
Pratylenchus penetrans/Age of Apple: Jaffee, Mai 165 

re la t ion to soil t empe ra t u r e  and  inocu la t ion  
wi th  P ra ty lenchus  pene t rans .  Phy topa tho logy  
50:237-238. 

13. MAI,  W.  F., and  G. S. ABAWI.  1978. De te rmin-  
i ng  the  cause and  ex ten t  of  apple,  cherry,  a n d  
pear  r ep lan t  diseases u n d e r  control led condi-  
tions. Ph, / topathology 68:1540-1544. 

14. MAI,  W. F., G. S. ABAWI,  and  R. A. D U N N .  
1976. Root  diseases of  l ru i t  trees in New York 
State. VIII .  T h e  inf luence of appl ica t ion  
m e t h o d  on  the  effectiveness of  me t hy l  b romide  
as a p r e p l a n t  t r e a t men t  for increas ing g rowth  
of apple  trees, P lan t  Dis. Rep.  60:1057-1060. 

15. MAI,  W. F., K. G. P A R K E R ,  a n d  K. D. 
HICKEY. 1970. Popula t ions  of  P ra ty lenchus  
pene t rans  and  g rowth  of apple  in response  
to soil t r e a tmen t  wi th  nematici 'des.  P l an t  Dis. 
Rep.  54:792-795. 

16. O O S T E N B R I N K ,  M. 1961. Nema todes  in rela- 
t ion to p l an t  growth.  III. P ra ty l enchus  
pene t r ans  (Cobb) in tree crops, potatoes,  and  
red clover. Ne th .  J.  Agric. Sci. 9:188-209. 

17. P A R K E R ,  K. G., and  W. F. MAI,  1974. Damage  
caused by Pra ty lenchus  pene t r ans  to apple  

trees in the  o rchard  growing  on  different  
rootstocks. P l an t  Dis. Rep .  58:1007-1011. 

18. P I T C H E R ,  R. S., Z. A. P A T R I C K ,  and  W. B. 
M O U N T A I N .  1960. Studies on  the  host-  
parasi te  re la t ions of P ra ty tenchus  p e n e t r a n s  
to apple  seedlings.  Nematologica  5:309-314. 

19. R A C K H A M ,  R.,  J.  D. R A D E W A L D ,  C. L. 
H E M S T R E E T ,  and  F. SHIBUYA. 1975. 
Lesion nema tode  control  in apples.  Calif. Agr. 
29(4):14-15. 

20. RIEDEi . ,  R.  M. 1969. Inf luence of on ion  seedling 
age on the  deve lopmen t  of symptoms  caused 
by Di ty lenchus  dipsaci. J. Nemato l .  1:24-25. 

21. RIEDEL,  R. M., and  J. G. F O S T E R .  1970, 
Monoxenic  cu l ture  of Di ty lenchus  dipsaci  and  
Pra ty lenchus  pene t rans  wi th  modif ied  Krus-  
berg 's  and  Whi t e ' s  media .  P l an t  Dis. Rep .  
54:251-254. 

22. S E I N H O R S T ,  J. w . ,  and  J. KOZLOWSKA.  1977, 
Damage  to carrots by Ro ty l enchus  uni formis ,  
wi th  a discussion on the  cause of increased 
tolerance d u r i n g  deve lopmen t  of  the  p lan t .  
Nematologica  23:1-23. 

Effect of Soil Water Potential on 
Growth of Apple Trees Infected with Protylenchus penetrans 

B. A. JAFFEE ond W. F. MAP 

Abstract: Mall ing-Mer ton  106 apple  rootstocks inocula ted  wi th  Pratylenchus penetrans, or un -  
inoculated,  were grown in a g rowth  chambe r  in pots  of  loamy sand m a i n t a i n e d  at two mois tu re  
levels, 0 to -0.4 ba r  or  0 to -10 bars.  E i ther  inocula t ion  or low soil moi s tu re  suppressed shoot  
g rowth  and  increased root necrosis. However,  the  nematode-soi l  moi s tu re  in teract ion was not  
significant.  Key Words: root-lesion nematodes ,  nematode-soi l  n tois ture  interact ion.  

Damage of apple trees (Malus domestica, 
Borkh.) by Pratylenchus penetrans (Cobb) 
Filipjev and Schuurmans Stekhoven is 
usually more severe on well-drained sandy 
soils (5), suggesting that low soil moisture 
may contribute to tree decline. Although 
high soil moisture (near field capacity) has 
been shown to favor the movement  of cer- 
tain plant-parasitic nematodes (8), includ- 
ing P. penetrans (3), the influence of soil 
moisture on symptom expression is no t  
clear. Field observations indicate that plants 
infected with Meloidogyne spp. are harmed 
by "droughty"  conditions more than are 
healthy plants (1). On the other hand, 
Townshend  and Webber  (7) found that 

Received for publication 18 August 1978. 
1Respectively Graduate Research Assistant and Professor, 
Department of Plant Patholog'/, Cornetl University, Ithaca, 
New York 14853. 

symptom expression associated with P. 
penetrans on tobacco was obscured under  a 
low soil-moisture regime. T h e  present in- 
vestigation of the effect of soil moisture on 
apple trees infected with P. penetrans 
sought to answer two closely related ques- 
tions: 1) Are the detr imental  effects of P. 
penetrans and low soil moisture synergistic? 
2) Does a high soil-moisture regime com- 
pensate for damage caused by P. penetrans? 

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

General procedures: T h e  soil used was a 
loamy sand collected from an apple orchard 
in Wayne County, New York (2). I t  was 
autoclaved at least 1 month  before planting. 
One-year-old dormant  unbudded  Malling- 
Merton 106 rootstocks about  1 cm in diam- 
eter, purchased from a commercial nursery, 
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contained less than one Pratylenchus spp . /g  
root. T h e  trees were pruned  to 40 cm total 
length and the roots were pruned  to 1 cm. 
T h e  dorman t  trees were planted in 13-cm- 
d iam plastic pots and placed in a growth 
chamber,  and after 2 weeks all shoots but  
one were removed. T h e  growth chamber  was 
main ta ined  at 20 C, a 15-hr photoperiod,  
and 21,000 lux. Humid i ty  was not mon- 
itored. A soluble fertilizer (23-19-17) was 
appl ied to the rootstocks 8, 22, 36, and 50 
days after planting. Source of inoculum and 
method of inoculat ion and extract ion have 
been described (2, 4, 6). 

Inoculum level: In  order to select an 
inoculum level for experiments  in which 
soil moisture potential  would be a variable, 
MM.106 rootstocks were inoculated 20 days 
after p lant ing with 0, 1,000, 10,000, 25,000, 
or 50,000 P. penetrans/pot. There  were 
eight trees per t rea tment  except in the 
treatments of 10,000 and 50,000 P. pene- 
trans/pot, in which there were 12 trees per 
treatment.  Fourteen clays after inoculation, 
four randomly selected trees receiving 
10,000 P. penetrans/pot were harvested, and 
the nu mb e r  of P. penetrans/pot was deter- 
mined to assess the num ber  of nematodes 
surviving inoculation. By 90 days after 
planting, shoot elongation had ceased and 
the exper iment  was terminated.  

Nematode-soil moisture interaction: T h e  
effect of soil water potent ial  was examined 
in an exper iment  (repeated once) contain- 
ing four treatments:  a high and low 
moisture regime +_ inoculat ion with 35,000 
P. penetrans/pot. Each t rea tment  contained 
at least eight replicate trees. Tensiometers  
( I r rometer  Co., Riverside, California) were 
used to moni tor  soil water potential  in the 
high-moisture regime, and soil psychrom- 
eters (PT-51-05 The rmocoup le  Psychrom- 
eter; Wescor, Inc., Logan, Utah) were used 
in the low-moisture regime. Psychrometers 
were tested for accuracy in solutions of KCI 
at -4.5, -11.1, and -21.9 bars as described by 
Weibe  el al. (9). In  the first experiment ,  
the mean reading of psychrometers placed 
in a KC1 test solution o f - 1 1 . 1  bars was 
-10.3 bars (standard error = 0.18 bar; range 

= -8.2 to -12 .5  bars). In  the second experi- 
ment ,  the mean reading of psychrometers 
placed in a test solution of -11.1 bars was 
-11.I  bars (standard error = 0.12 bar; range 

= -10.1 t o - 1 1 . 9  bars). Tensiometers  and 
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psychrometers were placed in the pots at 
planting. Each was located in the center of 
the pot, about  5 cm from the bot tom. In  
each of the high-moisture treatments ( ~  
P. penetrans), three of the eight pots con- 
tained tensiometers. When  a mean reading 
of about  -0.4 bar was recorded with tensi- 
ometers within a part icular  treatment,  suf- 
ficient water was added to all pots in the 
t reatment  to raise their soil water  potentials 
to about  0 bars. In  the two low-moisture 
treatments (+ P. penetrans) each pot  con- 
tained one psychrometer.  When  a mean 
reading of about  -10 bars was recorded in 
ei ther low-moisture treatment,  sufficient 
water  was added to all pots in that  treat- 
ment  to raise their soil water  potent ia l  to 
about  0 bars. [Readings were made with a 
HR-33T  Dew Point  Microvoltmeter;  
Wescor, Inc., Logan, Utah.] 

T h e  trees were placed in the growth 
chamber  on day 0. On day 20, half  the trees 
were inoculated with 35,000 P. penetrans/ 
pot. From day 0 to ini t iat ion of the low- 
moisture regime, all trees were main ta ined  
under  a high soil-moisture regime. "When 
shoot lengths averaged about  45 cm (day 70 
in the first exper iment  and day 54 in the 
second), low soil-moisture regimes were 
init iated in half of the inoculated and un- 
inoculated trees whereas the remaining trees 
continued to be main ta ined  under  a high 
soil-moisture regime. About  2 weeks after 
shoot elongation had ceased (day 120 in the 
first exper iment  and day 94 in the second) 
the exper iment  was terminated.  

R E S U L T S  

lnoculum level: Inoculat ion with 50,000 
P. penetrans/pot significantly reduced shoot 
and root  weight and significantly increased 
root necrosis (Table  1). Lower numbers  of 
P. penetrans did not  reduce the growth of 
the apple trees significantly in the period of 
the experiment .  An ar i thmetic  reduct ion at 
25,000 P. penetrans/pot suggested that  this 
might  be slightly less than the number  
required to cause significant growth reduc- 
tion. Thus,  35,000 P. penetrans were used 
as an inocuhun level in exper iments  with 
soil water potential .  Four trees in the 
50,000/pot t rea tment  died. One tree died 
in each of the 25,000 and 10,000/pot 
treatments.  No trees died in the other treat- 
ments. Only 14% of the inoculum added to 
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TABLE 1. The effect of different levels of Pratylenchus penetrans on the shoot weight, root weight, and 
root necrosis of MM.106 apple rootstocks. 

P. penetrans P. penetrans Shoot Root Root  
Inoculum ]g /100 cc fresh wt fresh wt necrosis 

level root x soil • (g) (g) index y 

0 0 0 31.6 ab 10.9 a 1.5 a 
1,000 41 6 37.3 a 12.2 a 1.9 a 

10,000 228 57 33.8 ab 10.5 a 1.9 a 
25,000 685 67 27.9 abe 9.9 a 1.9 a 
50,000 1,008 175 19.4 c 6.3 b 3.1 b 

XRecovered at harvest. 
YRoot necrosis was rated on a scale of 1-5:1 = 0-20% necrosis; 5 = 81-100% necrosis. 
Means in a column followed by same letter are not significantly different at the 5% level as determined by 
Duncan's multiple-range test. 

the 50,000 and  10 ,000/pot  t r ea tments  was 
recovered  14 days af ter  i nocu la t ion .  T h e  
n u m b e r  of  P. penetrans/g roo t  recovered  at 
the end  of the  e x p e r i m e n t  ( T a b l e  1) was 
w i t h i n  the range  of  counts  o b t a i n e d  f rom 
N e w  York app le  orchards.  

Nematode-soil moisture interaction: 
I n o c u l a t i o n  w i t h  P. penetrans suppressed 
shoot  we igh t  and  increased roo t  necrosis in 
bo th  moi s tu re  regimes ( T a b l e  2). Inocula-  
t ion  d id  no t  affect roo t  weight .  M a i n t e n a n c e  
of  a low-mois ture  r eg ime  suppressed shoot  
and roo t  we igh t  and  genera l ly  increased 
roo t  necrosis. T h e r e  was no in t e r ac t ion  
be tween  i n o c u l u m  levels and  moi s tu re  levels 
for any of  tile var iables  measured ,  as as- 
sessed by the t-test (P = 0.05). T i l e  increase 
in shoot  and  roo t  we igh t  be tween  i n i t i a t i on  
of the low-mois ture  r eg ime  and  the end of 
the e x p e r i m e n t  was also d e t e r m i n e d  and 
these da ta  reaffirm the prev ious  s ta tements .  
N o  trees d i ed  in  any t r ea tmen t .  N e m a t o d e  
counts  d id  no t  differ be tween  inocu la t ed  
t rea tments  ( T a b l e  2). 

D I S C U S S I O N  

T i l e  results ind ica te  that  the d e t r i m e n t a l  
effects of  P. penetrans and  low soil mo i s tu r e  
are no t  synergistic,  i.e., un in fec t ed  and  in- 
fected trees r e sponded  s imi lar ly  to low soil 
mois ture .  F u r t h e r m o r e ,  a mo i s tu re  r eg ime  
near  o p t i m u m  for tree g rowth  d id  no t  com- 
pensate  for damage  caused by P. penetrans. 
T h i s  suggests that  growers mus t  m a n a g e  
b o t h  nema todes  and  soil mo i s tu r e  to real ize  
m a x i m u m  tree per fo rmance .  

T h e s e  results c anno t  be re la ted  d i rec t ly  
to the field or even o ther  g r o w t h - c h a m b e r  
systems w i t h o u t  qua l i f ica t ion .  T h e  exper i -  
m e n t  i nc luded  only  two levels of  i nocu lum,  
two mois tu re  regimes,  a n d  one  app le  root-  
stock. T i l e  r e l a t i onsh ip  be tween  P, 
penetrans and  the app le  tree m i g h t  change  
as a f unc t i on  of such factors. T h e  re la t ive  
t imes of  i n o c u l a t i o n  and i n i t i a t i on  of  the 
low-mois ture  r eg ime  m i g h t  also have  a l te red  
the results. Final ly ,  P. penetrans may influ- 
ence the wate r  re la t ions  of  app le  trees 

TABLE 2. The effect of high and low soil-moisture regimes on shoot weight, root weight, and root 
necrosis of MM.106 apple rootstocks inoculated or uninoculated with Pratylenchus penetrans. 

Treatment 

Shoot 

fresh wt 
(g) 

Root Root No. P. penetrans x 
fi-esh wt necrosis /g /100 cc 

(g) indexY root soil 

High moisture uninoculated 51.1 a 19.5 a 
High moisture inoculated 42.3 b 19.4 a 
Low moisture nninoculated 41.9 b 14.9 b 
Low moisture inoculated 36.8 c 14.0 b 

1.1a < l a  < l a  
2.4 b 1989 b 136 b 
1.5a < l a  < l a  
3.4 c 1786 b 118 b 

XRecovered at harvest. 
7Root necrosis was rated on a scale of 1-5:1 = 0-20% necrosis; 5 = 81-100% necrosis. 
Means in a column followed by same letter are not significantly different at 5% level as determined by 
Duncan's multiple-range test. 
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p r i m a r i l y  b y  r e d u c i n g  r o o t  q u a n t i t y  a n d  
d e p t h .  I n  t h i s  i n v e s t i g a t i o n ,  i n o c u l a t i o n  d i d  
n o t  s u p p r e s s  r o o t  w e i g h t .  P e r h a p s  a so i l  
m o i s t u r e - n e m a t o d e  i n t e r a c t i o n  w o u l d  h a v e  
b e e n  o b s e r v e d  h a d  t h e  e x p e r i m e n t  b e e n  
c o n d u c t e d  l o n g  e n o u g h  to  a l l o w  r o o t  w e i g h t  
s u p p r e s s i o n  to  occu r .  D e p t h  o f  r o o t i n g  m a y  
a l so  b e  a n  i m p o r t a n t  [ ac to r .  T h e  h e a l t h y  
t r e e  i n  t h e  f i e ld  m a y  b e  s u b j e c t e d  to  less 
w a t e r  s t ress  t h a n  t h e  d i s e a s e d  t r e e  i t  i t s  r o o t s  
a r e  a b l e  to  gTOW d e e p e r  i n t o  t h e  soi l  a n d  
t h u s  o b t a i n  w a t e r  a t  a h i g h e r  p o t e n t i a l .  
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Quantitative Aspects of the Development of 
Meloidogyne arenaria Larvae in Grapevine Varieties 

and Rootstocks 
H. FERRIS and W. A. HUNT ~ 

Abstract: The  development and productivity of parasitic stages of Meloidogyne arenaria were 
quantitatively defined in 14 varieties or rootstocks of grapevine. Mean development to maturi ty 
was related linearly to the number  of degree-hours above 10 C temperature experienced from the 
time of penetration in all cultivars in which nematode adulthood was achieved. Averaged across 
varieties, 13,142 heat units were required for development of the mean individual to maturity. 
The  standard deviation of the developing imtividuals about  the mean, expressed as a proportion 
with 1 representing adulthood, did not differ with time or among varieties after 7,000 degree- 
hours had elapsed. Earliest egg production was observed after 7,662 degree-hours, averaged across 
varieties, considerably before mean development to maturity. Varieties were also ranked Ielative 
to the number  of larvae establishing infection sites, and the rate of egg production per  adult  
female. Varieties could he grouped according to their levels of horizontal resistance. Key Words: 

Vitis vini[era, pest management, modeling, root-knot nematode. 

I m p r o v i n g  a n d  p r o l o n g i n g  v i n e y a r d  
p r o d u c t i v i t y  i n v o l v e s  c u l t u r a l  m a n i p u l a -  
t i o n s  b a s e d  o n  u n d e r s t a n d i n g  o f  t h e  r e l a -  
t i o n s h i p  of  p l a n t - p a r a s i t i c  n e m a t o d e s  a n d  
g r a p e v i n e s  to  t h e i r  e n v i r o n m e n t  a n d  t h e i r  
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i n t e r a c t i o n  w i t h  e a c h  o t h e r .  O p t i m i z a t i o n  
of  c r o p  a n d  p e s t  m a n a g e m e n t  a p p r o a c h e s  
m a y  r e q u i r e  s y s t e m s - a n a l y s i s  t e c h n i q u e s  to  
a l l o w  d e t a i l e d  c o n s i d e r a t i o n  o f  c o m p l e x  
a g r o e c o s y s t e m s .  S i m u l a t i o n s  w i t h  t h e  com-  
p u t e r  s i m u l a t o r  M E L S I M ,  w h i c h  m o d e l s  
t h e  p o p u l a t i o n  d y n a m i c s  o f  Meloidogyne 
arenaria o n  g r a p e v i n e s  (3, 4), h a v e  i n d i -  
c a t e d  t h a t  f u r t h e r  q u a n t i f i c a t i o n  is n e e d e d  
o f  t h e  p a r a m e t e r s  o f  i n t e r a c t i o n  b e t w e e n  
t h e  n e m a t o d e  a n d  i t s  h o s t .  
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