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Granular Nematicides as Adjuncts to Fumigants for 
Control of Cotton Root-knot Nematodes 1 

E. C. JORGENSON 2 

Abstract: Growth and yield of cotton were best with combinations of fumigants and organophos- 
phate and carbamate nematicides. Organophosphates or carbamates used alone did not give 
season-long control of root-knot nematodes. Long-term control was poor because the temporary 
sublethal effects of these materials diminished soon enough lhat the nematodes could reproduce. 
The nematodes survived the treatments and a year of nonhost culture, and damaged a susceptible 
host crop 2 years after treatment. No such damage occurred in plots treated with fumigant, 
fumigant plus organophosphate, or fumigant plus carbamate. Treatment of seed and treatment 
of cotton, either in furrow at planting or sidedressing at midseason, with organophosphate and 
carbamate nematicides resulted in little or no yield increase, because nematode control was only 
minimal and temporary; or in a yield decrease, because the toxicity of the materials was mani- 
fested when nematode populations were low. Key Words: Meloidogyne incognita, organophos- 
phates, carbamates, Gossypium hirsutum, pest management, phytotoxicity, seed treatment. 

In  Ca l i fo rn i a  one  species of roo t -kno t  
nema tode ,  MeIoidogyne incognita (Kofoid  
& Whi t e )  Ch i twood ,  is k n o w n  to infest  
a b o u t  25% of the l and  u p o n  wh ich  co t ton  
(Gossypium hirsutum L.) is g rown  (7). In  
the U n i t e d  States the es t ima ted  r e d u c t i o n  
in  co t ton  yield due  to this and  o the r  nema-  
todes for the years 1969-1976 exceeded  2 
m i l l i o n  bales ( compi led  f rom the loss esti- 
mates  of  the C o t t o n  Disease Counc i l  for the 
years 1969-1976). I[ the c o n v e n t i o n a l  nema-  
t ic idal  soil fumigan t s  had  n o t  been  used in  
tha t  per iod ,  the r e d u c t i o n  w o u l d  have  been  
greater .  Now,  as a resu l t  of  act ions by 
agencies of  the  federal  and  state govern-  
ments ,  some of the c o n v e n t i o n a l  nemat i -  
cides may  no t  be ava i lab le  for use on cot ton.  

T h e  o r g a n o p h o s p h a t e s  and  carbamates  
are be ing  t r ied  for m a n a g e m e n t  of root-  
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k n o t  nematodes ,  even  t h o u g h  re la t ive ly  h i g h  
doses are r e q u i r e d  to con t ro l  those parasi tes  
(2). Soil fumigan t s  con t ro l  n e m a t o d e s  by 
k i l l i ng  them. O r g a n o p h o s p h a t e s  and  carba- 
mates  are le tha l  to nema todes  at h i g h  doses, 
bu t  usual ly  con t ro l  nema todes  in o the r  
ways, such as de l ay ing  ha tch ing ,  i m p e d i n g  
m i g r a t i o n  of  invas ive  larvae  to host  roots,  
i m p a i r i n g  feed ing  behavior ,  and  disor ient-  
ing  males  toward  females (2, 3, 4, 8, 9, 10). 
T h e y  appa ren t l y  cause dys func t ion  of  the 
nema todes  as c o m p o n e n t s  of  c o m p l e x  dis- 
eases (6), and  they i n h i b i t  d e v e l o p m e n t  of  
females and  egg p r o d u c t i o n  (4). Exper i -  
ments  were  conduc t ed  to d e t e r m i n e  the 
feasibi l i ty  of  i n t e g r a t i n g  o r g a n o p h o s p h a t e  
and  ca rbama te  nemat ic ides  in to  a manage-  
m e n t  p r o g r a m  to con t ro l  roo t -kno t  nema-  
todes on cot ton.  

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

T h e  e x p e r i m e n t s  were  on  fields of  
Hespe r i a  sandy l o a m  (ca. 76% sand, 17% 
silt, and  7 %  clay) n a t u r a l l y  infes ted  w i t h  
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cotton root-knot nematodes. T h e  experi- 
mental  design, a randomized complete 
block, was the same in all experiments. T h e  
number  of treatments varied; there were 
always at least four replications of each 
treatment,  al though some experiments in- 
cluded 8 or 12. Individual plots were four 
rows wide on l-m centers and were either 18 
or 20 m long. 

T h e  following fumigants, applied as 
described in the tables, were used as 
preplant ing treatments: 1,3-D (1,3- 
dichloropropene and related chlorinated C:~ 
hydrocarbons), chloropicrin (trichloronitro- 
methane), and DBCP (1,2-dibromo-3- 
chloropropane). In one experiment  a 
granular formulation of DBCP containing 
50% by weight of the active ingredient was 
sidedressed after an at-planting t reatment  
with aldicarb [2-methyl-2-(methylthio)pro- 
pionaldehyde O-(methylcarbamoyl)oxime]. 
Granular  formulations of the nematicides 
aldicarb, carbofuran (2,3-dihydro-2,2- 
dimethyl-7-benzofuranyl methylcarbamate),  
oxamyl (methyl N',N'-dimethyl-N-[(methyl- 
carbamoyl)oxy[-l-thiooxamimidate),  phen- 
amiphos [ethyl 4-(methylthio)-n-tolyl iso- 
propylphosphoramidate],  and aldoxycarb 
[2-methyl-2-(methylsul fonyl) propionalde- 
hyde O-(methylcarbamoyl)oxime] were ap- 
plied as preplanting, at-planting, or 
combinations with each other and the 
fumigants. 

Fumigants and preplant ing treatments 
of tile granular compounds were applied in 
the centers of the rows by tractor-mounted 
chisels before preirrigation. T h e  fumigants 
containing 1,3-D were applied at a depth  of 
56 cm; the fumigants containing DBCP, at 
30 cm; and the granular compounds at 20 
cm, with exceptions as indicated in Table  
3. When applied at planting, granules were 
placed in a 5-cm band in the seed furrow at 
the center of the bed with an at tachment  
to the planter. T h e  granules not  incorpo- 
rated by the press wheel were lightly 
incorporated into the soil by a short loop 
of chain attached to the planter.  In one ex- 
periment,  aldoxycarb was used as a seed 
treatment. Postplanting applications of 
granules were about  15 cm deep and 10-15 
cm from the center of the row on the side of 
the bed that was to be irrigated. Cot ton was 
planted 3-4 weeks after treatment,  when the 
soil was in good planting condit ion and the 

fumigants had dissipated enough to avoid 
phytotoxicity. T h e  cotton was irrigated as 
needed to induce flowering, maintain plant  
growth, and produce the best possible yield 
in the untreated plots. 

In four of the experiments, midseason 
bioassays were made to determine the early 
effectiveness of the treatments. Soil samples 
for these bioassays were collected from all 
plots, and the composited samples from 
each plot were arranged on the greenhouse 
bench in the same design as the respective 
plots in the field. T h e  effects of the treat- 
ments on the root-knot nematodes were 
demonstrated by the average weighted nem- 
atode ratings (WNR's) of tomato plants 
grown in the soil samples from each treat- 
ment  (5). WNR's  were calculated with the 
following formula: 

5 
ni wi 

W N R  = i = 1 × 100--  
(E ni) w5 

(nlwl + n2w2... + n~ws) x 100 
(nl + n2... + n~)w5 

Where ni ~- number  plants in ci 
ci = i th class 

wi = weight of ci 

Class Rat ing Weight  
I 0 0 
2 1 1 
3 2 3 
4 3 5 
5 4 7 

Thus,  W N R  is a weighted root-gall in- 
dex describing the relative intensities of 
root  galling in the various treatments. I t  
compares the damage that occurred with 
the most damage that might  occur under  
the conditions of the experiments. 

At the end of the season, the cotton was 
machine-picked from the center two rows 
of each plot. After harvest, the tops of the 
cotton plants were shredded with a rotary 
stalk cutter, the roots were dug with a 
tractor-drawn lifter, the roots of S0 plants 
from each plot were rated on a 0-4 scale, 
from no galls to completely galled, and 
WN Rs were calculated. 

RESULTS 

Cotton plants from plots treated with 
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fumigan t s ,  a l o n e  o r  in  c o m b i n a t i o n  w i th  
o t h e r  nemat ic ides ,  u sua l ly  h a d  lower  root-  
gal l  r a t ings  ( W N R s )  t h a n  p l an t s  f rom plots  
t r e a t ed  w i t h  an  o r g a n o p h o s p h a t e  or  a carba-  
ma te  a lone  ( T a b l e s  1-4). 

C a r b o f u r a n  was toxic  to co t ton  p lan t s  a t  
a l l  of the  ra tes  used;  w i th  one  e x c e p t i o n  
( T a b l e  1), i ts  use depressed  co t t on  y ie lds  
be low those  in  u n t r e a t e d  controls .  T h i s  
tox ic i ty  was always ev iden t  in  the  co ty ledons  
a n d  ear ly  leaves of  the  cu l t ivars  tha t  were  
used in  these expe r imen t s ,  a l t h o u g h  i t  d i d  
n o t  a lways c o n t i n u e  t h r o u g h  the  en t i r e  
season to harvest .  A l d i c a r b ,  oxamyl ,  
p h e n a m i p h o s ,  a n d  a l d o x y c a r b  were  less 
phy to tox ic .  T h e i r  use, p a r t i c u l a r l y  at  low 
or  m o d e r a t e  rates,  t e n d e d  to resu l t  in  h ighe r  
yields;  a l d i c a r b  a n d  p h e n a m i p h o s  were  
usua l ly  m o r e  effective t h a n  o x a m y l  or  al- 
doxyca rb .  I n  two e x p e r i m e n t s  ( T a b l e s  2, 4), 
the re  was ev idence  of tox ic i ty  to the  e x t e n t  
t ha t  y ie lds  were  r e d u c e d  o r  were  a p p a r e n t l y  
no t  inc reased  in  p lo t s  g iven  a l d i c a r b  a n d  
a l d o x y c a r b  a t  the  h ighes t  rates.  C o n t r o l  
usua l ly  o u t w e i g h e d  phy to tox i c i t y ,  because  
the  effects of  h igh  n e m a t o d e  p o p u l a t i o n s  
m a s k e d  the  tox ic i ty  of  those chemica l s  to 
co t ton .  

W h e n  n e m a t o d e  p o p u l a t i o n s  were  rela-  
t ive ly  low (Tab l e s  1, 4), y ie lds  f rom 

c a r b a m a t e - t r e a t e d  p lo t s  d i d  n o t  signif- 
i c an t ly  exceed yie lds  f rom u n t r e a t e d  plots .  
Some benef i t  acc rued  f rom the  t e m p o r a r y  
s u b l e t h a l  effects of  the  c a rba ma te s  on  the 
co t t on  c rop  to w h i c h  they  were  a p p l i e d .  
G a l l i n g  of okra ,  p l a n t e d  2 years  la ter ,  re- 
vea led  t ha t  the  n e m a t o d e s  h a d  su rv ived  the  
t r e a tme n t s  p lus  a year  of  n o n h o s t  cu l tu re .  
T h e n  they  p r o d u c e d  the  heav ies t  d a m a g e  
in  a l d i c a r b  a n d  c a r b o f u r a n - t r e a t e d  p lo ts  
( T a b l e  1). Seed t r e a tme n t s  w i t h  a l d o x y c a r b  
( T a b l e  5) were  p h y t o t o x i c  a t  b o t h  ra tes  
tested,  a n d  a t - p l a n t i n g  in - fu r row t r e a t m e n t s  
w i t h  a l d i c a r b  a n d  p h e n a m i p h o s  were  also 
phy to tox ic .  T h e  p h y t o t o x i c i t y  was offset, 
however ,  by  a b r i e f  p e r i o d  of c on t ro l  in  the  
in - fu r row t r ea tmen t s ,  as i n d i c a t e d  by  the  
r e d u c e d  r o o t  ga l l i ng  a t  midseason .  Un-  
fo r tuna te ly ,  l i n t  y ie lds  were  n o t  i m p r o v e d  
by  these t r ea tments .  S idedress ing  a l d i c a r b  
( T a b l e  6) inc reased  l i n t  y ie ld  a n d  decreased  
roo t  ga l l i ng  s ignif icant ly .  

P r e p l a n t i n g  t r e a tme n t s  w i th  a l d i c a r b  
were  usua l ly  the  mos t  effective in  decreas-  
ing  roo t  ga l l i ng  ( W N R s )  a n d  inc reas ing  
yields.  T h e  i m p r o v e d  effectiveness at  this  
t ime  of a p p l i c a t i o n  was p r o b a b l y  a r e su l t  
of  the  m o v e m e n t  of these mate r i a l s ,  par -  
t i cu l a r l y  the  mos t  wa te r - so lub le  ones,  in  the  
soil  by  mass t ransfe r  (2, 4). W h e n  these  

TABLE 2. Yield and nematode root galling of Acala sJ-1 cotton as influenced by preplanting treatment 
with nematicidesY 

Txeatment 
Formulation Rate Depth 

Liquid Granules Y i e l d  o f  

Liquid GranuIes (liters (kgEa.i. ] Liquid Granules lint 
Nematicide (kg/liter) (%a.i.) /ha /ha) (cm) (cm) (kg/ha) W N R  z 

1,3-D + pic+ aldicarb 1.27 10 140 4.5 56 30 992 a 1 c 
1,3-D+pic+carbofuran 1.27 10 140 9.0 56 30 816 abcd 4 c 
1,3-D + pic 1.27 - 140 - 56 - 945 ab 15 c 
1,3-D+aldicarb 1.20 I0 140 4.5 56 30 996 a 4 e 
1,3-D + carbofuran 1,20 10 140 9.0 56 30 714 bcd 3 c 
1,3-D 1.20 - 140 - 56 - 865 abc 0 c 
Aldicarb - I0 - 4.5 - 10 724 bcd 69 ab 

- I0 - 9.0 - 20 940 ab 38 b c  

- 1 0  - 1 3 . 5  - 3 0  6 8 7  c d  7 5  a b  

Carbofuran - 10 - 4.5 - 10 614 d 75 ab 
- 10 - 9.0 - 20 602 d I00 a 
- 1 0  - 1 3 . 5  - 30 610 d 9 3  a 

None (untreated) . . . .  56 - 677 ed 73 ab 

LSD 0.05 219 43 

rData are means of four replications. Within a column, means followed by a letter in common are not sig- 
nificantly different according to Duncan's multiple-range test (P ~ 0.05). 
• Weighted nematode rating: 0 = no galling, 100 = full galling. 
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T A B L E  3. Yield a n d  nema t ode  root  ga l l ing  of Acala  sJ-1 cot ton as inf luenced by p r e p l a n t i n g  t r e a tmen t  
wi th  nemat ic ides ,  x 

T r e a t m e n t  

Nemat ic ide  

F o r m u l a t i o n  Ra te  Yield of  W N R  y 

(liters (kg[a.i.] l in t  Mid-  Post- 
(kg/l i ter)  (%a.i.) / ha )  /ha)  (kg/ha)  season '  ha rves t  

Aldicarb  - 15 G - 2.2 941 bcd 19 bc 88 ab 
- 15 G - 4.5 841 bcd 53 ab 92 ab 

Aldoxycarb  - 75 W P  - 2.2 749 cd 55 ab 100a  
- 75 W P  - 4.5 914 bcd 48 abc 100 a 

P h e n a m i p h o s  - 36 EC - 2.2 1019 bc 29 abc 88 ab 
- 36 EC - 4.5 1088 ab 61 ab 72 b 

1,3-D 1.20 - 140.0 - 1384 a 2 c 8 c 
None  (unt rea ted)  . . . .  683 d 71 a 98 a 

LSD 0.05 270 43 24 

XData are means  of  fou r  replicat ions.  W i t h i n  a co lumn ,  m eans  followed by a le t ter  in c o m m o n  are not  sig- 
nificantly different  according to D u n c a n ' s  mul t ip l e - range  test (P ¢(0.05) .  
YWeighted n e m a t o d e  ra t ing:  0 = no gall ing, 1 0 0  = full  gall ing. 
• T o m a t o  bioassay on  soil samples .  

m a t e r i a l s  a r e  a p p l i e d  b e f o r e  t h e  p r e i r r i g a -  

t i o n ,  a s  t h e y  w e r e  i n  t h e s e  e x p e r i m e n t s ,  t h e  

w a t e r  m o v e m e n t  c a n  c o n c e n t r a t e  t h e m  i n  

t h e  a r e a s  o f  t h e  b e d  w h e r e  t h e  s e e d  is  t o  b e  

p l a n t e d  (1, 3).  G e n e r a l l y ,  r o o t  g a l l i n g  

( W N R s )  w a s  r e d u c e d  m o s t  b y  t h e  h i g h e s t  

r a t e s  o f  e a c h  n e m a t i c i d e .  

D I S C U S S I O N  

Y i e l d s  w e r e  n o t  a l w a y s  i m p r o v e d  b y  

t r e a t m e n t ,  f o r  t w o  r e a s o n s .  F i r s t ,  t h e  m a -  

t e r i a l s  w e r e  t o x i c  t o  t h e  c o t t o n  p l a n t s  

( T a b l e s  1, 4) .  S e c o n d ,  t h e  s y s t e m i c  a c t i v i t y  

o f  s o m e  o f  t h e  m a t e r i a l s  h a s  v e r y  l i t t l e  

e f f ec t ,  a n d  p e r h a p s  n o  l e t h a l  e f f e c t ,  o n  r o o t -  

T A B L E  4. Yield a n d  nema t ode  root  ga l l ing  of Acala SJ-4 cot ton as inf luenced by p rep lan t ing ,  p l a n t i n g  
and  pos tp l an t ing  t r e a t men t  wi th  nematic ides ,  a lone and  in combina t ions ,  u 

T r e a t m e n t  

Nematicide(s)  

F o r m u l a t i o n  Ra te  Yield of W N R *  

(liters (kg[a.i.] l in t  Mid-  Post- 
(kg/l i ter)  (% a.i.) /ha)  /ha)  (kg/ha)  season"  harves t  

Aldicarb  - 15 G - 4.5 1040 cd 27 7 b 
1,3-D 1.2 - 94 - 1369 a 0 6 b 
DPCP  + pic  - 30+60  - 7.6 1363 a 0 2 b 

- 3 0 + 6 0  - 3.8 1397 a 0 0 b 
DBCP - 8 6 E  - 3.8 1390 a 0 0 b 
Aldoxycarb  - 75 W P  - 2.25 1299 a 25 17 ab 

- - 4.50 1156 be 25 15 ab 
- - 6.75 980 d 38 22 ab  

A l d i c a r b z + D B C P  7 - - - 1 .1+2.25 1090 cd 25 15ab  
None  (unt rea ted)  . . . .  1262 ab  38 32"a 

LSD 0.05 129 NS 19 

uData are means  of e ight  repl icat ions.  W i t h i n  a coIumn,  means  followed by a le t ter  in c o m m o n  are no t  sig- 
nif icantly different  according to D u n c a n ' s  mu l t ip l e - r ange  test (P ~ 0.05). 
vWeighted  n e ma t ode  ra t ing:  0 = no gall ing, 100 = full  gall ing.  
WTomato bioassay on  soil samples.  
zApplied a t  p l a n t i n g  in the  seed furrow.  
YSidedressed five weeks af ter  p l an t ing .  
zIndicates low n e m a t o d e  popu la t ion .  
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TABLE 5. Yield and nematode root galling of Acala SJ-2 cotton as influenced by seed or at-planting in- 
furrow treatment with nematicides, w 

Treatment Yield WNR = 
rate Seed of lint 

Nematicide (kg[a.i.]/ha) furrow (kg/ha) MidseasonY Postharvest 

Aldoxycarb 1.12" S 773 89 79 
Aldoxycarb 0.56 ~ S 775 93 86 
Aldicarb 2.24 F 882 63 71 
Phenamiphos 3.36 F 884 50 83 
None (untreated) - 846 93 84 

LSD 0.05 NS 18 NS 

WData are means of eight replications. 
XWeighted nematode rating: 0 = no galling, 100 = full galling. 
7Tomato bioassay on soil samples. 
• Kg(a.i.)/ll2 kg of seed. 

k n o t  n e m a t o d e s  (2, 6); t ha t  is no t  to say, 
however ,  t ha t  the  sub l e tha l  effects are  of no  
value .  

T h e  resul ts  i nd i ca t e  t ha t  o rganophos -  
pha t e s  a n d  ca rbama te s  may  con t ro l  root-  
k n o t  nema todes  tha t  paras i t i ze  cot ton.  Bu t  
i t  is diff icult  to t ake  a d v a n t a g e  of the  ful l  
l e tha l  a n d  sub l e tha l  effects of these 
n e m a t i c i d e s  whife  a v o i d i n g  the i r  p h y t o t o x i c  
effects. W h e n  the nema t i c ide s  were  a p p l i e d  
before  p l an t ing ;  l e tha l  effects were  fu l ly  
u t i l i zed ,  a n d  sub l e tha l  effects on ly  pa r t i a l ly ,  
a u d  p h y t o t o x i c i t y  was la rge ly  avo ided .  At-  
p l a n t i n g  t r e a tmen t s  a p p a r e n t l y  were  no t  
ac t iva t ed  by  the  soil  wa te r  soon enough ,  and  
the  chemica ls  d i d  n o t  move  far e n o u g h  to 
k i l l  the  nematodes .  U n d e r  those cond i t ions ,  
sub l e tha l  a n d  p h y t o t o x i c  effects were 
grea ter .  P l an t s  g iven  p o s t p l a n t i n g  treat-  
men t s  d i d  n o t  benef i t  f rom p r e p l a n t i n g  
r e d u c t i o n  of  n e m a t o d e  p o p u l a t i o n s ,  b u t  
were  less suscep t ib le  to p h y t o t o x i c  effects 
a n d  m a y  have  prof i t ed  f rom the  systemic 

a n d  sub l e tha l  effects. U s i n g  those com- 
p o u n d s  before  p l a n t i n g  e l im ina t e s  one  of 
t he i r  poss ib le  advan tages  over  fumigants .  
T h e  ev idence  suggests t ha t  o rganophos -  
pha t e s  a n d  c a rba ma te s  func t ion  p r i m a r i l y  as 
con tac t  nemat ic ides ,  no t  as systemics, aga ins t  
r o o t - k n o t  nema todes  of co t t on  (6). 

I n t e g r a t i o n  of f u m i g a n t  a n d  o rganophos -  
p h a t e  or  c a r b a m a t e  n e m a t i c i d e s  in  a 
m a n a g e m e n t  p r o g r a m  to con t ro l  r o o t - k n o t  
n e m a t o d e s  on  co t t on  is wor th  fu r t he r  con- 
s ide ra t ion .  Even so, the  advantages ,  bio-  
logical  a n d  economic ,  of such i n t e g r a t i o n  
are  tenuous .  T h e  a p p a r e n t  y ie ld  increase  ob- 
t a i n e d  wi th  c o m b i n a t i o n  t r e a tme n t s  is 
usua l ly  no t  s ign i f ican t ly  h ighe r  t han  w i t h  
fumigan t s  a lone  a n d  i n d e e d  m a y  no t  jus t i fy  
the  e x t r a  cost of a d d i t i o n a l  m a t e r i a l s  a n d  
e q u i p m e n t .  Bu t  o r g a n o p h o s p h a t e s  a n d  
c a rba ma te s  a re  subs t i tu tes  for  or  ad junc t s  
to fumigants ,  no t  a l t e rna t ives .  Alone ,  the  
o r g a n o p h o s p h a t e s  and  c a rba ma te s  a re  in-  
a d e q u a t e  or  ineffect ive  more  of ten  t h a n  they  

TABLE 6. Yield and nematode  root gal l ing  of  Acala sJ-2 cotton as influenced by sidedressing wi th  aldi-  
carbY 

Treatment WNR x 
Rate Yield of lint 

Nematicide (kg[a.i.]/ha) (kg/ha) Midseason y Post-harvest 

Aldicarb 10G 8 1069" 60 66* 
None (untreated) - 900 64 87 

WData are means of twelve replications. 
~Weighted nematode rating: 0 = no galling, I00 = full galling. 
rTomato bioassay on soil samples. 
*Means in column are significantly different according to t-test (P ~ 0.01). 
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are useful. With fumigants, they may help 
increase lint yields in cotton. 
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Effects of Nematicide Placement on Nematode Populations 
and Soybean Yields 1 

N. A. MINTON,  M. B. PARKER, O. L. BROOKS, and C. E. PERRY 2 

Abstract: Four  methods of placement of DBCP (l ,2-dibromo-3-chloropropane) and a single 
method of application of e thoprop (0-ethyl S,S-dipropyl phosphorodi thioate)  wexe compared in 
each of two areas for control of nematodes on soybeans. One area was a Marlboro sand infested 
with Hoplolaimus columbus. T h e  other  area was a Fuquay loamy sand infested with Meloidogne 
incognita. Soybean yields were increased and numbers  of H. columbus in the row 0-20 cm deep 
were decreased similarly by all methods of DBCP application in Marlboro soil. All DBCP treat- 
ments  increased the average soybean yields and decreased numbers  of M. incognita larvae in the 
row 0-20 cm deep in the Fuquay soil. Average root-knot indices were reduced by all DBCP treat- 
ments  except with placement 40 cm deep beneath the row. Similarly, placement of all or pa r t  of 
the DBCP 20 cm deep and 13 cm to either side of the row resulted in greater average yields than 
placement of the DBCP 40 cm deep. Apparently,  control of M. incognita is more critical 0-20 cm 
deep than 20-40 cm deep for increasing soybean yields. DBCP did not control H. columbus as 
effectively as it did M. incognita. Control of H. columbus and M. incognita was not  obtained at 
0-20-cm and 20-40-cm depths 30 cm and 45 cm from the row regardless of the method used to 
apply DBCP. H. columbus and M. incognita were controlled more  effectively and soybean yields 
were higher  with DBCP at 13.6 kg a. i . /ha than with e thoprop at 4.5 kg a.i . /ha. Key Words: 
Glycine max, Meloidogyne incognita, Hoplolaimus columbus, root-knot nematode, lance nema- 
tode, DBCP, e thoprop.  
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Subsoiling and nematicide application 
in the planting row are being used increas- 
ingly for soybean (Glycine max) production 
in the United States. Yields may be im- 
proved by these practices on compacted soil 
infested with nematodes (7, 8). Application 
of liquid fumigant 30-40 cm deep behind 
the subsoiling shank has become standard 
practice on some farms. DBCP (1,2-dibromo- 
3-chloropropane) has been the fumigant 
used most commonly. Where subsoiling is 
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