and carbon dioxide. Egg deposition hence reduces the effective
surface area of the leaf by lowering the overall productivity.
Other studies have also reported a reduction in the rate of photosynthesis
by the infestation of whiteflies. For instance, Lin et al. (1999) reported
that the photosynthesis activity is reduced by 50% after 60 days of the
introduction of whiteflies on cotton leaves. It was also noted that Silverleaf
whitefly infestation reduced cotton foliar photosynthesis rates, where
physiological damage occurred with infestation levels of 10-20 adult
whiteflies per leaf (Yee et al., 1996). Touhidul Islam and Shunxiang
(2009) reported similar findings in eggplant leaves where they revealed
that the whitefly infestation lowered the effective leaf area which
significantly reduced photosynthesis. Likewise, the photosynthesis activity
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was found to be reduced by 30% in rice plants infested with the
planthopper Nilaparvata lugens (Watanabe & Kitagawa, 2000).
Overall, this short investigation shows that whitefly infestation can
significantly reduce the stomatal conductance of cassava leaves by
blocking stomata by egg deposition. Further research is required to
examine the subsequent effect of this stomatal blocking on plant
performance and crop yield.
Acknowledgements
The authors would like to acknowledge the Ministry of Agriculture, Fiji
for identification of the whitefly species and providing relevant
information. The authors are also thankful to Ms Prianshika Sen and Mr
Shiva Padiyachi for their support in terms collecting results for this study.
References
Boopathi, T., Karuppuchamy, P., Kalyanasundaram, M. P., Mohankumar,
S., Ravi, M., & Singh, S. B. (2015). Microbial control of the exotic
spiralling whitefly, Aleurodicus dispersus (Hemiptera: Aleyrodidae) on
eggplant using entomopathogenic fungi. African Journal of
Microbiology Research 9: 39-46.
Henneberry, T., Naranjo, S., Forer, G., & Horowitz, A. (2007). Chapter 5Biology, Ecology, and Management of Sweetpotato Whiteflies on
Cotton. In E. Hequet (Ed.), Sticky Cotton: Causes, Effects, and
Prevention (pp. 51-67). United States
Lambkin, T. A. (1999). A host list for Aleurodicus dispersus Russell
(Hemiptera: Aleyrodidae) in Australia. Australian Journal of
Entomology 38: 373-376.
Lin, T.-B., Schwartz, A., & Saranga, Y. (1999). Photosynthesis and
Productivity of Cotton under Silverleaf Whitefly Stress. Crop Science
39: 174-184.
McAuslane, H. J., Chen, J., Carle, R. B., & Schmalstig, J. (2004).
Influence of Bemisia argentifolii (Homoptera: Aleyrodidae) infestation

59 Chand et al.
and squash silverleaf disorder on zucchini seedling growth. Journal of
Economic Entomology 97: 1096-1105.
Nabity, P. D., Zavala, J. A., & DeLucia, E. H. (2009). Indirect suppression
of photosynthesis on individual leaves by arthropod herbivory. Annals
of Botany 103: 655-663.
Neves, A. D., Oliveira, R. F., & Parra, J. R. P. (2006). A new concept for
insect damage evaluation based on plant physiological variables. Anais
da Academia Brasileira de Ciências 78: 821-835.
Ramos, J., & Grace, J. (1990). The Effects of Shade on the Gas Exchange
of Seedlings of Four Tropical Trees from Mexico. Functional Ecology
4: 667-677.
Reddy, P. P. (2015). Cassava, Manihot esculenta. In P. P. Reddy (Ed.),
Plant Protection in Tropical Root and Tuber Crops (pp. 17-81). New
Delhi: Springer India.
Schymanski, S. J., Or, D., & Zwieniecki, M. (2013). Stomatal control and
leaf thermal and hydraulic capacitances under rapid environmental
fluctuations. PLoS ONE 8: 1-16.
Touhidul Islam, M., & Shunxiang, R. (2009). Effect of sweetpotato
whitefly, Bemisia tabaci (Homoptera: Aleyrodidae) infestation on
eggplant (Solanum melongena L.) leaf. J Pest Science 82: 211-215.
University of Florida. (2015). Florida Whitefly. Retrieved 19/09/2015,
entomology.ifas.ufl.edu/hodges/white_website/webpages/FAQs.html
Watanabe, T., & Kitagawa, H. (2000). Photosynthesis and Translocation of
Assimilates in Rice Plants Following Phloem Feeding by the
Planthopper Nilaparvata lugens (Homoptera: Delphacidae). Journal of
Economic Entomology, 93: 1192-1198.
Waterhouse, D. F., & Norris, K. R. (1987). Biological Control: Pacific
Prospects: Inkata Press Melbourne.

The Weta 52: 55-60

60

Yee, W. L., Toscano, N. C., Chu, C.-C., Henneberry, T. J., & Nichols, R.
L. (1996). Bemisia argentifolii (Homoptera:Aleyrodidae) Action
Thresholds and Cotton Photosynthesis. Environmental Entomology 25:
1267-1273.
Figure 1. Diurnal stomatal conductance (mean ±SE; n=3) of M. esculenta
leaves infested or not infested with Aleurodicus dispersus. The mean of 3
replicate measurements between 1100 hours and 1200 hours is shown.

Figure 2. (A) - the stomatal underneath the normal leaf surface and (B) the egg attached on the stomata of infested leaf at 400X Magnification.
Clear nail polish was used to strip off stomatal aperture from cassava
leaves.

