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Micropropagated plants of 36 Musa genotypes with diverse genetie backgrounds, including F reviaploid plaioan
(T'MPx) and banana (TMBx) hybrids, were evaluated for their response to hanana streak badnasires (B5V) intec tion
under three environments from 1995 to 1997 in Nigeria. The characteristics evaluated were the natureal incidence of
BSV based on symptoms and virus indexing, relative concentration of BSV antigens in leaf tissues determined by
ELISA, and some growth and yield descriptors. Virus occurrence and symprom expression, as well as the relasnve
concentration of BSV antigens, fluctuated greatly between seasons during the cropping evele, being high durine the
rainy season and low or negligible during the hot dry season. The natural incidence of plants with semproms and BSV
infected plants varied between genotypes. Incidence of BSV on most International Institute of Tropical Apriceluare
(II'TA) TMPx hybrids and three Fundacion Hlondureoa de Investigacion .-\grig‘nhl (FHITA) hybrids was high in the three
environments, with some variation. Most landraces and some FITIA or Empresa Brasileira de Pesquisa Agropeciaria
(EMBRAPA) hybrids were not BSV-infected under cither environment at Onne. However, a few expressed some toliar

symptoms at Ibhadan and indexed BSV positive. The relative concentration of BSV antigens in leat camplegwas gl

it ebeoy

high in most TMPx and some FLTA hybrids, but low in most Lindraces, While BSV infection i na

on most growth characteristics, it had a highly variable effeer on bunch weight loss among the g ooty pess Ther

no relationship between the natural incidence of BSV, concentration of viral antigen and bus b owiis S I S TS
the 11 TMPx hybrids, three FHIA hybrids and three plantain landraces. Despite the high naterai B8 incidesoe sl
the high relative antigen coneentration in their leaf tissue, TNPx S48-9, TMPx 263749 TN Tit T agd FrIVA 2

suffered less than 15% bunch weight loss, and TMPx 548-4 and FHIA 22 suffered no loss. Th:“i(- :-'.'auft-‘ Sitg

under the conditions specified in this study, these hybrids could be tentarively classified as “field rolevane o B3%
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humid forest and mid-altitude zones of suls Saharan

Introduction Africa, 359 of the world's Musa is prodaced. provading
Plantains and bananas (Musa spp.) arc one of the world’s 25% of the carbohydrate rc:qun-*nr‘:‘* f'nr anrroxi-
most important, yet poorly investigated, staple food mately 70 million people_(ITTA, 1992: INIBADP, {993),
crops (Frison et al., 1997). They provide a significant In addition, banana and plantain wre a4 najor scaree
source of carbohydrate for more than 400 million people of income for small-scale farmers (Nuweke of ol 1988),
in the tropical world (Swennen et al., 1995). In the Due to intensification ol crop producticn dunng the
past 20 vears, an increasing number of new pesrs and

T whom correspondence should be addressed at the diseases have been identified that can canse a0 sipmih
Univeralmal Nt iineseoe. cant reduction in yield (Wilson, 1988; Swennen & De
) i - Langhe, 1989; Swennen of al., 19839, Croy S0 Vovlaeeke,
He-mail: },.’,l.l.'il'l.‘l]("‘:['ﬂl{_'l_'IHI.L'!'!JIII'III.L'(III‘. 1994: Orriz, 1996). This, I!J]LL'I|I('I' with I'i'-ii:l}[ P“i'”ll-l
Accepted 23 July 1999, tion pressure on the land, has led ro altered fanming
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Natural occurrence of BSV o some plantai hylids [

S Vuvlsicke, 1994), To address these
ormanonal Institute of Tropical Apri-
s docused s research oon develop-

ceologically sustainable resource,

B e mamagcmient strategics in Morsa farming
B Raek e of al, 1993). During the past decade,
R smmmeees have developed plantain and banana
S sl Musa plantain or banana hybrids,
St gessenatcd 1TMDPx and TMBx) that are
e B Mk sigatoka discase caused by Alyco-
e Eemeere (VMuvlstcke of al., 1993; \"ll_\'|~;tt'k('

~ e DR These hybrids are being evaluated for
e ol sestommance and response to biotic and
e smesses (Ortiz of al., 1995; Ortiz, 1996).
Bl s swccurrence of a streak discase caused by
S s wirus IBSVY; genus Badnavirus) in these
el Bebeids (Ortiz, 1996; Pasberg-Gauhl e al.,
S el SiSculty in obraining virus-free plantets
S sssae culture (Crouch, 1996) have impeded
r v cment. Currently, BSV s considered a
¢ oot to banana and plantain improvement

sl poses a threat to Musa production
e sooent of BSV awas from Cote d'lvoire in 1974
e 1974 Te s now reported to oceur in 43
e o8 Afmca, Asia, Furope, Oceania and Tropical
semns Ahckmann & Putter, 19965 Pasherp-Gauhl
2 P Vavlsicke of al., 1996). BSV has bacilliform
S = 130=150nm (Lockhart, 1986) with a
N genome of 744 kbp (Lockharr, 1990),
s zenomic and serological  heteropencity
o s Olszewski, 1993) Although many natu-
= coormne solates of BSY are known to occur
Lockhart, unpublished data), to date isolates
o Wica, Honduras, Morocco, Rwanda and
o e been recognized as serologically and
sowemcally distinet (Lockhart, 1994; Ndowora &
Lo, 1999 Characteristics of a BSV isolate from
« oo Nageria have been reported elsewhere (Dahal
= 1998a; Thottappilly et al,, 1998). The most
~om vsual symproms of BSV-infected plants include
= won chlorotic streaks or spindle-shaped patterns on
she Lamma (l.ockhart,
=« dependimg upon virus isolate, host cultivar and
~omental conditions (Lockhart, 1994; Gauhl
sowre-Caauhl, 1995 Dahal et al., 1998a,b).
Soatural spread of BSV s by vepetative propagation

1986)., Symptom  cexpression

cored plane material and by mealybug vectors

cos o Lockhare, 1993), BSVis semipersistently trans-
crrred bathe citeus mealybuay (Planocoecus eitri) from
o bananay and by the pink sugarcane mealy-
o Soccharcocens sacchari) from sugarcance to banana
sos o0 Lockhart, 19935 Lockhart & Olszewski, 1993),

“cyeral

speaies of mealybug, including a new species,
oo cns musae, have been identihied from \1|:ml:|in
folds o Nigeria (Matile-Ferrero & Williams, 1995),
Howeovern, thar role in BSV transmission and disease
femology has not been studied. Transmission of BSV

ch seeds has been reported (Danielles et al., 1995).
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Fhe selection and deployvment of hose plant resistance i
considered  the most sustainable approach tor e
managenent ol Pests and  discases of - A s
(Voavisteke e al, 19930 While evaliaiimg TATPS b
for vield performance and sigatoka resistance inomed
location trials, some with no symptom expression or
low incidence of BSV svmptoms veder natuial condi
tions were classified as Sresistant” to BSY (Oretiz 1929600,
In addition, some hyvbrids with fow BSY svipton,
merdence (e, MNP A479-0, TTNPx TS 20 TS
1378 and TMBx S295-01) were olasstfred as tolerang
(Ortiz & Vuovlacke, 1998aby Orvuz or gl
FHowever, some of these held resistant” or Held teierane

R b

genotypes have a high incidence of rvpica! B3V svap
toms  during the rainy scason or whes
subambient temperatures such as 22340 0 .

trolled environment (Dahal ef af., 19993 000 There gie
na reports of the possible mechanism of the ficld rese

2reane i

tance or held tolerance of these genotypes. A resistance
and tolerance of a host to viruses are independens
mechanisms, it s essential o determine whether the
poor expression or absence of symptoms in the breedimg
materials s due 1o resistance or tolerance (Bos &
Parlevlier, 1995). For plant viros diseases, the wrne
‘resistance’ has been used o refer to the abiling of 5
host to hinder “infection, multiplication aad mvasion
by virus(es)'. whereas the term Ctolerance” has been
used to refer 1o a host that a specilic virus caninfea
and in owhich ioean I'\'}\rit'.tt:' withont CLTRESENE, SV
syimptoms or preatly diminishmg the rate o oo
of growth or markerable }'it‘|i!' (Conper & fones, 19535,
In this paper the term Ssymptoms” is ased weorefer enh
to foliar symptoms. Symptom incdence alone nuy
not truly reflect the extent ol vitos mvasion i plaags
because of the possibility ol variaton momsaseon
replication o celltocell spread o o viras among
Jones, 19834 Paaky
et al, 19900, This, together with an ervane distribotie

infected penotypes (Cooper &

of BSV symproms and antigens over indsiduat Teayve
as well as between different leaves of the <ame plon
(Lockhart, 1986: Dahal ef al., 1998h) iy exndain win
some genotvpes sutter lower vield Toss than others, i
such cases, additional characteristics such as cvinnies
severity, virus titre and vield have been ssed to determine
and differentinte between “tolerance” and Cresstancd
(Pataky ef al., 1990; Kerns & Pataky, 19973, Fherclore,
the objective of this studv was to evaluate plantain aned
banana hybrids, based on symptom incidence, vires
indexing and relative BSY antigen concentration in ihe
infected tissues, and to determine the effects of these
parameters on the prowth and vield characteristics of
some plantain hybrids,

Materials and methods

Micropropagated plants

Dz vatro plantlets of 11 Musa genotvpes (Pisang Cevlan,
Pelipita, Saba, Yangambi km-S, FNB 402, ENIDB 03,
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EMC 602, FHIA-1, FHIA-2, FITIA-3 and FHIA-23),
derived from *virus-free® mother plants (Frison & Putrer,
1989), were received from the International Network for
the Tmprovement of Banana and Plantain (INIBADP)
Virus Indexing Centre, Montpellier, France. Micropro-
pagated plants of 25 other genotypes (Table 1) were
produced at IITA High Rainfall Station at Onne, south-
eastern Nigeria (Ortiz e al., 1997). The mother plants
in plantain ficlds were sampled randomly and indexed
for BSV by immunosorbent clectron  microscopy
(ISEN) (Dahal et al., 1999a) and, whenever possible,
BSV-negative plants were used for micropropagation.
In some cases mother plants without symptoms, which
are normally BSV-negative (Dahal et al., 1998h), were
also used. All the micropropagated plants were estab-
lished in soil as deseribed by Vuylsteke (1989) and kepr

in a polyethylene tunnel tor 2 3Ymonths betore being,
plinted in the field.

Virus isolates

The BSV isolates studicd ocounrred in naraalls anfecred
plantain hvbrids ar the TTTA FHhigh Ramtall Stanon at
Onne (Pasherg Canhl ef all, 199610 Some biologacal
and molecular characteristios of anosolare (BSY Onned
collected from this station have heen desaribed else
where (Harper ef aly 19960 Dahal er al, 1998y
Dahal ef al., 1999h: Thotappilly ef al., 19981, Nigernan
isolates of BSY are serologically distinet tram several
previously  deseribed  BSV isolies (Lockhare - &
Olszewskin 1993) but they remain to be characterized.
All these isolates can be etficiently and reliably detected

Table 1 Average percentage BSV incidence or symplom incidence (in parenthesos) ol 306 plantam el bas gy genotypes dimne O tobes
1996, under three anvironments (sole grop at Ibadan, sole and alley crop al Onnedan Hhepena

Ibadan
Genolypes Genome (sola)
TMPx 7002-1 AAB > AA BO(RO)
TMPx 2637-49 AAB ~ AA 90(90)
TMPx 548-4 AAB - AA 70(60)
TMPx 7152-1 AAB ~ AA 80(70)
TMPx 6511-2 AAB = AN GOGO)
TMPx 548-9 AAB < AA 70(B0O)
TMPx 1112-1 AAB = AA A0(30)
TMPx 1658-4 AAB < AA 20(10)
TMBx 5285-1 AAB x AA 10(10)
TMPx 2796-5 AAB « AA 30(50)
TMPx 6930-1 AADB < AN 60{A0)
TM3x 15108-6 [AAB - AA] = AA a0(10)
TMBx 612-74 ABB » AA 10(10)
TMBx 1378 ABB »BB 0(0)
EMBRAPA 402 AAB = AA 20(10)
EMBRAPA 403 AAB < AA 0(0)
EMCAPA 802 Tetraploid from AAB? 0(0)
FHIA 22 AAB =« AA 50(40)
FHIA 21 AAB - AA 50(50)
FHIA 1 AAB » AA 10(10)
FHIA 2 AAA < AA 0(0)
FHIA 3 {|ABB - BB] » AA} < AA 0(0)
FHIA 23 AMA < AA 0(0)
SH 3436-9 AAA =« AA o)
SH 3640 AAB < AA 0(20)
Agtngha AAD 20010
UNN Dbl Bunch AAB a0(40)
Saba ABB (or BBB) 20(20)
Obino I'Ewai AAB 10(10)
Fougamou ABB 10(20)
Bluggoe ABB 10(10)
Cardaba ABB 0(0)
Pisang Ceylan AAB 0(0)
Pelipita ABB 0(0)
Yangambi km-5 AAA 20(10)
Valery AAA 0(0)

Standard error for means

Onnn Onne Student Mewman Keul's
(alley) (soln) Avenage Test!
70(100) 70(90) 73(90) A
AD(6G0O) 70(60) G775 AR b
50(30) B0(50) BOAT) ARG b
50(40) AD(0) A7AT) ARG heed
GOH0) AD(7I0) AT AR e ol
RO(A0) A0(A0) O AR B
10(20) 70(20) AD2T) BGOETD el
30(10) 30(0) 277 DEFGHE g
20(10) A0(30) 23017 DEEGH efg
20(30) 20030 2370 FFGH edel

0(0) 0(0) 20017 GG
0(20) [$1{8)] 10 1) G g

0(0) 0(0) 33 Hin

0(0) 0(0) 00) Haqg

oo 0(0) 7(3 GH g

0(0) 0(0) 00y Ho

0(0) 0(0) 0(0) Hag
30(40) an(s0) 37(43) BCDFET beetn
60(60) 0(0) a7(an COFF G oodded

0(0) s11e)] 3(3) H g

o 0(o)y o Hoa

0{0) 0(0) 0o H

0[0) 0(0) [41{4]] i

(o) o0y 04 11y

[$IR18)] 0oy 01 Hilg

204 o 173(20) skt edeoley

0(0) [$1{8)] 10013 F Gl fg

0[0) o) 7M7) I'tifg

0(0) 10(0) 7(3) GH Ig

oo [s]{0}} A7) Hig

om 0(0) 3(3) H g

0(0) 10(0) 3(m Hq

0(0) 0(0) 0(0) g

0(0) oo oo Hao

o0y 10 100) (NS RI]
10(0) 10(0) 7o ia
- - 6(7)

‘Based on arc-sin-transformed data; sama Intlers between rows are not signilicantly differont at £2..0.05
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NEAT 3 B rnple antibody sandwich ELISA (TAS-
. o poebvclonal antisera prepared from a pool
S satates (| Ndowora e al,, 1999),

Facld experiments

dexperiments were conducted from August 1995

1997 ander three environments at two  locations
adan and Onne) in Nigeria, as a part of multilocation
coatuation of inproved black sigatoka-resistant Musa
cermplasm. The multifocation trial included 10 tetra-
ploid TMPx, three tetraploid TMBx and one secondary
triploid (TM3x) L{L‘\'cfnpcd at HTA, three retraploid
banana hybrids (ENMBRAPA or ENCAPA) from Brazil,
cight tetraploid hybrids from Fundacion Hondureoa
de Investigacion Agricola (FITIA), five triploid Asian
exotic bananas (Bluggoe, Cardaba, Fougamou, Pelipita,
Saba), three “triploid  African plantain landraces
(Agbagha, Obino MEwai, UNN Double Bunch) and
three triploid dessert bananas (Pisang, Ceylan, Valery,
Yangambi km-5). The experiments were carried out
using five plants of cach genotype in two replications
at cach site ina simple lattice-square design.

Assessment of symptoms

BSV symptoms on'all plants were monitored at monthly
intervals, To quantify  symptom  severity, individual
Jeaves were scored on a 0=3 seale (Dahal e al,, 19991),
where 0 indicates no visible symptoms; 1, very few
streaks or chlorotic flecks on the leaf Tamina (<10% of
the lamina affected); 2, streaks or chlorotic flecks
covering a moderate portion of the lamina (>10% but
<50%0); 3, most of the leaf imina covered with streaks
or chlorotic tlecks (=509%). The total number of leaves
and number of leaves with symptoms were recorded
from cach plant. The symprom severity index (881)
(Dahal er al., 1999b) was calculated from the severity
score of individual leaves as SSE= (Oa -+ Vb | 2e 1 3d)/n,
where a—d are the number of leaves with scores of 0-3,
respectively, and # = total number of leaves observed.
The SSI of individual plants was averaged to give an
average symptom severity index (ASSI) of each genotype
according to Dahal er al. (1999h). During, the rainy
season, when BSY SYmMptoms were more CllllN|1iL'1!l‘HlS, all
the plants were indexed for BSV by ELISA,

BSV indexing

For the confirmation of BSV infection, the plants were
indexed by ELISA as deseribed by Ndowora et al. (1999).
For all indexing, small portions of tissue (2% 5—=10¢m)
from 3 to 4 fully expanded leal laminae (excluding old,
dying leaves and the unrolling *cigar® leaf) were made
inta 2-3g composite samples. The samples were cut
into fine picces and about | g of this tissue was yround
in 3ml PBS (100 ma phosphate pl17:0 containing
2% NaCl, 1% NSOy and 0:05% v/v Tween 20) using
a leaf and bud press (Erich Pollahne, Wennigsen,
Germany). The extract was used directly or after a brief
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(2=3min) centrifugation in microtitre plates (Dyvnae
tech Taboratories) previously coated wiith Lingoml !
BSN et The mrapped BSY antigens were deiecred
1:2000- 14000 diluon ot e alkaline
phosphatase conjugare in PBS with 270 wiv polyvim
pyrrolidone (PVE) and 0270 w/v BSA. The reactions
were visualized by addition of 0-5 myml

using,

! frmiro
phenyl phosphate substrate, Tissues trom BSV milecred
TMP 46981 plants with typical sircak svmptome tthe
presence of BSV was confirmed by ISTAD were ved s
the positive control, and sympromless pianes o which ne
virus particles were seen by ISEND as the negating
control. Absorbance values (Ayns) greater than nwice
the mean value (from at least four rephoate welis) of
healthy controls were considered 1o he positive far BSY.
Results of previous studies (G Dahal, unpoblished data
showed that plantain hybrid TMPx 4698 1 consistently
expressed severe foliar and fruit ssmptoms aad con
tained high concentrations of BSV antigens in mfected
tissues. Theretore RSV infecred tissue from this penon jpe
was used as susceptible control in FLIS A asonvs (Dahal
ef al., 19980, 19990), To determine the relative BSV
antigen concentration (with respect to TIPS 4698 1) in
infected tissues of the various penotspes, composite
samples were used from at least five plants of cack
genotvpe. Because of no or less BSV infeconon in most
landraces, the number of plants used varied tone to four)
depending on the availability of BSV infected plants, The
composite samples (005 1) were homopenized i 125 ml
PBS-T bulter and 200 pl was added to three sells of the
microtitre plates as deseribed above, The average absos
bance (Ags) value was used as an indicator of the
relative BSV antigen concentration in the tisanes,

Effect of BSV on yicld characteristics

Four growth characteristies (davs to floswering, plan
height, total number of Teaves and heinhe of ihe talles
sucker) were recorded at monthly intervals, and foor
bunch descriptors (bunch weight, number ot hands,
number of froits and fruit weight) were vecorded
harvest. Due to differences in maturity, the foarvestn

Wil
dates varied considerably between plants of the e
genotype and between genotypes, Because there were
insutficient intected plants of most of the Lindraces,
the effect of BSV infection on growth  and vickd
characteristics was determined  primarily on PNy
and two FEHA hybrids. The percentage vield reduction
(YR). as measured by bunch weight per piant (Orrig,
1995) relative to the sympromless and BSVonegative
plaints of the same penotype, was calenlated as YR™,
100 [(vield of BSV positive plants vicid of 1Sy
negative plants)/vield of BSV-negative plants], '

Data analysis

The percentage incidence data based o symproms

and BSV indexing, were transtormed 1o angles (Gomes

& Gomer, 1984) and the wransformed dara were
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analvsed using the GEM procedure in Statistical Analy

sis System software (SAS, 1996}, CGrowth and vield
characteristics of BSV-positive and BSV-negative plants
of the same genotype were analysed within location
or across the locations using the GEN procedure and
the means were compared by Student=Newman—Keul's
test. )

To enable a comparison of symptom development on
different penotypes, the area under the discase progress
curve (AUDPC) plotted for the ASSE transformed values
of the percentage of plants with symproms, and number
of leavés per plant with symptoms over time were
determined using the mid-point rule for area estimation
(Campbell & Madden, 1990). Other characteristics
associated with disease development Yy, final incidence
of plants with symptoms; X, days from transplanting
to first appearance of symptoms; X, days to reach 5070
incidénce of plants with symptoms; and r, apparent rate
of increase in symptom development) were calculated
“and analysed using principal components analysis.

Results

Incidence based on symptoms and virus indexing

The analysis of variance for o lattice  design, tor
incidence hased on plants with symptoms or BSV
indexing, showed that the intrablock error was greater
than the interblock error in cach independent environ-
ment except for BSV indexing at Ihadan. The lattice
design was not more efficient than the randomized
complete block design at controlling the experimental
crror across the two environments at Onne. No mean
adjustments were made for the BSV scores of the 36
genotypes, because the suggested lattice adjustments
were negative for genotypes not infected with BSV. The
results of BSV incidence based on plants with symptoms
and BSV indexing by ELISA were gencerally similar
across the environments (Table 1) and there was a
significant phenotypic correlation (r=0-95, P<0-001)
between the two scoring systems. Both the incidence
of plants with symptoms and of BSV-infected plants
as determined by ELISA were high for most TMPx
hybrids in the three environments, with some apparent
variation between environments. While the genotypes
differed sipnificantly (< 0-05) in their response to
symptom expression and BSV - infection, neither the
cnviromments nor the genotype—environment inter-
actions were significant (I’ >0-05) for the incidence of
symptom-hearing and BSV-infected plants.

Trrespective of location, nine hybrids (TMPx 5484,
TMPx §48-9, T'MPx §511-2, 'TMPx 7002-1, TNN
2637-49, TMPx 7152-1, TMPx 111-2, FITIA2I and
FIIIA22) had significantly higher \>37%; P?<0:05)
incidence of plants with symproms  than the other
hybrids (<27%) and most of the landraces (<13%).
For the other seven hybrids the incidence of plants
howing symptoms was generally comparable with that
of most landraces. While most TMPx hybrids expressed

G Dabal eval

svmptoms inall three environments, FAPX (ERLRTL AN
INIP 3N ESTOS 60 ENIB 612 70 PRI PRI 2 and
FANBRAPA 02 expressed svmproms m anly one o
fwor environments: seven hyvhods (PPIEN 20 FEITA 5,
FETA 23, ENIBRAPA 03, UNTCAPA 6020 TN TS
amd ST 3436 9 did nor express svmptoms i and
environment (Lable 1 Likewise, mme of the 11 Land
Faces l‘\'|‘|"t"wNL'l.i svinptons i only one of o enviroen
ments, and Pisang Cevlan and Pelipita did ot express
comptoms incither environment. Senie plants ol
Aghagha expressed symptoms . hadan and Onne
{allev crop), while other Tandraces thonpamon, Obinag
PEwai. Saba, Bluggoc, Yanmambi ki 50 Valery and
UNN Double
Ibadan and only in one to three plants lahle 1.

While most plantain-derived TNPy hyvbrids had o
lightly  higher BSVincidence fas deternmuned by

wunch) expressed  sumptoms onlyv ot

FLISA) than symptom incidence, some other I brids
(UMPx 700221, TNPN 2637 490 TP S8 00 TP
1796-5 and FITIA 220 had o slightly higher do idenee
of plants with symptoms (Table 1) Nonetheless, the
difference in the average BSV mcidence hetween the two

wCoring, systems was not <ignificant (72 005, When
the anomalous samples were re indexed by FRISA most
of the plants with symptoms that pave FIESA negative
camples were indesed as RSV positive in the wecond
test. Despite these disparines, pencrallv RSV annpens
were not detecred m \HH!‘]!"- collecred from s
less plants of cither hybrds or Tandeaces. Mot plants
of the landraces expressed no visible sympioms, and
BSV antipen was detected from onlya fow ot the compo
qite samples (Table ). However, one or two symptom
less leaf samples ol five Landraces (Aphaeha, Ohino
FEwai. Cardaba, Yangambi ki S and Valernso were

indexed BSV pnxiti\(' |'l)' FLISA.

Concentration of BSV antigens in infected tissues

The relative concentration of BSV antigens i samples
taken from infected plants varied depending on the
genotvpe. It was relatively high in most AP and
some FLITA hybrids, but Tow in maost Tandraces. A hi
plot ot BSV incidence (7o) vaoabsorbance value (A0
indicated that most TTEA and FETA hvhrds tha had a
higher BSV incidence (-20%0) than  miow of  the
Lindraces also had o |'Ii_i'_|lt'l' NAyoa value £l e
1y, The relative antigen concentration in the Tandraces,
except in Aghagha, was very Tow, olen being only
slightly above the detection threshold. In Apihagha, the
BSY antigen concentration was comparable swith tha
of some of the TNPx and TMBx habrids In these
experiments, the concentration of Virts anbipens in
TAIN 1S 1T08-6 and  ITADPY 693001 s low and
comparable with those ot the iz es (b 1,
Most of the plantain hybrids that had o b Vs
value also expressed  severe symptoms uader ficld
conditions, at least during the rammy season, Sugrpesting
A relationship between symptom severin aned RSV
antigen concentration,

e ONNN RGP Pl Pathedeapy (00010 49 1R Al
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2.5
. ®
TMPx 7002 1
¢ TMBx 5295-1 s
z 2 : ¥ TMPx 548-4
- = FHIA 22 OTMPx 7152.2
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Figure 1 Relationship between average percentage of BSV-infected plants and mean BSV antigen concentration (A,..) of 16 hiybwrigis (13
TMPx, two FHIA and one Brazilian) and six plantain/banana landraces grown during 1996 under three environments in MNigetia Each pesmt for
absorbance (A.q) represents the mean of five composite samples, except for the following genotypes whore means were Obtiuned from the
number of samples indicated: TMBx 1612-74 = 1; TM3x 15108-6 = 3: EMBRAPA 402 =2, FHIA = 1; Obimo M'owi = 2, Sabg = 0 Agbaghn <4,
Yangambi km-5 = 3; Valery = 2. The values for BSV incidence are as shown in Table 1,

Seasonal fluctuations in symptom expression and
BSV antigens

Symptom incidence, percentage of leaves per plant
with symptoms, and ASSI values of most TMPx hybrids
fluctuated according to the scason (data not shown).
Symptom incidence was high between August and
November during the rainy season, and low during
the dry scason between December and April (Table 2).
In October 1996 (rainy scason), the incidence of
plants that tested positive by ELISA was also high
and generally comparable with symptom  incidence.
In April 1997 (dry season), the number of plants with
symptoms and the number of BSV-positive plants
were low,

Effcct of BSV on growth and yicld characteristics

There was variable effect of BSV on some vield
parameters (Fig. 2a-c). Despite some variation between
the genotypes, BSV-infected plants penerally had sign,
ficantly lower bunch weight (P<0-0108), fewer haneds
(P<0:0309) and fewer fruits (P<0-0006) than appar-
ently healthy plants. For bunch weight, the second-ordier
interactions  between  BSV infection  and  genotype
(P=0:4156) or location (I"=0-5974) were not signifi-
cant, but the third-order interaction between BSV intec-
tion, genotype and location was significant (' = 0.0 369,
In these experiments, BSV infection had no signifi-
cant effect on days to flowering (P = 0-7408) and plait
height (PP = 0-1764) (data not shown),

Table 2 Seasonal fluctuation in percentage symptom incidence (+ SE) and BSV-positive plants (+ SE) of 13 naturally nlecten plantas and

banana hybrids during 1996 -97 at Ibadan, Nigeria

Symptom incidence (%)

Genotype October 1996 January 1997
TMPx 7002-1 80O ' 12:6 30 ' 145
TMPx 7152-2 70 ¢ 14.5 30 ' 14.5
TMPx 111241 70 £ 14.5 40 + 155
TMPx 548-4 60+ 15.5 70+ 14.5
TMPx 548.0 80 ¢ 126 40 + 15.5
TMPx 2637-49 60 * 155 30 * 14.5
TMPx 5511-2 60 ' 15.5 10+ 9.5
TMPx 2796-5 50 . 15.8 40 + 15.5
TMPx 1658-4 40 £ 155 0 \' 0
TMPx 6930-1 20 L 126 0o+ro
TM3x 15108-6 10 + 9.5 00
TMBx 612-74 10+ 9.5 10+ 9.5
TMBx 5295-1 10+ 9.5 0+'o

BSV-posilive plarts {%)

April 1997 Octobar 1996 Apnl 1697
10+ 9.5 BO * 12.7 20127
20 * 126 BO ' 12.7 10+ 9.5
30 * 14,5 40 + 155 20 12.8
10 * 9.5 70 ' 14.5 00
0+0 70 ' 14.5 10 2.5
0'0 80« 12.7 10+ 9.5
00 60+ 155 0*'0
0+20 30 ' 145 g0
0'0 20 ' 12.8 10+ 9.5
0'0 30 ¢ 14.5 0'0
0'0 30145 10+ 98
10 + 9.5 10 + 9.5 AR ]
00 10+ 9.5 10 * 9.5
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Figure 2 Relalionship belween the percentage nalural incidence of banana slreak badnavirus infection and bunch weight loss {%8) of 10 TMPx

and threa FHIA hybrids grown dure

Onneg (monocropyf
and ELISA-negals

The values lor incidence are as shown in Table

iants shown n Table 1

The relationships between the average Agqos and
percentage bunch weight loss of 11 IITA hybrids, four
EHIA hybrids and three landraces are shown in Fig. 3.
Some IITA hybrids suffered up to 82% reduction in
bunch weight. Average BSV incidence in TMPx 1658-4
and TMPx 2796-5 was 23 and 27%, respectively,
and there was only a 9% reduction in bunch weight.
In contrast, 'I'MPx 7002-1, TMPx 548-4 and TMDPx
2637-49 had much higher BSV incidence and concen-
tration of BSV antigens, yet suffered no, or less than
7%, reduction in bunch weight. TM3x 15108-6 had
few symptoms, a low antigen concentration and no

g 1996 under lhree environments in Nigena (a) Ibadan {monacropping). (b) Onne (alley cropping). (€)

{ The values for bunch wright loss wero calculated frem ELISA-positive

yield loss. The FHIA hybrids that had moderate (37%
BSV incidence and a high antigen concentration had
no, or less than 15%, yield loss (Fig. 3);

Relationships between components of
discase development

Analysis of cipht characteristics of banan.: streak disease
development indicated significant corteration (r=>0-7,
P<0:001) of A-PROP (arca under progress curve of
percentapge of leaves with symptoms per infected plant)
with A-ASSI (area under progress curve derived from
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Figure 3 Relationship between the relative BSV antigen concentration (absorbance. Asn) and percentage bunch weight loss of 11 TMI™
hybrids, three FHIA hybrids and three plantain landraces grown during 1996 under three environments in Nigena Each point for A,
represents mean of five composite samples, except for the following genotypes where means were oblained fram the ramber of samples
indicated: FHIA = 1. Obino I'Ewai = 2; Saba = 2: TM3x 15108-6 = 3: Agbagba = 4 Bunch weight values werne the averange of B inter o

(ELISA-positive) plants shown in Table 1.

average symptoms severity index) and A-INC (area
under progress curve derived from percentage of plants
with symptoms), but not with X, and X5, (Table 3),

Discussion

Breeding for resistance to BSV has been less successful
than breeding for resistance to other pathogens such

as black sigatoka. Although BSY was described ot
a decade ago (Lockhart, 1986), until recently efiicicn.
and reliable diagnostic techniques were not availakic
In addition, the recent discovery that BSV pencaic
sequences are integrated into the Masa penome (L Tenr
et al, 1996: Ndowora of al., 1999) have furiher cenn
plicated the issue. A few reports on resistance to
BSV infection (Crouch, 1996; Ortiz, i996; Ownis &

Table 3 Pearson correlation coefficients among nine disease-development components associated with banana sireak hacdnavirus of plantain

and banana hybrids grown under three environments in Nigeria, 1995 97

Parameters" Yo Yy Xo
Y 0-2484
0.025"
Xo -0:0192 —0-2644
0-B646 0.0170
Xeg -0-3226 —-0.2261 0:2551
0.0238 01182 0.0769
A-ASSI 00142 0-3433 0-1629
0.8997 0.0017 0-1462
A-INC 0. 1491 07122 -0:1142
0-1839 0-0001 0-3102
A-PROP 0-0292 0:3631 0-1511
0.7956 0-0009 0-1781
BSV-T —0-0981 —0-4204 0-3115
0.6986 0-0824 0. 2082
Bunch wt -0-2005 —-0-1979 0-3460
0-3262 0-2226 0-0834

Xoo A-ASSI A-INC A-PROP BSV.T
0:4773

0-0005

0-0679 0.-7469

0-6431 0.0001

0-4372 0.9678 0-8009

0:0017 0-0001 0.001

0-2257 0-2054 0-2729 c 01762

0:5046 0-4134 0-2731 0:4844

0.0755 0-1594 0.3520 0-1892 0.2173
0.7586 0-4366 0-0778 0.3547 A

7639

"Yo = initial incidence of plants with symptoms; Y; = final incidence of plants with symptoms; X, = time (days) from transplanting 1o first appartansn

of symptoms; X = time (days) lo reach 50% incidonde of plants with symptoms; A-ASSI
symplom severity Index; A-INC = area under progress curve derived from percentage ol plants with symptoms; A-PROP -
curve derived from percentage of leaves wilh symptoms per infected plant; BSV-T — concentration of BSV antigens (A,,.); Bunek wi -

bunch weight of BSV-infected plants.

arna undar progress curva darived from average
area undaor prong-ees

Avdinnge

"Probability of correlation coelficients being equal to zero; significant values are shown in italics.
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Vuylsteke, .1998a,b; Ortiz et al., 1998) are based on
symptoms alone. In Nigeria, symptom expression by
BSV-infected plants was highly affecred by both geno-
‘type and environment; some genotypes, such as TMDPx
4698-1, TMPx 548-9 and TMPx 548-4, expressed
severe symptoms during the cooler rainy scason but
no symptoms during the hot dry season (Dahal er al.,
1998a). Even under conditions that are “conducive to
symptom expression, most landraces remained symp-
tomless but virus particles were detected oceasionally
by ISEM (Dahal et al., 1998a). This, and the gross
similarity between the symptoms caused by BSV and
cucumber mosaic virus, makes symptom-based evalua-
tion for BSV unreliable. Techniques have recently been
developed for the serological detection of BSV in leaf
tissues by ELISA (Thottappilly et al., 1998; Ndowora
& Lockhart, 1999), and this is the first report on the
application of ELISA for evaluating Musa genotypes
for resistance to BSV.

~ In this study, more than 36 genotypes with diverse
genetic backgrounds, including 14 registered TMDPx
hybrids, were evaluated for natural occurrence of BSV
baséd on symptom expression, virus indexing, relative
“antigen ‘concentration, bunch weight loss and compo-
neits ‘of ‘the discase progress curve. Preliminary tests
with these virus isolates showed a good correlation
between Ayps absorbance in ELISA and the number
of virions observed by ISEM using partially purified
extracts (B.E. L. Lockhart, unpublished data), supggest-
ing that Aygs values were a reliable indication of virus
titre. With a few exceptions, symptom incidence and
virus indexing by ELISA were correlated; however,
some symptromless plants had detectable BSV antigens
(Dahal ef al., 1998a, 1999a). In the current study,
the incidence of BSV  varied greatly between  the
genotypes and locations, and was significantly higher
in most TMPx hybrids than in the landraces. Despite
the variation in BSV incidence in most of the TMPx
hybrids, the BSV antigen concentration in infected
tissues was uniformly high, In TM3x 15108-6, the
antigen concentration was low and comparable with
most BSV-infected landraces. In addition, the results
of this study showed that BSV infection had signifi-
cant effects on bunch weight and on number of hands
and fruns. In contrast to carlier reports (Lassoudiere,
1974, 1979), bunch characteristics were compared
bretween plants of the same penotypes that tested
positive and negative for BSV by ELISA. Yield loss, as
measured by bunch weight per plant (Ortiz, 1995),
varicd greatly between most of the BSV-infected
TMPx (7-61%) and FHIA hybnids. The FHIA hybrids
that had moderate symprom incidence (37%) and a
high antigen concentration had only 15% vield loss.
Therefore the results of this study suggest that an
effective evaluation of Misa penotyprs for BSV should
be based on a combination of symptom incidence,
BSV  indexing, antigen concentrations and  other
parameters for disease development, including vield
characteristics.

oS G. Dabal ¢t al.

Although BSVis transmitted by mealvbugs (1 ockhart,
1995) and through seed (Danielles er al., 19935 there is
no evidence that horizontal transmission of BSV by these
means occurs to any signhcant extene in nagure (1 ock-
hart, 1995). Based on the mean incidence of piants with
svimptoms  among  parental aenoivpes (Ohino
'Eawaix Caleutta b3 Bobby Fannap = Pisang ©iin) and
their  progenies, Ortiz (1996} suppested  that epi-
static penctic combinations arising, from a specific
sexual eross probably induce appareit susceptibilitg ta
BSV and symptom expression. FHowever, recent reports
suggest that BSV infection in the Aisa penotvpes used in
this and other studies (Ortiz, 1996; Dahal ef al., 19981
probably resulted cither from vegetauve propagation
from infected source plants, or from tissue culture-
induced activation of integrated viral sequences (Ndo-
wora et al., 1999). If so, the BSV isolates descriised in this
study may differ in several respects, including patho-

genecity, towards different Musa genotypes, & he results
therefore need to be interpreted with cantion. They
suggest that some Musa genotypes are able to tolerate
infection by a given isolate over a single prowth evele,
How these Musa genotypes would respond to infection
by the same BSVisolate over alonger period of time, and
to infection by other BSV isolates, remains to be
determined. The data |‘l|‘t‘*-‘t'l1ll‘i| above indicate that
within the  Musa=BSV pathosvstem there may be
differential host=viros interactions that can be exploited
by plant breeders, even in the case of de noro episomal
virus infection arising from integrated viral sequences,
To take practical advantage ol these opportunitics, it

will be important to define these vires-host inseractions

more clearly at both field and molecular levels,

Because of the integration of BSV DBNA sequences
into the Musa genome (Ndowaora e all, 199%) and lack
of understanding of the cacchadisnes of miegration
and expression, it is difficule at present to develop an
effective strategy for breeding improved AMuse hybrids
with resistance to BSV. Therefore, short-tera alterna-
tives are required for the management of 85V in
farmers’ fclds, For this purpose, vhe genotvpes in this
study have been grouped based on BSV incidence as
follows: (i) genotypes showing fess than 30% infection;
(i) genotypes whose infection rate varied between 30
and 60" (iii) penotypes with an infection vate exceed
ing 607%. Four TMPx hybrids (15198 6, 27965, 5295
and 1658-4) are in catepory §i); tour TMPx (11121,
S48-90 §511-2, 7152-2) and two FEIA hyviwds (FITTA
21 and FHIA 22) in category (ii); and three TMPx
hybrids (548-4, 2637-49, 7002-1) in category (iii).
Despite their high relative antigen concentration, six
genatypes (TMDPx S48-9° TMPx S48-4, TNy 2637-49,
TAMPx 7002-1, FHIA 21 and FITIA 22) trom categories
g and (i) had less than 15% bunch weipht loss,
Therefore under the conditions specificd m ihis study
(same virus isolates and growing conditions), the geno-
types in category (i) and the six penotypes with rela-
tively high BSV incidence but low or no vield loss
could be regarded as ‘field tolerant' to BSV according

© 2000 BSPP et Dottelony 7
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to the definition of Cooper & Jones (1983). Further
evaluation of these penotypes to determine their true
response under controlled conditions and to ensure
their continued yield performance in subsequent crop
cycles is important because, if the yield gains are
removed from these ‘ficld tolerant’ genotypes, they
become similar to susceptible genotypes.

BSV appears to be widely distributed throughout
Africa and clsewhere (Dickmann & Putter, 1996).
Nevertheless, until new genotypes with resistance are
identified using appropriate techniques, yield losses
could be avoided by growing these ficld tolerant
genotypes under warmer conditions as described in
this study. While doing so, appropriate precautions
should be taken as there is considerable risk thac field
tolerance may be overcome if plants are grown in
cooler conditions that are conducive to BSV develop-
ment. This can oceur due to distribution of the feld
tolerant germplasm, for example by farmers and breed-
ing programmes.  Alternatively, symptom expression
could be triggered by a local change in environmental
conditions. However, owing to the lack of information
on the interaction between different BSV isolates and
various Musa genotypes, extreme care should be taken
in the distribution and cultivation of these field tole-
rant genotypes. They may also provide a virus source
in the field and thus create some risk of spread,
though there is no documented evidence of large-
scale field spread of BSV (Lockhart, 1995). If these
ficld tolerant penotypes perform well under the speci-
fied warmer environmental conditions, such tolerance
can be combined with resistance to BSV infection when
available, One possibility is that tolerant genotypes
can be transformed with BSV-derived genes for addi-
tional protection. In this way, the risk of further spread
of BSV could be minimized. Under very high selec-
ton pressure, resistance to the virus alone may not be
stable, and it is conceivable that a combination of
ficld resistance and ficld tolerance must be exploited
to protect plantain and banana germplasm from BSY
infection,
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