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Response of Perennial Herbaceous Ornamentals to 
Meloidogyne hapla 

J. A. LAMONDIA 1 

Abstract: Sixty-nine herbaceous perennial ornamentals in 56 genera were evaluated for root gall- 
ing after 2 months in soil infested with Meloidogyne hapla under greenhouse conditions. Plants were 
rated susceptible or resistant based on the number of galls present on the root system. Thirty-six 
percent had more than 100 galls on the roots (similar to 'Rutgers' tomato controls) and were rated 
susceptible. Thirty percent of the plants tested did not have galls or egg masses present on the root 
system and were rated resistant. The remaining 34 percent were intermediate in response. Variation 
in response to M. hapla was observed within plant genera and species. The identification of M. 
hapla-resistant perennial ornamentals will aid in management of this nematode in landscapes and 
production fields. 
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Perennial herbaceous ornamentals are a 
rapidly expanding segment of  the floricul- 
ture and nursery industry, with an annual 
gross receipt value of  approximately $1 
billion in the United States (11). Perennials 
are propagated by several methods, in- 
cluding seed, division, and cuttings (2). 
Vegetative methods of  propagation are of- 
ten easier and may produce better, more 
uniform plants as well as true named cul- 
tivars. Unfortunately, vegetative propaga- 
tion may result in increased spread and 
distribution of  plant-parasitic nematodes, 
as evidenced by the presence of  Meloido- 
g'yne hapla in 42 of  106 samples of  peren- 
nial plants submitted over the last 2 years 
to the Connecticut Agricultural Experi- 
ment Station by growers, distributors, and 
landscapers (LaMondia, unpubl.). 

Herbaceous  perennials are a diverse 
group consisting of  about  2,500 herba- 
ceous species in approximately 500 genera 
(9). The host suitability of  many of these 
species to M. hapla is unknown, and the 
limited number  of  reports do not always 
distinguish among Meloidogyne species (1, 
6,10). Approximately 50% of the market 
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for perennials in North America is in the 
northern and Great Lakes states and Can- 
ada, and the percentage of gross sales at- 
tributed to perennials is highest in Canada 
and the Northeast (11). Meloidogyne hapla is 
of  particular concern for this market area 
as this species can readily overwinter and 
increase in population density over time 
on perennials in these areas. 

Meloidogyne hapla has been reported to 
damage a number of  woody ornamentals 
(3,4). Unlike the situation with annual  
plant systems, the concept  of  damage  
threshold levels may not apply to nema- 
todes on perennials. Low initial nematode 
population densities have the potential to 
increase on susceptible perennial hosts af- 
ter the planting year and may cause dam- 
age after a period of  years (3). As a conse- 
quence, control of  root-knot nematodes in 
perennial  ornamentals  presents a chal- 
lenge. Chemical control can be difficult, 
and many perennial species are not in- 
cluded on nematicide labels. Sanitation, ac- 
complished by identifying and eliminating 
M. hapla from planting stock, can be im- 
portant. Rotation with nonhost species can 
be effective, especially for field-grown pe- 
rennials (LaMondia, unpubl.),  al though 
successful use of  rotation requires knowl- 
edge about the host status of a large num- 
ber of  plant species. The objective of  this 
research was to evaluate the host suitability 
of  many common perennial ornamentals 
grown in the Northeast to M. hapla. 
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TABLr 1. Gall ing r e sponse  o f  pe renn ia l  o r n a m e n t a l s  g rown u n d e r  g r e e n h o u s e  condi t ions  for  2 m o n t h s  in 
med ia  infes ted with Meloidogyne hapla 

Species Cultivar Common name Gall rating a Literature b 

Acanthus spinosissiums ~ Bears  breeches  4.0 N T  
Achillea sp. Corona t ion  gold Yarrow 1.0 + 
Aconitum arend3ii - -  M o n k s h o o d  4.0 + 
Ajuga reptans B u r g u n d y  glow Bugleweed  4.0 + 
Alchemilla mollis I m p r o v e d  fo rm  Lady's  mant le  1.7 N T  
Althea rosea Chater ' s  doubles  Hollyhock 1.7 + 
Aquilegia sp. Blue star  Co lumb ine  2.6 + 
Arabis caucasia C ompi nk i e  Rockcress 1.5 - 
Artemisia sp. Silver m o u n d  W o r m w o o d  4.0 + 
Aster novae-angliae S ep t embe r  ruby  As te r  1.0 + 
Aster novae-angliae H a r r i n g t o n ' s  p ink  As te r  1.0 + 
Astilbe x arendsii Peach b lossom Fea ther  flower 4.0 - 
Belamcanda chinensis - -  Blackberry lily 1.0 - 
Campanula poscharskyana - -  Bell f lower 4.0 + 
Chelone obliqua - -  T u r t l e h e a d  1.0 - 
Chrysanthemum coccineum Giant  hybr ids  Painted  daisy 3.6 + 
Chrysanthemum x superbum Polaris Shasta  daisy 3.0 + 
Chrysanthemum x superbum Exhibi t ion Shasta  daisy 1.0 + 
Chrysanthemum parthenium - -  Feverfew 2.7 - 
Cimicifuga acerina - -  Fairy candles  4.0 + 
Cimicifuga dahurica - -  Fairy candles  4.0 + 
Cimicifuga simplex White  pear l  Fairy candles  4.0 + 
Clematis sp. Hagley  hybr id  Clematis  4.0 + 
Coreopsis verticillata M o o n b e a m  Tickseed  4.0 + 
Delphinium grandiflorum Blue mi r ro r  D e l p h i n i u m  3.2 + 
Dianthus barbatus I nd i an  carpe t  Sweet william 1.0 + 
Dicentra sp. Alba Bleeding  hea r t  2.8 - 
Digitalis ambigua - -  Foxglove 1.4 + 
Digitalis purpurea Excelsior hybr ids  Foxglove 1.0 + 
Doronieum sp. M agn i f l cum L e o p a r d b a n e  2.3 + 
Filipendula venusta V e n u s t a  magni f ica  Meadowsweet  1.8 - 
Gaillardia x grandiflora Goblin Blanket  f lower 1.0 - 
Geranium dalmaticum - -  Cranesbil l  3.0 - 
Helenium autumnale Brill iant  Sneezeweed 1.0 - 
Heliopsis helianthoides Kara t  O r a n g e  sunf lower  4.0 - 
Hypericum polyphyllum - -  St. J o h n ' s  wort  3.4 + 
Iris germanica A f t e r n o o n  del ight  Bea rded  iris 4.0 + 
Iris pumila Elfin q u e e n  Dwar f  iris 1.6 -e 
Iris siberica M a r a n a n t h a  Siberian iris 1.0 + 
Lathyrus latifolis - -  Sweet pea 2.7 + 
Lavandula angustifolia M u n s t e a d  dwar f  L avende r  3.0 + 
Liatris scariosa White  spires Gay fea ther  1.0 + 
Ligularia dentata D e s d e m o n a  strain Senecio 4.0 N T  
Lobelia cardinalis C o m p l e m e n t  scarlet Card ina l  f lower 4.0 + 
Lupinus sp. Russel l  hybr ids  L u p i n n s  3.0 + 
Lycopersicon esculentum Rutge r s  T o m a t o  4.0 + 
Lythrum sp. M o r d e n ' s  p ink  Purp le  loosestrife 4.0 - 
Malva moschata Alba M usk  mallow 1.7 - 
Monarda didyma C a m b r i d g e  scarlet Bee ba lm 1.0 - 
Pachysandra procumbens - -  Alleghany  spu rge  1.0 + 
Pachysandra terminalis - -  Pachysandra  2.4 + 
Papaver orientale Carouse l  Or ienta l  poppy  1.0 + 
Phlox paniculata Fairest  one  G a r d e n  ph lox  1.0 + 
Phlox stolonifera Bruce ' s  white  C reep ing  ph lox  1.0 + 
Polemonium reptans F i r m a m e n t  Jacob 's  l adder  2.0 - 
Potentilla nepaler~is Miss Wi lmot t  Cinquefoi l  3.0 + 
Primula x polyanthus Crescendo  mix  P r imrose  1.0 + 
Rudbeckia sp. Gold d r o p  Conef lower  1,0 - 
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Salvia azurea Grandiflora Meadow sage 2.3 + 
Salvia haematodes - -  Meadow sage 4.0 + 
Salviajurisicii - -  Meadow sage 3.4 + 
Scabiosa caucasica Fama Pincushion flower 4.0 - 
Stachys byzantina Lanama Lamb's ear 4.0 + 
Stokesia laevis Blue Danube Stokes aster 1.4 - 
Thalictrum speciosissimum - -  Meadow rue 3.4 - 
Tradescantia sp. J . c .  Weguelin Spiderwort 1.0 + 
Verbascum phoeniceum Benary's hybrid Mullein 1.4 + 
Veronica spicata Icicle Speedwell 4.0 + 
Vinca minor Bowles variety Periwinkle 1.0 + 
Viola cucullata Priceana Swiss violet 2.0 + 

Kruskal-Wallis results: T = 330.37; df = 69; Prob. T > Chi square = 0.0001. ANOVA: MSE = 0.177; df = 361; F = 47.07; 
P = 0.0001; LSD = 0.14. 

Gall ratings: 1 = no galls; 2 = 1-10 galls; 3 = 11-I00 galls; 4 = >100 galls per root system. Data are means of five or 
six observations. 

b Host status in the literature: + = reported as a host; - = not reported as a host; NT = not reported or not tested. 
c No cultivar name given. 

MATERIALS AND METHODS 

Pe renn i a l  o r n a m e n t a l s  were  supp l i ed  as 
1- to 2 -year -o ld  p o t t e d  o r  b a r e - r o o t  plants.  
Po t t ed  plants  were  g r o w n  in a m e d i u m  o f  
41% sand,  22% vermicul i te ,  22% perli te,  
a n d  15% peat ,  o r  a b l end  o f  25% compos t ,  
20% per l i te ,  20% pea t ,  15% bark ,  15% 
sand,  a n d  5% s tone  dust .  B a r e - r o o t  plants  
w e r e  p o t t e d  in a 2:1 mix  o f  pas t eu r i zed  
M e r r i m a c  f ine  s a n d y  l o a m  (73.4% sand,  
21.4% silt, 5 .2% clay) a n d  S u n s h i n e  Mix 
no.  3 (F isons  W e s t e r n  C o r p . ,  D o w n e r s  
Grove ,  IL).  Pe renn ia l s  were  g r o w n  in pots  
c o n t a i n i n g  700 o r  1,400 cm 3 mix,  d e p e n d -  
ing  on  p l an t  size. 'Ru tge r s '  t o m a t o  (Lycoper- 
sicon esculentum) plants  were  g r o w n  fo r  2 
m o n t h s  f r o m  seed a n d  used  as n e m a t o d e -  
suscept ible  controls .  

Meloidogyne hapla i n o c u l u m  cons is ted  o f  
a m i x t u r e  o f  isolates or ig ina l ly  r e c o v e r e d  
f r o m  le t tuce  in Ne w York  a n d  s t rawberr ies  
o r  c r anesb i l l  g e r a n i u m  in C o n n e c t i c u t .  
Species  i den t i f i c a t i on  was c o n f i r m e d  by 
o b s e r v a t i o n  o f  p e r i n e a l  p a t t e r n s .  E g g s  
were  p r o d u c e d  o n  'Ru tge r s '  t o m a t o  in the  
g r e e n h o u s e  a n d  ex t r ac t ed  with NaOC1 (7). 
A suspens ion  o f  10,000 o r  20 ,000 eggs  a n d  
second-s t age  juven i l e s  (J2) was p laced in 
f o u r  holes  pe r  po t  f o r  700 a n d  1,400 cm a 
pots,  respect ively.  Five to seven  repl ica te  
pots  o f  each  p lan t  species were  infes ted ,  
an d  t h r ee  u n i n f e s t e d  plants  se rved  as con-  
trois. 

Plants  were  g r o w n  in the  g r e e n h o u s e  o n  

a pea t  bed  fo r  2 m o n t h s .  W h e n  galls a n d  
egg  masses were  a p p a r e n t  o n  n e m a t o d e -  
susceptible t o m a t o  controls ,  roo t s  o f  test 
plants  were  washed  f ree  o f  soil a n d  r a t ed  
fo r  galls. R o o t  gal l ing was r a t e d  o n  a 1 -4  
scale as follows: 1 = no  galls; 2 = 1 - 1 0  
galls; 3 = 1 1 - 1 0 0  galls; a n d  4 = > 1 0 0  
galls pe r  roo t  system. I n  s o m e  cases, such  
as w h e n  small r o o t  galls were  p r e s e n t  on  
f ine roots ,  the  roots  were  soaked  in d i lu te  
ph lox ine  B (5) to aid in the  ident i f ica t ion  
o f  egg  masses.  

Gall ra t ings  were  subjec ted  to the  n o n -  
p a r a m e t r i c  Kruskal-Wall is  test a n d  analysis 
o f  var iance.  Means  were  s e p a r a t e d  by LSD. 

RESULTS AND DISCUSSION 

Plants g r o w n  in u n i n f e s t e d  soil were  no t  
ga l l ed  a n d  w e r e  u s e d  to c o m p a r e  r o o t  
m o r p h o l o g y  with those  g r o w n  in in fes t ed  
soil. W h e n  bo th  sets o f  plants  h a d  swollen 
roo t s  o r  u n u s u a l  m o r p h o l o g y ,  roo t s  were  
d i s s e c t e d  a n d  e x a m i n e d  f o r  r o o t - k n o t  
n e m a t o d e s .  T h e  gall ra t ings  o f  67 species 
o f  f lower ing  pe renn ia l s  in 56 g e n e r a  var-  
ied (P = 0.001) a n d  r a n g e d  f r o m  res is tant  
( ra t ing  o f  1.0) to suscept ible  ( ra t ing  o f  4.0) 
(Table  1). A p p r o x i m a t e l y  30% o f  the  spe- 
cies tes ted  d id  n o t  d e v e l o p  galls a f t e r  2 
m o n t h s  a n d  w e r e  c o n s i d e r e d  res i s t an t .  
Th i s  was c o m p a r a b l e  to r epo r t s  tha t  2 5 -  
30% o f  a n n u a l  plants  a re  res is tant  to roo t -  
k n o t  n e m a t o d e s  (12,13). E g g  masses  were  
no t  de t ec t ed  in the  absence  o f  galls. Mc- 
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Sorley and Frederick (8) found that gall 
and egg mass numbers could both be used 
to rate plant host status and that the results 
from both were similar for almost all an- 
nual bedding plants tested. Additionally, 
about 38% of the species tested had gall 
ratings of  3.0 or greater. Many of these 
plants had several hundred galls and egg 
masses on the roots. The remaining plants 
were intermediate in response (15% with 
ratings of 1.1 to 2.0, and 17% with gall 
ratings of  2.1 to 3.0). 

A comparison of these results to previ- 
ous reports was attempted, but many re- 
ports did not include Meloidogyne species 
and (or) plant cultivar. Seventeen genera 
or species found to be hosts of  M. hapla in 
this report were listed previously as non- 
hosts (1,6,10) or not found in the litera- 
ture. Alternatively, 10 genera or species 
found to be resistant to M. hapla in the 
present study had been reported previ- 
ously as hosts of  root-knot nematodes. 
These discrepancies occur because plant 
species may respond very differently to 
other Meloidogyne species (8). 

As shown by the responses of Chrysanthe- 
mum, Iris, and Pachysandra, my results also 
indicate that there may be considerable 
variation in response to M. hapla within 
genera or even within species. This varia- 
tion may be important to plant breeders or 
in the selection of cultivars for use in M. 
hapla-infested soil. 

Meloidogyne hapla is the most common 
and important root-knot nematode species 
infecting perennials in the Northeast. The 
identification of species or cultivars resis- 
tant to M. hapla is an important first step in 
nematode control by rotation because a 
considerable percentage of perennial or- 
namentals are field-grown in nurseries. 
Long-term rotation with a few M. hapla- 
resistant species has been a successful 

means of root-knot nematode control in 
infested nursery field soils (LaMondia, un- 
publ.). Rotation may also be of use to land- 
scapers and home gardeners planting or 
replanting in areas infested with M. hapla. 
The long-term effects of nematode infec- 
tion on herbaceous perennial plant growth 
and per formance  remain to be deter-  
mined. 
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