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masses per g of  roo t  decl ined rap id ly  at  or 
after  1.9 N M T  as if  the taxed plants  no  
longer  suppor t ed  larval  m a t u r a t i o n  and  egg 
p roduc t ion .  T h e  viabi l i ty  (ha tch /mass)  of  
egg masses harvested af ter  1.9 N M T  
remained  unaffected a nd  con t inued  to 
f luctuate  as i t  had  earlier. As decline in egg 
p r o d u c t i o n  appears  to be re la ted  to p lan t  
decline, so also m i g h t  per iodic i ty  in  egg 
viabi l i ty  reflect per iodic  changes in  the host  
plant .  T h e  exact  cause is still to be eluci- 
dated.  
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Evaluation of the Protective and Therapeutic Properties of 
DBCP for Control of Root-Knot Nematode on Tomato 

M. V. McKENRY and P, NAYLOR 

Abstract: Twelve soil drenches over a period of 30 days with DBCP concentrations of 40 #g/ml 
did not completely prevent infection of tomato plants by root-knot nematode juveniles. Repeated 
DBCP drenches of 40 gg/ml halted gall development during the drenches, but 10 days after 
drenching was discontinued galls were apparent. DBCP drenches at 200 /zg/ml prevented tomato 
root development, and 40/zg/ml slowed it. Ten #g/ml increased the height of root-knot-infected 
plants, but not their top weights. Treated plants were lanky. Protective drenches of 2.5 to 40 
#g/ml of DBCP decreased nematode populations and increased fruitfulness. DBCP as a 
therapeutant reduced the incidence of galling on new roots and halted increases in gall size on 
previously infected roots but did not improve fruitfulness or plant size significantly. 

Th i s  research was done  to improve  
u n d e r s t a n d i n g  of  the u n i q u e  c om bi na t i on  
of h igh  nematox ic i ty  a nd  low phyto tox ic i ty  
associated ~ wi th  D B C P  (1,2-dibromo-3- 
ch loropropane) .  A l t h o u g h  this contact  
nemat ic ide  is toxic to cer tain p lants  (8) i t  
is k n o w n  that  large u n d e c o m p o s e d  roots  
and  nematodes  wi th in  t h e m  are no t  com- 
pletely ki l led by h igh  appl ica t ion  rates 
(6). A quan t i t a t ive  s tudy of  the meri ts  of  
D B C P  a s  a t h e r a p e u t a n t  a nd  p ro tec tan t  
f rom endoparas i t i c  nematodes  is t imely in  
view of  recent  publ ic  decisions on  D B C P  
(1), and  such da ta  m a y  also provide  in- 
f o rma t ion  needed for best use of  this 
material .  
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T w o  re la ted  exper iments  are r epor t ed  
herein.  T h e  first expe r imen t  was des igned  
to de te rmine  the concen t ra t ion  of  D B C P  
necessary to pro tec t  the roots  of  y o u n g  

t o m a t o  plants  f rom roo t -knot  n e m a t o d e  
juveniles,  Metoidogyne incognita (Kofoid 
and  Whi te ,  1919) Chi twood,  1949. T h e  
second was conduc ted  to de te rmine  the 
concen t ra t ion  of  D B C P  needed  for therapy  
o f  roo t -knot  n e m a t o d e  on  infected toma to  
roo t  systems. 

M A T E R I A L S  A N D  M E T H O D S  

General: Stock solut ions of  D B C P  made  
f rom F u m a z o n e  86EC (Dow Chemical  Co., 
Mid land ,  Mich.) were d i lu ted  just  p r io r  to 
app l ica t ion  wi th  water  con t a in ing  a one- 
half-s t rength Hoag land ' s  solution.  Each  
15-cm clay po t  received 400 ml  of  the solu- 
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tion during each irrigation. Irrigations were 
made every 2 to 6 days depending on evapo- 
transpiration rates and plant  size. Moistm'e 
tension in the pots did not  exceed --0.8 bar. 
Two days after the final DBCP application, 
repeated irrigations with water were made 
to leach the DBCP. 

A population of M. incognita was ob- 
tained from field soil around fig, Ficus 
carica L., and then multiplied on tomatoes 
in a greenhouse. 

Tomato  plants (cv. Red Cherry) were 
grown in a pasteurized loamy sand in 15-cm 
clay pots at 22 to 28 C. Each pot was nested 
within a second clay pot which was sur- 
rounded by wood shavings. The  sawdust 
bin overlay a sand and gravel bed and was 
capped with a sheet of plywood (2-cm thick 
x 2.5-m long and 1.6-m wide) with holes 
provided for pot insertion. A 7.5-cm glass 
petri-plate was placed under each pot to 
facilitate weekly collection and counting of 
second-stage root-knot nematode juveniles 
in drainage from three pots in each treat- 
ment. These counts were used as the 
criterion of nematode mobili ty within soil. 

A coiled stainless-steel tube (0.35-cm 
diam) placed near the center of the soil of 
several pots of each treatment was used to 
remove vapor samples. These were taken 
at various intervals following each irriga- 
tion with DBCP and analyzed directly by 
gas-liquid chromatography (7). DBCP 
concentrations in the soil water were calcu- 
lated on a Henry's Constant value of 165 
(2), and data are reported as the calculated 
concentration of DBCP present in soil water 
as well as the initial concentration in the 
drench. 

Plant height was assessed periodically 
and at the termination of the experiment, 
when shoots and roots were weighed, fruits 
counted, and root galling rated. Counts of 
galls/gram of root were made where rel- 
evant. Gall size was determined as well as 
the location of galls on the root system. 
Root  systems were given a gall rating from 
1 (one gall to 25 % of root system galled) 
to 4 (75-100% of root system galled). 

Protection: DBCP was applied around 
tomato plants 12 times during 80 days. The  
first DBCP treatment was made one day 
before adding the nematode inoculum. This  
inoculum consisted of tomato roots contain- 
ing a min imum of 100 small galls. I t  was 
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placed just beneath the soil surface of each 
pot. Similar inoculum was added every 2-6 
days, usually the day after the DBCP 
drench. Eleven such inoculations were 
made. 

Therapy: Plants were inoculated 21 days 
before the first DBCP drenches. At time of 
DBCP treatment, seedlings were 5 weeks 
old and supported several hundred galls 
per root system. Eleven drenches were made 
during a 21-day period. 

RESULTS 

General: Concentrations of DBCP in the 
soil vapor varied with the closeness to appli- 
cation time. Concentrations of DBCP vapor 
in the soil did not increase with repeated 
drenches of DBCP. In general, concentra- 
tions of DBCP in the soil were slightly 
lower where tomato roots or nematode 
inoculum was present in the soil (Table 1). 

Infected tomat~]~oots, and roots exposed 
to infective juvenil~{:~ produced significantly 
less aboveground growth than  the unin- 
fected plants. Weight  of belowground 
portions was not  reduced by nematodes, 
presumably because of the weight of the 
galled tissue. 

Treatment  of plants with 40/~g/ml or 
more of DBCP resulted in reduced plant 
growth above- and belowground. At 200 
/~g/ml DBCP basal leaves of tomatoes were 
chlorotic, and marginal necrosis developed 
within 10 days after first exposure; basal 
leaves were eventually completely necrosed. 
These same plants recovered after the 
DBCP exposure period, but  supports were 
required to hold the plants erect. Young 
leaves on plants treated with 40 or 200 
/~g/ml DBCP were bluish rather than green. 

Tomato  plants drenched with 5.0, 40.0, 
and especially 10.0/~g/ml developed lengthy 
internodes. Slight necroses of root tips oc- 
curred at the higher concentrations of 
DBCP in both experiments. Roots were 
abundant  in all DBCP treatments except 
200 t~g/ml, where few roots occurred and 
root decay was common. Flowering and 
fruit  set were not  delayed except that no 
flowering occurred following protective 
drenches of 200 ~g/ml.  

Numbers of infective root-knot juveniles 
were largest in soils where plant roots or 
DBCP were not present. At 40 to 200/zg/ml 

~ ~ : !:~ 
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TABLE 1. Effect of DBCP drenches on tomato plants infected with Meloidogyne incognita, or uninfected. 

Concn. of No. Nema- Av. 
DBCP Shoot Root No. galls/ Root- todes DBCP 

Root- drench Plant wt. wt. fruit/  gram gall exiting concn. 
Plant knot (#g/ml) ht. (era) (g) (g) plant root rating r (pot) (#g/ml) 

Protective effects of DBCP in inoculated soil 

+ - -  0 6 7  e 2 2 4 c  4 2  Z b c  7 . 5  e O a  0 a - -  n 

- -  + 0 . . . . . .  241 b - -  

+ + 0 49 c 109 b 63 d 1.5 ab 262 e 4.0 e 61 a - -  
+ + 2.5 54 cd 86 b 57 cd 2.8 bc 228 d 3.3 d 27 a 0.57 a 
+ + 5 54cd 78b 65d 3.8cd 171c 2.5c l l a  0.93a 
+ + 10 61 de 95 b 67 d 5.2 d 103 b 1.2 b 17 a 1.22 a 
- -  + 10 . . . . . .  77 a 2.91 b 

+ -- 10 58 cde 94 b 53 cd 4.2 cd 0 a 0 a - -  1.73 ab 
+ + 40 39 ab 39 b 30 b 0.8 ab 0.4 a 0 a 11 a 7.05 c 
+ + 200 5a  0.6a 0.4a 0.0a 0a  0 a 7a  41.2 d 

Therapeutic effects of DBCP on infected plants 

+ -- 0 92e 128e 48d 5.4b 0a  0 a - -  - -  
- -  + 0 . . . . . .  0 a  - -  

+ + 0 74 cd 70 c 43 cd 1.2 a 96 a 4.0 a 0 a - -  
+ + 2.5 67 be 62 c 39 cd 1.9 a 93 a 2.1 c 1 a 0.72 a 
+ + 5 68 be 62 c 37 c 1 .7  a 8 7  a 1 . 7  c 0 a 1 . 1 5  ab 
+ + 10 62 b 42 b 27 b 1.7 a 83 a 1.3 b 2 a 2.45 c 
-- + 10 . . . . . .  2 a 3.05 c 
+ -- 10 81 d 98 d 46 d 5.4 b 0 a 0 a - -  1.57 b 
+ + 40 61b 38b 28b 1.1a 83a 0.8b 0 11.1 d 
+ + 200 46 a 17 a 13 a 0.I a 20 a 0.3 a 0 a 48.4 e 

Numbers followed by the same letter do not differ significantly according to Duncan's multiple-range test 
(P = 0.05). 
~Based on roots developed subsequent to initiation of DBCP drenches. 
*Root weights only include those roots within the pots. Three plants from this treatment developed large 
tap roots extending through the hole in the bottom of the pot. 

few m o b i l e  n e m a t o d e s  o c c u r r e d  i n  t h e  
l e a c h a t e s  e x c e p t  d u r i n g  t h e  t w o  weeks  fol-  
l o w i n g  the  l e a c h i n g  o f  D B C P  f r o m  t h e  soil .  

Protection: E a c h  i n c r e m e n t a l  i nc r ea se  in  
D B C P  c o n c e n t r a t i o n  r e s u l t e d  i n  i n c r e a s e d  
p r o t e c t i o n  o f  t o m a t o e s  f r o m  n e m a t o d e  in-  
f ec t ion .  T o m a t o  y i e l d  i m p r o v e d  as D B C P  
c o n c e n t r a t i o n s  i n c r e a s e d  e x c e p t  a t  40 a n d  
200 t ~ g / m l  D B C P ,  w h e r e  p l a n t  h e i g h t  
a n d  r o o t  w e i g h t  w e r e  l o w e r  t h a n  i n  t h e  
i n o c u l a t e d  u n t r e a t e d  p l an t s .  S i g n i f i c a n t  
p h y t o t o x i c i t y  o c c u r r e d  u p o n  e x p o s u r e  to  a 
4 0 / ~ g / m l  d r e n c h  o f  D B C P .  A t  th is  c o n c e n -  
t r a t i o n ,  g a l l i n g  was n o t  a p p a r e n t  o n  m o s t  
roo ts ,  a l t h o u g h  s o m e  s m a l l  ga l l s  w e r e  
p r e s e n t  o n  v a r i o u s  o l d e r  a n d  s h a l l o w e r  
roo t s .  

Therapy: N o n e  of  t h e  D B C P  t h e r a p y  
e x p e r i m e n t s  y i e l d e d  ga l l - f r ee  r o o t  systems.  
A p p l i c a t i o n s  o f  D B C P  d i d  n o t  s i g n i f i c a n t l y  
i m p r o v e  g r o w t h  o f  n e m a t o d e - i n f e c t e d  
p lan t s .  N e m a t o d e - f r e e  p l a n t s  d r e n c h e d  w i t h  
1 0 / z g / m l  D B C P  w e r e  s i g n i f i c a n t l y  r e d u c e d  

i n  p l a n t  h e i g h t  a n d  s h o o t  w e i g h t  w h e n  
c o m p a r e d  w i t h  u n t r e a t e d  p l a n t s ;  h o w e v e r ,  
r o o t  w e i g h t s  a n d  f r u i t  y i e l d  w e r e  n o t  sig- 
n i f i c a n t l y  c h a n g e d .  

R a t i n g s  o f  ga l l  size r e v e a l e d  t h a t  size of  
i n d i v i d u a l  ga l l s  d e c r e a s e d  as c o n c e n t r a t i o n s  
o f  D B C P  w e r e  i nc r ea sed .  D r e n c h e s  of  0, 
2.5, 5.0, 10.0, 40, a n d  2 0 0 / z g / m l  r e s p e c t i v e l y  
r e s u l t e d  in  gal ls  w h i c h  w e r e  la rge ,  m e d i u m -  
la rge ,  m e d i u m ,  s m a l l - m e d i u m ,  s m a l l  a n d  
sma l l -decayed .  E x i s t i n g  gal ls  e x p o s e d  to 10 
/ z g / m l  d i d  n o t  i nc r ea se  i n  size d u r i n g  t h e  
d r e n c h  p e r i o d .  

D I S C U S S I O N  

A u n i q u e  p r o p e r t y  of  D B C P  w h i c h  
a l l ows  i ts  use  a d j a c e n t  to  e s t a b l i s h e d  p l a n t s  
is t h a t  i t  m o v e s  t h r o u g h  soi l  a t  l o w  concen -  
t r a t i o n s  fo r  l o n g  e x p o s u r e  pe r iods .  W e  w e r e  
n o t  a b l e  to  m a i n t a i n  c o n s t a n t  c o n c e n t r a -  
t i ons  o f  D B C P  in  these  p o t  e x p e r i m e n t s  
w i t h o u t  r e p e a t e d  D B C P  a p p l i c a t i o n ,  how-  
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ever, because of  the small vo lume  of soil 
used. Concen t ra t ions  in  the soil pore spaces 
decreased wi th  time, p re sumab ly  because of  
volat i l izat ion,  absorp t ion  by roots, and  
adsorp t ion  to soil particles. I n  the field, 
persistence of  D B C P  in pore spaces is 
bet ter  (3). 

Lethal-dose values of D B C P  wi th  various 
exposure  techniques  have been  repor ted .  
J o h n s o n  and  Lear  (4, 5) r epor t ed  tha t  a 
m i n i m u m  concen t ra t ion  of  20 to 25 /~g/g 
in  the soil water  w i th  a m i n i m u m  exposure  
of  21 days was necessary for e rad ica t ion  of  
Meloidogyne spp. Youngson  et al. (10) re- 
por ted  tha t  concent ra t ions  above 1,25 p p m  
for seven days gave good  cont ro l  of  
Meloidogyne when  d renched  in to  small 
pots  con ta in ing  root -knot  nematode .  Wal l a  
(9) r epor ted  tha t  1.0 p p m  for 96-hr exposure  
was sufficient to cont ro l  second-stage juve- 
niles o f  M. incognita. Our  data  indicate  tha t  
infective roo t -knot  juveniles can survive 
relat ively h igh  doses, d e p e n d i n g  u p o n  their  
jux tapos i t ion  to a r o o t  t ip and  the t ime re- 
qu i red  to enter.  Un in fec ted  tomato  roots  
exposed to 4 0 / z g / m l  D B C P  were protec ted  
f rom roo t -knot  in fec t ion  for  the d u r a t i o n  of  
the exposure.  Pots d renched  wi th  lower  
concent ra t ions  had  less protec t ion.  Drenches  
in excess of  2 .5 /~g/ml  deter  the  nematodes '  
abi l i ty  to infect  a r o o t  tip successfully. I t  
appears,  however,  tha t  a y o u n g  root  system 
in the vicini ty of the nema tode  can pro tec t  
the n e m a t o d e  by p rov id ing  refuge as well  
as p rov id ing  a sorpt ive site tha t  lowers 
concent ra t ions  in soil water. I t  is significant, 
then,  tha t  concent ra t ions  f rom repea ted  
drenches of  40 ~ g / m l  will n o t  be sufficient 
to comple te ly  relieve an herbaceous  p lan t  
f rom infect ion.  I t  is in teres t ing tha t  al- 
t h o u g h  previously infected plants  were no t  
therapeut ica l ly  rel ieved of  infect ion,  gall 
g rowth  was hal ted.  Th i s  effect was pre- 
sumably  due to a ha l t ing  of gall re infec t ion  
by adjacent  offspring and  indicates tha t  all 
stages of  roo t -knot  n e m a t o d e  outside the 
roo t  can be affected by  DBCP.  Highes t  con- 
cent ra t ions  of  D B C P  reduced  gal l ing by 
des t ruc t ion  of  the roo t  itself. 

I n  m a k i n g  water  appl ica t ions  of  D B C P  
on  Cal i forn ia  tree and  vine crops, concen- 
t ra t ions of  80 to 50 /~g/ml D B C P  in  the 
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drench  are applied.  Concen t ra t ions  in soil, 
however,  are m u c h  lower, d e p e n d i n g  u p o n  
soil texture,  presence of  organic  mat ter ,  
m e t h o d  of  appl ica t ion,  t o p o g r a p h y  of  land,  
tempera ture ,  soil mois ture  level, and  o ther  
factors (McKenry,  M. V., unpubl i shed) .  
D B C P  differs f rom o ther  alkyl-hal ide 
fumigants  in tha t  concent ra t ions  toxic to 
large roots  are se ldom a t ta ined  in  soil. 
Thus ,  there is a marg in  of  safety be tween 
nematox ic i ty  and  phytotoxic i ty .  
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