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Abstract: The current decline in citrus production in Kenya is attributed to a great extent to Huanglongbing
(HLB) (greening) disease, caused by Candidams Liberibacter africanus, The control or eradication of the
disease has been seriously impeded by the lack of appropriate disease indexing methods and lack of current
information on the distribution of the disease and its vector. The purposes of this study were three-fold: To
design a HLB detection method for Kenyan strains, to determine the the impact of variation in altitude and
citrus varieties on disease distribution using both morphological and molecular techniques. A PCR detection
methodology was designed to amplify the ribosomal protein (rplJL) gene of the Candidarus Liberibacter
africanus strains that cause HLB disease in citrus. A 716 -720 bp fragment of the rpLi0/rpLi2 rtDNA was PCR
amplified from HLB infected samples while samples obtained from greenhouse maintained citrus had no
amplification. The PCR amplification of the rpl/L gene provides a precise tool to detect the presence of
Candidatus Liberibacter africanus bacteria in citrus in all environments and therefore accurate indexing for the
HLB disease before and after symptoms develop on the plant, The HLB disease and its psyllid vectors were
found to be most prevalent on Washington navel orange growing in altitudes above 1400 mASL and was least
found in the lower midlands (800-1250 mASL). There is need to integrate stringent and early disease detection
tools with the use of clean planting material to curb the spread of the disease in the country.
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INTRODUCTION

Huanglongbing (HLB) disease (citrus greening
disease) 1s the most important disease affecting citrus
production in Kenya, Africa, Asia and the Americas
(Bové, 2006; Teixeira et al., 2008). This disease 1s caused
by Candidatus Liberibacter africanus in  Africa,
Candidatus Liberibacter asiaticus in Asia (Jagoueix et al.,
1994:; Planet et al., 1995; Villechanoux er al., 1993;
Hung er al, 2004) and Candidarus Liberibacter
americanus in Brazil and America (Coletta-Filho et al.,
2005; Teixeira ef al., 2005a-c). Members of the Candidartus
Liberibacter are non-cultured, gram negative, phloem
limited species belonging o the alpha sub-division of the
class Proteobacteria in Eubacteria (Manicom and van
Vuuren, 1990; Jagoueix er al., 1994, 1996, 1997). This
bacterium is further divided into three species; the heat-
tolerant, Candidarus Liberibacter asiaticus  which
manifests disease symptoms at temperatures well above

30°C 1in Asia. while the heat sensiive Candidatus
Liberibacter africanus is prevalent only in cooler areas
where temperatures do not exceed 30°C in Africa
(Schwartz and Green, 1972; Jagoueix er al., 1994
Planet er al., 1995; Villechanoux et al., 1992). The bacteria
parasitizes all the important citrus species in the country
including; Citrus sinensis Osbeck (sweet orange; Valencia
orange and Washington navel orange), C. fangarina
(tangerines) and C.  limon (rough lemon). Two
homopteran vectors are responsible for the transmission
of the HLB disease among citrus. Trinza ervirae
(Del Guercio) (Homoptera: psyllidae) transmits the disease
in Africa while Diaphorina citri (Kuwayama) in Asia
(Melean and Oberholzer, 1965; McClean, 1974:; Salibe and
Cortez, 1966; Li er al.. 2007; Urasaki er al., 2007).
Diaphorina citri has also been reported to transmit the
disease in Florida and Texas in the USA (French er al.,
2001; Grafton-Cardwell er al., 2007; Manjunath er al.,

2008). Trioza ervtreae 15 sensitive to  heat and
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temperatures of 32°C kill all stages of the insect while 27°C
allows rapid development of the insect (Moran and
Blowers, 1967, Catling, 1973). However, D). Citri 1s tolerant
to extreme temperatures and sensitive to high rainfall and
humidity (Catling, 1973; Regmi and Lama, 1988},

Though HLB is a severe and widespread disease of
citrus globally, the distribution of the disease seems to be
affected by the climatic requirements of the pathogen and
the vector (Da Graca, 1991). The disease has been
reported in Asia, south-east Asia, south and eastern
Africa and the Arabian peninsular (Jagoueix ef al., 1994,
Coelho and Marques, 2002: Waithaka and Obukosia,
1980). In Africa HLB was first reported in South Africa in
1929 (Moll er al., 1980)) and its severity has been reported
in  Swaziland, Zimbabwe, Ethiopia, Sudan, Kenya,
Malagasy, Tanzania, Malawi, Burundi, Kenya, Somalia
and Cameroon (Da Graca, 1991: Bové, 2006). In Kenya, the
disease was reported in Thika, Kamiti, Kitale and in high
altitude areas (above 1000 m ASL) (Schwartz, 1975).
Nevertheless, the disease is found in all citrus growing
areas in the highlands (Muriuki, 1989), culminating in the
collapse of citriculture in some regions (Seif, 1991
Obukosia and Waithaka, 2000). Due to the lack of a
successful field chemotherapy disease control technique
and the long incubation period of the disease it is
necessary to detect and index for the disease early so as
to control its spread to other plants.

Several strategies have been developed for detection,
indexing and characterization of the HLB bacteria from
both infected plant tssues and from the insect vectors.
This 1s particularly 1mportant because attempts at
culturing the bacteria on nutrient media have been
unsuccessful (Bové, 2006), however, recent attempts
show minimal success (Sechler ef al., 2009). Electron
microscopy and cytochemistry techniques (Garnier et al.,
1976) were among the earliest methods utilized in
detection and 1dentification of the bacteria. Monoclonal
antibodies (Gao, 1988; Garnier et al., 1987) and DNA
probes (Villechanoux er al., 1992; Hocquellet er al., 1997)
have been successfully utilized for the detection of the
bacteria. The PCR seems to be the most versatile method
in detection of the bacteria and thereby the disease
(Jagoueix er al.. 1994; Bové, 2006). PCR methods and
DNA  sequencing efforts in the HLB causing
proteobacteria  have been concentrated within  the
nucleolar organizer region (165 rRNA gene, 165/235 rRNA
gene  spacer region) the rplKAJL-rpoBC operon
(Leblond-Bourget ef al., 1996; Jagouiex ef al., 1996, 1997;
Subandivah er al., 2000) and the outer membrane protein
(omp) genes (Bastianel er al., 2005). The nucleolar
organizer region exhibit  concerted evolution, a
phenomenon in which there is TRNA gene sequence
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uniformity within a species but rapid change across
species boundaries (Flavell, 1986; Gerbi, 1985). The 168
rRNA has been extensively used to index and characterize
the HLB bacteria ( Tatineni et al., 2008; Das, 2004; Lier al.,
2008, 2007; Manjunath er al., 2008; Kawabe et al., 2006;
Khairulmazmi er al., 2008), however, due to concerted
evolution this region is not effective for indexing of
different strains of the bacteria in citrus (Jagoueix et al.,
1996, 1997, In addition to the 165 rRNA. Bastianel et al.
(2005) studied the diversity of Candidatus Liberibacter
asiaticus based on omp gene sequence using a PCR-
restriction  fragment length polymorphism  strategy.
Hocquellet er al. (1999a) isolated Candidarus Liberibacter
species DNA using RAPD PCR. The use of loop-
mediated isothermal amplification (Okuda er al., 2005),
cycleave 1sothermal and chimeric primer-initiated
amplification  of nucleic acids (Urasaki et al., 2008,
Fusavasu er al., 2006), nested-PCR (Ding er al., 2005;
Fang et al., 2004) and real time PCR (Li et al., 2007,
2008; Tatinemi er al., 2008; Manjunath er al., 2008
Kawabe er al., 2006; Lan er al., 2004) are different
modifications of the PCR that have been applied to
improve the efficiency of detection and indexing of the
disease In citrus trees. The ribosomal protein rplKAJL-
rpoB gene of Candidatus Liberibacter species serves an
important role in detection and characterization of the
bacteria in citrus trees (Villechanoux er al.. 1993;
Hocquellet ef al., 1999b; Teixeira er af., 2008; Okuda er al.,
2005 Li er al., 2008; Urasaki er al., 2007, 2008;
Magomere ef al., 2009). The ribosomal proteins (rplKAJL-
rpoll) genes, the tufB-secE-nusG genes and the intergenic
regions between the proteins have variable nucleotides in
different species and strains of the HLB bacteria,

The search for remedies for the control or eradication
of the disease in the country has been seriously hampered
by the lack of appropriate disease indexing methodology.
This study tests a procedure for indexing of the HLB
disease in infected citrus plants by PCR amplification of
the ribosomal protein (rplKAJL) gene cluster of the
Candidatus Liberibacter africanus strains that cause HLB
disease In citrus varieties in Kenya. We show that PCR
amplification of the rplKAJL gene cluster provides a
precise tool to detect the presence of Candidatus
Liberibacter africanus bacteria in citrus and therefore
accurate indexing for the HLB disease in Kenva. We also
present a procedure for indexing of the Kenyan
strains of the bacteria by amplification of the 165 rDNA
and the 165/235 ribosomal intergenic regions. In
addition, the distribution of the disease and its vector
among agroecological zones in areas above 800 mASL
and on agronomically important citrus varieties is
analysed.
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MATERIALS AND METHODS

Sampling and plant materials: In this study, Kakamega
(representing the highlands = 1400 mASL) and Machakos
(representing the lowlands <1400 mASL) districts of
Kenya were sampled (Fig. 1) and clustered according to
the agro-ecological zones (AEZs) and the most important
zones for citrus production were identified in the months
between January 2003 and June 2004. Seven AEZs were
identified in Machakos district, the AEZs were in three
broad categories lower midland (LM3, LM4, LM3,) Upper
Midlands (UM3, UM4,) Lower highlands (LH4 and LHS5)
AEZs (Table 1). In Kakamega the lower midland AEZs
(LM1, LM2) and the upper midland AEZs (UMO, UM 1 and
UM4) (Table 1) were purposively sampled due to the
higher presence of citrus orchards. Three farms were
randomly sampled from each AEZ. In Machakos, four
mature trees of different wvarieties |[Citrus sinensis
(Washington Navel and Valencia Orange), Citrus
reticulata (tangerines) and Citrus {imon (rough lemon)]
were sampled and studied from each farm. On the other
hand, only two varieties [Citrus sinensis (Washington
Navel) and Citrus limon (rough lemon)] were consistently
present in Kakamega orchards, therefore two samples
from two varieties were sampled and studied from every
farm. A total of one hundred and fourteen trees were

sampled from the two districts. Leaves were picked from
the trees and stored in an ice box for transporting to the
laboratory where they were maintained at -20°C untill
DNA extraction,

DNA extraction and partial purification: Leal midribs
(0.1 to 0.3 g) were chopped to a fine mince with a razor
blade in a disposable petri-dish in extraction buffer
containing | mL of TE buffer (10 mM Tris pH 8.0, 400 mM
EDTA) plus 1% SDS and (.25 mg of proteinase K)
(Jagoueix ef al., 1996). The homogenate was transferred to
an eppendorf tube and incubated for 2 h at 65°C. The
suspension was centrifuged for 15 min at 12.000x g and
the supernatant mixed with 1 mL of Wizard Min Prep DNA
purification resin (Promega). The resin was transferred to
a mini-column and washed twice with 2 mL of 80%
isopropanol. Thereafter, 50 pL of hot water (80°C) was
added, incubated for one minute and centrifuged at
16,000x g for 30 sec in an eppendorf tube. This step was
repeated to have a total yield of 100 pL of extract. The
extract was stored at -20°C (Jagoueix et al., 1996).

Amplification of the LI0/L12 ribosomal protein rDNA
the 168 rDNA and the 165/235 rDNA: Two primers were
used to amplify the intergenic region of ribosomal protein

LIOGLI2Z rDNA and the L10 rDNA (rplJL genes) of the

Fig. 1: Map of Kenya showing the location of the two districts sampled for the survey. Kakamega representing the
highlands (>1400 mASL), Machakos representing the lowlands (<1400 mASL). Data Source: Kenya Bureau of
statistics/ Cartographic Section, 1989, Kenya population census district maps, 1989, K: Kakamega sistrict and

M: Machakos district
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Table 1; Agro ecological zone characteristics in Machakos and Kakamega district

Agro-ecological Zone Altitude {m) Mean Temp (°C) Rainfall {mm}
Machakos
Lower Highlands (LH) TR0 900220002400 15-18 1 COM- 1 5D
LH4 2200- 2400 15.8-15.1 6IN)-550)
LH5 2070-2210 15.8-15.1 600-850
Upper Midlands (LIM) 1300 TS00- 180001 200 18.0-21 TO0- 1800
UM3 14001830 20.5-17.9 SO0 1030
UM4 1340-1830 20.9-17.9 T00-950
Lower Midlands (LM} BOO o 1300 21.0-24 TN TR
LM3 1160-1350 22.0-209 TA0-SHMD
LM4 1160-1280 22.0-21.3 TO0-850
LM35 B00-1220 24.0-21.6 G- B
Kakamega district
Upper Midlands 13000 1 S00- 180001900 18.0- 21 FO0-22000
LM 15001700 19.6-15.6 20000-2200
UMI 15001950 20.6-18.0 1620-1800
LUM4 15001900 20.9-18.9 1 COOH- 1 6D
Lower Midlands B0 o 1500 21.0-24 TN THUD
LMI 1300-1500 22.0-20.8 1650-1850
LM2 1300- 1500 22.0-209 1550- 1950
Farm management hand book of Kenya (1983)
ol K ol A rpl TIL1OY el L{L12) ol B 0.05% W1 detergent (Gibco BRL), 200 pg mL™" BSA and
. H= H——1 2.5 U of Taq polymerase (Gibco BRL). This was amplified
Forward Reverse for 35 cycles with the thermocycler using the following
primer primer

Fig. 2: Organization of the ribosomal protein genes in the
rplKAIL  rpoBC operon  of  Candidatus
Liberibacter africanus and the position of the
forward and reverse primers utilized

bacterium. Forward primer 5 (CATCGGGAGATGAAAGTT
GAATA) and reverse primer 5 (TTCCCCTGCCGCAGACG
CAACA) (Fig. 2) (Magomere ef al., 2009). Amplification
was done by PCR (Hybaid Omn-E Thermal Cycler) with
the reaction conditions by Jagoueix ef al. (1996). The PCR
reaction was performed in 50 pl of reaction mixture
containing 1 pm of each of the primers, Gibco buffer,
200 uM of each of the four ANTP, 2 mM MgCl,, 0.05% W1
detergent (Gibco BRL), 100 ug mL ™' BSA and 2.5 U of Tag
polymerase (Gibco BRL). The reaction mix was amplified
for 35 cycles with the thermal cycler at: 92°C for 20 sec
(denaturation of template into single strand); 62°C for
20 sec (annealing of primers to each original strand, high
temperatures are used due to the specificity of the
primers) and 72°C for 45 sec (elongation and new strand
synthesis),  PCR  products were  analyzed by
electrophoresis of 20 pl. of each sample (Jagoueix er al.,
1996). 165 rDNA was amplified using forward primer Ol 1
(SGCGCGTATGCAATACGAGCGGCAZ) and reverse
primerOl2c(SGCCTCGCGACTTCGCAACCCATS )while
165/235 rDNA was amplified vsing forward primer 012¢
(SATGGOTTGCGAAGTCOGOGOAGGCS Jand reverse primer
2381 (5 CGCCCTTCTCGCGCTTGA 3) in S0 pL of reaction
mixture containing 0.5 pM of each of the primers, 200 uM
of each of the four dNTP, 78 mM Tris-HCL pH 8.8, 2 mM
MgCl,, 17 mM (NH,),S0,. 10 mM B mercaptoethanol,
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program: 92°C for 20 sec: 62°C for 20 sec and 72°C for
45 sec (Jagoueix erf al., 1994, 1997; Subandiyah er al.,
2000).

Agarose gel electrophoresis: PCR  products were
electrophoresed on 1% agarose gels and Tris-borate
buffer (1 XTBE) and stained in ethidinm bromide at
(0.5 pg mL™". Twenty microliter of the PCR products were
mixed with 1 uL of gel loading dye and loaded into gel
adjacent to a 1 Kb DNA ladder (Life Technologies). The
sel was run at a voltage of 4 V em™'. The gel was
photographed when exposed to ultraviolet light on a UV,
transilluminator (Magomere er al., 2009).

Data scoring and analysis: The symptoms of the disease
(where they existed) were recorded on a visual score form.
A visual score of 1 was awarded when the plant sampled
had interveinal chlorosis on less than 50% of the leaves
on the plant (Fig. 3a). A score of 2 was awarded to plants
that had more than 50% interveinal chlorosis with blotchy
mottles (Fig. 3b) and or with lopsided fruit. A score of 3
was given for trees that had small upright leathery leaves,
massive fruit and leaf drop and dieback (Fig. 3b, e).
Presence or absence of psyllid wvectors was recorded
(Fig. 3c, d). A score of | was awarded if psyllids were
present while a 0 score was awarded when they were
absent. The PCR scores were based on the presence or
absence of a 716 bp DNA band on agarose gels atter PCR
amplification with the L10/L12 ribosomal protein DNA
PCR primers. A score of | was given on positive
amplification while a score of () was awarded for negative
amplification. The data on scores were then statistically



J. Biol. Sci., 9(7): 697-700, 2009

Fig. 3: Huanglongbing disease symptoms (a) Prnmary symptoms: leaves with blotchy mottles on Valencia orange, (b)
Leaves with interveinal chlorosis on Valencia orange, (¢) Psyllid damage on rough lemon leaves (d) Psyllid
infestation on young citrus leaves and (e) Secondary symptoms: massive leaf fall, massive fruit fall on

Washington navels

analysed. Variances were partitioned (ANOVA), F-tests
were done on the variances and means were compared
using the tukeys test in GENSTAT 8.0 (Genstat
Committee, 2005).

RESULTS

L1WLI12 ribosomal protein rDNA, 165 rDNA and
165/23S rDNA PCR amplification: The PCR reaction
using the L1IO/L 12 rDNA primers for rpl/L genes amplified
a fragment of 716 bp from HLB bacteria isolated from all
diseased plant samples. The amplified fragment includes
the rplf protein gene. the wvariable intergenic region
between rplf and rplL and part of the rplL protein gene.
The fragment was amplified from citrus diseased materials
from Machakos and Kakamega districts showing the
ereening symptoms (Fig. 4). There was no amplification
from un-diseased plants, which were propagated through
tissue culture and maintained in the greenhouse. The
DNA band amplified was similar from all the diseased
plants in the seven AEZs (LM3, LM4, LM35, UM3, UM4,
LH4 and LH5) in Machakos and the five AEZs (LM,
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LM2, UMO, UMI and UM4) in Kakamega districts. The
band on 1% agarose gels was also similar from all the
diseased plants from the four different varieties (Valencia,
Washington navel, rough lemon, tangerine). The 165
rDNA  was amplified from diseased samples from
Machakos giving a DNA fragment of 1100 bp. This band
was not present when disease free samples from the
greenhouses were used to  provide PCR  template
(Fig. 5).  The diseased samples gave positive
amplification with the LIO/LI2Z ribosomal protein
rDNA primers and the 165/235 rDNA primers. A band of
800 bp was amplified from diseased samples from
Machakos (Fig. 6), representing the 165/235 rDNA. This
band was not present when disease free samples from the
greenhouses were used as the PCR template. The
diseased samples also gave positive amplification with
the L10O/L12 ribosomal protein rDNA primers and the
16S rDNA.

PCR of the L10/L12 rDNA of the HLB bacterium
detected the disease in citrus at all stages of infection:
The expected PCR band was observed on all samples from
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Fig. 4: 19 agarose electrophoresis gel of L10/L12 ribosomal protein rDNA., Lanel2: Negative control; Lane 13; Positive
control; Lanes 7-11: No. amplification from: washigton navel, Valencia, rough lemon below 1300 mASL
Washington navel rough lemon above 1300 mASL respectively: Lanes 2-6: Positive 716 bp amplification from
infected samples of washigton navel, Valencia, rough lemon below 1300 mASL Washington navel rough lemon
above 1300 mASL respectively; Lane | and 14: 1 Kb DNA ladder. In this PCR reaction the bacterial L10/L12
ribosomal protein rDNA was amplified from plants that were showing symptoms associated with the disease

Fig. 5: 1% agarose electrophoresis gel of 165 rDNA PCR
products. Lanes 5 and 6: Undiseased; Lane 2-4:
Positive 1160 bp amplification from infected
samples; Lanel and 9: 1 Kb DNA ladder; Lane 7
and 8: Bacterial genomic DNA

trees that had interveinal chlorosis on less than 50% of
the leaves (MPS of 1), those from trees that had more than
50% interveinal chlorosis with blotchy mottles and or with
lopsided fruit (MPS of 2) and those from trees that had
small upright leathery leaves, massive fruit and leaf drop
and dieback (MPS of 3). Showing varsetility of the
detection tool across disease development stages.

Distribution of the HLB disease across varieties: The
Washington navel oranges had the highest mean

702

Fig. 6: 1% agarose electrophoresis gel of 168/235 rDNA
PCR products. A positive amplification band of
800 base pairs was seen in diseased samples.
Ll: 1 KB DNA ladder, L2: Negative control; L3:
Undiseased tissue culture; L5: Diseased material;
L6: Undiseased tssue culture

infection with a Mean Score (MS) of 2.62, while the
tangerines showed the lowest MS of 1.57. The rough
lemons and the Valencia oranges had a MS of 1.66 and
.86, respectively (Table 2). There were significant
(p<0.05) differences in the distribution of the HLB disease
among the four citrus varieties in Machakos district.

Washington navel oranges had a high MS (greater than
2} in six of the seven sampled AEZs in Machakos district,
except in LMS where 1t scored 1.67. Washington navel
orange had the highest MS in the district, irrespective of
the agro-ecological conditions and the altitude. The mean
PCR scores (MPS) differed significantly (p<0.05) among
the 4 varieties in Machakos district. The variety with the
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Table 2: Mean PCR scores (MPS), mesn scores (MS) of HLB disease and
mean psyllid scores on citrus varieties in Machakos district

Mean PCR score  Mean score

Yarictics i(MPS) (MS) Mean vector score
Rough lemon 0.429:0.0792% 1.667H), 164° 0.762+0,0727
Tangerine 0.571+0.112* .37 12327 0.190+0.103
Yalencia 057100792 1.RS7HD, 164 057100727
Washington navel 0.810+0.112 2.619+0,232 0,619+, 103

Means in columns followed with similar letters are mot different, Data are
means of 84 plants, LSD (0.05). Mean comparisons were done using tukeys
lest

Tahle 3: Mean PCR scores (MP5S), mean scores (M5) of HLB disease and
mean psyllid scores in different AEZs in Machakos district

High and Mean PCR

lower midlands score [ MPS) Mean score (M5)  Mean vector score
LH4 0.833+0.136° 20000, 2857 083340125
LH5 00,8330, 1 367 22500283 0.66THD. 1259
LM3 050040, 136 191740285 0.583+0, 125
LM4 041740136 2. 0000, 2837 0.33340.125¢
LM35 0,333+0,136° 10830283 01670125
LIM3 0.583+0, 136" 1.917+0.283 0583401259
UM 066740113 2. 33340.234° 058340, 103

Means i columns followed with stmilar letters are not different, Data are

means of ¥4 plants, LSD (0.05). Mean comparisons were done using tukeys
Lest

highest mean PCR scores was Washington navel, which
had a score of 0.810. It was followed by WValencia,
tangerine and rough lemon with mean scores of 0.571,
0.571 and 0.429, respectively (Table 2). The rough lemon
had the least mean PCR scores (0.0) in LM35 and LM4,
Washington navel and Valencia had the least MPS (0.0)
in LM3 and LM4 respectively, while the tangerines had a
mean PCR score above (0.0) in all of the AEZs in
Machakos.

There were significant (p<().05) differences in the
distribution of the HLB disease mean scores among citrus
varieties in Kakamega district. Rough lemon had the
highest mean score at 2.40, while Washington navel
oranges had the least mean score of 1.87 (Table 4). The
rough lemon scored 3.0 in UMO and UM 1, while it had the
least mean score in UM4 with 1.67. Washington navel
oranges had a high mean score in UM4 (3.0), while it had
a low mean score in LM2. The PCR analysis results show
that the differences in the distribution of the HLB disease
among the varieties in Kakamega were insignificant
(p=0.05). However, the two varieties showed high mean
PCR scores. Rough lemon had a mean PCR. score of 0.667,
while Washington navel had a score of (1,600 (Table 4).
Washington navel had high MPS (=0.667) in all AEZs
except in lower midland 1 where it scored 0.0, on the other
hand rough lemon had a high MPS in all varieties except
in upper midland 4.

Distribution of the HLB disease across agro-ecological
zones: There were significant (p<0.035) differences in the
distribution of HLB disease among the agro-ecological
zones of Machakos district. The UM 4 AEY had the
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Table 4:  Mean PCR scores (MPS), mean scores (MS) of HLB disease and

mean psyllid scores on citrus varieties in Kakamega district

Mean PCR score Mean score
Yarieties (MPS) (M5 Mean veclor score
Rough lemon (LG6TH [ 250 24040194 (LEGTH). 125
Yalencia 0L6000, 1 25 18740, 194 0.533+0.125

Means m columns followed swith similar letters are not difTerent, Data are
means of 30 plants, LSD (0.05). Mean comparisons were done using tukeys
lest

Table 5: Mean PCR scores (MP5S), mean scores ({M5) of HLB disease and
mean psyllid scores in different AEZs in Kakamega district

Lower and Mean PCR

upper midlands  score (MPS) Mean score (MS) Mean vector score
LMI 0.333+0.197 13340307 0.66T+0, 197
LM2 QL6670 197 1830307 Q50020 197
LIMO 0.833H0. 197 2 5040.307" 08330, 197
LinMI 0667+ 197 2.67+0.307" 0.833+0.197*
Liki4 0.667H 197 23340307 O66THD. 197

Means in columns followed with similar letters are not different. Data are
means of 30 plants, LSD (0.05). Mean comparisons were done using tukeys
tesi

highest mean scores of 2.33, followed by LHS, LH4, LM4,
UM3, LM3 and LMS35, with mean HLB disease scores of
2.25,2.00,2.00, 1.92, 1.92 and 1.08, respectively (Table 3).
A disease trend was indicated such that the higher
altitudes had higher disease mean scores than the lower
altitudes in Machakos district. The PCR score analysis
results showed significant (p<0.05) differences in the
mean PCR score among the agroecological zones in
Machakos district. High altitude AEZs (LH4 and LHS) had
an exceptionally high mean PCR score of (0.833, while low
altitude AEZs like LM4 and LMS5 had low MPS of 0.417
and 0.333, respectively (Table 3). Washington navel had
a maximum MPS of 1.0 in five AEZs namely LH4, LHS,
LM3, LM4 and UM4, The 0.0 mean score was rare and
wis only found on rough lemon in LM3, Valencia in LM4
and Washington navel in LMS5. These results show a
trend, in which the lower highlands have large MPS, the
upper midlands have average mean PCR scores and the
lower midlands have low PCR mean scores.

There were significant (p<(.05) differences in the
distribution of HLB disease among the agro-ecological
zones of Kakamega district. The UMI1 AEZ had the
highest mean scores of 2.67, followed by UMO0, UM4, LM2
and LM 1, with mean HLB disease scores of 2.50, 2.33, 1.83
and 1.33 respectively (Table 5). The results show that the
HLB disease mean scores were higher in the UMs than in
the LMs of Kakamega district. The PCR score analysis
results show insignificant (p<0.05) differences in the mean
PCR score among the agroecological zones in Kakamega
district. However the general trend is that the AEZs found
in the high alutudes (upper midland 0, upper midland 1
and upper midland 4) have large MPS (0.833, 0.667 and
(0.667, respectively), while the AEZs in the low altitude
regions (lower midland 1 and lower midland 2) have
MPS of 0.333 and 0.667, respectively (Table 5). Rough
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lemon has the highest mean score in upper midland 0
(1.0), while it has the lowest score in upper midland 4
(0.333).

Distribution of psyllids across varieties: The four citrus
varieties differed significantly (p<0.05) in their mean
psyllids score in Machakos district. Rough lemon had the
highest mean psvllid score of 0.762 followed by
Washington navel, Valencia and tangerine at a mean
vector score of 0.619, 0.571 and 0.190, respectively
(Table 2). The rough lemons had high mean psyllid
scores, both in high and low altitude areas (>0.667). Citrus
varieties in Kakamega district did not significantly
(p<0.05) differ in their mean psyllids scores. Nevertheless,
rough lemon had very high mean scores of 0.867, while
the Washington navel oranges had an average mean
score of (L5333 (Table 4). Rough lemon had a maximum
score of (1.0) in three AEZs (UMO, UM and UM4), which
lie within the high altitudes.

Distribution of psyllids across AEZs: There were
significant (p<0.05) differences in the mean psyllid score
among the AEZs in Machakos district. The high altitude
areas in Machakos district (LH4, LH5, UM3 and UM4) had
larger mean psyllid scores (0.883, 0.667, 0.583 and 0.583
respectively) while the LMs (LM3, LM4 and LM3) had
lower means (0.583, 0.333 and 0.167, respectively)
(Table 3). The results show a gradual decrease in the
mean vector score with decrease in altitude. There were
insignificant (p<0.05) differences in the mean psyllid score
among the AEZs in Kakamega district. The agroecological
zones 1n the lower altitudes (LM2 and LM1) had lower
mean psyllid scores (0.500 and 0.667 respectively) while
the agroecological zones in the higher altitudes (LUMI,
UMTI and UM4) had high mean scores (0.833, 0.833 and
0,667, respectively) (Table 5). The results show a gradual
decrease in the mean vector score with decrease in
altitude.

Correlation of the mean scores, PCR scores and vector
scores: To ascertain the efficiency of the mean HLB
disease PCR score, the mean HLB disease score and the
mean psyllid vector scores as tools for determining the
presence of the HLB disease of citrus, the results from the
three tools were correlated. A correlation matrix for
Machakos showed that the mean HLB disease PCR scores
and the mean HLB disease visual scores were highly
correlated, having a correlation coefficient of 0.703. There
was low correlation between the mean psyllid vector score
and the mean HLB disease visual score (0.202), similarly,
the correlation between the mean psyllid vector score
and the mean HLB disease PCR score was low (0.108), A
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correlation matrix for the Kakamega data also exhibited
high correlation between the mean HLB disease scores
and the mean HLB disease PCR scores ((L.661). On the
other hand, the correlation between the mean HLB disease
visual score and the mean psyllid vector score was very
low at 0.088, while that between the mean psyllid vector
and the mean HLB disease PCR scores was negative
(-0.045). Vector scores gave low correlation coefficients
with both visual and PCR score alike, possibly due to the
seasonal availability of the vector, the long incubation
period of the disease and the short duration (60 min) of
feeding that the vector requires to successfully infect the
plant with the HLB pathogen. The correlations between
the three tools were generally lower in Kakamega than in
Machakos district. The regression line fitted for the PCR
disease scores and the visual disease scores was highly
significant (p<0.05) for Kakamega and Machakos data
alike. This shows that the mean PCR scores could be
sufficiently used in place of the mean scores to detect for
the HLB disease in Machakos and Kakamega districts.
These results show the versatility of the PCR tool in
detection of the HLB disease.

DISCUSSION

PCR of the ribosomal proteins L10-1.12 serves as a
precise and reliable tool for indexing of the HLB disease
in citrus varieties in Kenya.

The PCR band observed in this reaction
consistent with previous results on the greater rnibosomal
protein rplKAJL-rpoB gene of Candidatus Liberibacter
species. The 716 bp fragment represented the rpl/L genes
of the Kenvan strains of the Candidarus L. africanus.
Previous studies by Hocquellet er al. (1999b) using primer
pair A2/15 that amplify rplAJ genes, obtained a band of
about 650 bp from plants infected with Candidatus L.
africanus, strain Nelspruit, South Africa and a band of
around 700 bp was amplified from plants infected with
different  strains of  Candidarus L. asiaticus.
Villechanoux er al. (1993) cloned a fragment (In-2.6) of the
rpl KAJL-rpoBC gene cluster which they used as a probe
to detect greening BLO strains in plants infected with the
Asian and African strains. Okuda er al. (2005) amplified
the internal nusG-rplKAJL-rpoB  gene cluster of
Liberibacter isolates and determined the complete
sequence of the 6.1-kb fragment which was identical
among Japanese and Indonesian isolates. Ding et al.
(2005) amplified a 400 bp product of nucleotide 39-351 of
the rpl KAJL-rpoBC of Candidarus L. asiaticus (GenBank
sequence M94319) using nested PCR primers from
symptomless leaves of wampee, eureka lemon and rough
lemon, as well as from symptomatic leaves of infected

Wk
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Ponkan from Yang Cun, Eureka lemon and wampee.
Teixeira et al. (2008) used a chromosome walking
procedure to obtain an extended [ operon of the American
liberibacter (a fragment of over 4673 bp), comprising the
eenes, ifB, seck, nusG, rplK, rplA, rpld, rplL and rpoB.
The rpll, rpll genes and their corresponding proteins are
considerably conserved while the intergenic regions
between the ribosomal proteins (rpl KAJL-rpoll) genes,
exhibit variable nucleotides in different species and
strains of the HLB bacteria thereby showing high
potential for detection of specific strains of the bacteria
(Magomere et al., 2009: Teixeira et al., 2008). The variation
in the intergenic regions between the ribosomal proteins,
differentiate both the species and strains of the bacteria.
Amplification of the ribosomal protein L10-L12 DNA is
precise and versatile in the detection of the bacteria and
its use correlates highly with conventional morphological
methods. However, most HLB morphological detection
methods may lack precision especially due to the wide
range of symptoms, similarity of the symptoms to nutrient
deficiency and wviral infection symptoms and the long
incubation period of the bacteria. The PCR product of the
165 rDNA and the 165/235 rDNA obtained were similar to
those amplified previously from citrus samples showing
the disease symptoms and psyllid vectors feeding on the
diseased plants  (Jagoueix et al., 1996, 1997,
Subandiyah er al., 2000; Tatineni ef al., 2008: Ding et al.,
2009). These reactions were vital in confirming the
presence of the HLB disease in the diseased samples due
to their precision, however in Liberibacter species the 165
rDNA and the 165/235 rDNA have limited polymorphism
and are largely conserved, thus they may not have great
potential in detection of different strains of the bacteria.
The specificity of the rplAJ gene the 165 rDNA and the
165/238 intergenic TDNA reactions renders them a vital
tool in the detection of Liberibacter species in infected
citrus  plant leaf midribs that could harbour a
diversity of microbes (47 orders of bacteria in 15 phyla)
(Sagaram er al., 2000).

HLB disease is most prevalent on Washington navel
orange growing in altitudes above 1400 mASL: In
Machakos, Washington navels had the highest score
(MS 2.619MPS 0.510) whereas in Kakamega, rough lemon
showed higher disease scores (MS 2.40/MPS 0.667) than
Washington navel (MS 1.87/MPS 0.600(). Though the
rough lemon did not show HLB morphological symptoms
like the other varieties in HLB disease infested areas, 1t
had the highest infestation by psyllid vectors due to its
frequent yellow flushes with a mean psyllid score of 0.762.
This shows that rough lemon has the highest tolerance 1o
the Candidarus L. africanus bacterial strain, which causes
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HLB. The results are similar to previous results (Manicom
and Van Vuuren, 1990) in South Africa that show that
sweet orange and mandarin were severely affected with
HLB, followed by, lemon, sour orange which had
moderate tolerance o Candidatus L. africanus strain. HLB
infection of sweet orange significantly affects expression
of 624 genes whose encoded proteins are associated with
sugar, phytohormone and cell wall metabolism in addition
to plant defence which consequently lead to phloem
disruption, sucrose accumulation and plugged sieve
pores (Kim ef al., 2009). Other reports (Mivakawa, 1980,
Gonzales et al., 1972; Fraser, 1978) found that lemon 1s
fairly tolerant to the HLB disease to the extent that in
some cases the rough lemon rootstock has been found to
induce some degree of tolerance in the sweet orange
scion in greenhouse trials (Kapur er af., 1984). The rough
lemon in a HLB infected orchard, serves as a reservoir for
the bacterium. Due to its frequent flashing and increased
psyllid activity, an infected rough lemon could easily
increase the rate of HLB infection in an orchard. Rough
lemon can serve as a potential source of HLB disease
tolerance genes in citrus breeding efforts. Tangerines had
the least psyllid activity but had similar MPS and MS with
rough lemon and Valencia orange, this can be attributed
to the feeding habit of adult T. ervireae which prefer light
oreen flushes not present on tangerine but can transmit
the HLB pathogen in less than 60 minutes of feeding on
an un-infected plant (Samways, 1987; Da Graga, 1991). In
addition, the HLB pathogen has been found in the late
instar nymphal stages of psyllid (Hung er al., 2004) which
can infect darker leaves. The AEZs found in the higher
altitudes had the highest levels of the HLB disease. The
highest AEZ sampled in Machakos (LH3) had a HLB
disease mean score of 2.3 and MPS of 2.25, while in
Kakamega UMI1 and UMO had the highest MS and MPS.
This is consistent with the distribution of the HLB vector
(1. ervtreae), which is found more in the UMs than the
LMs. These results are similar to previous findings, which
indicated that the disease was more intense in the
highlands (Muriuki, 1989: Seif, 1991).

Psyllids infests rough lemon most especially in AEZs
within altitudes above 1400 mASL: Psyllids (Trioza
ervireae) were frequently encountered in AEZs where
citrus plants were heavily infected with the HLE disease.
Previous reports, (McClean and Oberholzer, 1965;
Schwartz et al., 1970) show that psyllids (Trioza ervireae)
are major vectors for the Candidatus L. africanus, which
causes HLB disease in Africa. Therefore the distribution
of these msects influences the distribution of the HLB
disease. In Machakos, the mean psyllid score was highest
in high altitude areas (LH4-0.833) and least in the low
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altitude areas (LM5-.167). A similar situation was seen in
Kakamega where the mean psyllid score was highest in
high altitude areas (UMO-0.833) and least in the low
altitude areas (LM2-0.500). This suggests that the psyllid
vectors are more active in the highlands than the low
lands. These results are similar to the findings by
Schwartz (1975), who found that T. ervtreae thrived well
in highlands where most HLB affected orchards were
found (Schwartz, 19735). Since T. ervireae is sensitive to
heat and high temperatures of 32°C (Moran and Blowers,
1967; Catling, 1969, 1972) the insect will optimally function
in cool, moist upland regions more characteristic of the
highlands than the low lands. This contrasts with
Diaphorina citri, which i1s more resistant to extreme
temperatures and is more sensitive to high rainfall and
humidity (Catling, 1972; Aubert, 1987; Regmi and Lama,
1988: Xia er al., 1987). The psyllids seemed to prefer the
voung vellowish, light green flushes of rough lemon
(which had a mean psyllid score of 0.867 in Kakamega and
(1.762 in Machakos) than any other varieties in both
districts. For instance tangerines in Machakos district had
a mean psyllid score of 0,190, This could be due to the
dark green colour of tangerine leaves, even on the young
flashes. These results are similar to previous results
(Samways, 1987) which show that lemons have frequent
flushes of new growth which make them attractive to the
Psylla vectors which are strongly attracted by vellow
ereen colour of wavelength 530 nm.

CONCLUSION AND RECOMMENDATIONS

The present study shows that Huanglongbing
disease is a serious disease of citrus in Machakos and
Kakamega districts of Kenva and the levels of infection of
the HLEB disease vary among different citrus varieties and
different AEZs. The detection of the disease is an
important aspect of managing the disease noting that the
bacteria that causes the disease 1s not cultured on
nutrient media and it has a long incubation period in the
plant. Morphological symptoms are therefore not
sufficient in early detection of the disease. PCR of the rpl
L10-L12 protein DNA is both precise and versatile in the
detection of the bacteria even during the latent phase of
infection. The disease was most pronounced on
Washington navel in the lowlands but the tolerance
exhibited by the rough lemon is overwhelmed in the
presence of high levels of disease innoculum found in the
highlands. The HLB disease was more pronounced in the
highlands (>1400 m ASL) and there was a decrease in the
disease scores with decrease in altitude in both districts.
These findings are consistent with the findings on the
distribution of the HLB disease vector. The psyllid
(Trioza ervtreae) was most often encountered on citrus in

706

the AEZs located in altitudes above 1400 m ASL. The
psyllid thrives better in highlands than the lowlands. In
addition, high psyllid scores were recorded on rough
lemon in both districts. Psyllids preferred rough lemon
due to its frequent flushing and the light yellowish colour
of the voung shoots. Production of clean planting material
through tissue culture systems should be strengthened
and insect control in orchards should be emphasized so
as to rejuvenate citrus production in the highlands
(Kakamega) and the lowlands (Machakos). In addition,
early detection and disease diagnostics systems can be
improved by regular use of the PCR indexing of samples
from orchards. Adoption of these diagnostics tools for
citrus HLB disease by plant inspectorate agencies and
other agencies involved in citrus germplasm propagation
and shipment will ensure clean citrus planting material and
thereby mitigate the effects of the disease in citrus
growing areas in the country,
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