
I n f e c t i o n  b y  Romanornerrnis culicivorax: Galloway, Brust 221 

Culex pipiens molestus. Jap. J. Parasitol. 25: 
8-16 (In Japanese). 

5. MITCHELL, C. J., P.-S. CHEN, and H. C. 
CHAPMAN. 1974. Exploratory trials utilizing 
a mermithid nematode as a control agent for 
Culex mosquitoes in Taiwan. J. Formosan 
Med. Assoc. 73:241-254. 

6. PETERSEN, J. J. 1975. Penetration and develop- 
ment of the mermithid nematode Reesimermis 
nielseni in eighteen species of mosquitoes. 
J. Nematol. 7:207-210. 

7. PETERSEN, J. J. 1976. Comparative biology of 
the Wyoming and Louisiana populations of 
Reesimermis nielseni, parasitic nematode of 
mosquitoes. J. Nematol. 8:273-275. 

8. PETERSEN, J. J., J. B. HOY, and A. G. 
O'BERG. 1972. Preliminary field tests with 
Reesimermis nielseni (Mermithidae:Nematoda) 
against mosquito larvae in California rice 
fields. Calif. Vector Views 19:47-50. 

9. PETERSEN, J. J., and O. R. WILLIS. 197l. A 
two-year survey to determine the incidence 
of a mermithid nematode in mosquitoes in 
Louisiana. Mosq. News 31:558-566. 

10. PETERSEN, J. J., and O. R. WILLIS. 1972. 
Procedures for the mass rearing of a 
mermithid parasite of mosquitoes. Mosq. 
News 32:226-230. 

11. PETERSEN, J. J ,  and O. R. WILLIS. 1972. 
Results of preliminary field applications of 
Reesimermis nielseni (Mermithidae:Nematoda) 
to control mosquito larvae. Mosq. News 32: 
312-316. 

12. PETERSEN, J. J., and O. R. WILLIS. 1974. 
Experimental  release of a mermithid nema- 
tode to control Anopheles mosquitoes in 
Louisiana. Mosq. News 34:316-319. 

13. ROSS, J. F., and S. M. SMITH. 1976. A review 
of the mermithid parasites (Nematoda: 
Mermithidae) described from North American 
mosquitoes (Diptera:Culicidae) with descrip- 
tions of three new species. Can. J. Zool. 54: 
1084-1102. 

14. TSAI, Y.-H., and A. W. GRUNDMANN. 1969. 
Reesimermis nielseni gen. et. sp.n. (Nematoda: 
Mermithidae) parasitizing mosquitoes in 
Wyoming. Proc. Helminthol.  Soc. Wash. 36: 
61-67. 

Influence of Nemaguard and Lovell Rootstocks and 
Macroposthonia xenoplax on Bacterial Canker of Peach 

B. F. LOWNSBERY ~, H. ENGLISH'-', G. R. NOEL ~, and F. J. SCHICK 2 

Abstract: 'Fay Elberta'  peach trees grown on either 'Lovell' or 'Nemaguard'  rootstocks in sandy 
soil in a lathbouse were highly susceptible to bacterial canker if inoculated with the nematode 
Macroposthonia xenoplax and the bacterium Pseudomonas syringae. If either one of these 
organisms were omitted, serious bacterial canker did not develop. Cankers appeared later and 
remained small when nematodes were omined. Very few cankers appeared on trees not inoculated 
with the hacterium. Peach trees on both rootstocks were good hosts for, and were stunted by, 
nematodes. Larger nmnbers of fruit were produced on trees free of bacterial canker or nematodes. 
Differences in magnitude of bacterial canker symptoms produced experimentally in different 
years are considered. Key Words: Pseudomonas syringae, ring nematodes, interactions. 

M o s t  o f  t h e  p e a c h  Prunus persica (L.) 
B a t s c h  t r ee s  c u r r e n t l y  so ld  b y  C a l i f o r n i a  
n u r s e r i e s  a r e  o n  ' N e m a g u a r d '  (3) s e e d l i n g  
r o o t s t o c k .  T h i s  r o o t s t o c k  b e c a m e  p o p u l a r  
b e c a u s e  o f  i t s  r e s i s t a n c e  to  r o o t - k n o t  n e m a -  
t o d e s  (MeIoidogyne spp . )  w h i c h  s e r i o u s l y  
l i m i t e d  g r o w t h  o f  p e a c h  t r ees  o n  ' L o v e l l '  
a n d  o t h e r  r o o t s t o c k s .  A c c o r d i n g  to  L e m -  
b r i g h t  (5), g r o w e r  e x p e r i e n c e  sugges t s  t h a t  
t h e  s h i f t  f r o m  L o v e l l  to  N e m a g u a r d  r e s u l t e d  
ill  g r e a t e r  s u s c e p t i b i l i t y  to  b a c t e r i a l  c a n k e r .  
Z e h r  e t  al .  (8) f o u n d  a h i g h e r  i n c i d e n c e  o f  
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p e a c h  t r e e  " s h o r t  l i f e "  o n  N e m a g u a r d  t h a n  
o n  L o v e l l  r o o t s t o c k s  i n  t w o  o r c h a r d s  i n  
S o u t h  C a r o l i n a .  T h e  i m m e d i a t e  causes  o f  
t r e e  d e a t h  i n  t h e  S o u t h  C a r o l i n a  e x p e r i -  
m e n t  w e r e  c o l d  i n j u r y ,  b a c t e r i a l  c a n k e r ,  o r  
b o t h .  

T h e  p r i m a r y  p u r p o s e  o f  t h e  e x p e r i m e n t  
d e s c r i b e d  h e r e  was  to  t e s t  t h e  effects  o f  
L o v e l l  a n d  N e m a g u a r d  r o o t s t o c k s  o n  t h e  
d e v e l o p m e n t  o f  b a c t e r i a l  c a n k e r  o f  p e a c h e s .  
A s h i f t  b a c k  to  L o v e l l  r o o t s t o c k  a n d  com-  
p l e t e  r e l i a n c e  o n  soi l  f u m i g a t i o n  fo r  c o n t r o l  
of  Meloidogyne spp .  s h o u l d  n o t  b e  u n d e r -  
t a k e n  w i t h o u t  s t r o n g  e v i d e n c e  t h a t  t r ees  o n  
L o v e l l  r o o t s t o c k  h a v e  a m a r k e d  a d v a n t a g e .  
B e c a u s e  of  e v i d e n c e  (6) t h a t  Macroposthonia 
xenoplax ( R a s k i )  L o o [  a n d  D e  G r i s s e  
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(synonym Criconernoides xenoplax Raski)  
increases suscept ib i l i ty  to bacter ia l  canker  
of peach, this n e m a t o d e  a n d  the canker  
bac te r ium,  Pseudomonas syringae van  Hal l ,  
were i n c l u d e d  in  this test. 

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

T h e  expe r imen ta l  loca t ion  was a lath- 
house at Davis, Ca l i fo rn ia  where  the 'Fay 
Elber ta '  peach trees were grown in  11.4-liter 
cans of a sandy soil whose analysis by the 
Boyoucos m e t h o d  (2) was 1% clay, 7% 
silt, and  92% sand. T h e  cans were sunk  in  
a bed of wood shavings. Var iables  were 
rootstock (Lovell  or Nemaguard ) ,  n e m a t o d e  
in fes ta t ion  (20,000 M. xenoplax or no  
nematodes) ,  and  bac ter ia l  i n o c u l a t i o n  
( inocu la ted  wi th  P. syringae or no t  inocu-  
lated). These  var iables  were c o m b i n e d  to 
provide  eight  t r ea tments  ( T a b l e  1) which  
were rep l ica ted  seven times. In  this experi-  
ment ,  the possibi l i ty  of c o n t a m i n a t i o n  was 
considered more  i m p o r t a n t  than  o ther  
effects of p l a n t  posi t ion.  For  this reason, 
l ike repl icates were placed in  gToups wi th  
nematode- infes ted  cans in  one-hal f  of the 
bed, nematode-f ree  cans in  the o ther  half, 
and  trees i nocu la t ed  wi th  bac ter ia  at the 
two ends so that  they were isolated, by 
means  of two po lye thy lene  film barriers,  
f rom center  trees n o t  i n o c u l a t e d  wi th  
bacter ia .  Soil i n  all  cans was kept  moist ,  and  

trees were fert i l ized every 3 weeks w i th  an  
ino rgan ic  N, P, a n d  K fertilizer. 

Macroposthonia xenoplax was o b t a i n e d  
from ear l ier  exper imen t s  (7). T h e  cen- 
t r i fugal  f lo ta t ion  m e t h o d  (4) was used to 
o b t a i n  n e m a t o d e  i n o c u l u m  a nd  to deter- 
m i n e  final n e m a t o d e  popu la t ions .  O n  25 
Feb rua ry  1975, the bare-rooted peach trees 
were p l a n t e d  in  the cans of soil, a n d  water  
c o n t a i n i n g  20,000 M. xenoplax was pou red  
a r o u n d  the roots of hal f  of them. Trees  n o t  
receiving nematodes  received the same 
vo lume  of water. T h e  Pseudomonas sy- 
ringae, or ig ina l ly  o b t a i n e d  from peach i n  
Merced County ,  came from our  stock 
cu l tu re  B-3. A suspens ion  c o n t a i n i n g  1 x l0 s 
ce l l s /ml  was p repa red  as described previ- 
ously (6). O n  13 N o v e m b e r  1975, after trees 
had  grown for 8 m o n t h s  a nd  leaves were 
abscising, leaf scars on  trees rece iv ing  
bac te r ia  were sprayed wi th  the bac ter ia l  
suspension.  O n  7 J a n u a r y  1976, b ranches  
of the same trees were i nocu l a t ed  by syringe 
i n j ec t i on  at three places w i th  a s imi lar  
suspens ion  of the bacter ia .  Branch  in j ec t i on  
poin ts  were marked  wi th  g u m m e d  paper  
tape. Bacter ia l  canker  was eva lua ted  on  20 
Janua ry ,  13 February ,  a n d  19 A pr i l  1976. 
Measurement s  of peach tree growth  were 
made  after  3 months ,  6 months ,  a nd  16 
m o n t h s  (the end  of the exper iment ) .  T h e  
n u m b e r  of nematodes  i n  each rep l ica te  was 
also d e t e r m i n e d  at harvest.  S tudent ' s  t-test 

TABLE 1. Total length of branches killed by bacterial canker, fresh tree weights, numbers of fruit 
produced/tree, and final numbers of Macroposthonia xenoplax/can for Fay Elberta Peach trees with Lovell 
or Nemaguard rootstock after they were inoculated with Pseudomonas syringae, Macroposthonia xenoplax, 
both, or neither, x 

Bacterial 
Inoculation of canker No. of M. 

Soil Branches Ave. length No. of xenoplax 
with M. with P. (cm) = dead Fresh tree fruit per can 
xenoplax syringae branches wt (gm) per tree (thousands) 

Nemaguard Yes Yes 220 a 262 d 0 b 730 b 
Lovell Yes Yes 164 a 198 d 0 b 196 c 
Nemaguard No No 207 b 601 ab 2.3 a 0 d 
Lovell Yes No 117b 356 c 0 b 1,226 ab 
Nemaguard Yes No 14 T b 401 c 0.8 a 1,494 a 
Lovell No Yes 1 b 491 b 0.6 ab 2.8" d 
Nemaguard No Yes 1 b 652 a 3.8 a 1.8" d 
Lovell No No 0 b 657 ab 1.8 a 0 d 

• In each column averages followed by the same letter do not differ at the 5% level of significance. 
YBecause we did not inoculate these trees with bacteria, cankers must have resulted from contamination 
or natural inEection. 
~Nematode infestation indicated by this average was contamination. 
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was used to judge the probability that dif- 
ferences between treatments were the result 
of chance. 

RESULTS 

Bacterial canker: On 20 January, 10 
weeks after the spray inoculation with P. 
syringae and 2 weeks after the branch 
injection, cankers had appeared only on 
trees inoculated with both P. syringae and 
M. xenoplax. There  was no difference in 
number  or size of cankers between trees on 
Lovell and trees on Nemaguard rootstock. 
Because inoculation sites had been marked 
with tape, cankers arising from spray could 
be distinguished from those arising from 
injection. There  was no significant differ- 
ence between the number  or size of 
cankers arising from these two methods of 
inoculation. By 13 February, some cankers 
had appeared on all trees inoculated with 
bacteria, whether inoculated with nema- 
todes or not. On I 1 March, 17 weeks after 
spray inoculation and 9 weeks after branch 
injection, trees were in full bloom. All trees 
except those inoculated with both organ- 
isms were covered with blooms. Cankers in 
this treatment, whether on Lovell or 
Nemaguard,  had enlarged greatly by this 
time and killed much of the top growth. 
There  were very few blooms. Cankers 
around syringe injection points had not 
enlarged greatly, and we conclude that the 
leaf scars were the probable entry courts 
for the effective bacterial infections. By 19 
April, when trees had leafed out, bacterial 
canker remained about  the same as at full 
bloom. This  disease had become serious 
only when trees were infected with both M. 
xenoplax and Pseudomonas syringae (Fig. 
1). Disease was not  affected significantly by 
rootstock (Table 1). 

Peach growth and [ruit production: 
After 3 months, trees on Nemaguard root- 
stock (average trunk diameter 11.4 mm) 
were larger (/~ = <0.01) than those on 
Lovell (9.6 mm), and nematode-inoculated 
trees (average trunk diameter 11.1 mm) 
were larger (P = <0.01) than nematode- 
free trees (9.9 mm). Trees were not 
measured immediately after planting, and 
the differences may have existed at this 
time. After 6 months, trees on Nemaguard 
continued to be larger, but  nematode- 
inoculated and nematode-free trees did not  

FIG. 1. Fay Elberta peach trees on Lovell root- 
stocks (front row) or Nemaguard rootstocks (rear 
row) 14 nmnths after they received treatments. A) 
Noninoculated. B) Inoculated with Macroposthonia 
xenoplax. C) Inoculated with Pseudomonas syringae 
1)) Inoculated with both nematodes and P. syringae. 

differ. When the experiment was terminated 
after 16 months, the fresh weights of trees 
inoculated with nematodes were less (Table 
1) than the fresh weights of noninoculated 
ones; trees on Lovell did not differ in fresh 
weight from those on Nemaguard.  

Tree growth was suppressed most when 
trees were inoculated with P. syringae and 
M. xenoplax and serious bacterial canker 
developed (Table 1). T h e  nematodes alone 
retarded tree growth on both rootstocks. 
On the basis of weight losses, trees on 
Lovell were at least as susceptible to this 
nematode as were those on Nemaguard. 
Fewer feeder roots were present on 
nematode-infected plants, as was observed 
in an earlier experiment (6). No swollen 
lenticels were observed. Bacterial canker 
developed, and the experiment was termi- 
nated before hot weather aggravated 
secondary waterlogging effects (6). Pseu- 
domonas syringae alone had no effect on 
fresh tree weight because serious bacterial 
canker did not develop without nematodes. 
The  stunting (caused by bacterial canker 
or nematodes) of peach trees on Lovell 
rootstock did not differ from the reductions 
on Nemaguard rootstock. Inoculat ion with 
M. xenoplax suppressed fruit production 
(Table 1). 

Final population levels of nematodes: 
When the experiment was harvested, I0 of 
the 28 trees intended to be nematode-free 
were found to be badly contaminated with 
M. xenoplax. No contaminated replicates 
had developed serious bacterial canker, 
probably because the contamination oc- 
curred too late to predispose them to 
disease this season. Data from these trees 
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were exc luded ,  however ,  a n d  degrees  of  
f r e edom for the  t r e a t m e n t s  affected were  
r e d u c e d  co r r e spond ing ly .  Da t a  f rom four,  
l i gh t l y  c o n t a m i n a t e d  trees were  i n c l u d e d  
in  the  analys is  ( T a b l e  1). 

Bo th  roots tocks  were  good  hosts for M.  
xenoplax, as has been  r e p o r t e d  p rev ious ly  
(1). I n o c u l a t i o n  w i t h  b o t h  P. syringae a n d  
M. xenopIax r e su l t ed  in  lower  f inal  num-  
bers  of  31. xenoplax t h a n  i n o c u l a t i o n  w i t h  
M. xenoplax alone .  T h i s  response  was 
p r o b a b l y  a r esu l t  of t i le  d e t r i m e n t a l  effect 
of bac t e r i a l  canke r  on  the  t ree  a n d  its r o o t  
system. 

D I S C U S S I O N  

A l t h o u g h  the  n u m b e r  of  r ep l i ca te s  in  
th is  e x p e r i m e n t  was i n i t i a l l y  seven, i t  was 
f ina l ly  r e d u c e d  to four  or  five, in  the  case of 
nema tode - f r ee  t r ea tmen t s ,  because  of  nema-  
tode  c o n t a m i n a t i o n .  T h i s  n u m b e r  of  
r ep l i ca tes  on ly  pe rmi t s  d e t e c t i o n  of large  
differences.  Never the less ,  i t  is obv ious  tha t  
the  peach  trees on  e i t he r  Love l l  or  N e m a -  
g u a r d  were  h igh ly  suscep t ib le  to bac te r i a l  
canke r  a n d  n e m a t o d e  disease.  Poor  exper i -  
ence w i th  peach  trees on  N e m a g u a r d  r o o t  
in  the  sou theas t e rn  U n i t e d  States  m a y  be a 
consequence  of  g rea te r  su scep t ib i l i t y  to 
w i n t e r  i n j u r y  w i t h  N e m a g u a r d  t han  w i th  
Lovel l .  Brooks  a n d  O l m o  (3) a l l u d e d  to 
th is  t r a i t  in  N e m a g u a r d  when  i t  was in t ro-  
duced .  W i n t e r  i n j u r y  to peaches  is n o t  an  
i m p o r t a n t  p r o b l e m  in  Ca l i fo rn i a .  YVe d o  
n o t  t h i n k  tha t  p resen t  ev idence  w a r r a n t s  a 
gene ra l  r eve r s ion  to use of  the  r o o t - k n o t  
suscep t ib le  Love l l  r oo t s tock  in  Ca l i fo rn ia .  
F u r t h e r  c o m p a r i s o n  of  the  two roots tocks  
in  the  field w o u l d  be  useful .  

A n  ea r l i e r  (1971-72) e x p e r i m e n t  de- 
sc r ibed  in  a p rev ious  p a p e r  (6) d e m o n s t r a t e d  
tha t  P. syringae caused  l a rge r  cankers  on  
trees pa ras i t i zed  by  M. xenoplax t han  on  
nema tode - f r ee  trees. I n  tha t  e x p e r i m e n t ,  
however ,  we p r o d u c e d  very  l i t t l e  ser ious 
bac t e r i a l  canker ,  such as occurs  n a t u r a l l y  in 
the  San J o a q u i n  val ley.  I n  the  1975-76 
e x p e r i m e n t  desc r ibed  in  this  pape r ,  we 
p r o d u c e d  ser ious  bac t e r i a l  c a n k e r  in  a l l  
trees i n o c u l a t e d  w i th  M. xenoplax a n d  P. 
syringae. W h a t  is the  reason  for  the  differ- 
i ng  results? T h e  e x p e r i m e n t s  h a d  m u c h  in 
c o m m o n - - t h e  same l a t h h o u s e  site, sand  

m e d i u m ,  a n d  inc lus ion  of  Love l l  roo ts tock .  
Di f fe ren t  t op  var ie t i es  were  used,  b u t  no  
top  va r i e ty  is k n o w n  to possess res is tance  
to b a c t e r i a l  canker .  A n  e x a m i n a t i o n  of  
c l i m a t o l o g i c a l  da ta ,  c o m p i l e d  by  the U n i t e d  
States  D e p a r t m e n t  of  Commerce ,  for Cali-  
fo rn ia  r evea l ed  t ha t  a i r  t e m p e r a t u r e s  d u r i n g  
the c r i t i ca l  p e r i o d  of  1 D e c e m b e r  to 28 
Feb rua ry ,  a f te r  leaf  scar i n o c u l a t i o n  had  
occur red ,  were  q u i t e  s imi la r  for the  two 
e xpe r ime n t s .  R a i n f a l l  was no t  s imi la r .  I t  
t o t a l ed  15 cm d u r i n g  this  p e r i o d  of  the  
first e x p e r i m e n t  a n d  on ly  3 cm in  the  sec- 
ond  one.  D u r i n g  cool  months ,  e x p e r i m e n t a l  
trees in  the  l a t h h o u s e  are  se ldom wate red .  
T h u s ,  soil  m o i s t u r e  w o u l d  be affected by  
r a in fa l l .  T h e  San J o a q u i n  val ley,  whe re  
bac t e r i a l  canker  of p e a c h  is serious,  u sua l ly  
receives less r a i n f a l l  t h a n  Davis,  Ca l i fo rn ia ,  
whe re  b a c t e r i a l  canker  of  peach  is ra re .  
Some factor  in  a d d i t i o n  to the  bac t e r i a  a n d  
nematodes ,  w h e t h e r  soil m o i s t u r e  or  an- 
o ther ,  a ppe a r s  essent ia l  to the  d e v e l o p m e n t  
of bac t e r i a l  canke r  disease in  Ca l i fo rn ia .  A t  
present ,  the  easiest  factor  to con t ro l  a m o n g  
those k n o w n  to be  essent ia l  for bac t e r i a l  
c anke r  on  p e a c h  is the  n e m a t o d e  popu l a -  
t ion.  
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