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Weed Hosts of Meloidogyne arenaria and M. incognita 
Common in Tobacco Fields in South Carolina 1 

E .  C .  T E D F O R D  2 AND B .  A .  F O R T N U M  3 

Abstract: Thi r ty - two  weed  species c o m m o n  in Sou th  Carol ina  and  one  cuh iva r  o f  tobacco were  
eva lua ted  as hosts  o f  Meloidogyne arenaria race 2 a nd  M. incognita race  3 in the  g r e e n h o u s e .  Egg 
mass  p r o d u c t i o n  and  gal l ing differed (P < 0.05) a m o n g  weed  species. Chenopodium album, Euphorbia 
maculata, a n d  Vicia villosa were  good  hosts  o fM.  arenaria. Amaranthus palmeri, Rumex crispus, Amaran- 
thus hybridus, Ambrosia artemisiifolia, lpomoea hederacea var. integriuscula, Setaria lutescens, Sida spinosa, 
Portulaca oleracea, and  Rumex acetosella were m o d e r a t e  hosts .  Taraxacum officinale, Ipomoea hederacea, 
Cyperus esculentus, Cynodon dactyIon, Echinochloa crus-gaUi, Eleusine indica, Sorghum halepense, Setaria 
viridis, Digitaria sanguinalis, and  Datura stramonium were poor  hosts  for  M. arenaria. Amaranthus 
pa[meri, Amaranthus hybridus, Chenopodium album, Euphorbia maculata, Setaria lutescens, Vicia villosa, 
Sida spinosa, Rumex crispus, and  Portulaca oleracea were m o d e r a t e  hosts  a n d  Ipomoea hederacea var. 
in tegr iuscula ,  Xanthium strumarium, Cyperus esculentus, Cynodon dactylon, Paspalum notatum, Eleusine 
indica, Setaria viridis, and  Rumex acetosella were  poo r  hos ts  for  34. incognita. N o n e  o f  the  above  were  
good  hosts  for  M. incognita. T o b a c c o  ' P D4 '  suppo r t e d  la rge  n u m b e r s  o f  bo th  n e m a t o d e  species. 

Key words: h os t  suitability, Meloidogyne arenaria, M. incognita, Nicotiana tabacum, roo t -kno t  n e m a -  
tode,  tobacco,  weed.  

An increase in the incidence of  Meloi- 
dogyne arenaria (Neal) Chitwood race 2 in 
South Carolina tobacco (Nicotiana tabacum 
L.) fields was reported recently (6). Meloi- 
dogyne arenaria is more virulent than M. 
incognita (Kofoid & White) Chitwood on 
tobacco (1,2) and predisposes plants to sec- 
ondary organisms (3). The  increase in M. 
arenaria played a significant role in the epi- 
phytotic of  root-knot observed on flue- 
cured tobacco in1982  (6). 

Alternate hosts ofM. arenaria that might 
influence its development need to be doc- 
umented, thereby enabling management  
strategies to be developed. Weeds are pres- 
ent in many agricultural ecosystems and 
may influence nematode population de- 
velopment. The  incidence of  weed popu- 
lations changes with use of  different agri- 
cul tural  pract ices  and herbic ides ,  and 
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certain weeds may favor M. arenaria or M. 
incognita. Our objective was to determine 
the suitability of  weeds commonly found 
in tobacco fields in South Carolina as hosts 
ofM. arenaria race 2 and M. incognita race 3. 

M A T E R I A L S  AND M E T H O D S  

Meloidogyne arenaria race 2 and M. incog- 
nita race 3 were isolated from tobacco in 
Florence County, South Carolina. Single 
egg-mass cultures were increased on to- 
mato (Lycopersicon esculentum Mill. cv. Rut- 
gers). Species confirmation and race iden- 
tification were based on differential host 
tests, perineal patterns, and juvenile mor- 
phometrics (10). 

The  experimental design was a split plot 
with nematode species as whole plots and 
weed species as subplots. A randomized 
complete block design was used with five 
replicates, and the experiment was repeat- 
ed once. Weed seeds were obtained from 
Valley Seed Service, Fresno, California. 

A heat-pasteurized mixture of  Varina 
sandy loam soil (75% sand, 17% silt, 8% 
clay, 0.8% organic matter; pH 6.1) was 
mixed two parts soil, two parts sand, and 
one part peat (v:v:v). The  mixture was 
added to 15-cm-d plastic pots and seeded 
with either Cynodon dactylon (L.) Pers., Dig- 
itaria sanguinalis (L.) Scop., Paspalum no- 
tatum Fluegge. ,  Eremochloa ophiuroides 
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(Munro.) Hack.,  Echinochloa crus-galli (L.) 
Beauv., Paspalum dilatatum Poir, Eleusine 
indica (L.) Gaertn. ,  or Axonopus ajfinis 
Chase. These  grasses were mainta ined in 
the greenhouse  until a dense carpet  cov- 
ered the surface layer in each pot. Ipomoea 
hederacea var. integriuscula (L.) Gray, Ipo- 
moea hederacea (L.)Jacq.,  Sorghum halepense 
(L.) Pers., Setaria viridis (L.) Beauv., Por- 
tulaca oleracea L., CrotaIaria spectabilis Roth.,  
Cassia obtusifolia L., Oenothera biennis L., 
Ambrosia artemisiifolia L., Amaranthus hybri- 
dus L., Cenchrus incertus Curtis, Taraxacum 
oaficinale Weber. ,  Rumex crispus L., Datura 
stramonium L., Rumex acetosella L., Sida spi- 
nosa L., Amaranthus palmeri S. Wats., Se- 
taria lutescens (Weisel) Hubb. ,  Lespedeza sti- 
pulacea Maxim.,  Euphorbia maculata L., 
Xanthium strumarium L., Chenopodium al- 
bum L., Cyperus esculentus L ,  Vicia viUosa 
Roth,  and tobacco 'PD 4' seeds were ger- 
minated  in plastic trays containing vermic- 
ulite, and single seedlings of  each were 
t ransplanted into the centers o f  15-cm-d 
plastic pots containing the soil mixture .  All 
plants were fertilized with a 20:20:20 
(N:P:K) fertilizer (1 g /po t )  at 14-day in- 
tervals starting at transplanting. Weeds and 
tobacco seedlings were mainta ined in a 
greenhouse  at 25 + 5 C. Egg inoculum was 
extracted f rom 60-day-old tomato  roots in 
0.5% sodium hypochlor i te  and washed in 
tap water (9). Inocula were s tandardized to 
1,000 eggs /ml  suspension. Two weeks af- 
ter  transplanting,  the seedlings were in- 
oculated with 5,000 eggs ofM.  arenaria or 
M. incognita. Eggs were pipet ted into two 
5-cm-deep holes at the base o f  each seed- 
ling hypocotyl or  into four  5-cm-deep holes 
in soil of  the pots containing the grasses, 
and the holes were covered with soil. Con- 
trol plants received a similar volume of  
water  without  eggs using a leachate f rom 
uninfec ted  tomato  roots. 

Sixty days af ter  inoculation,  roots were 
washed free f rom soil and stained in Phlox- 
ine B (150 mg/ l i t e r )  for 15 minutes  and 
rinsed with tap water to enhance  egg-mass 
visibility (5). Roots were ra ted for galling 
on a 0-10 scale where 0 = no galling and  
10 = 100% of  the root  tissue galled (4). 

T h e  following scale was used to index egg 
masses: 0 = no egg masses, 1 = 1-2, 2 = 
3-10,  3 = 11-30, 4 = 31-100,  and 5 = 
> 100 egg masses per  root  system (11). 

A reproduct ive rat ing (R) was deter- 
mined by dividing the average egg-mass 
index for each weed species by the average 
egg-mass index for PD 4 tobacco, which is 
a host o f  both  nematode  species. A sub- 
optimal initial populat ion (Pi) of  root-knot  
nematodes  (50% of  the Pi used in a differ- 
ential host test) was chosen to separate weed 
species that  were bet ter  hosts than  tobacco. 
Based on R values, hosts were ra ted as fol- 
lows: R > 1 = good host, -< 1 .0 ->  0.5 = 
modera te  host, -< 0 . 5 - >  0.1 = poor  host, 
and -< 0.1 - nonhost .  Data f rom nematode  
egg masses and root  galls for the various 
weeds were subjected to A N O V A  and 
t r ea tment  means were compared  by least- 
significant difference (12). 

RESULTS AND DISCUSSION 

Differences (P - 0.01) in egg mass pro- 
duct ion and galling by M. arenaria and M. 
incognita were observed for the weeds tested 
(Table 1). At least one egg mass was ob- 
served on 31 of  the 33 plant species inoc- 
ulated with 3/I. incognita or M. arenaria (Ta- 
ble 1). On the basis of  R values, C. album, 
E. maculata, and V. villosa were good hosts; 
A. palmeri, R. crispus, A. hybridus, A. ar- 
temisiifolia, I. hederacea var. integriuscula, 
S. lutescens, S. spinosa, P. oleracea, and R. 
acetosella were modera te  hosts; T. ojficinale, 
L hederacea, C. esculentus, C. dactylon, E. crus- 
galli, E. indica, S. halepense, S. viridis, D. 
sanguinalis, and D. stramonium were poor  
hosts; and X. strumarium, C. spectabilis, C. 
obtusifolia, C. incertus, A. ajfinis, P. notatum, 
E. ophiuroides, L. stipulacea, P. dilatatum, and 
0. biennis were nonhosts  for M. arenaria. 

None of  the weeds tested was a bet ter  
host than tobacco PD 4 for  M. incognita 
(Table 1). Amaranthus palmeri, A. hybridus, 
C. album, E. maculata, S. lutescens, V. villosa, 
S. spinosa, R. crispus, and P. oleracea were 
modera te  hosts; L hederacea var. integrius- 
cula, X. strumarium, C. esculentus, C. dacty- 
Ion, P. notatum, E. indica, S. viridis, and R. 
acetosella were poor  hosts; and D. sanguina- 



TABLE 1. Suitability of plants commonly found in tobacco fields in South Carolina as hosts of Meloidogyne 
arenaria (Ma) race 2 and M. incognita (Mi) race 3. 

Plant species (common name) 

Reproductive Egg mass Root-gall 
rating (R)t index:~ index§ 

Ma Mi Ma Mi Ma Mi 

A M A R A N T H A C E A E  
Amaranthus palmeri S. Wats. (palmer amaranth)  0.7 0.6 2.0 
Amaranthus hybridus L. (smooth pigweed) 1.0 0.8 2.8 

CHENOPODIACEAE 

Chenopodium album L. (common lambsquarters) 1.3 0.9 3.7 

COMPOSITAE 

Ambrosia artemisiifolia L. (common ragweed) 0.8 0.1 0.6 
Taraxacum officinale Weber. (dandelion) 0.2 0.1 0.5 
Xanthium strumarium L. (common cocklebur) 0.1 0.2 0.2 

CONVOLVULACEAE 
Ipomoea hederacea var. integriuscula (L.) Gray 

(entireleaf morning-glory) 0.8 0.5 2.3 
Ipomoea hederacea (L.)Jacq. 

(ivyleaf morning-glory) 0.2 0.1 0.5 

CYPERACEAE 
Cyperus esculentus L. (yellow nutsedge) 0.5 0.4 1.3 

EUPHORBIACEAE 
Euphorbia maculata L. (spotted spurge) 1.2 0.8 3.3 

GRAMINEAE 
Cynodon dactylon (L.) Pers. (bermudagrass) 0.4 0.3 1.2 
Digitaria sanguinalis (L.) Scop. (large crabgrass) 0.2 0 0.5 
Paspalum notatum Fluegge. (bahiagrass) 0.1 0.2 0.4 
Eremochloa ophiuroides (Munro.) Hack. 

(centipedegrass) 0.1 0 0.2 
Echinochloa crus-galli (L.) Beauv. (barnyardgrass) 0.3 0.1 1.0 
Paspalum dilatatum Poir (dallisgrass) 0 0.1 0.1 

Eleusine indica (L.) Gaerm. (goosegrass) 0.2 0.3 0.7 
Axonopus affinis Chase (carpetgrass) 0.1 0.1 0.3 
Sorghum halepense (L.) Pers. (johnsongrass) 0.2 0.1 0.5 
Setaria viridis (L.) Beauv. (green foxtail) 0.2 0.4 0.5 
Setaria lutescens (Weisel) Hubb. (yellow foxtail) 0.6 0.7 1.6 

LEGUMINOSAE 
Crotalaria spectabilis Roth. (showy crotalaria) 0.1 0.1 0.4 
Cassia obtusifolia L. (sicklepod) 0.1 0.1 0.3 
Vicia villosa Roth (hairy vetch) 1.4 0.9 4.0 
Lespedeza stipulacea Maxim. (Korean lespedeza) 0.1 0 0.2 
Cenchrus incertus Curtis (field sandbur) 0.1 0.1 0.2 

MALVACEAE 

Sida spinosa L. (prickly sida) 0.9 0.6 2.7 

NAGRACEAE 
Oenothera biennis L. (common evening primrose) 0.1 0 0.2 

POLYGONACEAE 
Rumex crispus L. (curly dock) 1.0 0.8 2.9 
Rumex acetosella L. (red sorrel) 0.8 0.5 2.2 

PORTULACEA E  
Portulaca oleracea L. (common purslane) 0.8 0.6 2.2 

SOLANACEAE 
Datura stramonium L. (jimsonweed) 0.2 0.1 
Nicotiana tabacum L. (tobacco 'PD 4') 1.00 1.00 

LSD (P = 0.05) 

2.3 1.0 0.4 
3.0 0.8 1.9 

3.2 3.3 1.7 

0.4 0 0.1 
0.4 0.8 0.4 
O.7 0 O.4 

2.0 0.3 0.3 

0.5 0 0 

1.3 0 0.1 

2.8 0.5 0.2 

1.2 0 0.1 
0.2 0 0 
0.6 0 0 

0.2 0 0 
0.3 0.1 0.1 
0.3 0 0 
1.3 0.1 0 
O.4 0 0.1 
0.5 0 0 
1.3 0 0.1 
2.5 0.1 O.3 

0.5 0 0 
0.5 0 0 
4.0 7.3 4.8 
0.1 0.2 0.3 
0.5 0 0.1 

2.4 0.4 0.6 

0 0 0 

3.1 2.4 2.0 
1.9 0.9 1.4 

2.2 0.5 0.2 

0.6 0.5 0.7 0.2 
2.9 3.8 2.4 2.4 

0.6 1.5 0.7 1.0 
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lis, D. stramonium, C. incertus, C. spectabilis, 
C. obtusifolia, A. affinis, S. halepense, L hede- 
racea, A. artemisiifolia, T. officinale, E. ophiu- 
roides, E. crus-gaUi, P. dilatatum, L. stipula- 
cea, a n d  O. biennis w e r e  n o n h o s t s  f o r  M. 
incognita. Meloidogyne incognita a n d  M. ar- 
enaria r e p r o d u c e d  o n  s e v e r a l  w e e d  spec i e s  
f r o m  d i s t i n c t l y  d i f f e r e n t  p l a n t  f ami l i e s .  

Meloidogyne arenaria r e p r o d u c t i o n  was 
e q u a l  to  o r  g r e a t e r  t h a n  M. incognita o n  
m o s t  o f  t h e  w e e d s  t e s t ed .  F i e ld s  i n f e s t e d  
w i th  A. artemisiifolia, C. album, o r  E. macu- 
lata w o u l d  b e  e x p e c t e d  to  f a v o r  t h e  d e v e l -  
o p m e n t  o f M .  arenaria. M a n y  o f  t h e  w e e d s  
t e s t e d  d i d  n o t  s u p p o r t  l a r g e  p o p u l a t i o n s  o f  
e i t h e r  n e m a t o d e  spec ies ,  b u t  t h e  p o t e n t i a l  
c o u l d  b e  g r e a t  e n o u g h  to  e n h a n c e  d e v e l -  
o p m e n t  o n  s e l e c t e d  t o b a c c o  c u l t i v a r s  (8). 

T h e r e  h a v e  b e e n  n u m e r o u s  r e p o r t s  o n  
w e e d  h o s t s  o f  Melo{dogyne spp. ;  h o w e v e r ,  
t h e  m a j o r i t y  o f  t h e s e  r e p o r t s  f a i l e d  to  dis-  
t i n g u i s h  t h e  n e m a t o d e  spec i e s  o r  r a c e  un -  
d e r  i n v e s t i g a t i o n .  H o s t  r a n g e s  f o r  M. ar- 
enaria cou ld  b e  e x p e c t e d  to  d i f fe r  d e p e n d i n g  
o n  race .  Meloidogyne arenaria (10) caused  se- 
v e r e  g a l l i n g  o n  s i c k l e p o d ;  h o w e v e r ,  o u r  M. 
arenaria d i d  n o t  p a r a s i t i z e  s i c k l e p o d .  A n  
A l a b a m a  s t u d y  u s e d  a f ie ld  soil  t h a t  r e -  
p o r t e d l y  c o n t a i n e d  M. arenaria r a c e  1 (Ro-  
d r l g u e z - K ~ i b a n a ,  pe r s .  c o m m . ) ,  w h e r e a s  
r a c e  2 was u s e d  in t h e s e  e x p e r i m e n t s .  I t  is 
p o s s i b l e  t h e  f ie ld  soil  c o n t a i n e d  a m i x t u r e  
o f  Meloidogyne spec ies  o r  b o t h  r a c e s  o f  M. 
a rena ria. 

Gri f f in  (7) o b s e r v e d  d i f f e r e n c e s  in t h e  
r e s p o n s e  o f  c e r t a i n  w e e d  h o s t  p o p u l a t i o n s  
to  Heterodera schachtii S c h m i d t  in  d i f f e r e n t  
g e o g r a p h i c  loca t ions .  A p p a r e n t l y  w e e d  h o s t  
su i t ab i l i t y  is d e p e n d e n t  o n  g e n e t i c  d i f f e r -  
e n c e s  in t h e  n e m a t o d e  p o p u l a t i o n  as wel l  
as w e e d  b i o t y p e s  (7). 

T h e  c a p a b i l i t y  o f  w e e d s ,  c o m m o n l y  
f o u n d  in t o b a c c o  p r o d u c t i o n  a r e a s  o f  S o u t h  
C a r o l i n a ,  to  s u p p o r t  r e p r o d u c t i o n  o f  M. 
incognita a n d  M. arenaria e m p h a s i z e s  t h e  
n e e d  f o r  g o o d  w e e d  m a n a g e m e n t  p r o -  
g r a m s .  H e r b i c i d e s  a n d  c u l t i v a t i o n  u s e d  o n  

t o b a c c o  p r o v i d e  r e a s o n a b l e  c o n t r o l  o f  
weeds ,  b u t  f a i l u r e  t o  m a n a g e  w e e d s  m a y  
e n h a n c e  n e m a t o d e  p r o b l e m s  o n  t o b a c c o  
a n d  s u c c e e d i n g  c rops .  
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t Reproductive rating for each weed species was determined by dividing the egg-mass index of each weed species by the 

average egg-mass index for tobacco. 
1: Egg-mass index: 0 = no egg-masses, 1 = 1-2, 2 = 3-10, 3 = 11-30, 4 = 31-100, 5 = > 100 egg mass. 
§ Root-gall index based on a 0-10 scale'. 0 = no root galling and 10 = 100% of the root surface galled. 
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