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Detection of Greening BLO by Electron Microscopy,
DNA Hybridization in Citrus Leaves with and without
Mottle from Various Regions in India

Anupam Varma, Yashvir S. Ahlawat, Nirmal K. Chakraborty,
Monique Garnier and Joseph-Marie Bové

ABSTRACT. Leaf mottle is one of the symptoms of citrus greening disease. We have collected
leaves with and without mottle in various regions of India. Detection of the greening BLO in midribs
of these leaves was carried out by electron microscopy (EM), dot blot DNA hybridization (dbH) and
ELISA. The DNA probe and the monoclonal antibodies (MAs) used were produced from the Poona
strain of the BLO.

Fifty-seven of 59 leaf samples with mottle gave a positive reaction by EM, dbH or ELISA. None
of the 11 leaf samples without mottle was positive by either one of the techniques. These results confirm
that leaf mottle is a useful symptom in surveying for greening in India. Most samples found positive
by EM were also positive by dbH, a technique more convenient than EM. MAs directed against the
Indian Poona strain of the BLO detected the BLO in only one of four orchards tested, showing that
these MAs are unsuitable for diagnostic purposes.

The presence of greening as based on detection of the greening BLO was confirmed in the following
regions: Andhra Pradesh (Hindupur, Tirupati), Delhi, Karnataka (Bangalore, Coorg area), Maharashtra
(Poona), Orissa (Angul, Subalda) and Rajasthan (Jhalawar).

Citrus decline or dieback disease
was reported to have been present in
India as early as the 18th century (3).
During the 20th century it has spread
alarmingly, especially since the 1940s,
and by the early 1960s it had been re-
corded in all citrus growing areas of
the country. It was generally accepted
that the problem involved tristeza
virus, zine deficiency and some fungal
parasites of twigs such as Colleto-
trichum gloeosporioides, Curvularia
tuberculata, Diplodia natalensis and
Fusariwm spp. (3, 14). However, none
of the above conditions could adequate-
ly explain the disease or its spread (5).
In 1966, at the request of the govern-
ment of India, Lilian Fraser made a
study of citrus dieback disease in all
major citrus areas of India, and con-
cluded that dieback was caused by the
“virus” responsible for greening dis-
ease, because dieback in India closely
resembled greening in South Africa (4,
5, 6).

At the time when the above survey
was carried out, the so-called greening
“virus” had not yet been identified. In
1970-1971 French scientists in Versail-
les discovered that the agent as-
sociated with South Africa greening

was not a virus, but a microorganism
restricted to the sieve tubes of affected
plants (11, 12, 15, 16). Furthermore
these workers showed that a similar
microorganism was also present in the
phloem of a Mosambi sweet orange
seedling infected with a Poona (Mahar-
ashtra) strain of Indian citrus decline
or dieback (2, 15, 16). This result sup-
ported the conclusion of Fraser et al.
(5) that indeed Indian citrus dieback
was associated with an agent similar
to that of greening disease. It has since
been shown that the agent of greening
is a bacterium with a cell wall of the
Gram negative type (7, 8). It has not
yet been cultured in cell-free medium,
and it is therefore called a “bacterium-
like organism” or BLO.

We have recently produced mono-
clonal antibodies (9) and DNA probes
(17, 18) for the detection of the green-
ing BLO. We have used these reagents
to survey for the presence of greening
in various regions of India. In previous
studies we have found that leaf blotchy
mottle as deseribed by McClean and
Schwarz (13) is more reliable than zine
deficiency patterns for greening diag-
nosis. Thisis also true in India. Indeed,
we have shown recently that there is
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a good correlation between mottle on
leaves and the presence of the greening
BLO in such leaves as determined by
electron microscopy (EM) and dot blot
hybridization (dbH) (1). Here we re-
port the geographical distribution of
greening in India as based on leaf mot-
tle and detection of the BLO by EM,
dbH and ELISA.

MATERIALS AND METHODS

Leaf samples. Leaves were col-
lected from orchard trees in various
parts of India (Fig. 1)in December 1990
for EM and ELISA, and in January-
February 1992 for EM and dbH. They
were treated as described elsewhere
(1).

Methods. EM techniques and dbH
with the 2.6 kbp probe from the Poona
BLO strain have been described previ-
ously (17), as have the enzyme-linked
immunosorbent assays (ELISA) with
monoclonal antibodies 2D12 and 10A6
directed against the Poona strain ofthe
BLO.

RESULTS AND DISCUSSION

Seventy leaf samples were col-
lected in 21 orchards in the regions of
India (Fig. 1, Table 1). Among the 59
samples with leaf mottle, 57(96%) gave
a positive reaction by EM, dbH or
ELISA (Table 1). None of the 11 sam-
ples without mottle was positive by
either one of the techniques. Most sam-
ples found positive by EM were also
positive by dbH. These data indicate
that leaf mottle is a useful symptom in
surveying for greening. The presence
of the greening BLO in trees with leaf
mottle can now be confirmed by dbH,
atechnique more convenient than EM.

Monoclonal antibodies (MAs) di-
rected against the Poona strain of the
greening BLLO when used in ELISA,
detected the greening BLO in only one
of four orchards tested (Table 1, Ban-
galore), even though all four orchards
were affected by greening as deter-
mined by EM and dbH. The ELISA
reactions, in samples from this or-
chard, were highly positive, as the op-
tical densities at 405 nm were between
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Fig. 1. MapofIndiashowinglocationsfrom
where samples for greening analysis were col-
lected.

1 and 2. The orchard in which the MAs
detected the greening BLO is the 20-
yr-old varietal collection of the Indian
Institute of Horticultural Research
(I.I.H.R.) near Bangalore in Southern
India. Many trees of this collection
have died. On the basis of leaf mottle,
EM, dbH and ELISA it is clear that
greening is present and is probably re-
sponsible for the severe decline of trees
in this orchard. Within 5 km of this
orchard, a 4-yr-old Chini sweet orange
orchard, at Kasakatapura village, was
also found by EM and dbH to be se-
verely affected by greening. However
ELISA reactions were negative (Table
1). These results show that two nearby
orchards are infected with two differ-
ent strains of the BL.O, one strain being
detected by the anti-Poona BLO MAs
and hence related to the Poona BLO
strain, the other giving no reactions.
Obviously, as pointed out previously
(10), these MAs are unsuitable for diag-
nostic purposes as they recognize only
certain strains of the BLO.

The region around Hindupur, 100
km North of Bangalore, is severely af-
fected by greening (Table 1). Sweet
orange and Kagzi lime are the major
cultivars. The Coorg region, west of
Bangalore, around Gonikoppal and
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Chitalli (Fig. 1), was well known for its
Coorg mandarins. Over the last
hundred years, coffee plantations have
taken over, partly as theresult of citrus
decline. Today, the only mandarin
trees left are scattered through coffee
plantations and practically all are af-
fected by severe greening (Table 1).
The regional citrus center of I.I.H.R.
grows alarge acreage of Coorg manda-
rin trees of various ages. The greening
BLO could be detected by EM and dbH
in the mottled leaves of these trees,
including thoseless than2 yr-old (Table
1, Gonikoppal and Chitalli). Citrus cul-
tivation under these conditions is a dif-
ficult challenge.

The Nagpur region is one of the
major citrus growing areas in India,
with the Nagpur mandarin being al-
most exclusively cultivated. It is, how-
ever, affected by a particular decline,
the Nagpur mandarin dieback, which
is quite different from greening, most
notably by the absence of leaf mottle.
Greening is definitely present in the
area (Table 1, Amravati; Garnier and
Bové, unpublished), but the involve-
ment of greening in the Nagpur manda-
rin dieback requires further investiga-
tion.

Many nursery plants are sent from
the Nagpur area to other regions of
India, such as Rajasthan. The presence
of the greening BLO in Nagpur manda-
rins leaves with mottle could be demon-
strated in Rajasthan (Table 1). How-
ever, trees with typical Nagpur man-
darin dieback and without leaf mottle,
gave negative results in EM and dbH
(Table 1, Jhalawar).

In the State of Orissa, Nagpur man-
darin is grown northwest of
Bhubaneshwar in the Angul area and
south of Bhubaneshwar on the steep
slopes of the Jirango hills. In one of the
orchards near Angul, a Kagzi lime with
leaf mottle was found to carry the
greening BLO as both EM and dbH
were positive (Table 1, Angul). In the
same orchard two Nagpur mandarin
trees with mottled leaves gave unex-
pectedly negative results by both EM
and dbH. This is one of the very few
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cases where the BLO could not be de-
tected inmottled leaves. Inthe Jirango
hills, Nagpur mandarin is grown as
wild seedling trees, more like forest
trees than fruit trees! In this isolated
area, near Subalda, the greening BLO
could be clearly detected by dbH even
though EM was negative. Many Mur-
raya paniculata plants grow wild
under the citrus trees and serve as host
plants for the insect vector of the BLO,
the psyllid Diaphorina citri. This situ-
ation undoubtedly favors spread of the
BLO within this relatively isolated
area.

The greening BLO could also be de-
tected in northern India. On the farm
ofthe Indian Agricultural Research In-
stitute (IARI) in New Delhi, many
trees showed greening symptoms and
the BLO could be detected by EM and
dbH in mottled leaves of Kinnow man-
darinand Mosambisweet orangetrees.

The 1992 survey did not include the
Poona areain Maharashtra. Since from
previous work by Capoor and cowor-
kers it is known that many treesin the
area have died from greening. Unfor-
tunately the States of Punjab and
Assam could not be surveyed, for secu-
rity reasons.

In conclusion, greening was pres-
ent in all the areas surveyed. This re-
sult is not only based on symptomatol-
ogy, and leaf mottle in particular, but
also on the detection of the greening
BLO by EM and dbH. This is the first
time that the presence of greening in
many regions of India has been con-
firmed by laboratory techniques.
Greening is responsible for the de-
struction of citrus in southern Kar-
nataka (Bangalore, Coorgarea), south-
ern Andhra Pradesh (Hindupur,
Tirupati), and western Maharashtra
(Poona). The role of greening in the
dieback syndrome of Nagpur mandarin
trees in nothern Maharashtra (Nag-
pur) remains to be evaluated. Finally,
the Asian vector of the greening BLO,
Diaphorina citri, was presentin all the
areas surveyed and is largely responsi-
ble for the spread of the disease
throughout India.
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