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Host-Parasite Relationships of Meloidogyne trifoliophila 
Isolates from New Zealand 

C. F. MERCER, 1 J. L. STARR, 2 AND K . J .  MILLER 1 

Abstract: Root-infecting nematodes are commonly found on white clover in New Zealand pasture 
where they reduce yield, nitrogen fixation, and persistence. The dominant root-knot nematode on white 
clover in New Zealand is confirmed in this study as Mdoidogyne trifoliophila by isozyme phenotype 
comparison with the type population from Tennessee. Results from a host differential test differed in the 
host ranges of M. trifoliophila and M. hapla from New Zealand locations, with M. trifoliophila failing to 
reproduce on the standard host plants of the test. The size and character of white clover root galls differ 
between species as M. trifoliophila galls are large, elongate, and smooth compared to the M. hapla galls, 
which are small, round, inconspicuous, and generally have adventitious, lateral roots. Culture and 
identification of root-knot nematode populations from sites in the North Island of New Zealand showed 
that M. trifoliophila is more widespread and abundant than M. hapla. Similar differential resistant and 
susceptible galling responses among half-sib families of white clover from a breeding program indicated 
that all M. trifoliophila populations tested were of the same pathotype. This resistant material was not 
effective in reducing reproduction of M. hapla. Meloidogyne trifoliophila did not develop to maturity on six 
grasses tested, but galls were formed on some species. 

Key words: breeding, detection, diagnosis, Meloidogyne hapla, Meloidog~ne trifoliophila, nematode, New 
Zealand, pasture, resistance, root-knot nematode, Trifolium repens, white clover. 

R o o t - k n o t  n e m a t o d e s  were  first  r e c o r d e d  
f r o m  New Z e a l a n d  (NZ) in  1903 (Clark ,  
1963) a n d  have  b e e n  s t u d i e d  s ince  t h e n  in  
h o r t i c u l t u r a l  c rops  (Clark,  1963; Dale ,  1972; 
Merce r ,  1994) a n d  pa r t i cu l a r l y  in pa s tu r e  
(Yeates,  1977; W a t s o n  a n d  Barke r ,  1993; 
M e r c e r  a n d  Wat son ,  1996), w h e r e  the  char -  
ac ter is t ic  ga l l ing  o f  roo t s  is c o m m o n l y  f o u n d  
o n  clovers  b u t  r a re ly  o n  grasses.  Un t i l  re- 
cent ly ,  the  d o m i n a n t  r o o t - k n o t  n e m a t o d e  
o n  clovers  in  NZ pas tu re s  was t h o u g h t  to be  
Meloidogyne hapla Chi twood .  However ,  in De- 
c e m b e r  1993, d i s t inc t  con t ras t s  were  f o u n d  
in f ema le  size a n d  in i sozyme p h e n o t y p e  be-  
tween  an  i so la te  co l l e c t ed  f r o m  whi te  c lover  
(Trifolium repens L.) in NZ a n d  a Texas  iso- 
la te  o f  M. hapla (J. L. Starr ,  u n p u b l ,  da ta ) .  
T h e  NZ isola te  has  s ince  b e e n  i d e n t i f i e d  as 
Meloidogyne t,~foliophila (E. C. B e r n a r d ,  pers .  
c o m m . ) ,  o r ig ina l ly  d e s c r i b e d  f r o m  a p o p u -  
l a t i on  o n  whi te  c lover  in  T e n n e s s e e  (Ber- 
n a r d  a n d  E i senback ,  1997). 

Mos t  NZ pas tu res  rely o n  the  symbio t i c  
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f ixa t ion  o f  a t m o s p h e r i c  n i t r o g e n  in rh izo-  
b ia l  r o o t  n o d u l e s  o n  c lover  roots .  Clovers  
also m a k e  i m p o r t a n t  c o n t r i b u t i o n s  to f eed  
qual i ty  a n d  supp ly  as t h e i r  d iges t ib i l i ty  a n d  
p r o t e i n  levels a re  s u p e r i o r  to t ha t  o f  com-  
p a n i o n  grasses.  G r e e n h o u s e  a n d  f ie ld  trials 
( M e r c e r  a n d  W a t s o n ,  1996) have  cons is -  
t e n d y  d e m o n s t r a t e d  the  b e n e f i t  o f  n e m a -  
t o d e  c o n t r o l  in  whi te  clover.  F o r  e x a m p l e ,  in 
t r ia ls  a t  t h r e e  si tes,  n e m a t i c i d e s  r e d u c e d  
n e m a t o d e  n u m b e r s ,  i n c r e a s e d  to ta l  d ry  mat-  
t e r  yields  a n d  N f ixa t ion ,  a n d  i m p r o v e d  the  
a b i l i t y  o f  w h i t e  c l o v e r  to  r e c o v e r  f r o m  
d r o u g h t  (Watson  et  al., 1994). C o n t r o l  o f  
n e m a t o d e  p a t h o g e n s  in  p a s t u r e  by  nema t i -  
c ides ,  howeve r ,  is u n t e n a b l e ,  e i t h e r  eco-  
n o m i c a l l y  o r  ecological ly .  T h e  a l lev ia t ion  o f  

c l o v e r  n e m a t o d e  p r o b l e m s  is b e i n g  ad -  
d r e s se d  by: (i) i m p r o v i n g  res i s tance  a n d  tol- 
e r a n c e  o f  whi te  c lover  to n e m a t o d e s ,  (ii) de-  
s i gn ing  p a s t u r e  m a n a g e m e n t  systems t ha t  
r e d u c e  the  i m p a c t  o f  n e m a t o d e s ,  a n d  (iii) 
i m p r o v i n g  b io log i ca l  c o n t r o l  o f  n e m a t o d e s  
( M e r c e r  a n d  Wat son ,  1996).  

T h e  whi te  c lover  b r e e d i n g  p r o g r a m  for  
i m p r o v i n g  res i s tance  to M. trifoliophila in NZ 
has  d e v e l o p e d  a n u m b e r  o f  half-sib famil ies  
with pa r t i a l  n e m a t o d e  res i s tance  (van d e n  
Bosch  a n d  M e r c e r ,  1996a ,b) ,  b u t  t he  re-  
sponse  o f  these  half-sib fami l ies  to M. hapla 
was n o t  known.  I f  t he  res i s t ance  d e v e l o p e d  
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to M. trifoliophila is no t  effective against M. 
hapla and if the latter is widespread and 
abundant,  then the white clover resistance 
screening  program would n e e d  to be ex- 
panded to include selecting for resistance to 
M. hapla. Cultures o f  root-knot  n e m a t o d e  
were established from sites around NZ to 
check  on  the distribution of  M. trifoliophila 
and M. hapla and verify earlier work (Mercer 
and Grant, 1993), which reported that white 
clover f r o m  the  breeding  program was resis- 
tant to different populat ions  o f  M. trifolio- 
phila f rom various parts o f  NZ. 

The  objectives of  this work were to: (i) 
further characterize an isolate o f  M. trifolio- 
phila from white clover in NZ by compar ing  
its host-pathogen relationships and isozyme 
phenotypes  with the Tennessee  type popu- 
la t ion  o f  M. trifoliophila and  with o t h e r  
Meloidogyne spp., (ii) survey NZ pastures for 
M. trifoliophila and M. hapla and verify that 
only  o n e  pathoty-pe o f  34. trifoliophila is pres- 
ent, (iii) determine  the response  o f  white 
clover germplasm resistant or susceptible to 
M. trifoliophila to a Tennessee  isolate o f  M. 
trifoliophila and determine  if this resistance 
also is effective against M. hapla from NZ, 
and (iv) determine  the reaction o f  a number  
o f  grasses to a NZ isolate o f  M. trifoliophila. 

MATERIALS AND METHODS 

Host differential tests: O n e  test was con-  
ducted  at Texas A&M University using a 
populat ion  o f  M. trifoliophila that originated 
from egg masses col lected from a clover pas- 
ture at Fitzherbert West, Palmerston North,  
NZ. This isolate was identified previously as 
M. hapla (Mercer, 1990). Roots  o f  white clo- 
ver, used  to mainta in  the culture ,  were  
crushed under  a hand-held  roller before ex- 
tract ion  with 0.5% NaOC1 (Hussey  and 
Barker, 1973). In February 1994, a suspen- 
s ion o f  ca. 10,000 M. trifoliophila eggs was 
applied to each plant in a host  differential 
test (Hartman and Sasser, 1985) (Table 1) 
and to white clover. Plants were grown in a 
coarse sand-peat mix (6:1 v /v)  in 100-mm- 
diam. pots. After 8 weeks, the roots were 
washed free o f  soil and the extent  of  galling 
assessed on  a 0-5 scale. The  roots were then 
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crushed,  and  tile eggs were ex t rac ted  as 
above and  counted.  A second host  differen- 
tial test was conducted  in NZ in August  1994 
using five cultures of  root-knot  nematodes  
initiated as single egg masses collected f rom 
known hosts of  M. hapla (Table 1) and  main- 
tained on  'Rutgers '  tomato.  The  sixth isolate 
in the second test was the 34. trifoliophila iso- 
late f rom the Fi tzherbert  West pasture site 
described above. Test  plants were grown in a 
pasteurized sand-soil mix (50:50 v/v;  soil was 
Manawatu silt l oam p H  6.1) in 125-mm- 
diam. pots in a g reenhouse  (soil tempera-  
ture range of  18-25 °C). A suspension of  ca. 
2,000 eggs was appl ied to each plant. Plants 
were watered as required  and  supplied with 
comple te  nutr ients  every 2 weeks. After 10 
weeks, eggs were extracted f rom roots, as 
above, and counted.  From the white clover 
plants inoculated with isolates 4 (M. hapla) 
and 6 (M. trifoliophila) (Table 1), represen-  
tative galls were selected, measured,  and  dis- 
sected. 

Esterase and malate dehydrogenase (MDH) iso- 
zyme phenotypes: Isozyme phenotypes  were de- 
t e rmined  at Texas A&M University for ma- 
ture  f emales  o f  each  n e m a t o d e  isolate.  
Meloidogyne hapla, M. javanica, and M. incog- 
nita were cul tured on tomato  (Lycopersicon 
esculentum 'Rutgers ' ) ,  and  M. trifoliophila was 
cul tured on white clover 'Regal ' .  Females, a 
m i n i m u m  of  eight  for  each species, with 
well-developed egg masses were dissected 
f rom host  roots and  macera ted  individually 
in 0.1 M phospha te  extraction buffer (pH 
7.4) with 20% sucrose, 2% Tri ton X-100, 
and 0.1% b r o m o p h e n o l  blue. Electropho- 
retic separat ion of esterase and  MDH iso- 
zymes was accomplished with an au toma ted  
Phastsystem (Pharmacia,  Uppsala,  Sweden). 
Esterase and MDH isozymes were detected 
by staining for  enzymatic activity according 
to established protocols  (Esbenshade and  
Triantaphyllou,  1985, 1990). MDH pheno-  
types were used to identify Meloidogyne spe- 
cies collected f rom white clover roots dur ing  
the survey of  NZ pastures because MDH as- 
says gave more  consistent results than did 
esterase assays. Esterase activity de ter iora ted  
more  rapidly than did MDH dur ing ship- 
m e n t  of  samples f rom NZ to Texas. 

Pathogenicity comparisons: Four  white clover 
half-s ib  fami l i es  were  c h o s e n  f r o m  the  
breeding  p rog ram selecting for resistance to 
M. trifoliophila; two half-sib families were par- 
tially resistant, and two were susceptible. In 
Pa lmers ton  Nor th ,  p r e - g e r m i n a t e d  seeds 
were sown singly in 60-mm-diam. pots con- 
taining the Manawatu sand-soil mix. In a 
gall ing response  test, i nocu lum was pre-  
pa red  f rom ei ther  the Fi tzherbert  West cul- 
ture of  M. trifoliophila or f rom a culture es- 
tablished f rom a Tennessee  isolate. In  Sep- 
t e m b e r  1995, i n o c u l u m  was a d d e d  as a 
suspension of  ca. 2,000 eggs in 3 ml water 
a round  the roots o f  2-week-old seedlings. To 
d e t e r m i n e  i n o c u l u m  viability, eggs were  
added  to small plastic dishes and ha tched  
juveniles counted.  After 6 days, 98% (N = 
100) of  the eggs of  the Tennessee  isolate 
a n d  50% (N = 100) of  those  f r o m  the 
Fi tzherbert  West isolate had  hatched.  Pots 
were a r ranged  randomly in a single block, 
and  trays of  pots were rotated weekly. There  
were 10 plants (replicates) in each haff-sib 
family. Plants were m a i n t a i n e d  as above,  
and, after 4 weeks, roots were washed free of  
soil and  galls counted.  In a reproduc t ion  
test, two different pairs of  half-sib families 
were inoculated with eggs of  M. trifoliophila 
f rom the Fitzherbert  West culture and  f rom 
an M. hapla culture originating f rom kiwi- 
fruit  roots in a Te Puke, NZ orchard.  Inocu- 
lation protocol  and main tenance  condit ions 
were as above. Eight  weeks after inoculation, 
roots were washed free of  soil, and  eggs ex- 
tracted and  counted  f rom all plants as de- 
scribed above. 

Grasses experiment: Four  seeds of  seven 
grass species and  of  white clover were sown 
directly into each 60-mm-diam. pot  of  the 
Manawatu sand-soil mix. Ten  pots pe r  plant  
species were used. In December  1995, after 
3 weeks, seedlings were th inned  to two per  
pot  and  inoculated with ca. 2,000 eggs of  M. 
trifoliophila f rom the Fi tzherbert  West cul- 
ture. After 5 weeks, soil was washed f rom the 
roots, galls counted,  and up to four  galls per  
plant,  when available, were examined  micro- 
scopically. Portions of  roots f rom each grass 
and  f rom white clover were stained with Cot- 
ton Blue after the m e t h o d  of  Byrd et al. 
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(1983) and  examined  unde r  a dissecting mi- 
croscope for  the presence  of  nematodes  and 
egg masses. 

Pathotype test of populations: In O c t o b e r  
1995, approximate ly  2 liters of  soil and  roots 
was collected f rom unde r  white clover plants 
in p e r m a n e n t  pasture at 25 sites a round  NZ. 
The  sites represen ted  a variety of  climates 
and  soils. At each site, cores were taken un- 
der  10 white clover plants and  bulked in an 
effort to incorpora te  the inheren t  genetic 
diversity of  each nem a t ode  populat ion.  Hal f  
the soil f rom each site was mixed  with pas- 
teurized sand (50:50 v/v) ,  pu t  into 60-ram- 
diam. pots, and  sown with white clover seed. 
However,  populat ions f rom all o f  the sites 
sampled  in the South Island, and  some of  
those f rom the Nor th  Island, failed to estab- 
lish. After abou t  6 weeks the cultures were 
increased by washing soil f rom the white clo- 
ver roots, extract ing eggs in 0.5% NaOC1, 
and  inoculat ing new white clover roots in 
pas teur ized sand-soil mix. After abou t  18 
weeks (ca. three  generat ions  of  root-knot  
nema tode  [Mercer, 1990]), egg suspensions 
were p repa red  f rom each culture (Table 2) 
and  inoculated onto  two resistant and  two 
susceptible half-sib families of  white clover. 
Germina ted  seeds were sown singly into 60- 
ram-diam, pots o f  pasteurized sand-soil mix 
in March 1996 and inoculated 2 weeks later. 
The re  were 10 plants (replicates) per  half- 
sib family. Plants were main ta ined  as de- 
scribed previously and  kept  in one block, 
but  those f rom each site were isolated f rom 
each o ther  to prevent  contaminat ion.  After 
4 weeks, roots were washed free of  soil and 
galls of  M. trifoliophila or  M. hapla counted.  

RESULTS 

Root-knot  nema tode  inoculum, p repa red  
f rom an isolate f rom white clover in a pas- 
ture located in Fi tzherbert  West, NZ, did not  
cause galls on any plants in the host  differ- 
ential test conduc ted  at Texas A&M Univer- 
sity (Table 1), but  white clover was severely 
galled. Egg p roduc t ion  occur red  in trace 
amounts  on some plants in the host  differ- 
ential test, whereas large numbers  were re- 
covered f rom white clover. Of  the six root- 

kno t  n e m a t o d e  popula t ions  c o m p a r e d  in 
the test conducted  in NZ, five showed the 
host response typical of  M. hapla (Har tman  
and Sasser, 1985) (Table 1). The  sixth popu-  
lation, obta ined f rom the same Fitzherbert  
West culture used in the Texas A&M Uni- 
versity test, r ep roduced  only on white clover 
and not  on the plants of  the host  differential 
test. 

The  several isolates of  M. trifoliophila f rom 
NZ and the Tennessee isolate were charac- 
terized by a single esterase isozyme with an 
electrophoret ic  mobility of  0.32 (Fig. 1A). 
This esterase phenotype  was distinct f rom 
the characteristic phenotypes  o f  M. hapla 
and M. javanica, and f rom the characteristic 
esterase phenotypes  of  M. arenaria and M. 
incognita (data not  shown). Some variation 
in esterase phenotype  for M. hapla was ob- 
served in the fo rm of  an addit ional band  of  
enzyme actMty in ca. 10% of  the individuals 
tested (Fig. 1B). 

The  MDH phenotypes  for M. hapla and 
M. trifoliophila were each characterized by 
two bands of  activity in 20 of  32 assays. These 
isozymes had  electrophoret ic  mobilities of  
0.56 and  0.64 for M. hapla and 0.45 and  0.53 
for M. trifoliophila (Fig. 1C). No consistent 
variation in MDH phenotype  was observed 
a m o n g  the isolates of  e i ther  species. For  
bo th  M. hapla and M. trifoliophila, the occa- 
sional absence of  the MDH isozyme with the 
greater  mobility appea red  to be related to 
e lectrophoret ic  conditions ra ther  than bio- 
logical variation because,  when  these iso- 
zymes were absent, they were absent  f rom all 
samples for a given assay (Fig. 1D). 

In the survey of  root-knot  nema tode  spe- 
cies associated with white clover in NZ pas- 
tures, the MDH phenotype  was used to dis- 
tinguish between M. hapla and M. trifolio- 
phila. Ninety-two percen t  o f  the total o f  268 
individuals tested were identified as M. trifo- 
liophila, and 4.5% were identified as M. hapla 
(Table 2). Only 3% of the individuals could 
not  be identified based on their  MDH phe- 
notypes. 

Root  galls on white clover caused by M. 
hapla (isolate 4, Table 1) were round,  0.5 to 
1 m m  across (N = 20), colored the same as 
the rest of  the root  (beige),  and  frequently 



TABLE 2. Identification of Meloidogyne species parasit izing white clover in New Zealand pasture using malate dehydrogenase (MDH) phenotype  and number  of galls on 
white clover half-sib families resistant and susceptible to M. trifoliophila. 

Mean number of M. trifoliophila galls ~ Mean number of M. hapla galls b 

Resistant Susceptible Resistant Susceptible 
MDH phenotype half-sib iamilies half-sib families half-sib families half-sib families 

Location of M. M. c17522 c17504 
populations Map reference ~ Total trifoliophiIa hapla Unknown c17522 c17534 c17504 c17507 and c17534 and c17507 

Carterton $26 143 201 16 13 1 2 19 a 38 b 85 c 84 c 0.1 0 
Dairy Flat R10 029 572 15 14 1 0 20 a 24 a 83 b 86 h 0.3 0 
Gisborne Y18 496 659 13 13 0 0 8 a 22 b 68 c 60 c 0.1 0 
Inglewood Q19 276 109 . . . .  22 a 47 b 147 c 115 c 0 0 
Kai Iwi R22 758 483 19 19 0 0 . . . . . .  
Keri Keri P05 960 683 9 9 0 0 . . . . . .  
Levin $25 613 051 14 12 0 2 22 a 23 a 77 b 66 b 0.2 0 
Manaia P21 080 829 20 20 0 0 33 a 39 a 106 b 70 c 0.1 0 
Normanby Q21 199 856 16 16 0 0 20 a 32 a 93 b 83 b 0 0 
Opotiki  W15 873 342 17 12 5 0 31 a 54 b 124 c 111 c 0.6 0.3 
Otaki  $25 445 925 16 16 0 0 19 a 29 a 97 b 86 b 0 0 
Palraerston T24 877 318 . . . .  39 a 55 a 145 b 128 b 0 0 
North 
Patea Q22 377 603 30 27 3 0 17 a 23 a 83 b 81 b 0.5 0.1 
Te Puke V15 148 666 16 16 0 0 25 a 39 a 100 b 102 b 0.2 0 
Tokanui  S15 143 448 16 14 1 1 . . . . . .  
Tutira V20 455 122 25 23 1 1 17 a 13 a 69 b 56 b 0.1 0 
Woodville T24 928 508 25 23 0 2 20 a 31 a 74 b 78 b 0 0 

Mean 22 a 34 b 96 c 86 c 0.125 0.029 
Standard er ror  2 3 7 6 0.049 0.022 

O 

O 

Within a location, means without a letter in common differ significantly at P = 0.05 (ANOVA). Galls were counted 4 weeks after each plant was inoculated with ca. 9,000 eggs. 
b Values are means for two half-sib families. Galls were counted 4 weeks after each plant was inoculated with ca. 2,000 eggs. 
c Map references from New Zealand Map Series 260. 

~D 
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1 2 3 4 5 6 7  8 9 1 0 1 1  
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1 2 3 4  1 2 3 4 5 6  
FIG. 1. Esterase and malate dehydrogenase (MDH) phenotypes for Meloidogyne hapla, M. javanica, and M. 

trifoliophila. A) Esterase phenotypes--lane 1 is M. javanica from Texas (TX); lanes 2,3 are M. hapla from New 
Zealand (NZ); lanes 4,5 are M. hapla from TX; lane 6 is M. hapla from the United Kingdom; lanes 7 and 8 are M. 
trifoliophila from NZ. B) Esterase phenotypes---lanes 1,2 are M. trifoliophila from Tennessee; lanes 3,4,5 are M. hapla 
from NZ; lanes 6,7 are M. hapla from TX; lanes 8,9 are M. hapla from the United Kingdom; lanes 10,11 are M. 
trifoliophila from NZ. Note in B the second esterase isozyme for all M. hapla individuals that was observed in ca. 10% 
of the assays. C) MDH phenotypes of Meloidogyne females collected from pastures in NZ lanes 1,2,3 are M. 
t,~foliophila; lane 4 is M. hapla. D) MDH phenotypes of Meloidogyne females from pastures in NZ--lanes 1,6 are M. 
hapla; lanes 2,3, and 5 are M. trifoliophila; lane 4 is an unknown individual. Note in D the absence of the faster 
migrating MDH isozyme for both M. hapla and M. trifoliophila. This phenotype was observed in ca. 20% of the 
assays. 

h a d  a yel low egg  mass p r o t r u d i n g  t h r o u g h  

the  r o o t  gall  e p i d e r m i s  (Fig. 2A). Ins ide  the  

galls was o n e  o r  occas ional ly  two females .  All 

bu t  two o f  40 M. hapla galls e x a m i n e d  h a d  

advent i t ious ,  la teral  roots.  Galls caused  by 

M. trifoliophila were  wide r  a n d  m o r e  e lon-  

ga te  ( m e a n  l e n g t h  = 4 m m ,  m e a n  width  = 1.5 

m m ,  N = 20) (Fig. 2B) than  those  o f  M. 

hapla. T h e  M. trifoliophila galls were  a c r e a m  

co lo r  a n d  l igh te r  t han  the  rest  o f  the root ,  

and  less t han  1% ( N  = 200) had  a la teral  

root .  Each  gall c o n t a i n e d  1 to 9 females  a n d  

egg  masses. Egg  masses o f  M. trifoliophila 
were  typically e m b e d d e d  wi th in  t he  galls 

r a t h e r  than  p r o t r u d i n g  f r o m  the  gall  sur- 

face. 

For  each  isolate tested,  the  m e a n  n u m b e r  

o f  M. trifoliophila galls was lower  on  the  re- 

sistant l ines than  on  the  suscept ib le  ones  

(Table  2). Overal l ,  the  counts  o f  M. trifolio- 
phila on  resis tant  half-sib famil ies  were  a b o u t  

31% o f  those  on  the  suscept ib le  ones.  Galls 

typical o f  M. hapla d e v e l o p e d  f r o m  n i n e  

p o p u l a t i o n s  a n d  w e r e  at  l ower  n u m b e r s  

than  M. trifoliophila galls. Coun t s  o f  M. hapla 
galls were  n o t  c o m p a r e d  statistically because  

o f  low n u m b e r s .  However ,  the overal l  m e a n  

f igure  was n o t  d i f fe ren t  b e t w e e n  resis tant  

and  suscept ib le  half-sib famil ies  (Table  2). 

Seven popu la t i ons  p r o d u c e d  galls on  haft- 

sib famil ies  res is tant  to M. trifoliophila b u t  

n o t  on  suscept ib le  half-sib families.  
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Fro. 2. Root galls from white clover inoculated 6 
weeks earlier with A) Meloidogiyne hapla or B) Meloidoffyne 
trifoliophila. White clover root galls differ between 
nematode species as M. trifoliophila galls are large, elon- 
gate, and smooth compared to the M. hapla galls, which 
are small, round, inconspicuous, and generally have 
adventitious, lateral roots. Egg masses are indicated by 
dashed lines. 

T h e  r e s i s t ance  in  two half-sib fami l ies  
f rom a white clover b r e e d i n g  p r o g r a m  was 
effective in  r e d u c i n g  gal l ing by isolates of  
the  F i tzherber t  West  a n d  T e n n e s s e e  popula -  
t ions of  M. trifoliophila (Table  3). T h e  resis- 
t ance  in  a n o t h e r  pai r  o f  half-sib families re- 
d u c e d  egg p r o d u c t i o n  by M. trifoliophila b u t  
n o t  by M. hapla (Table  4). 

Few galls f rom M. trifoliophila i n f ec t i on  
were f o u n d  on  grass roots c o m p a r e d  to o n  
white  clover roots (Table  5). Poa annua was 
the mos t  heavily in fec ted  grass species with a 
m e a n  of  12 galls pe r  pai r  o f  plants .  No de- 
v e l o p m e n t  b e y o n d  swollen J2 was f o u n d  in  
galls f rom P. annua, P. dilatatum, a n d  Ele- 
usine indica. In  the  s ingle  gall f rom a rice 
p l a n t  a n d  in  galls f rom Alopecurus pratensis 
a n d  Echinochloa crus-galli, low n u m b e r s  of  fe- 

TABLE 3. Galling response of resistant and suscep- 
tible half-sib families of white clover to isolates of 
Meloidogyne trifoliophila from Fitzherbert West, Palmer- 
ston North, New Zealand, and Tennessee, USA. 

Fi tzherber t  West  T e n n e s s e e  

N u m b e r  N u m b e r  
White  clover seedl ine  o f  galls N of  galls N 

C1022 Resistant 7a 10 5 a 10 
C1019 Resistant ' 7 a 8 10 a 10 
C1015 Susceptible 29 b 10 72 b 9 
C1014 Susceptible 44 b 10 110 b l0 

In columns,  m e a n s  wi thout  a le t ter  in c o m m o n  differ  signifi- 
cantly ( P =  0.001). A N O V A  was c o n d u c t e d  on  da ta  t r ans fo rmed  
with log m (x + 1) be fo re  analysis; geome t r i c  m e a n s  are pre- 
sented.  N = n u m b e r  o f  plants.  

males  were found ,  b u t  in  every case n o  eggs 
were seen  in  the small  ge la t inous  ex t rus ion;  
males  were  n o t  f o u n d  in  any  galls f r o m  
grasses. In  the  s ta ined  roots, no  fu r the r  galls, 
females ,  or  egg masses were seen.  In  the  
galls o n  white clover roots, m a n y  males  as 
well as egg masses with eggs were found .  

DISCUSSION 

T h e  d o m i n a n t  r o o t - k n o t  n e m a t o d e  o n  
white  clover in  NZ pas ture  has b e e n  deter-  
m i n e d  as M. trifoliophila. T h e  esterase a n d  
MD H  pheno types  c on f i r m  the mo r p ho l og i -  
cal c o m p a r i s o n  of NZ isolates with the  para- 
types of  M. trifoliophila f rom T e n n e s s e e  (E. 
C. Bernard ,  pers. c o mm . ) ,  a n d  the  survey 
shows tha t  M. trifoliophila is p r o b a b l y  the  
mos t  n u m e r o u s  roo t -knot  n e m a t o d e  species 
in  the  pastures  e xa mi n e d .  

T h e  host  dif ferent ia l  tests gave an  u n a m -  

TABLE 4. Reproduction of Meloidogyne trifoliophila 
and Meloidogyne hapla on white clover half-sib families 
resistant or susceptible to Meloidogyne trifoliophila. 

M. trifoliophila M. hapla 

N u m b e r  N u m b e r  
Whi te  clover seedl ine  o f  eggs  N of  eggs  N 

C17522 Resistant 68,000 a 6 69,000 a 7 
C17534 Resistant 60,000 a 6 36,000 a 6 
C17504 Susceptible 238,000 b 8 38,000 a 6 
C17510 Susceptible 164,000 b 6 25,000 a 5 

In  co lumns ,  m e a n s  without  a let ter  in c o m m o n  differ  signifi- 
cantly. A N O V A  was c o n d u c t e d  on  data  t r a n s f o r m e d  to square  
roots be fore  analysis; geome t r i c  m e a n s  are  p resen ted .  N =  n u m -  
b e r  of  plants.  Eggs  were coun ted  8 weeks af ter  each  p lan t  was 
inocula ted  with ca. 2,000 eggs.  

w 
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TABLE 5. Gal l  n u m b e r s  on  six grasses  a n d  wh i t e  c lover  i n o c u l a t e d  wi th  Meloidogyne trifoliophila eggs.  

Accession Mean gall Numbers of infected plant pairs 
Plant species number or cultivar number a and total number  of plant pairs at harvest 

Poa annua L. Bp 1271 12.0 10, 10 
Oryza sativa L. A m a r o o  0 0, 10 
Oryza sativa L. P e l d e  0.1 1, 10 
Paspalum dilatatum Poir .  Bo 224 0.1 1, ]0  
Alopecurus pratensis L. Bz 2554 1.1 4, 9 
El¢usine indica (L.) Gae r tn .  Bz 2653 0.5 2, 6 
Echinochloa cruss-galli (L.) Beauv. Bz 2643 3.1 5, 10 
Trifolium repens L. Grass lands  H u i a  147 10, 10 

a Counts are for two root systems. Galls were counted 4 weeks after each plant was inoculated with ca. 2,000 eggs. 

biguous result  for  distinguishing M. hapla 
f rom M. trifoliophila. This is the first pub- 
lished result  o f  a host differential test on NZ 
root-knot  nema todes  and  confirms Dale 's  
(1972) listing of  carrots, kiwifruit, and  white 
clover as hosts of  M. hapla. Clark (1963) re- 
corded  white clover as a host of  Meloidogyne 
sp. but  did not  record it as a host  of  M. hapla 
and so may have seen differences between 
M. trifoliophila and M. hapla 34 years ago. 
Fur ther  conf i rmat ion that  some NZ isolates 
are M. hapla comes  f rom MDH phenotypes,  
which were the same as for  M. hapla f rom 
Texas and  the Uni ted Kingdom. A host dif- 
ferential  test takes too long for  rout ine di- 
agnostic purposes,  but  the characters of  gall 
size and  presence-absence of  adventitious, 
lateral roots are sufficient to allow M. trifolio- 
phila galls to be  distinguished f rom those 
caused by M. hapla. 

The  esterase and  MDH phenotypes  of  M. 
trifoliophila were clearly distinct f rom those 
of  the o ther  major  Meloidogyne spp., includ- 
ing M. hapla (Esbenshade and  Triantaphyl- 
lou, 1990). Al though some variation was ob- 
served for  both  esterases and MDH, this ap- 
pea red  to be due  to exper imenta l  error,  as 
the same variation (an addit ional esterase 
isozyme for  M. hapla or loss of  an MDH iso- 
zyme for M. trifoliophila and M. hapla) could 
be observed for all individuals o f  a species 
for  a single assay and  was not  consistent  
across repea ted  assays of  any isolate. These 
variations were observed in less than 20% of  
the electrophoresis  assays. No appa ren t  dif- 
ference in esterase or MDH phenotype  was 
observed a m o n g  the three  isolates of  M. 
hapla tested or between the NZ and Tennes-  

see isolates of  M. trifoliophila. The  repor ted  
esterase and MDH phenotypes  for M. hapla 
have only a single isozyme each (Esben- 
shade and Triantaphyllou,  1985, 1990), with 
relative e l ec t rophore t i c  mobi l i t ies  corre-  
sponding to that  of  the slower migrat ing iso- 
zyme of  each enzyme activity (0.59 for  ester- 
ase and 0.56 for  MDH in this study). These 
isozymes were always present  in the individu- 
als of  the control  isolates and  were used for 
identification purposes.  The  variable detec- 
tion of  the second isozyme for  each enzyme 
activity may be due to variability in extrac- 
tion of  individual females and the grea ter  
sensitivity of  the Phastsystem relat ive to 
o ther  e lectrophoret ic  systems. 

In the survey of  the Meloidogyne species 
associated with white clover in NZ pastures, 
3% of  the individuals had  MDH phenotypes  
that  were not  characteristic of  M. hapla or  M. 
trifoliophila. The  identity of  these individuals 
is not  known. 

The  reduced  numbers  of  M. triJbliophila 
galls on resistant white clover f rom all NZ 
populat ions tested confirms an earlier find- 
ing (Mercer and Grant,  1993) that  only one 
M. trifoliophila pathotype  is likely to exist on 
white clover in NZ and that  cont inued  use of  
the local (Fitzherbert  West) M. trifoliophila 
p o p u l a t i o n  is jus t i f ied  in the  res is tance  
breeding  program.  This pathotype test, to- 
ge ther  with the earl ier  one  (Mercer  and 
Grant,  1993), brings the n u m b e r  of  popula-  
tions tested to 18. The  earlier study repor ted  
the root-knot  nema tode  tested as M. hapla, 
but  based on  data f rom the current  study it 
was undoubted ly  M. trifoliophila. The  reac- 
t ion of  resis tant  and  suscept ible  half-sib 
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famil ies  o f  whi te  c lover  to the  NZ a n d  T e n -  

nessee  isolates suggests tha t  b o t h  isolates are  

the  same pa tho type .  

T h e  i n c i d e n c e  o f  M. hapla was low at the  

sites w h e r e  it  occu r r ed ,  a n d  so the  species  

does  n o t  a p p e a r  to p r e s e n t  an  i m m e d i a t e  

t h r ea t  to the use o f  whi te  c lover  variet ies  

with resis tance to M. trifoliophila. However ,  

the  possibili ty that  a shift  in species c o m p o -  

si t ion o f  the  p o p u l a t i o n s  o c c u r r e d  in cu l tu re  

m u s t  be  c o n s i d e r e d  (Eisenback,  1993). In  

the  field, the  fu tu re  use o f  whi te  c lover  vari- 

eties with res is tance to M. trifoliophila may 

increase  se lec t ion  o f  o t h e r  n e m a t o d e  spe- 

cies (Young, 1992). 

Early invest igat ions  showed  M. trifoliophila 
to be  m o r p h o l o g i c a l l y  s imilar  to M. gramini- 
cola, which  is a paras i te  o f  grasses a n d  com-  

m o n  in  the  r i c e - p r o d u c i n g  areas  o f  Asia 

(Bridge et  al., 1990). However ,  we suspec ted  

tha t  the  d o m i n a n t  roo t -kno t  n e m a t o d e  in 

NZ pastures  was n o t  M. graminicola because  

galls were  n o t  seen  on  grasses g rowing  in 

pas tu res  wi th  heavi ly  ga l l ed  whi te  c lover .  

T h e  inabil i ty o f  NZ isolates o f  M. trifoliophila 
to paras i t ize  grasses was d e m o n s t r a t e d  in 

o u r  results a n d  conf i rms  the  r e p o r t  o f  Ber- 

n a r d  a n d  J e n n i n g s  (1997) on  hos t  range .  

W i n d h a m  and  P e d e r s o n  (1992) r e p o r t e d  a 

n u m b e r  o f  clovers as hosts o f  a Mississippi 

isolate  o f  M. graminicola b u t  d id  n o t  test  

t he i r  i n o c u l u m  on  any of  the  k n o w n  grass 

hosts o f  M. graminicola. 
T h e  iden t i f i ca t ion  ( B e r n a r d  a n d  Eisen-  

back, 1997) a n d  f u r t h e r  cha rac te r i za t ion  o f  

M. trifoliophila have  a l lowed m o r e  accura te  

focus o f  NZ n e m a t o d e  re sea rch  p rograms .  

T h e  isozyme p h e n o t y p e s  a n d  gall charac te r s  

d e s c r i b e d  above  give c o n v e n i e n t  m e t h o d s  

fo r  d i s t i n g u i s h i n g  M. trifoliophila a n d  M. 

hapla. Gall character is t ics  a lone  shou ld  be  

suff icient  for  d e t e r m i n i n g  the  i n c i d e n c e  o f  

M. trifoliophila a n d  M. hapla in r ou t i ne  sur- 

veys. 

LITERATURE CITED 

Bernard, E. C., andJ. Eisenback. 1997. Description of 
Meloidogyne trifoliophila n. sip. (Nematoda: Meloidogyni- 
dae), a parasite of clover in Tennessee. Journal of 
Nematology 29:43-54. 

Bernard, E. C., and P. L. Jennings. 1997. Host range 

and distribution of the clover root-knot nematode, 
Meloidogyne trifoliophila (Nematoda: Meloidogynidae). 
Journal of Nematology 29: (in press). 

Bridge, J., M. Luc, and R. A. Plowright. 1990. Nema- 
tode parasites of rice. Pp. 69-108 in M. Luc, R.A. Si- 
kora, and J. Bridge, eds. Plant-parasitic nematodes in 
subtropical and tropical agriculture. St. Albans, UK: 
CAB International. 

Byrd, D. W., T. Kirkpatrick, and IC R. Barker. 1983. 
An improved technique for clearing and staining plant 
tissues for detection of nematodes. Journal of Nematol- 
ogy 15:142-143. 

Clark, W. C. 1963. A review of plant-parasitic nema- 
todes in New Zealand. New Zealand Weed Control 
Conference 16:91-95. 

Dale, P. S. 1972. List of plant hosts of nematodes in 
New Zealand. New Zealand Journal of Science 15:442- 
448. 

Eisenback, J.D. 1993. Interactions between nema- 
todes in cohabitance. Pp. 134-174 in M. Wajid Khan, 
ed. Nematode interactions. Aligarh, India: Chapman 
and Hall. 

Esbenshade, P.R., and A. C. Triantaphyllou. 1985. 
Electrophoretic methods for the study" of root-knot 
nematode enzymes. Pp. 115-123 in IC R. Barker, C. C. 
Carter, and J. N. Sasser, eds. An advanced treatise on 
Meloidog3ne, vol. 2. Methodology. Raleigh, NC: North 
Carolina State University Graphics. 

Esbenshade, P.R., and A. C. Triantaphyllou. 1990. 
Isozyme phenotypes for the identification of Meloido- 
gyne species. Journal of Nematology 22:10-15. 

Hartman, K. M., andJ. N. Sasser. 1985. Identification 
of Meloidogyne species on the basis of differential host 
test and perineal-pattern morphology. Pp. 69-77 in 
K. R. Barker, C. C. Carter, and J. N. Sasser, eds. An ad- 
vanced treatise on Meloidogyne, vol. 2. Methodology. Ra- 
leigh, NC: North Carolina State University Graphics. 

Hussey, R. S., and K. R. Barker. 1973. A comparison 
of methods of collecting inocula of Meloidogyne spp. 
including a new technique. Plant Disease Reporter 57: 
1025-1028. 

Mercer, C.F. 1990. Development of the nematodes 
Meloidog~ne hapla Chitwood and Heterodera trifoIii Goffart 
in white clover. Nematologica 36:227-236. 

Mercer, C. F. 1994. Plant-parasitic nematodes in New 
Zealand. New Zealand Journal of Zoology. 21:57-66. 

Mercer, C.F., and J. L. Grant. 1993. The develop- 
ment of Meloidogyne hapla (Nematoda: Tylenchida) in 
resistant and susceptible Trifolium semipilosum. Proceed- 
ings of the 6th Australasian Conference on Grassland 
Invertebrate Ecology: 195-201. 

Mercer, C.F., and R.N. Watson. 1996. Nematode 
pathogens of New Zealand pastures. Pp. 241-256 in S. 
Chakraborty, ed. Pasture pathology. Madison, WI: ASA, 
CSSA, SSSA. 

van den Bosch,J., and C. F. Mercer. 1996a. Variation 
in white clover for root-knot nematode resistance. New 
Zealand Journal of Agricultural Research 39:137-148. 

van den Bosch, J., and C. F. Mercer. 1996b. Third- 
generation progress in breeding white clover for root- 
knot nematode resistance. Pp. 163-166 in D. R. Wood- 
field, ed. White clover: New Zealand's competitive 
edge. Lincoln: New Zealand Agronomy Society and 
New Zealand Grasslands Association. 

. . . .  I I  El l  



6 4  Journal of Nematology, Volume 29, No. 1, March 1997 

Watson, R. N., and G. M, Barker. 1993. Towards im- 
proving the role of legumes for grassland sustainability. 
Proceedings of the 6th Australasian Conference on 
Grassland Invertebrate Ecology: 213-226. 

Watson, R. N., N. L. Bell, F.J. Neville, and S. L. Har- 
ris. 1994. Improving pasture sustainability by reducing 
the impact of clover nematodes. Pp. 83-85. in C. E. 
Parkhurst, ed. Soil biota: Management in sustainable 
farming systems. Australia: CSIRO. 

Windham, G. L., and G. A. Pederson. 1992. Compari- 
son of reproduction by Meloidogyne graminicola and M. 
incognita on Trifolium species. Journal of Nematology 
24:257-261. 

Yeates, G.W. 1977. Soil nematodes in New Zealand 
pastures. Soil Science 123:415-422. 

Young, L.D. 1992. Problems and strategies associ- 
ated with long-term use of nematode-resistant cultivm-s. 
Journal of Nematology 24:228-233. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

	97_060d: 
	pdf: 

	97_060c: 
	pdf: 

	97_060b: 
	pdf: 

	97_060a: 
	pdf: 



