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Abstract

Sugarcane bacilliform virus (SCBY) has beenobserved for
the first time in noble canes and interspecific hybrids in
Mauritius. The latter included commercial varieties suchas
M438/59, M555/60, S17 and B51129 as well as someclones
imported from Barbados, India, USA, Taiwan, SouthAfrica
and Australia. A range of symptoms, consisting of mildfrec
klingto severe chlorosis witha mosaicpatternwasobserved,
particularly in noble canes. In interspecific hybrids the
symptomswere lesssevere. Thevirus was diagnosed byDAS
ELISA, only in crude sap from some noble canes such as
Iscambinestriped and Tanna white with severe symptoms.
This method washowever unsatisfactory, although it is used
routinely in Morocco. Similarly, directexaminations ofcrude
sap by the quick dip technique in the electron microscope
proved unreliable, except for a few highly infected noble
canes. Virusparticles were readilydetected by immuneelec
tron microscopy usingan antiserum to a Moroccan isolate
of SCBV. The virus was purified by differential centrifuga
tion and separation over 10-40% sucrose CsCI gradients.
The dimensionsof particles were 120-140 X 25-30nm both
in crude sap extractsand purified preparations. Various heat
treatments used for controlling sugarcane diseases failed to
free infected cuttings from SCBV. It is inferred that there
mightbe somevariationin SCBV resulting in different prop
erties between the disease in Mauritius and Morocco. The
need to identify the vector of SCBV, to establish its eco
nomic importance and its world distribution and to deter
mine the relationship between bacilliform viruses found
elsewhere in sugarcane is stressed. Emphasis is laid on the
importance of an internationalcollaborative project to pre
vent further spread of the disease.

Introduction

Until recently the numberof provenvirusdiseases of sug
arcane was limited to three, namely sugarcane mosaic
(SCMV), sugarcane streak and Fiji disease. Two new virus
diseases have lately been reported, namely sugarcane bacil
liform virus (SCBY) in Morocco and Hawaii (Autrey', Au
trey et al.' Lockhart and Autrey") and peanut clump virus
in Senegal and Burkina Faso (Baudin and Chatenet"), Virus
particleswith bacilliform morphology were observed in Mo
rocco in variety Mex57473, at first in coinfection withSCMV
and later they were found to be latent in the same variety
(Autrey et aI.4

) . The virus was purified, and diagnosed by
enzyme-linked immunosorbentassay (ELISA) and immune
electronmicroscopy (IIEM). It was found to be serologically
related to banana streak virus and was mechanically trans
mitted to variety CP 44-101. Bacilliform particles alone or
in coinfection with SCMV were observed in Cuba by Rod
riguez-Lema et al? but this report became available only in
1989 (Review of Plant Pathology 68,Abstract259). The size
of the virus in Morocco wasdetermined as 131 X 31 (Lock
hart and Autrey") and in Cuba Rodriguez-Lema et al" men
tioned 100-150 X 25-40 nm.

In Morocco in 1989, Autrey (unpublished) found
Mex57473 coinfected with SCMV and SCBV. The symp-
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toms were yellowish white freckles together with the typical
symptoms of SCMV. The same freckles were observed in
interspecific hybrids in the canecollection in Mauritiusand
electron microscopic examinations revealed very low num
bers of bacilliform virus particles similar to those found in
Morocco (Anon'). The virus particles were found in the
Mauritian germplasm collection and various studies were
carriedout on the newly founddisease. Someof the findings
are reported in this paper.

Materials and Methods

Varietal screening
The germplasmcollection of the MauritiusSugarIndustry

Research Institute (MSIRI), Reduit, was thoroughly in
spected to determinethe varioustypes ofsymptoms present,
especially freckles on leafsurfaces. Sap from 30interspecific
hybrids and 25 noble canes was extracted by grinding in a
mortar I g ofleaftissue less midrib in 5 ml of 0,06M phos
phate buffer, pH 6,5. The leaf material used had various
types of symptoms from slight freckles to severe chlorosis.

Electron microscopy
The quick dip technique was used for examinations by

electron microscope. Sap extracts were diluted tenfold and
placed on metallic grids coated with a carbon stabilized
Formvar film. The extracts were wiped offwith filter paper
and the grids stained for 15 to 30 seconds with I% phos
photungstic acid (PTA) pH 6,8. The grids were observed in
a Siemens IA electron microscope at 40K.

Immune electron microscopy (IEM)
The following procedure was used for IEM (Woods, per

sonal communication). An antiserum to the Moroccan iso
late ofSCBVpreparedby Lockhart and Autrey", wasdiluted
1000 fold with 0,06 M phosphate buffer pH 6,5. Formvar
coatedgridswere each incubatedfor one hour at room tem
perature on a 20 J1 1 droplet of the diluted antiserum placed
on a dental wax surface. The grids were then washed by
floating them on phosphate buffer for two changes of 10
minutes. Twenty microlitre droplets of sap extracts, pre
pared as for quick dip examinations, were placed on the
dental wax surface and sensitized grids were floated upon
them. The gridswere incubatedat 4"C overnight in a moist
atmosphere and washed with20droplets of phosphate buffer.
Theywere stainedwithoutdryingwith 10dropsof I%PTA.
Excess stain was drawn off with filter paper. One grid was
prepared per variety and whenever necessary others were
preparedfor confirmatory examinations. Observations were
made in the electron microscope as above. The numbers of
virus particles were counted in ten fields for each variety.

ELISA
Diagnosis of virus particles in crude sap was attempted

by double antibody sandwich ELISA as described by Clark
and Adams' and adaptedbyLockhartand Autrey" forSCBV.
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Table 1

Symptoms associated with sugar cane bacilliform virus in 128 noble canes
at Reduit Experiment Station - May 1990

Electron microscopy
Virus detection by the quick dip technique was in general

unsucessful, except in noble canes with' severe symptoms,
such as Iscambine striped in which a few particles were ob
served per field. (Fig. 3).

Virus purification
The method established by Lockhart and Autrey" was fol

lowed with slight modifications. The Celluclast treatment
was omitted and final centrifugation was in-lO-40% sucrose
CsCl gradients. Fifty grams of young leaf material from
Iscambine Striped or Tanna White varieties were shredded
to 3 mm wide ribbons and homogenised by hand in a mortar
or with an Ultra Turrax TP 18/2 or a Waring blender. Pu
rification was carried out in the cold at 4'C. Pellets were
diluted in 0,01 M phosphate buffer pH 7,0 and stained for
examinations by electron microscopy as described above.

Effect ofheat treatment on virus carryover in setts
Single-eyedcuttings ofvariety B59162 were given various

heat treatments, some of which are used in sugarcane cul
ture. The treatments were as follows:
1. 50'C for 30 minutes
2. 50'C for 30 minutes + 50'C for 2 hr after 24 hr
3. 50'C for 30 minutes + 50'C for 3 hr after 24 hr
4. 50'C for.30 minutes + 52'C for 2 hr after 24 hr
5. 50'C for 30 minutes + 54'C for 1 hr after 24 hr
6. Cold soak at 20'C for 48 hr + 50'C for 2 hr
7. Cold soak at 20'C for 48 hr + 50'C for 3 hr

Untreated cuttings were used as controls and three rep
licates of 30 cuttings were used for each treatment. The cut
tings were placed in a randomised block design in the field.

Results

Leaf symptoms
Yellow or white freckles were observed in all but one of

the 128 noble canes and in 424 of the 437 interspecific hy
brids in the germplasm collection of MSIRI. A range in
intensity was observed from minute light yellow, or white
spots to severe chlorosis, and in the noble cane Iscambine
Striped, a mosaic pattern was present. Freckles increased
from the youngest to the oldest leaves along the stalk. The
intensity of the symptoms was rated on a six point scale on
the basis of the frecklingpattern present on the fourth young
est leaf (Tables 1 and 2 - Fig. 1 and 2). In interspecific
hybrids, freckling was less severe than in noble canes and
did not exceed moderate intensity, i.e. level 4 on the 6 point
scale.

Infection
grade

°I

2

3

4

5

Type of Variety
freckling

Absent MB 7/72
Light B 6308, BA 1159,Bois Rouge, Beau Bois, Bam

bou(W), DK 74, D 130, IJ 76-432, Black Cher
ibon, D 109,Bambou(St),DI 52,H 109,Lousier,
Bambou(O), D 109(St), Fotiogo, Korpi, Lou
sier(St), M 26/20, D 109(W), Knox, M 29/16,
M 35/17, M 7/23, M 14/26, M 2/33, M 168133,
M 211/33, M 213/33, M 186/36, M 2118/69,
M 2344173, M 1182/55, Senneville, Sea1ay's
Seedling, RP 73, RP 8(W), RP 8, RP 6(St),
RP 6, Rat Gros Ventre, Penang, Oramboo,
NG 77-147, NG 77-142, NG 77-66, NG 77-28,
MB 8/72, MB 9/72, MB 12/72, MB 13/72,
Mignonne, MP 33, MP 55, MP 87, MP 131,
MQ 27124, NG 5113, NG 5156, NG 5768,
NG 577, NG 51153, NG 57123, NG 57155,
NG 57198, NG 57233, M 1350176.

Slight B 6103, Badilla, Gras Genou, M 109126, M 5/
38, BA 7924, Chinois, M 1900, M 171/30,
Tombiapa, BA 8846, D 1135,M 23/16, M 171/
30(St), Mapou Perlee, Branchue(S), John Bull,
M 27/16, M 33/19, Tamarin(T), BH 10-12,
IJ 76-203, M 13/18, M 68/33, Sylva, Port
Mackay(K), Port.Mackay, NG 77131,Tamarin,
BM 1172, NG 89(S), NG 7716, B 5913.

Moderate B 5908, M 27/16(St), Tana(F), Tana(D),
Tanna(K), SC 12-4, NG 77137, NG 5757,
BA 2471, BA 8846.

Severe B 3390, B 5913, BA 6032, Cha1ain, Cote d'Or,
U 76--561, U 76--14, Iscambine, Tanna(W),Tana
(St), Tana(A), SW 499,NG 5752, NG 51142.

Very Iscambine(St).
severe

FIGURE 1. Symptoms associated with sugar cane bacilliform virus. From left to right: absence, light. slight. moderate, severe and very
severe freckling in noble canes.
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Table 2

Origin and number of interspecific hybrids showing various symptoms associated with sugar cane bacilliform virus

NUMBER OF HYBRIDS

ORIGIN Severity of symptoms

TOTAL
Absent Light Slight Moderate Severe Very

severe

Argentina 0 5 0 0 0 0 5
Australia 0 35 8 I 0 0 44
Barbados 0 47 0 0 0 0 47
Brazil 3 21 0 0 0 0 24
Cuba 0 4 0 0 0 0 4
Dominican Republic 0 I 0 0 0 0 I
Fiji 0 3 0 0 0 0 3
Guyana 0 3 0 0 0 0 3
India 0 24 7 0 0 0 31
Indonesia 0 7 3 0 0 0 10
Jamaica 0 4 0 0 0 0 4
Mauritius 4 90 14 I 0 0 109
Reunion Island 0 25 I 2 0 0 28
Philippines 0 3 I 0 0 0 4
Puerto Rico I 7 2 2 0 0 12
South Africa 0 9 5 2 0 0 16
Taiwan I 19 5 0 0 0 25
USA 4 55 8 0 0 0 67

TOTAL 13 362 54 8 o o 437

Immune electron microscopy
Visualization of bacilliform particles wasgreatly enhanced

by !EM due to trapping of the particles by the antiserum
and absence of host contaminants (Fig. 3). The number of
particles varied from one in M171/30 to 15 in DK74, 30 in
Tana Striped, 35 in Tanna White and 60 in Iscambine Striped
(Table 3). The number of particles tended to increse with
severity of symptoms. The 25 noble canes tested, repre
senting the range of symptoms, were all found to contain

Table 3
Relationship between severity of symptoms associated with sugar cane ba

cilliform virus and concentration of virus particles in 2S noble canes

Variety Mean number of virus
particles per field

MB 7172 0

Bambou (St) I
M 35/17 2
M 213/33 2
HIM 3
D 109(St) 5
Lousier 6
DIM 14
DK 74 15

Branchue I
M 171/30 I
IJ 76-203 2
Port Mackay 2
B 6103 2
M 5/38 8
M2316 10

M 27/16 (St) 6
Tana - Saint Felix 8
B 5908 14
Tana Mon 20
Desert

4
5

30
35

60

Cote d'Or
IJ 76-561
Tana (St)
Tanna white

Ischambine (St)

Type of
freckling

Absent

Light

Moderate

Slight

Severe

Very severe

o
I

3

4

5

2

Infection
grade

FIGURE 2. Very severe freckling and mosaic pattern in variety Is
cambine striped.
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the virus except MB7/72 which was devoid of any freckle,
in repeated surveys.

Virus particles were found in local hybrids as well as in
hybrids imported fromBarbados, India,USA, Taiwan, South
Africa and Australia (Table 4). In general the number of
particles was low, usually one to two per field. The highest
numberwasfound in varieties fromBarbados, namely B5736
and B46364, which containedonaverage 10and 15 particles
respectively per 'field. The infected local hybrids included
threecommercial varieties M438/59, M555/60 and M94/63.

Varieties S17 and B51129, which are still cultivated on a
relatively smallscale in Mauritius, were also infected. Virus
particles were not found in some hybridssuchas M376/64,
F176 and H67-5630, in which yellow freckles were absent
and in M13/53, Co1202, Co740, H68-ll58 and Q85,which
showed various intensities of yellow freckles.
ELISA

All tests carried out with crude sap were inconclusive ex
ceptwith some noblecanes such as Iscambine Stripedand

FIGURE 3. Detection of sugar cane bacilliform virus particles in crude sap of variety Iscambine striped by the quick dip technique (top) and
immune electron microscopy (bottom) X 100,000,
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Table 4 Tanna White, for which 00 values at 405nm were slightly
Detection of particlesof sugar cane baciliform virus in 30 interspecific hy- in excess of twofold those of the buffer and healthy sapbrids by immune electron microscopy

controls.
Infection Severity of Hybrid Mean number ofvirus Purification of virus particlesgrade symptoms particles per ten fields

The procedure followed gave positive results and a single
0 Absent M 376/64 0 band wasobserved in sucrose CsCI gradients. The band was

H 67-5630 0 slightly diffuse. Large numbers of virus particles were re-F 176 0
Light Co 976 0 coveredfromthe bandafterpelleting and staining withPfA,

CO 1202 0 as for the quick dip technique (Fig. 4). The size of 50 virus
H 681158 0 particles ranged from 120-140 X 25-30 nm. Occasionally
Q80 I longer particles were observed (Fig. 5).Q90 I
CP 5243 I Heat treatmentNCo 376 I
Co 421 I The virus was observed by IEM in young shoots devel-
Co 775 I oping from treated setts three months after planting. The
Co 975 I number of particles was low, generally one to two per fieldM 555/60 I
N6 I in all treatments, including the control. The shoots had yel-
B 51129 2 lowfreckles and the five testedper replicate were all infected
B60191 2 with SCBV.
M 438/59 2
M 94/63 2 DiscussionB 59162 4
B 5736 10 The results of theseinvestigations have revealed the pres-B46364 15

2 Slight M 13/53 0
ence ofSCBV in Mauritius where it was not previously known

Q 85 0 to occur. The slight differences in dimensions of the particles
Co 740 0 found in Mauritius, compared with those of the virus in
Q 110 2 Morocco, are not regarded as significant.
F 148 2

The virus disease, which wasuntil recently unknown, ap-
3 Moderate N 10 2

PR 1000 2 pears to have a wide geographical distribution. It has been
N 15 3 foundin Hawaii (Lockhart and Autrey"), CapeVerde Islands

(Ricaud and Jones; personal communication), Maderia

FIGURE 4 Purified preparations of sugar cane bacilliform virus (X 151,000).
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FIGURE 5 Panicles of sugar cane bacilliform virus of unusual length. Left (X 100,000); Middle (X 80,000); Right (X 95,000).

(Jones, personal communication), Florida (Miller, personal
communication), Taiwan (Autrey, Chen and Jones, unpub
lished) and Madagascar (Autrey, unpublished). The recent
interception of SCBV in quarantine in Mauritius in canes
from Argentian, Barbados, Brazil, Puerto Rico and Reunion
Island (Autrey et al.5) points to a broader geographical dis- .
tribution. Although strict comparative studies have not been
made and despite the differences in size mentioned by Rod
riguez-Lema et aC), it appears that the virus found in Cuba
is probably SCBV. As Cuban researchers have found the
bacilliform virus particles in clones from China, Laos, Viet
nam and Mexico (Peralta, personal communication), it is
concluded that SCBV occurs world-wide in sugarcane.
. Although SCBV has not yet been proved to induce the

symptoms observed in noble canes and interspecific hybrids,
there is a strong association between the chlorosis and frec
kles on leaves and the presence of virus particles, especially
in noble canes. In some rare instances, where the virus was
not found in interspecific hybrids with yellow freckles, con
firmatory tests have to be carried out. However, it appears
that there is a range of reaction to the disease, with some
noble canes having very severe freckles and others having
mild ones. Furthermore, in interspecific hybrids, the mod
erate intensity of freckles as well as latency, as in Mex57473
and CP 44-101 in Morocco and Hawaii (Autrey', Lockhart
and Autrey"), and seven clones in quarantine (Autrey etal.4),
are indicative of differential reaction to the disease.

The best method .of diagnosing the virus was by IEM as
found by Lockhart and Autrey", but the method, required
sophisticated equipment and is time consuming. This is es
pecially so when virus particles are present in small num
bers, e.g. interspecific hybrids. Therefore ELISA was used,
but was found to be unreliable except for highly infected
noble canes, for which the Ol) values obtained were never
theless low compared with those obtained in Morocco by
Lockart and Autrey" and Autrey' in Mex57473 and CP 44
101. The results suggest that there might be some strain
variation in the virus. This will be further investigated with
the preparation of antisera for Mauritian isolates of SCBV.

39

At a later date it would be interesting also to compare the
properties of virus isolates from various geographical areas.
Owing to the low concentration at virus particles in crude
sap, a highly sensitive method of diagnosis such as a eDNA
probe produced by biotechnological techniques, is needed.

It is important to identify the main method by which
SCBV is transmitted. The distribution of the virus in the
germplasm collection in Mauritius suggests an aerial vector.

The economic importance of the disease has yet to be
determined. In Morocco some data suggest the SCBV has
been detrimental to Mex57473 (Autrey, unpublished data)
but an assessment of yield loss has not yet been carried out.
That SCBV might have been one of the factors responsible
for the decline of noble canes is worth investigating.
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