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ABSTRACT

Sipes, B. S., and D. P. Schmitt. 1994. Evaluation of pineapple, Ananas comosus, for host-plant resistance
and tolerance to Rotylenchulus reniformis and Meloidogyne javanica. Nematropica 24:113-121.

Eighteen cultigens of pineapple, Ananas comosus, were evaluated for resistance and tolerance to Ro-
tylenchulus reniformis and Meloidogyne javanica. Reproductive factors (Pf/Pi) were compared between
cultigens, percentage crown growth was contrasted between inoculated and uninoculated pineapples,
and nematodes supported per g of dry root were calculated. All cultigens were susceptible to both spe-
cies of nematodes. The cultigens were more susceptible to M. javanica than to R. reniformis infection.
Lot 520 and A. ananassoides, previously reported to be immune to nematode infection, both support-
ed high levels of nematode reproduction. The Cayenne clones of A. comosus were less tolerant to M.
javanica and more tolerant to R. reniformisinfection than other cultigen groups. The tolerance found
in Cayenne clones may be the result of indirect selection in the field, yet it is not sufficient to prevent

crop loss from nematode infection.

Key words: Ananas comosus, Meloidogyne javanica, pineapple, reniform nematode, resistance, root-knot
nematode, Rotylenchulus reniformis, tolerance.

RESUMEN

Sipes, B. S. y D. P. Schmitt. 1994. Evaluacién del cultivo de la pina, Ananas comosus, para tolerancia y
resistencia a Rotylenchulus reniformisy Meloidogyne javanica. Nematrépica 24:113-121.

Diez y ocho cultigenos de pifa, A. comosus, se evaluaron para tolerancia y resistencia a Rotylenchulus
reniformis y Meloidogyne javanica. Indices reproductivos (Pf/Pi) se compararon entre cultigenos, por-
centajes de crecimiento de la corona se compararon entre pinas inoculadas y las no inoculadas y se
estimaron las cantidades de nematodos por gramo de raiz seca. Todos los cultigenos resultaron sus-
ceptibles a ambas especies de nematodos; no obstante, fueron un poco mas susceptible a M. javanica
que a la infeccién de R. reniformis. Ellote 520 y A. ananassoides, reportados con anterioridad como in-
munes a la infeccién de nematodos, soportaron altos niveles de reproduccion. Los clones Cayenne
de A. comosus fueron menos tolerantes a M. javanicay mas tolerantes a R. reniformis que los otros gru-
pos de cultigenos. La tolerancia encontrada en los clones de Cayenne podria ser resultado de una se-
leccién indirecta del campo, aunque no es suficiente para evitar pérdidas por infeccién de
nematodos.

Palabras clave: Ananas comosus, Meloidogyne javanica, pifia, nematodo reniforme, resistencia, nematodo
agallador, Rotylenchulus reniformis, tolerancia.

INTRODUCTION subsequent ratoon crops (5,11). Pratylen-

Nematodes are important pathogens of  chus, Meloidogyne, and Rotylenchulus are the
pineapple, Ananas comosus (L.) Merr. With-  genera responsible for these losses. Meloid-
out suitable control, Smooth Cayenne  ogyne spp. occur in most areas where pine-
clones may sustain a 30-40% reduction in  apple is cultivated, including Hawaii (11).
the first fruit harvest and 80-100% loss in  Pratylenchus spp. predominate in the Ivory
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Coast as the major nematode pathogen of
pineapple. Rotylenchulus reniformis Linford
and Olivera, however, is the most economi-
cally important nematode in Hawaiian
pineapple production (5,12).

Several tactics are utilized for nema-
tode control in commercial pineapple pro-
duction. A fallow period of 2-12 months is
employed to reduce initial nematode pop-
ulation densities. A long fallow period (>6
months) coupled with removal of volun-
teer pineapple plants can reduce nema-
tode populations to undetectable levels.
Preplant and postplant nematicides have
been the primary nematode control tactic
in pineapple for over 35 years in Hawaii
(1). Preplant fumigation with 1,3-dichloro-
propene or methyl bromide is standard
practice in Hawaii to insure a successful
first harvest. Postplant nematicide treat-
ments with compounds such as fenami-
phos are commonly applied at 3 month
intervals to guarantee profitable ratoon
crops.

The removal of most of the efficacious,
inexpensive fumigant nematicides due to
environmental and worker safety issues
(10,13,15) has renewed interest in alterna-
tive nematode control measures for pine-
apple, including host-plant resistance.
However, host-plant resistance and toler-
ance to nematode pathogens in pineapple
has received only limited attention to date
(5). Research initiated to incorporate resis-
tance to Meloidogyne showed none of the
cultigens (clones, cultivars, and closely
related species of A. comosus) evaluated
were immune (6,7,8). Lot 520, a Cayenne
x Wild Brazil (A. ananassoides) F, hybrid,
was considered the most tolerant to M. jav-
anica (Treub) Chitwood infection of all the
clones evaluated. It exhibited no decrease
in root length or amount of fibrous root
production with nematode infection (7).
The Wild Brazil parent appeared nearly
immune to root-knot nematode attack (8).

The objective of this research was to
evaluate pineapple cultigens for resistance
and/or tolerance to R. reniformis and M.
Jjavanica, the major nematode pathogens
of pineapple in Hawaii.

MATERIALS AND METHODS

Seventeen cultigens of A. comosus were
selected for screening (Table 1). A Smooth
Cayenne clone was used as a comparative
standard in all experiments. The evalua-
tion was conducted in a greenhouse facility
located near Wahiawa, Hawaii. All pineap-
ple crowns were weighed (mean=130 g)
prior to planting and blocked according to
weight. Plants were grown in 20-cm-diam
clay pots filled with 2.5 L of steam-steril-
ized soil (clayey, kaolinitic, isothermic,
Tropeptic Eutrustox, Oxisol). The plants
were watered as needed and fertilized
bimonthly with 500 ml of a 0.39% solution
of a 23-29-23 (N-P-K) soluble fertilizer.

Cultures of nematodes were main-
tained in the greenhouse for inoculum.
Six populations of R. reniformis, the reni-
form nematode, were collected from three
islands: one from Kauai, two from Maui,
and three from Oahu. One L soil samples
from each collection site were placed indi-
vidually in 20-cm-diam clay pots and
planted with sweet potato, Ipomoea batatas
(L.) Poir. A single population of M. javan-
ica collected from Maui was maintained on
tomato, Lycopersicon esculatum (L.) Mill. cv.
Rutgers, in the greenhouse. Eggs and/or
vermiform nematodes of both species were
separately collected from the cultures for
inoculum by shaking roots in 0.5% NaOCl
(4). One month after planting, the pineap-
ple plants were inoculated with nematodes
by making a hole (1-cm-diam X 2-cm-deep)
near the base of each plant. Nematode
inoculum was adjusted to 5 ml aliquots and
poured into each hole.
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Table 1. Pineapple cultigens used in Rotylenchulus reni-
Jormis and Meloidogyne javanica evaluation for resis-
tance and/or tolerance.

PRI"

) Accession Identifying
Cultigen Number Code
Smooth Cayenne* — SmC
Azores Cayenne’ F200 AzC
Champaka Cayenne’ F153 ChC
MacGregor Queen’ F142 McQ
Red Spanish’ F95 RSp
Saigon Red* — SaR
Pernambuco’ F38 Per
Ananas ananassoides’ F198 Aan!
Annanas ananassoides’ CB61 Aan®
A. bracteatus’ CB20 Abr
A. bracteatus albus’ CB58 Aba
A. comosus’ CB32 Aco-
A. erectifolius’ CB9 Aer
Pseudananas sagenarius’ CB13 Psa
A. ananassoides X Cayenne’ Lot 520 520
A. ananassoides X Rondon”  CB43 AXR
Cayenne X P. sagenarius’ — CXP
Hybrid campanis — HyC

(spineless)*

“Pineapple Research Institute of Hawaii.

*From Dole Packaged Foods, Inc., Wahiawa Planta-
tion clone.

’From germplasm collection maintained at Maui
Land and Pineapple Co.

“From Dole Packaged Food, Inc. variety garden.

Three experiments were conducted
using similar methods in each. The pine-
apples were grown for 4 (Experiment 1) or
8 (Experiments 2 and 3) months after
inoculation, then removed from the pots.
Soil was gently dislodged from the roots.
Roots were cut from the stump of the plant
and the pineapple crown, D-leaf (the
youngest mature leaf), and roots weighed.

A 250 cm® soil sample was taken from each
pot and nematodes collected by elutriation
(3) and centrifugation (9). The roots were
shaken in 1.0% NaOCI for 5 minutes to
release eggs still attached to females. The
shaken roots were oven-dried at 50°C for 3
days and weighed. A nematode reproduc-
tive factor (Rf) was calculated for each
plant by dividing the Pf (final nematode
population = numbers in the soil + nema-
todes from the roots) by the Pi (initial
inoculum density).

Plant growth parameters and Rf from
each experiment were analyzed for vari-
ance. A ttest was conducted between inoc-
ulated and uninoculated cultigens and on
pooled data. Where appropriate, mean
separations were performed on the data
using a Waller-Duncan #test.

Experiment 1. A randomized complete
block design factorial experiment consist-
ing of 16 cultigens and 7 nematode popu-
lations was established to test for
interactions between pineapple cultigens
and R. reniformis, plus an uninoculated
control. The experiment was replicated 4
times in 2 tests conducted 3 months apart.
Plants were inoculated with a mixture of
200 vermiform stages and eggs. In this
experiment, D-leaf weight was not
recorded.

Experiment 2. A completely randomized
design 2 (with and without R. reniformis) X
18 (pineapple cultigens) factorial experi-
ment with 4 replications was conducted to
evaluate susceptibility and tolerance in
pineapple. A single nematode population
from Kunia, island of Oahu, was used in
this experiment. The plants were inocu-
lated with a mixture of 1500 vermiform
stages and eggs of R. reniformis.

Experiment 3. A completely randomized
design factorial experiment replicated 6
times was used to test 16 pineapple culti-
gens for resistance and/or tolerance to M.
Javanica (with and without nematodes).
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Crowns were inoculated with 5000 eggs of
M. javanica. At experiment termination,
roots were qualitatively rated for nematode
damage on a scale of 0 - 5, with 0 repre-
senting roots without visible nematode
damage. Roots in very poor condition,
lacking fine lateral roots and having coarse
main roots were classified asa 5.

RESULTS

All  pineapple cultigens supported
reproduction of R. reniformis and M. javan-
ica (Fig. 1). Race specificity among the R.
reniformis populations and pineapple culti-
gens did not occur; consequently, data for
nematode populations were combined for
subsequent analyses of Experiment 1 data.
Rf was variable in both reniform nematode
experiments but did not differ among
cultigens in either experiment (Figs. 1A
and B). The reniform nematode Rf was
higher in the first experiment than the sec-
ond experiment (169 and 17, respectively)
perhaps reflecting the different inoculum
densities used. Rf for M. javanica ranged
from 3500 to 924 000. MacGregor Queen
and A. ananassoides 2 supported the lowest
levels of M. javanica reproduction of all
cultigens, whereas Champaka Cayenne
supported the highest level of reproduc-
tion (Fig. 1C). CXP, a Cayenne and Pseu-
dananas sagenarius hybrid, was among the
cultigens supporting highest populations
of R. reniformis and M. javanica.

Rotylenchulus reniformis population lev-
els differed (k=100) among the cultigens,
but the cultigen response was not consis-
tent between experiments (Figs. 2A and
B). The average numbers of eggs and ver-
miform nematodes per g of dry root recov-
ered in Experiment 1 and Experiment 2
were similar (1108 and 1396 nematodes
per g dry root, respectively) even though
Experiment 2 was conducted for 8 months
compared to the 4 month duration of
Experiment 1. Pernambuco and A. bractea-

tus increased the average number of nema-
todes supported per g dry root between 4
and 8 months (3.4 and 7.0 times, respec-
tively). Several other cultigens, notably, P
sangenarius, demonstrated decreases in the
average population levels supported per g
dry root as the length of infection
increased. The Cayenne clones of A. como-
sus (Smooth, Azores, and Champaka) sup-
ported fewer R. reniformis per g dry root
and tended to have lower Rf values.

Meloidogyne javanica reproduction aver-
aged 39617 eggs per g dry root and was
similar among the cultigens evaluated
(Fig. 2C). Pernambuco supported more
eggs per g dry root than any other culti-
gen. The Cayenne clones of A. comosus had
greater Rf values and supported more
nematodes per g of dry root than the other
species and cultivars of Ananas.

Nematode infection, either by R. reni-
Jormis or M. javanica, stimulated pineapple
shoot growth (P > 0.05) and suppressed
root development (P < 0.05) in the three
experiments (Table 2). Rotylenchulus reni-
Jformis infection increased crown growth of
Saigon Red (P < 0.05) and D-leaf weight
of A. ananassoides (P<0.05) after 4
months. The other cultigen pairs in
Experiment 2 did not differ in crown
growth. Infection by M. javanica stimu-
lated the growth of MacGregor Queen
and Azores Cayenne (P < 0.05) over that
of the uninoculated plants. D-leaf weight
of A. bracteatus also significantly increased
in response to M. javanica infection.
Pineapple dry root accumulation was
lower in the R. reniformis infected cultigens
Lot 520 and Cayenne X P. sagenarius than
in the uninoculated plants (P < 0.05).
Meloidogyne javanica decreased dry root
weight in Smooth Cayenne and Pernam-
buco. The roots of pineapple infected with
M. javanica were very coarse with terminal
galls. Pineapple root galling also differed
among the cultigens (Table 3). Galling
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Fig. 1. Reproductive factor (Rf) of 18 pineapple cultigens in response to infection by either Rotylenchulus reniformis
or Meloidogyne javanica. A) R. reniformis 4 months after inoculation, B) R. reniformis 8 months after inoculation, C)
M. javanica 8 months after inoculation. Letters above the bars represent differences (k= 100) among cultigens.
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Table 2. Pineapple cultigen growth response to infection by Rotylenchulus reniformis and Meloidogyne javanica.

Experiment Crown growth (%) D-leaf weight (g) Dry root weight (g)
1) R. reniformis + 429° — 4.3a"
R. reniformis - 419 — 4.9a
2) R. reniformis + 756 26.8 23.0a
R. reniformis - 693 26.2 26.5b
3) M. javanica + 515 32.8 11.3a
M. javanica- 508 31.9 27.0b

Inoculated and uninoculated pineapple for crown growth and D-leaf weight are not different (P<0.05).
‘Dry root weights within an experiment followed by different letters are different at P< 0.05.

was greatest in Red Spanish and lowest in
A. ananassoides 2. The low gall rating for A.
ananassoides 2 is misleading because this
cultigen produced the fewest roots of
cultigens infected by M. javanica.

DISCUSSION

All pineapple cultigens evaluated in
this experiment were susceptible to R. reni-
Jormis and M. javanica. The pineapple
cultigens supported high levels of nema-
tode reproduction (Pf > Pi) regardless of
inoculation levels. Lot 520 and A. ananas-
soides, previously reported to be resistant to
Rotylenchulus and Meloidogyne species (2,7),
could not be considered resistant or
immune to either the M. javanica or R.
reniformis populations in these tests. Results
from experiments by Ayala (2) and those
of Collins and Hagan (7) may differ from
the current results because of possible
nematode biotypes (5) or because of dif-
ferences in the pineapple clones. The two
selections of A. ananassoides evaluated in
our experiments differed slightly in each
experiment demonstrating that clones of
the same species can behave differently in
the same environments.

Although no resistance to R. reniformis
or M. javanica was found among the culti-
gens, tolerance to nematode infection dif-

fered among the pineapples. The clonal
lineage of the pineapple cultigen appears
to be important in its response to nema-
tode infection. Ananas ananassoides clones
differed in their response to M. javanica
infection. Root galling of Aan' was more
severe than on clone Aan®. The Cayenne
cultivars of A. comosus (Smooth, Azores,
Champaka) experienced less suppression
of dry root weight than other cultivars or
wild relatives. This suggests that indirect
selection of clonal lines during plantation
cultivation has resulted in Cayenne culti-
vars with nematode tolerance levels higher
than those found in uncultivated Ananas
species. This tolerance is, however, insuffi-
cient to protect the pineapple from dam-
age due to nematode infection.

The low inoculation levels stimulated
pineapple shoot growth. Nematode dam-
age to pineapple in the field is usually not
evident until 9-12 months after planting, at
which time infected plants are shorter and
slightly chlorotic compared to nematicide-
treated pineapples (5). Meloidogyne javan-
ica affected pineapple cultigen root growth
and development more severely than did
R. reniformis, perhaps due to greater initial
inoculum levels.

Evidence of differences in parasitic
behavior of R. reniformis was not observed
during this experiment. Rotylenchulus reni-
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Fig. 2. Nematodes per g of dry root weight of 18 pineapple cultigens in response to infection by either Rotylenchulus
reniformis or Meloidogyne javanica. A) R. reniformis 4 months after inoculation, B) R. reniformis 8 months after inoc-
ulation, C) M. javanica 8 months after inoculation. Letters above the bars represent differences (k= 100) among
cultigens.

Jormis reproduced well on all species of  existence of races or biotypes was not
Ananas and Pseudananas. The response of ~ apparent.

the cultigens to the 6 populations of reni- Breeding conducted at the Pineapple
form nematode was similar, therefore, the Research Institute of Hawaii (PRI) for
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Table 3. Gall rating of pineapple cultigens infected
with Meloidogyne javanica.

Cultigen code Gall rating”
Aan?® 1.75ef
Aco 2.00ef
Psa 2.00ef
Aer 2.30def
McQ 3.00cdef
Per 3.00cdef
CXP 3.25bcde
520 3.50abcd
Abr 3.75abc
AXR 3.75abc
ChC 3.75abc
Aan’ 4.00abc
Aba 4.50ab
AzC 4.50ab
SmC 4.50ab
RSp 4.74a

"Roots were qualitatively rated for nematode damage
on a scale of 0-5 with 0 representing roots without vis-
ible nematode damage. Roots in very poor condition,
lacking fine lateral roots and having coarse main
roots were classified as a 5 on this scale.

“Numbers followed by the same letter are not differ-
ent (k = 100) according to a Waller-Duncan kratio-¢
test.

nematode resistance did not result in the
development or selection of a pineapple
clone more tolerant to M. javanica or R.
reniformis than the Smooth Cayenne clone
currently planted (14), and our data sup-
port this conclusion. Additional tolerance
and less susceptibility to nematode infec-
tion are needed in commercial pineapple
clones. The PRI breeders concluded that
tolerance to nematodes was dependent
upon the type of pineapple root, rate of
root growth, and the nematode species
involved (14). Root type and growth rate
are traits for which selection may be diffi-

cult. Consequently, future research for
resistance to nematodes should focus on
the opportunities to transform pineapple
with genes for nematode resistance from
other crops while continuing the evalua-
tion of A. comosus clones for their relative
susceptibility to nematode infection.
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