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Abstract: Movement and persistence of 1,2-dibrotno-3-chloropropane (DBCP) in a Coastal Plain 
soil containing a sandy plow-pan were enhanced in each of 2 years by subsoiling, increased 
depth of application, and increased rate of application. DBCP was extracted from the soil with 
hexane and analyzed by gas chromatography. Subsoiling at a 35-cm depth gave the greatest in- 
crease in lateral movement and downward penetration of DBCP in 1975 (a wet year), but bad 
less effect in 1976 (a dry year). An increased application rate (10 kg/ha vs. 13.5) improved 
coverage moderately in 1975 by increasing lateral movement, but had little effect in 1976. In- 
creased application depth (18 vs. 35 cm) improved coverage in both years though more in 1976. 
Deep placement extended DBCP retention time. Rainfall in 1975 probably decreased the 
number and size of air-filled pores, slowing loss of 1)BCI' to the atmosphere. Because of reduced 
porosity, the plow-pan was impervious to the passage of DBCP unless disrupted by subsoiling. 
Key Words: subsoiling, soil porosity, soil fumigation, control. 

Effective fumigation of soils depends on 
maintaining toxicant at concentrations 
sufficient to incapacitate or kill target or- 
ganisms. Thus,  fumigant movement must 
be in directions which do not facilitate 
losses from the target zone. Some of the 
factors which influence the movement, per- 
sistence, and availability of fumigants are 
soil organic-matter content, soil tem- 
perature, soil moisture content, and soil 
porosity, all of which have been extensively 
reviewed by several authors (1, 4, 5, 12, 19). 

The  porosity of the soil surface over a 
fumigant injection line can be econom- 
ically decreased only by bedding or by using 
a heavy drag, because irrigation is not prac- 
tical. Since fumigants move through soil 
most quickly in the vapor phase (5), sealing 
the soil surface after fumigation inhibits 
upward fumigant movement to the atmos- 
phere by decreasing the number  and 
continuity of air-filled pores. Increases in 
soil moisture (i.e., rain) may give the same 
results, by filling soil pores with water and 
restricting fumigant movement in the soil 
more to the liquid phase (4). 

Some U. S. Coastal Plain soils have 
multiple soil horizons consisting of a loamy 
sand topsoil (20-25 cm) and a sandy clay 
subsoil. In addition, a highly compressed, 
sandy plow-pan layer (5-8 cm) is often 
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present between or within topsoil and sub- 
soil. An illustration of this three-layer soil 
i~as been published (9). Such a soil profile 
may affect the movement  of fumigants by 
iuhibiting downward penetration and 
lateral movement through the soil. 

A plow-pan layer contributes to cotton 
stunt (2, 9, 16), a syndrome involving an 
interaction of nematodes and restricted root  
penetration to greater, moister depths (9, 
18). Subsoiling at a 35-cm depth shatters the 
pan under tile planting row, allowing roots 
to reach the subsurface. Fumigant  nema- 
ticides are often injected dur ing subsoiling 
and the soil is immediately bedded after- 
ward both to prepare a moist seedbed and 
to seal the fumigant injection line. The  
fates of nematodes and nematicides after 
subsoiling are unclear. Some nematodes can 
increase in clay soils (13, 15), and the effects 
of subsoiling and placement depth have not  
been studied in soils with a plow-pan. 
O 'Bannon  and Tomer l in  (14), however, re- 
ported that fumigant  injection at a 20-cm 
depth in an artificial structureless soil gave 
better distribution than injection at 10 cm. 

This  study compares the relative im- 
portance of subsoiling, rate of application 
of DBCP, and depth of application on the 
movement and persistence of DBCP in a 
Coastal Plain layered soil. 

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

Plots were established on a Marlboro 
loamy sand (Typic Paleudult) at the 
Southeast Branch Experiment Station, 
Midville, Georgia, on April 28, 1975, and 
April 8, 1976. The  treatments for each year 
were adjacent. T h e  soil consisted of three 
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layers: a 20-25-cm loamy sand topsoil, a 
5-8-cm sand-textured plow-pan layer, and 
a sandy clay subsurface (Table  l). 

Treatments  each year were: (A) l0 kg 
DBCP (a.i.)/ha, injected at 18 cm, not  sub- 
soiled; (B) i0 kg D B C P / h a  injected at 18 
cm, subsoiled; (C) 10 kg D B C P / h a  injected 
at 35 cln, subsoiled; (D) 13.5 kg D B C P / h a  
injected at 35 cm, subsoiled. Subsoiling to 
a 35-cm depth  was done with a standard 
tractor-drawn 4-row subsoiler and bedder. 
In 1975, the DBCP for both application 
depths was applied by attaching plastic 
tubing of the proper  length to the shank of 
the subsoiler. In 1976, DBCP at the 18-cm 
depth  was applied by attaching fumigant 
lines to ammonium knives attached ad- 
jacent to the subsoiling chisels. Nemagon 
(DBCP) 12.1C from a 19-liter d rum was 
dispensed by a Reddick gravity-flow appli- 
cator and rates were adjusted by varying 
orifice sizes in the Reddick valves. In 1975, 
beds were leveled immediately after DBCP 
applications, and in 1976 they were left for 
four weeks. All samples were taken from 
leveled sections of beds. Treatments  were 
applied in 30-m strips on land not  previ- 
ously subsoiled. 

Each 30-m strip was divided into 10-m 
sections, each of which was sampled at three 
places on each date. Values are the averages 
of the three samplings per treatment.  Rows 
within treatments were spaced 95 cm apart, 
and only the outer  side of the outer rows 
was sampled. Outside rows between treat- 
ments were about  4 m apart to prevent  
overlap of diffusing fumigant.  T h e  plot was 
fallowed for the durat ion of the experi- 
ment. 

Soil-core sampling for determinat ion of 
DBCP concentrations was standardized by 
using a board that held five vertical guide 
tubes 7.5 cm apart. Plots were sampled by 

TABLE 1. Characteristics of soil horizons from 
Station, Midville, Georgia. 
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placing a marked point  on the board over 
the injection line and removing soil cores 
with a soil-sampling tube 90 cm long and 
2 cm in diameter  (Fig. 1). 

T h e  sampling and DBCP extraction 
procedures were as follows. Glass jars of 
125-ml capacity with aluminum-lined screw 
caps were partially filled with 25 ml 
pesticide-grade hexane + 25 ml water. All 
jars were transported to the exper iment  site 
after tile liquids were added. After a 50-cm 
soil core was taken with the sampler, the 
core was subdivided successively into sec- 
tions comprising the depths of 5-10, 15-20, 
25-30, 35-40, and 45-50 cm. Twenty-five 
samples were taken from each of three areas 
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FIG. 1. Scheme of sampling to obtain soil cores 
for DBCP extraction. Solid circles represent centers 
of sampled cores; shaded areas indicate size of cores. 

experimental plots at the Southeast Branch Experiment 

Sand ~ Silt ~ Clay" Bulk Particle Porosity 
Layer (%) (%) (%) density b density b (%) 

Topsoil 86.2 10.8 3.0 1.56 2.65 41.1 
Plow-pan 85.0 10.0 5.0 1.79 2.59 30.9 
Subsoil 46.3 11.8 41.9 1.62 2.73 40,7 

"Bouyoucos hydrometer method. 
bBulk density and particle density expressed in g/cm3. 
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in each treatment (Fig. 1), and the 5-cm 
soil cores were placed in the hexane + 
water in the jars. In 1975, sampling was 
performed 8, 16, 29, 5(1, and 72 days after 
treatment; in 1976, samples were taken 8, 
16, 29, 50, and 77 days after treatment. 
Spots sampled in each area were at least 80 
cm from any other previously sampled 
areas, to minimize distortion of diffusion 
patterns in undisturbed portions. 

After sampling was completed on each 
date, the jars were transported to the lab- 
oratory and placed in a freezer to separate 
the water and soil conlponents from the 
hexane (14). After the water was frozen, 
the hexane was decanted into test tubes 
with Teflon-lined screw caps. A small 
amount  of anhydrous sodium sulfate was 
added to each tube to absorb any remaining 
water. Extracting soil cores containing a 
known amount  of DBCP with the above 
procedure indicated that the shaking of the 
jars during transport back from the field 
plots (2.5 hr) was sufficient to extract 
75-80% of the soil DBCP; therefore, addi- 
tional shaking was not performed. 

Concentrations of DBCP were deter- 
mined by gas-chromatography analysis wittl 
techniques of Johnson and Lear (11). The  

analyses were made on either a Tracor  
MT-220 or one of two Tracor  550 gas 
chromatographs equipped with electron- 
capture detectors and utilizing glass 
colunlns packed with 3% OV-1 on 
Anakrom ABS (100-200-mesh) or with 
1.5% OV-17 and 1.95% OV-210 on 
Anakrom ABS (80-100-mesh). 

RESULTS 

Movement  o[ DBCP in a soil 
with a hardpan 

Subsoiling vs. no subsoiling (Treatments  
A vs. B): hi 1975, subsoiling accounted for 
the greatest differences between treatments 
(Figs. 2-5: A, B), when isoconcentration 
lines of 0.1 t~g/DBCP/g oven-dried (OD) 
soil were drawn. This concentration was 
selected to show DBCP movement because 
0.1 ~g DBCP/'g OD soil, when maintained 
for 7 weeks, is an effective dose for control 
o[ Meloidogyne javanica (8). In 1975, the 
greatest penetration below 30 cm occurred 
with the subsoiled treatlnent (B), whereas 
the unsubsoilcd treatment (A) had little 
penetration below 30 cm, al though the 
concentration laterally was comparable for 
both treatments during the first 16 (lays 
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centages indicate percent of sampled soil plane infiltrated by at least 0.l #g DBCP/g OD soil. A) l0 kg 
DBCP/ha applied 18 cm deep, not subsoiled; B) 10 kg DBCP/ha 18 cm deep, subsoiled; C) 10 kg DBCP/ha 
35 cm deep, subsoiled; D) 13.5 kg DBCP/ha 35 em deep. subsoiled. 
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after appl icat ion (Figs. 2, 3). At 29, 50, and 
72 days after treatments,  t rea tment  A 
showed greater reduct ion in lateral expan- 
sion of 0.1 tzg D B C P / g  OD soil than 
t rea tment  B. T r e a t m e n t  A at 29 days 
covered only about  one-third the area of 
t rea tment  B (Fig. 3). 

Subsoiling in 1976 failed to improve 
coverage substantially over that  in unsub- 
soiled plots; there was little downward 
penetra t ion or lateral movement  (Figs. 2-5, 
A, B). Isoconcentrat ion profiles were similar 
[or most sample dates, and the areas covered 
were nearly equal  in size. After 29 days, the 
subsoiled t rea tment  B covered 16% of the 
sampled soil plane, while the unsubsoiled 
t rea tment  A covered 13%. Patterns of 
diffusion for both  t reatments  in 1976 ap- 
parent ly were mostly upward toward the 
soil surface and into the atmosphere,  since 
expansion of fumigated areas was greatest 
at the 5-10-cm level (Figs. 2-4: A, B). 

Depth of DBCP application (Treatments 
B vs. C): T h e  depths of appl icat ion (18 or 
35 cm) in 1975 had little effect on the per- 
centage of the soil profile covered by a 0.1 
/~g D B C P / g  OD soil concentration.  Lateral  
movement  and downward penetra t ion fol- 
lowed a similar pa t tern  th roughout  the 

3, July 1978 

sampling period (Figs. 2-5: B, C). In  1976, 
however, DBCP placed at 18 cm (Figs. 2-4: 
B) moved little downward or laterally, 
whereas placement  at 35-cm (Figs. 2-4: C) 
gave greater downward penetra t ion and 
somewhat  greater lateral movement .  In 
general, deep placement  gave 2 - 3 x  as much  
coverage as shallow placement.  

Rate of DBCP application (Treatments 
C vs. D): Increasing the appl icat ion rate of 
DBCP (10 vs. 13.5 kg (a.i .)/ha) improved 
coverage consistently in 1975 (Figs. 2-4: C, 
D), but  differences were most pronounced  
50 days after t rea tment  applicat ions (Fig. 
5: C, D), where the greater concentrat ion 
of the higher rate main ta ined  large infil- 
trated areas. In 1976, increasing the rate  of 
appl icat ion resulted in little improvement  
in coverage. 

Soil temperature and moisture: Soil en- 
v i ronmenta l  iactors were generally quite 
different between the two years• M a x i m u m  
soil t empera ture  at a 10-cm depth  was 
usually higher in 1975 than in 1976. Soil 
moisture  content  dur ing the first 16 days 
after DBCP appl icat ion was higher in 1975 
than in 1976, because of more  rainfall  dur- 
ing the first five months  of 1975. T h e  yearly 
difference is more pronounced when daily 
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ra infa l l  is e x a m i n e d  for the first 19 days 
af ter  D B C P  a p p l i c a t i o n  (Fig. 6). F r e q u e n t  
r a in fa l l  occur red  in the first 19 days af ter  
t r e a t m e n t  and  to ta led  a b o u t  4 cm; in the 
c o m p a r a b l e  pe r iod  in 1976, no r a in  oc- 
cnrred  un t i l  the 17th day. 

Persistence of DBCP in a Marlboro 
loamy sand Coastal Plain soil 

W h e n  concen t r a t ions  at each of the 
s amp l ing  poin ts  were  p lo t t ed  against  t ime  
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FIG. 6. Rainfall per day at the Southeast Branch 
Experiment Station, Midville, Georgia, during the 
first 19 days after treatment applications. 

and  in t e rpo l a t ed ,  D B C P  accun lu l a t i on  at 
most  s ampled  areas r eached  a m a x i m u m  
one to two weeks af ter  D B C P  app l i ca t ion .  
T h e  p r e p o n d e r a n c e  of  exposure  to D B C P  
was greatest  in the first 4 weeks af ter  appl i -  
cat iou,  regardless  of the  way it was appl ied .  
T h e  effectiveness of a fun i igan t  depends  
not  only on its ra te  and  d i r ec t ion  of move-  
m e n t  b n t  also on its a c c u m u l a t i o n  and  
persis tence at any pa r t i cn l a r  po in t  in  the 
soil. T h i s  persis tence is genera l ly  quan t i f i ed  
by d e t e r m i n a t i o n  of dose as a c u m u l a t i v e  
c o n c e n t r a t i o n  for a g iven  t ime  (17, 21), 

or  ~ [DBCP],  where  t = in i t i a l  day, n = 
t -  I 

n u m b e r  of  days, and  [DBCP] = concentra-  
t ion  of  D B C P  in ~ g / g  O D  soil. Thus ,  by 
p lo t t i ng  concen t r a t ions  over  t ime and  inter-  
po l a t i ng  the points ,  doses can be ca lcu la ted  
by d e t e r m i n i n g  the area unde r  each curve.  
T h e  cr i t ical  va lue  for cont ro l  of la rvae  of 
roo t -kno t  nematodes ,  Meloidogyne spp., has 
been  d e t e r m i n e d  as 4-6  /zg-days/g O D  soil 
(8, 91). Dose d e t e r m i n a t i o n s  are g iven  in  
T a b l e  2. 

As in d e t e r m i n a t i o n s  of  the pe rcen tage  
of the soil p l ane  covered  (Figs. 9-5), avail-  
able  doses for the first 28 days va r i ed  
cons iderably  be tween  years and  w i t h  changes 

TABLE 2. Doses (#g-days/g oven-dried soil) of DBCP in sampled areas during the first 28 clays after 
application of treatments." 

Treatment b 

A B C D 
Depth, distance (cm) ~ 1975 1976 1975 1976 1975 1976 1975 1976 

5-10, 7.5 18 39 23 33 21 60 42 66 
15-20, 7.5 29 28 122 24 88 28 123 42 
25-30, 7.5 32 2 73 5 67 21 139 25 
35-40, 7.5 0 0 46 0 48 7 103 7 
45-50, 7.5 0 0 10 0 11 2 13 1 

5-10, 15.0 12 5 22 12 20 7 28 12 
15-20, 15.0 12 3 41 5 38 9 99 12 
25-30, 15.0 14 0 75 1 68 4 147 13 
35-40, 15.0 0 0 18 0 22 2 37 5 
45-50, 15.0 0 0 5 0 13 0 15 1 

5-10, 22.5 0 0 3 0 2 0 11 0 
15-20, 22.5 6 0 12 0 9 0 16 1 
25-30, 22.5 0 0 14 0 15 0 11 0 
35-40, 22.5 0 0 2 0 10 0 7 0 
45-50, 22.5 0 0 0 0 0 0 1 0 

"Values of zero indicate no detection by GLC instruments. 
"A = 10 kg DBCP/ha applied 18 cm deep, not subsoiled; B = 10 kg DBCP/ha applied 18 cm deep, sub- 
soiled; C = 10 kg DBCP/ha applied 35 cm deep, subsoiled; D = 13.5 kg DBCP/ha applied 35 cm deep, 
subsoiled. 
"Sample depths and distances from injection line. 
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in appl icat ion methods (Table  3). Subsoil- 
ing greatly improved DBCP persistence at 
lower depths in 1975, but  had little effect 
in 1976. Increasing the depth  of appl icat ion 
improved persistence much more in 1976 
than in 1975, while appl icat ion rate in- 
creases in both years enhanced persistence. 

After the doses were calculated, the in- 
format ion was plotted on the soil plane to 
determine the zones of effective doses, and 
the resultant  areas were converted to per- 
centages (Table  3). T h e  results are similar 
to those shown by exantinat ion of concen- 
trations: subsoiling was the major  factor in 
a t ta ining a larger zone of control ( ~  5 /~g- 
days /g  soil) in 1975, whereas in 1976 deeper 
DBCP placement  gave the greatest increase. 

DISCUSSION 

Subsoiling plus deep placement  resulted 
in the best coverage in both  years, but  tim 
effect was nmre pronounced in 1976 than 
in 1975. Either appl icat ion technique or 
soil moisture conditions may account for 
the difference. Some of the DBCP placed at 
18 cm in the sul)soiling line in 1975 (Treat-  
ment  C) may have trickled below that  level, 
accounting for relatively little difference 
between appl icat ion depths. On the other 
hand, personal observation suggests that  
the act of subsoiling may create substantial  
air pockets in soil. Thus,  liquids applied 
slightly to the side of the subsoiler may still 
trickle into subsoiling spaces. 

Increasing appl icat ion rate did not  ap- 
preciably increase the zones of DBCP 
coverage (Figs. 2, 3, 4). Youngson and 
Goring (22), Wal la  (20), and Hodges and 

TABLE 3. Percentage of the soil profile covered 
by a dose of DBCP of at least 5.0 #g-days/g oven- 
dried soil during the first 28 days after treatment 
applications. 

Treatment 1975 1976 

A) 10 kg DBCP/ha, applied 18 
cm deep, not subsoiled 23.6% 10.6% 

B) 10 kg DBCP/ha, applied 18 
cm deep, subsoiled 45.2% 13.5% 

C) I0 kg DBCP/ha, applied 18 
cm deep, subsoiled 50.5% 21,1% 

D) 13.5 kg DBCP/ha, applied 35 
cm deep, subsoiled 55.3% 28.8% 

3, July 1978 

Lear (7) all observed that  increasing the 
rates of DBCP appl icat ion did little to 
enlarge the zone of effective treatmeut,  al- 
though the resul tant  concentrations in the 
area were generally higher. Wi th  regard to 
increasing appl icat ion depth, Gilpatr ick el 
al. (3) and Yonngson and Goring (22) 
reported that control was likely to be better  
at the level of appl icat ion than at shallower 
depths. 

T h e  ability of DBCP to move througl~ 
the plow-pan and the clay subsoil was not 
precisely determined,  because the sampling 
technique was not structured to take 
samples exclusively front each horizon and 
the pan. Nevertheless, movement  through 
sandy clay occurred readily (Figs. 2-5), 
since the porosity of the subsoil was about  
the same as that  o[ the topsoil (Table  1). 
T h e  inabili ty of the fumigant,  however, to 
move below the plow-pan even in 1975, 
suggests that  this layer interfered with 
downward penetrat ion.  Tay lo r  antt Gardner  
(18) found that  a plow-pan prevented the 
penetrat ion of cotton roots to deeper soil, 
pr imari ly as the result of a synergistic action 
of bulk  density and moisture, producing 
greater soil strength (18). In this study, 
bulk density was much higher in the plow- 
pan than in the adjacent  layers, and since 
particle densities were similar, the porosity 
of the plow-pan was lower. Consequently, 
less water  was required to prevent  funtigant 
movement .  T h e  reasoning agrees with that  
of T u r n e r  (19), who observed  a positive 
correlation of low porosity with low nema- 
tode control. Youngson and Gor ing  (22) 
found that  lowered porosity decreased con- 
trol of Meloidogyne spp., and Vqalla (21) 
reported that  a plowsole prevented down- 
ward penetra t ion of DBCP even with 
higher appl icat ion rates. 

Soil moisture content  has been im- 
plicated in variabi l i ty of fumigant  
effectiveness. Henry 's  Law demonstrates  
that  at 20C, 163.8 times as much  DBCP will 
be dissolved in a volume of water  as in an 
equal  volume o[ air (5). Thus ,  low soil 
moisture  will likely allow the release of 
more fumigant  into soil air, and quick 
diffusion out  of the soil. Soil moisture  con- 
tent was influenced probably  by rainfall .  In  
1975, rainfall  occurred regularly dur ing  the 
first 17 days after t rea tment  applications, 
while in 1976, no ra in  £ell dur ing the com- 
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parab le  per iod  u n t i l  the 19th day (Fig. 6). 
I n  fact, in  1976 there were several com- 
p la in t s  f rom growers in  Georgia  tha t  
f umiga t i on  wi th  DBCP d id  no t  provide  ade- 
qua te  n e m a t o d e  control  (J. L. Crawford,  
pers. comm.).  Hodges (6), us ing  i r r iga ted  
plots, found  tha t  DBCP m o v e m e n t  was 
enhanced  when  i r r iga t ion  water  was app l i ed  
immedia t e ly  after in jec t ion .  He  reasoned  
that  a d d i t i o n  of water  p reven ted  r ap id  
upward  m o v e m e n t  of DBCP and  fur ther  
r eco tnmended  that  i r r iga t ion  be per formed  
w i t h i n  5-10 days of f u m i g a n t  app l ica t ion .  

Since i r r iga t ion  is no t  feasible in  most  
areas, the c o m b i n a t i o n  of s t tbsoi l ing fop 
lowed by deep p lace lnen t  of fumigants ,  i n  
soils wi th  a p low-pan or s imi lar  imperv ious  
layer, should  give the most  effective 
n e m a t o d e  control .  

Adequa te  soil f u m i g a t i o n  practices de- 
pend  on  es tabl i sh ing the dose necessary to 
incapac i ta te  or kil l  a given n e m a t o d e  
species. W h e n  doses for cer ta in  po in ts  of 
the soil profile are ca lcula ted  and  then  
compared  wi th  k n o w n  lethal  doses for a 
pa r t i cu la r  n e m a t o d e  species, a "zone of k i l l "  
can be de t e rmined .  U n f o r t u n a t e l y ,  rela- 
t ively l i t t le  i n f o r m a t i o n  is ava i lab le  on  the 
toxici ty of DBCP to most  p lan t -paras i t i c  
nematodes .  G o r i n g  (4), after expos ing  vari- 
ous nematodes  to in i t i a l ly  k n o w n  quan t i t i e s  
of DBCP for 7-1,t days, found  large differ- 
ences in sensi t ivi ty (most to least sensitive): 
Tylenchorhynchus sp., Meloidogyne sp. 
(L2), Belonolaimus sp. = Hemicycliophora 
sp. = Rotylenchulus sp., Hoplolaimus sp., 
Pratylenchus sp., llotylenchus sp., Het- 
erodera sp. (cysts a n d  larvae). Meloidogyne 
sp. was up  to 25 times as sensit ive as Roty- 
lenchus sp. Clear ly  no t  all  p lan t -paras i t i c  
nematodes  can be considered as one  in  
a t t e m p t i n g  to d e t e r m i n e  o p t i m u m  rates and  
opera t ions  for fumiga t ion .  

Subso i l ing  with deep p lacement  of the 
f u m i g a n t  is the me thod  most  l ikely to 
achieve adequa te  fumigan t  d i s t r i b u t i o n  in  
soils wi th  a plow-pan.  T h e  i n f o r m a t i o n  
presented here in  shou ld  help  in  de te rmin-  
ing  the best  app l i ca t ion  methods.  F u r t h e r  
eva lua t ion  of zones of effectiveness in  
re la t ion  to o ther  nematodes  besides 
Meloidogyne spp. will  also aid in re f in ing  
methods  of app ly ing  fumigants .  

L I T E R A T U R E  C I T E D  

1. BAILEY, G. W., and J. L. WHITE. 1964. Re- 
view of adsorption and desorption of organic 
pesticides by soil colloids, wi.th implications 
concerning pesticide bioactivity. Agr. Food 
Chem. 12:324-332. 

2. BIRD, G. W., O. L. BROOKS, C. E. PERRY, 
J. G. FIJTRAL, T. D. CANERDAY, and 
F. C. BOSWELL. 1974. Influence of sub- 
soiling and soil fumigation on the cotton 
stunt disease complex, Hoplolaimus columbus 
and Meloidogyne incognita. Plant Dis. Rep. 
58:541-544. 

3. GILPATRICK, J. D., S. T. ICHIKAWA, 
M. TURNER, and C. W. MCBETH. 1956. 
The effect of placement depth on the activity 
of Nemagon. Phytopathology 46:529-531. 

4. GORING, C. A. I. 1957. Factors influencing 
diffusion and nematode control by soil fumi- 
gants. Dow (;hem. Co. ACD Inform. Bull. No. 
110. 53 p. 

5. GORING, C. A. I. 1962. Theory and principles 
of soil fumigation. Pages 47-48 b~ R. L. 
Metcalf, ed. Advances in Pest Control Re- 
search, Vol. 5. 

6, HODGES, L. R. 1971. Distribution and 
persistence of 1,2-dibromo-3-chloropropane in 
soil. Unpublished Ph.D. dissertation. Uni- 
versity of California, Davis. 83 p. 

7. HODGES, L. R., and B. LEAR. 1973. 
Distribution and persistence of 1,2-dibromo- 
3-chloropropane in soil after application by 
injection and in irrigation water. Nematologica 
19:146-158. 

8. HODGES, L. R., and B. LEAR. 1973. Efficacy 
of 1,2-dibromo-3-chloropropane for control 
of Meloidogyne javanica as influenced by 
concentration, exposure time and rate of 
degradation, J. Nematol. 5:249-253. 

9. HUSSEY, R. S. 1977. Effects of subsoiling and 
oematicides on Hoplolaimus columbus popu- 
lations aml conon yield. J. Nematol. 9:83-86. 

10. JOHNSON, D. E., and B. LEAR. 1969. The 
effect of temperature on the dispersion of 1,2- 
dibromo-B-chloropropane in soil. J. Nematol. 
1:116-121. 

11. JOHNSON, D. E., and B. LEAR. 1969. 1,2- 
dibromo-3-chloropropane: recovery from soil 
and analysis by GLC. J. Chromat. Sci. 7: 
384-385. 

12. JURINAK, J. J. 1957. Adsorption of 1,2- 
dihromo-3-chloropropane vapor by soils. Agr. 
Food Chem. 5:598-601. 

13. NORTON, D. C., L. R. FREDERICK, P. E. 
PONCHII,LIA, and J. W. NYHAN. 1971. 
Correlations of nematodes and soil properties 
in soybean fields. J. Nematol. 3:154-163. 

14. O'BANNON, J. H., and A. T. TOMERLIN. 
1976. Efficacy of application on dispersion of 
1,2-dibromo-3-chloropropane in a Florida soil. 
Proc. Soil Crop Sci.. Soc. Fla. 35:90-93. 

15. PARKER, M. B., N. A. MINTON, O. L. 
BROOKS, and C. E. PERRY. 1975. Soybean 
yields and lance nematode populations as 
affected by subsoiling, fertility, and nemati- 
cide treatments. Agron. J. 67:633-636. 



224 Journal of Nematology, Volume 10, No. 

16. PARKER, M. B., N. A. MINTON, O. I.. 
BROOKS, and C. E. PERRY. 1976. Soybean 
response to subsoiling and a nenmticide. 
U. Ga. Agr. Exp. Sta. Res. Bull. 181. 22 p. 

17. SEINHORST, J. W. 1973. Dosage of nematicidal 
ftunigants and mortality of nematodes. Neth. 
J. Plant Pathol. 79:180-188. 

18. TAYLOR, H. M., and H. R. GARDNER. 1963. 
Penetration of cotton seedling taproots as 
influenced by bulk density, moisture content, 
and strength of soil, Soil. Sci, 96:153-156, 

19. TURNER,  G. O. 1970. The efficiency of Telone 
and Fumazone soil fumigants as influenced by 
soil air space. Down to Earth 26:19-24. 

20. WALLA, W. J. 1970. A technique for 
determining the diffusion patterns of 

3, July 1978 

1,2-dibromo-S-chloropropane under field con- 
tlitions and the resulting isodose contours of 
t w o  different application rates. Unpublished 
M.S. thesis. Texas Age M University, 72 p. 

21. WALLA, W. J. 1971. The effect of fieht applica- 
tion methods on the diffusion patterns of 
1,2-dibromo-3-chloropropane and the correla- 
tion of these patterns to control of the root 
knot nematode species Meloidogyne incognita. 
Unpublished Ph.D. dissertation. Texas A & M 
University. 66 p. 

22. YOUNGSON, C. R., and C. A. I. GORING. 
1961. Diffusion and nematode control by 
1,2-dibromoethane, 1,3-dichloropropene and 
1,2-dibromo-3-chloropropane in soil. Soil Sci. 
93:306-316. 

Resistant Host Responses to Ten California Populations of 
Meloidogyne incognita 

D, R. VIGLIERCHIO I 

Abstract: Resistant and susceptible cultivars of tomato, lima beans, cotton, and alfalfa were 
tested with 10 populations of Meloidogyne incognita from different California locations. Nine of 
the populations differed in aggressiveness ou the nine cultivars tested. Two populations were 
especially aggressive toward resistant tomato cuhivars. Key Words: resistant cultivars, tomato, 
lima bean, cotton, alfalfa, root-knot nematodes. 

T o m a t o  (Lycopersicon esculentum) cul-  
t i va r  ' V F N  8' has  d e m o n s t r a t e d  r e s i s t ance  to  
Meloidogyne incognita a n d  was g r o w n  o n  a 
m o d e r a t e  scale  as a c a n n i n g  t o m a t o  b e f o r e  
m e c h a n i z e d  h a r v e s t i n g .  A n  a d d i t i o n a l  l ine ,  
' L A  1221, '  was  d e v e l o p e d  as a r e d  c h e r r y  
t o m a t o  w i t h  m u l t i p l e  r e s i s t ance .  B o t h  cul-  
t ivars  a r e  k n o w n  to possess t h e  Mi g e n e  for  
r e s i s t ance  to  M. incognita. D i f f e r e n t  p o p u -  
l a t i o n s  of  MeIoidogyne spp.  a re  k n o w n  to 
v a r y  in  t h e i r  c a p a c i t y  to a t t a c k  hos t  p l an t s .  
T h e r e f o r e ,  i t  was  a p p r o p r i a t e  to tes t  t h e  
s u s c e p t i b i l i t y  of  these  r e s i s t a n t  t o m a t o  selec- 
t i ons  to  p o p u l a t i o n s  o f  M. incognita f l ' om 
d i f f e r e n t  a reas  o f  C a l i f o r n i a  ( i d e n t i f i e d  
h e r e i n  by  sou rce  area) .  I t  w o u l d  be  o f  v a l u e  
a lso  to c o m p a r e  t he  r e sponses  of  o t h e r  c r o p  
c u l t i v a r s  b e l i e v e d  r e s i s t a n t  to M. incognita, 
such  as Phaseohts vulgaris [baby  l i m a  cul-  
t i va r  ' M e z c l a '  (7)], Gossypium hirsutum 
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[ co t t on  c u l t i v a r  ' A  623 R N R '  (8)], a n d  
Medicago sativa [a l fa l fa  s e l e c t i o n  'Ed-9 ' ] .  

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

Seeds  w e r e  g e r m i n a t e d  a n d  s e e d l i n g s  
g r o w n  in  s a n d  i n  19 -cm-d iam c lay  p o t s  
u n d e r  g r e e n h o u s e  c o n d i t i o n s  a n d  w a t e r e d  
w i t h  o n e - h a l f  H o a g l a n d ' s  n u t r i e n t  s o l u t i o n  
as n e e d e d .  O n e  m o n t h  a f t e r  g e r m i n a t i o n ,  
each  s u s c e p t i b l e  s e e d l i n g  was  i n o c u l a t e d  
w i t h  1,000 second- s t age  l a r v a e  of  a p o p u l a -  
t i o n  o f  M. incognita, a n d  e a c h  r e s i s t a n t  
s e e d l i n g  w i t h  2,000 such  l a rvae .  E a c h  t rea t -  
m e n t  was r e p l i c a t e d  e i g h t  t imes ,  w i t h  o n e  
s e e d l i n g  p e r  po t .  T h e  10 M. incognita 
p o p u l a t i o n s  se l ec t ed  ( T a b l e  I) w e r e  a l l  
r e a r e d  i n i t i a l l y  on  s u s c e p t i b l e  t o m a t o  a n d  
f o u n d  to g ive  c h a r a c t e r i s t i c  p e r i n e a l  pa t -  
t e rns  (2, 11). P o p u l a t i o n s  g i v i n g  d e v i a n t  
p e r i n e a l  p a t t e r n s  w e r e  d i s c a r d e d .  P l a n t s  
w e r e  h a r v e s t e d  1 m o n t h  a f t e r  i n o c u l a t i o n ,  
a n d  t h e  r o o t s  of  e a c h  p l a n t  w e r e  e v a l u a t e d  
q u a l i t a t i v e l y  as g a l l e d  o r  n o t  ga l l ed .  G a l l e d  
roo t s  w e r e  s a m p l e d  for  species  c o n f i r m a t i o n ,  
a n d  t h e  p e r i n e a l  p a t t e r n s  p r o d u c e d  w e r e  
c o n s i s t e n t l y  t y p i c a l  o f  M. incognita. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

