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ABSTRACT. Poverty in Nepal, largely a rural phenomenon, is widespread, with 30.8% of the
population living below the poverty line. Agriculture is the main source of livelihood of the Nepalese people
who are living below poverty. Citrus, the first cash crop, is grown in small to very small orchards producing less
than 10 tons/ha. More than 90% of the trees are seedlings of a local mandarin and therefore they are essentially
free of most graft-transmissible diseases. Huanglongbing (HLB) and the Asian psyllid vector, Diaphorina citri,
were reported in Nepal in the mid-1960s and, in the absence of any control measures, have continued to spread
ever since. Here we report the information available regarding the presence of HLB in several important citrus-
growing areas (Armalakur, Bandipur, Dhankuta/Karmitar, Kathmandu, Lamjung, Paripatle, Pokhara,
Sindulimadi and Syangja) and the identification of four citrus viroids (Citrus exocortis viroid, Hop stunt viroid,
Citrus viroid-111, and Citrus viroid-V) in the experimental citrus station of Pokhara.

Citrus rehabilitation, as part of a program to improve food security for the Nepalese population, was
started in 2004, and is based on (i) producing disease-free citrus trees, grafted on adequate rootstocks, in
covered, insect-proof nursery facilities, (ii) demonstration orchards with grafted trees, (iii) control of HLB by
trunk applications of systemic insecticides and/or guava interplants, (iv) selection of viroid-free budwood
sources, and (v) transfer of technology to the farmers.

Index words: Citrus viroids, HLB.

Poverty in Nepal, largely a rural grafted trees is largely unknown, more
phenomenon, is widespread, with 30.8% than 95 % of the trees being seedlings. A
of the population living below the poverty seedy local mandarin is the major variety,
line. Agriculture is the main source of but local sweet orange trees are also
livelihood of the Nepalese people. Nepal grown.
extends in altitude from less than 100 m in Since commercial citrus plants are
the South to more than 8000 m in the grown as seedling trees, they are
North. The mid-hills region, between 600 essentially free of graft-transmissible
and 1600 m, has the best climatic diseases and they are tolerant to tristeza
conditions for citrus. It is the dominant even though Citrus tristeza virus (CTV) is
fruit crop as well as the first cash crop, and endemic in the region. However, many
it has been recommended by the trees perform poorly and Phytophthora
Agriculture Perspective Plan as “priority root rot is a major problem. In addition,
crop” throughout the mid-hills. Orchards Huanglongbing (HLB) and the Asian
are small to very small; yet they cover a psyllid vector, Diaphorina citri, have been
surface of almost 20,000 ha. Productivity reported in Nepal since the mid-1960s and,
is low with less than 10 tons/ha and in the absence of any control measures,
farmers have virtually no access to have continued to spread ever since.
technology. In particular, the use of Pokhara, half way between the eastern and

116



Proceedings, 17th Conference, IOCV, 2010 — Insect-Transmitted Procaryotes

western limits of the country, has been the
initial focus of the disease, probably by the
introduction of budwood from neighboring

India (3, 4) where the disease 1is
widespread (2, 14). Since 1992, when
molecular techniques for liberibacter

detection were used for the first time in
Nepal, the disease has been detected or
confirmed in many parts of the country.
Here we report the information available
regarding the presence of HLB in several
important citrus- growing areas and the
identification of citrus viroids in the
experimental citrus station of Pokhara.

In 2004, a citrus rehabilitation
project, based on use of disease-free
planting material, shifting from seedling
trees to grafted trees and controlling HLB,
has been initiated by ECARDS as part of a
program to improve food security for the
Nepalese population.

MATERIALS AND METHODS

Surveys of citrus for graft-
transmissible diseases. In December
1992, April-May 1994, October 2004,
October 2005, and May and December
2006, surveys for graft-transmissible
diseases of citrus were conducted in
various parts of Nepal. Symptomatic leaf
samples from trees suspicious of HLB
were collected for liberibacter detection by
DNA hybridization or PCR. The altitudes
of the orchards where samples were
collected were recorded with an altimeter.

In 2006, during a visit to the
Agricultural Citrus Experiment Station at
Pokhara, samples of three sweet orange
cultivars (Valencia, Rubi and Washington
navel) grafted on trifoliate orange were
collected for citrus viroid indexing. A
symptomless, 32-yr-old seedling mandarin
tree, selected in 2004 in the Paripatle citrus
experiment station (Eastern Nepal) as a
mother tree for the production of grafted
mandarin trees, was also indexed for
viroids.
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HLB liberibacter detection by
DNA hybridization or PCR. The leaf
samples collected in 1992 (23 samples)
and 1994 (29 samples) were analyzed by
DNA hybridization with probe In 2.6,
specific for Candidatus  Liberibacter
asiaticus as well as probe As 1.7, specific
for Ca. L. africanus, as described earlier
(9). The samples from 2004 (8 samples),
2005 (14 samples), and 2006 (38 samples)
were submitted to PCR detection with
primers specific for Ca. L. asiaticus and
Ca. L. americanus according to method
used by Teixeira, et al. (12).

Viroid analysis. Samples (5 g) of
bark tissue were powdered in liquid
nitrogen and homogenized in 5 ml of
extraction medium (0.4 M Tris-HCl pH
8.9; 1% (w/v) SDS; 5 mM EDTA pH 7.0;
4% (v/v) B-mercaptoethanol) and 15 ml of
water-saturated phenol (10). The total
nucleic acids were partitioned in 2 M LiCl
and the soluble fraction was concentrated
by ethanol precipitation and resuspended
in TKM buffer (10 mM Tris-HCI, pH 7.4;
10 mM KCI; 0.1 mM MgCl,). Aliquots of
the nucleic acid preparations (20 ul
equivalent to 300 mg fresh weight) were
subjected to 5% non-denaturing PAGE and
the gel was stained with ethidium bromide.
The RNAs separated by 5% PAGE were
electroblotted (400 mA for 2 h) to
positively-charged  nylon = membranes
(Roche Applied Science) using TBE buffer
(90 mM Tris, 90 mM boric acid and 2 mM
EDTA), immobilized by UV cross-linking
and hybridized with viroid specific probes.
Digoxigenin (DIG)-labeled DNA probes
were synthesized by PCR using as a
template a cloned plasmid containing full-
length viroid monomeric DNA, as
described by Palacio-Bielsa et al., (5) for
Citrus exocortis viroid (CEVd), Hop stunt
viroid (HSVd), Citrus bent leaf viroid
(CBLVA), Citrus viroid-111 (CVd-III) and
Citrus viroid-1V (CVd-1V). A probe
specific for the newly described Citrus
viroid V (CVd-V) (11) was synthesized
using primers CVd-V-h (5’-TCGACG
AAGGCCGGTGAGCA-3’) and CVd-V-c
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(5’-CGACGACAGGTGAGTACTCTCTA
C -3’) homologous and complementary to
positions 88-107 and 64-87, respectively,
of the wviroid reference sequence.
Prehybridization (at 60°C for 2-4 h) and
hybridization (at 60°C overnight) were
performed in 50% formamide and and
5XSSC buffer containing 0.02% SDS,
0.1% N-laurylsarcosine and 2% blocking
reagent. After  hybridization, the
membranes were washed twice in 2X SSC,
0.1% SDS at room temperature for 15 min,
and once in 0.1X SSC, 0.1% SDS at 60°C
for 60 min, and revealed with an anti-DIG
alkaline phosphatase conjugate and the
chemiluminiscence substrate ~ CSPD
(Roche Applied Science) (DIG-labeled
probes).

Viroid identification. RT-PCR was
performed as described by Bernad and
Duran-Vila (1). First-strand c¢DNA
synthesized at 60°C using 27-mer primers
specific for each viroid and Thermoscript
reverse transcriptase (Invitrogen®). In
order to recover full-length viroid DNA,
second strand synthesis and DNA
amplification were performed using a set
of two contiguous 18-mer forward and
reverse primers specific for each viroid in
50-pl reactions containing 1.0 mM MgCl,,
0.12 mM dNTPs, 0.5 uM of each primer
and 1 U of Tag DNA polymerase. PCR
parameters consisted of a 5-min
denaturation at 94°C followed by 35 cycles
of 94°C (30 s), 60°C (30 s), 72°C (1 min)
and finishing with a 5-min extension step
at 72°C. Electrophoretic analysis in 2%
agarose gels confirmed the synthesis of the
expected DNA products that were
sequenced. When the sequences contained
in  determinations the amplification
product was ligated in the pGEM-T vector
(Promega) and the recombinant plasmids
were used to transform DH5a E. coli cells.
Uncloned amplicons synthesized by RT-
PCR and/or recombinant plasmids were
sequenced with an ABI PRISM DNA
sequencer 377 (Perkin-Elmer). Multiple
sequence alignments were performed with
Clustal W (13).
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RESULTS

Spread of HLB. Huanglongbing
(HLB) and the Asian psyllid vector, D.
citri, have been reported in Nepal in the
mid 1960s. Pokhara, half way between the
eastern and western borders of the country,
was the initial focus of the disease as
determined by symptomatology. In 1992
and 1994, a molecular technique, DNA
hybridization, was used for the first time in
Nepal for liberibacter detection (9), and
presence of the disease was confirmed in
the following regions: Kathmandu area
(Shankuthree, Kabre, districts, ~1300 to

~1400m),  Pokhara  area  (Hamta,
Lamachaur, Batulechaur, Pokhere,
~900m), Armalakur area, and

Sindhulimadi area (~600m). Except for the
Kathmandu area, liberibacter-infected
trees were not found at an altitude above
~1300m to ~1400m, and similarly, the
psyllid vector, D. citri, was not seen above
this altitude. Areas above 1400m where
HLB and D. citri were not seen, were:
Lumle (~1750m) west of Pokhara,
Paripatle horticultural station (~1200m to
~1350m) near Dhankuta in eastern Nepal,
Bijayachap (~1300m) above Sindhulimadi
(which itself is at ~600m and has both
HLB and D. citri) and Tansen horticultural
farm (~1300m), southwest of Pokhara.
During the 1992-1994 surveys, there were
also areas below ~1300m where no HLB
was detected. Such areas included the
Syangja district ~850m), south of Pokhara,
where, interestingly, D. citri was present,
and Dumre (~450m), near Bandipur, on
the road from Kathmandu and Pokhara,
where a beautiful 2-ha orchard of 20-yr-
old seedling mandarin trees on the slope of
a hill had no signs of HLB, and D. citri
had never been seen. In these two areas,
the farmers grew their own seedling
nursery trees, no trees having been
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imported from the heavily contaminated
Pokhara valley.

The  October 2004  survey
established that the Bandipur area was
now also contaminated with HLB, and in
particular, D. citri had become established
in the above 2-ha orchard at Dumre, in the
meantime. The Dumre orchard was again
visited in December 2006. By then, HLB
had devastated the whole plantation, most
trees being severely affected, as confirmed
by PCR. Similarly, the Syangja district,
near Pokhara, that was free of HLB in
1994, was found to be severely affected in
December 2006. The Lamjung region,
northeast of Pokhara, was surveyed for the
first time in December 2006. Practically all
mandarin trees in the orchards surveyed
were yellow, with characteristic HLB leaf
and fruit symptoms, and all leaf samples
collected for liberibacter detection tested
positive. The farmers in the region had
never heard of HLB. At the Pokhara
agricultural station, where HLB had first
appeared in the 1960s, and confirmed by
DNA-hybridization in 1992 and 1994, a
Murcott tangor plot was found in
December 2006 to be heavily affected by
HLB, the disease being confirmed by
PCR. The major result of the October 2005
survey was the finding that the
Dhankuta/Karmitar region (~1100m), free
of HLB in 1994, had become contaminated
with HLB, including the Paripatle
horticultural station (~1200m to 1350m),
where yellowish seedling mandarin trees
in the lowest parts of the station gave
positive PCR reactions. Finally, during the
May 2006 survey, many sweet orange and
mandarin trees in the horticultural station
at Kirtipur, near Kathmandu, showed
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severe symptoms of HLB. Many of these
trees have been cut down, but many still
remain, as seen in January, 2008.

In the PCR tests carried out since
October 2004, both Ca. L. asiaticus and
Ca. L. americanus have been sought. Only
the Asian liberibacter has been detected.
All tests for Ca. L. americanus have been
negative.

Identification of citrus viroids. In
December 2006, during a visit to the
Agricultural Station at Pokhara, sweet
orange trees of three different cultivars
grafted on trifoliate orange and growing in
an experimental plot showed poor growth
and mild exocortis-like symptoms in the
rootstock  (Fig. 1). Northern blot
hybridization analysis showed that the
three cultivars were infected with CEVd,
HSVd, CVd-III and CVd-V. Washington
navel sweet orange was also infected with
CBLVd. The results regarding CVd-1V
were inconclusive but suggest that
Valencia sweet orange is probably infected
with CVd-IV. (Fig. 2). The samples were
subjected to RT-PCR using CEVd, HSVd
and CVd-III specific primers and the
uncloned amplicons and/or recombinant
plasmids were sequenced. The consensus
CEVd sequences showed the highest
identities (Table 1) with the reference
sequence of Class A defined by Visvader
and Symons (15, 16). The consensus
HSVd sequences showed the highest
identities (Table 1) with CVd-Ila variants
and contained in the Variable domain the
sequence motif characteristic of non-
cachexia variants (6, 8). The consensus
sequences of CVd-III were identical to
variant CV-IIIb (7).
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Fig. 1. Symptoms on the trifoliate orange rootstock of trees growing in the Pokhara Agricultural
Experimental Station: A) Valencia sweet orange; B) Ruby sweet orange; and C) Washington navel sweet
orange.

TABLE 1
SEQUENCE IDENTITIES OF VIROIDS IDENTIFIED IN NEPAL WITH THE TYPE
MEMBERS OF CEVd, HSVd and CVd-III

Sequence identities’

Source CEVd HSVd CVd-111

CEVd-A CEVd-B CVd-lla CVd-IIb CVd-Illa CVd-llIb CVd-Illc
(M30868) (M30870) (AF213503) (AF 213501) (S76452) (AF184147) (AF184149)

Valencia 96.7 92.4 98.7 96.0 96.3 100 95.2
orange
Ruby orange  96.7 93.0 99.3 95.6 96.0 100 95.5
Wash. navel 98.6 93.5 98.0 94.3 96.3 100 95.5
orange

The identities were calculated by comparison with reference sequences of which GeneBank accession
numbers are shown.
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Fig. 2. Northern blot hybridization analysis
using viroid-specific probes. Samples were: 1)
Valencia sweet orange; 2) Ruby sweet orange; 3)
Washington navel sweet orange; C) Viroid-
infected control.

The Citrus Rehabilitation
Project. The situation that the citrus
industry of Nepal is facing can only be
rehabilitated through what can be viewed
as a biotechnological revolution. The
major change needed is to produce and
grow high quality plants grafted on
suitable rootstocks instead of seedling
trees, a change that was implemented in
virtually all citrus growing areas of the
world more than a century ago. The
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project has the objective to demonstrate to
technicians and growers the advantages of
growing grafted plants as a means to: i)
overcome the long juvenile periods of
seedling trees; ii) control Phytophthora
root rot; and iii) live with HLB through
preventive control. The strategy started in
2004 consisted of : a) selection of viroid-
free and HLB-free budwood sources; b)
production of disease-free citrus trees,
grafted on adequate rootstocks, in covered,
insect-proof nursery facilities, built for that
purpose; c) establishment of demonstration
orchards with grafted trees; d) control of
HLB by (i) removal of HLB-affected trees
and trunk applications of systemic
insecticides and/or guava interplants; and
e) transfer of technology to the farmers.

A symptomless 32-yr-old mandarin
tree was selected. The tree was indexed on
Etrog citron, and sPAGE analysis
confirmed viroid-free. Budwood collected
from this tree was graft-propagated on
Citrus  volkameriana and  Poncirus
trifoliata rootstocks to produce, under
insect-proof conditions, mother trees for
the production of mandarin buds for the
production of grafted mandarin trees. The
first grafted trees for the establishment of
small ~demonstration orchards were
distributed to selected farmers in the
summer of 2007.

ACKNOWLEDGMENTS

This research was supported financially
through the Food Security program of the
Embassy of France to Nepal. N. Murcia is
recipient of a fellowship of CORPOICA.
The authors would like to acknowledge R.
Carb¢ for technical assistance, L. Bernad
for help on sequence analysis.



Proceedings, 17th Conference, IOCV, 2010 — Insect-Transmitted Procaryotes

LITERATURE CITED

1. Bernad, L., and N. Duran-Vila
2006. A novel RT-PCR approach for detection and characterization of citrus viroids. Mol. Cell. Probes
20:105-113.

2. Bové, J. M., M. Garnier, Y. S. Ahlawat, N. K. Chakraborty, and A. Varma.
1993. Detection of the Asian strains of the greening BLO by DNA-DNA hybridization in Indian
orchard trees and Diaphorina citri psyllids. In: Proc. 12" Conf. IOCV, 258-263. IOCV, Riverside.

3. Knorr, L. C., S. Moin Shah, and G. P. Gupta.
1970. Greening disease of citrus in Nepal. Plant Dis. Rep. 54: 1092-1095.

4. Knorr, L. C. and S. Moin Shah.
1971. World citrus problems — V. Nepal. FAO Plant Prot. Bull. 19: 73-79.

5. Palacio-Bielsa, A., X. Foissac, and N. Duran-Vila
2000. Indexing of citrus viroids by imprint hybridization. Eur. J. Plant Pathol. 105: 897-903

6. Palacio-Bielsa, A., J. Romero-Durban, and N. Duran-Vila
2004. Characterization of citrus HSVd isolates. Arch. Virol. 149: 537-552

7. Rakowski, A.G., J. A. Szychowski, Z. S. Avena, and J. S. Semancik
1994. Nucleotide sequence and structural features of the Group III citrus viroids. J. Gen. Virol. 75:
3581-3584.

8. Reanwarakorn, K. and J. S. Semancik
1998. Regulation of pathogenicity in hop stunt viroid-related group II. J. Gen. Virol. 79: 3163-3171.

9. Regmi, C., M. Garnier, and J. M. Bové.
1996. Detection of the Asian Huanglongbing (Greening) liberobacter in Nepal by DNA-DNA
hybridization, p. 267-270. In: Proc. 13" Conlf. I0CV, IOCV, Riverside.

10. Semancik, J. S., T. J. Morris, L. G. Weathers, G. F. Rodorf, and D. R. Kearns
1975. Physical properties of a minimal infectious RNA (viroid) associated with the exocortis disease.
Virology 63: 160-167.

11. Serra, P., C. J. Barbosa, J. A. Daros, R. Flores, and N. Duran-Vila
2008. Citrus viroid V: molecular characterization and synergistic interactions with other members of
the genus Apscaviroid. Virology 320:102-112.

12. Teixeira, D. C., J. L. Danet, S. Eveillard, E. C. Martins, W. C. de Jesus Junior, P. T. Yamamoto, S. A.
Lopes, R. B. Bassanezi, A. J. Ayres, C. Saillard, and J. M. Bové
2005. Citrus huanglongbing in Sdo Paulo State, Brazil: PCR detection of the Candidatus Liberibacter
species associated with the disease. Mol. Cell. Probes 19: 173-179.

13. Thompson, J. D., D.G. Higgins, and T. J. Gibson
1994. CLUSTAL W. Improving the sensitivity of progressive multiple sequences alignment through
sequence weighting, positions-specific gap penalties and weight matrix choice. Nucleic Acids Res. 22:
4673-4680.

14. Varma, A., Y. S. Ahlawat, N. K. Chakraborty, M. Garnier, and J. M. Bové
1993. Detection of the greening BLO by electron microscopy, DNA hybridization and ELISA in citrus
leaves with and without mottle from various regions in India. p. 280-285. In: Proc. 12" Conf. IOCV,
IOCV, Riverside, CA.

15. Visvader, J. E., and R. H. Symons
1985. Eleven new sequence variants of citrus exocortis viroid and the correlation of sequence with
pathogenicity. Nucleic Acids Res. 13: 2907-2920

16. Visvader, J. E., and R. H. Symons
1986. Replication of in vitro constructed viroid mutants: location of the pathogenicity modulating
domain of citrus exocortis viroid. EMBO J. 5: 2051-2055

122



	8. Reanwarakorn, K. and J. S. Semancik
	1998. Regulation of pathogenicity in hop stunt viroid-related group II. J. Gen. Virol. 79: 3163-3171.

