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Nonfumigant Nematicides for Control of Root-knot Nematode 
to Protect Carrot Root Growth in Organic Soils 1 

T. C. VRAIN, G. BELAIR, ond P. MARTEL 2 

Abstract: Greenhouse tests were conducted to determine the effects of two kinds of Meloidogyne 
hapla inoculum on the growth and quality of carrot roots, and the protection afforded in each 
case by nonfumigant  nematicides in organic soils. For all treatments the percentage of carrots 
damaged was greater with larvae alone as inoculum than with larvae and eggs, indicating that  
most of the damage occurs early during formation of the taproot. Fosthietan, aldicarb, and 
oxamyl at 4 and 6 kg a t /ha  protected the roots during formation and gave a lasting control of 
root-knot nematode. There  was some nematode damage to the roots with phenamiphos and 
carbofuran at 4 and 6 kg at /ha.  Isazophos, diflubenzuron, and fenvalerate gave little protection 
to carrot roots and did not control root-knot nematode effectively. Key Words: Meloidogyne 
hapla, fosthietan, aldicarb, oxamyl, carbofuran, phenamiphos,  isazophos, fenvalerate, difluben- 
zuron, chemical control. 

B e c a u s e  of  t h e i r  l i g h t  t e x t u r e ,  h i g h  
m o i s t u r e - h o l d i n g  c a p a c i t y ,  a n d  h i g h  a v a i l -  
a b l e  n i t r o g e n  c o n t e n t ,  t h e  o r g a n i c  p e a t  a n d  
m u c k  so i l s  of  C a n a d a  a n d  t h e  e a s t e r n  
U n i t e d  S t a t e s  a r e  a n  i d e a l  s u b s t r a t e  f o r  r o o t  
c r o p s  s u c h  as ca r ro t s .  T h e s e  so i l s  a r e  com-  
m o n l y  i n f e s t e d  w i t h  r o o t - k n o t  n e m a t o d e s ,  
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a n d  c a r r o t  y i e l d  losses  c a n  b e  e x t r e m e l y  h i g h  
e v e n  w i t h  l o w  i n i t i a l  n e m a t o d e  d e n s i t i e s  (2, 
10, 11, 15). B e c a u s e  h i g h l y  o r g a n i c  soi ls  ad-  
s o r b  o r  i n a c t i v a t e  p e s t i c i d e s  to  a g r e a t  e x t e n t  
(1, 5, 16) t h e  doses  o f  n e m a t i c i d e s  r e q u i r e d  
for  c o n t r o l  a r e  h i g h e r  t h a n  i n  s a n d y  soils,  
a n d  t h e  cos t  o f  f u m i g a t i o n  is o f t e n  p r o h i b i -  
t ive .  F i e l d  t r i a l s  o f  f u m i g a n t  a n d  n o n f u m i -  
g a n t  n e m a t i c i d e s  i n  Q u e b e c  i n d i c a t e d  t h a t  
a t  r e l a t i v e l y  l o w  i n i t i a l  n e m a t o d e  p o p u l a -  
t i o n  d e n s i t i e s  n o n f u m i g a n t  n e m a t i c i d e s  pe r -  
f o r m e d  as w e l l  as f u m i g a n t  n e m a t i c i d e s  
( u n p u b l i s h e d  d a t a ) .  P r e v i o u s  o b s e r v a t i o n s  
a n d  s t u d i e s  ( l  l )  h a v e  s h o w n  t h a t  e a r l y  



planting of carrot results in less damage to 
the taproot  by root-knot nematode in or- 
ganic soils. This  practice allows the taproot  
to form before nematode activity is maxi- 
mum, thereby reducing the effective initial 
populat ion density. 

In Canada, however, most carrots are 
sown late in the spring. These are to be 
harvested as late as possible in the fall for 
storage to ensure a continuous supply dur- 
ing winter and the next  spring. 

This  study evaluated several nematicides 
at various rates in the greenhouse, to deter- 
mine their ability to prevent invasion and 
deformation of carrot roots grown in or- 
ganic soils infested with two different kinds 
of primary inoculum. 

MATER IAL S  AND M E T H O D S  

Two  greenhouse experiments were con- 

T A B L E  I. Effect of  n o n f u m i g a n t  nemat ic ides  on 
organic soil. 
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ducted successively at St. Jean, Quebec. A 
fibrisol, with p H  5.6-5.8, 43.4% carbon, 
2.5% nitrogen, and 18% mineral  matter,  
was steam-sterilized and then aerated for 4 
weeks before use. T h e  chemicals tested 
were: l) three organophosphate compounds, 
isazophos 20G, fosthietan 15G, and phen- 
amiphos 15G; 2) a synthetic pyrethroid, 
fenvalerate 30EC; 3) three carbamates, car- 
bofuran 10G, aldicarb 15G, and oxamyl 
10G; and 4) a benzoyl phenyl urea which is 
a chitin synthesis inhibitor,  diflubenzuron 
25WP. T h e  chemicals used in each experi- 
ment  and the rate applied are shown in 
Table  1, 2, and 3. Inoculum of Meloidogyne 
hapla Chitwood was from a greenhouse cul- 
ture on tomato, Lycopersicon esculentum cv. 
Rutgers. In the first experiment,  it consisted 
of 2,000 freshly hatched second-stage larvae 
per liter of soil (14). In the second experi- 
ment, it was a mixture  of 800 larvae and 

carrot  root  g rowth  in roo t -kno t -nematode- in fes ted  

T r e a t m e n t  Ra te  
(kg a i /ha )  

Roo t  l eng th  (mm) x Roo t  weight  (g) 

Expt .  1 Expt .  2 Expt .  1 Expt .  2 

Uninfested control  

Infes ted control 

Fos th ie tan  15G 2 
4 
6 

Aldicarb  15G 2 
4 
6 

O x a m y l  10G 2 
4 
6 

Ca rbo fu ran  10G 2 
4 
6 

P h e n a m i p h o s  15G 2 
4 
6 

Isazophos 20G 4 
6 

Di f lubenzuron  25WP 0.2 
0.6 
1.2 

Fenvalera te  30E 0.3 
1.5 
6 

108.9 lm 102.5 k lm 15.3 cde 16.5 c-f 

16.3 ab 49.7 c-g 4.0 a 17.6 c-f 

45.8 b-f  73.1 f-k 10.5 a-d 18.4 c-f 
87.5 h - m  79.7 f -m 11.0 a-e 11.4 a-e 
93.8 j -m 12.7 a-e 

74.6 f-k 76.3 f-1 19.9 c-f 12.8 a-e 
93.4 j -m 111.4 m 17.4 c-f 25.9 f 
56.3 d -h  12.7 a-e 

31.7 a-e 91.9 i -m 11.0 a-e 17.8 c-f 
64.2 d-j 88.2 h - m  9.9 abe 14.8 b-e 
89.2 h - m  14.3 b-e 

29.2 a-d 13.1 a-e 
46.5 b-f  101.1 k lm 10.4 abe 21.2 ef 
76.3 f-1 83.4 g-m 18.0 e-f 15.8 c-f 

38.8 a-e 13.9 a-e 
38.9 a-e 74.5 g-k 14.4 b-e 11.8 a-e 
63.6 d-j 89.1 h - m  17.9 c-f 14.0 b-e 

9.8 a 5.0 ab 
20.9 abc 5.0 ab 

57.4 d-i 21.0 def  
55.6 d-h  17.6 c-f 
66.1 e-j 15.2 b-e 

63.0 d-j 15.2 ede 
55.5 d -h  15.9 e-f 
52.6 c-g 15.5 cde 

XLength of tuber ized por t ion  or  l eng th  f rom the  crown to the  nearest  b i fu rca t ion  or gall.  Means  followed by 
a c o m m o n  let ter  do no t  vary significantly by Duncan ' s  new mul t ip l e - r ange  test (P = 0.05). 
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1,500 free eggs per liter of soil (7). All 
chemicals were appl ied at the highest rate 
to uninfested soil to determine their phyto- 
toxicity. 

A commercial  fertilizer, 6-12-24, was 
added to the soil at 0.2 g /L .  T h e  nematode 
inoculum, fertilizer, nematicides tested, and 
soil were mixed thoroughly in a cement 
mixer. For each of the four replicates per 
treatment,  10 liters of soil were placed in 
plastic containers (20 x 27 × 27 cm) and 30 
carrot seeds (Daucus carota L.) cv. Goldpack 
were sown. T h e  containers were placed in a 
randomized complete block design in a 
greenhouse where the tempera ture  fluctu- 
ated between 15 and 28 C dur ing the two 
experiments.  After 7 days the seedlings were 
th inned to 12 per pot. After 90 days the soil 
was sampled by taking five 2.5-cm-diam 
cores, and a 100-cm a a l iquant  for each con- 
tainer was extracted by the Baermann  pan 
method.  Densities of Meloidogyne hapla 
second-stage larvae in the soil, or hatched 
from egg masses in the soil dur ing the 7 
days' extraction, and saprophytic  nematode 
densities were recorded. All nematode data 
were subjected to a log (X + 1) transforma- 
tion before statistical analysis; untrans- 
formed means are presented in the tables. 
Measurements of carrot growth and nema- 
tode damage included: individual  fresh 
weight of roots and foliage, length of tuber- 
ized por t ion of roots, or length from the 
crown to the nearest bifurcat ion or gall 
when the root  was forked or galled. T h e  
carrot  roots were indexed for each of two 
kinds of nematode-induced deformation:  
ramification (hairy roots) and galling of 
p r imary  or secondary roots. Each index had 
values between I (no damage) and 4 (ex- 
treme damage). 

T h e  effect of the soil chemical treat- 
ments on carrot length and weight, leaf 
weight, two index values, root-knot  nema- 
tode densities, and total nematode  densities 
at harvest were analysed for statistical sig- 
nificance by analysis of variance (ANOVA), 
and the t reatment  means were compared by 
Duncan 's  mult iple-range test. After the 
ANOVA, t rea tment  means for index values 
of galling and forking were transformed to 
fit a range of 0 to 100, making  it easier to 
compare  with the percentage of forked 
carrots. 

4, October 1979 

R E S U L T S  A N D  DISCUSSION 

When  the carrot  seeds germinated and 
the tap  root started to form, the different 
types of nematode inoculum used in the two 
experiments  gave rise to different levels of 
damage to the carrots. In  nematode-infested 
control pots without  chemicals the root  
length and weight were greater in the sec- 
ond exper iment  than in the first. However,  
the severity of forking and galling was not  
different between the two experiments,  and 
the roots were less ramified in the second 
exper iment  than in the first exper iment  
(Tables 1 and 2). 

Ti le  freshly hatched larvae mixed in tlle 
soil were ready to invade the root of the 
germinat ing  carrots as they elongated, simu- 
lating a field si tuation where carrots would 
be sown very late in the spring, when the 
soil is warm and most of the larvae have 
hatched. T h e  mixture  of larvae and NaOC1- 
extracted eggs simulated a field si tuation 
where carrots would be sown early in the 
spring, when the soil is still cold and a large 
percentage of the eggs are still developing. 

T h e  first exper iment  was conducted in 
tile fall and winter at a greenhouse tempera- 
ture fluctuating between 15 and 20 C. Root- 
knot  nematode final densities in inoculated 
control pots of Exper iment  1 are rather  low 
(Table  3) considering the initial inoculum 
of 2,000 larvae per liter o~ soil. In  prelimi- 
nary tests, however, the efficiency of the 
Baermann pan and other extraction meth- 
ods for root-knot nematode in muck  soil 
was found to be between 10 and 20%. 
Moreover, MeIoidogyne hapla is known to 
develop and reproduce slowly at tempera- 
tures below 20 C (13). In  the second experi- 
ment,  done in the winter  and spring, the 
greenhouse tempera ture  fluctuated between 
15 and 20 C for the first two months  and be- 
tween 17 and 28 C in the third month.  
These differences in tempera ture  between 
the two experiments  had no noticeable 
effect on the growth of the carrots, as shown 
by their  length and weight in the uninocu- 
lated control pots of bo th  experiments  
(Table  1). T h e  higher tempera ture  in the 
latter par t  of the second exper iment  allowed 
for a very high rate of nematode  multiplica- 
tion (Table  3), bu t  this did not result in a 
significant reduction in carrot  root  weight 
(Table  1). 
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"FABLE 2. Effect of nonfumigant nematicides on carrot root damage in root-knot-nematode-infested 
organic soil. 

Ramification 
Rate % forked Gall index ~ index = 

Treatment (kg ai/ha) Expt, 1 Expt. 2 Expt. 1 Expt. 2 Expt. 1 Expt. 2 

Uninfested control 0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 0.0 a 

Infested control 95.0 j 79.3 ij 95.8 p 91.6 op 95.8 k 69.4 j 

Fosthietan 15G 2 41.7 d-h 34.1 b-f 57.7 g-I 68.8 ]-n 27.2 e-i 39.1 a-f 
4 2.3 ab 0.0 a 1.3 ab 34.7 d-g 2.2 a 7.5 ab 
6 0.0 a 4.5 abc 1.4 a 

Aldicarb 15G 2 27.3 a-e 8.9 abc 49.4 g-k 68.8 k-o 21.7 a-e 21.3 a-e 
4 18.6 a-d 4.2ab 24.1 cde 41.5 e-h ll.1 a-d 5.3ab 
6 28.9 a-d 20.1 bcd 2,2 a 

Oxamyl 10G 2 64.3 f-j 0.0 a 82.5 m-p 62.3 h-n 37,9 e-i 23,7 a-e 
4 6.0 abc 0.0 a 38.6 d-g 38.7 d-g 3.4 a 3.8 a 
6 7.0 abc 26.0 c-f 5.1 ab 

Carbofuran 10G 2 67.2 g-j 82.0 m-p 70.9 jk 
4 38.4 c-h 4.2 ab 64.2 i-n 47.6 g-j 33.9 c-h 8.1 ab 
6 26.0 a-e 11.8 a-d 21.4 a-d 45.3 f-i 14.2 a-e 8.9 abe 

Phenamiphos 1-SG 2 64.2 f-j 80.4 m-p 53.5 g-j 
4 74.0 ij 6,6 abe 82.1 nop 60.2 h-n 63.3 j 4.7 ab 
6 50.8 e-i 2.8 ab 76,1 l-p 38.6 d-g 34.8 d-h 4.4 a 

Isazophos 20G 4 76.4 ij 91,8 op 71.0 jk 
6 68.2 g-j 90:9 op 70.3 jk 

Diflubenzuron 25WP 0.2 70.4 g-j 91.8 op 59.9 hij 
0.6 71.4 hij 92.4 p 61.2 i] 
1.2 16.7 a-d 73.8 I-p 37.7 e-i 

Fenvalerate 30E 0.3 30.0 a-e 81.9 hop 32.3 b-g 
1.5 52.0 e-i 84.7 hop 52.2 g-j 
6 66.0 g-j 82.6 nop 49.9 f-j 

Zlndex values transformed to fit in a range of 0 to 100. Means followed by a common letter are not signif- 
icantly different by Duncan's new multiple-range test (P = 0.05). 

Fos th ie tan ,  oxamyl,  and  a ld icarb  gave a 
s ignif icant  p ro tec t ion  of carrots at  doses of 
4 and  6 kg a i / h a  (Tables  1, 2). T h e  qua l i t y  
of p ro tec t ion  did  no t  seem to have b e e n  
affected by the k i n d  of n e m a t o d e  i n o c u l u m  
used. T h e  n e m a t o d e  mob i l i t y  or infect ivi ty  
was p robab ly  lowered cons iderably  by treat- 
m e n t  (3, 4, 6, 8) soon after sowing, so tha t  
very l i t t le  fork ing  occurred.  Con t ro l  was 
p ro longed  since the final n e m a t o d e  popula-  
t ion  densi t ies  at  harvest  were very low com- 
pared  wi th  densi t ies  in  cont ro l  pots which  
did  no t  receive any  chemical  (Tab le  3). 
T h e  dose of 2 kg a i / h a  appeared  in  m a n y  
cases to have been  insufficient to protect  the 
carrots or cont ro l  the nematodes .  

C a r b o f u r a n  and  p h e n a m i p h o s  a t  4 kg 
a i / h a  gave a be t te r  p ro tec t ion  of carrot  
roots i n  the second e x p e r i m e n t  t h a n  in  the 

first e x p e r i m e n t  (Tab les  1, 2). A greater  
percentage of carrots were forked w h e n  
larvae a lone were used as i n o c u l u m  than  
when  larvae a n d  eggs were used. T h i s  may  
indicate  tha t  despite t ho rough  chemical  
admix tu re ,  several days were r equ i r ed  for 
the chemical  to diffllse, a l lowing  m a n y  
larvae to reach roots before they could  be 
affected. T h e  m o v e m e n t  of a pest icide i n  a 
soil is l imi t ed  by the ex ten t  to which  i t  is 
adsorbed in  the soil. W i t h  most  chemicals,  
organic  ma t t e r  is respons ib le  for most  of the 
adsorpt ive  capacity of the soil (5, 16). T h e  
diffusion of n o n f u m i g a n t  nemat ic ides  is de- 
t e rmined  by the p r o p o r t i o n  of chemical  
tha t  r emains  in  the soil water.  T h e  propor-  
t ion  of p h e n a m i p h o s  in  soil water  has been  
f ound  to be cons iderably  lower t han  tha t  of 
other  n o n f u m i g a n t s ,  such as oxamyl  or 
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TABLE 3. Effect of nonfumigant nematicides on root-knot and saprophytic nematodes in organic soils. 

M. hapla final density 
Rate (number/ l  of soil) % control s 

Treatment (kg ai/ha) Expt. I Expt. 2 Expt. I Expt. 2 

Total nematodes 
(number/1 of soil)Y 

Expt. 1 

Infested control 320 ab 13317 a 0.O 0.0 14645 a-e 

Fosthietan 15G 2 17 cde 1362 c-f 95.5 90.0 11150 c-f 
4 7 de 572 efg 97.7 95.9 6365 e-f 
6 0 e 100.0 3900 f 

Aldicarb 15G 2 12 cde 797 c-f 96.1 94.0 15550 a-e 
4 27 cde 312.5 fg 91.4 97.7 11426 b-f 
6 0 e 100.0 6235 ef 

Oxamyl 10G 2 52 bcd 5217 abe 83.6 60.9 16857 a-e 
4 7 de 115 g 97.7 99.2 8128 def 
6 5 de 98.5 13173 b-f 

Carbofuran 10G 2 127 be 60.4 13505 b-f 
4 32 bcd 2062 b-e 89.9 84.6 9856 c-f 
6 22 cde 985 c-f 93.0 92.7 12153 b-f 

Phenamiphos 15G 2 305 ab 4.7 53690 a 
4 205 ab 1640 b-e 46.0 87.8 35147 abc 
6 35 bcd 347 efg 89.1 97.4 22500 a-e 

Isazophos 20G 4 237 ab 26.0 14018 b-f 
6 765 a 0.0 25252 a-d 

Diflubenzuron 25WP 0.2 8462 ab 46.6 
0.6 20125 a 0.0 
1.2 13422 a 0.0 

Fenvalerate 30E 0.3 8645 ab 46.3 
1.5 7012 abc 47.5 
6 3420 a-d 74.4 

x% control expressed as mean nematode density of each treatment X 100/mean nematode density of control 
pots. Means followed by common letter do not vary significantly by Duncan's new multiple-range test (P = 
O.05). 
rTotal nematode density includes root-knot nematodes, 

aldicarb sulphone and aldicarb sulphoxide 
(1), giving the latter products a greater 
mobility in soil than phenamiphos. 

Isazophos, diflubenzuron, and fenvaler- 
ate were tested only once. Isazophos has 
been found fairly selective in its action 
against different nematode genera (9). 
Diflubenzuron, a chitin-synthesis inhibitor, 
affects root-knot nematode multiplication 
(12). In our preliminary trials, difluben- 
zuron was phytotoxic to carrots at 6 kg 
a i /ha  in organic soil, and thus lower doses 
were tested. Fenvalerate, a synthetic py- 
rethroid, is very effective against several 
insects at doses as low as 25 g M/ha  (Shell 
Development Co. technical data). None of 
these three products gave adequate protec- 
tion of carrots or adequate control o[ root- 
knot nematodes at the concentrations used 
(Tables 1, 2, and 3). 

Saprophytic nematodes recolonized the 
soil during the experiment. Although there 
were wide differences between treatments, 
only fosthietan at 6 kg a i /ha  suppressed 
their reproduction significantly. No phyto- 
toxicity was observed for any of the eight 
chemicals tested, and there were no signif- 
icant differences in weight or length of roots 
between uninoculated controls without  
chemicals and uninoculated pots with the 
high concentration of each chemical. 
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Helicotylenchus stylocercus n. sp. and Rotylenchus pholiurus 
n. sp. (Nematoda: Hoplolaimidae) from Costa Rica 

M. R. SIDDIQI ond J. PINOCHET 

Abstract: Two new species of plant-parasitic nematodes from Costa Rica are described. 
Helicotygenchus styloeercus n. sp., from soil around roots of banana at Coto, is distinguished 
hy the female tail, which bears a large pillarlike ventral projection. Rotylenchus phaliurus n. sp., 
from soil artmnd roots of Dioscoroea sp. at Sixaola, differs from R. caudaphasmidius in having 
the conus equal to or more than half the spear length, and large terminal annules on the female 
tail. Key Words: Nematode taxonomy, spiral nematodes, yam, banana. 

T w o  n e w  h o p l o l a i m i d  n e m a t o d e s  w e r e  
f o u n d  d u r i n g  a s u r v e y  o f  t h e  p l a n t - p a r a s i t i c  
n e m a t o d e s  i n  C o s t a  R ica .  T h e y  a r e  de-  
s c r i b e d  h e r e  as Helicotylenchus stylocercus 
i1. sp. a n d  Rotylenchus phaliurus n.  sp.  

L i v e  s p e c i m e n s  w e r e  s e p a r a t e d  f r o m  soi l  
b y  d i f f e r e n t i a l  s c r e e n i n g  a n d  c e n t r i f u g a l  
f l o t a t i o n  (2), k i l l e d  i n  g e n t l e  h e a t ,  a n d  f i xed  
a n d  p r e s e r v e d  i n  3 %  f o r m a l i n .  S p e c i m e n s  
w e r e  p a s s e d  to  F A A  a n d  t r a n s f e r r e d  to  a n h y -  
d r o u s  g l y c e r i n  b y  S e i n h o r s t ' s  m e t h o d  (4). 
B u r e a u  o f  P l a n t  I n d u s t r y  d i s h e s  c o n t a i n i n g  
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n e m a t o d e s  w e r e  p l a c e d  i n  a d e s i c c a t o r  f o r  a 
w e e k  b e f o r e  n e m a t o d e s  w e r e  m o u n t e d  i n  
g l y c e r i l l  c o n t a i n i n g  t r aces  of  p i c r i c  ac id .  
M e a s u r e m e n t s  a n d  d r a w i n g s  w e r e  m a d e  
w i t h  a Camera lucida. 

Helicotylenchus stylocercus n.  sp.  
(Fig.  1, A-I )  

Paratypes (20 f e m a l e s ) :  L = 0.82 m m  
(0 .65 -0 .94 ) ;  a = 31 ( 2 7 - 3 8 ) ;  b = 7.0 ( 5 . 6 -  
8.2);  b '  = 5.5 (4 ,5 -6 .9 ) ;  c = 28 ( 2 2 - 3 4 ) ;  c '  
= 2 (1 .6 -2 .7 ) ;  V = 61 ( 5 8 - 6 7 ) ;  s p e a r  = 25 
/~m ( 2 4 - 2 7 ) ;  m = 47 ( 4 4 - 5 2 ) ;  O = 48 (44- 
54). 

(2 m a l e s ) :  L = 0.61, 0.71 r a m ;  a = 31, 
33;  b = 6.7, 8.2; b '  = 5.5, 6.7; c = 25, 28;  c '  
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