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Abstract: Pene t r a t ion  by all migra tory  life stages of Pratylenchus penetrans in to  roots of  
alfalfa (Medicago sativa L. cv. Du  Puits)  was inversely p ropor t iona l  to t issue age. Two-day-o ld  
t issue in  the  root  ha i r  zone was pene t r a t ed  twice as m u c h  as 10- or  20-day-old sections of the  tap 
root. Age-related differences were also observed in b ranch  roots; these differences were no t  
affected by increas ing the  n u m b e r  of  nema tode s  f rom 1 to I0 per  inocu la t ion  site, no r  by in- 
creasing the  l eng t h  of the  incuba t ion  per iod f rom 6 to 96 h.  Age-rela ted differences were only 
signif icant  wi th  3-wk-old plants ,  no t  wi th  2- a nd  1-wk-old seedlings. Nematodes  en te red  roots  at  
t empera tu res  f rom 5 to 30 C wi th  m a x i m u m  ent ry  at  20 C and  m i n i m u m  at  5 C. At all tempera-  
tures,  except  5 C, pene t r a t ion  in to  y o u n g  tissue (2 days) was significantly grea ter  t han  into m e d i u m  
(10 days) and  old (20 days) tissue. Fentales a nd  third-stage larvae entered the  different-aged root 
sections 122% and  83%, respectively, more  t h a n  d id  males.  Two-day-o ld  seedlings of the  alfalfa 
cul t ivars  Vernal ,  Saranac, and  D u  Pui t s  were pene t r a t ed  equal ly  by P. penetrans. Perhaps  the  
inverse  re la t ionship  be tween pene t r a t i on  and  age of root  is, in par t ,  responsible  for the  increas ing  
resistance or  tolerance of p lan ts  to nema t ode  da m a ge  as they grow older. Key words: root-lesion 
nematode .  J o u r n a l  of Nemato logy  14(1):100-105. 1982. 

Nematode damage to plants often is in- 
versely proport ional  to seedling age at time 
of inoculation (1,2,7,10,11,16,17,19,20,21, 
25). Some workers (10,11,21) at tr ibute this 
to rapid root  growth that results in a de- 
crease in nematode density in the infected 
plant. Jaffee and Mai (10) speculated that  
host physiological or anatomical changes 
associated with matura t ion  increased re- 
sistance or tolerance in older plants or that  
the deep roots in older plants are not  in- 
fected and may compensate for damaged 
shallow roots. Ogbuyi (17) suggested that 
resistance in mature  plants might result 
from thickening or suberization of cell 
walls. 

Adults and migratory larval stages of 
P. penetrans are capable of penetrat ing all 
parts of the host root  (14,22,23). However, 
it is not  known what effect root  age (stage 
of development) has on the rate of penetra- 
tion. T h e  existence of host age-related dif- 
ferences in penetrat ion could help explain 
the increase in tolerance associated with 
plant age. 

This  study was under taken to (i) deter- 
mine the effect of age of alfalfa root  tissue 
on penetrat ion by different life stages of 
P. penetrans and (ii) determine the influ- 
ence of substratum used for growing roots, 
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length of incubat ion time, and temperature  
on age-related differences in nematode 
penetrat ion.  

MATERIALS AND M E T H O D S  

The nematode: T h e  origin and method 
of rearing P. penetrans has been reported 
(18). Nematodes were extracted from heav- 
ily infested corn (Zea mays L.) roots in a 
mistifier and stored in water for periods 
o f u p t o 4 w k a t S C .  

Growth o/ alfalfa seedlings, nematode 
inoculation and staining, and experimental 
design: Alfalfa (Medicago sativa L. cv. Du 
Puits) seeds were surface-sterilized for 30 
min. in 37 N sulphuric acid, rinsed in sterile 
cold water, germinated, and grown at 21 C 
and 65 hlx in diSPo-pouches (Scientific 
Products, AMSC, 1210 Leon Place, Evans- 
ton, Ill.) moistened with Hoagland's solu- 
tion. One day prior to inoculat ion seedlings 
were removed from the pouches and placed 
on the surface of 1% water agar in a 140- 
mm Petri dish. Some tr imming of the top 
and lateral roots was required to fit five 
seedlings into a dish. Immediately before 
inoculation, a drop of water (5-8 t~l, ap- 
plied with a 26-gauge needle attached to a 
syringe) was placed on the agar next  to the 
tap root. One nematode was placed in the 
water drop with a No. 1 root  canal file and 
the inoculated root  segment covered with 
about  50 mg of glass beads (approx. 125 
/~in in diam. delivered with a vibrating 
spatula). After incubat ion at 21 C for 72 h 



sections of inoculated roots were excised, 
washed with water to remove the beads, 
and immersed in boiling lactophenol for 
approx. 30 s. T h e  inoculated root  seg- 
ments were then stained in Poirr ier  Blue 
(0.0005%) in cold lactophenol (8) for 5-7 
days and examined under  the microscope for 
the presence of nematodes. In most experi- 
ments, I0 Petri dishes (replicates), each 
with five seedlings, were used per treatment.  
Data were subjected to a split plot  analysis 
or X 2 - test. 

Rate of growth of alfalfa roots and 
anatomical studies: Lengths of tap roots of 
62 alfalfa seedlings, grown for 25 days in 
pouches, were measured at regular inter- 
vals and data plotted against time. Fresh 
free-hand sections of different-aged parts of 
tap roots were mounted  in lactophenol on 
microscope slides and diameters of root  and 
stele determined with an image-splitting 
eyepiece. 

Effect of alfalfa cultivar, substratum, 
lateral root sites, and inoculum density: T o  
determine the effect of alfalfa cultivar on  
penetration,  2-day-old seedlings of the cul- 
tivars Du Puits, Vernal, and Saranac, grown 
on agar, were inoculated in the root-hair 
zone with 1 ~ P. penetrans/root and incu- 
bated for 96 h. T o  determine whether  per- 
centage penetrat ion of seedlings grown in 
paper pouches differed from those grown 
on water agar, 2-day-old Du Puits seedlings 
grown on either substratum were inocu- 
lated with 1 ~ P. penetrans/root and pene- 
tration determined after 96 h of incubation. 
T o  study the effect of soil as a substratum, 
alfalfa was grown for 3 wk in Vineland 
loam in the greenhouse. After careful wash- 
ing, the root  systems were placed on agar 
and young, medium, and old root  segments 
of each tap root inoculated with 1 Q P. 
penetrans / segment. 

T o  compare penetrat ion into different- 
aged segments of lateral and tap roots, al- 
falfa seedlings were grown for 3 wk in 
pouches, then placed on a layer of water 
agar in plastic boxes of 25 × 30 cm. T i p  
(young) and mid-region (medium) seg- 
ments of either root  type were inoculated 
with 1 Q P. penetrans/segment. T o  deter- 
mine the effect of inoculum density, young, 
medium, and old root segments of 3-wk-old 
pouch-grown seedlings were inoculated 
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with 10 Q P. penetrans/segment. 
Age of seedling and penetration: T o  

further define the effect of seedling age, 
alfalfa seedlings were grown either in 
pouches or on water agar for periods of 3, 
2, and 1 wk and placed on the surface of 
agar. Each tap root  was then inoculated 
near the tip (young), in the middle (me- 
dium), and near the crown (old) with 1 
P. penetrans /segment. 

Effect of incubation period, tempera- 
ture, and life stage: Young, medium, and 
old root segments of 3-wk-old pouch-grown 
alfalfa seedlings were each inoculated with 
1 ~ P. penetrans and incubated for 6, 12, 
24, 36, 48, 72, and 96 h. Similarly grown 
and inoculated seedlings were incubated 
for 72 h at 5, 10, 15, 20, 25, and 30 C. T o  
determine the effect of nematode life stage 
and sex, young, medium, and old root  seg- 
ments of 3-wk-old pouch-grown seedlings 
were each inoculated with a single speci- 
men of females, males, or third-stage larvae 
and incubated for 72 h at 21 C. 

RES U LTS  

Rate of growth of alfalfa roots and 
anatomical studies: Alfalfa tap roots in- 
creased in length at an exponential  rate, 
bu t  growth in pouches ceased after 20 days 
(Fig. 1). Measurements of cross-sections of 
roots which were 2 days (young), 10 days 
(medium), and 20 days (old) showed that the 
proport ion of the area occupied by the cor- 
tex was much higher (P -- 0.05) in the 
young root  segments than in medium and 
Old segments (Table  1). 

Effect of alfalfa cultivar, substratum, 
lateral root sites, and inoculum density: No 
differences in percentage penetrat ion of P. 
penetrans into the alfalfa cultivars Du Puits 
(66%), Vernal (62%), and Saranac (64%) 
were observed. Similarly, percentage pene- 
tration of seedlings grown in paper pouches 
(52%) was not  statistically different from 
that of seedlings reared on water agar 
(66%). With  soil-grown seedlings, penetra- 
tion of young tissue (42%) was highest but  
did not differ statistically from that  of me- 
dium (30%) or old root  tissue (28%). 
Entry of the tip (35%) and mid-region of 
lateral roots (28%) did not  differ (P --- 
0.05) from penetrat ion of similar sites on 
the tap root  (respectively, 44% and 28%). 
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Table 1. Comparison of alfalfa root tissue of different ages. 

Root  Diameter Diameter 
age of of Area of Area of 

(days) root (#) stele (#) root (#=) stele (p') 

Area of 
Area of cortex 

cortex (#~) (% of total) 

Young .334 a* 106 a 87,600 a 8,800 a 
(2) 

Medium 506 b 300 b 201,100 b 70,700 b 
(10) 

Old 684 c 412 c 567,500 c 133,500 c 
(2O) 

78,800 a 90 a 

130,400 b 64 b 

234,200 c 64 b 

*Means in columns followed by different letters 
Student-Neuman-Keuls multiple-range test. 

Wi th  10 ~ P. penetrans/segment, per- 
centage penet ra t ion  of the young tissue 
(52%) was similar to that  where only one 
nematode / segment  was used, about  twice 
that  o[ med ium (22%) or old (27%) root  
tissue (P = 0.05). 

Age of seedlings and penetration: With  
3-wk-old pouch-grown seedlings, penetra-  
tion into the young root  tissue (1 day) was 
about  twice that  in m ed i um  (10 day) or old 
(20 day) root  segments; respectively, 60%, 
23%, and 33% (P = 0.01). Wi th  agar- 
reared 3-wk-old seedlings similar r e s u l t s  
were obtained;  i.e., 47% penet ra t ion  into 
young tissue, 16% into medium,  and 21% 
into old root  segments. Wi th  2- and 1-wk- 
old seedlings, whether  pouch- or  agar- 
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Fig. 1. L e n g t h  of  t a p  roo t s  of  a l fa l fa  cv. D u  Puits 
grown in pouches moistened with Hoagland's solu- 
tion at 21 C and 65 hlx for 23 days. Mean of 62 
plants. 

differ significantly at the 5% level according to the 

reared, where inoculated root segments 
were, respectively, 1, 6, or 13 days and I, 3, 
or 6 days old, age-related differences were 
no longer significant (Fig. 2A). 

Effect of incubation period, tempera- 
ture, and life stage: Penetra t ion of nema- 
todes into young root  tissue increased f rom 
34% after 6 h to 64% after  48 h of incuba- 
t ion (Fig. 2B). These  increases were sig- 
nificantly (P = 0.05) greater  than  the 20 % 
and 38% observed for medium-aged root  
tissue and the 14% and 40% for old root  
segments. No increase in penet ra t ion  was 
observed between 48 h and  96 h of incu- 
bat ion  a l though the difference between 
young vs. med ium and old root  tissue re- 
mained  significant (P = 0.05). Nematodes  
entered different-aged root  segments at tem- 
peratures from 5 C to 30 C (Fig. 2C). Wi th  
bo th  young and old tissue, penetra t ion 
peaked at 20 C (P = 0.05); with medium-  
aged tissue, penet ra t ion  did not  vary much  
at 10 C through 30 C. At all temperatures,  
except at 5 C, penet ra t ion  into youngest  
tissue was significantly (P = 0.05) greater  
than into med ium and old root  segments. 
All life stages penet ra ted  young root  tissue 
significantly (P = 0.01) bet ter  than medium-  
aged or old root  segments (Fig. 2D). Pene- 
t rat ion into the three different-aged root  
segments averaged 61% for females, 50% 
for third-stage larvae, and 27% for males 
(P ---- 0.0I). 

DISCUSSION 

This  study has shown that  penetra t ion 
by P. penetrans was inversely propor t iona l  
to the age of alfalfa root  tissue regardless of 
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Fig, 2. l'ercentage penetration into young (2 days), medium (10 days), and old (20 days) sections of alfalfa 
cv. Du Puits root by one P. penetrans  per section. A) Effect of age of pouch-grown (P) and agar-grown (A) 
seedlings. B) Effect of length of incubation period. C) Effect of temperature. D) Effect of life stage and 
sex. 

whether  seedlings were grown in paper  
pouches or on agar. A similar t rend was 
observed with seedlings grown in natura l  
soil. As found by other workers (3,4,6,23), 
the greatest n um be r  of P. penetrans pene- 
trated near  the root tip. 

Kl inkenberg (13) showed that  penetra- 
tion of several hosts by P. penetrans was 
not affected by surface sterilizing the nema- 
todes and seedlings; thus, no a t t empt  was 
made to conduct the present  experiments  
under  asepsis. T h e  percentage penetra t ion 
o~ P. penetrans into young root  tissue agrees 
with that  found by other workers (12,23). 
Differences in percentage penetra t ion of 
tissue of comparable  age between the dif- 
ferent experiments  are probably  due to 
slight differences in materials  and methods. 

With  bo th  pouch- and agar-grown al- 
falfa seedlings, significant age-related dif- 
ferences were noted only in 3-wk-old seed- 
lings. Apparent ly ,  resistance in root  tissue 

to penetra t ion by P. penetrans is negligible 
in roots of 2 wk or less in age. Th i s  agrees 
with observations made by Jaffee and Mai 
(10) on apple seedlings. 

Young root  sections of branch roots, re- 
gardless of point  of origin, were penetra ted 
at the same high percentage relative to me- 
ditun and old tissue as young root  parts of 
the tap root. Al though occasionally nema- 
todes were observed to penetrate  near  rup- 
tures of the cortex by branch roots, no con- 
sistent relat ion was found between penetra- 
tion and branch root initials. Th is  agrees 
with T u r n e r  and Chapman  (24). 

Increasing the inoculum density f rom 1 
P. penetrans to 10 per segment did not  

affect the percentage penet ra t ion  in young 
roots relative to older tissue. Wi th  these 
numbers  there apparent ly  was no competi-  
tion for entry sites (23). 

Townshend  (23) noted a positive cor- 
relat ion between rate of penet ra t ion  and 
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time. A l t h o u g h  a similar  corre la t ion  was 
found  in the present  study, at least d u r i n g  
the first 48 h, there was no  evidence tha t  
pene t ra t ion  in to  m e d i u m  or old roo t  sec- 
t ions wou ld  eventual ly  equal  tha t  of  y o u n g  
tissue. I t  appears  tha t  near ly  all penetra-  
tion, at least by females, occurs wi th in  2 
days. 

T h e  influence of  t empera tu re  on  the 
pene t ra t ion  of P. penetrans fol lowed closely 
the pa t t e rn  observed by T o w n s h e n d  (23). 
At  all t empera tures  tested, except  at 5 C, 
pene t ra t ion  in to  younges t  tissue was sig- 
nif icantly higher  than  in to  m e d i u m  or old 
roo t  tissue. Pene t ra t ion  in to  roo t  sections of  
different age at 5 C was too low for any dif- 
ferences to be discernible,  

I n  this study, females of P. penetrans 
were significantly more  infective than  of  
larvae or  males; this was previously f o u n d  
by o ther  workers (12,15,22,23). T o w n s h e n d  
(23) a t t r ibu ted  the super ior  pene t ra t ion  of  
females to the size of the g land  in the pos- 
terior subventra l  lobe, whereas Klinken-  
berg  (14) felt tha t  the stylet of  the newly- 
ha tched  larvae was still too weak to pene- 
trate the cell walls. Ne i the r  proposed  mech-  
anism appears  to give any life stage an  ad- 
vantage  wi th  regards to pene t r a t ion  of  
different-aged root  tissue as all life stages 
pene t ra ted  y o u n g  roo t  sections bet ter  t han  
older  tissue. 

W h y  y o u n g  roo t  tissue is pene t ra t ed  
bet ter  than  old tissue remains  to be investi- 
gated.  Hol l is  (9) theorized tha t  p lan t  dam- 
age is re la ted to d iameter  of  roots  at tacked.  
However ,  in  this study, even t h o u g h  the 
percentage  area of the cor tex of  y o u n g  roo t  
was 40% greater  than  that  of  older  roots,  
the vo lume of  cortex in all three different- 
aged roo t  sections was ample  to accom- 
moda t e  the presence of  nematodes .  For  ex- 
ample,  even in the y o u n g  roots  wi th  the 
smallest absolute area of  cor tex (78,800/z2), 
there was, theoretically,  space for  more  than  
100 nematodes  which  usual ly lie more  or  
less parallel  to the stele. I n  alfalfa the ex- 
pans ion  of  the vascular  cyl inder  by sec- 
onda ry  g rowth  causes the rup t u r e  a nd  
s loughing  of  the cortex (5). I t  is l ikely tha t  
as the cor tex degenerates  in m a t u r i n g  roots, 
pene t ra t ion  becomes more  difficult. Sim- 
ilarly, b iochemica l  and  nu t r i t i ona l  changes 
may  render  the cor tex  less favourable  for 

nema tode  coloniza t ion  (23). 
T h i s  s tudy has shown tha t  pene t r a t ion  

decreases with increase in age of  the roo t  
tissue. Th i s  closely parallels  the p h e n o m -  
e n o n  of  increased resistance or  tolerance of  
plants  to n e m a t o d e  damage  as the p lan t  
becomes older. Conceivably,  the la t ter  phe- 
n o m e n o n  could  be explained,  at  least par-  
tially, by  the greater  p r o p o r t i o n  of  o ld  r o o t  
tissue to y o u n g  roo t  tissue wi th  increased 
age. Th i s  s tudy therefore  emphasizes the 
impor t ance  of cont ro l  of  P. penetrans dur-  
ing  the early phase of  seedling deve lopmen t  
and  suggests control  t h r o u g h  increasing 
p lan t  tolerance by early seeding or  the use 
of  large t ransplants  wi th  some crops. 
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Interactions Among Selected Endoparasitic Nematodes and 
Three Pseudomonads on Alfalfa' 

M. G.  BOOKBINDER 2, J .  R .  BLOOM 3, AND F. L.  LUKEZIC 3 

Abstract: Meloidogyne hapla, Pratylenchus penetrans, and Helicotylenchus dihystera, reduced 
the growth of "Saranac AR alfalfa seedlings when applied at concentrations of 50 nematodes per 
plant. All except P. penetrans reduced seedling growth when applied at 25 per seedling. M. hapla 
reduced growth when applied at 12 per seedling. Nematodes interacted with three pseudomonads 
to produce greater growth reductions than were obtained with single pathogens, suggesting 
synergistic relationships. Ditylenchus dipsaci, applied at 25 or 50 nematodes per seedling, re- 
duced plant weight compared with weights of control plants, but did not interact with test 
bacteria. All of the nematodes except D. dipsaci produced root wounds which were invaded by 
bacteria. Key words: Medicago saliva L., Meloidogyne hapla, Pratylenchus penetrans, Ditylenchus 
dipsaci, Helicotylenchus dihystera, Pseudomonas viridi[lava, Pseudomonas corrugata, Pseudomonas 
marginalis. Journal of Nematology 14(1): 105-109. 1982. 

Severa l  species  o f  f u n g i  cause  c r o w n  a n d  
r o o t  ro t s  o f  a l fa l fa .  M a n y  r o t  diseases,  how-  
ever ,  c a n n o t  be  a s c r i b e d  to  t h e  ac t i v i t i e s  of  
a s ing le  p a t h o g e n  a n d  g e n e r a l l y  a re  a t t r i b -  
u t e d  to  t he  effects of  d i sease  c o m p l e x e s  (6). 
T h e  n a t u r e  o f  t he  c r o w n  a n d  r o o t  r o t  com-  
p l e x  of  a l f a l f a  is p o o r l y  u n d e r s t o o d ,  b u t  i t  
is b e l i e v e d  to  cons is t  of  a n u m b e r  o f  p a t h o -  
g e n i c  f u n g i  i n t e r a c t i n g  w i t h  o t h e r  p a t h o -  
gens  a n d  n o n p a t h o g e n i c  soi l  o r g a n i s m s ,  as 
w e l l  as a b i o t i c  in f luences .  R o t  o r g a n i s m s  
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o t h e r  t h a n  f u n g i  m a y  be  i m p o r t a n t  in t e r -  
a c t i v a n t s  w h i c h  a re  n o t  d e t e c t e d  by  isola-  
t i o n  p r o c e d u r e s  t h a t  f a v o r  t h e  r e c o v e r y  of  
p a t h o g e n i c  fung i .  

T h i s  i n v e s t i g a t i o n  was c o n d u c t e d  to  de- 
t e r m i n e  w h e t h e r  t h r e e  p s e u d o m o n a d s ,  iso- 
l a t ed  f r o m  s y m p t o m l e s s  o r  d i s c o l o r e d  a l f a l f a  
roots ,  a n d  w h i c h  d e c a y e d  n e e d l e - w o u n d e d  
a l f a l f a  roo t s  in  v i t r o  (8), c o u l d  r o t  r o o t s  of  
a l f a l f a  p l a n t s  s t ressed by  i n f e c t i o n  w i t h  a n y  
of  severa l  e n d o p a r a s i t i c  n e m a t o d e s  t h a t  
c o m m o n l y  o c c u r  in  a l f a l f a  f ie ld  soi l  i n  
P e n n s y l v a n i a .  

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

Seeds  o f  Medicago sativa L. ' S a r a n a c  A K '  
w e r e  su r f ace - s t e r i l i zed  w i t h  a 10-rain soak  


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

