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1. IUTRO DUCTI OM 

Agroclimatic conditions of Nepal are quite suitable for citriculture. Citrus are native 
to Nepal and they are grown traditionally for a long time. They are cultivated in 45 
districts out of 75 in the whole mid hill range of the country. They cover 78,50 ha of 
cultivated land with annual production ar3und 4500 mi. Government has a target to 
increase the area un-der citrus up to 1330 ha by the end of this Seventh Five Yrear Plan 
1985-1990. However national citrus fruit production is insufficient to fulfil even the 
internal demand due to comparatively loy productivity (8-9 mt/ha). 

His Majesty's Government of Nepal has set up a "National Citrus Development Program 
(NCDP). A Junar (orange) Development Project has been started in Sindhuli and 
Ramechhap districts since last 2 years. Recently a "Hill Fruit Development Program " 
is being implemented in the 1I hill districts of Eastern Development Region under the 
financial support of Asian Development Bank. This project is expected to cover 4800 
ha citrus orchards. Likewise another project is under feasibility study for the citrus 
development in 19 districts of other Development Regions. Besides that some priority 
areas have been selected for citriculture. Farmers of these areas have got some 
facilities of getting loans on low interest and planting materials free of charge. 
Considering the economic importance of citrus, government is doing all these efforts 
with huge investment. 

Citrus Greening Disease (CGD) is one of the serious problems for citrus fruit production 
in Nepal. The disease is systemic, so surface protection Is not possible. It is 
transmitted by insect vector and by grafting hence there is a chance of spreading the 
disease both in the field and nursery. It has long incubation period and no quick and 
reliable as well as practical technique has been developed yet for early diagnosis. All 
(hese facts dictate (he complication in developing end implementing any controlling 
measures against the CGD. 

Royal Nepal Academy of Science and Technolgy (RONAST) places special emphasis on 
wide consultation with scientists and technologists in formulating its plans and 
programs. Accordingly RONAST had constituted 23 Vorking Groups in different field 
of science & technology by involving a large number of scientists and technologists of 
the country to get valuable suggestions for the development of s&t capability of the 
country. Reports submitted by these working groups were discussed in a seminar 
participated by more than 350 scientists and technologists vho urged RONAST to 
implement the recommendations given by the working groups. RONAST is already 
implementing some of those recommendations within its limited physical and man 
power facilities. Vorking group on Agriculture, considering the burning problem 
in citriculture, had pointed out the immediate need of research on CGD. This research 
project is one of the follow up activities of such recommendations initiated by RONAST. 
It prepared a research proposal entitled "Study on Citrus Greening Vector in Pokhara 
Valley" and submitted to USAID for PSfC (Program in Science & Technology 
Cooperation) grants. This project vas approved and recieved US$ 15000 under 
innovative scientific research program of PSTC in 1985. As one of the policy of 
RONAST is to conduct collaborative research, it involved Department of Agriculture 
HMG/Nepal. A memorandom of understanding [effecting from 15 July 1985 (0 
Sravan, 2042)] was made with the Department of Agriculture to conduct jointly this 
research project. Accordingly one plant pathologist, field and laboratory facilities of 
Horticulture Research Station, Pokhara were alloted for this research from Department 
of Agriculture. 
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LITATUIE REVIEV 

Greening disease vas reported as a nev disease of citrus erom South Africa by the end 
of 1950s. However this disease was already known in 1920s as yellov branch disease in 
South Africa and yellow shoot disease in China ( Brtoabent 1983, Oberholzer etal 1965).
At present this disease has been reported from several countries of Asia. Africa and 
islands of Indian Ocean(tablel) cawsing severe damage to citrus production. 

Table I 

Distribution ofGreening Dise and its Vector in different countries of the world
 

SN Country Disease with Vector Authors reporting
 

Synonyms Species the disease/Vector
 

1. Bangaladesh Greening D.'tN Catling 1978 

2. China 	 Yellov Shoot ..*'iy Lin 1956, Suet al 1972 

3. India Citrus decline P. 4iYi Fraser et al 1960, Capoor et al 1967 

4. 	 Indonesia Citrus vein phloen . cifri Tirtavidja'a 1964, 1983
 

degeneration
 

5. Malaysia Greening . tiWi Catling 1968, Euno 1978 

6. Nepal Greening P. ,tn Knorr et al 1970, Rana et 1 1964 

7. Pakistan Greening . kitri Knorr et al 1970 

8. 	 Phillipines Leaf mottling P. cirri Salibe et al 1966, Martinez et al
 
1967, Celino et al 1969
 

9. Saudi Arabia Gre.ning . iny Boe 1986 
T.emmw 

10. 	 Yemen Arabic Greening n. ,ytri Boy 1986
 
Republic T eyrpea
 

11. Taivan 	 Likubin P. ,id-" Catling 1970,Suetal 1972 

12. Thailand 	 Greening P. Aiiri Throver 1968, Schvarz at al 1973 

13. 	 Angola - 7 et-We Aubert 1983 

14. 	 Came-oon - .et-UFrww Aubert 1983 

15. Ethiopia 	 Greening T engrew Aubert 1985 

16. Kenya 	 Greening Te,mw Aubert 1985 
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.17. Ruanda - TJ eryww Aubert 1983 

18. S. Africa Greening T.r Oberholzer et al 1965 

19. Sudan - ervet .&7 Aubert 1985 

20. Swaziland - T er.vW& Auberl 1985 

21. Tanzania Greening T.e'rtr. Auler 1983 

22. Uganda - rywe Aubert 1985 

23. Zc4e - ):. -a Aubert 1965 

24. Zimbabwe Greening r er Aubert 1985 

25. Madagasker Greening P. 1tri Bove et al 1968 a. Aubert 1964 a 
T ervirew 

26. Mauritiux Greening P. titri Bove et al 1968 a. Aubert 1984 a 
T erpTrw 

27. Reunion Greening P. ciwr Lafleche et Bove 1970 b, Aubert 
r. ery-w 1983 

28. Scychelles Greening P. da-y Atbet 1984 b 
T.ertm 

Some examples of loss due to CGD are cited hare. More than XMOOO ha and 900 ha citrus 
orchards vet, destroyed since 1958 in Pnillipines and China respectively. It iv 
estimated that more than 15000 rees are Infected in South Africa and 40- 70 %Uee 
are infected in Nepal and Thailand (Altomirano 1976, Broadbent 1983, Knorr atel 1970 
Regmi 1982 ). 

2.1 Symptom 

The name greening vas given because the fruits maintained green colour even after 
maturity. Hovever the symptoms of greening vazy depending on the agroclimatic
conditions, virulence of pathogen, and genotyN of citrus. Visual symptoms of CGD 
appear vith leaf moitling developing irregular patches betien the main vein 
resembling zinc defeciency like symptoms leading to the general chloroz, leaf drop 
and even apical tvig die back. Infected trees have stunted and open growth, sparse
foliage, yellow branch aspect and severe decline in some cases. Fruits are under 
developed, lopided vith aborted seeds(Bove et al 1981). 

2.2 Pathogen 

Schvarz (1964) first confirmed infectious nature of CD on the basis of graft
transmission of the disease. The greenin_ organism (GO) vas supposed to be virus. 
This theory became popular upto 1970. Lafleche and Bove (1970) reported the 
mycoplasmalike nature of GO while studying the structure under electronmlcroscope. 
Positive effect of tetracycline treatment on greening infected trees also lead to relate it 
with mycoplsma like organism (ML0) (Martinez et tA 1970, Su et al 1976). But 
immediatly Moll and Martin (1974) presented evidences that the GO had a double 
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trAckmembrane like cell vall in additici,, to its inner cytoplasmic membrane andsuggested the term Bacteriumlike Orgatism (BLO). Bo-, and Seglio (1974) confirmedthree layered structure of outer membrane of GO by screening under electronmicroscopy. Gamier at al, observed peptidoglycan (PG) layer in the envelop of GO bytreating with papain. This layer vas very similar to that or Z aVi- a gram negativebacterium and was removed by lysozyme treatment ( arnier etal 1984). Thereforethey have suggested GO to be a eram negative bacterium, although Bove et al (1980)had suggested the term 'Grw¢licute like organism" for it. But uptill nov no scientific 
name has been given to itand scientists refer it simply es GO. 

GO are pleomorphic cells (filamentlous and rod forms) approximately of 3000z35Onmsize. They consist of two membranes, outer ( envelop or cell vall) and inner(cytoplasmic) cell wall. Cell wl 20-30 am in vidth is comprised of three layerx ; adark electrone ob.erbing inner layer (8 nm)o a dark outer layer (Snm)
intermediate clear, electrone transparent layer (5-15mm ) containing peptidoglycan.

and 

Gernett (1984) also has reported that she could culture GO in MIS media, the colonies ofwhich contained fliementiuos and rod shaped organisms of similar size as mentioned 
above. 

2.3 Vector 

McClean and OberhoLzer reported T6= (Del- Guerclo)mrwww as citrus greening
vector for the first time in 1965 from South Africa. Two years later Capoor at al (1967)reported san greening vector - &,,arina wd& (uv). Only these two vectors ofCOD have been reported so far. Geographical distribution of theze tvo vectors is givenin table 1. Itcan bes een that T & is dvelfng with or vithout greening inAfrican continent where as D. i&Y'is in Asia. Both vectors have been reported from
islands of Indian Ocean and Kingdom of Saudi Arabia (Bove 1986) 

Intensive works have been done on different aspect of vector and its relationship withdisease by mveral authors. Aubert (1986) has summerised all these studies and hasprepared acomprehensive report on these psyllids (Aubert 1986). Both citrus psylla . citriand T er.-F w belong to the super family of Psylloldae of Psyll&de family(Homoptera). They have three stage life cycle (Egg-Nymphs-Adults) vith 5 instars of
nymphs which completes its life cycle within 15-20 days in hot and dry and 10-45 days
Incoldseasons. They dont undergo diapause. They have ventrally elongated mouth
parts vhich is adopted for sucking the plant vessels. T.Yynvwdoes not tolerate hot
and dry climates while 0. ditr" prefers it. AccordLagly the first one is the vector of
South African strain and second one is that of Indo-Phillipine strain of COD, although
experimentally it has been proved that each of them are capable of transfering both of

these strains (Messonie at al 1976).
 

Although there is little information on the vector pathogen relationship, it is admittedthat adult psyllas take up the greening organism (GO) from infected plants; the GOmultiplies subsequently with in the inesect body. Due to the concentration of GO seenin the salivery glands it is thought COD is transmitted through the secretion of salivery
ducts (Aubert, 1986). 

These psyllas are host specific. Aubert (1986) mentioned 17 host plants of
and 13 host plants of .tri He also categorised the host plants Into preferential.common and alternate. Psylnds only feed on alternate host plants without laying eggsand developing nymphal stage. All the host plants are confined to the species ofRutacewe family only. Preference cf host plants is determined by their frequency of 
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flushing rrthm. Fopulation ofpsyllids is directly correlated with the flush on which 
psyllids feed and breed (Capoor 1967, Moinshah 1984, Aubert 1986). 

2.4 Natural Inemies 

Caling (1970) studied the biono2ics of these psyllids and made important notes on the
 
influence of natural enemies to reduce their population. Several authors also have
 
reported the presence of natural enemies belonging to Syrphids, Coccenelids,
 
Lacevings as vell as spiders and mites as the predators of psyllids but the most effective
 
predator was found to be Chilh-borw ntgun'iw belonging to Coccinellidas family
 
(Coleoptera).
 

Pa.-Ites of thes3 psyllids have teen found to be more effective than the predators diy, 
to thia high specfic nature in parasitising only certain species of psy1ids. Three 
eulophid exoparasites of T eiryarv viz Te& 'tkhuwdr iaew (Vaterstone) 
and a nayetrsswfk&hw spp. have been reported (Aubert 1986). They attack 3rd, 4th 
and 5th Instar nymphs. Likevise one encyrtid endoparasite - Ixa 'phtqw 
pulriw attacking the 2nd,3rd,4th and 5th instar nymphs is also reported from 
South Africa. Regarding the parasite of . .Y&Yonly tvo species of parasitoid wasps 
have been reported. One of them is eulophid ectopraraite r6,ravV,7&w raAsiWt 
(Vaterstone) and the another one is encyrtid endoparasite - Ihaph.ncFDTIw 
a/ 'h t(Shafee et al). Recently a primary parasite of D.Cut" was discovered in 
Fuzhou. CI-ina. Noyes has identified this parasite as rz8,ao"Jri near wdartn. further 
studies on this parasite are continued (Aubert 1988, personal communication). 

However only T.dryii against Txryrea and T atu against . d* are being 
practically used for biological control in Reunion, Mauritius and Taivan (Etienne et al 
1980, joomaye at al,1986,Shui-cheng at al 1988). The effectiveness of thee parasites 
depends upon the presence of their hyper prarasite ie. secondary and tertiary 
parasites. All together 11 species belonging to Eulophidae, Encyrtidae, Aphelinidae, 
Ceraphronldae and Pleromalidae have been found as secondary and tertiary parasites 
of T.etvft while only Manole'a /a*zwne : (Hovard) has been identified as 
secondary parasite of D. itr-(Aubert 1986). Possibilityof other hyper parasites of . 
der'has been mentioned but they have not been yet taxonomicallyidentifled. Complex 
parasitism of D. ca" is presented belov. 

Ectoparasite (Eulophidae) A"iita~nen.sHoV 
DYhonna -.i-Yd&fr&8 ^hwrawVateson and other unidentified 

Endoparasito (Encyrtidae) Ispecies. 
Shaffeet al. 

2-5 Diagnosis 

Development &fa quick, easier and reliable method of diagnosis of CGD has got a 
significant importance because similar symptoms may be caused by various blotic and 
abiotlic factors. They may vary depending upon the season, environment strain of 
pathogen etc. More over the visual symptoms of CGD appear only at the fruit bearing 
stage of plant. Some of the common methods of diagnosis being used for the detection 
of CGD are summarised here. 
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25.1 Plant Indicator Method 

This Iscommon meiod ued for the dianosis orvirus and wrus like diqeeT of plants. 
The technique is based on the use of plants called plant indicators giving specific 
reaction in developing symptoms vith the speciflc pathogen. Best plant indicator for 
CGD is sveet orange specially Mad me Vinou; and Mousambi but oher citrus such as 
mandarin, tangelo and kaI ilmne also can be used (Calavan et el 1978). There are 
different procedaes for greening inoculation to plant indicators such as barkend bud 
grafting, through dodder, and vector uta.smisvon. OD is not sap transmissible. Plant 
indicators develop chlorotic patches oa leaves as yell as vein clearing and leaf drop 

" months. This te,-nique needs ideal and optimum conditions tosymptoms vithin 
grow plant indicators and it is time connaming too. Hovever this is only the technique 
which is most reliable and most practical for the developing countries. But 
unfortunately even this facility is not available in our country. 

2,5.2 Hitochenical Method 

The principle of this method is based on the fact that external symptoms of the disease 
should be essociated with the anatomo- biohemical changes of plants. Iodine test is 
one of these methods vhich indicates the accessive accumulation of starch in leaves of 
diseased plants, Tirtawlvida et al (1964) and Schnie<er (1968) have developed histo
chemical method to index greening disease. They observed suberification of main ribs 
and proliferation of phloem in the anatomic section of infected leaves. But this method 
is not very reliable because similar histochemical changes may be caused by different 
diseases and abiotic factors, however It ,ziuld be used for preliminary identification of 
the.disee. 

2.5.3 Thin LL.yer Chromatography (TLC) Test 

Schwarz (1%8) 43veloped Thin Layer Chroratogre,'hic Technique, bas&, on the 
preece o flourescence greening marker substance - entiso'Tl glucose in the extract 
ofalbedo and bark of 2-3 years old tvigs of diseased mandarin aid orange plants. This 
method vs modified and used by Sharma etal (1974). Reliabillt' of this technique is 
not very high due to its reaction on polyphenolic substance of plants which again may 
be caused by difftrent factors and are not directly related with the pathogen or its 
product. Ho'vever this is only the technique uptill now which cas be eftbrted by 
daveleing countries like ours. This test can be done in any biological or chemical 
laboratories. 1i facilities are available at Horticultire Research Station, Pokhare. 

2.5.4 Monoclonal Antibody Technique 

This technique is based on the production of hybridoma clones secreting specific 
monoclonae antibodies (mAb) against the GO. The team of Prof. Bove has succeeded to 
prepare such mAb by using differential ELISA and immunollourescence in screening 
hybridom s. Two such hybridoma clones were obtained by them (Gamier et al 1987). 
The mAb were specific to GO and gave positive reaction with sweet orange infected with 
Indian, Phillipine, Reunion as well as South African strains of greening. No Cross 
reaction vere mon with any other phloem limited prokaryotes tested nor with healthy 
plant mat'ral. This indicates the possibility of using mAb for detecting GO in citrus 
but frequently several sections have to be examined to get the positive reaction. This 
is dua to the less content of GO in sieve tubes of citrus. Thei'efore French and American 
scientists are trying to improve this technique by combining polyclonal 
antibodies(pAb) and this mAb (Aubert 1988, personnal communication). It is hoped 
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that this technique will get due application in near future. RONAST can initiate 
testing of this technique in the context of Nepalese strain of greening. 

2.5.5 Serological Method 

This method is commonly used for the diagnosis of bacterial as vell as virus diseases of 
plants, animals and man. It Is based on the coagulating or precipitating property or 
serum with the specific pathogen from which the pathogen vas prepared. Pure 
culture of pathogen is necessary for this purpose. Ghos etal(1979) and SDdhi et al 
(1973) reported that they succeeded to culture GO but Bove and other scientists failed 
to reculture it. So the culture of GO was still questionable. Later Garnett (1984) has 
ditcribed that she could cultre GO in a complex media called MIG media. She and her 
collegue E. Duncan published that they have prepared antiserum by using GO which 
was isolated in vitro in MIG media. This antiserum prepared from chicken and rabbit 
gave positive reaction while conducting ELISA test with homogenated plant samples 
infected with greening disease. But Prof. Bove and his collegues could not get positive 
reaction of this antiserum with GO grown in periinkle sieve tubes. However 
Agriculture Research Service, Beltsville of United States Department of Agriculture, 
has initiated research work on this aspect. It has also urged RONAST to conduct 
cooperative research in this field( Civerolo personal communication 1988). It is hoped 
that culture of GO will be successful and reliable serological method will be developed 
in near future for the diagnosis of CGD. 

2.5.6 Electron Microscopic Technique 

This is only method which is very quck, easier and gives the picture of size, shape end 
structure of pathogen. Several authors (Lafleche et al 1970, Mol et al 1973, 1974, 
Catling et al 1978) have used this technique for the detection of GO. The shape and size 
were determined by using this method. Three layerd membrane was also first pointed 
out on the basis of electronmicroscopic study of GO vhIch refused previous thought of 
mycoplasmalike organism and lead to the bacterial nature of GO. It is most reliable 
technique but due to need of very sophisticated and costly equipment developing 
countries like Nepal can not implement it. 

2.6 Control 

AlI the citrus species / cultivars t-e succeptible to CGD but sour citrus such as lime, 
lemon etc don't express vigul symptoms. No resistant rootstock to CGD he been 
reported so far. Neither any chemica-s have been found effective for the control of 
OD. Althuugh Tetracycline and Penicillin were found useful while applied by trunk 

injection end foler spray but they can't be used for commercial purpose (Bove et el 
1980, Mart. iez et al 1970, Miyakawa 1979). Therefore only preventive measures are 
practical for this purpose. Accordingly supply of healthy planting material and 
control of vector are being implemented in different countries. Shoot tip grafting in 
vitro technique has been found to be very useful to eliminate various virus and virus 
like diseases (Navarro 1981). It is also supposed that this technique will be equally 
useful to eliminate the CGD. Thermotherapy of budoods (hot water treatment at 45

7oC ) also has been reported to be effective to eliminate the greening infection (Su at 
al 1976). These techniques can be used to esablish Foundation Stock but not for the 
prodt-ction of all the planting saplings. It is therefore more practical to select elite 
plants, eliminate greening and other virus disease Infection by applying any of these 
above mentioned techniques, establish a foundation stock, maintain it by providing 



proper plant protection management and supply the bud voods to the nurseries fromthese foundation stock for the mass propagation of planting material. This practice iscommonly used in other citrus groving countries like Spain. South Africa. Reunion etc.Development of quick. easier and reliable diagnostic techniques viil further open thepossibility of on the spot selection uf mother plants and consequently in supply ofhealthy planting material. 

C&D can be controlled indirectly by controlling the population of vector. In 	thiscontert biological control or vector has been successflly Implementedcountries, such as Mauritius, Reunion in someand Taivan by using their natural enemies(Aubert 1985, Etienne et al 1980, Shui-chen 1988, Joomaye et al 1986). Further moreAubert has suggested integrated control of greening combining together thebiological control of vector vith the chemical one (Aubert 1986). 
Reviev or the available literature suggest that CGD L and is being a serious problemfor citri,;ulture in several countries of Asia and Africa. Several scientists are engagedin research on different aspect of CGD. It has been felt that efforts of a scientist or acountry are not enough to overcome this disease. In this respect sme joint effortshave been initiated. Theyare; 

I. 	 Intercountry UNDP -FAO Regional Project of Governments of China, Indonesia,Malayasia, Phillipines and Thailand (1986-1990) on citrus greening disease.2. 	 Cooperativ3 research on citrus greening disease -initiated by USDA, ARS, Beltsvillewith different related laboratories of the vorld including RONAfST.3. 	 Scientific cooperation in combining mAb and pAb among Erench and American 
scientists. 

Therefore it is suggested that we should have joint efforts to conduct research ondifferent aspects of greening vith the scientists of the country as vell asscientists of SAARC countries in close conttict vith 	
vith the 

the leading laboratories andscientists of the vorld. 
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PROJET oB,3DJEIVIS AnD RMERCH ACTIVITIES 

The objective: of this research project was to study the host plants and natural enemies 
of greening vector - LpboinadtY-frf..) with a viev to vorkout the ecological and 
biological approach of citrus greening control. Folloving research activities were 
envisaged to achieve the above mentioed objectives. 

1. 	Identification of host plants of D.darL 
2. 	 Identification of citrus varietal succeptabilityto D.Ci-z" 
3. 	 Life cycle study of D.dri 
4. 	 Study the possibility of transoverial transmission of greening by Dxiti 
5. 	 Identification of predators of D.t-. 
6. 	 Trial on integrated citrus protection. 

There was a provision of a study visit to Reunion at the first stage of the project.
During our study visit to Reunion (January, 1986) ve had discussed vith ProfJil. 
Bove and Dr B.Aubert about the project activities. They had suggested to revise some 
of the activities. Accordingly one of the activities "Study the possibility of transoverial 
transmission of greening by DPcitri"hasbeen cancelled because it vas confirmed that 
Capoor (1967) had already studied about this and determined that it was not possible. On 
the other hand "Phytopathological survey on greening incidence of different citrus 
orchards was added. It is essential to asses the effectiveness of biological control. It 

as also pointed out that more experiments should be, carried out to find out and 
confirm local natural enemies- predators and parasites and hyperparasites. In 
connection vith the host plant study, more emphasis should be given to the species of 
Rutaceae family. Trial vith the Nas-tr=%(= &in,1a plant which is possible
antifident plant for vector and can be used for ecological control also has been 
included as one of the activities of this project. Accordingly revised research activities 
of this project are as follows. 

1. Identification of host plants of D.dt-i 
2. 	Identification of citrus varietal succeptability to greening vector. 
3. 	Determination of population dynamics and life cycle of D.citn in Pokhara valley.
4. 	Identification of natural enemies of greening vector. 

a)Predamtors 
b)parasites 

5. 	Trial on integrated citrus protection. 
a) Biological control. 
b) Ecological control 

6. 	Determination of greening incidence and distribution pattern in Pokhara valley. 

These changes have been incorporated in the First Sixmonthly Report as wall as in the 
Report of Study visit to Reunion and xsearch activities were conducted according to 
these changes. 

In te following chapter each research activities have been described briefly with 
their relevance of study and methodology of experiment followed by their results and 
discusions. 
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4. 	 DETAILS or I]ESEACH ACTIVITIZS AND RESULTS 

AM1. Identiiction ofhost plants of Acivir 

DaY can faed and breed on different species of plants. It Is most important to get the 
knowledge of range of host plants on which it can be preserved as even a single
Individual of Dia' is capable to transmit the disease (Cepoor et al 1967). Aubert has 
reported some host plants of D.,it' from Reunion but this is the first study in this 
aspect in Nepal. 

This stulv vs condu ted a Horticulture Research Station, Pokhare. All the citrus and 
weeds (except Graminaceae family) vere examined. Taxonomic identlfcation of plants 
were done in the Botanical Survey and Herbarium Section. Department of Medicinal 
Plants, Godawari. 

The seedlings of trial plants were grown in earthen pots inside screen house before 
releasing the vector. The vectors were multiplied on aMypwicWaraplantsin the 
sepe. te chamber of screen house. Trial plants were grouped randomly. Alltogether 7 
groups of citrus and other species of Rutaceae family vere made. All other weeds were 
grouped seperatly having 8-10 species. Twigs of J(zwmpaaiW a vith iv and v 
instar nymphs were released to each pot plant. Alltogether 200-250 nymphs were 
released to each group by distributing equally to each plant and kept for 2 months. 
Experiments vere conducted during April to July. 1987. Observations were made 
weekly to record the condition of nymphs, adults and development of next generation. 

AD,i prefers all the citrus species/cultivars on which it feeds, lays gs and 
developes nymphal steges (Table 2). The first preferenctal plants are -rwfkmaa, 
C~mw=" Wk~nd Mw pr kul/aplants. It is explained by the frequent flushing 
nature of these plants. Second preferencial hosts are C.refucg14 Cs.ens 
Cm'awarsanaand Rangpur lime. Al other citrus and AP t- &,.w saserve as. 
third preferencial hosts on which the vector feeds, lays eggs and developes nymphal 
stages. These results confirm the findings of Aubert (1986) on 13 species of citrus and 
provide additional informatin on them. 

Table 2 

List of Host Plants or De.f vbymye or hosting 

S Type of hosting 
No. Family Species/Cultivars Leaf Egg Nymphal 

Sucking Laying Development 

1. Rutaceee L'frtwumon (L.) Burn .. .. .. 
2. . .azwwtita Swingle +4.4. +4-+ +4. 
3. 	 -. C.. uataBl. 4+ ++ ++ 
4. 	 ..zrinin.dxL. 4 44+ 44 
5. 	 - C ivkamariana 44 44 44 
6. 	 - Rangpur lime ++ ++ .+. 
7. 	 C.Maima (Burm) + + + 
8. 	 - Cpe£, t" + + + 
9. 	 . C. mla rer + + + 
10. 	 C.awutiumL. + + + 

- C. amxoph1As + + + 
12. 	 C Zwt'-Tanaka + + + 
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14. 	 Fev trell early
15. ,, 	 C.kta 
16. ,, yrro ,i ze 
17. 	 DnnoFma&U:r0 
18. 	 Av.P-*w &Ti)eataL. 
19. 	 Qwn'rnfa ox.if a 
20. 	 AMr parkuh¢Js 
21. ., Imkenjft 
22. 	 A6gaM&=eAw 
23. Acenthaceae deptm-imfwL. 

24. 	 Amaranthacea Am nusbliuwm 
(Minor) 

25. Composiew 	 Ageraum =n wi L. 
26. ,, 	 Bkewpila L 
27. .nPhi af 

-pi~d (Benth 

+ 
+ 

+ 
+ 
+ 
+4-4. 
+ 
+ 

-

28. 	 (L) DChf1.JcfliaDC 
29. 	 e opu neL. 
30. ,gCa&A7i&aWa(Rafin) Blake 
31. ,,Sp-ia 
32. 
33. 1CovulIce 
34. Euphorbiacae 
?5. Gesneriacea 

36. Labiatae 

37. 

38. -, 

39. 

40 Leguminosee 

41. 
42. Malvaces 
43. Polygonacee 

44. ,, 

45. Rubiaceae 

46. Solanaceae 
47. Tillacee 
48. Urticaceae 

49. 

hesa. &Ua(L)Murr 
,reUe&& not 'oraGurth 
l op. 
(hamamehAia(L) Millsp 
Rbmhc glamwz obliquz= 
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Among other species or Rutaceae family. Mw apwaMaaa is the most favourable 
host plant. Mwytaxnkgii and Aegal marxwlw serve as the alternate host plants. 

http:danepan.is
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Photo 1. General Viev of Screen House 

Photo 2. Trial plants inside the Screen House 
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D.dld sucks their leaves vithout laying eggs and development of nymphal stages.
Regarding the weeds, not a single species under our study ws found to be a host plant
of D.ftri All the nymphs released to these plants either died or migrated to citrus 
seedlings grovn near by. 

Above mentioned facts suggest that DP. tniis very specific in nature and the range of 
host plants are confined to the species of Rutacee family only. Veeds of other 
families don't preseve the vector, hence one should not be worried about the weeds 
regarding the control of greening vector. . ankculara A. kxt&i"and Aegat 
mm ek -should be considered along with other relatives of citrus in developing and 
applying any controlling measures against vector. They should be included in the 
management of biological cntrol of vector by using its parasite Traiattw. Effective 
control of the vector will lead to the successful control of C&D. 

4.2 Identification of Citrus varietal Succeptability to D.dfri 

This study was conducted to find out, the resistant and succeptable citrus 
varieties/cultivars to greening vector. It is needed to explore the possibility of 
ecological control of CGD. 

All the citrus species/cultivars grown at the Horticulture Research station, Pokhara as 
well as mandarins from different districts were tested. Altogether 25 species/cultivars
of citrus served as the materials for experiment. Seedlings of testing plants were 
grovn in earthen pois under screen house condition. 10- 15 adult psyllids previously
harvourd on Mura.apaikulara plants wre released to each of these seedlings.
Observations were conducted in 12 hours intervals for one week to record their 
mortality. 

All the citrus species/cultivars under our study were found succeptable to 2.'in as all 
the released individuals were found alive and feeding on each of the tested plants (table
3). Our field observations and previous studies also cofirmed this fact. DP.it can 
feed and breed on most of the citrus species except &FrrnaktvLwba on which the 
greening vector can feed only without laying eggs and developing nymphal stages. 

Table 3 

Citrus Varietal Succeptability to P.ciwi 

species Variety/ culivar Degree of succeptability 

Cirwrezulata Pokhara local II 
(Suntala) Gorakha local II 

Dhanku"a local II 
Lamjung local II 
Sallyan local II 
Syanja local I 
Kinnov I 

Citwlemon 
Fevtrells early 
Eureka lemon 

II 
I 

Pokhara local I 
Citwawwtw lbia Kegzi lime I 
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Sindhull local I 
Sagudh local I 
Maltacommon I 
Valencia late IMsaumbi I 

t'aw &ianmwmk- pe IIIII 
'bFM-r fw
=&t
¢Y~rwllmetgoA IIIII 

I w a~ 
 II
 

rapoor et a (1967) had examined 71 citrus species/cultivars for their ,ucceptability tothe infestation ofcitrus psylla and the incidence of greening disease. He categorisedthem as resistant commercially resistant, mildly succeptable, moderately succeptable
and higly succeptable. They also reported that citrus species/cultivars which wereeither resistant or commercially resistant to the citrus psylla were free from greeninginfection, where as those species/cultivars which were mildly to highly succeptable topsylid were shoving a very high incidence of CGD. Hovever our findings clearlyshow tL: succeptability of all citrus specWl/cultivars bu may be catagorised as L II,and III preferential host plants which is directly related with the flushing rythmsrather than genotype of citrus species. It is therefore can be concluded that all thecitrus under our study were found to be succeptable with different degree ofsucceptabillty and they don't have significant role for ecological control of greening
vector. 

4.3 Determination of population dynamics and life cycle of greening

vector in Pokhara valley
 

This study was envisaged to find out the dynamics of population of D.dt(Kuv) whichis essential to vorkout the calendar of operation for its control. D.&Y vt" reportedfrom Pokhara Valley during mid sixties (Rana and Shtrma 1964, Catllng 1967) bt detail
study of this vector was not conducted in our country. 

Population dynamics of the greening vector was studied in 10 randomly selected Eureka
Lemon trees at the Horticulture Rsearch Station, Pokhara. 
 Ten twigs with thehighest populations fnom four geographical directions of each tree at difTerent levelswere recorded and all the stages of DtrY were counted with the aid of a hand lense for eggs. Observations were carried out weekly during 1980 to 1985. Meteorological data 
vere also recorded in parallel fashion. 

The population of D.cftd reaches at its maximum of 2500 eggs, 828 nymphs and 188adults per 10 twigs during May, June and July before monsoon during very hot dryweather, minimums were 120 eggs, 20 nymphs and 1 adult per 10 twigs in winter (Fig.1,2). The peaks of population of eggs and nymphs indicate the number of generations
of D.ctY a7er. 

D.d&Y ,.,
jfm the lower altitude up to 1200 m above sea level where hot and dryconditions exist (Dove 1986, Aubert 1986). Coordinates of Horticulture Research 



2500 (A) 

2000 / 
1500 

" 500 

900 (B) 

700
 

2300100 4t) . oo '(c/ 

100 
500 ,
 

200 

400
 

4001~50 
120 ,oo, 

100 f 7 

0 ..... II.'.: : *,I.II I I 3160
 

6'0 

:~ 120 

0 1 2 3 5 6 7 8 9 2 

Fig. 1. Popultstict Ilyttuir w' M,1 rirli bt Po:hrr fctilcclre. Rseeereh Centre 
Average Nuraktir/1 0 hvvi?; A- Fe, P- Nytimi-,. C- AdAle. 



---

25 0- Max.te 

20 (AVep
t o r* 

~ 5 

U-

'I, 
C. 400* 

200 NJ 

200 

90 (C) 

80 

EP 60 

. 50
 

40 

20
 

20 

l0o -i----------- ,...- .4 i I I I. --- I 

Jar, Feb Mar Apr I6h J,,;. Jul Aug Sep Oct Nov De 

Fig. 2. lleteorolcojcal dal ol !.;h;ri Viley. 5 yeqars avera e (I 90 - 1905) 
A= Aver'ig.e Teznperatu', 1:= Precipitcstio, C= Relatiw huundity 



-17-


Station, Pokharaare longitude 83. 590 E,latitude 28. 150 N, and altitude 935 m above sea 
level. Rainy season starts in the middle of June and ends by the end of October. 
Usually there is little rainfall in winter. All these factors provide favourable condition 
for .uY&during simmer and therefore, population is very high. 

During rainy season i.e. in July - October the populations of adults decrease, although 
there is a comparatively high population of eggs and nymphs. The authors have 
observed that heavy rain fall eliminates zhe eggs and nymphs whereas the adults can 
hide on the lover surface of the leaves and twigs of inner-lover portion of the tree. It 
is clear that any measures for the control of D.d.'zd should be undertaken mainly at the 
end of the rainy season. 

Since greening can be transmitted either with the help of vector or by bud, it is 
obvious that only the vector D. ,YrY is responsible to spread the infection from 
diseased plants to healthy ones in the light of seedling cultivation in Nepal. Therefore, 
measurer have to be taken to control the vector to overcome the CGD in Pokhara. 

4.4. Identification of Eaturel Enemies of P. cftri 

This study was conducted to find out the frequently occuring natural enemies 
predators and parasites vhich could be applied for biological control gainst D.dcit 
This study was divided into two parts; study of predators and study of parasites. 

4.4.1 Study of predators 

The main objective of this study is to asses the presence of predators of D.P%"ii in 
Pokhara valley. 

All the common predators of coccids, psyllids and aphids were collected from the 
mandarin orchard of Horticulture Research Station, Pokhara by conducting regul, 
veekly survey during 1985-1986. Taxonomic identification of insects was conducted at 
Entomology Division, Department of Agriculture, Nepal. Their predating 
characteristics 'ere determined on the basis of visual observations and by reviewing 
the available literature on predators of . ,Y&Y 

The following species of predators belonging to three families of Coleoptera were 
recorded during the survey at mandarin orchard of Horticulture Research Station, 
Pokhara. 

Table- 4 
Spesami 

I. ChilhrwnfiAriw F. Coccinelidae 
2. c:vne!a7-pwz..ara L. 
3. Coelophoranepeensis Cr. 
4. Amf8ia quadrinota,'aKapur 
5. Leis L5-mawulawaHope 
6. Menn Z.Y~xsexmwarv F. 
7. oAsioms spp. Eumolpidee 
8. Icgraphaspp Sirphydae 

These predators prey on immobile or slow moving insects such as aphids, scales and 
nymphs of psyllids. Out of these predators Ch ochor ni4gritw F. was found as one 
of the effective predators of P.d,rt Our observations confirmed the findings of other 
authors (Catling 1970, Aubert 1986). It attacks mostly I, I1 and IVinstar nymphs of 



Photo 3. Predator Chilochorus nigritus 

Photo 4. Predator Coccinnella 7- punctata 

Photo 5. Predator Leis 15- maculata Hope 
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Dcfr It is note worthy that use of this predator for biological control of greening 
vector has its limitations ,w to its lack of specificity in predating the nymphs of 
D..Ud hovever it can bc inciuded in the complex of natural enemies for biological 
control against greening vector. 

4.4-2. Study of Parasites 

This study yas carried out to reveal the presence of parasites of Dcii in Pokhara. 
After the determination of absence of parasites of D..ftri in Pokhara, a survey was 
conducted in other districts of the country to reveal the distribution of D.dA "as well as 
Its parasites. 

Citrus orchards as vell as other Rutacious plants vere examined thorougly for the 
presence of psyllid vectors by collecting adult- with a mouth aspirator, following a 
technique described by Aubert (1985). Survey vas conducted in Morang, Dhankuta. 
Saptari, Dhanusa. Siraha, Mahotari, Sarlahi, Chitwan, Kathmandu, Dhading, Gorkha, 
Lamjung, Tanhun, Kaski, Syanja, Dang and Sallyan districts during the Spring flush 
1986. At the same time nymphs of D.ctYri" vere also examined for the presence of 
parasites with the help of hand lense to identify the symptoms of parasitism. In case of 
parasitized nymphs the material vas collected and put into hatching boxes. After 2-3 
days of incubation hatched parasites and symptoms of parasitism on nymphs were 
examined under light microscope. To confirm the identity of parasites some 
individuals vere dispatched to knovn taxonomists of British Museum of Natural Hi,tory 
(BMNH) through Dr. Aubert, IRFA, Reunion, France. 

Trazfatw was obtained from Morang and Siraha districts only during our study. 
There was a clear symptoms of parasitism on D. c'tri nymphs of II, IV and V instar 
nymphs with typical exit hole on the thorax of nymphs exoskeleton. Likewise fey 
nymphs with typical symptoms of parasitsm of I BhO nLura/eghaeofsyvee also 
observed in those areas. Adult individuals of these parasites ere easily identified on 
the basis of morphological characteristics vhich ere also confirmed by the 
taxonomists of BMNH. No hyper parasites were found in all the samples studied. 
T t *Sa, and P.a/gbatwens were limited only in Terai belt although D.c'Yvasi' 
distributed in mountain and valleys. It can be explained by the fact that 0. cia" vas 
recently introduced to these areas with out parasites. It is positive indication for the 
application of biological control against greening vector in these areas, because there 
is no chance of existence of hyper parasites which could limit the efffect of parasites, 
provided the parasites are aclimatised. 

The survey revealed that .. -t" was recorded (Fig. 3) in abundant number ( 20-25 
adults/5 minutes aspiration) on Citrus and M. panicularahost plants in Tera districts ; 
Morang, Sunsari, Saptari Siraha, Dhanus. Mahotari, Sarlahi, Chitwan and Dang valley. 
It is explained by the fact that altitude of these areas ranges from 100- 700 m above sea 
level and hot and dry climate of these districts is most suitable forD. ftri The average 
number recorded in Pokhara reached 8-10 adults/5 minutes aspiration, while the 
number of.0. iri was very low (not more than 5 adults/5 minutes aspiration) in some 
pocket areas of Kathmandu valley (1350 m of elevation ). It shovs the adoptation of the 
insect in cooler areas. D. Y&Y- was not found in Dhankuta. Gorkha and Lamiung 
districts nor in Sallyan during our study. But there is a chance of spreading the vector 
in these areas from near by districts if the internal quarantine is not properly 
maintained. 
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4-3. Integrated citrus protection 

One of the main objectives of this project vas to develop biological and ecological
control of greening vector. On 	the basis of above described studies and reviev of 
available literature, ve selected 	 exoparasite T riatw for biological control and 
supposed antifident plant Nasrfitm frowlum for ecological control of greening 
vector and accordingly the studies 	were conducted on these aspects. 

4.5.1. Biological Control of Greening Vector 

Effectiveness of T twdanv vas first evaluated under screen house condition. After 
getting promising results from this trial, effectiveness of the parasite T a;daw 
vere confirmed in field conditions. 

Pot cultured citrus and Murraya seedling plants were grown in screen house. More 
than 50 V instar nymphs of P. v,,iwere released to these plants and cultured for 2 
months. Only 10 adults of T r~harw nevly hatched, from the nymphs of citrus 
"syllacollected from Tarai vere released on the above mentioned culture of D. ,Jzit

All the normal and parasitised nymphs of the vector were observed on the hosts and 
counted seperately after one month of their release. 

Field trials on biological control were conducted in Kinnow orchard of Horticulture 
Research Station, Pokhara Adult parasites in a number of 15-20 vere released to 
each -. zed 4 trees during early spring, 1987. Population of I. cizi was recorded 
before and after release of parasites by counting the number of eggs, nymphs and 
adults on randomly selected 16 twigs of these 4 trees. Likevise 15-20 individuals of 
parasites were released in the farmers orchards of Hyanja and Bhalam this year. 

Among the 10 adults of T twdaw I individuals died vithin 3 days and there vere left 
only 6 individuals alive. The experiment vas conducted in summer under1986, 
favuurable hot & dry condition for the multiplication of vector P. Y&Y as vell as 
parasite. Vecto.', laid eggs in a good number and a lot of nymphs vere emerged. At 
the same time parasite Ti t1afw also got sufficient substract for egg laying which 
resulted in increased number of parawitised nymphs. The results of the experiment 
on biological control under screen house conditions seemed to be encouraging (Table
5) as the percentage of parasitism exceeds 90% in some cases. 

Table-5 

Biological Control Of Psyllid Vector by T radiatw in Pokhara 

Cultivars 	 of P. No. irriS. 	 No. No. citd of D. %of Para
nymphs with nymphs without sitism
 
Parasitism Parasitism (M)
 

I. cilu:xieensys 205 10 95. 3 
2. C reticuJata 60 5 91. 3 
3. C limc 	 15 4 78. 9 
4. Cwwneizbba 12 3 80.0 
5. t^&ru twtJfob1a a 6 3 66. 6
6. Mwr.avapawjc7zada 	 32 	 40. 0 



-22-

The difference in the number of nymphs in different species is explained by the fact 
that plants of Citfrvz n Len.were vegetatively vell dvoloped and those of MwuraMw 
were very tender. Therefore it does not contradict the findings of Aubert (1965) that 
Mwrara paak'Waf and i rw auianlia are preferential and other species 
included in experiment are simply common host plants and Roncirw trffiat is 
occassional one. Therefore in the case of parasite also and the percentage of 
parasitism is higher in one host plant than the other. 

T ttn2Ww vas not yet recorded in Pokhara valley (9). Therefore, it could be safely 
considered that the parasites of T tadaw vhich can counter balance the population 
of primary parasite. This fact and the encouraging result of biological control 
against . ftfi in screen house condition, enable uz to conclude that introduced 
T tafiarw from Terai and reared in screen house will be effective for the biological 
control against greening vector . i at least in the context of Pokhera Valley. 
Therfore biological control of D. irnY in the farmers field will be carried out in near 
future in Pokhara and its vicinity where the Citrw Illa is prevalent. 

Population of D. itri before releasing the parasites were recorded on April, 1987 
while the after release were done on April 1988, in the field. Results (table 5) show 
50% reduction of adults in after release records as compared to that of pre release 
population. Ettiene etal (1980) obtained 60- 65 % reduction of D. a "ipopulation in 
the similar study in Reunion. 

Table 6 

Population of B. citri in Kinnow Orchad before and after releasing 
T ra4datr 

Items Number of individuals/ 10 tivgs 
Eggs Nymphs Adults 

Before releasing the parasite 43 88 6 
After releasing the parasite 26 39 3 
Percentage of decrease in population 60 44 50 

'Ihere vas !t reduction of greening vector population in our study which can bePs 

explained by the fact that there exist comparatively low population of vector in this 
orchard because several citrus trees, standing near by were cut down. 

Parasites were observed after one year and were quite aggressive to parasitise the 
nymphs of citrus psylla. This fact suggests that T rviataruhasbeen aclimatised in 
the field conditions of Pokhara Valley and can be done so in similar conditions. These 
facts along with the results obtained from the experiment conducted in screen house 
conditions enable us to confirm the pro.,ective of biological control against i).itri 
in the field conditions of Pokhara Valley where any byper parasites does not exist. 
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Photo 6. Parasite Tetrastichus radiatus Vaterstone 

Photo 7. Parasitized nymph of D.citri 
Typical exit hole on the thorax is seen 
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Photo 8. Experiment vith Nasturtium tropaelum plant 

Photo 9. General Viev of greening infected mandarin orchard 
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4-.2. Study on Ecological Control or Greening Vector 

This study was conducted to determine the effect or NAYuwr' &pat*m plant 
supposed antifident of citrus psylla. 

Nasturtium seeds were grovn in poly beg on February 1987. After one month they
were transplanted around the selected 5 klnnow mandarin trees and 5 kinnowmandarin trees vere also selected as control. Population of greening vector were
recorded in 15 days interval for t months by counting the individuals on randomly
selected 5 tvigs of each trees. 

Population of vector was found comparatively lov on kinnov trees associated with 
flowering Aawrtium tw,;wLuw plant (table 7). 

Table 7 

Population Dynamics of D. citri as ciated vith f atrn'hw ?p .aea 
Plant 

Date Number of adults/5 tvigs 
Vith Nasturtium Vith out Nasturtium 

Remarks 

20 March,1988 
5 April 1988 
20 April, 1988 
5 May, 1988 

0 
6 
4 
5 

4 
6 
5 

15 

There appeared comparatively non significant reduction of population before this 
stage. It may be due to the very big gap (2-3 m) betveen the heights of Kinnow andNasturtium plants. However this result suggests the existence of antifident property of
Nasturtium plant vith 2-60 %of effectiveness for ecological control of greening
vector. Hence it is suggested that study should be conducted on chemical composition
of Nasturtium to findout the antifident component which could be exts".ted. Thisextract may be used for foliar application on the citrus trees to reduce the population of 
citrus psylla. 

4-6. Greening incidence and diztribution pattern in Pokhara Valley 

Thrower (1%7) mentioned citrus decline first appeared in 1964 in Pokhara valley.
Later Catling (1968) visited the area around Pokhara and on the symptomatological
grounds considered the decline to be due to greening. Knorr et al (1970,1971)
confirmed it to be greening by applying Schvarzs Thin Layer Chromatographic test.
They also suggested that the disease va introduced from Saharanpur, Indi. They
also conducted survey on incidence of greening in different citrus orchards of the 
country and suggested that 54% of the trees in the country -were infected vith
greening. The infection rate in Vestern Nepal (Pokhara) vas 53%, in the Kathmandu
Valley it was 43% and in Eastern Nepal 59%. Regmi (1982) also had made similar 
survey onCGD and reported that the rate of infection had been increased up to 60 100% in Pokhara valley, and reduced upto 17-39% in Dhankutta, 25% in Sallyan and
only 9. 7% in Sanothimi. Percentage of inlected trees was decreased in Dhankuta as 



Table 8 
SIUM O r=cidence in different citrus orchards or AM&6-l It 

S-N. 

1. 

Location 
of citrus 
orched 

Batulechour 

No. of 
7,es 
surveyed 

34 

No. of 
infected 
trees 

16 

%Of 
infected 
trees 

47.1 

%of trees 
giving +ve 
reaction 
on TLC 
test 

40 

No. Of trees vith the degree
of infection 

Severe Mild Slight 

15 1 0 

Inten3ity
of itnfec
tion on 
diseased 
plants 

96. 8 
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All 
many of the infected trees were dug out after the first survey done by Knorr etal. 

these data are based on the samples from certain locations. Detail studies on the 

are lacking. It is therefore, this study vas
incidence of CGD in Pokhara Valley 

carriedout to reveal the present situation of CGD incidence in Pokhara Valley.
 

Properly managed eight citrus (Suntala) orchards of 5 locations of Pokhara Valley 

Each trees of these orchards were examined on the bas 
vere selected for this study. 

was recorded by canopy rating as
of visual symptoms. Degree of greening infection 

per the following scale.
 

Grade 0 - No greening symptoms.
 
Grade I - Greening symptoms on 25% of leaves and twigs.
 

Grade 2 - Greening symptoms on 26- 50 %of leaves and tvigs.
 

Grade 3 - Greening symptoms on 51-75% of twigs.
 

Grade 4 - Greening symptoms on more than 75% twigs shoving die back.
 

Trees shoving I grade of effect were considered as slightly damaged and shoving Z-3 
were taken as severly damaged.were considered as mildly damaged vhile grade 4 

Thin Layer
Phytopathological maps have been prepared on the basis of these data. 

Chromatographic tests vere also conducted to confirm these visual symptoms of CGD. 

Survey of greening inci(ence in different citru orchards of Pokhura valley revealed 

has spread in 6 orchards out of 8 surveyed (table 8) Percentage of
that the tseave 

Highest percentage of infected trees vas found at
infected trees varies from 16- 10.%. 

the Horticulture Research Station, Malepatan, Pokhara which is due to the cumulative
 

of sufficient number of vector.accumulatir n of infection and the presence 
at Batulechaur and BhalamComparatively high percentage of infected trees (7-i9%) 

as most of the plants vere originated from the Horticulture area vas observed 
Research Station, Malepatan. Low percentage of infected trees ere observed at 

Begns and Hyanja area where there were comparatively young plantations and 

effective 21ont protection measures were conducted in a systemic way which avoided 

the gr vth of vector population and consequently limited the secondary infection. 

Only two orchards did not show any visual symptoms or greening. It may be explained 

by th, fact that most of the trees were comparatively younger and were originated 

However there is a chance of secondary infection by vectorfrom lca seedlings. 

from near by infected orchards. The intensity of infection on diseased trees vas high
 

in all the infected orchards varying from 66 to 98%.
 

Canopy rating conducted in 1981 sho' the distribution pattern of the disease in the
 

orchad - Mandarin Block A of Horticulture Research Station, Pokhara (fig 5). At that
 

time there were few appearently healthy trees where as the studies conducted in 1986
 

were severely damaged and are not economically usefl.revealed that all the trees 
The overall progression of the disease was more than 12% of neviy severely damaged 

trees e year in the orchard. Since greening can be transmitted either by vector or 
1. 7ftfi was responsible to spreadby infected bud, it is obvious that only the vector 


the disease in this orchad during this period because all these plants were of seedling
 

origin. 

(Fig 5-11) show the present situationPhytopathological maps of other citrus orchards 
of greening incidence in those orchards. 

No detail studies have done to asses the economic loss caused by CGD in Nepal. 
.... ' . . lip 1S_ yelAd than theRegmi(i982) rupurie& Qth greenin'-*" 



-28-

PHiYTOPATHOLOGICAL MAP Of GREENING AFECTED ORCHARD MANDARIN 
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PHYTOPATIOLOGICAL MAP Of GREEING AFFECTED ORCHARD 
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appearantly healthy ones. There are some informations about the distruction of citrus 
orchards caused by CD. During early seventies a campaign was mLde to destroy all the 
infected trees to check the spread of greening. Around 15 thousand mandarin trees of 
farmers orchards were cut down in Pokhara Valley and 15 hundreds of mandarin and 
orange trees were dug out only in Horticulture Research Station. Replantation of local 
mandarin war conducted in this Station and in farmers field of this vaPey during 
1972-73. Altogether 12 thousand new plants were supplied to the farmers of this 
valley to replace the infected orchards. Our findings on incidence of C&D in this valley 
shov that most of them are infected with the disease again. Again more than 700 badly 
infected citrus trees including those of the Mandarin Block A of Horticulture Research 
Station, Pokhara, vere cut down in 1977. Horticulture Research Station, Pokhara, 
supplies 3-4 thousand citrus saplings (seedlings, grafted and air layered) to the farmers 
of priority areas. Looking at the nursery management in the circumstances of 
abun,-afit ereening infection and freely dwelling vector, one can simply ass'ume tbat 
mosi of them must be infected ith greening. There!O_,' is ua .dthat .ro uction 
of citrus saplings should be totally stopped or done under green house condition with 
proj~er mangement efforts. On The oTher h3nd production of citrus saplings by lo:al 
nur.eries to fulfil the local demand on them is most preferable. 
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5. NIEAL COICLUSIORS 

The folioving conclusions ca be dravn from these studes. 

I. Greening disease is a serious problem for citrus prodtction in Pokhara Valley. It 
is spreading very rapidly in this valley causing sevee damage to citrus plants.
Primary infection of CGD in nurseries take place with .nfected budoods and vhile 
secondary infection is done by vector in the field. therefore both the measures;
supply of healthy planting materials and control of vector are equally important to 
overcome this disease. 

2. Range of host plants of greening vector Dphotioa ii are limited to the 
species of Rutaceae family (Yaly. Veeds of other families don't serve as host plants of 
vector. Hence only citrus and some species of Rutaceae family other than citrus 
should be counted for the management of citrus vector control. 

3. All the citrus specie/cultivars are succeptable to greening vector, hence 
ecological control of vector by mixed cropping pattern of different citrus species/ 
cultivars is not possible. 

4. There might be upto 11 generations of D. cirri in Pokhara valley. The 
population reaches at its iaaximum during May, June and July before monsoon and 
minimum during vinter. Lifecycle of D. ciri is completed ithin 20 -25 days
during summer and 35-40 days during winteT. These facts suggezt to conduct any 
measures for the control of vector before monsoon. 

5. There exist 3 srecies of common predators of citrus psylla. aphids and scales in 
Pokhara Veiey out of vhich Chtlchorwnigrius is most effective one to attack the 
citrus psylla.. A 7ftri is dwelling Fithout any parasites in the valleys like Pokhara 
vhere s Tera~sdclw ra&v and DiN6OArenuiriwtvo specief of parasites viz hjt 
d~hezh'ns " are parasiting it in Terai in natural condition. 

6. Experiments conducted in screen house condition shoved promising results for 
biological control of greening vector by T r-az field experiments also 
confirmed these reults. Therefore T r*oaruscanbe used for biological control of 
greening vector at least in Pokhcra valley and in those areas vhere no hyper
parasites are found. Predator Cbllxhorw ngitw can be v.ded in the complex of 
natural enemies. 

7. NwAt = oq'*e!w plant is less effective to control the greening vector 
poptuation. It can't be recommended for the ecological control of greening vector. 
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PECOMMMIIATIONS 

Considering the feasibility of citrus production in the vhole mid hill range of the 
country and their economic imfportance. HMG/Nepal has given due priority for
citriculture. It has been included as major component in the recently started Hill 
Fruit Development Project in Eastern Development Region which requires more
than tvo million citrus saplings. Like vise priority areas for citrus cultivation have 
been selected in 19 districts of other Development Regions which also requires huge
nmnber of citrus saplings. In this context supply of healthy planting materials has 
got a topmost importance as the primary infection of CGD in thetakes place
nurseries. Secondary infection of greening in the field through vector, so control 
of vector also has got no less importance. CGD has spread so widely that even the
selected mother plants might be.infected which require elimination of the infection. 
On the back around of these facts and results of our study following
recommendations are suggested. 

1. Production of citrus saplings should be either totally stopped in the premises of 
Horticulture Research Station. Pokhara or should be done under well managed green
house condition after developing proper indexing facilities and well managed
Foundation Stock. 

2. It is better to establish local nurseriesto fulfil the local demand on citrus saplings
in different citrus growing areas under the supervision of plant protection 
specialists. 

3. A plant indicator nursery should be established to index the virus and virus like
diseases including CGD at the Horticulture Research Station, Pokhara. Budwoods 
should be recommended only at'er indexing on plant indicator or by TLC tests. 

4. Research and devetopment work on Production and use of monoclonal antibody
and culture of greening organism should be conducted / implemented ( already
developed by others ) quick and reliable diagnostic techniques of greening.
work can be initiated either by RONAST or NCDP but it is better to conduct jointly 

This 
by

them. 

5.Internal q.arantine rhould be strictly maintained through out the country to 
avoid further spread of the greening disease and it's vector. 

6. All the greening infected citrus trees should be cut down at the Horticulture 
Research Station, Pokhare as they are not economically feasible but serve as the 
good source of greening infection. 

7. Biological control of greening vector by using its parasite T radtw should be 
implemented in different citrus orchards of Pokhara valley. Monitoring of
greening vector should be initiated in other citrus growing areas of the country too 
to reveal the possibility of using biological control. 
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