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Abstract: For control  of the root -knot  nematode ,  Meloidogyne incognita, and  the pa thogen ic  
wi l t  fungus,  Fusariu~r~ oxysporum, on cotton,  soil fumigan t s  were app l i ed  in the field a t  con- 
ven t iona l  and h ighe r  rates. Conven t iona l  rates suppressed Fusa r ium wi l t  bu t  h ighe r  rates gave 
qu icker  early growth,  be t t e r  stands, less s tand loss over the season, a lower percentage  of p lan ts  
infected wi th  wil t ,  fewer p lan ts  wi th  vascular  discolorat ion,  and  fewer nematodes .  T h e  best 
t r e a tmen t  abou t  doub led  the yields of un t rea ted  controls  in one e x p e r i m e n t  and  q u a d r u p l e d  
them in another .  Key Words: Fusar ium wilt ,  Meloidogyne incognita, Fusarium oxysporum f. sp. 
vasinfectum, nematicides .  

The  Fusarium wilt-root-knot nematode 
disease complex of cotton was recognized in 
the eastern and southeastern parts of the 
United States before the turn o[ the century 
(l). Recognit ion in the western U. S. was 
comparatively recent (2, 5). T h r o u g h  the 
years, several reports by Smith and co- 
workers (11, 12, 13, 14, 15) have described 
the interrelations of Meloidogyne spp. and 
the Fusariunl wilt fungus. Two  recent 
reviews by Sasser (9) and Ebbels (3), sum- 
marizing this and much other  work, are 
indicative of present understanding of this 
impor tant  disease complex. 

In California the root-knot nematode is 
widely distr ibuted and commonly occurs 
in all cotton-growing areas (10). Fusarium 
oxysporum Schlect f. sp. vasinfectum (Atk.) 
Snyd. g¢ Hans., the Fusarium wilt  fungus 
that is virulent to cotton, is not  known to 
be widely distr ibuted in California; it has 
been found in only two counties (in the 
southern San Joaquiu  Valley). The  wide 
distr ibution of the nematode, however, pre- 
sents a potential  for widespread damage 
from this disease. We therefore conducted 
studies to develop an effective means of 
managing this disease complex. Some 
observations have been presented in pre- 
l iminary reports (4, 6). 

MATERIALS AND M E T H O D S  

Two  experiments were conducted on 
fields of Hesperia sandy loam (ca. 76% 
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sand, 17% silt, and 7% clay) naturally 
infested with the cotton root-knot nema- 
tode, Meloidogyne incognita Chitwood, and 
tile pathogenic wilt fungus. T h e  first used 
a split-plot design with four replications 
(Table  1). T h e  second study was in ran- 
domized complete blocks with treatments 
replicated four times (Table  2). Individual  
plots were four rows wide on l-m centers. 
Row length was 18 m in one experiment  
(Table 1) and 43 m in the other (Table  2). 

T h e  fumigants were used as described 
ill Tables 1 and 2: 1,3-dichloropropene 
and chloropicrin (1,3-D + pic); 1,3- 
dichloropropene (1,3-D); and 2-dibromo-3- 
chloropropane (DBCP). Immediately before 
preirrigation, 1,3-D + p i c ,  1,3-D, and DBCP 
were applied 45 cm or 30 cm deep in the 
row by tractor-mounted chisels. Acala SJ-1 
cotton (Gossypium hirsutum L.) was 
planted 26 days after t reatment  when the 
soil was in proper  condit ion and after the 
fumigants had dissipated enough to avoid 
phytotoxicity. 

Stand counts, plant height measure- 
ments, wilt readings, and soil sampling 
for nematode determinat ions were made 
periodically during the season. T h e  pre- 
t reatment populat ion of cotton root-knot 
nematode was estimated by bioassay in the 
following manner:  Soil samples were col- 
lected at random from throughout  the two 
test areas. T h i r t y  plastic containers (0.5 
liter) were filled with soil from each test 
area, and a tomato was grown in each con- 
tainer for 6 weeks. T h e n  the root  of each 
plant was rated on a 0-4 scale, from no 
galls to completely galled. These ratings 
were weighted to emphasize the differences 
between them and converted to a 0-100 
scale. T h e  weighted nematode rat ing 
(WNR) was the average rat ing of the 30 
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TABLE 2. Interaction of Meloidogyne incognita and Fusarium oxysporum on SJ-I cotton as influenced 
hy treatment with 1,3-D + chloropicrin, 1,3-D, and DBCP. 

Yield Wilt WNR ~ 
Formulation Rates lint % dis- Mid- After 

Treatment (kg (a.i.)/liter) (liter/ha) (kg/ha) colored" Severity b season harvest 

1,3-D + pic 1.27 140 826 34 .8 0 10 
1,3-D 1.20 140 682 41 1.0 0 18 
1,3-D 1.20 94 558 45 1.3 0 38 
DBCP 1.45 7 434 69 2.4 1.3 48 
Untreated -- 0.0 355 83 3.00 33 71 
LSD 0.05 184 25 1.1 33 39 

"Vascular discoloration percent of 30-plant sample, mean of 4 replications. 
hMean of 4 replications: 0 = clean; l = light; 3 = medium; 5 = dark; 10 = dead. 
~Weighted nematode rating: 0 = no galls; 100 = completely galled. 

plants  f rom each test area. Thus ,  the pre- 
t r ea tment  W N R  of 100 for expe r imen t  1, 
and  90 for expe r imen t  2, represent  the 
init ial  p o p u l a t i o n  in  ead l  test area, and 
show that  the p re t rea tmen t  p o p u l a t i o n  was 
h igher  in exper imen t  1 than  in expe r imen t  
2. Nea r  midseason (June), similar bioassays 
were made  to de te rmine  the early effective- 
ness of the fumigants .  Soil samples were 
collected f rom all plots, and  the composi ted  
samples f rom each p lo t  were a r ranged  on  
the greenhouse  bench  in the same design 
as in the field exper iment .  T h e  effects of  
fumiga t ion  on  the roo t -knot  nematodes  
were demons t r a t ed  by the average W N R  of 
t oma to  plants  g rown in the soils f rom each 
exper iment .  

At  the end of the season, co t ton  plants  
in the field plots were ra ted  for Fusa r ium 
wilt  on  the basis of  leaf symptoms and  
stem and  root  discolorat ion.  T h e  co t ton  
was machine-p icked twice f rom the first 
exper iment  and once f rom the second. 
Immedia t e ly  after  harvest  the tops o[  the 
co t ton  plants  were shredded wi th  a ro ta ry  
stalk cutter,  the roots were d u g  wi th  a 
t rac tor -drawn lifter, and  30 plants  f rom 
each plot  were ra ted  for roo t -knot  n e m a t o d e  
infect ion.  

R E S U L T S  

General ly,  the plots t rea ted  wi th  fumi- 
gants,  compared  wi th  un t rea ted  plots, gave 
more  early growth,  bet ter  init ial  stands, less 
loss of  s tand over the season, a lower per- 
centage of  plants  infected wi th  wilt, fewer 
plants  wi th  vascular  discolorat ion,  and  
fewer nematodes ,  as evidenced by the W N R  

o[ t oma to  plants  at  midseason and  co t ton  
plants  after harvest  (Tables  1 and  2). 
Specifically, Fusa r ium wilt  symptoms in the 
leaves of the co t ton  plants  were great ly  
reduced by all t reatments .  Wi l t  percent  and  
wilt  severity decreased with a decrease in 
W N R .  T h e  corre la t ion  coefficients for 
W N R  vs. wil t  percent ,  and  ~WNR vs. wilt  
severity were respectively (r = 0.74**) and  
(r = 0.59*) in the spli t-plot  exper imen t  
(Table  1), and  (r = 0.75**) and  (r = 
0.82**) in the r andomized  comple te  block 
exper imen t  (Table  2). These  exper iments  
inchtded  the s tandard  soil fumiga t ion  rates 
for cont ro l  o~ roo t -knot  n e m a t o d e  in Cali- 
fornia  co t ton  (8) (Table  2). H ighe r  than  
s tandard  rates were used in the split-plot 
expe r imen t  (Table  1). T h e  t r ea tment  used 
most  c o m m o n l y  by growers, D B C P  (7 
l i ters/ha) ,  and  tile slightly more  effective 
bu t  less c o m m o n l y  used t reatment ,  1,3-D 
(94 l i ters /ha) ,  suppressed this complex  dis- 
ease. T h e r e  was evidence, however,  tha t  the 
s tandard  rates were less effective than  the 
h igher  rates in cont ro l l ing  the disease. 
D B C P  at the s tandard  rate  in exper imen t  2 
(Table  2) gave only  a 22% yield increase 
over unt rea ted ,  whereas in  exper imen t  1 
(Table  1) the h igher  ra te  of D B C P  gave a 
significant 284% yield increase. T h e  1,3-D 
high rate  gave a 22 % yield increase over the 
s tandard  rate of  f,3-D, and  1,3-D + pic gave 
a significant 48% increase over the s tandard  
rate of  1,3-D. All t rea tments  except  D B C P  
at the low rate, resulted in l int  yields sig- 
nif icantly h igher  than in un t rea ted  controls.  
In  bo th  tests, the 1,3-D + pic gave the 
highest  yields, these being respectively 4.2 
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a n d  2.3 t imes  the  u n t r e a t e d  in  e x p e r i m e n t s  
1 a n d  2. 

Al l  t r e a t m e n t s  s u p p r e s s e d  c o t t o n  roo t -  
k n o t  n e m a t o d e  p o p u l a t i o n s  to s o m e  
e x t e n t ,  as e v i d e n c e d  by the  p r e t r e a t m e n t ,  
m idsea son ,  a n d  p o s t h a r v e s t  W N R .  T h e  
r e d n c t i o n s  in "~VNR, p a r t i c u l a r l y  those  a t  
m i d s e a s o n ,  i n d i c a t e  t he  e f fec t iveness  of  these  
t r e a t m e n t s ,  a n d  t h e y  a f ford  a basis  for  
j u d g m e n t  in d e t e r m i n i n g  t tseful  ways  of  
c o n t r o l l i n g  c o t t o n  r o o t - k n o t  n e m a t o d e .  

D I S C U S S I O N  

W e  i d e n t i f i e d  t r e a t m e n t s  t h a t  w i l l  in-  
c rease  c o t t o n  y ie lds  d r a m a t i c a l l y  i n  soils  
h a r b o r i n g  F u s a r i u m  w i l t  f u n g u s  a n d  roo t -  
k n o t  n e m a t o d e s .  O u r  r e su l t s  s u p p o r t  t h e  
h y p o t h e s i s  o f  a d i r e c t  r e l a t i o n  b e t w e e n  in- 
t ens i ty  of  r o o t - k n o t  n e m a t o d e  pa ra s i t i sm ,  as 
re f lec ted  by  ~ V N R ,  a n d  t h e  seve r i ty  of  
F u s a r i u m  wi l t .  

i f  c o t t o n  y ie lds  a r e  to  be  m a i n t a i n e d  at  
t h e  p r e s e n t  level ,  r o o t - k n o t  n e m a t o d e s  mt ts t  
c o n t i n u e  to be  c o n t r o l l e d .  I f  y ie lds  a re  to be  
inc reased ,  a l l  m e a n s  of  c o n t r o l  a v a i l a b l e  
( chemica l ,  c u l t u r a l  a n d  b i o l o g i c a l )  s h o u l d  
be  usetl  to k e e p  n e m a t o d e  n u m b e r s  l ow so 
t h a t  t h e  n e m a t o d e s ,  a c t i n g  a lone ,  d o  n o t  
cause  y i e ld  r e d u c t i o n s ,  and ,  as a c o m p o n e n t  
o f  t h e  F u s a r i u m  w i l t - r o o t - k n o t  n e m a t o d e  
c o m p l e x ,  d o  n o t  c o n t r i b u t e  to  th is  devas t a t -  
i n g  disease.  U n r e l e n t i n g  c o n t r o l  of  t h e  
n e m a t o d e  seems to be  t he  m o s t  p r a c t i c a l  
w a y  n o w  a v a i l a b l e  o f  l i n t i t i n g  t h e  seve r i ty  
o f  t he  F u s a r i u m  w i l t - r o o t - k n o t  n e m a t o d e  
c o m p l e x  d isease  of  co t t on .  Soi l  f u m i g a t i o n  
c o n t r o l s  r o o t - k n o t  n e m a t o d e  d r a m a t i c a l l y  
ant l  e f fec t ive ly ;  h o w e v e r ,  t o l e r a n t - r e s i s t a n t  
c o t t o n  c u l t i v a r s  can ,  w h e n  used  p r o p e r l y ,  
r e d u c e  f ie ld  p o p u l a t i o n s  of  n e m a t o d e s  (6) 
a n d  a t  t he  s a m e  t i m e  r e d u c e  w i l t  (4). W h e n  
fu l ly  effect ive ,  m a n a g e m e n t  o f  th is  d i sease  
c o m p l e x  wi l l  neces sa r i l y  c o m b i n e  a l l  ava i l -  
a b l e  m e a n s  o f  c o n t r o l l i n g  the  w i l t  o r g a n i s m  
a n d  the  n e m a t o d e s .  
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