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Root Tissue Response of Two Related Soybean Cultivars 
to Infection by Lectin-treated Meloidogyne spp. 
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Abstract: Treatment  of second-stage juveniles (J2) ofMeloidogyne incognita race 1 and M. javanica 
with soybean agglutinin, Concanavalin A, wheat germ agglutinin, Lotus tetragonolobus agglutinin, or 
Limaxflavus agglutinin or the corresponding competitive sugars ~ for each of these lectins did not 
alter normal root tissue response of soybean cultivars Centennial and Pickett 71 to infection by M. 
incognita race 1 or M. javanica. Giant cells were frequently induced in Centennial and Pickett 71 
roots 5 and 20 days after inoculation of roots with untreated J2 of  a population of  M. incognita race 
3. Treatment  of J2 of  M. incognita race 3 with the lectins or carbohydrates listed above caused 
Centennial, but not Pickett 71, root tissue to respond in a hypersensitive manner  to infection by 
M. incognita race 3. Penetration of soybean roots by J2 of  Meloidogyne spp. was strongly inhibited in 
the presence of 0.1 M sialic acid. Treatment  of J2 with sialic acid was not lethal to nematodes, and 
the inhibitory activity of  sialic acid was apparently not caused by low pH. These results suggest that 
carbohydrates may influence plant-nematode interactions. 

Key words: carbohydrate, giant cell, Glycine max, hypersensitive reaction, lectin, Meloidogyne incog- 
nita, Meloidogynejavanica, resistance, sialic acid, soybean, specificity. 

Plant incompatibility with nematodes 
often results from active plant defense re- 
actions to infect ion by phytoparas i t ic  
nematodes (8-10,16,18,24,32). Although 
several mechanisms of active incompati- 
bility have been proposed, little is known 
about nematode characteristics that may 
elicit plant responses incompatible with 
nematode development and their relation 
to specificity of  p lant-nematode interac- 
tions (18). The  occurrence of physiological 
races of  phytoparasitic nematodes (29,31) 
suggests that specific interactions occur be- 
tween nematodes and plant cultivars and 
that populations of phytoparasitic nema- 
todes evolve to overcome incompatibility. 

Evidence that surface biochemistry, es- 
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pecially glycoconjugates of  cells and or- 
ganisms, promotes specificity in plant-mi- 
crobe interactions has been the subject of  
several reviews (1,3,4,19,28). Keen (19) 
suggested that biochemical surface inter- 
actions were important in the specificity of  
incompatibility in gene-for-gene systems 
be tween  plant  cultivars and microbial  
pathogens. Whether  surface interactions 
are important in plant-nematode incom- 
patibility is unclear. The  existence of  car- 
bohydrates on the surface of  nematodes 
and evidence that surface carbohydrates 
may be important in interactions between 
nematodes and microbes have been re- 
ported and summarized (33). Zuckerman 
andJansson (33) proposed that interaction 
between nematodes and other  organisms 
may be altered by obliteration or blocking 
of  carbohydrates on the nematode surface. 

To evaluate this concept with respect to 
specificity in plant-nematode interactions, 
we chose to study a model system consist- 
ing of two related soybean (Glycine max (L.) 
Merr.) ~ultivars, Centennial and Pickett 71, 
that differed in compatibility with three 
Meloidogyne spp. populations. The  incom- 
patibility of  Centennial soybean with Me- 
loidogyne incognita has been associated with 
a hypersensitive reaction (HR) of soybean 
root tissue in the region of  penetration by 
second-stage juveniles (J2) (15). The  HR 
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was strongly correlated with the accumu- 
lation of  glyceollin, but  elicitors of  the HR 
were not identified (17). 

The  surface carbohydrates of  J2 of  pop- 
ulations of  M. incognita races 1 and 3 and 
M. javanica have been characterized with 
fluorescent lectin probes (5,22). Fluores- 
cent lectins bound primarily to the am- 
phidial exudate of  infective J2 of  Meloido- 
gyne spp. Soybean root tissue responses to 
Meloiclogyne spp. J2 that were treated with 
various lectins and carbohydrates are re- 
ported here. 

MATERIALS AND METHODS 

Populations of Meloidogyne incognita (Ko- 
foid and White) Chitwood races 1 and 3 
and M. javanica (Treub) Chitwood were 
maintained in greenhouse culture on roots 
of  tomato Lycopersicon esculentum Mill. cv. 
Rutgers, and eggplant, Solarium melongena 
L. cv. Black Beauty. Meloidogyne spp. pop- 
ulations were identified by using female 
perineal patterns,juvenile lengths, and dif- 
ferential host plant responses (25). Species 
identifications were confirmed indepen- 
dently by three nematode taxonomists. 
Eggs of  each nematode population were 
extracted from host roots with 0.53% 
NaOC1 for 30 seconds (11) and hatched at 
room temperature on a Baermann funnel. 
Preinfective J2 that had hatched within 48 
hours were used as test organisms in each 
experiment. 

Purified soybean agglutinin (SBA), wheat 
germ agglutinin (WGA), Lotus tetragonolo- 
bus agglutinin (LOT), Concanavalin A (Con 
A), or Limax flavus agglutinin (LFA) (E-Y 
Labs, San Mateo, CA) were bound to sur- 
face carbohydrates of  Meloidogyne spp. J2 
by incubating nematodes in the separate 
lectin solutions. The  sugar specificity, ap- 
p ropr ia te  lectin buffers,  cor responding  
competitive sugars, and procedure used to 
determine the specific hemagglutination 
activity for each lectin were described else- 
where (5). The  sugar specificity of  LFA is 
N-acetyl-neuraminic (sialic) acid; LFA as- 
says were conducted in buffer containing 
0.05 M Tris-saline plus 0.01 M CaC12 a t p H  
7.5. 

Preinfective J2 of  M. incognita races 1 
and 3 and M. javanica were concentrated 
in the appropriate buffer or in distilled 
water by centrifugation at 1,000 g for 3 
minutes. Approximately 8,400 J2 of  each 
nematode population were incubated in 1) 
lectin solution (200 #g/ml), 2) lectin (200 
/xg/ml) plus 0.1 M competitive sugar, or 3) 
0.1 M sugar solution minus lectin for 2 
hours at 4 C. Seventy-microliter suspen- 
sions of  juveniles in these solutions w e r e  
used as direct (unwashed treatment) inoc- 
ulum for subsequent soybean root  chal- 
lenge. In addition, J2 exposed to each lec- 
tin and sugar treatment were washed three 
times in buffer and similarly used as inoc- 
ulum for soybean root challenge. Control 
treatments included J2 in buffer and J2 in 
distilled water. 

Two related soybean cultivars, Pickett 
71 and Centennial, were used for root  tis- 
sue challenge by treated J2 of  Meloidogyne 
spp. Pickett 71 was reported to be com- 
patible and Centennial incompatible with 
M. incognita and both were compatible with 
M. javanica (15). Seeds of each variety were 
dusted with Thiram 75WP (Kerr-McGee 
Chemical Corp., Jacksonville, FL), rolled 
in moist germination paper (ragdolls), and 
incubated in the dark at 27 C until they 
germinated. Newly germinated seedlings 
with roots 3-5 cm long were placed on 
trays containing autoclaved Astatula fine 
sand (hyper thermic ,  uncoa t ed  typic 
quartzipsamments), and the root  tips were 
covered with a small amount of  sand. A 
suspension of  approximately 600 J2 from 
each treatment was placed on the sand cov- 
ering the root tips of  separate soybean 
plants (15,21). Trays containing inoculated 
soybeans in sand were incubated in the dark 
at 27 C. Dark conditions more closely sim- 
ulated the soil environment experienced 
by roots and nematodes. There  were seven 
replicates of  each treatment combination. 

Approximately 40 hours after inocula- 
tion, soybeans were removed from trays, 
and sand and nematodes that had not pen- 
etrated were washed from the roots. The  
seedlings were then placed on moist ger- 
mination paper and the positions of  the 
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FIG. 1. Response of Centennial soybean root tissue within 5 days of infection by lectin-treated second- 
stage juveniles (J2) of Meloidogyne spp. A) Hypersensitive reaction (HR) to M. incognita race 1 treated with 
soybean agglutinin. B) Giant cells (GC) induced by the untreated nematode (N), M. incognita race 3. C) Giant 
cells induced by M. javanica treated with soybean agglutinin plus galactose. D) Hypersensitive reaction induced 
by M. incognita race 3 treated with N-acetylglucosamine. 

inocula ted por t ions  o f  the  roots  were  
m a r ke d  on the paper .  T h e  ge rmina t ion  pa- 
per  that contained inoculated seedlings was 
covered  with an addit ional  piece o f  moist 
germina t ion  paper ,  carefully rol led into 
ragdolls,  and incubated  in the dark  at 27 
C for  80 addit ional  hours.  

Inocula ted  soybean roo t  segments  were  
excised 5 days af te r  inoculat ion and im- 
mediate ly  fixed in 10% alcoholic formal in  
(1:9, formalin;  95% E T O H ,  v:v). Addi t ion-  
al t rea tments  o f  J2  o f  M. incognita race 3 
in water  that  were  applied to Centennia l  
and Picket t  71 soybean roots  were  excised 
20 days af te r  inoculat ion and  processed in 
the same manner .  Fixed roo t  segments were 
de hyd ra t e d  t h r o u g h  a ter t -butyl  alcohol se- 
ries and e m b e d d e d  in paraffin. Serial sec- 
tions (12-~m thick) were  m o u n t e d  on  glass 
slides, stained with safranin and fast green ,  
and observed  with a light microscope.  Sec- 

tions f rom seven replicates o f  each com- 
binat ion were examined  for  tissue re- 
sponses to individual n e m a t o d e  infection.  
Root  tissue responses that  o ccu r r ed  in  
< 5% of  the  total observat ions within a 
given t r ea tmen t  were  not  recorded .  Th is  
e x p e r i m e n t  was repea ted .  

Since a 0.1-M solution o f  sialic acid in 
buffer  is acidic (pH ~ 3.0), a soybean ro o t  
pene t ra t ion  bioassay was conduc ted  to de- 
t e rmine  the  effect o f  low p H  on the activity 
o f  J2 o f  Meloidogyne spp. Second-stage ju-  
veniles o fM.  incognita races 1 and 3 and  M. 
javanica were  incuba ted  for  2 hours  at 4 C 
in a solution o f  0.1 M sialic acid (pH 
3.0), 0.1 M sialic acid neut ra l ized  with 
N a O H  (pH 7.0), 0.05 M Tr is -buf fer  saline 
adjusted with HC1 (pH 3.0), 0.05 M Tris-  
buffer  saline (pH 8.0), or  in distilled water.  
Juveniles  suspended in 100 ~1 incubat ion  
solution (ca. 200J2)  were  appl ied to Picket t  
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TABLE 1. Tissue responses~" of Pickett 71 (P) and Centennial (C) soybean roots 5 days after exposure to 
second-stage juveniles ofMeloidogyne incognita races 1 and 3, and M. javanica incubated in soybean agglutinin 
(SBA) solution (200 t~g/rnl) and (or) 0.1 M galactose (gal) solution prior to inoculation. 

M. incognitarace 1 M. incognitarace 3 M. javanica 

Treatment P C P C P C 

Washed:l: 

SBA GC, GRCY HR, NR GC, NR HR, EGC GC, S GC, S 
SBA + gal GC HR GC, GRCY HR, NR GC, GRCY GC, S 
Gal GC, GRCY HR GC, GRCY HR, NR GC, GRCY GC 

Unwashed 

SBA GC, GRCY HR, EGC GC, S HR, EGC GC, S GC, S 
SBA + gal GC, GRCY HR, EGC EGC, GRCY HR, EGC GC, EGC GC, S 
Gal GC, S HR, GRCY GC, S HR, NR GC, S GC, S 

Buffer GC, GRCY HR, GRCY GC, S GC, GRCY GC, S GC, S 
Distilled H20 GC, S HR GC, S GC, GRCY GC, S GC, S 

GC = giant cells; GRCY = granular cytoplasm within giant cells; HR = hypersensitive response; NR = no response; EGC 
= early giant cells; S = swollen juvenile. 

t The first and second (if observed) most frequent tissue responses to individual J2 of Meloidogyne st0p. are listed consecutively. 
~: Second-stage juveniles were incubated in treatment solution and washed three times with buffer before inoculation. 

71 soybean root tips growing on trays of 
autoclaved sand. An identical set of  sialic 
acid and buffer solutions containing J2 were 
diluted 1:16 as described in a similar test 
(6) and used as inoculum for Pickett 71 
root tip inoculation. The  inoculated seg- 
ment of  each soybean root was excised af- 
ter 40 hours and stained with acid fuchsin 
(2), and the numbers of  J2 within each root 
segment were counted. There  were six 
replicates of  each treatment and this test 
was repeated. 

RESULTS 

The binding capacity of pure lectins, ex- 
cept LFA, was relatively strong. Specific 
hemagglutination activities of 4,096 (SBA), 
4,096 (Con A), 8,192 (WGA), 8,192 (LOT), 
and 4 (LFA) units /rag lectin were deter- 
mined. The  ability of lectins to agglutinate 
red blood cells by multivalent binding to 
cell surface carbohydrates was completely 
inhibited in the presence of a 0.1 M solu- 
tion of  the specific sugar to which each 
lectin binds. 

The  most frequent response of  Pickett 
71 soybean root tissue to infection by Me- 
loidogyne spp. J2 was giant cell production 
and of  Centennial root tissue was HR (Ta- 
bles 1-5). Infective juveniles incubated in 
buffer or water became enlarged and in- 

duced giant cell formation in compatible 
interactions, but they remained vermiform 
and were associated with a hypersensitive 
reaction in incompatible combinations (Fig. 
1). Giant cells of normal appearance were 
very frequently observed in roots of  Pick- 
ett 71 and Centennial soybean 5 and 20 
days after roots were exposed to M. incog- 
nita race 3 incubated in buffer or water. 
Giant cells associated with M. incognita race 
3 controls in Centennial soybean often 
contained granular cytoplasm. No gall 
formation, evidence of hyperplasia of per- 
icycle cells adjacent to feeding sites, or de- 
velopment ofM. incognita race 3 past third- 
stage juvenile was observed in Centennial 
root tissue 20 days after inoculation with 
J2 of  M. incognita race 3. 

The primary tissue response of both soy- 
bean cultivars to J2 of M. incognita race 1 
or M. javanica exposed to any lectin or sug- 
ar treatment was essentially unchanged 
from that of  tissues infected by J2 incu- 
bated in buffer or water. Lectin or sugar 
treatment of  J2 of M. incognita race 3 did 
not influence host response in Pickett 71, 
but in Centennial soybean roots, t reatment 
of  J2 ofM. incognita race 3 with any lectin 
or sugar stimulated a hypersensitive re- 
sponse rather than giant cells. 

Soybean tissue responses to infection by 
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TABLE 2. Tissue responsest of  Pickett 71 (P) and Centennial (C) soybean roots 5 days after exposure to 
second-stage juveniles of  Meloidogyne incognita races 1 and 3, and M. javanica incubated in Concanavalin A 
(Con A) solution (200 #g/ml) and (or) 0.1 M mannose (man) solution prior to inoculation. 

M. incognita race 1 M. incognita race B M. javanica 

Treatment P C P C P C 

Washed~ 
Con A GC, NR NR, HR GC, S HR GC GC, S 
Con A + man GC, GRCY HR, NR GC, S HR, NR GC, S GC, S 
Man GC, S HR GC NR, GC GC, GRCY GC, GRCY 

Unwashed 
Con A GC, S HR GC, EGC HR, NR GC, S GC, S 
Con A + man GC, S HR GC, S HR, EGC GC, S GC, S 
Man GC, S NR, EGC GC, S GC, GRCY GC, S GC, S 

Buffer GC, S HR, NR GC, S GC, GRCY GC, S GC, S 
Distilled H~O GC, S HR, GRCY GC, S GC, EGC GC, S GC, S 

GC = giant cells; GRCY = granular cytoplasm within giant cells; HR = hypersensitive response; NR = no response; EGC 
= early giant cells; S = swollen juvenile. 

t The first and second (if observed) most frequent tissue responses to individual J2 ofMeloidogyne spp. are listed consecutively. 
z~ Second-stage juveniles were incubated in treatment solution and washed three times with buffer before inoculation. 

individual J2 that were atypical of  the most 
f r equen t  tissue response  occu r r ed  fre- 
quently enough (> 10% of  observations) 
to warrant report. These included occur- 
rence of  early giant cells in Centennial tis- 
sue challenged by M. incognita race 1 and 
M. incognita race B treated with SBA or 
SBA plus galactose, unwashed, and M. in- 
cognita race 3 treated with SBA, washed, 
was in contrast to the primary response of  
hypersensitivity (Table 1). Early giant cell 

formation was also observed in Centennial 
challenged by M. incognita race 1 treated 
with mannose, unwashed (Table 2), or with 
LOT,  washed (Table 3). 

Second-stage juveniles ofMeloidogyne spp. 
were observed in soybean roots with no 
apparent plant tissue reaction to their pres- 
ence. This was the primary observation in 
Centennial root tissue inoculated with M. 
incognita race 1 treated with Con A, washed; 
M. incognita race 1 treated with mannose, 

TABLE 3. Tissue responsest of  Pickett 71 (P) and Centennial (C) soybean roots 5 days after exposure to 
second-stage juveniles of Meloidogyne incognita races I and 3, and M. javanica incubated in Lotus tetragonolobus 
agglutinin (LOT) solution (200 #g/ml)  and (or) 0.1 M fucose (fuc) solution prior to inoculation. 

M. incognita race 1 M. incognita race $ M. javanica 

Treatment P C P C P C 

Washed~ 

LOT GC, S HR, 
LOT + fuc GC, S HR, 
Fuc GC, GRCY HR 

Unwashed 
LOT GC, GRCY HR 
LOT + fuc GC, GRCY HR, 
Fuc GC, GRCY HR, 

Buffer GC, S HR 
Distilled H20 GC, S HR 

EGC 
NR 

GRCY 
GRCY 

GC, S HR, EGC GC, S GC, GRCY 
GC, NR HR, GRCY GC, S GC, S 
GC, EGC HR, NR GC, S GC, S 

GC, GRCY HR, EGC GC, S GC, GRCY 
GC, S HR, EGC GC, EGC GC, NR 
GC, S HR, EGC GC, S GC, S 

GC, S GC, EGC GC, S GC, S 
GC, S GC, S GC, S GC, S 

GC = giant cells; GRCY = granular cytoplasm within giant cells; HR = hypersensitive response; NR = no response; EGC 
= early giant cells; S = swollen juvenile. 

]" The first and second (if observed) most frequent tissue responses to individual J2 ofMeloidogyne spp. are listed consecutively. 
z~ Second-stage juveniles were incubated in treatment solution and washed three times with buffer before inoculation. 
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TABLE 4. Tissue responsest of  Pickett 71 (P) and Centennial (C) soybean roots 5 days after exposure to 
second-stage juveniles ofMeloidogyne incognita races 1 and 3, and M. javanica incubated in wheat germ agglutinin 
(WGA) solution (200 ug/ml) and (or) 0.1 M N-acetylglucosamine (GlcNAc) solution prior to inoculation. 

114. incognita race 1 M. incognita race 3 M. javanica 

Treatment P C P C P C 

Washed:~ 
WGA GC, EGC HR, NR GC, NR HR, NR GC, NR GC 
WGA + GlcNAc GC, NR HR, NR GC, EGC HR, NR GC, S GC, S 
GIcNAc GC, HR HR, GRCY GC, S NR, HR GC, S GC, S 

Unwashed 
WGA GC, NR HR, NR GC, S HR, GRCY GC, S GC, GRCY 
WGA + GlcNAc GC, HR NR, HR GC, S HR GC, S GC, S 
GlcNAc GC, HR HR GC, S HR, EGC GC, S GC, S 

Buffer GC, S HR, NR GC, S GC, NR GC, S GC, S 
Distilled H~O GC, S HR, NR GC, S GC, GRCY GC, S GC, S 

GC = giant cells; GRCY = granular cytoplasm within giant cells; HR = hypersensitive response; NR = no response; EGC 
= early giant cells; S = swollen juvenile. 

t The first and second (if observed) most frequent tissue responses to individual J2 ofMeloidogyne spp. are listed consecutively. 
Second-stage juveniles were incubated in treatment solution and washed three times with buffer before inoculation. 

unwashed; M. incognita race 3 treated with 
mannose, washed; M. incognita race 1 treat- 
ed with WGA plus N-acetyl-D-glucosamine 
(GlcNAc), unwashed; M. incognita race 3 
treated with GIcNAc, washed; and M. in- 
cognita race 1 treated with LFA, washed 
(Tables 4, 5). No tissue response was ob- 
served in Pickett 71 to M. incognita race 3 
treated with LFA plus sialic acid, washed. 
A hypersensitive response was sometimes 
observed in Pickett 71 challenged by M. 
incognita race 1 t rea ted  with GlcNac, 
washed; M. incognita race 1 treated with 
WGA plus GlcNAc, unwashed; and M. in- 
cognita race 1 treated with GlcNAc, un- 
washed. Very few J2 were located in soy- 
bean roots challenged by any population 
ofMeloidogyne spp. that received unwashed 
LFA and sialic acid treatments. In these 
instances, the tissue response was similar 
to comparable treatments with SBA. 

Both 100 mM sialic acid at pH 3.0 and 
100 mM sialic acid at pH 3.0 diluted to 
6.25 mM before inoculation caused a sig- 
nificantly greater reduction in penetration 
of  soybean roots by J2 of all three nema- 
tode populations than any other treatment 
(Table 6). In experiment 1 100 mM sialic 
acid neutralized to pH 7.0 with NaOH sig- 
nificantly reduced root penetration by J2 
of Meloidogyne spp., compared with con- 

trols, but this effect was apparently lost 
when neutralized sialic acid was diluted to 
6.25 mM. Undiluted 50 mM Tris-saline at 
pH 3.0 reduced penetration of soybean 
roots by J2 of all three nematode popula- 
tions, compared with controls, but neither 
this treatment nor diluted Tris-saline at pH 
3.0 reduced J2 penetration of roots as much 
as nonneutralized sialic acid. 

DISCUSSION 

Incubation of J2 of M. incognita race 1 
in the lectins or sugars tested appeared to 
have little effect on soybean root tissue re- 
sponse in the incompatible pathosystem. If  
the concept that preformed sites (carbo- 
hydrate moieties) on the surface of  J2 of  
34. incognita race 1 are responsible for rec- 
ognition by plant cell surface receptors and 
subsequent plant defense reaction were 
valid, blockage of  these sites with lectins 
should have prevented the HR observed 
in Centennial root tissue. In a few in- 
stances, early giant cell formation in Cen- 
tennial by M. incognita race 1 was noted, 
but the HR was much more common. The 
more frequent occurrence of HR in Pickett 
71 infected by M. incognita race 1 treated 
with N-acetyl-D-glucosamine may indicate 
an alteration of nematode surface carbo- 
hydrates which promoted incompatibility. 
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TABLE 5. T i s sue  responses~  o f  Picket t  71 (P) a nd  Cen tenn ia l  (C) soybean  roo t s  5 days a f te r  exposu re  to 
second-s tage  juven i l es  ofMeloidogyne incognita races  1 a nd  3, a n d  M. javanica i ncuba t ed  in Limaxflavus agg lu t in in  
(LFA) solut ion (200 # g / m l )  and  (or) 0.1 M N-ace ty lneu ramin ic  (sialic) acid solut ion p r io r  to inocula t ion .  

M. incognita race 1 M. incognita race 3 M. javanica 

Treatment P C P C P C 

W a s h e d ~  

L F A  GC, S NR,  H R  GC, EGC HR,  N R  GC, S GC,  S 
L F A  + sialic GC,  S H R  NR,  EGC HR,  EGC GC, S GC,  S 
Sialic GC,  G R C Y  HR,  G R C Y  GC, EGC H R  GC, S GC,  S 

U n w a s h e d  

LFA --§ . . . . .  

L F A  + sialic . . . . . .  
Sialic . . . . . .  

Buffer  GC,  S HR ,  G R C Y  GC, S GC,  EGC GC, S GC,  S 
Distilled H 2 0  GC, S HR ,  N R  GC, S GC,  G R C Y  GC, S GC,  S 

GC = giant cells; GRCY = granular cytoplasm within giant cells; HR = hypersensitive response; NR = no response; EGC 
= early giant cells; S = swollen juvenile. 

t The first and second (if observed) most frequent tissue responses to individual J2 ofMeloidog~*e spp. are listed consecutively. 
:~ Second-stage juveniles were incubated in treatment solution and washed three times with buffer before inoculation. 
§ In the unwashed treatments, few or no nematodes were observed within soybean root tissue. 

The fate of  lectin bound to J2 of  Meloi- 
dogyne spp., once the nematode entered 
soybean root tissue, is questionable. Un- 
washed treatments were included in this 
study to ensure that J2 were present in an 
environment of lectin and (or) sugar until 

they penetrated roots. No treatments had 
an effect on the compatible interaction be- 
tween M. javanica and root tissue of  either 
soybean cultivar. Differences in the quan- 
tity, balance, or accessibility of  secretory 
carbohydrates to potential plant receptors, 

TABLE 6. Effect o f  100 m M  sialic acid at  p H  3.0, 100 m M  sialic acid neu t ra l i zed  to p H  7.0 with N a O H ,  
and  50 m M  Tris-sa l ine  at p H  3.0 on  pene t r a t i on  o f  Picket t  71 soybean  roo t s  by second-s tage  juven i l es  (J2)  
Meloidogyne spp.  

J2 / root  segment (no.) 

Treatment'[" Experiment M. javanica M. incognita race 1 M. incognita race 3 

1. Sialic acid 1 1.67 _+ 0.96 0.17 + 0.15 1.67 + 0.69 
(100 mM ,  p H  3.0) 2 0.67 + 0.31 0.50 + 0.31 1.33 + 0.45 

2. Sialic acid 1 3.67 + 1.22 5.50 _+ 1.78 7.00 + 1.03 
(100 mM ,  p H  7.0) 2 10.50 + 1.12 10.17 _ 1.92 9.17 _ 0.93 

3. Tr is-sa l ine  1 9 .00 +_ 1.76 9.33 + 2.09 13.50 _+ 2.14 
(50 mM ,  p H  3.0) 2 7.67 + 1.15 10.50 + 1.71 8.33 + 1.58 

4. Sialic acid 1 1.00 + 0.47 1.17 +_ 0.60 0.67 +_ 0.45 
(6.25 mM,  pH,  3.0) 2 0.67 + 0.45 1.50 + 0.70 0.83 + 0.37 

5. Sialic acid 1 12.83 + 1.83 13.67 + 2.87 14.33 _+ 1.80 
(6.25 mM,  p H  7.0) 2 14.50 + 1.76 15.33 + 2.09 20.17 _+ 1.23 

6. Tr is-sa l ine  I 12.33 + 1.74 7.17 + 1.56 11.00 + 1.65 
(3.13 mM ,  p H  3.0) 2 16.17 + 1.42 16.17 + 2.23 19.00 + 1.96 

7. Tr is-sa l ine  1 10.83 + 1.92 6.67 + 1.73 14.00 _+ 2.40 
(50 mM ,  p H  8.0) 2 25.00 + 1.53 20.83 + 1.87 22.50 _+ 1.35 

8. Distilled water  1 12.17 _+ 1.72 12.33 _+ 1.49 18.67 + 3.30 
2 25.17 + 1.88 22.17 + 2.00 24.17 + 1.36 

Data are means of six observations _+ standard error. 
1" Treatments 4, 5, and 6 were identical to treatments 1, 2, and 3, respectively, except that suspensions of J2 

solutions were diluted from 1.0 to 16.0 ml to provide ca. 200 J2/100/zl for inoculation of soybean roots. 
in incubation 
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however, may promote  incompatibility or 
compatibility. Previous reports indicated 
that lectins bind to amphidial secretions of  
J2 of  Meloidogyne spp. (5,22), but  the rates 
of  production of  amphidial secretions by 
J2 ofMeloidogyne spp. and the quantities of  
this material that are sloughed off in plant 
tissue or the soil environment are un- 
known. 

The frequent occurrence of  normal giant 
cells in Centennial 5 and 20 days after in- 
oculation of  root tips with J2 ofM. incognita 
race 3 incubated in water was unexpected. 
This host-parasite relationship was appar- 
ently incomplete compared with M. incog- 
nita race 3 in Pickett 71, however, because 
pericyclic hyperplasia and nematode de- 
velopment were strongly inhibited 20 days 
after inoculation. Variability in the degree 
of  soybean resistance to different popula- 
tions ofM. incognita has been reported (27). 
Trea tment  of  J2 ofM. incognita race 3 with 
any lectin or sugar promoted active incom- 
patibility (HR) in Centennial soybean and 
may actually have facilitated recognition of  
invasive M. incognita race 3 and subsequent 
defense response by the plant. The  lack of  
specificity of  lectin or sugar effects in the 
M. incognita race 3-Centennial  interaction 
makes it unlikely that alteration of  surface 
carbohydrate composition of  preinfective 
J2 was responsible for promoting incom- 
patibility. If  the interaction of  nematode 
surface carbohydrates with potential plant 
cell surface receptors is a "lock and key" 
phenomenon,  a slight alteration in surface 
carbohydrate composition may be suffi- 
cient to enhance binding to host cell sur- 
face receptors and promote  incompatibil- 
ity to M. incognita race 3 in Centennial 
soybean roots. Possibly a greater alteration 
of  the carbohydrates examined here on M. 
incognita race 1 and M. javanica, or alter- 
ation of  surface carbohydrates not exam- 
ined in these studies, would influence their 
host-parasite interactions. 

Treatment  of  J2 of  M. incognita race 3 
with lectin or sugar may have stimulated 
the production of  a substance by the nema- 
tode that induces HR in Centennial soy- 
bean roots. Juveniles ofM. incognita race 1 

may have an inherent capacity to induce 
HR, whereas J2 ofM. javanica cannot pro- 
mote incompatibility in soybean no matter 
what the treatment. For some populations, 
such as in the case of M. incognita race 3, 
incompatibility may be a process that can 
be stimulated. Conversely, substances pro- 
duced by J2 of  Meloidogyne spp. (i.e., am- 
phidial or stylet secretions) may be essen- 
tial to induce compatibility between host 
and parasite, and these substances were al- 
tered sufficiently in M. incognita race 3 to 
inhibit compatibility in Centennial soybean 
roots. 

A single soil application of  Con A, and 
LFA at relatively higher concentrations, 
was reported to significantly reduce galling 
of  tomato roots induced by M. incognita 
(20). Little effect of  Con A on soybean root 
penetration by J2 of  any Meloidogyne spp. 
population was observed in our investiga- 
tions, even though J2 were incubated in 
Con A solution (200 ~g/ml) before their 
application to roots in soil. 

The  ability of  J2 of  the three nematode 
populations tested to penetrate roots of  
bo th  soybean variet ies was apparen t ly  
strongly impaired when J2 were intro- 
duced to roots in a solution that contained 
sialic acid. Whether  J2 emerged from roots 
within the 40-hour "pulse inoculation" was 
not determined. The  inhibition of  soybean 
root penetration by J2 of  Meloidogyne spp. 
treated with sialic acid appeared to be more 
than an effect of  the low pH of  a 0.1-M 
sialic acid solution. The  activity of  sialic 
acid was apparently reduced when the so- 
lution pH was neutralized. 

Sialic acids appear to be important in the 
adhesion of  conidia of  Meria coniospora to 
nematode surfaces, especially at the sites 
of  chemosensory organs (12-14). Reports 
concerning the occurrence of  sialic acids 
in protostome invertebrates are contro- 
versial (26), and conflicting, indirect evi- 
dence for the existence of  sialic acids on 
the surface ofphytoparasitic nematodes has 
been presented (5,7,22,23,30). The  occur- 
rence of  sialic acids in plants has not been 
unequivocally established (26). In the stud- 
ies reported here, nematode viability after 
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L F A  a n d  sial ic  a c i d  t r e a t m e n t  was con -  
f i r m e d  b y  i n f e c t i v i t y  o f  w a s h e d  J 2 .  V i a b l e  
J 2  o f  Meloidogyne spp .  h a v e  b e e n  o b s e r v e d  
m i c r o s c o p i c a l l y  a f t e r  s i m i l a r  t r e a t m e n t  (5). 
R e m o v a l  o f  s ial ic  ac ids  f r o m  a m p h i d i a l  se- 
c r e t i o n s  b y  a n u m b e r  o f  s e l ec t ive  g l y c o h y -  
d r o l a s e s  sugges t s  t h a t  s ial ic  ac ids  m a y  b e  
s o m e  o f  t h e  o u t e r m o s t  c a r b o h y d r a t e  res i -  
d u e s  o f  a m p h i d i a l  g l y c o c o n j u g a t e s  (5). I n -  
c u b a t i o n  o f  J 2  o f  Meloidogyne spp.  in  so lu-  
t ions  o f  s ial ic  ac id  m a y  p r o m o t e  b i n d i n g  o f  
excess  s ial ic  ac id  to  a m p h i d i a l  c a r b o h y -  
d r a t e  c o m p l e x e s  t h a t  acts  as a b a r r i e r  b e -  
t w e e n  s o m e  e x t e r n a l  c h e m i c a l  s t imu l i  a n d  
n e m a t o d e  c h e m o s e n s o r y  r e c e p t o r s .  S ia l ic  
a c id  r e s i d u e s  p r e s e n t  in  a m p h i d i a l  c a r b o -  
h y d r a t e  c o m p l e x e s  m a y  h a v e  m a s k i n g  o r  
r e g u l a t o r y  ef fec ts  s im i l a r  to  t h o s e  o b s e r v e d  
in  o t h e r  a n i m a l  sys tems  (26) a n d  t h e r e f o r e  
m e r i t  f u r t h e r  i n v e s t i g a t i o n .  
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