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Three weeks old fissue culture seedlings of Musa paradis

inpdulated with Pratylenchus coffeae and M. incognita inocu

for *a h and mixture of the two nematodes at
@ e
diffgrehces in vegetative growth(p<0.05) w
Zlﬂ_\'ﬂ‘mfled. Multiplication factors or Rf= population fi
‘ar!d*. 0}6-? in M. incognita. Reduction in root, shoot we
:p:ql'édﬁ_ficrcgt:!L. showed high level of susceptibili
gm_ﬁ?(llion‘ in reproductive factors between inoculum densit
“'indice‘% showed higher disease severity at all inoculum dens

(506{0)? indculum densities studied, damage to the crop was
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iaca grown in pols conlaining autoclaved soll were
lawith100, 250, 500, 1000, 3000 and SH(Jl')jm'mn‘('.v
wities of 1000, 3000 and 5000 juveniles, and
[ after 12 weeks of growth There were sigenificant
ens and among the various Inoculum densitles
o between 1.6-4 10 P coffeae
nificant (pe0.05). Musa

valuated. Despite the
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smatodes examined, roat I
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severe.
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athogenicity. Pratvlenchus coffeac. Reproductive

INTRODUCTION
Cr p_{:rod_uction has been threatened by nematode
?:’gxﬁk iin the world; however, pematodes have not
been .Emés'sed as crop pests of significance in
Mhlbysia. Alsol the damaging status of nematodes in
agripufture has not received serious attention in the

B

‘gountry. Thé reason for the lingering progress is not
unralajed. to tk_:e.agricultuml policies which lay
gr@aﬂen}nqq op traditional perennial crops such as oil
‘palm, £ocoa and rubber which are seldom infected
\with pematodes. (AbdulRahman ¢f al. 20 14).
Damages to"horticul_mml' nnd'agriculmral plants by
nenvatodes in Malaysia seem to be overwhelming
and ths, fequire urgent attention (AbduIR hmin et
e RN
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Coops like banana (Musa acuingla Calld) [Razak,
Toog: | Razak ‘snd | Loofi 1998 ‘Hassan, 12004;
Abdur ahman | el als 12014}, g‘ua\*a (Psidium
guagag L:.)_in,sPerak.[R_gzpk and Lim, 4%87].-9!11?1 &
sigint frustescens). black pepper t:l_’:pvc n!‘_lgrum

T} even grass (turf grass) o golf lcourses
a’;{&,wqf,‘ 1998] have been affected, The

Jble dogumen mere field surveys, -

‘ ted reports are .
ity of more investigations

pointjto:the necess! investigations
stgblish: the, (basics and attempt 10 discover
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and Meloidogyne Spp. 48 they
have replaced Radophudus simils, worldwide
nematode of banuna (AbdulRahman ¢/ al. 2014).
About 76 species have s0 far been recorded in the
genus Pratylenchus (D¢ Waele and Elsen. 2007). Of
these species only few are ol agricultural importance
and are responsible for significant crops damage and
high  yield losses, Praivienchus caoffeae
(Zimmermann) Filipjev  and Schuurmans
Stekhoven, 1s one of the root-lesion nematodes that
are of pathogenic importance (O plants. Besides 18
wide host range, 1t also has worldwide distribution
(Castillo and Vovlas, 2007).

Pratvlenchus spp.

Pratvlenchus spp. are often found 1n banana liclds
together with other nematodes  Species, like
Radopholus imilis, and the root-knot nematodes,
which provide feeding site for their penetration. In
pematology,  the WO main  components  of
pulhugcnicily are virulence and reproductive fitness
(Shaner ¢t al.. 1992), of which understanding and
assessment  of  disease reactions of plants 10
pathogens are based. Pathogenicityls the ability of
an organism o infect host plants and cause disease
condition (Inomoto ¢f al., 2007). while reproductive
fitness is defined as the multiplication ability of o
species or population on 4 gpecitic host, plant
(Inomoto ¢! al.. 2007). ‘
The colonisation of  more
Pratylenchus Spp: and root-knot ne

host  lissue by
matodes dug 10
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’g{'}' Higher reproductive fitness makes il possible
rpI; :?Ill;alo cause severe damage on susceptible
P 'hl «h nages caused by nematodes to Crops arc
e ssesged on the basis of densities of the
:“",n!‘“é.'dcg in the soil at planting and in the roots
thtopghoutthe growing season. Thus, for economic
decislons  for nematodes management, damage
Ilhrc h?ld levels are effectively employed (Ferris.
{.9,8 '_J'i Pratylenchus' coffeace and  root-knot
;n"a"‘,‘“?';icﬁ have been reported in banana fields in
-Mnt[]Wf'ﬂ since the early eighties, however. their
d ' \"‘%‘“8 ‘ﬁtfllu_,s hitherto are not yet defined.

Kﬂdwllctlgc regarding the injury population level of
'melyfcqghus spp. and  root-knot nematodeson
jparqdisiaca, in Malaysia i highly required. It is
necass o'conduct a study on damaging levels and
1:li,n:n.t ntfals of Pratylenchus spp alone or with other
-pltyto ematodes for management decisions. The
aim bt fthis‘ir;vestigation was, therefore, to determine
1 the éoéula}im at which damage on banana can occur
l:dtgc'logl’. coffeae infection alone or in combination
,yvql‘i M. incognita. '

Lo Lot
: thODGLOGY i
€ |ﬂ§sttu3q.experimental layout: Tissue-culture
plarts | f the;cultivar M. paradisiacal were used as &
‘source: of nematode-free planting stock. This plant
mat¢ rial was irapsferred to 2 kg plastic pots of 25 x
15em ¢ imension, filled with autoclaved soil in 3:2:1
és’,ap , pit, clay. For each nematode SPECics, mobile
stages jor mixture of juvenile and adult stages were
inoculated i n three holes of 3 cm X 4 cm with 10 ml
\water gt densities of 0, 100, 250, 500, 1000, 2000,
3000 jand | 5000, nematodes)’cm’ soil. After
inpculation the holes were covered with soil. Each
copbipation of nematode species-density Was
repdated five times. The pots were arranged in
‘cony lete. ga@do_m_ized _dgsig_rj (CRD), consisting of
{8 tregtments viz: 0 negative gontrol, 100 nematodes
‘ip?ﬂui}lm; ni), 250 i, 500 ni; 1000 i, 2000 ni, 3000
i 4o | 5000 ni, for each of F- coffeae and M.
iinet it and the mixture of the two ne_matodes at
delebted populations of 1000 ni, 3000 ni and 5000
il he potied plants Were fertilized on monthly
basi, 1;5 _f{c;qr;’-s,zo:zo:zg general urpose N: P: K
ﬁplé t d at 0.25 & per litre qﬁ water. ‘-’Ifhe_-'p!la.r,lys
1S nts aﬂflj meastirement
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aered pon requireme
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&s sent of plant vigour: (2, 4, 6,810 and
sEaamERE b Tton (W Spléi;,ﬁ!}eiéh&w?i’?
i twelfih week.

L ery two ieoks ul the HEC
?Mfﬁiu!f ‘?FX Y, (3 C"HQUG'@@L; “g‘-. ‘t_?;bﬂ&"ﬁ'fﬁf%}“?
usi ﬁﬁll’ef;ape;,

€| e
L 10 the top part of the IARLUSIEE B E e
ﬂthg Jinine '-'-"-ﬁmor the selected

seedling to the
[For ¢ t#ﬁ’fﬁa,{tzﬂg(_ﬁ;,and;g@ah of th
il also, measured, using 'rule, tape. The

mie ' grén ¢ of the pseudo slem Was 12 using
cirohmferenf® % came period. At harvest of
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12 WAL shoot and root lengths were measured
¢. while fresh shoot and root

d with the aid of weighing
Zhongshan Camry Elcctroni::
nt increase and reduction
< over the control were

using measuring tap
weight were measure
balance SP (1-4 kg) by
Co. Ltd.China. The peree
in the growth parameter
calculated by using the formula:

% reduction =
(Uninoculated - [noculated)
(Uninocwla?e® ~ _—_ —— X 100

Uninocu lated
(Ansari et al.. 2018)
Assessment of disease sever
necrosis of P- coffeae and galling index of M.
incognita. fresh root weight. shoot W eight and final
nematode densitics (Pf) in both roots and soil were

determined at 12 WAL
For the root damage
pieces of 10 cm lengt
scoring the diseases cause

ity: Cortical root

assessment, about 100 root

h were sliced lengthwise for
d by lesion nematodes as

described by Speijer and De Waele, (I 997).
i Z{N..t'lj+(.\'-.x:'l+-'-+(}s'- x7)
() S e v100
N xhighest rating scale
where:

r of roots with necrosis at score 1
f roots with necrosis at score 3
f roots with necrosis at score 3
f roots with necrosis at score’
aluated

N|: The numbe
N3: The number 0
NS: The number 0
N7: The number 0
N: Total number of roots ev

was grouped into five classes
age of root corex covered
described by (Speijer and

The damage of roots
according to the percent
by lesions as follows as
De Waele, 1997):

Score 0: No lesions on
Score 1: 1-25% root cO
Score 3: 26 - 50% root 0
Score 5: 51 - 75% root co
Score 7: 76 - 100% root cortex covere

the root corteX

rtex covered by lesions

riex covered by lesions

rtex covered by lesions

d by lesions
!

Root galling was assessed using 0-5 scale, according
to Taylor and Sasser, (1978), where 0 = no galling,
| = 1-2 galls, 2 =3-10 galls, 3= 11-30 galls, 4 =31-
100 galls sand 5 == 100 galls.
For the roots, 2g of the galled portions were taken
from each of the harvested banana plant and the galls
counted, then multiplied by the weight of the reot 1o
give the approximate - umbers of galls per plant
Bitoy '

Determination of reproductive factor (RF): At
[2WAI, banana rools were carefully excised (0
remove the adhering soil from the root systems. Five
roots with approximately equal length were taken
and cut into segments. [0 ¢m from root tip and 10
em in the middle with flamed scalpel between cuts
to avoid transfer of inoculum from one segment 10

another.

Nematode
subsamples and
method reporte

s were recovered from 200cc soil
10 g roots using whitehead tray

d by Whitehead and Hemming
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1ods) The:
ih .': ‘?&E h; g":;‘ll‘wpmmion (PHwas obtained when
El"l'l‘l’*cﬂt'cs W ¢ nematode suspension used in
g, i:s each counted in a Huxley nematode
o St.sopk | ; through the use of the compound
L Y0 he averages of the triplicate counts
gy ematodes in the pots by multiplying the
xi 'lsl the suspension from the 200 ml of soil
‘fdb'“li:tl ? dnd adding up the nematode numbers
EiN? (rom both soil and roots. The RF was
1 i‘ll{lll’w f'rom the relation:
- REFPI/PE (soil and roots).
re RF= Reproductive Factor, Pi= initial

—

Assessment of plant vigour: The results of the
pathogenicity trial on banana cultvar of Musu
paradisiaca is presented n Tables 1-3. There was
significant decrease in shoot height, shoot weight,
fresh root length and weight of the banana by all the
inoculum densities of the wo nematodes,
Pratylenchus ceffeae and Meloidogyne incognila,
either singly or in mixture as compared to control
plants (Figs 1 and 2). There were significant
differences among the treatments and the lowest root
length reduction of 66.0 cm was recorded in P1 and
the highest of 13.01 cm P7 and the root weight

in { )
lﬁ & g?:ri.?op_“]“‘“m and Pf= final nematode followed the same trend. However, the shoot length
B e ol S and weight had significant mtuclion:iﬁl’b .m}i P?
. iStatistical Analysis: and the others were not significantly ifferent from
) -’tsb; ' s;:f:éﬁ;ﬁf“.“ DF“' collected were subjected cach other. Percentage reduction of the measured
}$‘PII el A ysis of variance (ANOVA) using parameters as affected by P cuffeae ranged from-
! Analysis Software(SAS Institute, 2008). 17.9 to -80. % root length, -2110 99 8% root weight,

)

{Thel differences among the means were separated

-14.7 10 -45.8% for shoot length and -9.3 10 -61.8%

usi 1
isin w”!“.'“n‘_‘“"ﬂ“ k ratio ttest at P< 0.05 shoot weight compared 1o the control plants

i 1 "L 3
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IRF ULTS AND DISCUSSION
‘Tab e 1: Effects of different inoculum densities of Pratylenchus coffeae on fresh root and shoot lengths (cm) and
el hﬁs (kg) of Musaparadisiacaat 12 weeks after inoculation

- ~ : Fresh roots and shoots lengths (cm) and weights (kg)

i within columns that share the same letter (s) are non-significant at p = 0.05.
P1= 100 nematode inoculum (a), P2=250 ni, P3= 300 mi.

veeks after inoculation, Cont.=control treatment,
i, P32000 ni, P6=3000 ni, P7= 5000 .

j”“’ datd :
) té‘ziIa:'ﬂ‘c.-cts'iol' different inoculum densities of Meloidogyne incognita on fresh root and shoot lengths

disiacaat 12 weeks after inoculation

Fresh Root and Shoot Lengnths (cm) and Weghts (Kg)

b H!r%ntm‘ein Root . % Root % Sheot %
Sy length reduction  weight _ reduction length reduction  weight _reduction
S 18 Tmrg, 86.48a 1.042a 102.34a 0.86a
e LRt 2 30 (66400 237 0.82b 213 §892ab  -13.1 0.78ab 93
e ek i bt 54.18bc 3713 0.098¢ -90.6 88.1b -139 0.61b¢ 291
po PG aTe e 39.24cd -54.6 0.085¢ 918 84.92b 17 0.5%«cd 314
L PR ph B 33.54cde -61.2 0.049¢ 953 74.18¢ 215 0.58bed 326
. UHpe w0 28.02cde -67.6 0.005d 995 702¢d 314 ode  -51.2
R 26.38de -69.4 0.003d -99.7 59.67de 417 0.40¢ 533
SRRl tlany  130le 849 000135 99.9 5546de 458 033 1.6
- nMSD: Y el 2611 0.18 1351 0.19

: -i(z: and weights of M:

Root % % %
: reduction Shootl i ciion O™  reduction
1.042 44.26a 0.86a
0.98b 58 29.66b 33 0.53b 384
0.82¢ 21 26.82bed 394 0.52b¢ 2395
0.80¢ -23.1 23 4cde 471 0.43bc .1
0.76¢ 2269 21.94de 504 0450 47
0.61d 413 20.04ef 3438 0.43bc <50
0.6 423 19.98ef -49 0.42b¢ 312
-50 15241 -65.6 032 623
06 6.61 .21

r(s)are pon-significant at p = 0.05.
I treatment, P8= 100 nematode inoculum (i), P¥=

14=5000 ni.
SHTL‘I;ﬁOol length. SHTWT=shoot weight

A 5
®

250 i, P10= 500

's ‘_la.1 23
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. Sy

1 | 1
: ; i Fresh root nnd shoot lengths (ca) atid woaght (hy)
AN ' ( ¥ ) ot Y/ 4 .
—jillwm"ml'lb Rootl % reduction i“:'l'i Y reduction  Shout | % redusction :.r. dociam
¥ .1er'“ HO 484 0 1.04n o ':._ﬁ o _‘-‘1_—[_/'»4 ' 1) VBT !
i ]
j 'p!lsi T.5.54h 12,7 0.10b 904 29 ¥8h 27 L G450 7z
¥ ;_P{lb, | 00,54¢ 23,1 0,07b 93,3 25.14bs 391 Y 408 g
i I)FT‘ 51.“4{1 40,3 0,04¢ 490.2 19 34b 53 4 0214 Ay
b 9,08 0,00 973 02

Mains within columns that share the same letter (s) are non-significant st p = 0.9 o
. ,W u-rvugks pfter inoculation, Cont,=control trestment, P8= 100 nematode inoculum (51), P¥ 259 41, PG S99
0L 11100 ni, P12=2000 pi, P13=3000 pi, P14= 5000 pi,

EIFT;'F"F“.INM length, RTWT=ro0t weight, SHTLT=shoot length, SHTW T=shoot weight
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oI 0 twé {s, -32 j% shoot Iength -
“shodt rwe 82 10’ 62.7%
|l"u.am reduction
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seen from y;’ions densi fies examined.

¢ sngmfichpcc was mostly! in ‘ranges

i

'nithS ,o.,m}hd"dmmmw

fitks 'Mr."agd'ig few 10 5000ni. In
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parameter damage Wwas recorded . 1287 S000
Meloidogyne incognita inoculum dengity 2md the
east on the lower inoculum densitics. The P coffes
recorded higher reduction in plant heights: leaf arc2
and pseudo stems. Similarly, root length, weight aad
shoot length and weights both showed reduction ar

5000 P. coffeae inoculum densitics compared o the
control plants.

Significant reduction (P< 0.05) was secn from the
various inoculum deasitics exammed In gemeral

reduction in vegetative growth parts were hagher at
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.HTI ey iulgl-u}ilnm othetwise, noculum densities
'\L'! Iy pmrv’flmm_tl 10 the reduction percentages
[cros | all Tdensities, However, fhe significant
it miwur mong the inoculum densities were in
hg fa gn'nLd.l' 100°to 50001 and 1000 to 3000ni and

i sdh inkthndes to 5000,
:'i'l elfefult]o pathogenicity trial in this study (Table
R)! h wﬂ‘!ljul M. Incognita inoculum densities
Mobed  substantinl damage to banana végctativc
ParLy, t‘hu"u{worc significant differences among the
Irgagmenty niu[ the highest root length reduction of
37 wb W recorded in P14, while the other
li‘c!ulmhnlse were not significantly different from each
,dlholr il uunhm.rcd (o the control P 14with 86.48 ¢m
and | the lu*il weight followed the same trend,
Howeyer, the shoot length wnd weight recorded
Higl fipant r_cduelioln both in P7 and 'the rest were
similag, l . '

R I !

ki c’p sseit resplts are in agreement with the report
ol pi ochet: e al(1998) who reported banana
2 by | Meloidogyne spp 'in Canary Islands.
| vn:f 1§ also documented similar findings in

AMricy, South Africa, West Africa, Martinique
Brazil | (Quénéhervé er al, 2000 and
Cofkawicz er al, 2001), f

! il i ] e |
Tigr |this n\izlql.ur'e of the two strains, 'the treatments
diffgred” ' sipnificantly  with. treatment P15
regardingthe lowest root reduction of 7 5,54 cm and
PL7 reeording the highest root reduction compared

b

the gontrdl plants, The trend was the same for the
J 1 clhﬁul*cdilpil_rumctcr;;,'e)gcept for shoot weight
_ .ll‘)tt":'u;wggc no significant differences among
I,l‘iat_’ ehts compared with the control. The
ag !ﬁdhfq!idn‘of, the measured parameters as
; i caffeae and M. incognita ranges from-
10 #5631 % on plant height,-18.2 to -50.8%in
areny | -20.3 0 -57.2% pseudo stems.-12.6 1o~
Al ro t||anlhi. -9.7 1o -96.1%shoot length and-
o p4.9% shoot weight, compared fo the
ol ‘plant, Significant reduction (P< 0,05) was
dpd (framithe various densitics jexamined, In
y 9000 P coffeae/ M. incognita jinoculum
b 1 ) $.4 i i | I
ity rédorded higher effects on plant heights, leaf
;-',.w'ntl (4 ;?{ql‘ns-.-.root_; and shoot lengths and
by, lteducing them drastically - when
E!‘.ll N contfol plants, :
Gl A TR
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L 1) gelrpaeon Mysapara

it I-'d;' L ..I 4 § ) i_! i :I Flr_ H -;'I- ':I i - < | A Ly '
Poldi'lt; ﬂtlin and perﬁéﬂ‘i‘;gb‘ root necrosis caused by different mocu_!umdensmes‘ of Pratplenchus
offeae araglisiaca ||\ : T
PR Bl '
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The result shows that mixed population of P coffeac
and M incognita noculum  densities  caused
substantial damage to banana vegetative parts in the
same way they did individually, These results agree
with the reports of De Waele and Davide (1998) that
most local banana cultivars like Pisang Berangan
(A.A. syn. Lakatan). Pisang Mas (AA, syn. Sucrier).
Pisany Rastali (AAB, Silk subgroup). Pisang
Nangka (AAB), Pisang Tanduk (AAB), and Pisang
Embung (AAA, syn. Gros Michel) are good hosts to
M .incognita either singly or in mix population with
P. coffeae and others. Here they reduce pseudo
stems, girth and plant height which are obviously
seeingin the present study.

Disease severity
Reproductive factor (RF)

Results presented in Tables 4-6 show significant
differences among the different inoculum densities
with RF in proportion with the different densities. In
both P. coffeae and M. incognita, lower RFs were
recorded in 100ni and the highest in 5000ni
respectively and same was observed in the mix
populations. Similarly, root necrotic and galling
indices followed the same trend with the RF
increasing with increased inoculum densities.

From this study. increase in initial inoculum density
resulted in increase in RF in all the treatments.
Castillo er al. (2001) and DiVito et al, (2004)
reported similar findings as obtained from this study.
Reports that increasing initial nematode inoculum
densities resulted in increased nematode
reproductive levels have been documented on
Melvidogyne spp infections on several crops. Kheir
el al. (2004) reported proportional increase in final
nematode population density of M. incognita with
increase in initial inoculum densities on banana
cultivars but observed that all densities suppressed
banana growth. Contrary to result obtained from this
study, Olabiyi er al. (2009) reported negative
correlation of RF with Meloidogyne spp. 1o the
initial inoculum density. The final M. incagnita
population increased proportionally with increase in
initial population densities and all densities showed
high damaging status. 54
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