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Response of Meloidogyne spp., Heterodera glycines, and 
Radopholus similis to  T a n n i c  Ac id  1 

T. E. H E W L E T T ,  2 E. M. H E W L E T T ,  3 AND D. W. D I C K S O N  2 

Abstract: Tannins ,  which are water-soluble polyphenols,  are toxic to n u m e r o u s  fungi,  bacteria, and  
yeasts. O u r  objectives were to s tudy the efficacy o f  tannic  acid in control  o f  Meloidogyne arenaria on  tomato 
and  its effects on the  behavior o f  M. arenaria, M. incoffnita, Heterodera glycines, and  Radopholus similis. 
Three  concent ra t ions  of  tannic acid, 0.1, 1.0, and  10 g /500  cmz of  soil, were applied p rep lan t  (powder) 
and  at-plant (powder and  drench)  into soil infested with M. arenaria. Tannic  acid at the  1.0-g rate 
reduced  galling compared  with the  un t rea ted  control,  regardless o f  me thods  o f  application. The  0.1-g 
rate resulted in no  reduct ion  in galling when  applied preplant  bu t  reduced  galling when  applied as a 
d rench  and  in one  of  two exper iments  when  applied at-plant. The  10-g rate was phytotoxic to tomato 
seedlings except  when  applied 7 days preplant .  In the  latter case, root  galling was suppressed to very low 
numbers .  In behavior  studies on  water agar, Meloidogyne second-stage juveniles were attracted to areas 
with an increasing tannic  acid gradient .  Radopholus similis was repelled f rom the tannic  acid gradient  in 
one  o f  two exper iments .  There  was no  effect on  H. glycines. The  response  of  M. aren~t~a second-stage 
juveni les  to different  concent ra t ions  o f  tannic  acid dissolved in alginate was tested. Movement  behavior  
o f  the  second-stage juveniles were observed at 1,000 and  10,000 p g / m l  o f  tannic acid, bu t  no t  at 10 and  
100 pg/ml. 
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gyne incognita, nematode ,  polyphenol ,  Radopholus similis, repellent,  root-knot nematode ,  soybean cyst 
nematode ,  tannic  acid. 

Tannins  are a group  of  water-soluble poly- 
phenols  that  are able to precipitate proteins,  
such as gelatin,  f r o m  solution.  They  are 
found  in a large variety of  h igher  plants of  
bo th  herbaceous  and  woody types (Scalbert, 
1991). Substantial  accumula t ions  o f  veg- 
etable tannins may be found  in almost  any 
par t  o f  a plant  (Haslam, 1989). Tannins  pro- 
tect some plants against herbivores (Feeny, 
1976), and  they are toxic to a wide variety of  
fungi, bacteria, and  yeasts (Scalbert, 1991). 

Studies on  the effects of  tannins on plant- 
parasitic nematodes  are few. In an experi- 
m e n t  where organic a m e n d m e n t s  with high 
polyphenol  content  were added  to soil in- 
fested with Meloidogyne arenaria, tannic acid 
(used as a control)  reduced  nema tode  num- 
bers but  caused severe phytotoxicity to the 
host  p lan t  (Mian and  Rodrfguez-IZ~bana, 
1982). P r e l i m i n a r y  obse rva t ions  on  the  
m o d e  of  action of  tannic acid demons t ra ted  
that  nema tode  behavior  was al tered by tan- 
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nins on water agar (E. M. Hewlett, unpubl .) .  
The  objectives of  our  studies were to deter- 
mine  the efficacy of  tannic acid on M. are- 
naria and its effects on the behavior  of  four  
species of  plant-parasitic nematodes .  

MATERIALS AND M E T H O D S  

The  nematode  populat ions  used in these 
studies or iginated f rom greenhouse  cultures 
m a i n t a i n e d  at the Universi ty  of  Florida,  
Gainesville, and  f rom carrot  tissue cultures 
f r o m  the USDA L a b o r a t o r y  in Or l ando ,  
Florida. Meloidogyne arenaria and M. incognita 
were cul tured on tomato  (Lycopersicon escul- 
entum cv. Rutgers).  Eggs of  Meloiclogyne spp. 
were extracted f rom roots t reated with 0.5% 
sodium hypochlori te  (Hussey and  Barker, 
1973), caught  on a 25-pm-pore sieve, rinsed, 
and  placed on a Bae rmann  funnel  for 3 
days. Heterodera glycines was cul tured on soy- 
bean  (Glycine max cv. Cobb).  Cysts extracted 
f rom soil and  roots were placed on a modi-  
fied Bae rmann  funnel  for  3 days in 4 mM 
ZnC12 (Chen et al., 1996). Second-stage ju- 
veniles (]2) o f  Meloidogyne spp. and  H. gly- 
cines were no more  than 3 days old when  
used in experiments .  Radopholus similis was 
grown on monoxen ic  carrot  disk cultures 
(Moody et al., 1973), and  the nematodes  
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were washed f r o m  9-week-old cul ture  tubes 
w h e n  n e e d e d .  All n e m a t o d e s  were  t h e n  
washed in 100 ml o f  sterile distilled water  
o n t o  a 25-pro-pore sieve be fo re  inocula t ion  
o n t o  water  agar. 

Efficacy of tannic acid: T h e  soil (500 cm 3 for  
e a c h  t r e a t m e n t )  was an  A r r e d o n d o  f ine 
sand  (94% sand, 1% silt, 5% clay; <1% or- 
ganic  mat te r ) .  T h e  tannic  acid used  was ex- 
t rac ted  f r o m  tara (Caesalpinia spinosa) a nd  
nu t  galls (species u n k n o w n )  (Fisher Scien- 
tific, Fair  Lawn, NJ). Tann ic  acid was a d d e d  
p rep l an t  a n d  at-plant  in a powder  form,  and  
at-plant  as a d r e n c h  (powder  dissolved in 
100 ml o f  water) at  0.1, 1.0, a nd  10 g / p o t .  
T h e  p rep l an t  appl ica t ion was m a d e  I day 
be fore  p lan t ing  in e x p e r i m e n t  1 a nd  7 days 
before  p lan t ing  in e x p e r i m e n t  2. P o w d e r e d  
tannic  acid was t h o r o u g h l y  mixed  into the 
soil be fore  a d d i n g  nematodes ,  whereas  the 
d r e n c h  t r ea tmen t  was a d d e d  directly to the 
soil surface after  the  soil h a d  b e e n  infested 
wi th  n e m a t o d e s  a n d  a t o m a t o  s e e d l i n g  
added .  T h e  soil fo r  each  t r ea tmen t  was in- 
f e s t e d  wi th  1 ,000  J2 ,  p l a c e d  in  10-cm- 
d iame te r  clay pots,  a nd  a 5-week-old Rutgers  
t oma to  seedl ing was added .  An  u n t r e a t e d  
con t ro l  with n o  tannic  acid was inc luded  fo r  
each  test. All t rea tments  were repl icated five 
times, and  each  e x p e r i m e n t  was repeated .  

T h e  e x p e r i m e n t s  were  c o n d u c t e d  in a 
g rowth  r o o m  at 26 °C, a nd  pots  were  ar- 
r a n g e d  in a r a n d o m i z e d  comple te -b lock  de- 
sign. Plants were  watered  with 100 ml  o f  wa- 
ter  w h e n  the  soil sur face  was dry. P lan t  
he igh t  and  n u m b e r  o f  r o o t  galls pe r  p l an t  
were r e c o r d e d  20 days after  p lant ing.  Data  
were subjec ted  to analysis o f  var iance a nd  
when  F values were significant means  were  
s e p a r a t e d  wi th  D u n c a n ' s  m u l t i p l e - r a n g e  
test. 

Nematode behavior: N e m a t o d e  m o v e m e n t  
a n d  o r i en t a t i on  on  tann ic  acid g rad ien ts  
were  s tudied on  1.7% water  agar  (15 m l /  
dish) in 100-ram-diameter  disposable petri  
dish. Circular  wells (2-cm diam.) were cu t  
o u t  o f  the  agar  on  oppos i te  sides n e a r  the 
edge  o f  each  petr i  plate. T h e  plates were  
s tored  at r o o m  t e m pe ra t u r e  (24 °C) for  3 
days before  e i ther  0.3 ml  o f  a 10% tannic  
ac id  s o l u t i o n  o r  0.3 ml d e i o n i z e d  wate r  

(control )  was p ipe t ted  into a well. Two days 
later, after  the water o r  the tannic  acid solu- 
t ion had  b e e n  absorbed  in to  the  water  agar  
and  gradients  had  fo rmed ,  n e m a t o d e s  were 
p laced  at the  cen te r  o f  each  plate in 0.05 ml  
o f  water  to deliver 20 to 30 n e m a t o d e s  pe r  
plate. I nocu la t ed  plates were p laced  in a box  
in the dark  at r o o m  t empe ra tu r e  (24 °C). 
After  24 hours ,  n e m a t o d e  posi t ion  on  the 
plates was r e c o r d e d  with the  use o f  a count-  
ing  templa te  (Fig. 1). T h e  n u m b e r  o f  nema-  
todes  in the  attractive and  repe l len t  zones 
was r e c o r d e d .  All f o u r  n e m a t o d e  species 
were tested twice on  plates with tannic  acid 
o r  water, and  t rea tments  were repl icated 10 
times. Data  f r o m  the two zones were com- 
p a r e d  with a Chi - square  test. N e m a t o d e  
tracks f o r m e d  on  the agar  with tannic  acid 
gradients  were  observed  a n d  c o m p a r e d  to 
the sinusoidal tracks f o r m e d  on  water agar. 

Tannic acid detection: T h e  concen t ra t ions  
o f  tannic  acid that  M. arenaria can de tec t  
were s tudied in 10% Gelcr in (FMC, Phila- 
d e l p h i a ,  PA) in 1 0 0 - m m - d i a m e t e r  pe t r i  
dishes. T h e  alginate Gelcr in  was used  in- 
stead o f  water  agar  because  tannic  acid pre-  

FIG. 1. Diagram of a 100-mm-diameter petri dish 
showing division of attractive (A) and repellent (R) 
zones. Circular wells, 2-cm-diameter, were cut out of the 
agar (1.7%, 15 ml per plate) on opposite sides near the 
edge of the dish, and a 10% tannic acid solution (0.3 
ml) or deionized water (0.3 ml) was placed in a well and 
left for 48 hours to allow gradients to form. Twenty to 
thirty nematodes were placed in the middle of each 
plate, and after 24 hours their position on the plate was 
recorded as either in the A or R zone. 



TABLE 1. 
e x p e r i m e n t s .  
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Ef fec t  o f  t a n n i c  a c i d  o n  g a l l i n g  o f  t o m a t o  r o o t  b y  Meloidogyne arenaria in  t w o  g r e e n h o u s e  

Average number  of  root  galls per  root  system 

Preplant  powder At-plant powder At-plant d rench  
Tannic  acid 

(g/500 cm s of soil) Exp. 1 a Exp. 2 b Exp. 1 Exp. 2 Exp. 1 Exp. 2 

0.1 57 .6  a 19.2  a b  58 .2  a 31 .4  b 27.7  b 35,2  b 
1.0 7.0 b 9 .2  b c  3 .6  b 30.2  b 22 .8  b 33,2  b 

I0 .0  c 0 .2  c . . . .  

0 59 .0  a 33 .4  a 59 .0  a 58 .8  a 59 .0  a 58 ,8  a 

Tannic acid was applied at three different rates and  application methods to 500 cm 3 of  soil infested with 1,000 Meloidogyne 
arenaria second-stage juveniles and  U'ansplanted with tomato seedlings. 

Data are means of five replicates. Means within columns with the same letter are no t  different according to Duncan ' s  multiple- 
range test (P/> 0.05). 

Experiment  1 preplant  application was 1 day before planting. 
b Experiment  2 preplant  application was 7 days before planting, including the unt rea ted  control.  
c Phytotoxic reaction to tannic acid killed plants. 

cipitates protein in liquid agar but  does not  
react with Gelcrin. Tannic  acid was added to 
the Gelcrin solution after it was heated to 
75 °C and allowed to cool to 45 °C to form 
concent ra t ions  o f  0, 10, 100, 1,000, and  
10,000 pg /ml .  Petri plates were poured  with 
15 ml of  the different tannic acid concentra- 
tions. Plates were s tored for 48 hours  at 
24 °C. Fifteen to twenty M. arenariaJ2 were 
added to the center  o f  each plate in 0.05 ml 
of  water. Plates were stored in the dark in a 
box  at r o o m  t e m p e r a t u r e .  Twenty- four  
hours later, nematode  tracks on plates with 
tannic acid were compared  with tracks made 
on control  plates with no  tannic acid. Treat- 
ments were replicated five times, and the 
test was repeated.  

R E S U L T S  A N D  D I S C U S S I O N  

Efficacy of tannic acid." The  10-g rate of  tan- 
nic acid was phytotoxic to tomato in pot  tests 
except  when applied 7 days preplant  in ex- 
pe r imen t  2 (Table 1). No differences in 
plant height  occurred among the remaining 
treatments (P> 0.05) (data not  shown). The  
1-g rate resulted in reductions in root  gall- 
ing with all application methods  (P ~< 0.05). 
Preplant  and at-plant powder, and drench  
applications with the 1-g rate, resulted in 
88%, 94%, and 61% reduct ion in root  gall- 
ing in exper iment  1, and 72%, 49%, and 
44% reduct ion in root  galling in exper iment  
2, respectively. The  0.1-g rate reduced  gall- 

ing in the drench  application in exper iment  
1 by 53% and by 40% in exper iment  2. 

Nematode behavior: In the behavior study, 
87% and 77% (each an average of the two 
experiments)  o fM.  arenaria and M. incognita 
J2, respectively, were present  in the attrac- 
tive zone as compared  to 13% and 23% in 
the repe l len t  zone,  respectively, af ter  24 
hours on plates with tannic acid gradients (P 
~< 0.05) (Table 2). Eighty-one percent  of  R. 
similis (average of  two experiments)  accu- 
mulated in the repel lent  zone on plates with 
tannic acid gradients, but  only in experi- 
men t  2 were there  significantly more  nema- 
todes in the repel lent  zone than in the at- 
tractive zone (P ~< 0.05). No differences in 
the numbers  of  H. glycines J2 occurred  in 
ei ther  zone. Control  plates with water were 

TABLE 2. R e s p o n s e  o f  p l a n t - p a r a s i t i c  n e m a t o d e s  to  
a t a n n i c  a c i d  g r a d i e n t .  

Percentage of  nematodes  
in attractive zone 

Nematodes tested Exp. 1 Exp. 2 a 

Meloidogyne arenaria r a c e  1 84* 90* 
M. incognita r a c e  1 8 1 "  72* 
Radopholus similis 12 26* 
Heterodera glycines 45  42 

Numbers  represent  percentage of  nematodes,  placed on  wa- 
ter agar  plates with tannic acid gradients, found near  the source 
of  tannic acid at t ractant  zone after 24 hours. 

Numbers  of  nematodes with asterisks are significantly differ- 
ent  f rom the numbers  of  nematodes found in the repellent 
zone, based on a Chi-square test (P ~< 0.05). 

a Experiment  2 was a repeat  of exper iment  1. 
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consistent in that no differences were ob- 
served with any of  the species tested in the 
n u m b e r  of  nematodes  present  in ei ther  
z o n e .  

The accumulation of  Meloidog3neJ2 in the 
attractive zone on plates with tannic acid 
gradients indicates that tannic acid is an at- 
tractant to this nematode.  Observations of  
n e m a t o d e  m o v e m e n t  and  tracks showed 
that MeloidogyneJ2 moved up the tannic acid 
gradient toward the tannic acid wells. Upon  
reaching  areas near  the well, where the 
higher  concentrations of  tannic acid were 
present (ca. 1 cm from the well), J2 began 
moving in circular or spiral patterns (Fig. 
2A, B) or continuously moved their bodies 
without moving forward or backward (Fig. 
2C). Tracks left in the gradients on the agar 

by Meloidogyne J2 were deeper  and wider 
than the sinusoidal tracks found on control 
agar plates (Fig. 2D) or in the repellent 
zone. Nematodes that formed the deeper  
and wider tracks were observed to move 
their heads side to side while turning or roll- 
ing their  bodies. Sinusoidal body  waves 
moved the bodies forward a short distance 
and then the head  movements  and body 
rolling repeated. These motions are similar 
to the shock behavior described by Green 
(1971), which is considered a type of  orien- 
tation behavior. However, in our  studies 
nematode  movement  was continuous. Klin- 
gler (1963) observed similar agar tracks 
made by Ditylenchus dipsaci with CO 2 as an 
attractant, and Rode mad Starr (1961) illus- 
trated wide, spiral-shaped nematode  tracks 

FIG. 2. Response of Meloidogyne arenaria race 1 to a tannic acid gradient on water agar. A) Circular tracks. B) 
Spiral tracks. C) Tracks formed by continuous changes in body position. D) Sinusoidal tracks on water agar without 
tannic acid. 
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on agar  in an at t ractant  study. Habi tua t ion  
to tannic acid was not  observed on plates; 
however, once nematodes  were in the gradi- 
ent  they remained  in the gradient.  Tannic  
acid caused a repel lent  reaction for R. similis 
in one  test, and  no  or ien ta t ion  behavior  
tracks were observed. Heterodera glycines J2 
were not  affected by a tannic acid gradient,  
and  their  tracks were sinusoidal in the gra- 
dients. 

Tannic acid detection: The  tracks p roduced  
by Meloidogyne arenaria J2 in Gelcrin agar 
with 1,000 and  10,000 lag/ml of  tannic acid 
were similar to those observed in the behav- 
ior test with tannic acid gradients on  water 
agar (Fig. 2A-C), whereas on plates with 10 
and  100 l~g/ml of  tannic acid only sinusoi- 
dal nema tode  tracks were observed. Orien- 
tation behavior  of  M. arenaria J2 was initi- 
a ted at concen t ra t ions  be tween  100 and  
1,000 tag/ml of  tannic acid. Studies using 
smaller gradations in concentra t ions  would 
likely give a more  accurate estimate of  root- 
kno t  nema tode  response to tannic acid. 

Few attractants for  Meloidogyne spp. have 
been  identified (Bird, 1959; Bird, 1960; Ore- 
ira and  Elgindi, 1961). The  use ofa t t rac tants  
or  repellents as a control  tactic for plant- 
pa ras i t i c  n e m a t o d e s  may  be  a poss ib le  
c o m p l e m e n t  or  alternative to the repea ted  
use of  nematicides. Init iation of  J2 oritenta- 
don  behavior  before plant ing could cause 
nematodes  to waste energy needed  for locat- 
ing and  parasitizing root  systems. At-plant 
applications of  attractants or  repellents may 
serve to disorient  nematodes ,  making  it dif- 
ficult for  them to locate root  systems. Post- 
p lant  applications via a d rench  or applied 
continuously via drip irrigation could have 
similar effects. Also, at traction of  nematodes  
into areas t reated with nematicides might  
increase the efficacy of  some nematicides.  

Tannins  are found  in a wide variety of  
plants. The  behavioral  response of  Meloido- 
gyneJ2 to tannic acid indicated that  tannins 

and o ther  polyphenol ic  compounds  may be 
chemical  cues that  Meloidogyne spp. use to 
navigate toward roots, recognize plant  hosts, 
or  locate areas for  roo t  pene t ra t ion .  Re- 
search to de te rmine  the specific polyphe- 
nolic compounds  responsible for this orien- 
tation behavior  may create new possibilities 
for future  nema tode  control  strategies. 
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