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Growth Reduction of Apple Seedlings by 
Protylenchus penetrons as Influenced by 

Seedling Age at Inoculation 
B. A. JAFFEE and W. F. MAP 

Abstract: Apple seedlings of different ages (1, 3, and 5 weeks) were inoculated with 6,900 
Pratylenchus penetrans per seedling in 10-cm-diam pots in a growth chamber. Rate of growth 
suppression and total growth suppression of seedlings by P. penetrans were inversely proportional 
to seedling age at time of nematode inoculation. Younger seedlings were found to contain a 
higher number of nematodes per gram root. Key Words: root-lesion nematodes. 

Pratylenchus penetrans (Cobb)  F i l i p j e v  
a n d  S c h u u r m a n s  S t e k h o v e n ,  a p a t h o g e n  of  
app le s  (7, 12, 18), s i gn i f i can t ly  suppresses  
the  g r o w t h  a n d  y ie ld  of a p p l e  trees i n  var i -  
ous  pa r t s  of  the  w o r l d  (1, 2, 4, 6, 8, I0, 13, 
14, 15, 16, 17, 19). I n  N e w  York,  M a i  e t  al. 
(15) h y p o t h e s i z e d  t h a t  p r o t e c t i o n  of the  t ree  
d u r i n g  the  first yea r  i n  the  o r c h a r d  m a y  be  
c r i t i ca l  s ince e s t a b l i s h ed  trees are  a p p a r e n t l y  
m o r e  t o l e r a n t  of P. penetrans t h a n  are  
n e w l y  p l a n t e d  trees.  T h e  benef i t s  o[  ea r ly  
p r o t e c t i o n  have  b e e n  r e p o r t e d  for  o t h e r  
n e m a t o d e - c r o p  systems (3, 5, 9, 20, 22). T h i s  
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i n v e s t i g a t i o n  was u n d e r t a k e n  to d e t e r m i n e  
the  r e l a t i o n  b e t w e e n  disease  sever i ty  a n d  the  
age of  a p p l e  seed l ings  a t  t he  t i m e  of  i n o c u l a -  
t i o n  w i t h  P. penetrans. 

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

General procedures: T h e  soil  u s e d  was  
a l o a m y  s a n d  co l lec ted  f r o m  a n  a p p l e  or- 
c h a r d  i n  W a y n e  C o u n t y ,  N e w  York.  T h e  
s a n d  f r a c t i o n  c o n t a i n e d  9 %  very  f ine sand ,  
4 8 %  fine sand ,  2 2 %  m e d i u m  sand ,  a n d  
2 1 %  coarse  sand .  I ts  p H  r a n g e d  f r o m  6.6 to 
6.9. I n  al l  e x p e r i m e n t s ,  t he  soil  h a d  b e e n  
a u t o c l a v e d  (121 C for  5 hr)  a t  leas t  1 m o n t h  
before  use. 

Seeds f r o m  ' N o r t h e r n  Spy '  a p p l e s  (Malus 
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domestica, Borkh.) were surface-disinfested 
in 0.6% sodium hypochlori te  for 20 min- 
utes. Germina ted  seeds were planted one 
per 10-cm-diam clay pot. Because the seeds 
vary genetically, 1.5-2 times as many  seeds 
as needed were p lanted  to permit  selection 
of apparent ly  uni form seedlings. 

All experiments  were conducted in a 
growth chamber  main ta ined  at 20 C, a 15-h 
photoperiod,  and 21,000 lux. Humid i ty  was 
not  monitored.  A soluble fertilizer (23-19-17) 
was appl ied to the seedlings every 2 weeks, 
start ing at emergence and cont inuing unt i l  
the exper iment  was terminated.  Water  was 
provided as needed. 

T h e  P. penetrans, obta ined from alfalfa 
callus tissue (21), consisted of larvae and 
adults of both  sexes. T h e  callus tissue and 
associated agar were placed on a pie-pan 
modification of the Baermann  funnel with 
tap water. Nematodes  were collected daily, 
and the suspension was stored at 2 C for no 
more than 3 days before use. T o  inoculate, 
tile suspension was added to the surface of 
the soil and to four holes formed in the soil. 
Controls received tap water. 

P. penetrans was extracted f rom root  
samples as described by Mai and Abawi 
(13). Nematodes  were extracted from the 
entire root  system unless it weighed more 
than 2 g. In  that  case a r andom 2-g sample 
was selected.  P. penetrans was extracted 
fi'om soil by a pie-pan modification of the 
Baermann funnel. T h e  suspension was col- 
lected and counted after 7 days. 

Inoculum level: T o  select an inoculum 
level for experiments  in which seedling age 
at inoculat ion would be a variable, 1-week- 
old seedlings were inoculated with 0, 100, 
1,000, 5,000, or 10,000 P. penetrans/pot. 
There  were 12 seedlings per t reatment.  
Nine  days after inoculation, four randomly  
selected seedlings from each t rea tment  were 
harvested and the nematodes were extracted 
from the roots and soil to determine how 
many P. penetrans had survived inocula- 
tion. Five weeks after inoculation,  the 
remain ing  eight seedlings per t rea tment  
were harvested. T h e  exper iment  was re- 
peated once. Except where noted, 6,900 P. 
penetrans/pot was the inoculum level used 
in the following experiments.  

Effect of plant age at inoculation on 
disease severity: In  two experiments  (exper- 
iments 1 and 2), all seeds were p lanted  on 
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the same day. Groups of seedlings were 
inoculated 1, 3, and 5 weeks after emer- 
gence. At each of these times one group was 
left uninoculated.  Wi th in  each group, eight 
seedlings were harvested every 2 weeks to 
obtain progressive measurements  of root  
weight, shoot weight, and nematode  num- 
bers. T h e  final harvest  was made 9 weeks 
after emergence. 

Determined in experiments  3, 4, and 5 
were the growth rates of seedlings of differ- 
ent  ages dur ing a specified period following 
inoculation. In  these tests, the seeds were 
p lanted  at different times and inoculated on 
the same day, providing groups of seedlings 
which were 1, 3, and 5 weeks old at inocula- 
tion. For each group of inoculated seedlings 
there was also an equivalent  number  of 
uninoculated seedlings, p lanted at the same 
time. Eight  uninocula ted  and eight inocu- 
lated seedlings in each age group were 
harvested at the t ime of inoculat ion and 2 
and 4 weeks after inoculation. T h e  growth 
statistics (increase in shoot and root  fresh 
weight dur ing a two-week period) of an 
inoculated group were divided by the 
growth statistics for an uninocula ted  group  
of the same age to obtain "growth expressed 
as a percent of the uninocula ted  control," 
or "relative growth rate." Data  from all five 
experiments  are included in the analysis. 

Inocula t ion  of different-aged seedlings 
with 6,900 P. penetrans/pot results in a 
higher inoculum level /g  inoculated root  in 
younger seedlings because younger seedlings 
have smaller root  systems than older seed- 
lings. In  exper iments  4 and 5, addi t ional  
t reatments  were included in which inocu- 
lum levels/g inoculated root  were equalized. 
T o  do that, the root  weights of seedlings 1, 
3, and 5 weeks old were determined at 
inoculation. I f  the roots of the 5-week-old 
seedlings, for example,  were found to weigh 
n times those of the 1-week-old seedlings, 
the older seedlings received n × 6,900 P. 
penetrans/pot. 

R E S U L T S  

Inoculum level: Inocula t ion  of seedlings 
one week old with different levels of P. 
penetrans indicates that  5,000 and 10,000 
P. penetrans/pot significantly suppresses 
shoot and root weight (Table  I). Only 
20-30% of the nematodes added were re- 
covered nine days after inoculation. At the 
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T A B L E  1. Shoot length ,  shoot  weight ,  a n d  root  
weight  of  apple  seedlings inocula ted  wi th  different  
n u m b e r s  of Pratylenchus penetrans. 

T A B L E  2. Shoot and  root  g rowth  of app le  seed- 
l ings inocu la ted  wi th  6,900 Pratylenehus penetrans[ 
pot.  

No. Shoot Shoot Roo t  
of nematodes  l eng t h  fresh wt  fresh wt 

/ p o t  (cm) {g) (g) 

0 11.5 a 2.15 a 1.59 a 
100 13.0 a 2.33 a 1.63 a 

1,000 11.0 a 2.04 a 1.59 a 
5,000 7.0 b 1.35 b 1.23 b 

10,000 7.3 b 1.35 b 1.10 b 

Means  in  a c o l u m n  followed by the  same let ter  do 
no t  differ significantly at  the  5% level as deter-  
m i n e d  by D u n c a n ' s  mul t ip l e - range  test. 

termination of the experiment,  means of 
508 and 1633 P. penetrans/g root  were 
respectively recovered from seedlings inocu- 
lated with 5,000 and 10,000 P. penetrans/ 
pot. These counts are within the range 
obtained from New York apple orchard 
samples. 

Effect of plant age at inoculation on 
disease severity: Data from experiments 1 
and 2 indicate that final shoot weight at 
week 9 was a function of seedling age at 
inoculation, i.e., seedlings inoculated at 
week 1 had smaller shoots than those inocu- 
lated at week 3 or week 5 (Fig. 1). Results 
were similar for root  weight. 

Comparison of relative shoot and root  
growth rates also indicates that seedlings 1 
week old are more severely affected (P = 
0.05) by inoculation with 6,900 P. pene- 

4D CONTROL * / a 
INOCULATED / 

WK1 o J 
WK 3 * / /°ab 

~ '  3 . 0  WK o / /  
///.0 

2 D  * 

0 
0 .,r 

m 1.0 

WEEKS AFTER EMERGENCE' 

FIG. 1. Shoot fresh weight  of  apple  seedlings 
inocula ted  at  1, 3, or  5 weeks wi th  6,900 PratyZenchus 
penetrans/pot. Means  at  week 9 followed by the  
same le t ter  do no t  differ significantly at  the  5% level 
as de t e rmined  by Duncan ' s  mu l t ip l e - r ange  test. 

Growth  per iod  
and  seedl ing age 

at inocu la t ion  

Growth  expressed as 
% of 

u n i n o c u l a t e d  control  

Shoot  Roo t  

0-2 wk af ter  inocu la t ion  
1 week 66 ~ 67" 
3 week 81 78 
5 week 89 88 

2-4 wk af ter  inocu la t ion  
1 week 51" 63 I 
3 week 72 84 
5 week 101 99 

"Differs (P = 0.05) h 'om week 5 us ing  the  t-test. 

trans/pot than are seedlings 5 weeks old 
(Table  2). 

At an inoculum level of 6,900 P. 
penetrans/pot, more P. penetrans/g root  
were recovered from seedlings inoculated at 
a younger than an older age (Table  3). 

Equalization of inocu lum/g  root  did 
not  result in equal numbers of P. Pene- 
trans/g root recovered 2 weeks after 
inoculation (Table  4). When  older seed- 
lings with roots weighing n times those of 
1-week-old seedlings were inoculated with n 
times 6,900 P. penetrans/pot, the numbers 
of nematodes/g  root  were higher in the 
older seedlings. Although the relative 
growth rates were not  statistically different, 
the results suggest that the growth rates of 
the older seedlings may be higher. Results 
were similar in the period 2 to 4 weeks 
following inoculation. 

DISCUSSION 

Investigators have repor ted that control 

T A B L E  3. N u m b e r  of  Pratylenchus penetrans]g 
root  recovered 2 a n d  4 weeks af ter  inocu la t ion  wi th  
6,900 Pratylenchus /pot. 

Seedling age a t  
inocu la t ion  2 wks af ter  4 wks af ter  

(wk) inocu la t ion  inocu la t ion  

1 1989 • 1196 I 
3 1169 1151 
5 441 456 

"Differs (P = 0.05) f rom the  average for seedlings 
inocula ted  w h e n  5 weeks old (us ing  the  t-test). 
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TABLE 4. Growth of apple seedlings and num- 
bers of Pratylenchus penetrans 2 weeks after inocu- 
lation. 

No. of Final no. 
Age at nematodes of P. 

inoculation added penetrans 
(wk) /pot* /g root 

Two weeks' 
growth 

expressed as 
% of 

uninoculated 
control 

Shoot Root 

1 6,900 1,555 68 69 
3 19,250 2,411 81 81 
5 59,200 3,760 82 75 

LSD (P =0.05) 835 17 19 

~Inoculum/pot was adjusted to achieve the same 
numbers of P. penetrans infecting, per g of root. 

decreases. Par t  of the benefi t  ga ined  by 
p ro tec t ing  newly  p l a n t e d  crops may resul t  
f rom this a p p a r e n t l y  s imple  r e l a t ion  
be tween  root  q u a n t i t y  a n d  n e m a t o d e  n u m -  
bers. 

Expe r imen t s  des igned to de t e r mi ne  the 
effect of i n o c u l a t i o n  wi th  equa l  n u m b e r s  of 
P. penetrans/g i nocu la t ed  root  ind ica te  tha t  
seedlings i nocu l a t ed  at an  older  age may  
have a h igher  re la t ive  growth  ra te  t h a n  
seedlings inocu la t ed  at  a younger  age, even 
though  more  P. penetrans/g root  were re- 
covered f rom older  seedlings. Since that  
p h e n o m e n o n  was e x a m i n e d  i n  on ly  two 
exper imen t s  a nd  the data  were h igh ly  
var iable ,  the results should  be considered 
p re l imina ry .  

of nematodes  early in  the d e v e l o p m e n t  of 
cer ta in  crops gave subs tan t i a l  increases in  
yield. T h e r e  are several possible ex- 
p l ana t i ons  for this p h e n o m e n o n .  First, a 
r educ t ion  i n  the l eng th  of t ime tha t  a 
suscept is exposed to a pa thogen  wil l  l ikely 
reduce disease severity. Second, it  is possible 
tha t  es tabl ished crops are in  some way more  
resis tant  or to le ran t  t h a n  newly p l a n t e d  
crops. T h i s  increased resistance or to lerance 
may be physiological  or  ana tomica l ,  or it  
may resul t  f rom some other  p h e n o m e n o n ,  
such as tile d e v e l o p m e n t  of deep roots, 
which,  in  an  older  p lant ,  may r e m a i n  un-  
damaged  and  may compensa te  for damaged  
shallow roots. T h e  data  o b t a i n e d  f rom these 
exper imen t s  wi th  apple  seedlings a n d  P. 
penetrans aga in  suggest the impor t ance  of 
protecting tile newly  p l an t ed  crop. W h e n  
measured  at  9 weeks, seedlings tha t  had  
been  inocu la t ed  at 1 week were smal ler  t h a n  
seedlings inocu la t ed  at 3 or 5 weeks. T h e  
fact tha t  the relat ive growth  rates of in- 
fected younger  seedlings were less t h a n  the 
relat ive growth  rates of infected older  
seedlings indicates  tha t  the differences in  
growth  measured  at 9 weeks were no t  s imply  
tile resul t  of differences in  exposure  t ime to 
the pa thogen .  

A possible reason tha t  the younger  
seedlings were more  severely affected was 
tha t  they con ta ined  more  P. penetrans/g 
root  than  d id  o lder  seedlings. I f  the app le  
root  acts as a s ink for P. penelrans (11), one  
migh t  propose tha t  as root  q u a n t i t y  in- 
creases relat ive to i n o c u l u m  level, the 
n u m b e r  of n e m a t o d e  p e n e t r a t i o n s / g  roo t  
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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 
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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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