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An Induced Resistance Effect of Hydroxyurea on 
Plants Infected by Meloidogyne javanica 1 

I. GLAZER AND D.  ORION 2 

Abstract: Aqueous solutions of  hydroxyurea (HU) in various concentrations were applied as soil 
drenches to Meloidogynejavanica-infected plants. At a concentration of  15 ppm, the chemical ham- 
pered giant cell formation and the number of  females on the roots was 20% of that of the control 
but the growth of  the host plants was not affected. Additional HU applications after the one at 
infection did not add to the inhibitory effect. HU exerted its effect on M. javanica-infected tomato 
in five soil types. Soil temperature of 32 C neutralized the HU-induced resistance in much the same 
way that high temperature breaks the natural resistance in M. incognita-resistant tomato. This study 
provides further  evidence of the role of  HU as an induced resistance agent. 
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Application of nontoxic chemicals to 
plants to control plant parasitic nematodes 
has been studied by several workers. Al- 
though promising results were obtained 
applying nitrogenous compounds such as 
urea (12), thiourea (7), amino acid analogs 
(10), the herbicide oryzalin (9), and am- 
monium chloride (13), their modes of ac- 
tion were not elucidated and their activity 
was attributed to nematicidal properties. 
High concentrations of  ammonium nitrate 
hampered giant cell development in Me- 
loidogyne incognita in tomato root cultures, 
causing poor nematode development (8). 
We recently reported that two urea deriv- 
atives, thiourea (TU), and hydroxyurea 
(HU), also hampered giant cell develop- 
ment in M. javanica-infected excised to- 
mato root cultures and thus indirectly in- 
hibited development of the nematode as 
well (4). A similar mechanism, the hyper- 
sensitive reaction, occurs in plants natu- 
rally resistant  to root -knot  nematodes  
(RKN), and therefore we proposed that TU 
and HU exert their influence by inducing 
resistance in susceptible tomato roots. Be- 
tween the two chemicals, HU proved to 
have a stronger induced resistance effect 
and was active at concentrations as low as 
3 mg/l i ter ,  a concentration which did not 
affect root growth. Encouraged by the 
findings obtained in vitro, we extended our 
study and examined the effect of HU on 
RKN-infected intact plants under green- 
house conditions. 
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MATERIALS AND METHODS 

Tomato (Lycopersicon esculentum cv. Hos- 
en Eilon) seedlings were grown in auto- 
claved silica sand in 750-ml plastic pots in 
a greenhouse at 22-28 C. The plants were 
fertilized with a commercial mineral nu- 
trient solution once a week. When the 
plants were at the four-leaf stage they were 
inoculated with 1,800-2,000 M. javanica 
eggs obtained from monoxenic cultures (5). 
Approximately 50% of the root systems 
were covered with galls 5 weeks after 
inoculation. Aqueous solutions of HU were 
applied to the plants at 100 ml /po t  as a 
soil drench. Each treatment in the various 
experiments was replicated 10 times. The  
effects of HU were evaluated 5 weeks after 
inoculation by weighing fresh root systems 
and shoots and by staining 1 gram of  in- 
fected roots from each replicate in boiling 
acid fuchsin-lactophenol and counting the 
mature females. Root samples from var- 
ious treatments were prepared for obser- 
vation by scanning electron microscope 
(SEM) (14). 

Five experiments were conducted: 

A. HU concentrations of 0, 5, 15, 30, and 
90 mg/ l i te r  were applied in water at 
l-week intervals for 4 weeks to M. ja- 
vanica-infected and noninfec ted  to- 
mato seedlings.. 

B. HU at 15 mg/ l i te r  was applied to M. 
javanica-infected tomato seedlings one, 
two, three, and four times at 1-week 
intervals starting 7 days prior to inoc- 
ulation. A nontreated control was also 
included. 

C. HU at 15 mg/ l i te r  was applied to M. 
javanica-infected tomato  seedlings 
grown in five soil types obtained from 
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TABLE 1. Characterization of five soil types examined for influence of hydroxyurea, applied as soil drench, 
on Meloidogynejavanica-infected tomato plants. 

Particle size properties (%) 
Soil type Location Clay Silt Fine sand Coarse sand pH OM* 

Loess Gilat 16.0 28.0 54.0 2.0 7.8 0.6 
Sandy loess Magen 5.6 6.2 48.8 39.4 8.5 0.3 
Loam Bet Dagan 14.8 38.4 37.7 9.1 7.6 0.8 
Sandy loam Nordia 14.4 30.4 34.8 20.4 6.5 0.1 
Silica sand Ramon 100 Inert medium 

* O r g a n i c  m a t t e r ,  p e r c e n t .  

dif ferent  locat ions in Israel,  as indicat- 
ed  and  cha rac te r i zed  in T a b l e  1. T h e s e  
soils were  dry  hea t  steril ized at 100 C 
fo r  24 hour s  p r i o r  to use. 

D. H U  at 15 m g / l i t e r  was appl ied  to th ree  
M. javanica-infected plant  species: cab- 
bage  (Brassica oleracea L. cv. Tasty) ,  
c u c u m b e r  (Cucumis sativus L. cv. Dixie), 
and  pea  (Pisum sativum L. cv. Targe t ) .  

E. H U  at 15 m g / l i t e r  was appl ied  to M. 
javanica-infected and  n o n i n o c u l a t e d  
t o m a t o  seedlings g rowing  in pots  im- 
me r s e d  in wa te r  t e m p e r a t u r e  tanks  at  
18, 25, or  32 C. 

RESULTS 

T h e  inf luence o f  H U  at var ious concen-  
t ra t ions  on the  g rowth  o f  t o m a t o  plants  
and  on M. javanica d e v e l o p m e n t  is pre-  
sented  in F igure  1. At  5 m g / l i t e r ,  H U  did 
not  affect  shoot  or  roo t  f resh weight  and  
the  n u m b e r  o f  swollen females  was 50% o f  
the  n o n t r e a t e d  control .  At  15 m g / l i t e r ,  
shoot  weight  was slightly lower  than  tha t  
o f  the  cont ro l  and  roo t  weight  was not  af- 
fected,  bu t  the  n u m b e r  o f  females  was only 
20% o f  tha t  o f  the  control .  SEM observa-  
tions o f  f r ac tu red  galls t r ea t ed  with 15 m g /  
li ter H U  showed small poor ly  deve loped  
giant cells. T r e a t m e n t s  with 30 and  90 m g /  
li ter inhibi ted  p lant  growth .  Vary ing  the  
n u m b e r  o f  H U  appl icat ions did not  en- 
hance  the  inhib i tory  effect  ove r  a single 
appl ica t ion at the  combina t ion  level ap- 
pl ied at inocula t ion (Fig. 2). 

T h e  inf luence of  the  var ious  soil t em-  
pe ra tu re s  on H U  activity is shown in Fig- 
u re  2. At  18 C, g rowth  o f  t o m a t o  plants  
and  n e m a t o d e  d e v e l o p m e n t  were  r a t h e r  
slow and  no females  deve loped  in any t reat -  
ment .  At  25 C, the op t imal  t e m p e r a t u r e  
for  M. javanica deve lopment ,  shoot  and  roo t  
weights  o f  infec ted  plants  t r ea t ed  with H U  

were  30% m o r e  than  those  o f  non inocu-  
lated controls  and  the  M. javanica popu-  
lation in the  cont ro l  had  80% m o r e  fe- 
males. At  32 C, shoot  g rowth  was not  
affected by the  high soil t e m p e r a t u r e  and  
roo t  weight  in all t r e a t m e n t s  was 20% less 
than  at 25 C. 
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FIG. 1. Shoot weight (A), root weight (B), and 
number of Meloidogyne javanica females per gram of 
root (C) in tomato plants treated with various con- 
centrations of hydroxyurea applied as soil drenches. 
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FIG. 2. Effect of hydroxyurea at 15 rag/liter ap- 
plied as a soil drench on the growth of tomato plants 
and development of Meloidogyne javanica at three soil 
temperatures. 
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FIG. 3. Effect of hydroxyurea at 15 mg/liter ap- 
plied as a soil drench on the growth of tomato and 
development of Meloidogyne javanica in different soil 
types. 

In all the  soil types tested, H U  at 15 m g /  
liter inhibi ted female  deve lopmen t  by 7 0 -  
80% c om p a re d  with the non t r ea t ed  con- 
trols (Fig. 3). Shoot  and roo t  weights varied 
with soil type; the  n u m b e r  o f  females also 
varied, with a general  t endency  for  h igher  
numbers  o f  females in roots  growing in the 
l ighter  soil types. 

Applicat ion o f  H U  to four  d i f ferent  M. 
javanica-infected host plants resul ted in 
only 10-30% of  the  n u m b e r  o f  females 
c om pa r e d  with the infected  non t r ea t ed  
cont ro l  plants. Growth  o f  plants o f  any 
species was not  affected by the  chemical  
t r ea tment .  

D I S C U S S I O N  

Recently,  we have shown that  u n d e r  in 
vitro condit ions u rea  derivatives,  especially 
HU,  al ter  the  host compatabi l i ty  o f  RKN- 
susceptible excised tomato  roots  in a phe- 

n o m e n o n  similar to the hypersensi t ive re- 
action in natural ly  resistant plants (4). We 
proposed ,  the re fo re ,  that  H U  had an in- 
duced  resistance p rope r ty  which complied 
also with Giebel 's  r ecen t  defini t ion (3) that  
" induced  resistance could be cons idered  
when the chemicals used for  this purpose  
do  not  in te r fe re  with host-plant  metabo-  
lism to such a deg ree  as to be phy to tox ic . "  
T h e  present  study p rov ided  fu r t h e r  infor-  
mat ion  o f  H U  p e r f o r m a n c e  as an agent  to 
induce resistance when  applied to the  soil 
in a g reenhouse  u n d e r  various environ-  
menta l  condit ions.  H U  inhibi ted giant cell 
fo rmat ion  and consequent ly  decreased  by 
7 0 - 9 0 %  the popula t ion  o f  ma tu re  females 
in intact  host plants be longing  to four  bo- 
tanical families and in five soil types. High  
t e m p e r a t u r e  b r e a k i n g  o f  r e s i s t an ce  in 
RKN-resis tant  tomatoes  (1) and the  activity 
o f  H U  as a giant cell fo rmat ion  inhibi tor  
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FIG. 4. Effect of  hydroxyurea at 15 mg/ l i t e r  on 
shoot and root  weights and on development of Me- 
loidogynejavanica on four host plants. 

suggest that the natural and the induced 
resistance phenomena are similar. Hy- 
droxyurea is an antimitotic compound spe- 
cifically inhibiting DNA synthesis (2,6,11). 
The  biochemical and cytological effects of  
H U  depend on the concentration used, the 
duration of  exposure, and the sensitivity of  
cell systems (2,11). Applying higher H U  
concentrations (30-90 mg/li ter)  to tomato 
plants arrested growth and caused other  
phytotoxic symptoms in the plants. Giant 
cells induced by RKN may be more vul- 
nerable to H U  activity at the 15 mg/ l i te r  
concentration applied in this study than 
are other  cell systems in the host plants 
such as apical meristems. This differential 
susceptibility is the reason for the specific 
impact of  H U  in inducing resistance. 

Using these results, we are studying fur- 
ther the mode of  action of  HU,  eventually 

aiming at practical development of  in- 
duced resistance agents in hosts of  RKN. 
Such studies may lead to a bet ter  under- 
standing of  natural resistance to root-knot 
nematodes. 
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