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Abstract: Nematode  popula t ion  densities and  yield o f  sweet po ta to  and  onion as affected by 
nematic ides  and t ime o f  application were  de t e rmined  in a 3-year test. Popula t ion densities o f  Me- 
loidogyne incognita race 1 in un t r ea t ed  plots o f  sweet pota to  increased each year, but  Helicotylenchus 
dihystera and  CriconemeUa ornata did not.  E thoprop  (6.8 kg a . i . /ha)  incorpora ted  broadcast  in the  
top  15-cm soil layer each spring be fo re  p lant ing sweet pota to  r educed  popula t ion  densit ies o f  
nematodes  in the  soil and increased marke tab le  yield in 1982, but  no t  in 1983 and 1984. W h e n  
DD, fenamiphos ,  and aldicarb were  applied jus t  be fo re  p lant ing e i ther  sweet pota to  o r  onion,  
nema tode  popula t ion densities at harvest  were  lower in t rea ted  than  in un t r ea t ed  plots. No addi t ional  
benefits resul ted  when  the  nemat ic ides  were  appl ied immediately  be fo re  p lant ing bo th  sweet pota to  
and  onion.  Corre la t ion  coefficients (P -< 0.05) be tween  yield o f  marke tab le  and cracked sweet po ta to  
storage roots  vs. densities o f  M. incognita juveni les  in the  soil at harvest  a m o n g  years r anged  f rom 
r = - 0 . 3 3  to r = - 0 . 5 4  and r = 0.31 to r = 0.54 (P _-< 0.05), respectively. T e m p e r a t u r e s  o f  - 6  
to - 8  C in December  1981 and  - 11 to - 13 C in December  1983 killed the  on ion  crops.  Corre la t ion  
coefficients for  marketable  yield o f  onion seeded in 1982 and harves ted  in 1983 vs. densit ies o f  M. 
incognita juveni les  and H. dihystera in the  soil at harves t  were  r = - 0 . 4 2  and r = - 0 . 3 1  (P _-< 0.05), 
respectively. 
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Sweet potato (Ipomoea batatas (L.) Lam.) 
and onion (Allium cepa L.) are grown in 
several areas of  the United States as cash 
crops for fresh market  and processing. 
Continuous cropping of  sweet potato or 
onion is considered a poor  management 
practice because of  the possibility of  the 
concomitant increase of  soil-borne pests 
and the expected reduction in marketable 
yields (5,15); however, sweet potato is 
sometimes grown in the same field for sev- 
eral years without major problems. 

T e m p e r a t u r e s  in the  sou theas te rn  
United States may allow sweet potato and 
onion to be grown in 1 year. Sweet potato 
is planted in May or June and harvested 
90-100  days later, then onion is seeded in 
September and October  and harvested in 
May. 
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Meloidogyne spp. are major nematode 
pests on sweet potato in the southern 
United States (9,12), but the effects of  
nematodes on onion needs further char- 
acterization (6,16). Plant-parasitic nema- 
todes are widespread in southern Georgia 
and require stringent management pro- 
grams including resistant cultivars, crop 
rotation, and nematicides for susceptible 
crops (14). Our  objective was to determine 
the effect of  nematicide application timing 
on the population densities of  Meloidogyne 
incognita (Kofoid & White) Chitwood (race 
1), Helicotylenchus dihystera (Cobb) Sher, and 
Criconemella ornata (Raski) de Grisse & Loof, 
and yield of  sweet potato and onion. 

MATERIALS AND M E T H O D S  

The  experiment was initiated in October  
1981 on a Tif ton loamy sand (fine, loamy, 
siliceous, thermic Plinthic Paleudul ts- -  
85% sand, 7% silt, and 8% clay, pH 6.0-  
6.5, < 1% organic matter [wet oxidation]). 
The  soil was naturally infested with M. in- 
cognita race 1, H. dihystera, and C. ornata. 
The test plots were planted to several cul- 
tivars and breeding lines of  sweet potato 
in a nursery during the summer before the 
study was initiated. 

15 



16 Annals of Applied Nematology, Volume 2, October 1988 

Soil preparation before each crop in- 
cluded disk harrowing and turning 25-30 
cm deep with a moldboard plow. Two ad- 
jacent beds (1.8 x 18 m) were formed for 
each plot using standard cultural methods 
for sweet potato (3) and onion (2). Nema- 
ticide treatments were 1) DD (1,3-dichlo- 
ropropene, 1,2-dichloropropane) at 190 li- 
ters /ha injected into the soil 15-20 cm deep 
with chisels spaced 23 cm apart 2 weeks 
before planting and sealed with a bed shap- 
er; 2) fenamiphos (ethyl 3-methyl-4-(meth- 
ylthio) phenyl(1-methylethyl) phosphor- 
amidate) at 6.8 kg a. i . /ha applied broadcast 
on the soil surface and incorporated into 
the top 15 cm with a tractor-mounted ro- 
tary tiller; 3) aldicarb (2-methyl-2-(meth- 
ylthio) propionaldehyde O-(methylcarbam- 
oyl) oxime) at 6.8 kg a . i . /ha applied as 
described for fenamiphos; 4) ethoprop 
(O-ethyl S,S-dipropyl phosphorodithioate) 
at 6.8 kg a . i . /ha as described for fenami- 
phos; and 5) an untreated control. DD, fen- 
amiphos, and aldicarb were applied in the 
fall before seeding onion or in the spring 
before transplanting sweet potato or both 
times. Ethoprop was applied only before 
transplanting sweet potato. Nematicide 
treatments were arranged in a randomized 
complete block design with four replica- 
tions. 

Onion cultivar Granex 33 was direct 
seeded (1.7-2.2 kg seed/ha) in twin rows 
9 cm apart, with four sets of twin rows 
spaced 30 cm apart per bed. The  seeding 
dates were 29 September 1981, 12 Octo- 
ber 1982, and 20 October 1983. Temper- 
atures of  - 6  to - 8  C in December 1981 
and - 11 to - 13 C in December 1983 killed 
the onion crops. The  soil remained undis- 
turbed until time of  preparation for plant- 
ing sweet potato. The  onion crop from the 
seeding in 1982 was harvested 16-17 May 
1983. 

On 25June 1982 and 16June 1983, vine 
cuttings (30 cm long) of  sweet potato cul- 
tivar Georgia Jet were transplanted 30 cm 
apart in a single row in the center of  each 
bed. To obtain information on another 
cultivar of sweet potato, Georgia Jet  was 
transplanted in one bed and Red Jewel in 

the other bed of  each plot on 2 May 1984. 
Crops were irrigated as needed to maintain 
adequate soil moisture for plant growth and 
development. 

Georgia Jet was harvested 89, 96, and 
97 days after transplanting in 1982, 1983, 
and 1984, respectively, and Red Jewel was 
harvested 119 days after transplanting in 
1984. Sweet potato roots were lifted me- 
chanically from the soil and sorted by hand 
into four U.S. grades: No. 1 = roots 5-9 
cm d, 8-23 cm long, well shaped and free 
of defects; canner = roots 2-5 cm d, 5-18 
cm long;jumbos = roots exceeding the No. 
1 grade in size and marketable; and cull = 
roots 3 cm d or more, but misshapen, 
cracked, or with unattractive skin and not 
marketable. Total weights of marketable 
grades were reported in marketable yield. 
Cull roots that were cracked but not mis- 
shapen and with attractive skin were re- 
ported as total yield of cracked storage 
roots. Ten storage roots, at least two from 
each grade, were randomly selected from 
each experimental plot, sliced into pieces 
2 mm thick, and examined for adult female 
M. incognita. The number of  females was 
recorded on a 1-5 scale: 1 -- no infection 
site, 2 = 1, 3 - -  2 - 3 , 4  = 4 - 6 ,  a n d 5  = 7 
or more females in each storage root. Fi- 
brous roots were rated for galls caused by 
M. incognita on a 1-5 scale: 1 = no galling, 
2 = 1-25, 3 = 26-50, 4 --- 51-75, and 5 = 
76-100% of roots galled. 

Mature onion bulbs were removed from 
the soil, graded by size (2), and weighed. 
Twenty bulbs with roots were removed 
from each plot and rated for galls as de- 
scribed for fibrous roots of sweet potato. 
Only marketable bulbs were reported in 
yield. All sweet potato storage roots and 
onion tops and bulbs were removed from 
the plots after each harvest. 

Soil samples (20 cores, 2.1 cm d by 20 
cm deep) containing both rhizosphere and 
nonrhizosphere soil were collected from 
within the rows of onion 8 February, 23 
March, and 8 June 1982, and 8 February, 
23 March, and 7 April 1983; and from rows 
of  sweet potato 8 June, 23 June, 2 August, 
20 September, 11 October, 11 November, 
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and 21 December 1982; 1 June,  29 June,  
28 July, and 29 August 1983; and 16 April, 
30 May, 25 June, 25 July, and 30 August 
1984. Soil samples were mixed thoroughly, 
and nematodes were extracted from a 150- 
cm 3 subsample using a centrifugal-flotation 
method (7). 

Data were analyzed with least squares 
analysis of  variance, Duncan's multiple- 
range test, and correlation statistical pro- 
grams. Only significant (P =< 0.05) corre- 
lation coefficients and data are reported. 

RESULTS 

Nematode densities in untreated plots 
were usually greatest at harvest (Table 1) 
and were low on other  sampling dates (data 
not included). Densities of  M. incognita ju- 
veniles (J2) were lower in sweet potato plots 
treated with ethoprop than in control plots 
in 1982, but not in 1983 and 1984. Den- 
sities of  M. incognita J2 in most plots of  
sweet potato treated with DD, fenamiphos, 
and aldicarb in the spring and spring + fall 
each year were lower at harvest than those 
in control plots. In sweet potato plots fol- 
lowing application of  nematicides in the 
fall before seeding onion, densities of  M. 
incognitaJ2 were lower in plots treated with 
DD (1982, 1983, Georgia Jet  1984), fen- 
amiphos (1982), and aldicarb (1982, 1983) 
than in untreated plots. Compared with 
fenamiphos and aldicarb, application of  DD 
in the fall before seeding onion provided 
more residual control of  M. incognita on 
Georgia Jet,  but  not on Red Jewel. Harvest 
population densities of  M. incognita J2 in- 
creased over time on sweet potato in all 
plots treated with nematicides in the fall, 
e thoprop in the spring, and control plots. 

Densities of nematodes in onion plots 
were less than 100/150 cm 3 soil on all sam- 
pling dates. Nematode data were collected 
from untreated onion plots and analyzed 
and compared among years. There  were 
no differences (P <_- 0.5) in nematode pop- 
ulation densities among years. Densities of  
M. incognitaJ2 were lower in plots of  onion 
treated with DD and fenamiphos in the fall 
and fall + spring and aldicarb in fall + 
spring than in control plots harvested in 

1983 (Table 1). Densities ofM. incognitaJ2 
in plots of  sweet potato or onion at harvest 
were not affected by time of  application of  
DD and fenamiphos. Plots treated in the 
fall with aldicarb contained larger num- 
bers of  M. incognita J2 than those treated 
in spring or fall + spring in 1982 and 1984. 

Densities of  H. dihystera were lower in 
sweet potato plots treated with e thoprop 
than those in control plots in 1982, but  not 
thereafter (Table 1). DD, fenamiphos, and 
aldicarb suppressed densities ofH. dihystera 
to low levels in sweet potato and most plots 
of onion. Densities ofH.  dihystera were not 
affected by time of  application of  DD, fen- 
amiphos, and aldicarb treatments. 

Population densities of  C. ornata de- 
clined in all plots from 1982 to 1984 (Table 
1). Densities ofC. ornata were lower in plots 
treated with nematicides than those in con- 
trol plots in 1982, but not thereafter. Time 
of nematicide application did not affect 
densities of  C. ornata on most sampling 
dates. 

The  number ofM. incognita females was 
less than one per sweet potato storage root  
in 1982, and the root-gall indices in 1982 
and 1983 were 1.00 for all soil chemical 
treatments (data not included). The  num- 
bers ofM.  incognita females in 1983 were 
lower in sweet potato from plots treated 
with DD (1.2), fenamiphos (1.1), and al- 
dicarb (1.0) than those from untreated con- 
trol (1.6), but they were not affected by 
time of  nematicide application (data not 
included). The  number  of  females in stor- 
age roots (1.9) and root-gall indices (1.18) 
of  Red Jewel from control plots and those 
treated with ethoprop were greater than 
in storage roots (1.3) and root-gall indices 
(1.0) of  Georgia Jet  in 1984. Neither ne- 
maticides nor time of  application affected 
the number  ofM. incognita females or root- 
gall indices of  Georgia Jet. The  application 
of  DD (fall + spring), fenamiphos (spring), 
f enamiphos  (fall + spring), a ldicarb 
(spring), and aldicarb (fall + spring) re- 
duced the number of  infection sites in Red 
Jewel (range 1.0 to 1.2) compared with the 
control (1.9). The  root-gall indices of  Red 
Jewel were lower in all plots treated with 



TABLE 1. Densities o f  nematodes~" ( n o . / 1 5 0  cmS soil) at ha rves t  in a sweet po ta to  (Georgia  Jet ,  Red  Jewel ) -on ion~  (Granex  33) c ropp ing  system following appl icat ion 
o f  nematicides,  1982-84 .  

Oo 

Time of Georgia Jet 20 September 1982 
applica- 

Granex 33 1 June 1983 Georgia Jet 29 August 1983 Georgia Jet 25 July 1984 Red Jewel 30 August 1984 

Treatment tion§ M.i. H.d. C.o. M.i. H.d. C.o. M.i. H.d. C.o. M.i. H.d. C.o. M.i. H.d. C.o. 

Control  
E thoprop  
DD 

Fenamipho s  

Aldicarb  

158 a 50 a 180 a 28 a 95 a 45 a 103 ab 30 a 20 a 253 a 34 ab 1 bc 324 a 103 a 5 b 
S 1 0 c  1 8 b  2 4 b c  2 0 a b  2 0 b  3 8 a  1 3 0 a  2 0 a b  1 6 a  2 9 3 a  6 1 a  9 a  194 a - c  1 3 8 a  6 b  
F 2 5 b c  3 c  2 1 b c  0 b  0 b  0 a  1 3 c  8 b c  3 a  3 b  0 b  0 c  158 a - c  5 b  0 b  
S 2 3 b c  3 c  0 c  l l a b  0 b  0 a  0 c  0 c  5 a  8 b  0 b  l b c  9 0 a - c  0 b  0 b  
F + S  4 c  0 c  0 c  0 b  l b  4 a  8 c  0 c  0 a  3 3 b  0 b  0 c  1 5 c  0 b  0 b  
F 4 9 b c  5 b c  4 1 b c  0 b  3 b  2 3 a  5 1 b c  l c  l a  8 3 a b  0 b  0 c  2 5 3 a - c  0 b  0 b  
S 0 c  0 c  2 8 b c  1 5 a b  5 3 a b  1 8 a  3 4 c  0 c  1 6 a  l b  0 b  0 c  8 c  0 b  3 b  
F + S  2 0 b c  0 c  1 3 b c  3 b  0 b  5 a  4 c  0 c  0 a  3 b  0 b  0 c  0 c  0 b  0 b  
F 6 9 b  1 c 9 3 b  6 a b  l b  1 3 9 a  2 3 c  3 c  1 7 8 a  2 0 5 a b  0 b  8 a b  2 9 4 a b  8 b  0 b  
S 3 c  9 b c  8 3 b  1 3 a b  1 5 b  3 8 a  5 c  0 c  2 3 a  3 b  4 b  l l a  3 8 b c  1 0 b  2 1 a  
F + S  3 c  5 b c  2 8 b c  0 b  0 b  1 9 a  3 c  0 c  3 0 a  0 b  0 b  0 c  5 c  0 b  6 b  

0o 
0o 

Means within columns followed by the same letter are not different (P -5 0.05) according to Duncan's multiple-range test. 
~f M.i. = Meloidogyne incognita J2. H.d. ~ Helicotylenchus dihystera. C.o. = CriconemeUa ornata. 
:~ No data available for onion in 1982 and 1984 because subfreezing temperatures destroyed the crops. 
§ Spring (S) = nematicide applied before planting sweet potato. Fall (F) = nematicide applied before seeding onion. F + S = both. 
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TABLE 2. Marke tab le  yields ( M T / h a )  o f  sweet  po ta to  (Georg ia  Je t ,  Red  Jewel)  and  on ion  (Granex  33) 
a f te r  nemat i c ide  appl ica t ion in a sweet  p o t a t o - o n i o n  c r opp i ng  sy s t em. t  

Time of Georgia Jet Granex 33 Georgia Jet Red Jewel 

Treatment application~: 1982 1983 1983 1984 1984 

Cont ro l  
E t h o p r o p  
DD 

F e n a m i p h o s  

Ald icarb  

26.9 e 14.8 d 3.6 e 17.6 d 29.8 c 
S 37.4 a - d  18.4 b - d  6.7 e 24.1 cd 29.3 c 
F 29.0 de  26.4 ab  23.3 cd  36.8 ab 46.1 ab  
S 25.2 e 16.6 cd 32.3 bc 41.4 a 43.7 a - c  
F + S 34.5 b - e  29.7 a 34.9 bc  33.9 a - c  44.3 a - c  
F 37.3 a - d  21.3 b--d 37.9 b 33.4 a - c  36.8 a - c  
S 44.3 a 16.0 d 52.2 a 43.2 a 48.4 ab 
F + S 39.2 a - c  25 .5  a - c  64.2 a 43 .6  a 50.0 ab  
F 29.1 de  22.3 a - d  10.5 de  29.3 bc 35.7 bc 
S 37.5 a - d  18.1 b - d  56.8 a 42.6 a 47.8 ab  
F + S 42.6 ab 20.1 b - d  58.1 a 44.6 a 52.2 a 

Means within columns followed by the same letter are not different (P -<- 0.05) according to Duncan's multiple-range test. 
t No data available for onion in 1982 and 1984 because freezing temperatures destroyed crops before harvest. 
:[: Spring (S) = application before planting sweet potato. Fall (F) = application before planting onion. F + S ~ both. 

nematicides (range 1.0 to 1.1), except eth- 
oprop (1.28), than in the control  (1.18). 
Root-gall indices on onion harvested in 
1983 were lower f rom nematicide treated 
plots (1.0) than from control (1.08). 

Marketable yields of  sweet potato in 1982 
from plots treated with e thoprop,  fena- 
miphos, aldicarb (spring), and aldicarb 
(fall + spring) were greater than those from 
untreated control (Table 2). As densities 
of  nematodes increased in the plots in 1983 
and 1984, marketable yields of Georgia Jet  
were greater in all nematicide treated plots, 
except those treated with e thoprop and al- 
dicarb (fall 1983), than in controls. Mar- 
ketable yield of Red Jewel f rom plots treat- 

ed with DD (fall), fenamiphos (spring), 
f enamiphos  (fall + spring),  a ldicarb  
(spring), and aldicarb (fall + spring) was 
greater than yield f rom control  plots. 

Fewer cracked sweet potato storage roots 
occurred in plots treated with e thoprop,  
DD (spring), fenamiphos, aldicarb (spring), 
and aldicarb (fall + spring) than in control 
plots dur ing 1982 (Table 3). In 1983 and 
1984 fewer cracked storage roots f rom 
Georgia Jet  occurred in plots treated with 
DD (spring), DD (fall + spring), fenami- 
phos, aldicarb (spring), and aldicarb (fall + 
spring) than in control plots. Yield of  
cracked storage roots f rom Red Jewel was 
lower in plots treated with DD, fenamiphos 

TABLE 3. Yield ( M T / h a )  o f  c racked  s to rage  roo t s  o f  sweet  po ta to  a f t e r  nemat i c ide  appl ica t ion in a sweet  
p o t a t o - o n i o n  c ropp i ng  system.  

Time of Georgia Jet Red Jewel 

Treatment application~ 1982 1985 1984 1984 

Con t ro l  
E t h o p r o p  
DD 

F e n a m i p h o s  

Aldicarb  

27 .4  b 49.6 ab 23.5 a 11.7 a 
S 14,5 fg 52.8 a 18.9 ab  11.1 ab  
F 25.6 b - d  41.7 bc 16.7 a - c  1.9 cd  
S 34,9 a 32.7 cd 11.8 b - d  2.1 cd 
F + S 23.7 b - e  22.7 de  15.1 bc 2.7 b - d  
F 19.7 d - g  28.5 d 11.3 cd 6.5 a - d  
S 13.0 g 14.3 e f  6.5 d 1.4 cd 
F + S 20.0 c - f  8.4 f 5.3 d 1.3 cd 
F 26.5  bc 43.3 ab 20.0  ab  9 .9  a - c  
S 18.8 d - g  14.6 e f  4.8 d 3.5 a - d  
F + S 17.9 e - g  l l . 4 f  8 . 4 c d  0 . 9 d  

Means within columns followed by the same letter are not different (P < 0.05) according to Duncan's multiple-range test. 
t Spring (S) = application before planting sweet potato. Fall (F) = application before planting onion. F + S ~ both. 
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(spring), fenamiphos (fall + spring), and 
aldicarb (fall + spring) than yield from 
plants in control plots. 

Correlation coefficients of yield of  mar- 
ketable and cracked sweet potato storage 
roots vs. densities ofM. incognitaJ2 in the 
soil at harvest among years ranged from 
r = -0 .33  to r = - 0 . 5 4  and r = 0.31 to r 
= 0.54 (P _-< 0.05), respectively. Yield of 
cracked storage roots was correlated (r = 
0.42) with densities of H. dihystera at har- 
vest in 1983, but not other years. Yield of  
marketable and cracked sweet potato stor- 
age roots was not correlated (P _-< 0.05) 
with numbers of C. ornata in the soil. 

Marketable yields of  onion in 1983 fol- 
lowing one crop of  sweet potato were 
greater in plots treated with DD (fall), DD 
(fall + spring), and fenamiphos (fall + 
spring) than in untreated plots (Table 2). 
Other combinations of nematicide and time 
of  application did not affect yield com- 
pared with the control. Correlation coef- 
ficients for marketable yield vs. densities 
of M. incognita J2 and H. dihystera in the 
soil at harvest were r = -0 .42  and r = 
-0 .31 (P _-< 0.05), respectively. 

DISCUSSION 

M. incognita causes cracking of sweet po- 
tato storage roots (11,13), and galling of 
fibrous roots of  sweet potato (11,16) and 
onion (6). The effects of H. dihystera and 
C. ornata on sweet potato and onion are 
not known, but neither appeared to be a 
problem in these studies. 

The  lack of  nematode control by etho- 
prop was consistent with earlier studies with 
sweet potato (9) and other crops in inten- 
sive production systems (8), although it was 
effective on Centennial sweet potato (10). 
Fall applications of  DD, fenamiphos, and 
aldicarb also failed to provide adequate 
control to prevent increase of M. incognita 
J2 on sweet potato the following spring. In 
our study, the use of  nematicides before 
planting prevented major damage by M. 
incognita to sweet potato storage roots. 

Nematicides applied in the spring of 1982 
before planting sweet potato provided suf- 
ficient control of  M. incognita J2 for the 

successful production of onion, a poor host 
forM. incognita (6). The reduction in nema- 
tode populations and increase in yields were 
consistent  with o ther  repor ts  for DD 
(4,9,10) and aldicarb (10,17) on sweet po- 
tato and aldicarb and fenamiphos (1) on 
potato. Our data on the relationship be- 
tween numbers of M. incognita J2 in the 
soil, number ofM. incognita females in stor- 
age roots, and reduced yield of sweet po- 
tato agree with other data, even though 
the numbers ofM. incognita females in stor- 
age roots in our tests were less than those 
reported for the susceptible Centennial 
sweet potato cultivar (10). 

Nonvolatile nematicides have been less 
effective than DD in reducing nematode 
populations in the soil and increasing mar- 
ketable yield of sweet potato (17). In the 
present study aldicarb and fenamiphos 
consistently resulted in more marketable 
sweet potatoes. DD treatment was more 
effective in reducing nematode popula- 
tions on onion. 

Nematode  popula t ion densities were 
lower in treated than in untreated plots of 
sweet potato and onion at harvest when 
nematicides were applied just before plant- 
ing either crop. No additional benefits re- 
sulted when nematicides were applied im- 
mediately before planting both sweet po- 
tato and onion. This integrated crop pro- 
duction system can reduce the dependence 
on nematicides, minimize the threat of ne- 
maticides to the environment, and reduce 
general pollution hazards. 
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