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Tannic Acid Effects on Hatching of Heterodera glycines 
in Vitro 

S. CHEN, 2 D. W. DICKSON, 3 AND T. E. HEWLETT 3 

Abstract: Effects of tannic acid on hatching of Heterodera glycines eggs were determined in vitro using 
three batches of eggs obtained from greenhouse cultures in Florida or from naturally infested field soil 
in Minnesota. A quadratic model fits the percentage egg hatch. Hatch increased with increasing tannic 
acid concentrations from 0 to about 39 mg/liter, then declined with further increases in concentration. 
Tannic acid did not induce hatching of dormant eggs obtained from the field, 
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Many  factors in f luence  h a t c h i n g  o f  nema-  
tode  eggs, i nc lud ing  t empera tu re ,  soil aera- 
t ion ,  m o i s t u r e ,  pH ,  e x u d a t e s  f r o m  h o s t  
plants  and  o t h e r  organic  c o m p o u n d s ,  and  
inorgan ic  ions (Clarke a nd  Perry, 1977). Nu- 
m e r o u s  studies have been  d o n e  on  ha t ch ing  
o f  the soybean cyst n e m a t o d e ,  Heterodera gly- 
cines, tha t  inc lude  b o t h  inhibi tors  a nd  stimu- 
lants o f  ha tching .  Generally,  exudates  f r o m  
hos t  plants  st imulate h a t c h i n g  o f  the soy- 
bean  cyst n e m a t o d e  (Cabal lero et al., 1986; 
Okada ,  1971a, 1971b; Schmi t t  a nd  Riggs, 
1991; Takasugi  et al., 1974; Tefft  and  Bone ,  
1985; Tefft  et  al., 1982; Tsutsumi  a nd  Saku- 
rai, 1966), whereas  nonhos t s  do  no t  stimu- 
late h a t c h i n g  (Schmit t  a nd  Riggs, 1991; Tsu- 
tsumi a n d  Sakurai ,  1966). A t t empts  have 
b e e n  m a d e  to f ind na tura l  or  synthesized 
p roduc t s  tha t  may be  appl ied  in fields to 
s t imulate  n e m a t o d e  h a t c h i n g  a n d  r e d u c e  
p o p u l a t i o n  densit ies w h e n  the hos t  crops  
are  absent.  Five herbic ides  a nd  zinc fertiliz- 
ers were  tested for  their  potent ia l  to stimu- 
late ha tch ing ,  bu t  n o n e  were effective at 
practical  concen t ra t ions  (Behm et al., 1995; 
W o n g  et al., 1993). In  pre l iminary  studies, 
tannic  acid a t t rac ted  roo t -kno t  n e m a t o d e s  
bu t  n o t  soybean cyst n e m a t o d e  (Hewlet t  et  
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al., 1995). This c o m p o u n d  r e d u c e d  infec- 
t ion o f  t oma to  by the roo t -knot  nema tode ,  
Meloidogyne arenaria, in the g r e e n h o u s e  and  
m i c r o p l o t s  ( u n p u b l i s h e d ;  Hewle t t  et  al., 
1995). Tann ic  acid a n d  its ana logues  are  
a b u n d a n t  in m a n y  p lan t  products ,  and  tan- 
nins have been  r e p o r t e d  to have ant imicro-  
bial proper t ies  (Scalbert, 1991). O u r  objec- 
tives were to evaluate effects o f  tannic  acid 
on  ha t ch ing  o f  the  soybean  cyst n e m a t o d e  
and  to de t e rmine  the possibility o f  us ing the 
c o m p o u n d  to induce  n e m a t o d e s  to hatch.  

MATERIALS AND METHODS 

Test 1: T h e  source  o f  n e m a t o d e s  used for  
this test was a popu la t ion  o f  H. glycines race 
3 tha t  had  b e e n  ma in ta ined  for  4 years on  
the susceptible soybean (Glycine max) culti- 
var Cobb  in a g r e e n h o u s e  at the University 
o f  Florida. 

Soybean seeds were sown in pots  on  11 
J a n u a r y  1995. Fifty-seven days after  sowing, 
females  and  cysts were ext rac ted  f rom roots  
and  soil by a p r o c e d u r e  descr ibed  previously 
(Chen  et  al., 1996). T h e  females  and  cysts 
were c rushed  in a tissue g r inde r  to release 
eggs. T h e  eggs were separa ted  f rom debris  
by cen t r i fug ing  t h e m  in a 0% to 55% (w/v) 
sucrose l inear  gradient .  T h e  b a n d  conta in-  
ing eggs a n d  second-stage juveni les  (J2) was 
t ransferred  to a 38-tam-pore sieve and  r insed 
with sufficient water  to separa te  J2  f r o m  
eggs. T h e  eggs re ta ined  on  the sieve were 
t ransfer red  on to  a n o t h e r  38-1am-pore sieve 
that  had  b e e n  autoclaved,  r insed with sterile 
water, and  t rea ted  with a solut ion contain-  
ing  100 m g  o f  s t reptomycin,  50 m g  o f  chlor-  
tetracycline,  and  30 m g  of  quinol inol  pe r  
liter for  24 hours  at 10 °C. The  eggs were 
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r insed with sterile water and  treated again 
with 0.5% chlorhexidine  diacetate salt for 15 
minutes,  and  then  rinsed with sterile water. 
Eggs were suspended in sterile deionized wa- 
ter at a concentra t ion of  3,000 eggs /ml .  One  
milliliter o f  the egg suspension was placed 
on each 1-cm-diam. sieve with 35-pm open-  
ings. The  sieves with eggs were placed in a 
24-well tissue culture plate. 

Tannic  acid was tested at concentrat ions 
of  0, 39, 156, 625, 2,500, and  10,000 m g /  
liter in sterile deionized water. A solution of  
4 mM ZnC12, a ha tching st imulant  o f  the 
soybean cyst nem a t ode  (Tefft et al., 1982), 
was used to de te rmine  viability and  degree  
of  dormancy  of  the nema tode  eggs. The  so- 
lutions were passed th rough  a 0.45-pm filter 
to remove  possible contaminants  such as 
bacteria and  fungal spores. Sufficient solu- 
tion was added  into each tissue culture well 
so as to reach the bo t tom of  the sieves. Four  
replicates o f  each concentra t ion  were used. 
The  eggs were incubated  in the solutions at 
23 to 24 °C. The  solutions were replaced by 
freshly p repa red  solutions on days 3 and  7. 
The  numbers  of  nematodes  ha tched  by days 
3, 7, and  14 were counted ,  a n d  pe r cen t  
ha tch  was calculated. The  data was subjected 
to analysis by regressing m e a n  percen t  hatch 
of  the four  replicates against concentra t ion  
using a quadratic model .  

Test 2: The  same n e m a t o d e  popula t ion  
used in the Test  1 was cul tured in the green- 
house f rom 9 March to 20 May 1995. All the 
procedures  were the same as Test  1. How- 
ever, tannic acid concentra t ions  of  0, 0.15, 
0.6, 1.2, 2.4, 4.9, 9.8, 39, 156, 625, 2,500, and  
10,000 mg / l i t e r  in sterile deionized water 
were used. 

Test 3: The  source of  nematodes  used for  
this test was a popula t ion  of  H. glycines race 
3 collected f rom soybean rhizosphere in a 
naturally infested field site in Minnesota  on  
12 Oc tobe r  1995. The  soil was s tored at 
r o o m  tempera tu re  (23 to 24 °C) until 7 No- 
vember  1995, when  the cysts were extracted. 
Eggs and  juveniles were released f rom the 
cysts by a modif ied mechanical  m e t h o d  (Ni- 
black et al., 1993) and  separated f rom debris 
by centrifugation in a 35% (w/v) sucrose 
solution. The  eggs and  J2 were t ransferred 

onto  a 38-pm-pore sieve and  rinsed with suf- 
ficient water  to remove J2. The  eggs were 
stored in a solution containing 100 mg of  
s t reptomycin,  50 m g  o f  chlortetracycline,  
and  30 m g  of  quinol inol / l i te r  water at 4 °C 
for  3 weeks before  they were tested. The  
concentrat ions of  tannic acid were the same 
as in Test 2, and  all o ther  p rocedures  were 
the same as in Test 1. 

RESULTS AND DISCUSSION 

In all tests, low concentrat ions of  tannic 
acid increased nema tode  hatching.  Percen t  
hatch increased with an increase of  tannic 
acid concentra t ion  up  to 35 to 40 m g / l i t e r  
and  then  decl ined with increasing concen-  
t ra t ion  (Fig. 1A-C).  W h e n  c o m p a r e d  at  
s imi lar  c o n c e n t r a t i o n s ,  the  p e r c e n t  egg  
hatch differed a m o n g  the three  tests. In Test  
1 (Fig. 1A), when eggs were incubated  in 39 
mg / l i t e r  tannic acid solution for  14 days, 
32% of  the eggs ha tched  (60% increase of  
hatch c o m p a r e d  to hatch in water). In con- 
trast, eggs in tannic acid at 10,000 mg / l i t e r  
(1% w/v) had  only 6.8% cumulative ha tch  
at day 14 (61% decrease compa red  to ha tch  
in water).  Ha tch  in ZnC12 at 4 mM increased 
by 15% c o m p a r e d  to hatch in water at day 
14, which indicated that  the eggs were not  
dormant .  In Test  2, 42% of  eggs ha tched  in 
the 39 m g / l i t e r  tannic acid solution at day 
14, which represented  a 13% increase com- 
pa red  to ha tch  in water. Cumulat ive egg 
hatch decreased 56% in the 10,000 rag / l i t e r  
tannic acid solution at day 14 c o m p a r e d  to 
hatch in water. Incubat ion  in ZnCI~ did not  
increase hatch of  eggs compa red  to water in 
Test  2. Hatch  of  nematode  eggs collected 
f rom the field site in Minnesota was very low. 
In  water, only 0.9% of  the eggs had  ha tched  
by day 14, and  in tannic acid solution cumu- 
lative ha tch  r eached  a m a x i m u m  of  only 
1.7% at 39 mg / l i t e r  by day 14. Ha tch  de- 
creased to 0.5% in the 10,000 m g / l i t e r  tan- 
nic acid solution at day 14, or  55% of  hatch 
in water. When  these eggs were incubated in 
4 mM ZnC12, 77% of  the eggs ha tched  by day 
14, indicating that  egg viability was high but  
that  the eggs were dormant .  

T h e  m e c h a n i s m  involved in increased  
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FIG. 1. The effect of  different concentration of  tannic acid on hatching of Heterodera glycines. A quadratic 
model, Y= a ~- bx + cx 2, was used to predict percentage hatch in different concentrations of tannic acid solutions 
with incubation periods of 3, 7, and 14 days. (3d, 7d, 14d). A) Test 1, using nematode eggs obtained from a 
greenhouse culture in Florida during 11 January through 9 March 1995. Curve 3 d: .2 = 0.95, P=  0.01. Curve 7 d: 
.2 = 0.98, P = 0.003. Curve 14 d: .2 = 0.88, P = 0.04. B) Test 2, using nematode eggs obtained from a greenhouse 
culture in Florida during 9 March through 20 May 1995. Curve 3 d: r ~ = 0.21, P =  0.35. Curve 7 d: r 2 = 0.91, P <  
0.0001. Curve 14 d: .2 = 0.90, P < 0.001. C) Test 3, using nematode eggs collected from a Minnesota soybean field 
12 October 1995. Curve 3 d: .2 = 0.75, P =  0.004. Curve 7 d: ,2 = 0.77, P =  0.003. Curve 14 d: *2 = 0.81, P <  0.001. 
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ha tch  of  the  soybean  cyst n e m a t o d e  in  low 
c o n c e n t r a t i o n s  of  t a n n i c  acid so lu t ions  is 
n o t  unde r s tood .  T h e  results o f  Tes t  3 indi-  
cate tha t  t ann i c  acid d id  n o t  b reak  the dor-  
m a n c y  of  the eggs. Nevertheless,  concen t r a -  
t ion  of  35-40  m g / l i t e r  of  t ann i c  acid will 
i n c r e a s e  h a t c h i n g  o f  n o n d o r m a n t  eggs. 
High  c o n c e n t r a t i o n s  of  t a n n i c  acid i n h i b i t  
ha tch ing .  F u r t h e r  tests are n e e d e d  to deter-  
m i n e  if the  J2 wi th in  the egg is ki l led or  j u s t  
inh ib i t ed .  Several researchers  have r e p o r t e d  
tha t  the  c o n c e n t r a t i o n  effect o n  egg hatch-  
i n g  is c r i t i ca l  (C la rke  a n d  Per ry ,  1977; 
Clarke a n d  Shepherd ,  1967; Okada ,  1971b). 
Some nemat ic ides ,  such as a ld icarb  a n d  car- 
b o f n r a n ,  s t imulate  h a t c h i n g  at low concen -  
t ra t ions  b u t  i n h i b i t  h a t c h i n g  at h igh  concen -  
t r a t i o n s  ( H o u g h  a n d  T h o m a s o n ,  1975; 
Steele, 1983; Steele a n d  Hodges ,  1975). T h e  
s t imula tory  effects of  low c o n c e n t r a t i o n s  of  
nemat i c ides  o n  n e m a t o d e  h a t c h i n g  may be  
a t t r ibu ted  to inc reased  activity of  juven i l e s  
in  the  egg ( H o u g h  a n d  T h o m a s o n ,  1975; 
Steele a n d  Hodges ,  1975). T a n n i c  acid may 
act in  a s imilar  way. 

Because  t a n n i c  ac id  c a n n o t  b r e a k  dor-  
m a n c y  o f  the n e m a t o d e  eggs, we t h ink  that  
it may be  unreal i s t ic  to use e i the r  t a n n i c  acid 
or p l a n t  p roduc t s  c o n t a i n i n g  t ann ic  acid to 
i n d u c e  the soybean  cyst n e m a t o d e  to ha tch  
a n d  r educe  n e m a t o d e  p o p u l a t i o n  in  fields 
d u r i n g  per iods  wi thou t  hos t  plants.  
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