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ECOLOGICAL STUDIES OF ASIAN CITRUS PSYLLID Diaphorina citri
KUWAYAMA (HEMIPTERA: PSYLLIDAE) AND ITS PARASITOID
Tamarixia radiata WATERSTON (HYMENOPTERA: EULOPHIDAE) ON
CITRUS IN MALAYSIA

By
HASSAN SULE

May 2013

Chairperson : Professor Rita Muhamad Awang, PhD

Faculty : Agriculture

Production of citrus worldwide is being threatened by an invasive pest Diaphorina
citri Kuwayama, (Asian citrus psyllid) which is regarded as the most important and
efficient vector of bacterium, Liberobacter asiaticum that causes citrus greening
disease. The prime concern in increasing production of all citrus fruits is the
obstacles posed by the invasive psyllid,D. citri, and lack of sufficient understanding
of its population parameters and dynamic, which are essential for development of
reliable prediction system and management strategies. The present study was
conducted with the objectives of establishing life table and demographic parameters
of D. citri, its seasonal fluctuations and dispersion, feeding, oviposition behaviour,
parasitism rate and nymphal preference of Tamarixia radiata. Life table studies,
choice and no choice assays and parasitism studies were conducted at the insectary of
Universiti Putra Malaysia. While population sampling was carried out at Padang
Ipoh, Ulu Terengganu, Malaysia. The result of the life table studies showed that,

highest mortality in first instar nymphs (40.23%) with k-value of 0.22 and (25.59%)
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mortality in 2" instar nymphs with k-value of 0.13 are the key mortality factors
regulating the population size. The intrinsic rate of natural increase (r,) was 0.026
per female per day and daily finite rate of increase was 1.023 per female per day,
with a mean generation time of 26.53 days. The net reproductive rate of the
population was 2.004 and the population doubling time was 26.46 days. The results
of choice and no choice assays showed significant number of adult,D. citri were
attracted to plants with young flush leaves for oviposition and feeding. When two
host plants were assayed together in Y-tube olfactormeter, significantly more number
of the adults selected Y-tube arm with Citrus suhuiensis leaves than Y tube arm with
Murraya paniculata leaves. Likewisewhen the main pure compounds of the two
plants were assayed together in olfactometer, significantly more number of adult D.
citri were attracted to B-pinene and B-linalool (main compounds ofC. suhuiensis )
than tocaryophyllene (main compounds ofM. paniculata). Population sampling data
revealed that, D. citriadultsin the study area, had fourapparent population peaks
appearing in months of March and June, 2011 and Febuary - March and June, 2012.
While, D. citri immatures had two apparent population peaks appearing and in the
months of July, 2011 and March, 2012. Furthermore, population of D.
citriadultswere found to be more abundant on the upper canopy, leaf growth stage 1
and northern cardinal point. The Correlation analysis showed that population of D.
citriadultswas strongly correlated with number of flush leaves (r = 0.93) and
modaretly correleted with temperature (r = 0.45), while population of immatures was
only correlated with flush leaves. However, the stepwise regression analysis between
the observed population and the environmental parameters showed that only flush
leaves contributed to the build up/ fluctuation of D. citri population.Spatial

distribution pattern analysis of the psyllid on C. suhiensis using various indices of
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population dispersion and regression models showed an aggregated distribution.
Parasitism study revealed that, significantly more number of 5" and 4™ instars
nymph were parasitized by adult,T. radiata compared to the remaining nymphal
stages. Similarly, when 3™ 4™ and 5" instars nymphs were assayed in choice
experiment, significantly more number of older nymphs were parasitized by adult,T.
radiata. Furthermore, functional responses of T. radiata to different densities of 3",
4™ and 5™ instars nymphs of D. citrishoweda type 11 functional response, with 1.11,
0.60 and 0.71 handling time, and 21.62, 39.99 and 34.04 attack rate,respectively.
Therefore, based on results obtained in this study, B-pinene and B-linalool could be
use for monitoring and trapping of D. citri. Monitoring should be initiated when
plants have started to produce flush leaves and continue until the end of the flushing
season and monitoring interval could be weekly or every 10 days on at least 35 trees
in every 1.5 hectare plot. When control measure is required, it should be done on tree
by tree basis since D. citri showed aggregated distribution and effort should be

concentrated on the upper canopies of the trees.
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PENGAJIAN EKOLOGI PSYLLID ASIA LIMAU Diaphorina citri
KUWAYAMA (HEMIPTERA: PSYLLIDAE) DAN PARASITOID
Tamarixia radiata WATERSTON (HYMENOPTERA: EULOPHIDAE) PADA
LIMAU DI MALAYSIA

Oleh
HASSAN SULE

Mei 2013

Pengerusi : Profesor Rita Muhamad Awang, PhD

Fakulti : Pertanian

Pengeluaran limau di seluruh dunia sedang diancam oleh perosak invasif Diaphorina
citri Kuwayama, (Psyllid limau Asia) yang dianggap sebagai vektor bakteria yang
paling penting dan berkesan, Liberobacter asiaticum yang menyebabkan penyakit
citrus greening. Kebimbangan utama dalam meningkatkan pengeluaran semua buah-
buahan sitrus adalah halangan yang ditimbulkan oleh psyllid invasif, D. citri, dan
kekurangan pemahaman yang mencukupi tentang parameter populasi dan dinamik,
yang penting untuk pembangunan sistem ramalan yang dipercayai dan strategi
pengurusan. Kajian ini telah dijalankan dengan objektif mewujudkan jadual hidup
dan parameter demografi D. citri, naik turun bermusim dan penyebaran, makan,
tingkah laku oviposit, kadar parasit dan keutamaan nimfa daripada Tamarixia
radiata. Kajian jadual hidup, ujian pilihan dan tiada pilihan dan kajian parasit telah
dijalankan di insectary Universiti Putra Malaysia. Manakala persampelan populasi
telah dijalankan di Padang Ipoh, Ulu Terengganu, Malaysia. Hasil kajian jadual

hidup menunjukkan bahawa, kematian tertinggi dalam instar nimfa pertama
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(40.23%) dengan nilai-k 0.22 dan (25.59%) kematian instar nimfa kedua dengan
nilai-k 0.13 adalah faktor utama kematian yang mengawal saiz populasi. Kadar
intrinsik pertambahan semula jadi (rn) adalah 0.026 setiap betina setiap hari dan
peningkatan kadar harian terhingga adalah 1.023 untuk setiap betina setiap hari,
dengan masa generasi purata 26.53 hari. Kadar pembiakan bersih populasi adalah
2.004 dan masa dua kali ganda populasi adalah 26.46 hari. Keputusan ujian pilihan
dan tiada pilihan menunjukkan sejumlah besar dewasa, D. citri tertarik kepada
tumbuh-tumbuhan dengan daun pucukuntuk oviposit dan makan. Apabila dua
tumbuhan perumah telah diuji bersama-sama dalam olfactormeter tiub-Y, jumlah
lebih banyak daripada dewasa lengan tiub-Y dipilih dengan daun Citrus suhuiensis
daripada lengan tiub-Y dengan daun Murraya paniculata. Begitu juga apabila
sebatian utama tulen dua pokok telah diuji bersama-sama dalam olfactometer,
bilangan lebih banyak dewasa D. citri tertarik kepada B-pinene dan B-linalool
(sebatian utama C. suhuiensis) daripada caryophyllene (sebatian utama M .
paniculata). Data persampelan populasi menunjukkan bahawa, D. citri dewasa dalam
kawasan kajian, mempunyai empat puncak populasi jelas yang terdapat dalam bulan
Mac dan Jun, 2011 dan Febuari - Mac dan Jun, 2012. Walaupun, D. citriyang belum
matang mempunyai dua puncak populasi jelas muncul dan pada bulan Julai, 2011
dan Mac, 2012. Tambahan pula, populasiD. citri dewasa didapati lebih banyak di
kanopi atas, peringkat pertumbuhan daun 1 dan mata angin utara. Analisis korelasi
menunjukkan bahawa populasiD. citri dewasa kuat dikaitkan dengan beberapa daun
pucuk (r = 0.93) dan berkorelasi sederhana dengan suhu (r = 0.45), manakala
populasi belum matang hanya berkait rapat dengan daun pucuk. Walau
bagaimanapun, analisis regresi langkah demi langkah di antara populasi yang

diperhatikan dan parameter persekitaran menunjukkan bahawa hanya daun pucuk



menyumbang kepada pembentukan / turun naik populasi D. citri.Analisis corak
pengedaran spatial psyllid pada C. suhiensis menggunakan pelbagai indeks
penyebaran populasi dan model regresi menunjukkan taburan agregat. Kajian
Parasitisme menunjukkan bahawa, bilangan lebih banyak daripada instar nimfa ke-5
dan instar nimfa ke-4 telah dihuni oleh dewasa, T. radiata berbanding peringkat
nimfa yang tinggal. Begitu juga, apabila instar nimfake-3, ke-4 dan ke-5 telah diuji
dalam eksperimen pilihan, jumlah lebih banyak daripada nimfa tua telah dihuni oleh
dewasa, T. radiata. Tambahan pula, tindak balas fungsi T. radiata untuk ketumpatan
yang berbeza instar nimfa ke-3, ke-4 dan ke-5 D. citri menunjukkan tindak balas
berfungsijenis I, dengan 1.11, 0.60 dan 0.71 masa pengendalian, dan 21.62, 39.99
dan 34.04 kadar serangan, masing-masing. Oleh itu, berdasarkan keputusan yang
diperolehi dalam kajian ini, B-pinene dan p-linalool boleh digunakan untuk
memantau dan memerangkap D. citri. Pemantauan harus dimulakan apabila
tumbuhan telah mula mengeluarkan daun pucuk dan berterusan sehingga akhir
musim pemutikkan dan pemantauan berselang boleh dilakukan secara mingguan atau
setiap 10 hari pada sekurang-kurangnya 35 pokok di setiap plot 1.5 hektar. Apabila
langkah kawalan diperlukan, ia perlu dilakukan di atas pokok demi pokok semasaD.

citri menunjukkan taburan agregat dan usaha perlu tertumpu pada kanopi atas pokok.
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CHAPTER 1

INTRODUCTION

Citrus are the most important fruit tree crop (Abbate et al., 2012; Ashkevari et al.,
2012), it is ranked first in the world with respect to production among fruits
(Ladaniya, 2008), and also in trade value internationally among all fruits (Norberg,
2008). Citrus are grown commercially in more than 140 countries around the world
(UNCTAD, 2009). According to FAO (2011) the world total annual production of
citrus was approximately 123 million tonnes in 2010. World's largest citrus-
producing countries include Brazil, China, the United State, Mexico, India and
Spain. Of these countries, Brazil, the US, and Mexico are the world's largest
producers of oranges, whilst China produces most of the world's mandarins, and

India is the world's largest producer of lemons and limes.

Until the year 1990; Malaysia had planted 533,000 ha of citrus with a total of
3100MT of citrus fruit production. In 2011 the planted area increased to 796,800 ha
with a total fruit production of 4179MT (MOA, 2011), with most of the crop grown
in commercial orchards, backyard orchards and small holdings in various parts of
peninsula Malaysia. The major producing areas in Peninsula Malaysia are
Terengganu, Pahang, Kelantan and Selangor (Azizah and Zazali, 2005), while in

Sarawak are Samarahan, Sarikei, Bintulu and Sibu division (Eng, 2007).

This growing potential of the fruit industry is being threatened by an invasive pest

(psyllid), Diaphorina citri kuwayama. D. citri has been known to occur in Asia for



many years (Chen et al., 2010) and was first recognized as major pest of citrus in
India (Yang et al., 2006) and has slowly spread throughout southern Asia, the
Arabian Peninsula, to some islands in the Indian Ocean, the Americas and to
Reunion and Mauritius. Also the psyllid is reported to be present in China, Myanmar,
Taiwan, The Philippines, Malaysia, Indonesia, Sri Lanka, Pakistan, Thailand, Nepal,
Hong Kong, Ryukhu Islands and Afghanistan (Hall, 2008a; Halbert and Manjunath,

2004)

The Asian citrus psyllid D. citri is regarded as one of the most important pests of
citrus (Hall, 2008a) because it is known to be the most efficient vector of bacterium
Liberobacter asiaticum that cause citrus greening disease or huanglungbing (Tsal, et
al., 2002). The symptoms of development of greening disease are yellowing or
boltchy pattern of citrus leaves, followed by the development of chlorosis and the
tree exhibits stunted growth, the fruit becomes misshapen, inedible and drop
prematurely (Westbrook, et al., 2011). According to Halbert and Manjunath (2004)
and Tsai and Liu (2000), the tree could degenerate in two to three years into a non-
productive state, which can lead to eventual death of the tree in approximately five to

eight years.

Control measures commonly practiced by growers when both the insect and the
pathogen are present is spraying with chemical insecticide (Wang et al, 2002), which
was regarded as the easiest strategy (Tolley, 1990). The use of other control
measures such as use of bio pesticides, cultural techniques and control with natural
enemies are still very limited in Southeast Asia, where greening disease still poses a

threat to citrus production.



Control measures using chemical pesticides has a lot of unhelpful effects on the
environment such as pollution, insecticide resistance, resurgence of primary pest,
upsurge of secondary pest, killing of non target and beneficial insects, residues in
plant products (Weathersbee and Mckenzie, 2005) and health implication to the
applicant/ farmer. Thus, developing management strategy for D. citri, which
integrates environmental friendly measures, is necessary in order to curtail the

menace of greening disease.

Many biotic and abiotic factors such as natural enemies, host plants, other organisms
and environment are involved in occurrence and distribution of insects including
psyllids. Having information and understanding of the interaction of those factors to
the population build up of pest will pave a way in developing reliable strategy for
pest management decision. Therefore, to develop this strategy, understanding the
ecology of the pest is of paramount importance, however, basic knowledge on the
ecology of D. citri is lacking in Malaysia, where the pest and the disease pose a

potential threat to citrus industry.

The main objective of the present study were to determine D. citri interaction with its

environment, through the following specific objectives

1. To establish life table and demographic parameters of D. citri.

2. To study the population dynamics and and develop sampling plan for D. citri.

3. To investigate feeding and oviposition behaviour of D. citri and its response to
volatiles emitted by the host plants Citrus suhuiensis and Murraya paniculata.

4. To determine parasitism, nymphal preference for parasitization and functional

response of Tamarixia radiata on D. citri.

3



REFERENCES

Abbate, L., Nicasio Tusa, N., Fatta Del Bosco, S., Strano, T., Renda, A. and
Ruberto, G. (2012). Genetic improvement of citrus fruits: new somatic
hybrids from Citrus sinensis (L.) Osb. and Citrus limon (L.) Burm. F.
Food Research International. 48: 284-290.

Abdullah, T. L., Shokrollah, H., Sijam, K. and Abdullah, S. N. A. (2009). Control of
huanglongbing (HLB) disease with reference to its occurance in
Malaysia. African Journal of Biotechnology. 8(17):4007-4015.

Agrov, Y., Rossler, Y., Voet, H. and Rose, D. (1999). Spatial dispersion and
sampling of citrus whitefly, Dialeurodes citri, for control decisions in
citrus orchards. Agricultural and Forest Entomology. 1: 305-318.

Albertus, S., Yusof, I., Rohani, I. and Mohammed, S. O. (2008). Spatial distribution
of the Asian citrus psyllid, Diaphorina citri Kuwayama (Homoptera:
Psyllidae) on citrus and orenge jasmine. Journal of Bioscience. 19(2): 9-
19.

Al-Ghamdi, K. M. S. (2000). A field study on synchrony between the populations of
citrus psylla, Diaphorina citri (Kuwayama) (Homoptera: Psyllidae) and
its natural enemies in Western Saudi Arabia. Bulletin of Faculty of
Agriculture. Cairo University 51: 227-238.

Ashkevari, A., Hossein Zadeh, S. H. and Miransari, M. (2012). Potassium
fertilization and fruit production of page citrus on a punsirus rootstock:
quantitative and qualitative traits. Journal of Plant Nutrition. 33: 1564—
1578.

Atwal, A. S. and Dhaliwal, G. S. (2005). Agricultural Pests of South Asia and their
Management. Kalyani Publishers, New Delhi, India. Pp 505.

Aubert, B. (1987). Trioza erytreae Del Guercio and Diaphorina citri Kuwayama
(Homoptera: Psylloidea), the two vectors of citrus greening disease:
biological aspects and possible control strategies. Fruits. 42(3):149-162.

Aubert, B. and Quilici, S. (1984). Biological control of the African and Asian citrus
Psyllids (Homoptera: Psylloidea), through eulophid and parasites
(Hymenoptera: Chalcidoidea) in Reunion Island. pp. 100-108. In:
Garnsey SM, Timmer LW, Dodds JA (eds.), Proceedings of the 9th
Conference of the International Organization of Citrus Virologists,
University of California, 9-13 May 1983, Riverside, USA.

138



Aubert, B., Garnier, M., Guillaumin, D., Herbagyandodo, B., Setiobudi L. and
Nurhadi, F. (1985). Greening, a serious threat for citrus production of the
Indonesian Archipelago. future prospects of integrated control. Fruits 40:
549-563.

Azizah, M. J. and Zazali, G. (2005) Status kemerebakan dan impak penyakit
greening limau terhadap industry limau di Malaysia. Jabatan Pertanian
Malaysia. Bengkel Kebangsaan Pengurusan Penyakit Greening Limau.

Beattie, G. A. C., Mabberley, D. J., Holford, P., Broadbent, P. and De Barro P.
(2005). Huanglongbing: its possible origins, collaborative research in
Southeast Asia, and developing incursion management Plans for
Australia. Proceeding of the 2" International Citrus Canker and
Huanglongbing Research Workshop: 52-61.

Beattie G. A. C., Holford, P., Mabberley, D. J., Haigh, A. M., Bayer, R. and
Broadbent, P. (2006). Aspects and insights of Australia-Asia
collaborative research on huanglongbing. Proceedings of an
International Workshop for Prevention of Citrus Greening Disease in
Severely Infested Areas, 7-9 December, 2006, Ishigaki, Japan.
Multilateral Research Network for Food and Agricultural Safety.
Japanese Ministry of Agriculture, Forestry and Fisheries: Tokyo, Japan.
pp. 47-64.

Birch, L. C. (1948). The intrinsic rate of natural increase of an insect population.
Journal of Animal Ecology 17:15-26.

Blackmer, J. L. and Canas, L. A. (2005). Visual cues enhance the response of Lygus
hesperus (Heteroptera: Miridae) to volatiles from host plants.
Environmental Entomology, 34, 1524-153.

Bose, T. K. (1985). Fruits of India Tropical and Subtropical. Naya Prokash
Publishers, Calcutta India. Pp 637.

Bove, J. M. (2006). Huanglongbing: A destructive, newly-emerging, country-old
disease of citrus. Journal of Plant Pathology. 88: 7-37.

Bove, J. M. and Garnier, M. (1984). Citrus greening and psylla vectors of the
disease in the Arabian Peninsula. Pp. 109-114. In: Proceedings of 9"
Conference of International Organization of Citrus Virologist. Riverside
USA.

Bove, J. M., Erti Dwiastuti, M., Triviratno, A., Supriyanto, A., Nasli, E., Becu, P.
and Garnier, M. (2000). Incidence of huanglongbing and citrus

139



rehabilitation in North Bali, Indonesia. Pp 200-206. In: Proceedings of
14™ Conference of International Organization of Citrus Virologist.
Riverside USA.

Browning, H. W., Childers, C. C., Stansly, P. A., Pena, J. and Rogers, M. E. (2006).
Florida citrus pest management guide: soft bodied insects attacking
foliage and fruit: University of Florida IFAS Extension. No: CG004. Pp3.

Buitendag, C. H. and VVon Broembsen, L. A. (1993). Living with citrus greening in
South Africa. Pp. 269- 273.In: Moreno, P. Da Graca, J. V. and Timmer
L. W. [Eds.], Proceedings of 12" Conference of the International
Organization of Citrus Virologists. University of California, Riverside
USA.

Burke, J. H. (1967). The commercial citrus regions of the World. In: The Citrus
Industry. 1: 40189.

Carey, J. R. (2003). Applied Demography for Biologists: with special emphasis on
insects. Oxford University Press. Oxford, UK. Pp206.

Carey, J. R. (2001). Insect biodemography. Annual Review Entomology. 46: 79 -
110.

Castillo, J., Jacas, J. A., Pena, J. E., Ulmer, B. J. and Hall, D. G. (2006). Effect of
temperature on life history of Quadrastichus haitiensis (Hymenoptera:
Eulophidae), an endoparasitoid of Diaprepes abbreviatus (Coleoptera:
Curculionidae). Biological Control. 36: 189-196.

Chao, H. Y., Chiang, Y. H., Lee, S. L., Chiu, C. S. and Su, W. F. (1979). A
Preliminary study on the relation between prevalence of the citrus yellow
shoot (hunglongbing) and the citrus psyllid, Diaphorina citri Kuwayama.
Acta Phytopathologica Sinica. 2: 121-126.

Chavan, V. M. and Summanwar A. S. (1993). Population dynamics and aspects of
the biology of citrus psylla, Diaphorina citri Kuw., in Maharashtra, pp.
286-290 In: P. Moreno, J. V. da Graca, and L. W. Timmer [eds.],
Proceedings of the 12th Conference of the International Organization of
Citrus Virologists. University of California, Riverside.

Chen, J., Deng, X., Jones, D., Irey, M. and Civerolo, E. (2010). Guandong and
Florida populations of Candidatus Librobacter asiaticus distinguished by
a genomic locus with short tandom repeats. Phytopathology 100: 567-
572.

140



Chien, C. C. (1995). The role of parasitoids in the pest management of citrus psyllid.
Proceedings of the Symposium on Research and Development of Citrus
in Taiwan, Taichung, Taiwan, pp. 245-261.

Chien, C. C. and Chu, Y. I. (1996) Biological control of citrus psyllid, Diaphorina
citri in Taiwan. biological pest control in systems of integrated pest
management. Food and Fertilizer Technology Center. Book Series No.
47, Taipei, Taiwan. Pp 93-104.

Chien, C. C., Chu, Y. I. and Ku, H. C., (1994). Influence of food on longevity, egg
production and population increase of the eulophid wasp, Tamarixia
radiata. Plant Protection Bulletin. (Taichung, Taiwan) 36: 97—105.

Chien, C. C., Chu Y. I. and Ku, S. C. (1991). Parasite strategy, morphology and life
history of Tamarixia radiata (Hymenoptera, Eulophidae). Chinese
Journal of Entomology 11: 264-281.

Chong, J. and Oetting, R. D. (2007). Functional response and progeny production of
the Madeira mealybug parasitoid, Anagyrus sp. nov. nr. sinope: The
effect of host stage preference. Biological Control. 41: 78-85.

Chong, J. H., Roda, A. L. and Mannion, C. M. (2010). Density and natural enemies
of the Asian citrus psyllid, Diaphorina citri (Hemiptera: Psyllidae) in the
residential landscape of Southern Florida. Journal of Agriculture and
Urban Entomology. 27: 33-49

Chu, Y. I. and Chien, C. C. (1991). Utilization of natural enemies to control psyllid
vectors transmitting citrus greening, pp. 135-145. In: K. Kiritani, H. J.
Su, and Y. I. Chu [eds.], Proceedings, Integrated control of plant virus
diseases, 9-14 April 1990. Food and Fertilizer Technology Center for the
Asian and Pacific Region, Taichung, Taiwan.

Clarke, A. (2006). Temperature and the metabolic theory of ecology. Functional
Ecology. 20:405-412.

Da Graga, J. V. (1991). Citrus greening disease. Annual Review of Phytopathology.
29: 109-136.

Da Graca, J. V., French, J. V., Haslem, P. S., Skaria, M., Setamou, M. and Salas, B.
(2008). Survey for the Asian Citrus Psyllid, Diaphorina citri and citrus
hunglongbing (Greening Disease) in Texas. Subtropical Plant Science.
60:21-26.

141



Davies, F. S., and Albrigo L. G. (1994). Citrus. CAB International, Wallingford,
Oxon, U.K. Pp 316.

Davis, R., Gunua, T., Kame, M., Tenakanai, D. and Ruabete, T. (2005). Spread of
citrus huanglongbing (greening disease) following incursion into Papua
New Guinea. Australian Plant Pathology. 34: 517-524.

Degen, T. and Stadler, E. (1997). Foliar form, colour and surface characteristics
influence oviposition behaviour of the carrot fly. Entomologia
Experimentalis et Applicata. 83: 99-112

Dent, D. R. and Walton, M. P. (1997). Methods in Ecological and Agricultural
Entomology. CAB International London. Pp.387.

Dharajothi, B., Verghese, A. and Tandon, P. L. (1986). Ecological studies on citrus
psylla, Diaphorina citri Kuwayama (Hemiptera: Psyllidae) with special
reference to its spatial distribution and sampling plan. Entomon. 14: 319-
324.

El-Basha, N. A., Salman, M. S. and Osman, M. A. (2012). Functional response of
Orius albidipennis (Hemiptera: Anthocoridae) to the two-spotted spider
mite, Tetranychus urticae (Acari: Tetranychidae). Journal of
Entomology. 9(5): 248-256.

Eng, L. (2007). The threat of citrus greening disease (huanglongbing) to the citrus
industry in Sarawak. Sarawak Fruit seminer. Held 8-9 August, 2007 at
Sibu Sarawak, Malaysia.

FAO (2011). Food and Agriculture Organization of United Nations,
https://faostat.fao.org.

Fensham, R. J. (1994). Phytophagous insect-woody sprout interaction in tropical
eucalyptus forest. Australian Journal of Ecology. 19(2):178-188.

Fernandez-arhex, V. and Corley, J. C. (2003). The functional response of parasitoids
and its implications for biological control, Biocontrol Science and
Technology. 13(4): 403-413

Finley-Doney, M. and Walter, G. H. (2005). Discrimination among host plants
(Leucaena species and accessions) by the psyllid pest Heteropsylla
cubana and implications for understanding resistance. Agriculture and
Forest Entomology. 7: 153-160.

142


https://faostat.fao.org/

Flores, D., Hall, D. G., Jenkins, D. A. and Setamou, M. (2009). Abundance of
Asian citrus psyllid on yellow sticky traps in Florida, Puerto Rico, and
Texas citrus groves. Southwestern Entomologist. 34(1):1-11.

Gancel, A. L., Ollitrault, P., Froelicher, Y., Tomi, F., Jacquemond, C. and Brillouet,
J. M. (2003). Leaf volatile compounds of seven citrus somatic tetraploid
hybrids sharing leaf mandarin (Citrus deliciosa Ten.) as their common
parent. Journal of Agriculture Food and Chemistry. 51: 6006-6013.

Garnier, M. and Bove, J. M. (1996). Distribution of the huanglongbing (Greening)
liberobacter species in fifteen African and Asian Countries. Proceedings
of the 13" Conference of the International Organization of Citrus
Virologists (IOCV). In: Graga, J. V. D., Moreno, P. and Yokomi, R. K.
(Eds.) University of California, Riverside. Pp388-391.

Garnier, M., Jagoueix, S., Toorawa, P., Grisoni, M., Mallessard, R., Dookun, A.,
Saumtally, S., Autrey, J. C. and Bove, J. M. (1996). Both huanglongbing
(greening) liberobacter species are present in Mauritius and Reunion.
Proceedings of 13" Conference of the International Organization of
Citrus Virologists (IOCV). In: Graga, J. V. D., Moreno, P. and Yokomi,
R. K. (Eds.) University of California, Riverside. Pp 392-394.

Gillott, C. ( 2005). Entomology. Springer Publishers, Dordrecht, the Netherlands.
Pp231.

Godfray, H. C. J. (1994). Parasitoids: behavior and evolutionary ecology. Princeton
University Press, Princeton, MA, USA, pp. 473.

Gomez-Torres, M. L., Nava, D. E. and Parra, J. P. (2012). Life table of Tamarixia
radiata (Hymenoptera: Eulophidae) on Diaphorina citri (Hemiptera:
Psyllidae) at different temperatures. Journal of Economic Entomology.
105(2):338-343.

Gonzales, C. and Hernandez, A. (2004). Trioza erytreae (Del Guercio 1918): nueva
plaga de los citricos en Canarias. Phytoma. 153: 112-118.

Gonzales, C. I. and Vinas, R. C. (1981). Field performance of citrus varieties and
cultivars grown under control measures adopted against leaf mottling
(greening) disease in the Philippines. Proceedings of International
Society for Citriculture. 1: 463-464.

Gonazales, C., Borges, M., Hernandez, D. and Rodrigez, J. (2003). Inventory of
natural enemies of Diaphorina citri (Homoptera: Psyllidae) in Cuba.
Proceedings of International Society for Citriculture. 9: 859-860.

143



Gravena, S., Beretta, M. J. G., Paiva, P. E. B., Gallao, R. and Yamamoto, P. T.
(1996). Seasonal abundance and natural enemies of Diaphorina citri
(Hemiptera: Psyllidae) in citrus orchards of Sao Paulo State, Brazil, In:
Da Graca, J. V. Moreno, P. and Yokomi R. K. [eds.], Proceedings of
13™ Conference of the International Organization of Citrus Virologists .
University of California, Riverside. Pp 414.

Green, R. H. (1970). On fixed precision level sequential sampling. Researches on
Population Ecology. 12: 249-251.

Green, R. H. (1979). Sampling Design and Statistical Methods for Environmental
Biologists. John Wiley and Sons, New York, NY.Pp 253.

Gross, J. and Mekonen, N. (2005). Plant odours influence the host finding behaviour
of apple psyllids, Cacopsylla picta; C. melanoneura. IOBC WPRS
Bulletin. 28: 351-355.

Halbert, S. E. and Manjunath, K. L. (2004). Asian citrus psyllids (Sternorrhyncha:
Psyllidae) and greening disease of citrus: a literature review and
assessment of risk in Florida. Florida Entomologist. 87(3): 330-353.

Halbert, S. E. and Nunez, C. A. (2004). Distribution of the Asian citrus psyllid,
Diaphorina citri Kuwayama (Rhynchota: Psyllidae) in the Caribbean
Basin. Florida Entomologist. 87(3):401-402.

Hall, D. G. (2009). An assessment of yellow sticky card traps as indicators of the
abundance of adult Diaphorina citri (Hemiptera: Psyllidae) in citrus.
Journal of Economic Entomology. 102(1): 446-452. M

Hall, D. G. (2008a). Biology, history and world status of Diaphorina citri. USDA-
ARS. Pp11.

Hall, D. G. (2008b). Biological control of Diaphorina citri. USDA-ARS. Pp7.

Hall, D. G., Hentz, M. G. and Adair, R. C. Jr. (2008). Population ecology and
phenology of Diaphorina citri (Hemiptera: Psyllidae) in two Florida
citrus groves. Environmental Entomology. 37: 914 - 924.

Hall, D. G. and Albrigo, L. G. (2007). Estimating the relative abundance of flush

shoots in citrus, with implications on monitoring insects associated with
flush. Horticultural Science. 42:364-368

144



Hall, D. G., Lapointe, S. L. and Wenninger, E. J. (2007). Effects of a particle film on
biology and behavior of Diaphorina citri (Hemiptera: Psyllidae) and its
infestations in citrus. Journal Economic Entomology. 100: 847-854.

Harrewijn, P., Minks, A. K. and Mollema, C. (1994). Evolution of chemical volatile
production in the insect plant relationships. Chemoecology. 5(6): 55-73.

Haword, J. J., Green, T. P. and Wiemer, D. F. (1989). Comparative deterrancy of two
terpioids to two genera of attine ants. Journal of Chemical Ecology. 15:
2275 — 2288.

Heimpel, G. E., Rosenheim, J. A. and Mangel, M. (1996). Egg limitation, host
quality, and dynamic behavior by a parasitoid in the field. Ecology. 77:
2410-2420.

Heinz, C. A. (2008). Host plant odor extracts with strong effects on oviposition
behavior in Papilio polyxenes. Entomologia Experimentalis et Applicata
128: 265-273.

Hill, D. S. and Waller, J. M. (1988). Pests and Diseases of Tropical Crops , volume 2
field handbook. Longman Science and Technical, England. Pp 432.

Hodgson, R. W. (1961). Classification and nomenclature of citrus fruits. California
Citrograph. Pp.48

Holling’s, C. S. (1965) The functional response of predators to prey density and its
role in mimicry and population regulation. Memoirs of Entomological
Society of Canada. 45: 1-60.

Hollis, D. (1987). A New citrus-feeding Psyllid from the Comores Islands, with A
review of the Diaphorina amoena species groups (Homoptera).
Systematic Entomology. 12:47-61.

Hori, M. (1999). Antifeeding, settling inhibitory and toxic activities of labiate
essential oils against the green peach aphid, Myzus persicae (Sulzer)
(Homoptera: Aphididae). Applied Entomology and Zoology. 34: 113-
118.

Hossien, R. A., Yaghoub, F., Dimitris, C. K., Gholamreza, R. and Mohammad-reza,
R. (2009). Age-specific life table parameters and survivorship of an
Iranian population of the codling moth (Lepidoptera: Tortricidae) at
cifferent Constant temperatures. Annals of Entomological Society of
America. 102 (2): 233 — 240.

145



Hoy, M. A. and Nguyen, R. (2001). Classical biological control of Asian citrus
psylla. Citrus Industry. 81:48-50.

Hoy, M. A., Nguyen, R. and Jeyparakash, A. (2006). Classical biological control of
Asian citrus psyllid in Florida. Florida IPM.
http://ipm.ifas.ufl.edu/agriculture/citrus/psyllid.shtml (14 June 2010).

Huang, J., Luo, X., Huang, B. and Yao, X. (1999). Studies on citrus psylla,
Diaphorina citri Kuwayama and its control. Entomological Journal of
East China. 8:26-34.

Huang, M. and Huang, M. (1986). Studies on the spatial pattern of eggs and larvae of
citrus psylla, Diaphorina citri Kuwayama and its application. Acta
Phytophylactica Sinica. 13:23-30

Husain, M. A. and Nath, D. (1927). The citrus psylla, Diaphorina citri Kuwayama
(Psyllidae: Homoptera). Memoirs of the Department of Agriculture in
India. Entomological Series.10(2): Pp27.

Ikeda, K., and Ashihara, W. (2008). Preference of adult Asian citrus psyllid,
Diaphorina citri (Homoptera: Psyllidae) for Murraya paniculata and
Citrus unshiu. Japanese Journal of Applied Entomology and Zoology.
52: 27-30.

Isman, M. B. (2000). Plant essential oils for pest and disease management. Crop
Protection. 19, 603-608.

Iwao, S. (1970). Problems in spatial distribution in animal Population ecology. In:
Patil, G. P. [ed.] Random Counts in Models and Structures, 1.
Pennsylvania State University Press, University Park. Pp268.

Jackson, D. I. and Looney, N. E. (1999). Temperate and Subtropical Fruit
Production, Second Edition. CABI Publishing, London UK. Pp331.

Jinhan, X. and Yuging, T. (1993). The immature development and morphology of
Tamarixia radiata. Journal of Fujian Agricultural University (Natural
Sciences Edition). 22: 311-316.

Juliano, S. A. (1993). Nonlinear curve fitting: predation and functional response
curves, In: Design and Analysis of Ecological Experiments (Scheiner,
S.M. and Gurevitch, J., Eds.). Chapman and Hall, New York. Pp178-196.

146


http://ipm.ifas.ufl.edu/agriculture/citrus/psyllid.shtml

Kafle, L., Lai, P. and Chang, Y. (2005). Functional response of a parasitoid
Ganaspidium utilis (Hymenoptera: Eucoilidae) on the leafminer
Liriomyza trifolii (Diptera: Agromyzidae). Insect Science. 12: 381-385.

Kainulainen, P., Nissinen, A., Piirainen, A., Tilikkala, K. and Holopainen, J. K.
(2002). Essential oil composition in leaves of carrot varieties and
preference of specialist and generalist sucking insect herbivores.
Agricultuel and Forest Entomology. 4: 211-216.

Khan, 1. (2007). Citrus Genetics, Breeding and Biotechnology. CABI Publishers,
UK. Pp370.

Krebs, C. J. (1978). Ecology: the experimental analysis of distribution and
abundance. Second Edition. Harper and Row Publishers, New York.
Pp678.

Kuno, E. (1991). Sampling and analysis of insect populations. Annual Review of
Entomology. 36: 285-304.

Ladaniya, M. ( 2008). Citrus fruits biology, technology and evaluation. Academic
Press London. Pp543.

Langenheim, J.H. (1994) Higher-plant terpenoids—a phytocentric overview of their
ecological roles. Journal of Chemical Ecology. 20: 1223-1280.

Lee, J. H., Lee, K. S. and Lee, H.P.(2002). Life table descriptions of Tetrastichus sp.
(Hymenoptera: Eulophidae) on Hyphatria cunea Drury. Korean Journal
of Biological Sciences. 6 (1): 19-22.

Leigh J. P. and Mark S. H. (2007). Use of life tables to quantify reproductive and
developmental biology of Gonatocerus triguttatus (Hymenoptera:
Mymaridae), an egg parasitoid of Homalodisca vitripennis (Hemiptera:
Cicadellidae). Biological Control. 42: 1-8.

Leon, J. H. and Setamou, M. (2010). Molecular evidence suggests that populations of
the Asian citrus psyllid parasitoid, Tamarixia radiata (Hymenoptera:
Eulophidae) from Texas, Florida and Mexico represent a single species.
Annals of the Entomological Society of America. 103: 100-120.

Leong, S. C. T., Abang, F., Beattie, A.,, Kueh, R. J. H. and Wong, S. K. (2011).
Seasonal population dynamics of the Asian citrus psyllid, Diaphorina
citri Kuwayama in Sarawak. American Journal of Agricultural and
Biological Sciences. 6 (4): 527-535.

Lim, W. H, Shamsudin, O. M. and Ko. W. W. (1990). Citrus greening disease in
Malaysia, pp. 100-105 In: Aubert, B., Tontyaporn, S. and Buangsuwon,

147



D. [eds.], Rehabilitation of citrus industry in the Asia pacific region.
Proceeding Asia Pacific International Conference on Citriculture.
Chiang Mai, Thailand. 4-10 February, 1990. UNDP-FAO, Rome.

Liu, Z. (1989). The Population dynamics of the citrus psylla and its ectoparasite. In:
Lin, D. Eds. Studies on the integrated management of citrus insect pests.
Academic Book and Periodical Press. Beijing China. pp 165-175.

Liu, D. and Trumble, J.T. (2004). Tomato Psyllid behavioral responses to tomato
plant lines and interactions of plant lines with insecticides. Journal of
Economic Entomology. 97: 1078-1085.

Liu, Y. H. and Tsai, J. H. (2000). Effect of temperature on biology and life table
parameters of the Asian citrus psyllid, Diaphorina citri Kuwayama
(Homoptera: Psyllidae). Annal of Applied Biology. 137: 201-206.

Lota, M. L., De Rocca Serra, D., Tomi, F., Jacquemond, C. and Casanova, J. (2002).
Volatile components of peel and leaf oils of lemon and lime species.
Journal of Agriculture and Food Chemistry. 50: 796-802.

Mackauer, M. (1983). Determination of parasite preference by choice tests: the
Aphidius smithi (Hymenoptera: Aphidiidae)-pea aphid (Homopetera:
Aphididae) model. Annals of Entomological Society of America. 76: 256-
261.

Mann, R. S. and Stelinski, L. L. (2010) An asian citrus psyllid parasitoid, Tamarixia
radiata (Waterston) (Insecta: Hymenoptera: Eulophidae).
http://edis.ifas.ufl.edu/pdffiles/IN/IN85800 .pdf

Mann, R. S., Rouseff, R. L., Smoot, J. M., Castle, W. S. and Stelinski, L. L.
(2010a). Sulfur volatiles from Allium spp. affect Asian citrus psyllid,
Diaphorina citri Kuwayama (Hemiptera: Psyllidae), response to citrus
volatiles. Bulletin of Entomological Research
(doi:10.1017/S0007485310000222).

Mann, R. S., Kaufman, P. E. and Butler, J. F. (2010b). Evaluation of semiochemical
toxicity to houseflies and stable flies (Diptera:Muscidae). Pest
Management Science. 66: 816-824.

Manner, H. I., Buker, R. S., Easton, S. V. and Elevitch, C. R. (2006). Citrus species
(citrus), ver. 2.1. In: Elevitch, C. R. (Ed.). Species profiles for Pacific
Island Agroforestry. Permanent Agriculture Resources (PAR), Holualoa,
Hawai. <http://www.traditionaltree.org>.

148


http://edis.ifas.ufl.edu/pdffiles/IN/IN85800%20.pdf

Mead, F. W. (1977). The Asiatic citrus psyllid, Diaphorina citri Kuwayama
(Homoptera: Psyllidae). Entomology Circular 180. Florida Department
of Agriculture and Consumer Services. Pp4.

Mead, F. W. (2007). Asian citrus psyllid, Diaphorina citri Kuwayama.
http://creatures.ifas.ufl.edu/citrus/acpsyllid.html

Mercado, B. G., Pableo, F., Gavarra, M. R. and Gonzales, C. I. (1991). Population
studies and biological control of Diaphorina citri Kuwayama, the insect
vector of citrus greening disease in the Philippines. Proceedings of 6th
International Asia Pacific Workshop on Integrated Citrus Health
Management, Jun, 24-30, Kuala Lumpur, Malaysia. Pp105-117.

Michaud, J. P. (2002). Biological control of Asian citrus psyllid, Diaphorina citri
(Hemiptera: Psyllidae) in Florida: A preliminary report. Entomology
News. 113 (3): 216-223.

Michaud, J. P. (2004). Natural mortality of Asian citrus psyllid (Homoptera:
Psyllidae) in central Florida. Biological Control. 29: 260-2609.

Michaud, J. P. and Olsen, L. E. (2004). Suitability of Asian citrus psyllid,
Diaphorina citri, as prey for ladybeetles. BioControl. 49: 417-431.

Michaud, J. P., McCoy, C. W. and Futch, S. H. (2002). Ladybeetles as biological
control agents in citrus. Journal Series of the Horticultural Sciences
Department, University of Florida. T-00569: 1-7

Miyakawa, T. and Tsuno, K. (1989). Occurrence of citrus greening in the Southern
Islands of Japan. Annual Phytopathology Society Japan. 66: 667-670.

MOA (Minstry of Agriculture and Agro-Based Industry Malaysia) 2011. Agrofood
statistics 2011. www. Moa.gov.my/document_library/get_agrofood
stat2011.

Mohaghegh, J., De Clercq, P. and Tirry, L. (2001). Functional response of the
predators, Podisus maculiventris (Say) and Podisus nigrispinus (Dallas)
(Heteroptera: Pentatomidae) to the beet armyworm, Spodoptera exigua
(Hubner) (Lepidoptera: Noctuidae): Effect of temperature. Journal of
Applied Entomology. 125: 131-134.

Namvar, P., Safaralizadeh,M. H., Baniameri, V., Pourmirza, A. A. and Karimzadeh,

J. (2012). Estimation of larval density of Liriomyza sativae Blanchard
(Diptera: Agromyzidae) in cucumber greenhouses using fixed precision

149


http://creatures.ifas.ufl.edu/citrus/acpsyllid.html

sequential sampling plans. African Journal of Biotechnology. 11(9):
2381-2388.

Naranjo, S. E. and Flint, H. M. (1994). Spatial distribution of preimaginal Bemisia
tabaci (Homoptera: Aleyrodidae) in cotton and development of fixed
precision sequential sampling plans. Environmental Entomology. 23:
254-266.

Nava, D. E., Torres, M. L., Rodrigues, G. M. D. L., Bento J. M. S. and Parra, J. R. P.
(2007). Biology of Diaphorina citri (Hemiptera., Psyllidae) on different
hosts and at different temperatures. Journal of Applied Entomology.
131(9-10): 709-715

Nehlin, G., Valterova, I. and Borg-Kalson, A-K. (1996). Monoterpenes release from
Apiaceae and the egg-laying preference of the carrot psyllid, Trioza
apicalis. Entomologia Expramentalis et applicata. 80: 83-86.

Norberg, R. P. (2008). Economic importance of Florida citrus. Paper Presented at the
U.S. Department of Agriculture-ARS ‘SWAT Team’ Workshop, April
22, in Ft. Pierce, FL.Florida Citrus Mutual, Inc. Available online at
http://www.flcitrusmutual. com/files/e47fe5d8-ef81-4c15-9.pdf.
Accessed May 13, 2011.

Noronha Jr, N. C., Bento, J. M. S. and Parra, J. R. P. (2008). Guava and citrus plant
volatiles. Fundecitrus Workshop on HLB-resistant Citrus. Araraquara,
Brazil. February, 2008.

Oberholzer, P. C. J., Von Staden, D. F. A. and Basson, W. J. (1965). Greening
disease of sweet orange in South Africa. Proceeding of the 3™
Conference of the International Organasition of Citrus Virologist. 213-
219.

Ode, P. J. and Heinz, K. M. ( 2002). Host-size-dependent sex ratio theory and
improving mass-reared parasitoid sex ratios. Biological Control. 24: 31-
41.

OEPP/EPPO (2005a). EPPO Standards PM 7/52(1). Diagnostic protocol for
Diaphorina citri, Bulletin OEPP/EPPO Bulletin. 35: 331-333.

OEPP/EPPO (2005b). EPPO Standards PM 7/57. Diagnostic protocol for Trioza
erytreae Bulletin OEPP/EPPO Bulletin. 35: 357-360.

Onagbola, E. O., Boina, D. R., Hermann, S. L. and Stelinski, L. L. (2009). Antennal
sensilla of Tamarixia radiata (Hymenoptera: Eulophidae), a parasitoid of

150


http://www.flcitrusmutual/

Diaphorina citri (Hemiptera: Psyllidae). Annals of the Entomological
Society of America. 102: 523-531.

Osborne, L. S. and Landa, Z. (1992). Biological control of whiteflies with
entomopathogenic fungi. Florida Entomologist. 75: 456-471.

Osman, M. S. and and Quilici, S. (1991). Trapping studies of citrus greening vector,
Diaphorina citri Kuway, natural enemies and alternate hosts in Malaysia.
Proceedings of 6th International Asia Pacific Workshop on Integrated
Citrus Health Management. June 24-30, Kuala Lumpur, Malaysia.
Pp118-127.

Patt, J. M., and Setamou, M. (2007). Olfactory and visual stimuli affecting host plant
detection in Homalodisca coagulate (Hemiptera: Cicadellidae).
Environmental Entomology. 36: 142-150

Patt, J. M., and Setamou, M. (2010). Response of the Asian citrus psyllid to volatiles
emitted by the flushing shoots of its rutaceous host plant. Environmental
Entomology. 39(2): 618-624.

Patel, K. J., Chustere, D. J. S. and Smerage, G. H. (2003). Density dependent
parasitism and host-killing of Liriomyza trifolii (Diptera: Agromyzidae)
by Diglyphus intermedius (Hymenoptera: eulophidae). Florida
Entomologist. 86: 8-14.

Pedigo, L.P. and Rice, M.E. (2006). Entomology and Pest Management. Pearson
Prentice Hall. New Jersey, USA. Pp 110.

Pedigo, L. P. and Buntin, G. D. (1994). Sampling methods for athropods in
agriculture. CRC Press, Florida. Pp354.

Pena, J. E., Sharp, J. L. and Wysoki, M. (2002). Tropical Fruit Pests and
Pollinators: biology, economic importance, natural enemies and control.
Cabi Publishing, New York. Pp.430.

Pervez, A. and Omkar (2005). Functional responses of coccinellid predators: An
illustration of a logistic approach. Journal of Insect Science. 5(5): 125-
131.

Pluke, R. W. H., Qureshi, J. A. and Stansly, P. A. (2008). Citrus flushing patterns,
Diaphorina citri (Hemiptera: Psyllidae) populations and parasitism by
Tamarixia radiata (Hymenoptera: Eulophidae) in Puerto Rico. Florida
Entomologist. 91(1): 36-42.

151



Pluke, R. W. H., Escribano, A., Michaud, J. P. and Stansly, P. A. (2005). Potential
impact of ladybeetles on Diaphorina citri (Homoptera: Psyllidae) in
Puerto Rico. Florida Entomologist. 88 (2):123-128.

Porter, E. E. and Redak, R. A. (1996). Short term recovery of grasshopper
communities (Orthoptera: Acrididae) of a California native grassland
after prescribed burning. Environmental Entomology. 25:987-992.

Qureshi, J. A., Rogers, M. E., Hall, D. G. and Stansly, P. A. (2009). Incidence of
invasive Asian citrus psyllid, Diaphorina citri (Hemiptera: Psyllidae) and
its introduced parasitoid, Tamarixia radiata (Hymenoptera: Eulophidae)
in Florida citrus. Journal of Economic Entomology. 102:247-256.

Rae, D. J., Liang, W. G., Watson, D. M., Beattie, G. A. C. and Huang, M. D. (1997).
Evaluation of petroleum spray oils for control of the Asian citrus psylla,
Diaphorina citri (Kuwayama) (Hemiptera: Psyllidae), in China.
International Journal of Pest Management. 43: 71-75.

Rogers, M. E. and Timmer, L. W. (2007). Florida citrus pest management guide
Update. Citrus Industry. 88(1):11-12.

Roistacher, C. N. (1996). The Economics of living with citrus diseases:
huanglongbing (greening) in Thailand. In: Da Graca, J. V., Moreno,P.
and Yokomi R. K. Eds., Procceedings of 13" Conference of the
International Organization of Citrus Virologists (IOCV). University of
California, Riverside. Pp 279-285

Rouseff , R. L., Onagbola, E. O., Smoot, J. M. and Stelinski, L. L. (2008). Sulfur
volatiles in guava Psidium guajava L. leaves: possible defense
mechanism. Journal of Agriculture and Food Chemistry. 56: 8905-
8910.

Saunt, J. (2000). Citrus Varieties of the World. Second Edition. Sinclair International
Publishers. Norwich, U.K. Pp 254.

Schowalter, T. D. (2006). Insect Ecology: an ecosystem approach. 2nd edition.
Tokyo: Academic Press, Pp. 572.

Schowalter, T. D. (2000). Insect Ecology: an ecosystem approach. Academic Press
Publishers, London. Pp483.

Setamou, M., Flores, D., French, J. V. and Hall, D. G. (2008). Dispersion patterns
and sampling plans for Diaphorina citri (Hemiptera: Psyllidae) in citrus.
Journal of Economic Entomology. 101:1478-1487.

152



Sfara, V., Zerba, E. N. and Alzogaray, R. A. (2009). Fumigant insecticidal activity
and repellent effect of five essential oils and seven monoterpenes on first-
instar nymphs of Rhodnius prolixus. Journal Medical Entomology. 46:
511-515.

Shivankar, V. J., Rao, C. N. and Singh, S. (2000). Studies on citrus psylla,
Diaphorina citri ~ Kuwayama: A review. Agricultural Reviews. Karnal,
India. 21: 199-204.

Sijam, K., Ahmad, K., Kamaruzaman, S., Habibuddin, H., Jugah, K. and Syed, O. S.
R. (2008). Occurrence and spread of candiidatus liberibacter asiaticus,
the causal agent of huanglongbing disease of citrus in Malaysia.
Research Journal of Agriculture and Biological Science. 4(1): 103-111.

Singh, S. K. and Yadav, D. K. (2009). Life table and biotic potential of Helicoverpa
armigera (Hubner) on chick pea pods. Annals of Plant Protection Society
of India. 17(1): 90-93.

Siswanto, Rita, M., Dzolkhifli, O. and Elna, K. (2008). Population fluctuation of
Helopeltis antoni Signoret on cashew Anacarcium occidentalle L., in
Java Indonesia. Pertanika Journal of Troical Agricultural Science 31(2):
191-196.

Skelley, L. H. and Hoy, M. A. (2004). A synchronous rearing method for Asian
citrus psyllid and its parasitoid in quarantine. Biological Control. 29: 14-
23.

Soemargono, A., lbrahim, Y., lbrahim, R. and Osman, M. S. (2008). Spatial
distribution of the Asian citrus psyllid, Diaphorina citri Kuwayama
(Homoptera: Psyllidae) on citrus and orange jasmine. Journal of
Bioscience. 19(2): 9-19.

Soemargono, A., Ibrahim, R., lIbrahim, Y. B. and Osman, M. S. (2006). Preference
of the metallic blue ladybeetle, Curinus coeruleus Mulsant for different
nymphal instars of Diaphorina citri Kuwayama (Homoptera: Psyllidae).
Journal of Bioscience. 17(2): 21-29.

Southwood T.R.E. (1978). Ecological Methods with Particular Reference to the
Study of Insect Populations. London: Chapman & Hall. 2nd Edition.
Pp476.

Southwood, T.R.E. and Henderson, P. A. (2000). Ecological Methods. 3" Edition.
Blackwell Science, Oxford, UK. Pp645.

153



Speight, M. R., Hunter, M. D. and Watt, A. D. (1999). Ecology of Insects: concepts
and application. Blackwell Science Publisher. London. Pp.350.

Stansly, P. A. and Rogers, M. E. (2006). Managing Asian citrus psyllid populations.
Citrus Industry. 87(3): 17-19.

Su, H. J,, Cheon, J. U. and Tsai, M. J. (1986). Citrus greening (Likubin) and some
viruses and their control trials, In: Plant virus diseases of horticultural
crops in the tropics and subtropics. FFTC Book Series N0.33:143-147

Sule H., Muhamad , R., Omar, D. and Hee, A. K. W. (2012). Response of
Diaphorina citri Kuwayama (Hemiptera: Psyllidae) to volatiles emitted
from leaves of two rutaceous plants. Journal of Agricultural Science.
4(7): 152-159.

Teixeira, D. C., Eveillard, S., Sirang-Pugnet, P., Wulff, N. A., Saillard, C., Ayres, A.
J. and Bove, J. M. (2008). The tufB-secE-nusG-rplKAJL-rpoB Gene
Cluster of the liberibacters: sequence comparisons, phylogeny and
speciation.  International Journal of Systematic Evolutionary
Microbiology. 58: 1414-1421.

Timms, J. E., Oliver, T. H., Straw, N. A. and Leather, S. R. (2008). The effects of
host plant on the coccinellid functional response: Is the conifer specialist
Aphidecta obliterata (L.) (Coleoptera: Coccinellidae) better adapted to
spruce than the generalist Adalia bipunctata (L.) (Coleoptera:
Coccinellidae). Biological Control. 47: 273 281.

Tolley, I. S. (1990). The relation of nursery production with orchard planning and
management. In: B. Aubert, S. Tontyaporn, and D. Buangsuwon (eds.)
Rehabilitation of citrus industry in the Asia Pacific Region. Proceeding
of the Asia Pacific International Conference on Citriculture. Chiang Mai,
Thailand, 4-10 February, 1990. UNDP-FAO, Rome. Pp 77-82

Triplehorn, C.A., Johnson, N.F. (2005). Introduction to the Study of Insects.
Thomson Brooks/Cole Publishers. Belmont, CA, USA. Pp 618.

Tsai, J. H. and Liu, Y. H. (2000). Biology of Diaphorina citri (Homoptera:
Psyllidae) on four host plants. Journal of Economic Entomology. 93(6):
1721-1725.

Tsai, J. H., Wang, J. J. and Liu, Y. H. (2002). Seasonal abundance of the Asian citrus
psyllid, Diaphorina citri (Homoptera: PSyllidae) in Southern Florida.
Florida Entomologist 85(3): 446-451.

154



Tsai, Y., Hwang, M. and Wang, H. (1984). Diphorina citri on Murraya paniculata.
Plant Protection Bulletin Taiwan. 26:285-287.

UNCTAD (United Nations conference on trade and development) Info Comm.
(2009). origin and history. January 25, 2005. United Nations Conference
on Trade and Development. Available online at
http://www.unctad.org/infocomm/anglais/
orange/characteristics.htm#hist. Accessed August 4, 2010.

Uvaron, B. D. (1931). Insect and climate. Transaction of Entomological Society of
London. Pp457.

Valterova, I., Nehlin, G. and Borg-Kalson, A-K. (1997). Host plant chemistry and
preference in egg-laying Trioza apicalis (Homoptera: Psylloidea).
Biochemical and Systematics Ecology. 25(6): 477-491.

Van den Berg, M. A. and Fletcher, C. D. (1988). A bibliography of the citrus psylla,
Trioza erytreae (Del Guercio) (Hemiptera: Triozidae), up to 1987.
Phytoparasitica. 16:47-61

Van den Berg, M. A., Deacon, V. E. and Thomas, C. D. (1991). Ecology of the citrus
psylla, Trioza erytreae (Hemiptera: Triozidae). Mating, fertility and
oviposition. Phytophylactica. 23:195-200.

Van den Berg, M. A., Deacon, V. E. and Steenekamp, P. J. (1990). Dispersal within
and between citrus orchards and native hosts, and nymphal mortality of
citrus psylla, Trioza erytreae (Hemiptera: Triozidae). Agricultural
Ecosystem and Environment. 35: 297-3009.

Van Vuuren, S. P. (1993). Variable Transmission of African greening to sweet
orange. In: Moreno, P. Da Graca, J. V. and Timmer L. W. [Eds.],
Proceedings of 12™ Conference of the International Organization of
Citrus Virologists. University of California, Riverside. Pp 264- 268

Visser, J. H. (1986) Host odor perception in phytophagous insects. Annual Review of
Entomology. 31: 121-144.

Wang, L., Bisseleua, D. H. B., You, M., Huang, J. and Liu, B. (2006). Population
dynamics and functional response of Citrostichus phyllocnistoides
(Narayanan) (Hymenoptera: Eulophidae) on citrus leafminer,
Phyllocnistis citrella Stainton (Lepidoptera: Phyllocnistidae) in Fuzhou
region of south-east China. Journal of Appllied Entomology. 130(2): 96—
102

155



Wang, H., Chan, G., Lin, H. and Gong, J. (2002). Studies on the population
dynamics of citrus pests and diseases and control methods. South China
Fruits. 31(4): 13-15.

Wang, H., Chan, G., Lin, H., Gong, J., Liang, K. and Li, X. (2001). Occurrence of
citrus psylla, Diaphorina citri Kuwayama in Thaizhou, Zhejaing, and its
control. Plant Protection Technology and Extension. 21(3):20-21

Wang, X., Liu, S., Guo, S. and Lin. W. (1999). Effects of host stages and
temperature on population parameters of Oomyzus sokolowskii, a larval-
pupal parasitoid of Plutella xylostella. BioControl. 44: 391-402.

Waterhouse, D. F. (1998). Biological control of insect pests: Southeast Asian
prospects. ACIAR Monograph Series No. 51. Canberra: Australian Centre
for International Agricultural Research.

Weastbrook, C. J., Hall, D. G., Stover, E., Duan, Y. P. and Lee, R. F. (2011).
Colonization of citrus and citrus related germplasm by Diaphorina citri
(Hemiptera: Psyllidae). HortScience. 47(7): 997-1005.

Weathrsbee, A. A. 11l and Mckenzie, C. L. (2005). Effect of a neem biopesticide on
repellency, mortality and development of Diaphorina citri (Homoptera:
Psyllidae). Florida Entomologist. 83(4): 401-407.

Wenninger, E. J. and D. G. Hall. 2007. Daily timing of age at mating in the Asian
citrus psyllid, Diaphorina citri (Hemiptera: Psyllidae). Florida
Entomologist. 90: 715-722.

Wenninger, E. J., Stelinski, L. L. and Hall, D. G. (2008). Behavioral evidence for a
female-produced sex attractant in Diaphorina citri. Entomologia
Experimentalis et Applicata. 128 : 450-459

Wu, D. (1980). Relationship between the habits of citrus psyllid, Diaphorina citri
Kuwayama and the occurrence of citrus hunglongbing. China Citrus.
2:33-34

Xu, S., Wang, Z. and Zhang, W. (1994). Studies on the occurrence and control of
citrus psyllid, Diphorina citri Kuwayama in Yunnan province. Zhejiang
Citrus. 1:32-33.

Yang, Y. (1989). Effects of light, temperature and humidity on the development,

reproduction and survival of citrus psylla. Acta Ecological Sinica.
9(4):348-354

156



Yang, Y., Huang, M., Andrew, C. B., Xia, Y., Ouyang, G., & Xiong, J. (2006).
Distribution, biology, ecology and control of the psyllid, Diaphorina citri
Kuwayama, a major pest of citrus: A status report for China.
International Journal of Pest Management. 52(4): 343-352.

Yingfang, X. and Fadamiro, H. Y. (2010). Functional responses and prey-stage
preferences of three species of predacious mites (Acari: Phytoseiidae) on
citrus red mite, Panonychus citri (Acari: Tetranychidae). Biological
Control. 53: 345-352.

Zain-ul-Abdin, M. J. A., Gogi, M. D., Arshad, M., Hussain, F., Abbas, S. K., Shaina,
H. and Manzoor, A. (2012). Biological characteristics and host stage
preference of mealybug parasitiod, Aenastus bambawalei Hayat
(Hymenoptera: Encytidae). Pakistani Entomolgist. 34(1): 47-50.

Zhou, X. Y. (1981).Citrus yellow shoot disease (huanglongbing) in China: A review.
Proceedings of the International Society of Citruculture. 1:466-469

Zohdi, H. and Talebib, A. (2010). Functional response of Tetrastichus gallerucae
(Hymenoptera: Eulophidae) to different densities of the elm leaf beetle
Xanthogaleruca luteola (Coleoptera: Chrysomelidae) eggs,. Archives of
Phytopathology and Plant Protection. 43(11): 1050-1055.

157



Appendix A

Table A.1 Analysis of variance for distribution of adult, D. citri on different
canopy strata of C. suhuiensis

Source of DF Sum of Mean square F
variance squares
Treatment 1 1332.25 1332.25 6.33*
Error 34 7161.39 210.63
Total 35 8493.64

* = significant, P<0.05

Table A.2 Analysis of variance for distribution of adult, D. citri on different
cardinal point of C. suhuiensis

Source of DF Sum of Mean square F
variance squares
Treatment 3 575.22 191.74 3.17*
Error 68 4107.22 60.40
Total 71 4682.44

*= significant, P<0.05

Table A.3 Analysis of variance for distribution of adult, D. citri on different
leaves growth stages of C. suhuiensis

Source of DF Sum of Mean square F
variance squares
Treatment 3 1853.82 617.94 7.59**
Error 68 5537.17 81.43
Total 71 7390.99

**=highly significant, P<0.01
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APPENDICES

Appendix B

Table B.1 Analysis of variance for number of D. citri feeding site selection in no
choice assay with different leaf growth stages of C. suhuiensis and
exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Leaves growth 2 14.71 7.36 19.47**
stage
Exposure time 2 1.65 0.82 2.18 ns
LGS *ET 4 1.82 0.46 1.21ns
Error 36 13.60 0.37

**=highly significant, P<0.01; ns = not significant; LGS = Leaf growth stage; ET =
Exposure time

Table B.2 Analysis of variance for number of D. citri eggs in no choice assay
with different leaf growth stages of C. suhuiensis and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Leaves growth 2 2191.60 1095.80 801.80**
stage
Exposure time 2 180.13 90.07 65.90**
LGS *ET 4 360.27 90.07 65.90**
Error 36 49.20 1.37

**=highly significant, P<0.01; LGS = Leaf growth stage; ET = Exposure time
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Table B.3 Analysis of variance for number of D. citri feeding site selection in no
choice assay with different leaf growth stages of M. paniculata and
exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Leaves growth 2 14.71 7.36 19.47**
stage
Exposure time 2 1.64 0.82 2.18ns
LGS *ET 4 1.82 0.46 1.21ns
Error 36 13.60 0.38

**=highly significant, P<0.01; ns = not significant; LGS = Leaf growth stage; ET =
Exposure time

Table B.4 Analysis of variance for number of D. citri eggs in no choice assay
with different leaf growth stages of M. paniculata and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Leaves growth 2 1462.58 731.29 539.48**
stage
Exposure time 2 117.64 58.82 43.39**
LGS * ET 4 222.22 55.55 40.98**
Error 36 48.80 1.36

**=highly significant, P<0.01; LGS = Leaf growth stage; ET = Exposure time
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Table B.5 Analysis of variance for number of D. citri feeding site selection in
choice assay within different leaf growth stages of C. suhuiensis
and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Leaves growth 2 28.93 14.47 118.36**
stage
Exposure time 2 0.13 0.07 0.55ns
LGS *ET 4 0.53 0.13 1.09ns
Error 36 4.40 0.12

**=highly significant, P<0.01; ns = not significant; LGS = Leaf growth stage; ET =
Exposure time

Table B.6 Analysis of variance for number of D. citri eggs in choice assay within
different leaf growth stages of C. suhuiensis and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Leaves growth 2 2073.60 1036.80 576.00**
stage
Exposure time 2 145.60 72.80 40.44**
LGS * ET 4 291.20 72.80 40.44**
Error 36 64.80 1.80

**=highly significant, P<0.01; LGS = Leaf growth stage; ET = Exposure time
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Table B.7 Analysis of variance for number of D. citri feeding site selection in
choice assay within different leaf growth stages of M. paniculata
and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Leaves growth 2 23.33 11.67 87.50**
stage
Exposure time 2 0.00 0.00 0.00ns
LGS *ET 4 1.87 0.47 3.50*
Error 36 4.80 0.13

**=highly significant, P<0.01; *= significant, P<0.05; LGS = Leaf growth stage; ET
= Exposure time

Table B.8 Analysis of variance for number of D. citri eggs in choice assay within
different leaf growth stages of M. paniculata and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Leaves growth 2 1724.98 862.49 1093.30**
stage
Exposure time 2 122.84 61.42 77.86**
LGS * ET 4 232.89 58.22 73.80**
Error 36 28.40 0.79

**=highly significant, P<0.01; LGS = Leaf growth stage; ET = Exposure time
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Table B.9 Analysis of variance for number of D. citri feeding site selection in
choice assay between newly expanded leaves of the host plants and
exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Plant Species 1 4.03 4.03 8.96**
Exposure time 2 0.07 0.03 0.07ns
PLS*ET 2 2.07 1.03 2.30ns
Error 24 10.80 0.45

**=highly significant, P<0.01; ns = not significant; PLS = Plant species; ET =
Exposure time

Table B.10 Analysis of variance for number of D. citri eggs in choice assay
between newly expanded leaves of the host plants and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Plant Species 1 36.30 36.30 7.24%
Exposure time 2 793.87 396.93 79.12**
PLS * ET 2 16.80 8.40 1.67ns
Error 24 120.40 5.02

**=highly significant, P<0.01; *= significant P<0.05; ns = not significant; PLS =
Plant species; ET = Exposure time
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Table B.11 Analysis of variance for number of D. citri feeding site selection in
choice assay between completely hardened leaves of the host plants
and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Plant Species 1 2.70 2.70 6.00*
Exposure time 2 0.07 0.03 0.07ns
PLS*ET 2 1.40 0.70 1.56ns
Error 24 10.80 0.45

**=highly significant, P<0.01; *= significant P<0.05; ns = not significant; PLS =
Plant species; ET = Exposure time

Table B.12 Analysis of variance for number of D. citri eggs in choice assay
between completely hardened leaves of the host plants and exposure

time

Source of DF Sum of Mean square F

variance squares
Treatment
Plant Species 1 9.63 9.63 7.41*
Exposure time 2 0.27 0.13 0.10ns
PLS * ET 2 0.27 0.13 0.10ns
Error 24 31.20 1.30

*= significant P<0.05; ns = not significant; PLS = Plant species; ET = Exposure
time
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Table B.13 Analysis of variance for number of D. citri feeding site selection in
choice assay between plant without leaves of the host plants and

exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Plant Species 1 0.53 0.53 2.29ns
Exposure time 2 0.47 0.23 1.0ns
PLS*ET 2 0.07 0.03 0.14ns
Error 24 5.60 0.23

ns = not significant; PLS = Plant species; ET = Exposure time

Table B.14 Analysis of variance for number of D. citri feeding site selection in
choice assay between different leaf growth stage of the host plant

combined together and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Plant Species 5 85.73 17.15 57.16**
Exposure time 2 0.07 0.03 0.11ns
PLS * ET 10 2.60 0.26 0.87ns
Error 72 21.60 0.30

**=highly significant, P<0.01; ns = not significant; PLS = Plant species; ET =

Exposure time
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Table B.15 Analysis of variance for number of D. citri eggs in choice assay
between different leaf growth stage of the host plant combine
together and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment
Plant Species 5 5372.59 714.52 522.82**
Exposure time 2 224.62 112.31 82.18**
PLS*ET 10 450.84 45.08 32.99**
Error 72 98.40 1.37

**=highly significant, P<0.01; PLS = Plant species; ET = Exposure time

Table B.16 Analysis of variance for responses of D. citri to C. suhuiensis odour
versus blank in Y-tube olfactometer and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment 1 9.19 9.19 13.97**
Exposure time 2 0.50 0.25 0.38ns
Treat *ET 2 3.50 1.75 2.66ns
Error 24 27.63 0.66

**=highly significant, P<0.01; ns = not significant; Treat = Treatment; ET =

Exposure time
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Table B.17 Analysis of variance for responses of D. citri to M. paniculata odour
versus blank in Y-tube olfactometer and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment 1 16.33 16.33 40.35**
Exposure time 2 3.88 1.94 4.79*
Treat *ET 2 2.04 1.02 2.52ns
Error 24 17.00 0.40

**=highly significant, P<0.01; *= significant, P < 0.05; ns = not significant; Treat =
Treatment; ET = Exposure time

Table B.18 Analysis of variance for responses of D. citri to C. suhuiensis odour
versus M. paniculata in Y-tube olfactometer and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment 1 16.33 16.33 44.98**
Exposure time 2 10.79 5.40 14.86**
Treat *ET 2 3.29 1.65 4.53*
Error 24 15.25 0.36

**=highly significant, P<0.01; *= significant, P < 0.05; Treat = Treatment; ET =
Exposure time
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Table B.19 Analysis of variance for responses of D. citri to B-pinene versus
blank in Y-tube olfactometer and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment 1 396.03 396.03 1080.09**
Exposure time 2 12.20 6.10 16.64**
Treat * ET 2 11.66 5.83 15.91**
Error 24 8.80 0.37

**=highly significant, P<0.01; Treat = Treatment; ET = Exposure time

Table B.20 Analysis of variance for responses of D. citri to p-linalool versus
blank in Y-tube olfactometer and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment 1 433.20 433.20 633.95**
Exposure time 2 4.47 2.23 3.27ns
Treat *ET 2 9.80 4.90 7.17**
Error 24 16.40 0.68

**=highly significant, P<0.01; ns = not significant; Treat = Treatment; ET =
Exposure time

Table B.21 Analysis of variance for responses of D. citri to caryophyllene versus
blank in Y-tube olfactometer and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment 1 104.53 104.53 128.00**
Exposure time 2 11.27 5.63 6.90**
Treat *ET 2 4.07 2.03 2.49ns
Error 24 19.60 0.82

**=highly significant, P<0.01; ns = not significant; Treat = Treatment; ET =
Exposure time
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Table B.22 Analysis of variance for responses of D. citri to p-pinene versus
caryophyllene in Y-tube olfactometer and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment 1 270.00 270.00 540.00**
Exposure time 2 22.47 11.23 22.47**
Treat * ET 2 11.40 5.70 11.40**
Error 24 12.00 0.50

**=highly significant, P<0.01; Treat = Treatment; ET = Exposure time

Table B.23 Analysis of variance for responses of D. citri to p-linalool versus
caryophyllene blank in Y-tube olfactometer and exposure time

Source of DF Sum of Mean square F
variance squares
Treatment 1 403.33 403.33 1100.00**
Exposure time 2 12.600 6.30 17.18**
Treat *ET 2 15.27 7.63 20.82**
Error 24 8.80 0.37

**=highly significant, P<0.01; Treat = Treatment; ET = Exposure time
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Appendix C

Table C.1 Analysis of variance for Host stage parasitism of D. citri nymphs by

T. radiata
Source of DF Sum of Mean square F
variance squares
Treatment 4 33403.70 8350.91 111.23**
Error 20 1501.55 75.08
Total 24 34905.19

**=highly significant, P<0.01

Table C.2 Analysis of variance for host stage preference of T. radiata when
offered 3" and 4™ instars of D. citri nymphs

Source of DF Sum of Mean square F
variance squares
Treatment 1 16.90 16.90 24.14**
Error 8 5.60 0.70
Total 9 22.50

**=highly significant, P<0.01

Table C.3 Analysis of variance for host stage preference of T. radiata when
offered 3™ and 5" instars of D. citri nymphs

Source of DF Sum of Mean square F
variance squares
Treatment 1 40.00 40.00 72.73%*
Error 8 4.40 0.55
Total 9 44.40

**=highly significant, P<0.01

170



Table C.4 Analysis of variance for host stage preference of T. radiata when
offered 4" and 5" instars of D. citri nymphs

Source of DF Sum of Mean square F
variance squares
Treatment 1 0.40 0.40 1.60ns
Error 8 2.00 0.25
Total 9 2.40

ns = not significant
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Appendix D

Table D.1 Total rainfall, rainy days, average monthly temperature and relative

humidity from March 2011 to July 2012 in Felda Bukit Bidang,
Kuala Barang, Terengganu, Malaysia.

Month Year Total Rainy Average Average
Rainfall Days Temperature  Relative
(mm) ) Humidity
(%)
March 2011 227.1 23 25.3 84.3
April 2011 378.1 11 26.4 84.7
May 2011 235.0 14 26.9 86.3
June 2011 173.0 16 26.8 85.5
July 2011 222.9 14 26.7 84.6
August 2011 444.0 18 26.2 85.2
September 2011 326.5 15 26.2 84.8
October 2011 497.9 26 26.3 85.7
November 2011 1087.2 23 25.3 85.9
December 2011 837.6 22 25.2 89.9
January 2012 561.1 20 25.0 89.8
February 2012 2.7 17 25.3 84.9
March 2012 365.2 14 26.1 83.3
April 2012 225.4 13 25.3 85.3
May 2012 302.3 19 27.1 84.6
June 2012 94.5 8 27.0 83.9
July 2012 186.5 11 26.8 84.1
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Appendix E

Figure E.1: Essential oil of Citrus suhuiensis leaves analyzed by GC-MS. Quantitative data were obtained from the electronic integration
of the peak areas.
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Figure E.2: Essential oil of Murraya paniculata leaves analyzed by GC-MS. Quantitative data were obtained from the electronic
of the peak areas.
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