
510 Journal o] Nematology, Volume 15, No 

water cul ture  me thod  for growing plants  wi thout  
soil. Calif. Agric. Exp. Sta. Circ. 347. 

8. Miller, T.  W., L. Charet ,  D. J. Cole, L. J. 
Cole, J. E. Flor, R. T.  Goegelman,  V. P. Gullo, H. 
Joshua,  A. J. Kempf,  "W. R. Krellwitz, R. L. Mon- 
aghan, R. E. Ormand,  K. E. Wilson, G. Albers- 
Schonberg, and I. Putter .  1979. Avermectins, a 
new family of potent  anthe lmint ic  agents: Isola- 
tion and chromatographic  properties.  Antimicrob.  
Agents Chemother .  15: 368-371. 

9. Nordmeyer,  D., and D. W. Dickson. 1981. 
Effect of oximecarbamates,  organophosphates ,  and 
one avermectin on the  oxygen uptake  of three 

4, October 1983 

Meloidogyne species. J. Nematol .  13:452 (Abstr.). 
10. Ostlintl, D. A., S. Cifelli, and R. Lang. 1979. 

Insecticidal activity of the anti-parasi t ic  avermec- 
tins. Vet. Rec. 105-168. 

11. Putter ,  J. G., I:. A. MacConne], F. A. Preiser, 
A. A. Haidri ,  S. S. Ristich, and R. A. Dybas. 1981. 
Avermectins: novel insecticides, acaricides and 
nematicides from a soil microorganism. Experien-  
tia 37:963-964. 

12. Sasser, J. N., T .  L. Kirkpatrick, and R. A. 
Dybas. 1982. Elficacy of avermectins for root-knot 
control  in tobacco. Plant  Dis. 66:961-695. 

Effect of Aldicarb, Ethoprop, and Carbofuran on Control of 
Coffee Root-knot Nematode, Meloictogyne exi9oa 1 

S. P. HUANG, 2 I. C. RESENnE, P. E. DE SOUZA, and  V. P. CAMPOS s 

Abstract: Egg hatch of Meloidogyne exigua was significantly inh ib i ted  in 14 days pretreat-  
men t  wi th  aldicarb, e thoprop,  or carbofnran  at  concentrat ions h igher  than  0.1 #g/ml;  these 
eggs were found to delay hatch  in 19 days pos t t rea tment  in e thoprop.  AIdicarb and carbofuran  
solutions at concentrat ions greater  than  0.1 #g /ml  significantly decreased the moti l i ty  and  
t h e  life span of the second-stage juveniles; a ldicarb was more toxic than  carbofuran to the 
nematode.  In  a field test, aldicarb (Temik 10G), e thoprop  (Mocap 10G), anti carbofuran 
(Furadan 5G and Furadan  Liquid  350F) significantly decreased M. exigua populat ions.  Key 
words: Coffea arabica, chemical control,  hatching,  motil i ty,  mortal i ty,  nematicides.  
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Meloidogyne exigua Goeldi, 1887 is 
widely dis tr ibuted in coffee plantat ions in 
Brazil. According to the est imation of the 
In terna t ional  Meloidogyne Project, the 
average annual  loss of coffee yield caused 
by Meloidogyne spp. in Brazil is 24% (6). 
Some Collea spp. are resistant to M. exigua 
(2), bu t  C. arabica, the most economically 
impor tan t  species of coffee in Brazil, is sus- 
ceptible. T h e  purposes of this work were 
to study the sensitivity of M. exigua egg 
hatch, juvenile moti l i ty  and morta l i ty  to 
nematicides, and to evaluate the efficacy 
of these nematicides for control of nema- 
todes in coffee plantations.  

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

Chemical preparations: Solutions of 
test chemicals (aldicarb, carbofuran,  and 
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ethoprop)  were prepared  f rom the com- 
mercial  product  as previously described 
(3). T h e  solutions were adjusted to 1,000 
t tg/ml and stored for up  to 1 week at 4 C. 
At the t ime of use, stock solutions were di- 
luted with distilled water  to 0.1, 1, 10, 50, 
100, and 500/~g/ml. 

Test nematodes: M. exigua was isolated 
from infected coffee roots and main ta ined  
on tomato  plants (Lycopersicon esculen- 
turn Mill. cv. Santa Cruz) under  greenhouse 
conditions. 

Egg hatch test: Egg masses were picked 
from infected tomato  roots and stored for  
up  to 4 days at 4 C before testing. T h e y  
were placed on two layers of tissue paper  
suppor ted  by 20-mesh plastic screen in a 
26-ml petri  dish containing 10 ml  of the 
test solution described above. T h e  egg 
masses were pre t rea ted  in the chemical  so- 
lutions for 14 days and then post treated in 
distilled water  for 19 days at 25 C, wi th  
daily changes of fresh solution or water.  
In  pre t rea tment ,  egg masses in distilled wa- 
ter without  chemical solution served as 
controls. Each t rea tment  was replicated 
five times with eight egg masses per repli- 
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cation.  Egg ha tch  was de t e rmined  by count-  
ing  the second-stage juveniles tha t  migra ted  
in to  each petri  dish. 

Motility test: Juveni les  were collected 
f rom the egg masses, i ncuba ted  in Baer- 
m a n n  funnels  for 24 hours,  and  tested im- 
mediately.  N e m a t o d e  mot i l i ty  was tested 
by using the Moje  technique  (4) in which 
the juveniles were exposed to 7 ml of  chem- 
ical solut ion (aldicarb or  ca rbofu ran  at 0.1, 
1, or  10 pg /ml )  in a 15-ml bot t le  for  24 
hours  at r o o m  tempera tu re  (23-28 C). T h e  
m o u t h  of the bot t le  was covered with two 
layers of tissue paper  and  then tu rned  up- 
side down in a 24-ml petri  dish con ta in ing  
12 ml of  the same test chemical  solut ion 
for ano ther  24 hours.  Moti l i ty  was expressed 
in percent  (the n u m b e r  of  juveniles tha t  
migra ted  into each petri  dish d iv ided  by 
the total n u m b e r  of jnveniles  exposed to 
the test chemical).  T h e  juveniles in distil led 
water  served as the control .  Each t r ea tmen t  
was repl icated six times. 

Mortality test: W i t h i n  24 hours  after  
egg hatch,  juveniles were exposed to 10 ml 
of test chemical  solut ion (aldicarb or  car- 
bofuran)  at 0.1, 1, 10, or  50 t~g/ml in a 
24-ml petri dish at 25 C; they were changed  
daily with fresh solution.  Juveni les  in dis- 
tilled water  served as the control .  Each 
t r ea tment  was repl ica ted  three times and  
each repl ica t ion con ta ined  100 + 19 nema-  
todes. Juveni les  were observed daily, and  
those showing no  m o v e m e n t  and  s t ra ight  
body form were considered dead. T h e  treat- 
men t  con t inued  unt i l  the day tha t  95% 
morta l i ty  was at ta ined.  

Field test: A field test was conduc ted  
in a 5-ha p lan ta t ion  con ta in ing  10,000 1,5- 
year-old Coffea arabica L. cv. M u n d o  N o v o  
trees heavily infected wi th  M. exigua. T h e  
soil was a ' cer rado '  type con ta in ing  41.5% 
sand, 7.2~'o silt, 47.2% clay, and  4.1% or- 
ganic mat te r  ( p H  = 5.3). T h e  commercia l  
products  (Temik  10G, M o c a p  10G, Fura- 
dan 5G, and F u r a d a n  L iqu id  350F) were 
appl ied at 1, 2, 4, and  6 g a.i . / tree, respec- 
tively. Nemat ic ides  were incorpora ted  in to  
the top 5-10 cm of  soil in a 1-m area sur- 
r o u n d i n g  the tree t runk.  Non t r ea t ed  trees 
served as controls.  T h e  t rea tments  were 
a r ranged  in r andomized  blocks with six rep- 
lications. N e m a t o d e  popu la t ions  (eggs and  
juveniles) in roots were assayed 45, 80, and, 
363 days after chemical  t rea tment .  

R E S U L T S  

Egg hatch: Egg ha tch  was inh ib i t ed  in 
the 14-day p re t r ea tmen t  by aldicarb,  etho- 
prop,  or  ca rbo fu ran  at concen t ra t ions  
h igher  than  0.1 tzg/nll (Tab le  1). Ald ica rb  
and  e t h o p r o p  were more  inhibi t ive  than  
ca rbofuran  to egg hatch,  bu t  there was no  
difference between aldicarb and  e thoprop .  

H a t c h  of eggs held  in distil led water  fol- 
lowing the 14-day t r ea tmen t  wi th  e t h o p r o p  
was delayed (Fig. 1). Also, a ldicarb or  car- 
bo f u ran  at the dosages h igher  than  10 /~g/ 
ml and  e t h o p r o p  at concen t ra t ions  h igher  
than  1 # g / m l  decreased the total n u m b e r  
of juveniles ha tched  f rom eggs exposed to 
pos t t rea tments  (Table  1). 

Motlity test: N e m a t o d e  mot i l i ty  was re- 
duced  in a ldicarb and  ca rbo fu ran  concen- 
t ra t ions  h igher  than  0.1 t~g/ml (Fig. 2). 
T h e  juveni le ' s  mot i l i ty  decreased as aldi- 

Table 1. Number of juveniles from eight egg 
masses of Meloidogyne exigua treated with three 
nematicides for 14 days and then transferred to 
distilled water for 19 days. 

Rate 
Treatments (#g/ml) 

Number of juveniles 
14 days in 

chemical 
solution 

14 days in and 19 days 
chemical in distilled 
solution water 

Untreated 
control 

Aldicarb 

Ethoprop 

Carbofuran 

429a* 620 ab 

0.1 281 bed 605 ab 
1 241 cd 733 a 

10 123 ef 242de 
50 36 g ND 

100 12 g 67 f 
500 6 g 198 ef 

0.I 339 b 540 ab 
1 212 d 412 cd 

10 58 fg 271 de 
50 30 g 326 dc 

100 12 g 163 ef 
500 13 g 154 ef 

0.1 318 b 524 bc 
1 298 bc 605 ab 

10 238 cd 411 cd 
50 281 d 393 cd 

100 204 de 314 de 
500 46g 387 cd 

*Different letters in the same column indicate 
significant difference in Duncan's multiple-range 
test (P ~- 0,05). 
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Fig. I. Percentages  o[ egg ha t ch  f rom eight  egg masses  of  Meloidogyne exigua he ld  in  dist i l led 
water for 19 days, af ter  14-day t r e a t m e n t  wi th  e thoprop .  

carb concentrations increased. The re  was 
no difference in juvenile motil i ty between 
0.1 and 1 /~g/ml carbofuran. Juvenile mo- 
tility was reduced more in aldicarb at 1 
and 10 t~g/ml than in carbo[uran at similar 
concentrations. 
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Fig. 2. Moti l i ty  of Meloidogyne exigua juveni les  
Ireated with aldicarb and  ca rbofu ran  at  0.1, 1, a n d  
10 # g / m l  for 24 hou r s  and  then  al lowed to mig ra t e  
t h r o u g h  two layers of  t issue paper  in the  same 
concent ra t ions  for ano t he r  24 hours .  T h e  bars  in-  
dicate var iabi l i ty  (P = 0.05). 

Mortality test: Aldicarb and carbofuran 
decreased the life span of tile tested juve- 
niles (Table  2). Aldicarb was more toxic 
than carbofuran to the nematodes; nei ther  
chemical caused morphological  aberrations 
like wrinkling, shortening, or swelling of 
tile body shape as reported in Tylenchulus 
semipenetrans (3), Ditylenchus dipsaci, 
and Pratylenchus penetrans (1). 

Field test: Nematode populations were 
reduced 30-80% at 45 and 80 days after 
t reatment  (Table  3). Nematode popula- 
tions were lower in roots of trees treated 
with _> 2 g carbofuran (Furadan 5G), > 
4 g aldicarb, and > 4 g e thoprop per tree 
than in controls 363 days after treatment.  
At that time, the nematode populat ion in 
roots of trees treated with Furadan Liquid 
350F were not  different from controls. 

DISCUSSION 

Aldicarb and carbofitran inhibited egg 
hatch at dosages higher than 0.1 /~g/ml and 
were lethal at concentrations higher than 
10 ~tg/ml (Table  1). Also, the second-stage 
juveniles were sensitive in motion and in 
death to concentrations of aldicarb and 
carbofttran > 0.I rtg/ml (Fig. 2 and Tab le  
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Table 2. Mortality day of second-stage juvenile of Meloidogyne exigua treated with aldicarb and 
carbofuran solutions. 

W a t e r  Aldicarb  (#g/ml)  C a r b o f u r a n  (#g/ml)  

control  0.1 1.0 10 50 0.1 1.0 10 50 

LDs0 14.9 a* 8.3 c 3.3 g 0.8 h 0.5 h 9.2 b 7.5 d 5.1 e 4.0 
LD95 17.6a 15.6 bc 5 .2 f  3 .1g  1.9h 16.5b 15.3c 8 .0d  6 .8e  

*Different  le t ters  in the  same row indicate  significant  difference in Duncan ' s  mu l t ip l e - r ange  test 
(p = 0.05). 

T a h l e  3. Meloidogyne exigua popu la t ions  i n  CoOea arabica L. cv. M u n d o  Novo t rea ted  wi th  nema-  
ticides. 

No. of nematodes/g of roots 
R at e  Days af ter  t r e a t m e n t  

T r e a t m e n t  (g ai] tree) 45 80 363 

Un t r ea t ed  control  135 411.7 216.7 

Aldicarb 10G 1 96.2* 244.3** 245.7 
Aldicarb 10G 2 103.2 136.3"* 175.0 
Aldicarb 10G 4 97.9* 134.0"* 96.3** 
Aldicarb  10G 6 62.9** 78.7** 107.0 * t  

E t h o p r o p  10G 1 100.6 208.3** 156.7 
E t h o p r o p  10G 2 115.6 181.3"* 175.3 
E thop rop  10G 4 86.9** 136.3"* 115.7" 
E thoprop  10G 6 62.9** 69.7** 95.7** 

Carbofu ran  5G 1 73.3** 290.3** 160.9 
Carbofu ran  5G 2 48.9** 116.1"* 106.5"* 
Ca rbo fu ran  5G 4 37.2** 139.9"* 100.9"* 
Carbofu ran  5G 6 32.8** 154.4"* 134.0" 

Carbofu ran  350F 1 74.0** 285.2** 189.5 
Ca rbo fu ran  350F 2 68.2** 177.4"* 231.4 
Carbofu ran  350F 4 61.8"* 20'2.5** 241.5 
Ca rbo fu ran  350F 6 67.5** 221.9"* 182.4 

* anti  ** = significantly different  f rom u n t r e a t e d  control  (P = 0.05) anti  (P = 0.01), respectively. 

2). T h e  second-stage juveniles were more 
sensitive than eggs to both chemicals. 

The r e  were more second-stage juveniles 
of M. exigua in soil during the wet season 
(November-Apri l)  than during the dry 

season (May-October)  in this region (per- 
sonal observation). Therefore ,  the t ime to 
apply nematicides in coffee plantations for 
opt imum nematode control appears to be 
in October-November  because of adequate 
soil moisture, temperature,  and sensitive 
target. 

In laboratory tests, aldicarb showed 
greater effects than carbofuran on egg 
hatch and juvenile motili ty and mortal i ty 
(Table 1 and 2, Fig. 2), but  the results from 

the field test (Table  3) showed no  statisti- 
cal difference between the T e m i k  10G and 
Furadan 5G treatments. However, the deg- 
radation of aldicarb in soil might  be more 
rapid than that of carbofuran (5). Hence, 
the lack of statistical difference for the two 
chemicals may be at t r ibuted to the differ- 
ence in persistence of both chemicals in 
soil and perhaps in the plant  tissue. Liquid  
form of carbofuran showed its effectiveness 
against M. exigua populat ion in the field 
at 45 and 80 days after treatment.  T h e  
nematode populat ion increased again at 
363 days after treatment,  probably because 
of being leached by rains. 
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Parasitic Habits of TrophotylenchtJIus floridensis 
(l"ylenchulidae) and its Taxonomic Relationship 

to TylenchuIus semipenetrans and Allied Species 1 
E. COHN 2 AND D.  T .  KAPLAN :~ 

Abstract: Parasitism by Trophotylenchulus floridensis Raski, 1957 was studied on roots of 
sand pine (Pinus clausa [Chapm.] Vasey). Different life stages of the nematode were observed 
to be covered by clark, spherical, brittle, capsule-like structures which protruded from the root 
surface. The mature capsule enveloped a single sedentary female with a gelatinous matrix 
containing an average of 76 (44-117) eggs. The capsule was composed of a single layer of tees 
which appeared to be of plant origin. The anterior end of the nematode was embedded super- 
ficially in the root tissue where it created a feeding site comprised of a small number of discrete 
stelar parenchyma cells with dense cytoplasm and enlarged nuclei and nucleoli. The nematode also 
infected slash pine, Pinus elliottii, loblolly pine, P. taeda, red oak, Quercus [atcata, post 
oak, Q. stellada, and sweet gum, Liquidambar styraciflua, in four different locations in central 
Florida. The taxonomic relationship between Tr. floridensis and Tylenchulus spp. is discussed. 
Based on differences in the tail and lip regions, position of the excretory pore, type t)f obesity 
and especially in the mode of plant parasitism, the genus Trophotylenchulus Raski, 1957 is up- 
held, and the transfer of Tylenchulus clavicaudatus Colbran, 1966, Ty. rnangenoti Luc, 1957, anti 

• Ty. obscnrus Colbran, 1961 to Trophotylenchulus is proposed. Key words: pine, citrus nematode, 
histopathology, taxonomy. Journal of Nematology 15(4):514-523. 1983. 

Since its descr ip t ion  more  t han  26 years 
ago, Trophotylenchulus floridensis Raski,  
1957 has received l i t t le  a t t en t ion .  Maggen t i  
(9) compared  the excretory system of this 
species to tha t  of Tylenchulus semipene- 
trans Cobb,  1913 and  conc luded  that  the 
two nematodes  were congeneric .  W i t h i n  
Florida,  the n e m a t o d e  has been  seen oc- 
casional ly in  r o u t i n e  survey samples (R. P. 
Esser, personal  c o m m u n i c a t i o n ) ,  b u t  no  
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fu r the r  inves t iga t ions  on  its biology have 
been conducted .  T o  date,  tile on ly  popula-  
t ion  of Tr. floridensis described outs ide of 
F lor ida  is f rom Kerala,  Ind ia ,  where  it was 
recent ly  r epor t ed  to parasitize cu l t iva ted  
black pepper ,  Piper nigrum L. (11). How- 
ever, a n u m b e r  of species closely r e sembl ing  
Tr. floridensis have been  described f rom 
different  parts  of the world,  a n d  their  
t a xonomi c  re la t ionsh ips  to Ty. semipene- 
trans a n d  Tr. floridensis have aroused 
interest ,  a n d  some c o n t e n t i o n  (13). 

O u r  inves t iga t ions  focused p r i ma r i l y  
on  the mode  of paras i t i sm of Tr. floridensis 
i n  its n a t u r a l  hab i t a t ;  however,  the ques t ion  
Of its t axonomic  r e l a t i onsh ip  to Ty. semi- 
penetrans a n d  a l l ied  species is also con- 
~idered. 
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