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Abstract: T h e  d i s t r ibu t ions  of Pratylenchus cofleae and  Tylenchulus semipenetrans in a 
cent ra l  F lor ida  ci trus grove were m u t u a l l y  exclusive.  In  a chal lenge  e x p e r i m e n t  conducted  in  the 
grove, ind igenous  popu l a l i ons  of e i ther  species did not  prcclut te  inflection hy the o the r  species. 
Inocu la t ion  wi th  e i the r  T. semipenetrans or P. cofleae tended to reduce the p o p u l a t i o n  size of 
lhe  o the r  nematode  species. In  greenhouse  tests, i n d i v i d u a l  feeder roots were paras i t ized pre- 
d o m i n a n t l y  by one or the o ther  of the two species. Host  response to paras i t i sm in dua l  infect ions 
d id  not  differ from response to s ingle infect ion by e i the r  species. Key words: nematode  d is t r ibu-  
tion, infect ion,  paras i t i sm,  histology. Jou rna l  of Nemato logy  14(3):368-373. 1982. 

T h e  citrus pathogens, Pratylenchus co l- 
leae (Zimmerman),  Filipjev and Schuur- 
mans Stekhoven and Tylenchulus semipene- 
trans Cobb cause citrus s lump (12) and slow 
decline (16), respectively. The i r  biology (6, 
8, 9,12,15), mode of parasit ism (8,9), and 
dis tr ibut ion in Florida citrus are quite dif- 
ferent. Pratylenchus co[Jeae is a migratory 
endoparasi te  which destroys root cells as it 
feeds (8), thus reducing tree vigor and caus- 
ing serious decline of trees. Tylenchulus 
semipenetrans is a sedentary semi-entlopara- 
sitic nematode  which does not  induce 
necrosis, but  does alter root physiology (9). 
T ree  appearance  is not seriously affected in 
central Florida, but  high citrus nematode  
populat ions reduce yield and fruit  size. 
TylenchuIus semipenetrans is present in 
about  50% of Florida citrus groves (4), 
whereas P. coffeae has been detected in only 
seven commercial  Florida citrus groves 
(total area 40.5 ha) (unpublished Division 
of Plant  Industry  records). 

In  1979-80, the Division of Plant  In- 
dustry (DPI), Florida Depar tmen t  of Agri- 
culture and Consumer  Services, extensively 
sampled a grove to delimit  a P. co[Jeae in- 
festation. From maps of that  grove, we 
associated poor tree vigor with P. colleae, 
but  not with T. semipenetrans infestations. 
Sampling by DPI and our pre l iminary  
sampling suggested that  P. cofleae and T. 
semipenetrans rarely coexisted, but  no 
quant i ta t ive  data were available. Thus,  tiffs 
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study was init iated to determine the rela- 
t ionship between P. coOeae and T. semi- 
penetrans under  grove conditions, the re- 
actions of established field populat ions  of 
each nematode  to challenge inoculations, 
and their interact ion on individual  roots. 

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

Exper iments  were conducted in a cen- 
tral Florida citrus grove near  Auburnda le  
(Polk County) which was infested with P. 
coffeae and T. semipenetrans. Initially, the 
grove was surveyed 1) to verify and quant i fy  
the relat ionship between the two nematodes,  
2) to identify trees to serve as inoculum 
sources, and 3) to select test trees for a chal- 
lenge exper iment .  Trees  sampled were se- 
lected on the basis of previous nematode  
ttetection hy DPI  and by tree vigor. 

Roots from 0-50 cm deep were collected 
from mature  'Valencia '  sweet orange trees 
(Citrus sinensis [L.] Osb.) on rottgh lemon 
(C. Iimon [L.] Burro. f.) rootstock for quan-  
titative studies of the distr ibution of the two 
nematodes.  T h e  area under  the skirt of each 
of 26 trees was divided into eight sectors. 
Root  samples, one per sector on 10 March 
1980, three per sector on 26 March 1980, 
and two per sector on 24 February  1981, 
were collected at random.  Roots  were gently 
rinsed free of debris, weighed, and incu- 
bated in jars for 7 days at 26 C (17). Nema- 
todes were counted and data expressed as 
the number  of P. cofleae and /o r  T. semi- 
penetrans per gram of root  (fresh weight). 

Sectors were selected for challenge inocu- 
lation experiments  to determine whether  
the observed T. sem ipenetrans-P, coffeae 
popula t ion  dis tr ibut ion resulted from 
nematode-nematode  antagonism, lnocu lum 
was prepared  by aerat ing for 7 clays roots 
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which were collected from field trees in 
sectors infested by only one nematode  spe- 
cies. Concentrat ions of nematodes of each 
species selected for inoculations were based 
on the natura l ly  occurring nematode  popu- 
lations observed in the grove in the previ- 
ously described survey. T o  inoculate each 
sector, two soil cores (2.5 × 30 cm) were 
removed at r andom with soil augers. T h e  
T. sern@enetrans-infested sectors were in- 
oculated with 1.6 × 10 ~ P. co]]eae per core; 
the P. colJeae-infested sectors were inocu- 
lated with 1.75 × 10 '~ T. semipenetrans per 
core. Th i r t een  noninfested sectors were in- 
oculated with each nematode  at the above 
concentrations. Markers were placed in the 
holes and to distr ibute tim inocuhnn uni- 
formly with depth  aqueous nematode sus- 
pensions (250 ml) were poured in as the 
holes were filled with soil. Each inoculat ion 
site was watered weekly for 2 months to 
prevent  dessication. 

Five months  after inoculation,  soil and 
root samples were taken from two challenge- 
inoculated and two noninocula ted  sites 
within each sector. Samples were taken from 
the 0-25-cm and 25-50-cm depths at each 
site with a 7.6-cm-d auger and stored in 
plastic bags at 18 C ± 2 unti l  processed. 
After mixing the samples thoroughly,  the 
roots were removed and incubated at 26 C 
for 7 days (17). A 400-cm '~ subsample from 
each soil sample (1,134 cm a) was processed 
in a flotation can. T h e  effluent was drained 
througl~ a stack of 250~m, 105-/,m, 90-/tin, 
63-/~m, aml three 44-~m sieves for 1 rain. 
T h e  water  flow (17 l /rain) was turned off 
and the remain ing  water  in the tank was 
poured through the sieves. T h e  mater ial  
remaining  in the top three sieves was dis- 
carded. Material in the bot tom four sieves 
was backwashed into a beaker with 40 ml 
water and the nematodes extracted by su- 
crose centrifugation. Samples were stored at 
18 C until read. Data  were expressed as 
nemarodes /g  of root (fi'esh weight) or nema- 
todes/l  of soil. All data were t ransformed to 
log (x + 1) prior  to statistical analyses. 

T im distr ibution of T. semipenetrans 
and P. co[]eae in sour orange (Citrus 
aurantium) feeder roots was determined in 
a greenhouse study. Seedlings were grown 
in 20-cm-d clay pots containing Astatula 
fine sand, peat moss, and vermiculi te  (2:1 : 1 ; 

v/v /v) ,  p H  6.7. Root  systems were drenched 
with an aqueous suspension of P. coffeae 
(5.0 × 10 "~) and T. semipenetrans (5.0 × 
104). T e n  months  later, roots were har- 
vested, stained in cold acid fuchsin in 
lactophenol for 5 days, cleared in lacto- 
phenol  for 5 days, and placed in glycerin. 
Roots (f~ = 80 mm) were dissected at 40 × 
magnification to determine the average 
distance between infection sites of the two 
nematode species, the location of P. co[leae 
with respect to lesions, and the frequency of 
concomitant  parasit ism in the 43 randomly  
selected root segments containing 150 nema- 
tode infection sites. 

Feeder roots were stained, sectioned, and 
observed to determine whether  cellular re- 
sponse to infection differed when both  spe- 
cies were present. Feeder roots infected by 
T. semipenetrans and /o r  P. coffeae were 
fixed in Perfix (Fisher Scientific) for 65 h at 
3.t C trader vacuum (52 kPA). T h e  samples 
were then dehydrated in e thanol /xylene  
series and embedded in parafin (60 C, 52 
kPA). Sections (12 /~m) were stained with 
safranin and fast green and examined at 
21111 and 500 ×. 

R E S U L T S  

A significant negative correlat ion (P 
0.001) existed between P. coffeae and T. 
semipenelrans popula t ions  each t ime the 
established grove populat ions were sampled 
(Table  1). 

In the challenge experiment ,  our  initial 
nematode-characterizat ion of sectors ap- 
peared accm'ate and no nematode  move- 
ment between sectors was detected at com- 
plet ion of the exper iment  (Table  2), For 
example,  where T. sernipenelrans or P. cof- 
[eae was added to noninfested sectors, only 
significant numbers  of T. semipenetrans or 
P. coffeae, respectively, were found (Table  
2, t rea tment  3 + 4). Inocula t ion  of previ- 
ously noninfested sites with P. colfeae re- 
sulted in root (0-25, 25-50 cm) and soil 
(0--25 cm) populat ions which were compara-  
ble to natural  field populat ions  (Table  2, 
t reatment  2 vs. 4). Pratylenchus col~eae was 
detected in roots, bu t  not soil, front the 
25-50 cm-depth in t rea tment  4. hThere T. 
semipenetrans was inoculated on nonin- 
rested sites, the popula t ions  in roots and 
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Tahle 1. Incidence of Pratylenehus coffeae and Tylenchulus semipenetrans in a survey of a Florida 
citrus grove. 

No. of Nematode/g root 
Date samples Sectort P. colJeae T. semipenetrans r* 

1~ 1688 10 
10-3-80 58 2 23 3041 -0.81 

1 272 17 
26-3-80 117 2 32 2483 -0.69 

1 337 8 
24-2-81 160 2 0 1759 -0.92 

*Correlation coefficient significant at P ~ 0.001. 
+Sector = 1/8 of area under the tree canopy. 

1 = Sectors predominantly infested by P. colJeae. 2 = sectors predominantly infested hy T. semipene- 
tFaJIS. 

soi l  w e r e  l o w e r  t h a n  those  o c c u r r i n g  na t -  
u r a l l y  in  t i le  f ie ld  ( T a b l e  2, t r e a t m e n t  3 vs. 
6). W h e n  e s t a b l i s h e d  P. co[Jeae p o p u l a t i o n s  
w e r e  c h a l l e n g e d  by  T. sernipenetrans, n o  
s i g n i f i c a n t  d i f f e r ences  in  t h e  n u m b e r  o f  P .  
colJeae i n  roo t s  w e r e  n o t e d  w h e n  c o m p a r e d  
to  n o n c h a l l e n g e d  P. col~eae p o p u l a t i o n s  
( T a b l e  2, t r e a t m e n t  1 vs. 2). H o w e v e r ,  T .  
semipenetrans i n o c u l a t i o n s  d i d  s i g n i f i c a n t l y  
r e d u c e  t h e  n u m b e r  o f  P. col~eae iu  soi l  (0 -25  
cm)  c o m p a r e d  to e s t a b l i s h e d  P. col~eae 
( T a b l e  2, t r e a t m e n t  1 vs. 2). E s t a b l i s h e d  T .  
semipenetrans p o p u l a t i o n s  in  roo t s  a n d  soi l  
(0 -25  cm) d e c l i n e d  in  r e s p o n s e  to P. col~eae 
i n o c u l a t i o n  c o m p a r e d  to n o n c h a l l e n g e d  
p o p u l a t i o n s  ( T a b l e  2, t r e a t m e n t  5 vs. 6). 
H o w e v e r ,  no  s i g n i f i c a n t  d i f f e r ences  w e r e  ob-  
s e r v e d  in  s a m p l e s  f r o m  t h e  2 5 - 5 0  c m  d e p t h  
( T a b l e  2, t r e a t m e n t  5 vs. 6). 

N e i t h e r  n e m a t o d e  p r e c l u d e d  t h e  es tab-  
l i s h m e n t  of  t h e  o t h e r  species.  S i g n i f i c a n t  
n u m b e r s  of T. semipenetrans b e c a m e  es- 
t a b l i s h e d  in  P. coi]eae-infested sec tors  
( T a b l e  2, t r e a t m e n t  1). Tylenchulus semi- 
penetrans p o p u l a t i o n s  in  P. coI]eae-infested 
sectors  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  
those  in  w h i c h  T. sernipenetrans was i n o c u -  
l a t e d  in  n o n i n f e s t e d  si tes ( T a b l e  2, t r ea t -  
m e n t  1 vs. 3). Pratylenchus col~eae b e c a m e  
e s t a b l i s h e d  i n  T. semipenetrans-infested sec- 
tors  a n d  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
f r o m  P. col~eae p o p u l a t i o n s  d e v e l o p i n g  in  
P. coffeae-inoculated sites w h i c h  w e r e  p rev i -  
ous ly  n o n i n f e s t e d  ( T a b l e  2, t r e a t m e n t  4 vs. 
5). 

O v e r  al l  t r e a t m e n t s ,  9 7 . 5 %  oE f e e d e r  
roo t s  w e r e  in  t he  0 - 2 5  c m  s a m p l e s  w i t h  
< 3 %  at  t h e  l o w e r  d e p t h  ( T a b l e  3). A l l  

Table 2. Effect of inoculation of rough lemon (Citrus limon [L.] Burro. f.) rootstock with Tylenchulus 
semipenetrans and Pratylenchus colyeae on established populations of the two nematodes at two soil depths. 

P. co~eae T. semipenetrans 
Nematodes/g Nematodes/l Nematodes/g Nematodes/1 
root fresh wt of soil root fresh wt of soil 

Depth (cm) Dei~th (cm) 
Estab- 

Treatment lished Inoculated 0-25 25-50 0-25 25-50 0-25 25-50 0-25 25-50 

1 Pc* Ts 128at 211a 40b 62a 21cd+ 49b 13c 4b 
2 Pc N 166a 282a 159a 44ab 0e 24c 0c 0b 
3 N Ts 2b 0b 0c 0c 63c 98b 19c 25b 
4 N Pc 60a l13a 109ab 0c 6de 0e 0c 16b 
5 Ts Pc 92a 33ab 47b 26bc 933b 2081a 413b 439a 
6 Ts N lb 0b 10bc 0c 2206a 1401a 1793a 676a 

*Pc = P. coffeae, Ts = T. semipenetrans, and N = no nematode. 
+Column means followed by the same letter are not significantly different according to Duncan's 

multiple-range test (P = 0.10). (Based on 22 replicate samples.) 
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T a b l e  3. I n f l u e n c e  of e s t a b l i s h e d  a n d  i n o c u l a t e d  
Pratylenchus coffeae a n d  Tytenchulus  semipenetrans  
on  r o o t  w e i g h t  of r o u g h  l e m o n  (Citrus l imon [L.] 
Burro .  f.) r oo t s tock  in  t ie ld  s amples .  

R o o t  w t  (g) / l  
o f  so i l  

D e p t h  (cm) 

Es tab -  
T r e a t m e n t  l i shed  I n o c u l a t e d  0 -25  25-50  

1 l ' c *  T s  154 bc 2.9 a 
2 l ' c  N 114 c 5.2 a 
3 N T s  138 bc 4.3 a 
4 N Pc 156 bc 4.0 a 
5 T s  Pc I 11 c 4.7 a 
6 l ' s  N 182 ab  4.5 a 
7 N N 281 a 4.5 a 

* l ' c  = P. col[eae, 'Fs = T. semipenetrans  and 
N = no  n e m a t o d e  d e t e c t e d  or  i m ) c u l a t e d .  

t ( ' o l u m o  m e a n s  f o l l o w e d  by the  s a m e  l e t t e r  a r e  
no t  s i g n i f i c a n t l y  d i f f e r e n t  a c c o r d i n g  to  D u n c a n ' s  
m u l t i p l e - r a n g e  tes t  (P  = 0.10). 

nematode  treatments except established T. 
semipenetrans populat ions  (Table  3, treat- 
ment  6) significantly reduced root  quant i ty  
in the top 25 cm of soil when compared  
with noninfested sectors. To ta l  nematode  
populat ions  were largest in roots Dora the 
(I-25 cm samples (98 % of the T. semipene- 
trans and 93 % of tile P. col~eae ). Soil popu- 
lations were also greatest in the top 25 cm 
(73% of the T..semipenetrans and 78% of 
the P. coffeae). 

T h e  distr ibution of P. col~eae and T. 
semipenetrans in stained feeder roots re- 
tlected the gregarious nature  of the two 
species. Citrus nematode females were gen- 
erally found in groups, while darkly stained 
lesions contained numerous  P. co[Jeae larvae 
and adults. T h e  ~/3 root  segments selected at 
r andom contained 150 infection sites. 
Thi r ty- four  of the 43 segments were para- 
sitized by either P. col[eae or T. semipene- 
trans. In seven instances, both  species were 
fotmd parasit izing the same feeder roots 
with an average distance of 10.25 m m  ( ±  
3 nlm) between infection sites of the two 
species. At two T. semipenetrans infection 
sites, P. co[[eae males were associated with 
T. semipenetrans egg masses. T h e  observed 
frequency of concomitant  parasi t ism was 
significantly lower than that  expected ac- 
cording to a nonparamet r ic  sign test (P = 
o.05). 

Tylenchulus semipenetrans feeding sites 
and /o r  lesion format ion associated with  P. 
cogeae did not  appear  to (lifter in roots 
parasitized by one or both  species (Fig. 
1-6). 

DISCUSSION 

T h e  mutual ly  exclusive dis tr ibut ion of 
P. coI]eae and T. semipenetrans within  a 
Florida citrus grove suggests that  the two 
nematodes are incapable of concomitant  
parasi t ism of citrus roots for prolonged 
periods of t ime (years). Al though some 
nematode-nematode interactions (2,3,14) ad- 
versely affect infection, in this study, lesion 
and citrus nematode  infected roots in sec- 
tors already infested by the other nematode.  
Greenhouse studies suggested that  a single 
nematode species would dominate  a feeder 
root, but  prevention of infection may not 
be a p r imary  l imit ing factor since complete 
and uni form infection of roots has not been 
observed. T h e  challenge exper iment  indi- 
cated that  P. cogeae could gradually reduce 
established T. semipenetrans populat ions  
and vice versa. Th i s  exper iment  was con- 
ducted for only a 5-month period. However,  
if the observed trends were projected over 
several years, populat ions  would p robab ly  
approx imate  the mutua l ly  exclusive distri- 
but ion of P. co~eae and T. semipenetrans 
observed in the grove. 

T h e  dis tr ibut ion of P. co[[eae in Florida 
citrus is l imited and contrasts to the wide 
dis t r ibut ion of T. semipenetrans. Factors 
responsible for the mutua l ly  exclusive dis- 
t r ibut ion of tile two nematodes within the 
grove might  also play a role in the l imited 
dis t r ibut ion of P. co~eae in the state. In  
suppor t  of this hypothesis, PratyIenchus 
vulnus infestations of citrus nurseries in 
I taly disappeared when T. semipenetrans 
invaded (R. Inserra, personal communica-  
tion). Thus,  it would appear  that  lesion 
nematodes are poor  competitors.  However,  
under  exper imenta l  conditions, P. eoi[eae 
invaded T. semipenetrans-infested and non- 
infested sites and thereby increased its rela- 
tive distr ibution.  Florida's  p rogram of nurs- 
ery stock certification for h 'eedom from 
nematodes has undoubtedly  contr ibuted to 
l imit ing the spread of P. cofleae. However,  
other unidentified factors are probably  also 
involved. These might  include differences 
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Figs. 1-6. Cellular responses in sour orange (Citrus aurantium) feeder roots to infection hy Tv/enchulus 
~emipe~tetraTts and/or Pratylenckus coffeae (F = feeding site, TS = T. semipe~wtran.s, I'C = P. cofleae. 
N = nucleus. C = cytoplasm, (; = granular cytoplasm). 1, 2) 7". semipenetmns associated with feeding 
site composed of darkly stained nurse cells within the cortex of a root parasitized solely by 7'. semi]w~w- 
trans (Fig. 1) and in a root parasitized by hoth species (Fig. 2). 3, 4) I.esion and cavity formation associ- 
ated with infection of the root cortex by P. colTeae (Fig. 3) and by both nematode species (Fig. 4). 5) Normal 
cortical cell with small nucleus and thin cytoplasm. 6) Cortical cell adjacent to lesions had enlarged nuclei, 
nucleoli and dense granular cytoplasm. 

in r e l a t i v e  n e m a t o d e  r e p r o d u c t i o n  p o t e n t i a l  
(6,7,15), d i f f e r ences  in t h e  effect  o f  n e m a -  
todes  on  r o o t  p h y s i o l o g y  (8,9), d i f f e r ences  
in  m o d e s  o f  p a r a s i t i s m  (8,15), a n d  e n v i r o n -  
m e n t a l  a n d  c u l t u r a l  fac tors .  B i o l o g i c a l  con-  
t ro l  (10) a n d / o r  t h e  d e v e l o p m e n t  o f  n e m a -  
t o d e  b i o t y p e s  (5,11,13) m i g h t  a lso  c o n t r i b -  
u t e  to th is  l i m i t e d  d i s t r i b u t i o n .  O n c e  the  
b i o l o g y  of  P. coffeae is m o r e  c o m p l e t e l y  
u n d e r s t o o d ,  t h e n  P. cofleae as a p a t h o g e n  
of  F l o r i d a  c i t rus  can  be  i d e n t i f i e d  as e i t h e r  

a neospec i e s  (1), i n c r e a s i n g  a b u n d a n c e  a n d  
e x p a n d i n g  d i s t r i b u t i o n ,  o r  as a t e lospec ies ,  
scarce  w i t h  n a r r o w  g e o g r a p h i c  d i s t r i b u t i o n .  
T i l e  r e l a t i v e  i m p o r t a n c e  of  this  species  to  
F l o r i d a ' s  c i t rus  i n d u s t r y  can  t h e n  be  b e t t e r  
de f ined .  
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Biological Relationship of Rotylenchulus boreal is on 
Several Plant Cultivars 

N .  VOVLAS AND R .  N .  ]NSFRRA I 

Abstract:  T h e  entbryogenic  deve lopmen t  of Roly l enchu lus  bore:Its, at 24-26 C, was comple ted  
on  corn, in 12-15 days, and  the  life-cycle of  the  n e m a t o d e  from egg to egg requ i red  35-40 days at 
20-25 C. Juveni les  r ema ined  in the  soil as preinfect ive stages for 17-19 days before becoming  
adults .  Only  i m m a t u r e  ve rmi form aml swollen egg-laying females were f ound  a t t ached  to corn 
roots. Eggs were laid in a ge la t inous  mat r ix  on the  root  surface; the  n u m b e r  of eggs per  egg 
mass  was 45 _+ 28 on corn roots.  Bean,  green pea,  potato ,  so rghum ,  and  sweet pota to  were also 
found  to be hosts  of R, bore:Its. T h e  nema t ode  es tabl ished a p e r m a n e n t  feeding  site on  corn  
root  in an  endode rma l  cell tha t  became hyper t roph ied .  Pericyclic cells close to the  feeding site 
showed g r anu l a r  cytnplasnt  and  nuclei  with  hype r t roph ied  nucleoli .  A cell wall i ng rowth  was 
also noted a r o u n d  the  area of styler pene t r a t ion  into the endode rma l  cell. Key words: embryo-  
genesis, hos t  list, h i s topa thology.  

Journal  of  Nemato logy  14(3):373-377. 1982. 

Rotylenchulus borealis Loof & Oosten- 
brink ( = R .  variabilis Dasgupta, Raski g: 
Sher) is widely distributed in Europe and 
Africa (4). It has been found mainly infect- 
ing corn (Zea mays L.) (3), but  has also 
been reported on grasses (9), several vege- 
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table crops (4), field crops such as cotton 
(Gossypium hirsulum L.) and peanut 
(At:this hypogea L.) (4), and fruit crops 
such as Citrus spp. (1) and grape (Vitis 
spp.) (3). There is, however, a lack of in- 
formation on tile biology and pathogenicity 
of R. boreal#. This paper reports on the life 
cycle of this nematode with additional de- 
tails on its host range and histological 
changes in the roots of corn. 
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