
Nematode Control in Intensive Cropping: Rohde et al. 39 

14. JOHNSON, A. W.,  S. A. HARMON, and 
R. B. CHALFANT. 1974. Influence of organic pesti- 
cides on nematode and insect damage and on yield 
and grade of sweetpotato. Plant Dis. Pep.  58:239- 
243. 

15. JOHNSON, A. W., D. R. SUMNER, C. C. 
DOWLER. and N. C. GLAZE. 1976. Influence of 
three cropping systems and four levels of pest man- 
agement on populations of root-knot and lesion 
nematodes. J. Nematol. 8:290-291 (Abstr.). 

16. JOHNSON, A. W., D. R. SUMNER, and 
C. A. JAWORSKI. 1979. Effects of management 
practices on nematode and fungus populations and 
cucumber yields. J. Nematol. 11:84-93. 

17. OGIGA, I. R., and R. H. ESTEY. 1974. The  
use of meldola blue and nile blue A, for distinguish- 
ing dead from living nematodes. Nematologica 20: 
271-276. 

18. ROHDE, W. A., L. E. ASMUSSEN, E. W. 
HAUSER, and A. W. JOHNSON. 1979. Dissipation 
in soil and the movement of ethoprop from a small 
agricultural watershed. U. S. Dept. of Agr., Science 
and Education Administration, AR Series Publica- 
tion (in press). 

19. SUMNER, D. R., A. W. JOHNSON, N. C. 
GLAZE, and C. C. DOWLER. 1975. Disease, nema- 
tode, and weed control in intensive cropping systems. 
Ga. Agr. Res. 16(4):4-5, 7. 

Dispersion, Dissipation, and Efficacy of 
Methyl Bromide.Chloropicrin Gas vs. Gel Formulations 

on Nematodes and Weeds in Tifton Sandy Loam 1 
W. A. Rohde, A. W. Johnson, L. V. White, D. L. MCallister, and N. C. Glaze S 

Abstract: Dispersion, dissipation, and efficacy of gas and gel formulations of methyl bromide-  
ch loropicr in  (202, 269, 336, and 403 kg/ha) on nematodes and weeds on tomato were studied in 
field plots. Concentrations of methyl bromide and chloropicrin 4 hr  after soil treatment were 
greater at a depth of 15 cm than at 30, 45, or 60 cm. The concentrations of both chemicals 
decreased with lower doses, greater depths, and longer times after application. The gel formula- 
tion was more persistent than the gas formulation at both 336 and 403 kg/ha at depths of 30 
and 45 cm, especially 24 and 36 hr  after chemical application. Plant growth and yie ld  w e r e  im-  
proved  when nematodes and weeds were controlled. Key Words: multiple pest control. 

Nurseries and field soils frequently need 
fumigation to prevent infection of plants by 
soilborne pathogens. Methyl bromide (MB) 
has been used commercially to control soil- 
borne plant-pathogenic fungi for about 30 
yr. Fumigation with MB stimulates growth 
of plants primarily because it eliminates 
soilborne pests (3). However, stunting of 
certain crop plants grown in MB-fumigated 
soils has been observed repeatedly in sev- 
eral countries (4). 

Gas and gel formulations of methyl 

Received for publication 93 July 1979. 
aCooperative investigations of U. S. Department of Agri- 

culture, Science and Education Administration, Agricultural 
Research; University of Georgia College of Agriculture Ex- 
periment Station, Coastal Plain Station, Tifton; and Great 
Lakes Chemical Corporation, West Lafayette, Indiana. 

2Respectively Chemist and Nematologist, U. S. Depart- 
ment of Agriculture, Science and Education Administration, 
Agricultural Research, Coastal Plain Station, Tifton, Georgia 
31794; Director, Agricultural Chemicals Development and 
Governmental Affairs; Chemist, Great Lakes Chemical Cor- 
poration, West Lafayette, Indiana 47906, and Plant Physi- 
ologist, U. S. Department of Agriculture, Science and Edu- 
cation Administration, Agricultural Research, Coastal Plain 
Station, Tifton, Georgia 31794. 

No endorsements are implied herein, nor does mention 
ot a pesticide imply registration under FIFRA. 

bromide-chloropicrin (MBC) are available, 
but no information is available on the 
movement and dissipation of the gel formu- 
lation. Such knowledge would assist under- 
standing of plant growth stimulation and 
the stunting problem following fumigation. 
This study was done to: 1) measure the 
movement and dissipation of MBC in a 
Coastal Plain soil; and 2) study the influence 
of MBC on nematodes and weeds. 

MATERIALS AND METHODS 

Field plots were established in March 
1977 on Tifton sandy Ioam (75% sand, 
10% silt, 15% clay)naturally infested with 
Meloidogyne incognita (Kofoid 8e White) 
Chitwood, Macroposthonia ornata (Raski) 
de Grisse, Paratrichodorus (N.) minor 
(Allen) Siddiqi, and weeds (nutsedge, 
Cyperus esculentus; common bermudagrass, 
Cynodon dactylon; and Florida pursley, 
Riehardia scabra). Soil pH was 6,2 w h e n  
chemicals were applied. The soil contained 
approximately 1.0% organic matter (wet 



40 Journal of Nematology, Volume 12, No. 1, 

oxidation) and had a bulk density of 1.5- 
1.6 g/ml. Each experimental plot was a 
single bed of 1.8 x 15.2 m. Fertilizer (1120 
kg/A, 4-8-12, N-P-K) was broadcast and 
incorporated into the soil with a disk har- 
row. After land preparation, trifluralin 
(0.56 kg/ha) was incorporated in the top 
5-cm soil layer in all plots with a tractor- 
powered rototiller. A set of stainless-steel 
capillary probes (1.6 mm diam) terminating 
at depths of 15, 30, 45, and 60 cm were in- 
stalled in each plot. Each probe was fitted 
with a rubber septum aboveground to al- 
low withdrawal of air samples from the 
respective depths. Treatments were: 1) 
MBC gas (Terr-O-Gas 67, 67% methyl 
bromide, and 31.8% chloropicrin); 2) MBC 
gel (Terr-O-Gel 67, 67% methyl bromide, 
and 30.75% chloropicrin), each applied at 
202, 269, 336, and 403 kg/ha; and 3) un- 
treated control. Treatments were arranged 
in a randomized complete block design with 
three replicatlons. Soil chemical treatments 
were injected 15 to 20 cm deep with a 
tractor-drawn applicator with chisels 30 cm 
apart. Each chemical treatment was applied 
on the hour to expedite collection of gas 
samples. All plots were covered with black 
polyethylene (38 t~m thick) immediately 
after chemical application. 

The gas samples were analyzed by a 
I-Iewlett-Packard Model 5840 gas chroma- 
tograph (GC) using a flame ionization de- 
tector (FID). The gas samples were injected 
through an automated gas sampling valve 
with a 0.5-ml sample loop onto the analyt- 
ical column. The column used was alu- 
minum, of 0.64 cm x 0.91 m, packed with 
20% DOW II on 80/100-mesh chromosorb 
W HP. The temperatures of injection port, 
oven, and detector were respectively 90, 85, 
and 125 C; the carrier gas was nitrogen at 
50 ml/min.  The retention time of methyl 
bromide was 0.67 minutes. Calibrations with 
pure methyl bromide gave a straight-line 
response from concentrations of 920 to 
13,350 ppm in air. 

The plastic cover was removed from all 
plots on 25 April (37 days after chemical 
application), and 4 days later all plots 
were planted with tomato, Lycopersicon 
esculentum Mill. cv. Campbell-28, 56 cm 
apart in rows 1.8 m apart and 15.2 m long. 
All plants were sidedressed with 560 kg 
4-8-12, N-P-K on 16 May, and were 

January 1980 

sprinkler-irrigated with about 1.3 cm water 
per application on 29 April, 5 and 20 May, 
and 17, 2 I, and 22 June. 

Initial and final plant stands were re- 
corded on 2 June and 27 July. Plant growth 
indices were recorded on 2 June. All fruit 
was hand-harvested on 23 and 29 June and 
5, 11, 14, and 21 July, and recorded as 
marketable or cull, on the basis of size. 
Only marketable yield data are presented. 

Soil samples for nematode assays (20 
2.1 × 20-cm cores to form a composite 
sample) were collected from the root zone 
on 18 April, 5 May, and 21 July. Each 
composite sample was mixed thoroughly, 
and a 150-cm S aliquant was processed by the 
centrifugal-flotation method (2) to separate 
nematodes from the soil. 

Two plants from each plot were dug on 
2 June and rated for damage caused by M. 
incognita, on a 1-5 scale. After the final 
harvest, all plants were uprooted and rated 
for galls. 

Percent weed control and composition, 
based on a visual estimate for each weed 
species, were recorded 4 weeks after plant- 
ing. 

RESULTS 

Tables 1 and 2 give the concentrations 
(/zg/g) of methyl bromide and chloropicrin 
at various depths and time intervals after 
soil treatment. Both concentrations 4 hr 
after treatment were greater at a depth of 
15 cm than at 30, 45, or 60 cm. The concen- 
trations generally decreased with lower 
doses, greater depth, and longer times after 
application. The gel formulation at 403 
kg/ha gave higher concentrations (P = 
0.05) of methyl bromide 15 cm deep after 24 
and 36 hr, 30 cm deep after 24 and 36 hr, 
and 45 cm deep 36 and 48 hr after applica- 
tion than did comparable gas formulation 
treatments. The trend was similar for the 
gel formulation at 336 kg/ha 30 cm deep at 
24 and 36 hr and 45 cm deep at 24, 36, and 
48hr. Concentrations of methyl bromide at 
202 and 269 kg/ha were greater (P = 0.05) 
15 cm deep at 36 hr for gas than for gel. 
The concentrations of chloroplcrin 15 cm 
deep 4 hr after application of the gas formu- 
lation at 269 kg/ha were greater (P = 0.05) 
than the concentration in the comparable 
gel-formulation treatment. 



TABLE 1. Influence of dose, depth, and time after application on concentrations of methyl bromide in soil. 

Methyl bromide- 
chloropicrin treatment Concentration (#g/g) 

Rate 15-cm depth 
Formulation a (kg/ha) 4 hr 12 hr 24 hr  36 hr 48 hr 

30-cm depth 45-cm depth 60-cm depth 

4 h r  12hr 24hr 36hr 48hr 4h r  12hr 24hr  36hr 48hr  4 h r  12hr 24hr  36hr 48hr  

Control 
Gas 
Gas 
Gas 
Gas 
Gel 
Gel 
Gel 
Gel 

202 
269 
336 
403 
202 
269 
336 
403 

I_,SD 0.05 
LSD 0.01 

0.12 0 .07  0.04 0.02 0.01 
22,70 5 .23  2.21 2.21 0.57 
26.87 6 .65  2.77 2.77 0.82 
36.38 6 .73  1.99 1.08 0.74 
51.57 10.34 3.13 1.64 1.14 
3.02 1.64 0.54 0.09 0.05 
6.50 3.23 1.63 0.72 0.44 

37.75 6 .13  3.46 1.88 1.13 
49.95 11.99 6.60 2.83 1AS 
22.30 4 .87  3.01 0.99 ns 
30,83 6,74 0,00 1,37 ns 

0.04 0,06 0.01 0.02 0.00 
18.20 7.84 1.98 1.73 0.38 
14.91 6.75 4.52 2.47 1.44 
25.92 8.89 4.19 2.23 1.05 
39.93 6.22 4.17 3.19 2.00 
3.29 2 .01  0.97 0A5 0.25 
6.44 4 .21  2 .27 1.21 0.77 

23.42 10.55 8.05 4.55 2.88 
41.45 13.39 9.15 5.41 3.17 
15.84 ns 3.66 1.89 1AI 
21.82 ns 5.04 2.60 1.95 

0.14 0.04 0.05 0.06 0.02 
7.21 5.04 3.73 1.89 1.32 
2.52 5.50 4.50 3.22 2.36 
9,62 4.54 4.36 3.03 2.14 

20.32 I0.80 8.50 2.63 1.76 
1,19 1 .55  1.03 0.76 0.45 
2.72 2.96 2.14 1.49 0.95 

10,68 9 .81  7.80 5.67 4.05 
16.77 15.85 9,34 4,98 4.38 

ns 6 .07  2.70 1.98 1.76 
ns 8.39 3.75 2.73 2.42 

0.03 0.15 0.06 0.00 0.02 
1.58 2.71 3.23 2.38 1.91 
1.82 3.23 2.10 3.16 2.48 
2.30 4.30 4.02 3.I2 2.33 
3.40 5.50 6.65 3.59 2.28 
0.45 0.86 0.86 0.77 0.52 
0.78 1.30 1,41 1.20 0.87 
3.27 6,98 6.79 5.97 4.15 
2.98 7.83 8.18 4.03 4.01 ~" 

ns 3.98 2.98 3.26 2.48 t~ 
ns 0.00 4.12 0.00 0.00 m m 

• Gas = 67% methyl bromide and 31.8% chloropicrin; gel = 67% methyl bromide and 30.75% chloropicrin. 
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TABLE 2. Influence of dose, depth, and time after application on concentrations of chloropicrin in soil. 

Fo 

g~ 

-.-.h 

Methyl bromide. 
chloropicrin treatment 

Rate 
Formulationa (kg/ha) 

Concentrations (#g/g) 
15-cm depth 30-cm depth 45-cm depth 60-cm dep th .  

'3thr 12hr 24hr  36hr  48hr 4 h r  12hr 24hr 36hr 48hr  4 h r  12hr 24hr  36hr 48hr  4 h r  12hr 24hr  36hr 48hr  t~ 

Control 
Gas 202 
Gas 269 
Gas 336 
Gas 403 
Gel 202 
Gel 269 
Gel 336 
Gel 403 

LSD 0.05 
LSD 0.01 

0.52 0.00 0.00 0.03 0.04 
5.40 1.05 0.20 0.04 0.12 

11.18 1,55 0.65 0.04 0.00 
7.35 0.96 0.29 0.15 0.00 
9.98 2,71 0.65 0.31 0.00 
0.13 0.14 0.00 0.00 0.00 
1.57 0.29 0.45 0.06 0.24 
7.72 1,04 0.72 0.21 0.28 

15.75 2,20 0.77 0.20 0.31 
6.25 1.61 ns 0.19 ns 
8.68 m 

0.06 0.01 0.05 0.03 0.05 
0.90 0.49 0.22 0.08 0.05 
0.36 0.15 0.22 0.13 0.00 
0.63 0.85 0.54 0.17 0.00 
2.08 0.00 0.70 0.40 0.00 
0.50 0.09 0.20 0.06 0.11 
0.43 0.08 0.04 0.00 0.03 
1.45 0.51 0.13 0.38 0.77 
2.87 0.72 0.66 0.15 0.23 
1.73 ns ns 0.25 0.29 

- -  - -  0.41 

0.03 0.15 0.12 0.04 0.24 
0.53 0.33 0.24 0.02 0.12 
0.59 0.06 0.41 0.03 0.00 
0.36 0.07 0.32 0.11 0.00 
1.04 0.35 0.98 0.20 0.06 
0.15 0.29 0.47 0.I1 0.69 
0.11 0.00 0.02 0.00 0.00 
0.30 0.08 0.31 0.11 0.16 
0.72 0.29 0.23 0.I1 0.14 

ns ns ns ns ns 

0.09 0.31 0.00 0.09 0.40 
0.62 0.03 0.41 0.04 0.08 
0.20 0.00 0.04 0.00 0.00 
1.08 0.15 0.45 0.i6 0.00 
0.39 0.14 0.45 0.II 0.15 
0.06 0.05 0.I1 0.03 0.10 
0.45 0.22 0.45 0.06 0.15 '~  
0.64 0.14 0.38 0.02 0.72 ',o 
0.51 0.18 0.27 0.04 0.25 q~ 

ns ns ns ns ns 

aGas -- 67% methyl bromide and 31.8% chloropicrin; gel = 67% methyl bromide and 30.75% chloropicrin. 
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Initial  and final plant  stands were not  
affected by the chemical treatments; how- 
ever, the visual growth ratings were higher 
(P = 0.05) in treated plots (except gel 
formulat ion at 202 and 405 kg/ha)  than for 
untreated plots (Table  3). 

All gas treatments increased yield of 
marketable frui t  over the control, whereas 
only the 269-kg/ha gel t reatment  increased 
yields over those of the control (Table  3). 
No significant differences in yield occurred 
between similar rates of the gas and gel 
formulations, except at 202 kg/ha,  where 
the gas increased yield but  the gel did not. 
Trea tments  did not  influence the percent of 
total yield that was of marketable quality. 

T h e  numbers of P. minor, M. incognita 
and M. ornata were low, erratic, and not  
significantly (P = 0.05) different in plots on 
18 April (pretreatment).  Numbers  of P. 
minor and M. ornata remained low in all 
plots on 5 May, and were below detectable 
levels in all treated plots on 21 July. T h e  
numbers  of M. incognita were higher in 
untreated plots than treated plots. In soil 
samples collected after the final harvest, M. 
incognita in treated plots was present only 
in plots treated with the gel formulat ion at 
202 kg /ha  (data not  shown). 

Root-gall indices of plants were lower 
(P --- 0.05) for treated plots than for con- 
trois (Table  3). Galls were not  found on 
roots of plants on 2 June and 27 July from 
treated plots, except those treated with the 
gel formulat ion at 202 kg/ha.  Only a trace 

of galling was found on 27 July on roots 
from plots treated with the gel formulat ion 
at 269 kg/ha.  

Weed control was acceptable in all 
treated plots (Table  4). Percent weed con- 
trol was similar with the gas and the gel 
formulations. 

DISCUSSION 

Growers consider nematodes and soil- 
borne pathogenic fungi the greatest threat  
to vegetable product ion in the southeastern 
USA, since product ion sites are established 
on land previously cropped to corn, soy- 
beans, peanuts, and other  crops susceptible 
to several soilborne pathogens (5). Most of 
these pathogens inhabi t  the upper  30-cm 
soil layer (I). T h e  degree of nematode con- 
trol in our experiment  was related to the 
concentrations of methyl bromide and 
chloropicrin 15 and 30 cm deep 4 hr after 
chemical application. 

Control  of soilborne pathogenic fungi 
may possibly account for much of the 
growth and yield increase associated with 
our  experimental  treatments. We did not  
a t tempt  to measure the control of soilborne 
pathogenic fungi or bacteria; however, 
Munnecke et al. (7) accurately determined 
the dose responses of several fungi to methyl 
bromide fumigation in soil under  controlled 
laboratory conditions. 

Van Gundy  et al. (8) repor ted com- 
parable data for certain nematodes. In 

TABLE 3. Influence of methyl bromide-chloropicrin on tomatoes. 

Trea tment  Growth  Yield 
Rate index ~ No. plants/plot Root-gall indices e (metric 

Formulat ion ~ (kg/ha)  Jun.  2 Jun.  2 Jul.  27 Jun.  2 Jul.  27 ton/ha)  

Control  - -  3.0 d d 25 21 3.25 a 4.33 a 2.80 c 
Gas 202 4.4 abe 26 22 1.00 c 1.00 c 4.37 ab 
Gas 269 4.5 ab 25 21 1.00 c 1.00 c 4.00 ab 
Gas 356 4.8 a 24 22 1.00 e 1.00 c 4.73 a 
Gas 403 4.8 a 26 23 1.0O c 1.00 c 4.13 ab 
Gel  202 3,5 ed 25 22 1,75 b 2.16 b 2.78 c 
Gel 269 4.1 abc 26 22 1.00 c 1.08 c 4A9 ab 
Gel 336 4.5 ab 26 23 1.00 c 1.00 c 3.79 abe 
Gel 403 3.8 bed 26 23 1.00 c 1.00 c 3.53 be 

IGas = 67% methyl bromide and 31.8% chloropicrin; gel = 67% methyl bromide and 30.75% chloropicrin.  
bl-5 scale: 1 = poor growth, and 5 = excellent growth. 
el-5 scale: 1 = no galls, 2 = 1-25%, 3 ~ 26-50%, 4 = 51-75%, and 5 = 76-100% roots galled. 
Walues followed by the same letter indicate groupings of treatments that do not differ significantly at the 
5% level of probability according to Duncan's  multiple-range test. No letter indicates nonsignificance. 
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TABLE 4. Effect of methyl bromide-chloropicrin on weed control on tomatoes. 

Treatment Weed Percent composition of weed population 
Rate control Broadleaf 

Formulation ~ (kg/ha) (%)b Nutsedge ~ Bermudagrass ~ weeds" 

Control - -  0 78 4 18 
Gas 202 95 50 0 50 
Gas 269 95 83 0 17 
Gas 336 99 90 0 20 
Gas 403 97 56 0 44 
Gel 202 92 68 0 ~2 
Gel 269 86 60 0 40 
Gel 336 94 65 0 $5 
Gel 403 99 38 0 62 

• Gas = 67% methyl bromide and 31.8% chloropicrin; gel = 67% methyl bromide and 30.75% chloropicrin. 
~Based on a visual estimate of percent ground cover in each plot. 
"Cyperus esculentus. 
dCynodon dactylon. 
• Florida pursley (Richardia scabra). 

the i r  studies,  M. incognita i n  soil exposed 
to f lowing 600 p p m  methy l  b romide  became 
progressively less mot i l e  d u r i n g  38 hr;  in- 
fectivity ( tomato  bioassay) r e m a i n e d  h igh  
for 30 hr  and  then  decreased sharply.  

O u r  da ta  ind ica te  that,  at  a dep th  of 30 
cm, the gel f o r m u l a t i o n  at  336 a n d  403 
k g / h a  was more  pers is tent  t h a n  the gas 
f o r m u l a t i o n  24 a n d  36 hr  after  app l i ca t ion .  
T h e  gas f o r m u l a t i o n  gave h igher  concentra-  
t ions  t h a n  the gel f o r m u l a t i o n  at  202 a n d  
269 k g / h a .  T h e  greater  concent ra t ions ,  a n d  
possibly an  "overki l l "  of mycorrhizal  fungi  
(4), m i g h t  account  for the lower yields at  the 
h igher  doses f rom gel-treated plots t h a n  
f rom gas-treated plots. 

T h e  acceptable  cont ro l  of nematodes  
a n d  weeds wi th  b o t h  fo rmula t ions  of methy l  
b romide -ch lo rop ic r in  at  269 k g / h a  ind ica te  
tha t  tha t  dose seems adequa te  for Coastal  
P l a i n  soils. I n  soils wi th  nema tode - fung i  
complexes,  however,  greater  doses may  be 
r e q u i r e d  to cont ro l  cer ta in  so i lborne  fungi  
(6). O u r  da ta  ind ica te  tha t  methy l  b r o m i d e  
gel can be used to cont ro l  nematodes  and  
weeds in  tomato  p roduc t ion .  
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