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Control of Root-knot Nematodes on Tomato by Lectins 

N. MARBAN-MENDOZA, 1 A. JEYAPRAKASH, 2 H.-B JANSSON, 3 

R. A. DAMON, JR., 4 AND B. M. ZUCKERMAN 2 

Abstract: Significant control of tomato root knot was achieved by applications of the lectins 
Concanavalin A (Con A) and Limaxflavus agglutinin in greenhouse, growth chamber, and microplot 
trials. Four consecutive weekly applications at lower concentrations of Con A yielded better  control 
than single applications at a higher total concentration. The  present state of knowledge on binding 
of Con A to soil nematodes and the in vitro effect of this lectin in chemotactic behavior are discussed. 
The  mode of action of  Con A on root-knot control is unknown. 
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The possibility that lectins can block rec- 
ognition of chemotactic factors by nema- 
todes and thereby modify responses to che- 
moattractants was proposed by Zuckerman 
(9) and Zuckerman and Jansson (10). This 
hypothesis was tested in vitro to evaluate 
the degree of  chemoattraction of the bac- 
teriophagous nematodes Caenorhabditis ele- 
gans and PanagreUus redivivus to sterile fil- 
trates from cultures ofEscherichia coli (5,6). 
The results showed a temporary inhibition 
of attraction of the nematode to the fil- 
trates following exposure to Concanavalin 
A (Con A) and limulin (LPA) and two en- 
zymes, mannosidase and neuraminidase. 
The  lectins or enzymes did not affect 
nematode development or locomotion at 
the concentrations applied, thereby sup- 
porting the premise that the effects were 
due to binding to, or to conformational 
changes of, nema tode  chemorecep to rs  
which mediate the recognition function. In 
a similar approach, Bone and Bottjer (2) 
found a significant inhibition of  the feed- 
ing stimulus of  the animal-parasitic nema- 
tode Trichostrongylus colubriformis following 
exposure to the glucose-mannose-specific 

Received for publication 18 July 1986. 
Centro de Fitopatologia, Colegio de Postgraduados, Mon- 

tecillos, Mexico. 
2 Department of Plant Pathology, University of Massachu- 

setts, Amherst, MA 01003. 
s Department of Microbial Ecology, University of Lund, 

Lund, S-223 62 Lund, Sweden. 
4 Department of Veterinary and Animal Sciences, Univer- 

sity of Massachusetts, Amherst, MA 01003. 

lectin Lens culinaris agglutinin and con- 
cluded that this effect was due to lectin 
binding to nematode receptors. 

The objective of  this research was to ex- 
amine the efficacy of two lectins against 
root-knot nematode on tomato. 

MATERIALS AND METHODS 

Cultures of Meloidogyne incognita (Kofoid 
and White) Chitwood for the Massachu- 
setts trials were from Dr. M. McClure, Uni- 
versity of Arizona, Tucson, and Mexican 
populations maintained in the greenhouse 
at the Colegio de Postgraduados, Monte- 
cillos. 

Lycopersicon esculentum Mill. cv. 857 Flor- 
america was used in all trials except Ex- 
periments 4 and 7 in which cv. Rutgers was 
used. 

Experimental treatments consisted of  a 
range of concentration levels of  the lectins 
Concanavalin A (Sigma Chemical Com- 
pany, St. Louis, Missouri) and Limaxflavus 
agglutinin (LFA) (E-Y Laboratories, San 
Mateo, California). The several variations 
of  the treatments with these lectins are 
specified under  the description of  each ex- 
periment. 

Each experiment included a lectin treat- 
ment, an aldicarb (Temik 15 G) applica- 
tion, and untreated control plants inocu- 
lated with M. incagnita. The procedure was 
to apply lectins to 2-3-week-old tomato 
seedlings grown in steam-sterilized soil. 
Lectins were dissolved in 10 mM Tris buff- 
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FIc. 1. Microplots at Tecamachalco, Mexico, on 
day of harvest showing the experimental design and 
type of container used. 

er (pH 7.2) and applied at the desired con- 
centra t ion to the soil a round  the plant 
roots. T h e  soil was irr igated to incorporate  
the lectins as specified in the description 
o f  each exper iment .  At Amhers t  the same 
amoun t  of  10 mM Tris buffer  (pH 7.2) was 
applied to the un t rea ted  controls and to 
the lectin t reatments .  Aldicarb t rea tments  
were concurren t  with those of  the lectins. 
Hatched second-stage juveniles in tap water 
were added  to the soil 24 hours  after  ap- 
plication o f  lectins or aldicarb. 

T h e  trials were te rmina ted  42-60  days 
af ter  nematode  inoculation. Data were tak- 
en on the total number  o f  root  galls, fresh 
root  weights, and plant tops. 

Single application of lectins: Exper iment  1 
consisted o f  a single application o f  Con A 
or LFA at concentra t ions  of  3, 30, 90, or 
180 # g / p o t  containing 250 cm 3 steam-ster- 
ilized pot t ing soil. Lectins were applied to 
20-day-old tomato seedlings as a soil drench 
in 20 ml of  10 mM tris buffer  (pH 7.2) 5 
days after  transplanting.  Aldicarb at 4.5 
r a g / p o t  and un t rea ted  control  plants were 
included. One  day following t reatments ,  
300 freshly ha tched second-stage M. incog- 
nita were added  to each pot. Each treat- 
ment  contained eight replicates, giving a 
total of  96 pots for the exper iment .  T h e  
exper iment ,  pe r fo rmed  in growth cham- 
bers at Chapingo,  was te rmina ted  42 days 
af ter  nematode  inoculation. 

Exper iment  2 was similar to Exper iment  
1, but  contained 10 replicates for each 
t rea tment ,  for a total of  120 pots, and 700 

second-stage juveniles were added to each 
pot. Exper iment  3 also was similar to Ex- 
per iment  1, but  was pe r fo rmed  in the 
greenhouse  at Amherst .  Each variant was 
replicated 10 times, and 500 second-stage 
juveniles were added to each pot. The  ex- 
per iment  te rminated  45 days after  nema- 
tode inoculation. 

Single and combination lectin applications: 
In Experiments  4 and 5, single applications 
of  lectins and combinations o f  LFA and 
Con A were tested for possible synergistic 
effects. Trea tments  were LFA at 3 ~g and  
30 #g /po t ,  Con A at 30 #g /po t ,  LFA 3 
t~g + Con A 15 #g /po t ,  LFA 15 #g + Con 
A 15 #g /po t ,  aldicarb 4.5 rag /po t ,  and 
controls inoculated with M. incognita. Each 
t rea tment  was replicated six times for a 
total of  42 pots in each exper iment ,  and 
500 freshly ha tched second-stage M. incog- 
nita were added to each pot. These  trials 
were pe r fo rmed  in the greenhouse  at Am- 
herst  and te rmina ted  42 days after  nema- 
tode inoculation. 

Multiple applications of lectin: Multiple ap- 
plications of  LFA and Con A were evalu- 
ated in a growth chamber  at Chapingo.  
Trea tments  were Con A or LFA at 3 ug 
applied 1, 2, 3, or 4 times, and 350 M. 
incognita were added to each pot. Nema- 
ticide and unt rea ted  controls were as in 
o ther  experiments.  Each t rea tment  was 
replicated six times. T h e  plants were har- 
vested 42 days after  inoculation. 

Microplot test: A microplot  series (Exper- 
iment  7) was installed at Tecamachalco,  
Mexico. Each microplot  consisted o f  a can 
containing 20,000 cm ~ steam sterilized soil 
(Fig. 1). Trea tments  were Con A at 30 ~g, 
Con A 3 ~g, LFA 30 t~g, aldicarb 4.5 m g /  
plot, and controls to which M. incognita ju-  
veniles were added with no o ther  treat- 
ment.  Lectins were applied in Tris  buffer  
(pH 7.2), then  irr igated with 200 ml water 
to incorporate.  Each t rea tment  was repli- 
cated 10 times, and the dura t ion  was 60 
days. Five hundred  second-stage juveniles 
were added to each microplot.  

T h e  data were analyzed by a one-way 
classification analysis o f  variance. Dun- 
nett 's  procedure  (3) was used to test for the 
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TABLE 1. T o m a t o  roo t  ga l l ing  by Meloidogyne in- 
cognita with a n d  wi thou t  Concanava l in  A (Con A), 
Limaxflavus agg lu t in in  (LFA),  or  aldicarb.  

No. galls per 
Concen- root system 

Treatment trationt Exp. 1 Exp. 2 Exp. 3 

Con  A 

LFA 

Aldicarb  
Con  A series 
LFA series 

U n t r e a t e d  
Con  A series 
LFA series 

180 29* 29* 5* 
90 29* 32* 10" 
30 27* 22* 6* 

3 39* 27* 8* 

180 26 45 3* 
90 20* 35* 3* 
30 31 38* 8* 

3 33 40* 3* 

4.5 m g  1" 1" 2* 
1" 1" 2* 

47 62 37 
35 62 23 

Experiment 1 had eight replicates of each treatment; Ex- 
periments 2 and 3 each had 10 replicates. The data are means 
of the total number of galls per plant. 

* Significantly different (P = 0.05) from the untreated. 
t Values are micrograms per pot unless otherwise indicat- 

ed. 

significance of  differences of  treated groups 
from the control groups. 

R E S U L T S  

Single applications of lectins: Con A gen- 
erally significantly reduced root  galling at 
concentrations as low as 3 ~g Con A (Table 
1). Significant control was achieved also at 
dosages of  30, 90, and 180 ~g, but the con- 
sistent performance at lower concentra- 
tions led to the selection of  3 t~g and 30 ~g 
for further testing. Generally LFA gave 
poorer  control than did Con A, but  in sev- 
eral combinations significant reductions in 
galling occurred (Table 1). 

Single and combination lectin applications: 
Both combinations of  LFA and Con A eval- 
uated resulted in an insignificant reduction 
of  root  galling. There  was no evidence of  
synergistic activity from these combined 
lectin treatments (Table 2). The  results of  
these two experiments support the findings 
that 30 ~g Con A gave more effective con- 
trol than LFA at a comparable concentra- 
tion, but  as before, significant reductions 
in root galling were achieved with both 
tectins. 

Multiple applications of lectins: Con A at 
3 ug increasingly reduced galling as the 
number of  weekly applications increased 
(Fig. 2). The  four application series re- 
sulted in 75% reduction in root galling, the 
highest level of  control achieved in the ex- 
periments reported here. LFA again gave 
lower and inconsistent levels of  control. 

Microplot test: In the microplot series, Con 
A at 30 ~g resulted in a 55% reduction in 
root galling (Fig. 3). Con A at 3 #g and 
LFA at 30 t~g each gave a lower level of  
control of  root knot. 

The  wet weights of  roots and plant tops 
were not significantly different between to- 
matoes treated with 30 ~g Con A and un- 
treated plants in most experiments, but  the 
microplot series (Experiment 7) and Ex- 
periment 5, in which both roots and tops 
of  plants treated at 30 #g Con A were sig- 
nificantly larger than those of  untreated 
plants (P = 0.5), were exceptions. The  rel- 
atively short duration of  the experiments 
(other than the microplots) may explain 
the lack of  significant growth differences. 
For this reason, the experimental data for 
plant growth are not presented in this pa- 
per. Significant reductions in root or top 

TABLE 2. Gall ing o f  t o m a t o  by Meloidogyne incognita as af fected by single o r  c o m b i n a t i o n  t r e a t m e n t s  o f  
Concanava l in  A (Con A), Limaxflavus agg lu t in in  (LFA),  o r  a ld icarb  c o m p a r e d  to an  u n t r e a t e d  check.  

Lectin 0~g/pot) 

Con A LFA LFA LFA 3 + LFA 15 + Aldicarb 
30 3 30 Con A 15 Con A 15 4.5 mg Untreated 

Exp.  4 24* 39 27* 56 40 1" 60 
Exp.  5 31"  59 35* 67 48 1" 75 

Six replicates of each treatment. The data are means of the total number of galls per plant. 
* Significantly different (P = 0.05) from the untreated. 
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FIG. 2. Data from Experiment 6 showing signifi- 
cant reduction (P = 0.05) in root galling ofM. incognita 
on tomato by Con A following multiple applications 
of LFA (L) or Con A (C). 

growth associated with lectin treatments 
did not occur. 

DISCUSSION 

The lowest consistently effective single 
dosage application of Con A which re- 
duced root galling was 30 /~g; LFA was 
much less effective than Con A. Combi- 
nations of  Con A and LFA did not enhance 
root-knot control, suggesting that no syn- 
ergistic action occurs between the two lec- 
tins. Up to four applications of Con A at 
weekly intervals significantly increased 
root-knot control at lower total dosages. 
For example, 12/zg Con A applied over a 
period of  4 weeks gave 75% control. 

The experimental observations of Con 
A binding specifically to the head of M. 
incognita (7) and to four populations of  Glo- 
bodera rostochiensis and G. pallida (4), as well 
as specific localization of sialic acid residues 
on the head region of Xiphinema index (8), 
suggest a logical line of speculation as to 
the mode of action of Con A on root knot 
of tomatoes. Binding of the ligand presum- 
ably could result in blocking or altering the 
conformation of the nematode chemore- 
ceptors. The  resumption of normal che- 
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FIG. 3. Data from Experiment 7 showing signifi- 
cant (P = 0.05) reduction in root galling ofM. incognita 
on tomato by single applications of 30 ug Con A and 
aldicarb. 

motactic behavior by C. eIegans 8 hours af- 
ter treatment with Con A suggests that 
receptor function is initially destroyed, and 
that receptor renewal is initiated almost 
immediately. The general observation that 
plasma membrane receptors have a half 
life of about 24 hours supports this sug- 
gested mechanism of  action (1). In the ex- 
periments reported here, the nematodes 
would be exposed to continued contact with 
lectin, so that blocking of  chemoreception 
would be a recurring process. One may also 
speculate that the lectin, a protein, would 
be degraded in the soil in a relatively short 
time. Multiple applications therefore would 
be required for more effective control. 
Another possibility that should be consid- 
ered is that the lectin directly affected the 
plant by inducing resistance to root knot. 
However, we emphasize that at present 
there is no direct evidence on the mode of 
action of Con A on root-knot nematodes. 
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