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Management of Ditylenchus dipsaci in Daffodils with Foliar 
Applications of Oxamyl 1 
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Abstract: Ditflenchus dipsaci (Kfihn) Filipjev is a ser ious  pest  o f  commerc i a l  daffodil  (Narcissus sp.) 
in n o r t h e r n  California.  T h e  con t ro l  m e a s u r e s  prac t iced  by g rowers  in r e cen t  years  a re  pos tha rves t  
t r e a t m e n t  o f  p l an t ing  bulbs  for  3 h o u r s  in a 1% solut ion o f  fo rma l in  at 44 C c o m b i n e d  with p r ep l an t  
soil f u m i g a t i o n  with 1 ,3 -d icb lo ropropene  and  (or) a t -p lan t ing  appl icat ions  o f  phora te .  In  field trials, 
several  c o m b i n a t i o n s  o f  ra tes  (1.12, 2.24,  o r  4 .48 kg a . i . / h a  in 189 li ters o f  w a t e r / h a )  and  t imings  
(one,  two, o r  t h r e e  appl ica t ions  at  weekly intervals)  o f  foliar appl icat ions  with oxamyl  on  t h r e e  
daffodil  variet ies  (For tune ,  Ice Folley, and  King  Alfred)  were  eva lua ted  as a l ternat ives .  Several  
t r e a t m e n t s  r e d u c e d  n e m a t o d e  levels in leaves and  bulbs.  Phyto tox ic i ty  was no t  obse rved  at any ra te  
o r  c o m b i n a t i o n  o f  t r ea tmen t s .  

Key words: chemica l  cont ro l ,  daffodil ,  Ditylenchus dipsaci, foliar applicat ion,  Narcissus sp., nemat i -  
cide, n e m a t o d e ,  n o n f u m i g a n t  nemat ic ide ,  oxamyl ,  s t em and  bu lb  n e m a t o d e .  

The stem and bulb nematode Ditylenchus 
dipsaci (Kfihn) Filipjev is a serious pest of  
commercial daffodil (Narcissus sp.) produc- 
tion in Humboldt  and De1 Norte counties 
of California. The  climate is characterized 
by cool summers with coastal fog and mild 
winters. Average annual rainfall is 190 cm, 
mostly falling during October to March. 
Cool soil temperature,  high water tables, 
and acidic soils contribute to the potential 
for groundwater  contamination by pesti- 
cides in the area. Bulb plantings commonly 
are rotated with pasture grasses (33). 

In recent years, the commercial daffodil 
industry has ceased growing bulbs for sale 
and has begun producing cut flowers. 
Flowers are harvested in January and Feb- 
ruary, the foliage dies back in June, bulbs 
are dug in July, and bulbs are stored and 
replanted during September and October. 
Bulbs may remain in this production cycle 
for many years. 

Until recently, hot water-formalin dip- 
ping (7) was used to disinfest bulbs of  mi- 
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gratory endoparasitic nematodes. Use of 
this technique has decreased in the past 3 
years because of  uncertainties in the reg- 
istration of  formalin and grower percep- 
tion that hot water t reatment  results in de- 
formed flowers. Also, the length of  time 
required for dipping (3 hours) is imprac- 
tical for treating large numbers of bulbs. 

In addition to hot water-formalin treat- 
ment of bulbs, growers in the past used 
preplant fumigation with DD (1,3-dichlo- 
ropropene [1,3-D] and 1,2-dichloropro- 
pane [1,2-D]) and (or) at-planting applica- 
tions of  aldicarb. After  1,2-D and aldicarb 
were found in groundwater in 1982, prac- 
tices changed to hot water-formalin dip- 
ping and preplant fumigation with 1,3-D 
(Telone II) and (or) at-planting applica- 
tions of fenamiphos (Nemacur; 33). In 
1986, reports of  fenamiphos several feet 
deep in the soil resulted in the manufac- 
turer  withdrawing registration for use on 
bulbs. Since that time, 1,3-D and phorate 
(Rampart) have been used for preplant 
nematode control. 

Oxamyl has been tested for nematode 
control on several crops using soil and fo- 
liar application in greenhouse and field tri- 
als (1, 3, 5, 9-17, 19, 21-24, 26, 28, 30, 
31, 34-37). Only a few studies have re- 
ported phytotoxicity (3, 23, 24). A number  
of trials have tested the effacacy of multiple 
foliar applications (3, 9, 13, 15, 19, 21 ,23-  
26, 31, 36). In some cases, multiple appli- 
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cations at weekly intervals provided im- 
proved control over a single application 
(15, 23-25). 

Despite extensive experimentation, ox- 
amyl is not widely used as a nematicide in 
California. Oxamyl is unique among nema- 
ticides in that it is registered for foliar ap- 
plication, which should reduce chances for 
groundwater contamination over applica- 
tions of chemicals to soil. It could be an 
alternative, as well, to hot water-formalin 
dipping. This investigation was designed 
to determine the effectiveness of  one to 
three foliar applications of oxamyl at three 
rates for D. dipsaci control in daffodils in 
northern California. 

MATERIALS AND METHODS 

Three experiments were conducted over 
2 years, each on a different variety of  daf- 
fodil (Fortune, Ice Folley, or King Alfred). 
Plots were established in infested fields 
where stem and bulb nematode symptoms 
were evident, and infestations were con- 
firmed by extraction of  nematodes from 
leaves. Plant symptoms were the presence 
of distorted leaves with characteristic yel- 
low swellings called spikkels, which can be 
felt when leaves are pulled through the 
fingers, and brown, scaly leaf rings when 
bulbs are cut in half  (8). Plants were grown 
following standard grower cultural prac- 
tices. These consisted of: (a) a preplant ap- 
plication of  20-20-20 fertilizer at a rate of  
1,360 kg/ha ;  (b) the planting of  7,258 to 
10,886 kg of  bulbs per ha 5 to 10 cm deep 
in a single row in 0.92-m wide beds in Sep- 
tember and October; (c) harvesting of ca 
15 flowers/kg of bulbs in January and Feb- 
ruary; (d) and burning of the foliage after 
it has died down in June prior to harvest 
in July. Fields were not irrigated because 
of  adequate rainfall. To assure worker 
health and safety, all treatments were ini- 
tiated after the completion of flower har- 
vest and before top desiccation. 

For nematode extraction, a leaf sample 
consisting of four leaves randomly selected 
from each plot was cut into 2-mm pieces, 
weighed, and placed in an intermittent 
misting chamber for 72 hours (4). Each 

bulb sample consisted of  4 bulbs, and one- 
fourth of  each bulb was cut into 6-mm piec- 
es, weighed, and placed in a misting cham- 
ber for 72 hours. Extracted nematodes 
were identified, then counted using a ste- 
reoscopic microscope. 

In each experiment, plots were 0.92 m 
wide by 3 m long, in a randomized com- 
plete block. The untreated controls in Ex- 
periments 1 and 2, however, had to be 
placed at one end of  the block to minimize 
contamination from spray drift. Experi- 
ments 1 and 2 were conducted in 1987 on 
the varieties Fortune and Ice Folley, re- 
spectively. There  were 10 treatments and 
3 replicates; treatments consisted of an un- 
treated control and the nine combinations 
of one, two, or three applications of oxam- 
yl at 1.12, 2.24, or 4.48 kg a . i . /ha  in 189 
l i ters/ha of  water applied to leaves with a 
hand sprayer (Model 2001-A, B and G 
Equipment Co., Plumsteadville, PA). The  
nozzle was adjusted to give a fine spray and 
was held 15 cm above the top of  the leaves. 
The  pretreatment sample in the Fortune 
expe r imen t  consisted of  20 individual  
leaves randomly selected from the plot area. 
The  pretreatment sample for the Ice Fol- 
ley experiment consisted of  four samples 
of  five leaves each, randomly selected from 
the plot area. Oxamyl efficacy was deter- 
mined by assessing nematode numbers in 
leaves and bulbs following chemical appli- 
cations. Experiment 3, conducted in 1988 
on the variety King Alfred, had the same 
10 treatments replicated 4 times in a ran- 
domized complete block. 

Spray dates were 5, 13, and 21 April 
1987, and 28 February, 1 March, and 8 
March 1988. Treatments  consisting of  one 
or two applications were conducted on the 
first, or on the first and second, spray dates, 
respectively, in each year. In 1987, nema- 
tode numbers in leaf samples were evalu- 
ated pretreatment and on 14, 22, and 28 
April. Nematodes in the bulbs were eval- 
uated following harvest on 20 May. In 
1988, nematode numbers in leaves were 
evaluated pretreatment and on 17 March. 
Numbers in bulbs and bulb weights were 
evaluated following harvest on 10 July. 
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TABLE 1. Effect  o f  mu l t i p l e  appl ica t ions  o f  oxamyl  on  levels o f  Ditylenchus dipsaci per  leaf  and  pe r  g r a m  
o f  bu lb  o f  F o r t u n e  daffodil.  

Oxamyl rate Number of Ditylenchus dipsaci per leaf D. dipsaci per g 

(kg a.i./ha) applications Week 1 Week 2 Week 3 of bulb 

0 0 640 a w 218 a w 77 abc xy 31 abc wxy 
1.12 1 212 a w 47 a wx 1,234 a w 86 abc wxyz 
1.12 2 22 ab wxy 220 a wx 10 bc yz 112 ab wx 
1.12 3 28 ab wxy 27 a wx 0 c z 12 abc xyz 
2.24 1 73 ab wxy 231 a wx 175 ab wx 86 a w 
2.24 2 273 ab wxy 31 a wx 0 c z 2 bc yz 
2.24 3 727 a wx 21 a w x  0 c z  0 c z  
4.48 1 5 b y 3 a x 22 bc yz 35 abc wxy 
4.48 2 25 ab xy 11 a x 5 c yz 10 abc xyz 
4.48 3 18 ab wxy 3 a x 0 c z 19 abc xyz 

Nematode counts were transformed by log10 (x + 1) prior to statistical analysis. Results presented are nontransformed 
means of three replications. Initial population density/leaf = 3,328 ± 1,610 SE. Means within a column followed by the 
same letter(s) are not significantly different according to LSD test, P = 0.05 (a-c) and P = 0.10 (w-z). 

Results were  subjected to analysis o f  vari- 
ance fol lowed by least significant differ- 
ence  (P = 0.05 and 0.10) test ing and  by 
l inear  regress ion analysis (27). Both  the 
0.05 and 0.10 probabi l i ty  levels are  pre-  
sented  because it could  be advantageous  
for  a g rower  to use a chemical  t r e a tmen t  
even if  only a 90% chance  o f  success is 
likely. T h e  only loss to  a g rower  who has 
no  o t h e r  chemicals available is the  cost o f  
the  application.  T o  stabilize variances,  the  
t r ans fo rma t ion  to logt0 (x + 1) was used 
for  n e m a t o d e  counts  p r io r  to analysis. 

Some observat ions  were  also made  on  
the  efficacy o f  the  ho t  w a t e r - f o r m a l i n  dip. 
O n  four  d i f ferent  occasions, ho t  water-for-  
malin d ipped  and  und ipped  bulbs f r om the  
growers '  s tandard  t r ea tments  were  evalu- 
a ted  for  p resence  o f  D. dipsaci, as a com- 
par ison to reduct ions  in n e m a t o d e  popu-  
lations fol lowing t r e a tmen t  with oxamyl.  

R E S U L T S  AND DISCUSSION 

Significant (P -- 0.10) reduct ions  o f  
n e m a t o d e  number s  in leaves and bulbs 
c o m p a r e d  to u n t r e a t e d  controls  were  ob- 
served fol lowing oxamyl  applications (Ta- 
bles 1, 2). In the  trial conduc t ed  on For-  
tune,  the  greates t  n e m a t o d e  reduct ions  
o c c u r r e d  in the  leaves. Regressions with 
negat ive  slopes significantly (P = 0.10) dif- 
fe ren t  f rom zero occur red  over  t ime in four  
t rea tments :  (a) t h r e e  applications at 4.48 

kg a . i . / ha  (y = 1.73 - 0.59x,  r ~ = 0.74, P 
= 0.003); (b) two applications at 2.24 kg 
a . i . / ha  (y -- 2.20 - 0.74x,  r 2 = 0.37, P = 
0.08); (c) th ree  applications at 2.24 kg a . i . /  
ha (y = 3.11 - 1.07x, r 2 = 0 . 5 6 ,  P = 0.02); 
and (d) th ree  applications at 1.12 kg a . i . /  
ha  (y = 1.93 - 0.63x,  r 2 = 0.48, P - 0.04), 
where  y = n u m b e r  o f  nematodes  in the 
leaves and x = t ime in weeks. 

Increas ing the  n u m b e r  o f  applications at 
all t h r ee  rates resul ted in regressions with 
negat ive slopes significantly d i f ferent  f r o m  
zero  for  the  n u m b e r  o f  nematodes  within 
leaves one  week fol lowing the  last appli- 
cations (Table  1): (a) 1.12 kg a . i . / ha  (y = 
1.88 - 0.56x,  r ~ = 0.27, P = 0.08); (b) 2.24 
kg a . i . / ha  (y = 1.59 - 0.55x,  r ~ = 0..39, P 
= 0.03); and (c) 4.48 kg a . i . / ha  (y = 1.13 
- 0.38x,  r 2 = 0.27, P -- 0.08), where  y = 
n u m b e r  o f  nematodes  within leaves and x 
= n u m b e r  o f  applications. 

One  week af ter  the last applications, four  
t rea tments  showed n e m a t o d e  reduct ions  
(P "" 0.10) in the  leaves c o m p a r e d  to un- 
t rea ted  controls  ( three  applications at 1.12 
kg a . i . /ha ;  two and th ree  applications at 
2.24 kg a . i . /ha ;  and  th ree  applications at 
4.48 kg a . i . / ha  (Table  1). T h e  lowest ra te  
used in this trial, one  applicat ion at 1.12 
kg a . i . /ha ,  appea red  to significantly stim- 
ulate n e m a t o d e  r ep ro d u c t i o n  (P = 0.10). 

Increasing the  n u m b e r  of  applications 
p roduced  a regression with a negative slope 
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TABL~ 2. Effect o f  mult iple applications of  oxamyl on  levels o f  Ditylenchus dipsaci per  leaf and per  g ram 
of  bulb o f  Ice Folley daffodil. 

Oxamyl rate Number of Ditylenchus dipsaci per leaf D. dipsaci per g 
(kg a.i./ha) applications Week 1 Week 2 Week 3 of bulb 

0 0 271 a x 2,574 a x 674 a x  313 a x 
1.12 1 36 ab xy 779 a xy 7,277 a x 95 ab xy 
1.12 2 6 ab yz 5,699 a xy 247 a x 125 ab xy 
1.12 3 7 ab xy 2,180 a x 1,680 a x 302 ab x 
2.24 1 253 ab xy 1,075 a xy 488 a x 142 ab xy 
2.24 2 60 ab xy 78 a y 897 a x 137 ab xy 
2.24 3 33 ab xy 265 a y 459 a x 47 bc yz 
4.48 1 68 ab xy 409 a xy 3,204 a x 134 ab xy 
4.48 2 8 b z 103 a xy 1,047 a x 41 abc y 
4.48 3 l l 0 a x  261 a x y  1 8 a x  5 c z  

Nematode counts were transformed by log~0 (x + 1) prior to statistical analysis. Results presented are nontransformed 
means of three replications. Initial population density/leaf = 294 +- 217 SE. Means within a column followed by the same 
letter(s) are not significantly different according to LSD test, P = 0.05 (a-c) and P = 0.10 (x-z). 

significantly d i f ferent  f r om zero  for  the 
n u m b e r  o f  nematodes  within bulbs (y) only 
at 2.24 kg a . i . / ha  (y = 1.6 - 0.49x,  r 2 = 
0.45, P = 0.02), where  x = n u m b e r  o f  ap- 
plications (Table  1). N u m b e r s  o fD .  dipsaci 
within the bulbs at harvest  were  lower (P 
= 0.10) than  those in u n t r e a t e d  plots for  
only one  t r e a t me n t  ( three  applications at 
2.24 kg a . i . /ha) .  

For  the  trial on  Ice Folley daffodils (Ta-  
ble 2), the only ra te  resul t ing in a regres-  
sion with a negat ive slope significantly dif- 
f e ren t  f r o m zero for  n u m b e r  o f  nematodes  
in the  leaves (y) ove r  t ime was 4.48 kg a . i . /  
ha  (y = 2.68 - 0.53x,  r 2 = 0.34, P = 0.10), 
where  x = t ime in weeks. 

For  Ice Folley, increasing the  n u m b e r  o f  
applications (Table  2) resu l ted  in negat ive 
regressions with slopes significantly differ- 
ent  f r o m zero for  the  n u m b e r  o f  nema- 
todes within bulbs (y) at two rates: 2.24 kg 
a . i . / ha  (y = 2.34 - 0.31x,  r ~ = 0.29, P = 
0.07) and 4.48 kg a . i . /ha  (y = 2.44 - 0.54x, 
r ~ = 0.73, P = 0.004), where  x -- n u m b e r  
o f  applications. With in  the  bulbs at har-  
vest, t h r ee  t r ea tmen t s  ( three  applications 
at 2.24 kg a . i . /ha ,  and  two o r  t h r ee  appli- 
cations at 4.48 kg a . i . /ha)  were  lower (P = 
0.10) than  the  u n t r e a t e d  control .  

Unlike the  two previous  trials, for  the 
th i rd  trial conduc t ed  on  King Al f red  (Ta- 
ble 3), increasing the  n u m b e r  o f  applica- 
tions did no t  resul t  in regressions with neg- 

ative slopes significantly di f ferent  f r o m  zero 
at any o f  the  t h r ee  rates used, fo r  the  num-  
be r  o f  nematodes  within e i ther  the  leaves 
or  the bulbs. G r o u p i n g  the  data  with re- 
spect to the  total  a m o u n t  o f  oxamyl  appl ied 
dur ing  all applications (0, 1.12, 2.24, 3.36, 
4.48, 6.72, 8.96, or  13.44 kg a . i . /ha)  did 
resul t  in a regress ion with a negat ive  slope 
significantly d i f ferent  f r o m  zero  for  the 
n u m b e r  o f  nematodes  within bulbs (y = 
1.86 - 0.07x,  r 2 = 0.12, P = 0.03), where  
x = applicat ion rate.  Only  one  t r e a t m e n t  

TABLE 3. Effect of  mult iple applications o foxamyl  
on levels o f  Ditylenchus dipsaci per  leaf and per  g ram 
of  bulb, and on bulb weight  in grams o f  King Alfred 
daffodil. 

Oxamyl Ditylen- 
rate N u m b e r  chus 

(kg a.i./ of appli- dipsaci D. dipsaci Bulb 
ha) cations per leaf per g of bulb weight (g) 

0 0 5 a x 85 abc xy 33 b y 
1.12 1 3 a x 91 abc xy 50 a x 
1.12 2 0 a x  1 4 1 a b x y  4 3 a b x y  
1.12 3 2 a x  59 abc yz 44 ab xy 
2.24 1 228 a x 95 abc xy 36 ab y 
2.24 2 1 2 a x  2 8 6 a x  3 6 a b y  
2.24 3 4 a x 53 abc xyz 42 ab  xy 
4.48 1 63 a x 90 bc yz 40 ab xy 
4.48 2 0 a x 7 c z 41 ab xy 
4.48 3 2 a x 76 bc yz 45 ab xy 

Nematode counts were transformed by logt0 (x + 1) prior 
to statistical analysis. Results presented are nontransformed 
means of four replications. Means within a column followed 
by the same letter(s) are not significantly different according 
to LSD test, P = 0.05 (a-c)and P = 0.10 (x-z). 
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(two applicat ions at  4.48 kg a . i . /ha)  showed 
a significant r educ t ion  (P = 0.10) o f  nema-  
todes  within bulbs. T h e r e  were  no signif- 
icant  (P = 0.10) r educ t ions  in the  n u m b e r  
o f  n e m a t o d e s  in leaves. 

In  four  samples  o f  bulbs tha t  the  g r o w e r  
had  hot  w a t e r - f o r m a l i n  d ipped  p r io r  to 
p lant ing,  0.04, 0.07, 25.60,  and  0.20 nema-  
t o d e s / g  o f  bu lb  were  r ecovered .  By com-  
par ison,  338.5,  663.0,  179.3, and  562.3 
n e m a t o d e s / g  o f  bu lb  were  r e c o v e r e d  f r o m  
four  samples  f r o m  the same ba tch  o f  plant-  
ing stock tha t  had  been  ho t  w a t e r - f o r m a l i n  
d ipped.  

Some  nemat ic ida l  c o m p o u n d s  also have  
fungicidal  and  insecticidal p roper t i es .  A 
complex  o f  soil fungi ,  including Rhizopus 
sp., Penicillium sp., Fusarium sp., Mucor sp., 
Geotrichum sp., and  Trichoderma sp., have  
been  isolated f r o m  within the  p lant ing stock 
used  by daffodil  g rowers  in Cal i fornia  (un- 
publ .  data).  I t  is p r o b a b l e  tha t  these or  oth-  
er  fungi,  as well as bac ter ia ,  a re  not  killed 
by oxamyl ,  t h e r e f o r e  con t r ibu t ing  to the  
d a m a g e  obse rved  in bulbs.  T h e y  are ,  how- 
ever ,  killed or  grea t ly  r e d u c e d  by fo rma l in  
in the  ho t  wa te r  d ipp ing  p rocedu re .  Ad-  
dit ionally,  symphyl ids  and  o t h e r  soil-dwell- 
ing inve r t eb ra t e s  capable  o f  f eed ing  on 
bulbs have  been  obse rved  in growers '  fields, 

T h e  variabi l i ty in con t ro l  a m o n g  the  
t h r e e  e x p e r i m e n t s  could  have  o c c u r r e d  fo r  
a var ie ty  o f  reasons ,  including: (a) differ-  
ences  due  to variet ies,  (b) variabil i ty in ini- 
tial n e m a t o d e  popu la t ion  densities,  (c) cli- 
m a t i c  d i f f e r e n c e s  such  as r a i n f a l l  o r  
t e m p e r a t u r e ,  o r  (d) physiological  differ-  
ences  in the  host  plants  o r  n e m a t o d e s  at 
d i f fe ren t  t imes o f  the  g rowing  season. T h e  
e n v i r o n m e n t a l  variabi l i ty  ove r  the  2-year  
pe r iod  du r ing  which the  e x p e r i m e n t s  were  
c o n d u c t e d  and  the  r a n g e  o f  initial nema-  
tode  popula t ion  densities are  typical o f  what  
a g r o w e r  c o n t e m p l a t i n g  use o f  fol iar  ap- 
pl icat ions of  oxamyl  would  encoun te r .  Ad- 
di t ional  e x p e r i m e n t s  b e y o n d  the  scope o f  
the  p re sen t  studies would  be  n e e d e d  to de- 
l ineate the  cause or  causes o f  the  differ-  
ences  observed .  

Th i s  s tudy d e m o n s t r a t e s  tha t  fol iar  ap- 
pl icat ions o f  oxamyl  can  r educe  the  level 

o f  n e m a t o d e  infes ta t ion  in daffodi l  bulbs  
wi thout  phytotoxic i ty .  Howeve r ,  fol iar  ap- 
pl icat ions o f  oxamyl  at the  ra tes  tes ted do  
not  p rov ide  the  d e g r e e  o f  con t ro l  o f  nema-  
todes  and  o t h e r  o rgan i sms  tha t  has been  
p rov ided  by hot  w a t e r - f o r m a l i n  dipping.  
Fol iar  appl ica t ions  o f  oxamyl  a re  cur ren t ly  
be ing  used by g rowers  u n d e r  a Special Lo- 
cal N e e d  (Section 24[c]) reg is t ra t ion  to re- 
duce  n e m a t o d e  levels in bulbs  du r ing  laps- 
es in the  reg is t ra t ion  for  the  usage  of  
formal in ,  and  where  infesta t ions in new 
plant ings  arise f r o m  ove rwin t e r i ng  infest- 
ed bulbs.  
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