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Corn Yield Increases Relative to 
Nonfumigant Chemical Control of Nematodes 1 
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Abstract: Corn yields were measured after application of nematicides in 16 experiments, mostly 
in medium-to-heavily textured soil, at 12 locations in Iowa during 1973-1976. The average 
maximum yield increase in plots treated with nematicides was 21% over yields in untreated 
plots. Yields were correlated negatively with nematode numbers or nematode biomass in nearly 
all comparisons. Correlations of nematode numbers in the soil with yield averaged --0.56 for 
Helicotylenchus pseudorobustus, --0.45 for Hoplolaimus galeatus, --0.51 for Pratylenchus spp., 
and --0.64 for Xiphinema americanum. Correlation coefficients for numbers of nematodes in the 
roots and yield averaged --0.63 for Pratylenchus spp. and --0.56 H. galeatus. Correlation co- 
efficients for yield and total number of nematodes averaged --0.65 in roots and --0.55 in soils. 
Negative correlations also were greater for comparisons of yield with total parasitic-nematode 
biomass than with numbers of individual nematodes of a species or total numbers of parasitic 
nematodes. Key Words: Helicotylenehus pseudorobustus, Hoplolaimus galeatus, Pratylenchus 
hexincisus, Xiphinema americanum, rootworms. 
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p r o d u c t i o n  o v e r  w i d e  a reas  o f  t h e  u p p e r  
M i d w e s t ,  w h e r e  m e d i u m - t o - h e a v i l y  t e x t u r e d  
soi ls  p r e d o m i n a t e ,  [ lave n o t  b e e n  e v a l u a t e d  
fu l ly .  S m o l i k  (16) f o u n d  a n e g a t i v e  co r r e l a -  
t i o n  o f  y ie ld  w i t h  p a r a s i t i c  n e m a t o d e s  a t  
h a r v e s t  i n  S o u t h  D a k o t a .  Hoplolaimus 
galeatus ( C o b b )  T h o r n e  a n d  Pratylenchus 
hexincisus T a y l o r  8c J e n k i n s  w e r e  i m p l i -  
c a t e d  in  c o r n  y i e l d  losses  i n  s a n d y  soi ls  i n  

I o w a  (13). R o o t w o r m s ,  w i r e w o r m s ,  ear-  
w o r m s ,  o r  s t a l k  r o t  w e r e  n o t  p r e s e n t  o r  
w e r e  n o t  a f f ec t ed  by  t h e  t r e a t m e n t s  i n  t h e s e  
tests .  T h i s  r e s e a r c h  was  d o n e  to  d e t e r m i n e  
t h e  r o l e  o f  n e m a t o d e s  as a f a c t o r  i n  in-  



creased corn yields in plots treated with 
nematicides in medium-to-heavily textured 
soils. 

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

General procedures: T h e  results re- 
ported are from 16 experiments  at 12 
locations dur ing 1973-1976. T h e  experi- 
ments were in all sections of iowa except 
the southwestern part.  T w o  experiments  
were in soil containing more than 90% 
sand, but  all others were in loam, silt loam, 
or clay loam soils. Five locations were 
suspected of having a nematode problem. 
T h e  other 11 test sites were not  pre- 
viously assayed. Granu la r  nematicides 
applied were aldicarb, carbofuran,  0[5- 
chloro-l-(1-methyl)-I H-l,2,4-triazol-3-yl]O,O- 
diethyl phosphorothioate  (CGA-12223), 
ethoprop,  fensulfothion, phenamiphos,  and 
terbufos. Nematicides were appl ied in a 
17.8-cm band unless specified otherwise. 
Granules were applied with tractor- 
moun ted  applicators or calibrated gear- 
driven, hand-operated applicators and 
incorporated into the top 5 cm of soil. Row 
widths were 71-76 cm. Most plots were four 
rows wide and 9.1 m long. T h e  two outer 
rows were sampled within the row for 
nematodes,  and the center 7.6 m of the 
inner rows was harvested by hand for 
yield. A composite of ten 2-cm core 
samples/15.2 m of row was sampled f rom 
each t reatment  about  mid-June, mid-to-late 
July,  and late August  to early September. 
A pre t rea tment  sample was collected from 
the untreated plots, but  because of small 
nematode numbers,  the data are not in- 
cluded. Each t rea tment  was replicated 4 to 
7 times. All tests were of a randomized 
block design. T h e  nm nbe r  of  t reatments 
per  exper iment  ranged from 4 to 10, in- 
cluding an untreated control. Cultivars 
varied with experiment .  

Tile soil in each sample was mixed 
thoroughly in the laboratory by rolling, and 
100 cm a was processed by the centrifugal- 
flotation method (9) within 2 days of 
sampling. Fibrous roots collected from the 
soil samples were processed for endopara-  
sites by thin-layer water  extract ion for 7 
days, with a change of water after the third 
day, in 1973-1974, and by a shaker met lmd 
(3) for 4 days in 1975-1976. After nematode  
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extraction, the roots were dried at 90 C for 
48 h. 

Correlations: Correlations were tested 
between corn yields and numbers  of soil 
nematodes/100 cm a, total nematode bio- 
mass in soil, total numbers  of nematodes in 
roots, and total nematode biomass in roots. 
T h e  higher of the two nematode counts was 
used for calculating correlation coefficients 
(r). 

Prominence vahte: Used to ascertain 
relative quant i ta t ive  values among nema- 
todes was the prominence  value, PV = 
density ~/frequency (2). Values were calcu- 
lated from mean numbers  of nematodes in 
untreated plots in tile mid-to-late-summer 
samplings. 

Biomass: More juveniles than adul t  
nematodes were present in mid-to-late sum- 
met  in iowa. T o  estimate biomass, 25-30 
nematodes of each species were picked at 
random from midseason samples and meas- 
ured, and the biomass was calculated by the 
formula of Andrassy (1). T h e  biomass for 
individual  nematode  species used in this 
study was: Helicotylenchus pseudorobustus 
(Steiner) Golden, 0.183 t~g; Hoplolaimus 
galeatus, 0.792/~g; Pratylenchus spp., mostly 
P. hexincisus, 0.072 t~g; Paratylenchus 
projectus Jenkins, 0.032 t~g; Longidorus 
breviannulalus Nor ton  and Hoffmann,  
4.657 ug; Quinisulcius acutus (Allen) 
Siddiqui, 0.154 t'g; Trichodorus sp., 0.659 
~g; Tylenchorhynchus nudus Allen, 0.125 
#g; and Xiphinema americanum Cobb, 
0.995 #g. 

Rootworms: In  an a t tempt  to iden- 
tify the degree of roo tworm [Diabrotica 
longicornis (Say), 1). virgifera LeConte,  and 
1). undecimpunctata Barber] control by 
tile chemicals, 10 of the 16 experiments  
were evaluated for roo tworm damage. T h e  
amount  of root damage was classified by a 
l-to-6 visual rating, from little to a/most- 
complete root damage. Evaluations were 
made on five plants from each t rea tment  
plot  in mid-to-late July, when m a x i m u m  
feeding has occurred. 

R E S U L T S  

Prominence values for the parasitic 
nematodes/100 cm a soil in all replications 
of the untreated plots for all tests were: 
H. pseudorobustus, 698; H. galeatus, 342; 
Pratylenchus spp., 318; X. arnericanurn, 
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104; T. nudus, 33; L. breviannulatus, 0.2; 
P. projectus, 0.1; Q. acutus, 0.1; and Tri- 
chodorus sp., 0.1. Prominence values/gin 
dry root  were: Pratylenchus spp., 3,960; and 
H. galeatus, 833. 

The  average percentage yield increase 
in chemically treated plots compared with 
no treatment ranged from 2 to 20% (Table 
1). In comparison with controls, the maxi- 
mum yield increases in the 16 experiments 
averaged 21%, with the greatest increase 
in any experiment being 72%, for carbo- 
furan at 1.12 kg/ha.  In general, however, 
carbofuran generally resulted in greater 
yield increase at 2.24 kg /ha  than at the 
lower rates. 

The  nematicides were selective in re- 
ducing nematode numbers (Table 2). For 
example, CGA-12223 performed well 
against H. galeatus in the roots but  did 
poorly against X. americanum in the soil. 
Carbofuran generally performed best 
against X. americanum. 

The  yield increases obtained with 
nematicides (Table 1) and reductions in 
nematode number  after nematicide appli- 
cation (Table 2) give supportive evidence 
that nematodes may be limiting corn pro- 

TABLE 1. Average yields and average percentage 
nematieides in Iowa (1973-1976). 

duction in the Midwest. Measures of the 
degree of nematode infection were corre- 
lated negatively with corn yields for 58 of 
60 such comparisons made with individual 
species. Correlation of nematode numbers 
in the soil with yield averaged --0.56 for 
Helicotylenchus pseudorobustus, --0.45 
for Hoplolaimus galeatus, -0.51 for 
Pratylenchus spp., and -0 .64 for Xiphinema 
americanum. Correlation coefficients for 
numbers of nematodes in the roots and 
yield averaged -0.63 for Pratylenchus spp. 
and --0.56 for H. galeatus. Numbers of 
Pratylenchus spp. and H. galeatus com- 
bined were more closely correlated with 
yield than were numbers of either con- 
sidered singly in 71% of the instances 
where these measures were compared. 
Numbers of H. pseudorobustus, H. galeatus, 
Pratylenchus spp., and X. americanum in 
the soil were less closely correlated with 
yield than were all nematodes combined in 
46, 60, 50, and 30% of such comparisons, 
respectively. 

Nematode biomass of individual species 
was more closely related to yield than 
nematode numbers in 61% of the com- 
parisons. Tota l  nematode biomass was more 

yield increases in corn plots treated with granular 

Average percentage 
~ncrease compared Average yield in 

with untreated treated plots 
Nematicide Kg(a.i.)/ha n ~ plots b (kg/ha) 

Terbufos 1.12 4 20 6,528 
Aldicarb 3.36 2 17 10,668 
Ethoprop 2.24 7 17 7,163 
CGA-12223 c 1.68 1 17 5,207 
Aldicarb 2.24 2 15 6,706 
Fensulfothion 2.24 6 15 6,833 
Carbofuran 2.24 16 15 7,722 
CGA- 12223 3.36 7 14 8,967 
CGA- 12223 2.24-2.80 8 13 8,027 
Ethoprop 1.12 7 12 6,833 
Ethoprop 3.36 1 11 4,217 
Phenamiphos 4.48 1 10 4,090 
CGA-12223 4.20-4.48 3 9 7,163 
Carbofuran 0.84-1.12 13 8 7,163 
Carbofuran 4.48 2 6 7,976 
Carbofuran (furrow) 2.24 3 4 9,525 
Carbofuran 3.36 2 3 5,766 
CGA-12223 1.12-1.40 6 2 5,588 

"Number of tests in which the chemical was used at specified rate. 
bBased on combined yields in all tests. 
cO [5-chloro-l-(1-methylethyl)-I H-l,2,4-triazol-3-yl] O,O-diethyl phosphorothioate. 
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closely re la ted  to y ie ld  of corn  t h a n  was 
biomass of i n d i v i d u a l  species i n  66% of 
the instances where this compar i son  was 
made.  As an  example ,  i n  a test at Ames in  
1974 the cor re la t ion  coefficients be tween  
yield and  nematodes  in  tile roots were re- 
spectively r = -0 .78 ,  -0 .86 ,  and  - 0 . 9 6  for 
Pratylenchus spp., H. galeatus, and  bo th  
nematodes  combined .  

Q u a n t i t a t i v e  measures of n e m a t o d e  
presence and  yield o[ corn  tended to be 
most  closely re la ted  at  the high end  of the 
scale measu r ing  n e m a t o d e  presence. At the 
h igh  end  of the scale the nematodes  wou ld  
be more  apt  to be a p r inc ipa l  factor l imi t -  
ing  growth.  

Rootworms: T h e  m e a n  roo tworm dam- 
age r a t i ng  was 3.2, wi th  a range  of 0 to 5.9 
in  t rea ted plots in  the 10 tests. A l though  
any  in t e rac t ion  be tween  roo tworm damage  
and  nematodes  is riot clear, the cor re la t ion  
of roo tworm damage  r a t i n g  and  m a x i m u m  
n e m a t o d e  biomass in  the roots was --0.741 
(P -- 0.05). T h e  two highest  r oo tworm 
damage  ra t ings  were 5.9 and  4.2, respec- 
t ively in  the u n t r e a t e d  plots at Newel l  and  
Independence .  Those  plots had n e m a t o d e  
biomass readings  in  the root  of 21 a n d  14 
t~g/gm dry root  in  1973 and  1974, respec- 
tively. 

D I S C U S S I O N  

Negat ive  corre la t ions  of nematodes  wi th  
yield are no t  proof  tha t  nematodes  are the 
cause of yield reduc t ion .  Bu t  they suppor t  
the hypothesis  tha t  nematodes  cause signif- 
i can t  damage  to corn. Other  factors mus t  be 
considered in  j u d g i n g  the impor t ance  of in- 
d iv idua l  species. For  example ,  even though  
signif icant  negat ive  cor re la t ion  coefficients 
were o b t a i n e d  wi th  H. pseudorobustus a nd  
corn yield, a nd  T a y l o r  (17) f ound  tha t  this 
n e m a t o d e  disrupts  cortical cells, there is 
o ther  evidence that  this species (12) a n d  
H. dihystera (15) are on ly  modera te ly  or 
sl ightly pa thogen ic  to corn. L i t t l e  is k n o w n  
a bou t  the effects of X. americanum on corn. 
In  contrast ,  Pratylenchus spp. are well- 
k n o w n  pa thogens  to m a n y  crops, i n c l u d i n g  
annua l s ,  and  evidence is a c c u m u l a t i n g  tha t  
different  species are d e t r i m e n t a l  to corn 
(5, 10). Since some of the highest  yields 
were from plots t reated wi th  a ld icarb ,  
which  is ineffective agains t  rootworms b u t  
h ighly  effective agains t  nematodes ,  it is 
p robab le  tha t  n e m a t o d e  cont ro l  accounts  
for m u c h  of the yield increases o b t a i n e d  
when  this chemical  was used. 

T h e  greatest  yield increases (over un-  
t reated controls)  i n  the 16 exper imen t s  

TABLE 3. Maximum correlation coefficient (r) values in second or third samplings of nematode num- 
bers or biomass wi.th corn yield in Iowa (1973-1976). 

Soil Roots 

Total soil Total nematode Total root Total nematode 
Location Year nematodes biomass nematodes biomass 

Fort Madison 1973 --0.23 --0.26 --0.32 --0.34 
Vincennes 1973 --0.58 --0.70 *" --0.81" --0.68 
Ames 1974 --0.88**" --0.92** --0.86** --0.97** 
Chariton 1974 --0.45 --0.38 - -  - -  
Fort Madison 1974 --0.70* --0.78** --0.50 --0.52 
Garnavillo 1974 --0.32 --0.48 --0.61 --0.68 
Gilbert 1974 --0.28 --0.65 --0.73 --0.85* 
Independence 1974 --0.62 --0.42 --0.70 + 0.17 
Manley 1974 --0.50 --0.55 - -  - -  
Newell 1974 --0.40 --0.46 - -  - -  
Chariton 1975 --0.95"* --0.95"* - -  - -  
Melvin 1975 --0.25 --0.10 - -  - -  
Sanborn 1975 --0.33 --0.54 - -  - -  
Story City 1975 --0.82 --0.71 - -  - -  
Melvin 1976 --0.70" --0.73" - -  - -  
Story City 1976 --0.74* --0.13" - -  - -  

aAsterisks (*, **) respecti.vely indicate significance at P ~ 0.05 and 0.01. 
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averaged 21%.  Because few fields were 
selected for high nematode populations,  
there was a certain amount  of randomness  
bui l t  into site selection. If  even 50% of the 
yield increases were due to nematode con- 
trol, the loss for Iowa would exceed the 
average estimate of loss due to nematodes 
for all corn acreage in the Uni ted  States 
dur ing 1967-68 (6). 

T h e  trends of larger negative r-values 
with increased nematodes probably  have 
biological meaning  because the presence of 
more  nematodes,  and therefore a greater 
biomass, would result in a greater energy 
flow from the plant  to the nematode.  A 
greater mechanical  cell destruction would 
also result, and might  be even more im- 
por tan t  than biomass per se. A greater 
energy flow per unit  of biomass is required 
to sustain an ecosystem of lesser divers- 
ity, as in agrecosysterns, than o[ greater 
diversity, as in natural  ecosystems ( l l ) .  
Nematodes  could have a greater impact  on 
corn product ion in the Midwest than on 
the prairie plants that  corn replaced. Data  
are needed on product ion efliciencies, de- 
gree o[ cell destruction, and ratios of 
nematode biomass relative to plant  biomass 
in the two ecosystems. 
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Influence of Low Temperature on Rate of Development of 
Meloidogyne incognita and M. hapla Larva@ '~ 

T. C. VRAIN, K. R. BARKER, and G. I. HOLTZMAN ~ 

,4 bstract: Deve lopment  of Meloidogyne incognita and M. hapla larvae in clover roots was s tud ied  
at  20, 16, 12, and  8 C in  g rowth  chambers  and  in the field f rom fall  t h rough  spring,  in Nor th  
Carol ina .  Larvae  of both  species invaded  roots and  developed at  20, 16, and  12 C, bu t  not  a t  
8 C. T h e  t ime necessary to comple te  the larval  stages a t  each t empera tu re  was de te rmined .  T h e  
m i n i m a l  t e m p e r a t u r e  for deve lopment  of M. incognita larvae was 10.08 C and 8.8 C for M. hapla 
larvae. In  the field, soil t e m pe ra tu r e  at  10 cm deep was favorable  for deve l opmen t  of larvae 
u n t i l  the end of November ,  and  again  from February  on. All stages of the nematodes  survived 
freezing t empera tu res  in the roots. Rep roduc t ion  of both  species was ev iden t  in March or Apri.1 
af ter  inocu la t ion  and accumula t i on  of 8,500 to 11,250 degree-hours.  Key Words: ecology, thresh-  
old tempera tures ,  survival .  

T h e  influence of temperature on the rate 
of development  of larvae of Meloidogyne 
spp. in host roots is well documented.  
Studies in controlled-environment cham- 
bers (3, 17) or in temperature-controlled 
water tanks in greenhouses (4, 7, 14) have 
shown that the rates of development  of all 
stages of MeIoidogyne spp. are correlated 
positively with temperature between 15 and 
30 C. Lit t le  work has been done to deter- 
mine the rate of development  below 15 C, 
or to determine the basal temperature 
threshold for development.  Tyler  (14) 
found that an unknown species of 
Meloidogyne developed in tomato roots at 
temperatures between 10 and 15 C. Griffin 
(7) showed that Meloidogyne hapla Chit- 
wood larvae penetrate alfalfa roots and 
develop at 10 C. Hogger and Bird (8) found 
that Meloidogyne incognita (Kofoid and 
White) Chitwood reproduces in the spring 
in Georgia, and suggested that it may 
develop in the roots of winter  annuals in 
fall and winter. 
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Tile development of M. incognita and 
M. hapla larvae was compared in this study 
at constant temperatures between 8 and 
20 C, and survival and development  of the 
larvae in the field was studied during fall 
and winter in Nor th  Carolina. 

MATERIALS AND M E T H O D S  

Development at constant temperatures: 
Ten  white clover 'Dutch'  (Melilotus alba) 
seedlings previously germinated on damp 
paper were transplanted to 10-cm-diam pots 
filled with a loamy sand (texture: 82% 
sand, 14% silt, 4% clay). T h e  pots were 
placed in an environmental ly controlled 
greenhouse with a day/n ight  temperature 
regime of 22/18 C. After 5 days the seed- 
lings were thinned to 5 per pot and 
inoculated with Rhizobium tri[olii. 

Depending on the subsequent tempera- 
ture treatment,  the plants were then 
allowed to adapt  and grow at decreasing 
temperatures for various periods in the 
environmental ly controlled greenhouse or 
in growth chambers (Table  1). All the 
plants were inoculated on the same day 
with freshly hatched M. incognita or M. 
hapla larvae. Five ml of a suspension con- 
taining 200 larvae/ml  was placed in holes 
3-5 cm deep in the soil. T h e  plants were 
then placed at their respective treatment 
temperatures: 20, 16, 12, or 8 C. Th ey  were 
fertilized weekly with a complete nutr ient  
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