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Population Dynamics, Root Penetration, and Feeding 
Behavior of Pratylenchus agilis in Monoxenic 
Root Cultures of Corn, Tomato, and Soybean 1 

R. V.  REBOIS AND R. N .  H U E T T E L  2 

Abstract: Population dynamics, rate of  root  penetrat ion,  and external  root  feeding behavior  of 
Pratylenchus agilis (Pa) in monoxenic cultures of  intact corn seedlings and root  explants of corn, 
tomato,  and soybean were studied. In descending order  of  suitability as hosts were I. O. Chief  corn, 
Rutgers tomato, and Williams soybean. Soybean entries Kent, Pickett 71, PI 90763, and Essex were 
poor  hosts. Numbers  of eggs and vermiform Pa in the agar medium indicated total fecundity and 
host suitability. Agar, sand, or  soil as support  media did not  appear  to affect Pa root penetrat ion,  
but  the rate of corn root  growth did. Whereas most vermiform Pa and eggs were in roots, substantial 
numbers  appeared able to feed and complete their  life cycle as ectoparasites on root  epidermal cells 
and root  hairs. 

Key words: corn, ectoparasite, feeding behavior,  Glycine max, host, lesion nematode,  Lycopersicon " 
esculentum, population dynamics, Pratylenchus agilis, resistance, root  population, soybean, technique, 
tissue culture, tomato, Zea mays. 

Pratylenchus agilis Thorne  and Malek, 
1968 (Pa) has been associated with soybean 
yield suppressions of 30% (4,7). In micro- 
plot studies (8,9), the Pa population de- 
velopment from good to poor hosts was 
as follows: corn (Zea mays L. cv. I. O. 
Chief) > tomato (Lycopersicon esculentum 
Mill cv. Marglobe) > soybean (Glycine max 
(L.) Merr. cv. Williams) > soybean cv. Es- 
sex. Three  years of  continuous cropping 
to Essex in microplots did not suppress 
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yields. However, continuous cropping to 
corn or tomato, or 2 years of  corn followed 
by Essex, resulted in damage in year 3 when 
the initial Pa infestation was one nematode 
per 150 cm 3 soil. 

Our objectives were 1) to determine in 
vitro population dynamics of  Pa on various 
hosts under controlled conditions, 2) to de- 
termine if the feeding behavior was pri- 
marily ectoparasitic or endoparasitic, and 
3) to compare the influence of  sand, soil, 
and agar as support materials for root pen- 
etration by Pa. 

MATERIALS AND METHODS 

Unless otherwise stated all operations 
were performed aseptically using sterile 
materials and demineralized water. All cul- 
tures were incubated at 28 C in the dark. 
Nematodes used in these studies were 
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TAnLE 1. Pratylenchus agilis eggs observed in agar  or  recovered f rom roots  o f  corn,  tomato,  and soybean 
roo t  cultures g rown in the  dark at 28 C. 

In agar medium In roots after 6 wk 

Cultivar 2 wk 4 wk 6 wk N* Per dish Per g root N* 

I. O. Chief  15.8 a 44.0 a 508.3 a 8 7,197 a 18,393 a 5 
Rutgers  18.8 a 82.0 a 352.0 a 9 880 b 2,516 b 5 
Williams 4.2 b 8.7 b 48.4 b 8 1,117 b 1,232 c 5 
Kent  4.6 b 6.1 bc 3.8 c 9 482 bc 372 cd 5 
Pickett 71 2.1 bc 5.8 bc 13.0 c 6 378 bc 307 ed 5 
PI 90763 1.2 cd 1.7 cd 5.3 c 10 228 bc 220 d 5 
Essex 1.6 c 3.2 d 8.0 c 9 159 c 328 cd 5 

Column numbers followed by different letters are significantly different (P = 0.05) according to Duncan's new multiple- 
range test using transformed data, log~0(No. + 1). 

* Number of replications observed at 6 weeks. 

progeny of  single Pa females cultured on 
root explants of I. O. Chief corn (5,10). 

Population dynamics: Treated seed (95% 
ethanol for 1-2 minutes followed by 5.25% 
NaOCl:water  [1:9] for 10-15 minutes) 
were germinated in the dark at 30 C for 
2-3 days on water agar. Two excised root 
tips of  corn or soybean and three of  to- 
mato, 2-3 cm long, were then transferred 
to 100 x 15-mm plastic petri dishes con- 
taining 35 ml of  Gamborg's B-5 media mi- 
nus auxins or cytokinins (GB-5) with 2% 
sucrose and 1.5% Difco Noble agar (3,10). 

I. O. Chief corn, Rutgers tomato, and 
soybean cultivars Williams, Kent, Pickett 
71, PI 90763, and Essex were used. Treat- 
ments were replicated 10 times and ar- 
ranged in a randomized complete block de- 
sign. After 2 weeks at 28 C, each root 
culture was infested with ca. three eggs and 
80 mixed stages of  Pa juveniles and adult 
females (collected from 10-12-week-old 
stock cultures) in 0.5 ml aqueous suspen- 
sion. 

Eggs and ve rmi fo rm nematodes  ob- 
served outside of  roots were counted 2, 4, 
and 6 weeks after infestation (WAI). At 6 
WAI, intact roots from five replications of 
each treatment were removed from the 
medium after softening the agar in the 
dishes placed in a hot water bath. Roots 
were blotted dry, weighed, and fixed for 
45 seconds in boiling glycerol, 85% lactic 
acid, and water (1:1:1) solution containing 
0.05% acid fuchsin (2). Roots were de- 
stained in the same solution lacking acid 
fuchsin for up to a week at 22 C. The  fixed 
roots were macerated at high speed for 
three 10-second intervals in 25 ml water 
using a 50-ml stainless steel ja r  on a Waring 

Blender. Between maceration intervals, any 
tangled roots were freed from the blender 
blades. Nematodes and eggs in three 5-ml 
aliquots from 50 ml homogenate were 
counted to determine total root popula- 
tions. 

Root penetration: GB-5 was used as the 
nutrient source in the three support ma- 
terials tested including 1.5% agar; acid 
washed, rinsed, and neutralized quartz 
sand; or soil (22% sand, 21% clay, 57% silt, 
pH 6.8). The  following treatments were 
used: 1) petri dish (PD) with 80 g sand, 18 
ml GB-5, and an excised corn root (ER); 2) 
PD with 35 ml GB-5 in 1.5% agar and ER; 
3) 2.3 x 19.5-cm culture tubes (CT) with 
30 g sand, 6.5 ml GB-5, and one intact corn 
seedling (IS); 4) CT with 30 g soil, 6.5 ml 
GB-5, and IS; 5) CT with 25 ml GB-5 in 
1.5% agar and IS. Treatments were rep- 
licated 10 times and incubated for 3 or 9 
days after infesting (DAI) in culture dishes 
and tubes with a ca. 52 eggs and 1,170 
vermiform Pa in 0.5 ml water. Five repli- 
cations were removed at 3 and 9 DAI. Roots 
were weighed, fixed, and macerated as de- 
scribed for population dynamics. 

Feeding behavior: Ectoparasitic nematode 
feeding was observed directly in root cul- 
tures using a dissecting microscope at 10- 
40 x and an inverted microscope equipped 
with Hoffmann interference optics, tele- 
vision monitor, camera, and time lapse re- 
corder at magnification of  40-400 x. 

Statistics: Data were analyzed by ANOV 
and Duncan's new multiple-range test (11). 
Nematode and egg numbers data were log 
t r ans fo rmed  before  statistical analysis. 
Mean numbers of  nematodes penetrating 
roots per culture and root weights data 



394 Journal of Nematology, Volume 18, No. 3, July 1986 

TABLE 2. Ve rmi fo rm Pratylenchus agilis observed in agar  or  recovered f rom roots  o f  corn,  tomato ,  and 
soybean root  cultures g rown in the dark at 28 C. 

Nematodes in agar Nematodes in roots after 6 wk 

Cultivar 2 wk 4 wk 6 wk N* Per dish Per g root N* 

I. O. Chief  8.3 a 62.3 a 389.8 a 8 3,647 a 8,700 a 5 
Rutgers  11.0 a 77.2 a 281.1 a 9 435 b 1,251 b 5 
Williams 5.5 a 38.7 ab 67.8 b 8 627 b 688 bc 5 
Kent 7.4 a 30.3 bc 22.8 c 9 318 bc 232 c 5 
Pickett 71 5.1 a 24.2 bc 21.2 c 6 215 bc 187 c 5 
PI 90763 7.5 a 22.6 bc 21.9 c I0  221 bc 216 c 5 
Essex 6.2 a 12.2 c 22.9 c 9 103 c 252 c 5 

Column numbers followed by different letters are significantly different (P = 0.05) according to Duncan's new multiple- 
range test using transformed data, logL0(No. + 1). 

* Number of replications observed at 6 weeks. 

were subjected to regression analysis. The 
equation for the linear regression was Y = 
a + bx and for the power curve y = ax b, 
where a and b are regression coefficients. 

RESULTS 

Population dynamics: Two weeks after in- 
fection, the numbers of  eggs found in the 
agar (Table I) in relation to the type of  
host were different (P = 0.05) but the num- 
bers of vermiform nematodes in agar were 
not (Table 2). The numbers of eggs ob- 
served in the agar 2 WAI in corn and to- 
mato cultures were greater than in any of 
the soybean treatments. The  treatments 
ranked in about the same order 4 and 6 
WAI on the basis of  numbers of  eggs and 
vermiform nematodes in the agar. 

The  numbers of eggs and vermiform 
nematodes recovered from the roots of  
cultures were several times greater than 
those found in agar medium 6 WAI (Ta- 

TABLE 3. Total  n u m b e r s  o f  eggs and ve rmi form 
Pratylenchus agilis f rom corn,  tomato,  and soybean 
root  explaut  cultures 6 weeks af ter  infestation with 
ca. three  eggs and 80 ve rmi form nematodes.  

Average no. /  Root wt. (g)/ Average no. /  
Cultivar culture culture g root tissue 

I. O. Chief  11,973 a 0.39 cd 30,700 a 
Rutgers  2,010 b 0.34 cd 5,911 b 
Williams 1,864 bc 0.84 bc 2,207 c 
Kent  835 bc 1.36 a 614 d 
Pickett 71 634 cd 1.18 ab 539 d 
PI 90763 486 cd 1.04 ab 468 d 
Essex 292 d 0.56 cd 525 d 

Column figures followed by different letters are signifi- 
cantly different (P = 0.05) according to Duncan's new mul- 
tiple-range test using transformed data, logl0(No. + 1). Means 
of five replications. 

bles 1, 2). I. O. Chief was the best host 
when only numbers of  eggs or vermiform 
nematodes per culture were considered, but 
the relative ability of Pa to reproduce in 
root cultures of other plants was not ob- 
vious until total numbers (Table 3) and 
weight of  host tissue were considered to- 
gether (Tables 1-3). The  linear regression 
correlation coefficient (r = 0.69, a = 25.4, 
b = 519.9) for total numbers of  eggs and 
vermiform nematodes per gram of root tis- 
sue for Kent, Pickett 71, PI 90763, and 
Essex soybeans was highly significant (P = 
0.01) (Table 3). 

Plots of time against the log of numbers 
of  eggs plus vermiform nematodes ob- 
served in the agar from cultures of I. O. 
Chief, Rutgers, and Williams were rela- 
tively linear between 2 and 6 WAI (Fig. 1). 
Rates o f  nematode  popula t ion  growth  
tended to slow between 4 and 6 WAI in 
the less suitable soybean hosts Essex, PI 
90763, Pickett 71, and Kent (Fig. 1, Tables 
1-3). 

Root penetration: Root growth was sig- 
nificantly (P = 0.05) better in agar cultures 
than in the corresponding sand cultures 
(Table 4). Roots of intact seedlings in cul- 
ture tubes grew faster than corresponding 
excised roots cultured in petri dishes. Root 
invasion 3 DAI averaged less than 1% of 
the number of nematodes in the inoculum. 
Nine day.s after infection, nematode root 
penetration and root growth were signifi- 
cantly greater (P = 0.05) in cultures with 
intact seedlings than in corresponding ex- 
cised root cultures. The number of  nema- 
todes and eggs per culture was directly 
proportional to root weight. When the 
numbers of  nematodes inside roots were 
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FIG. 1. N u m b e r s  o f  v e r m i f o r m  Pratylenchus agilis a nd  eggs  obse rved  in aga r  2, 4, a n d  6 weeks  a f te r  in fes t ing  
r o o t  exp lan t  cu l tu res  o f  I. O.  C h i e f  co rn ,  R u t g e r s  t om a t o ,  a n d  five s o y b e a n s - - W i l l i a m s ,  Kent ,  Picket t  71,  PI  
90763 ,  and  E s s e x - - w i t h  ca. t h r e e  eggs  a n d  80 v e r m i f o r m  n e m a t o d e s .  

FIC. 2. Cor re la t ions  b e t w e e n  Pratylenchus agiZis r o o t  p e n e t r a t i o n  and  f resh  roo t  weights  as re la ted  to five 
d i f ferent  cu l tu re  types (l inear r eg res s ion  coefficient r = 0.90 a nd  power  curve  cor re la t ion  coefficient  r = 0.84). 
T y p e  cul tures:  SPD = sand  in petr i  dish.  A P D  = aga r  in pet r i  dish. S M T T  = soil mix  in tes t  tube.  S T T  = 
sand  in test  tube.  A T T  = aga r  in tes t  tube .  

compared to root weights, the data fit for 
the linear regression curve was r = 0.90 
(a - -24 .2 ,  b = 287.4) and for the power 
curve r = 0.84 (a = 347, b = 1.9), which 
are highly significant (P = 0.01) positive 
correlations (Fig. 2). The  total numbers of 
eggs and vermiform nematodes per gram 
of root 9 DAI also had highly significant 
(P -- 0.01) correlation coefficients of r = 
0.85 (a = -19 .7 ,  b = 563.6) for linear 
regression and r = 0.83 (a -- 695.5, b = 
1.7) for the power curve. 

Feeding behavior: All stages of  Pa fed ec- 
toparasitically on root epidermal cells and 
root hairs. To locate an external feeding 
site, the nematode browsed along the root, 
often stopping and positioning its head 
perpendicular to the root surface and mak- 
ing contact with its labia and oral aperture. 
This was followed by probing a spot with 
the stylet on the outer wall of  an epidermal 
cell or root hair. Often several sites on a 
cell or cells were probed before feeding 

was initiated. The stylet probing rate was 
ca. 1-2 thrusts per second. Penetration of 
the outer cell wall by the stylet tip occurred 
with as few as 10 stylet thrusts, but often 
the stylet failed to penetrate the cell wall. 
The  feeding process was initiated when an 
estimated 1-2/zm of  the stylet tip had pen- 
etrated the cell wall and membrane and 
contacted the cytoplasm. The  nematode's 
body remained immobile throughout  feed- 
ing. When the stylet tip contacted the cy- 
toplasm, the nematode secreted some ma- 
terial into the cell causing a rapid surge of 
cytoplasmic components away from the 
stylet tip. During the next 1-3 minutes, a 
small hyaline area or feeding structure (FS) 
appeared to envelop the styler tip inserted 
into the cell or root hair. Formation of  the 
FS was followed by a rapid pumping (350 + 
50 pulses per minute as observed in 10 
specimens) of the metacorpus valve as 
ingestion began. During feeding the rate 
of cytoplasmic streaming at the feeding site 
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TABLE 4. Effect o f  cu l tu re  s u p p o r t  med i a  on  roo t  g r ow th  and  Pratylenchus agilis (Pa) roo t  p e n e t r a t i o n  3 
and  9 days a f te r  in fes t ing  (DAI)  corn  roo t  exp lan t  cu l tu res  with ca, 52 eggs  and  1,170 v e r m i f o r m  n e m a t o d e s ,  
rep l ica ted  five t imes.  

3 DAI 9 DAI 

Treat- Support Pa + eggs/  Vermiforms in Eggs in root /  Total eggs and 
ment* medium root Root wt. (g) root/culture (n) culture (n) vermiforms (n) 

C T - I S  A ga r  2.0 a 0 .899 a 273 .6  a 249.3 a 522.9  a 
C T - I S  Sand  2.0 a 0 .680 a 134.3 ab  343,2  a 477,5  a 
C T - I S  Soil 1.3 a 0 .273 b 59.9 b 52.4 b 112,3 b 
P D - E R  A g a r  7.7 a 0 .167 b 14.4 c t  87.5 b 81.9 b 
P D - E R  Sand  1.0 a 0.052 b 3.2 d 4.1 c 7,3 c 

Column figures followed by different letters are significantly different (P ~ 0.05) according to Duncan's new multiple-range 
test using transformed data, logl0(No. + 1). 

* CT-IS = culture tube with intact seedling. PD-ER = petri dish with excised root. 
t Agar culture had significantly (P = 0.05) more nematodes penetrating than the corresponding sand culture. 

and in adjacent cells increased slightly. 
Feeding at a single site lasted from less than 
a minute to several hours. Nematodes ap- 
peared to adhere to feeding sites, as many 
disengaged only with difficulty. Nematodes 
were often dislodged from feeding sites by 
other browsing nematodes. The FS re- 
mained in the cell when nematodes de- 
tached from feeding sites. In heavily par- 
asitized areas, one or more FS were 
observed in single cells. Nematodes were 
observed feeding at several sites during all 
parts of their migratory life cycles. Defe- 
cation and egg laying occurred periodically 
while the nematodes were feeding. Initial- 
ly, external feeding did not appear to cause 
major changes or damage to cell structures 
and organelles. Cell contents in heavily 
parasitized areas were disrupted, cells ap- 
peared flaccid, and nematodes readily mi- 
grated in and out of damaged roots. While 
feeding, some nematodes partially pene- 
trated 2-4 root cortical cells deep in lightly 
grazed areas; nematodes sometimes backed 
out of lesions and other nematodes entered 
the vacated lesions. Nematodes often con- 
gregated in small areas to feed on roots. 

D I S C U S S I O N  

Suitability of  hosts for Pa reproduction 
in monoxenic root explant cultures con- 
firmed field observations (8,9). Stock Pa 
cultures used as the source of  nematode 
inoculum were maintained on corn root 
explants; thus these populations are pos- 
sibly better adapted to I. O. Chief corn 
than to other plants used through mor- 
phological (12) or physiological differ- 
ences. However, when Pa was first ob- 

tained from the field to establish stock 
cultures in the greenhouse, host suitability 
for the crops tested ranked the same as that 
found in the present and other studies (8,9). 

I. O. Chief corn on GB-5 (10) is the best 
combination found to date for culturing 
Pa because the seeds are easily sterilized, 
the roots support the largest Pa popula- 
tions per gram of  tissue, populations dou- 
ble about every 6 days at 28 C, and the 
cultures are relatively maintenance free for 
up to 3 months. In excess of  500,000 Pa 
were recovered from single 10-12-week- 
old excised root cultures. 

Numbers of  nematodes entering roots of  
a single cultivar were significantly related 
to the total root weight, whereas the sup- 
port media had little or no effect under  
these conditions. This fact, along with the 
extensive external feeding observed in cul- 
tures, the positive correlation between to- 
tal root tissues produced, and fecundity on 
poor soybean hosts (Kent, Pickett 71, PI 
90763, Essex), suggests Pa ectoparasitism 
is a common occurrence and not the result 
of  the agar support media inhibiting pen- 
etration. Thus ectoparasitic feeding may 
be expected to occur under natural grow- 
ing conditions. 

Lack of nematode body movement dur- 
ing external feeding appears to be essential 
to prevent detachment from the feeding 
cell and feeding structure. The  origin (or 
mechanisms) of FS formation was not de- 
termined, but it appears to be related to 
feeding tubes, pegs, or plugs associated with 
many other nematodes (6). Extensive ex- 
ternal feeding by vermiform Pa and the 
occurrence of all life stages simultaneously 
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a n d  in l a r g e  n u m b e r s  w i t h o u t  f r e q u e n t  en-  
t e r i n g  o r  e x i t i n g  o f  y o u n g  r o o t s  s u g g e s t  
t h a t  th i s  n e m a t o d e  can  c o m p l e t e  its l i fe  as 
a n  e c t o p a r a s i t e .  

B a s e d  o n  t o t a l  Pa  r e p r o d u c t i o n  p e r  soy-  
b e a n  c u l t u r e ,  K e n t  a n d  W i l l i a m s  p r o d u c e d  
s ign i f i can t ly  g r e a t e r  p o p u l a t i o n s  t h a n  Es- 
sex.  B a s e d  o n  t o t a l  n e m a t o d e  a n d  e g g  re -  
p r o d u c t i o n  p e r  g r a m  o f  r o o t  t i s sue  in cul-  
t u r e ,  W i l l i a m s  was  t h e  b e s t  s o y b e a n  hos t ,  
w h e r e a s  K e n t ,  P i c k e t t  71,  P I  9 0 7 6 3 ,  a n d  
Essex all  s u p p o r t e d  s ign i f i can t ly  s m a l l e r  b u t  
s im i l a r  p o p u l a t i o n s  (541 + 7 3 / g  roo t ) .  T o -  
tal  f e c u n d i t y  f o r  t h e  p o o r  s o y b e a n  hos t s  
was p o s i t i ve ly  c o r r e l a t e d  w i th  r o o t  w e i g h t ,  
as was t h e  n u m b e r  o f  n e m a t o d e s  f o u n d  in 
I. O.  C h i e f  c o r n  roo t s .  

O n e  a d v a n t a g e  o f  e x c i s e d  r o o t  c u l t u r e s  
is t h a t  n e m a t o d e  b e h a v i o r  a n d  p o p u l a t i o n  
d y n a m i c s  can  b e  o b s e r v e d  d i r e c t l y  a n d  
m o r e  eas i ly  t h a n  u n d e r  f i e ld  c o n d i t i o n .  Us-  
i n g  Pa  fo r  s c r e e n i n g  fo r  r e s i s t ance  m a y  h a v e  
s o m e  r e l e v a n c e  a lso  to  o t h e r  n e m a t o d e s  
such  as P. scribneri a n d  P. hexinisus, s ince  
b o t h  h a v e  b e e n  r e p o r t e d  (1 ,13 ,14 )  to  r e -  
p r o d u c e  wel l  o n  c o r n  a n d  t o m a t o  a n d  be t -  
t e r  o n  W i l l i a m s  t h a n  o n  o t h e r  c o m m o n  soy-  
b e a n  cu l t i va r s  t e s t e d  as hos t s  f o r  t h e s e  
species .  
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