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Damage Functions and Population Changes of
Hoplolaimus columbus on Cotton and Soybean'’

J. P. Nog?

Abstract: Damage functions and reproductive curves were determined for Hoplolaimus columbus on
cotton cv. Deltapine 90 and soybean cv. Gordon over 2 years in field plots in Georgia. Maximum
potential yield suppressions of 18% on cotton and 48% on soybean were predicted with respect to
increasing Pi. Similar functions indicated yield suppressions of 38% on cotton and 30% on soybean
with respect to increasing midseason nematode densities (Pm). Maximum Pf predicted by reproduc-
tive curves were 123 and 474/100 cm® soil on cotton and soybean, respectively. Thresholds at which
10% yield suppression would occur were lower on soybean (Pi of 4) than on cotton (Pi of 70/100 cm?®
soil). The economic threshold for a control measure costing $72/ha was a Pi of 60/100 cm? soil on
cotton, assuming a price for cotton lint of $1.44/kg ($0.60/1b), whereas a similar treatment would not
be economically feasible on soybean at any Pi with an assumed price of $0.04/kg ($5.50/bu) soybean
seed. Damage functions and reproductive curves as determined in this study offer potentially useful
tools for analyzing cropping systems and providing decision tools for nematode management.
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The Columbia lance nematode, Hoplolai-
mus columbus Sher, causes losses on cotton
(Gossypium hirsutum L.) and soybean (Gly-
cine max (L.) Merr.) in the southeastern
United States. Infestations of H. columbus
may suppress yields of cotton 10-25%
(14,17) and soybean 10—40% (1,4,11,12,
17,18). Population densities of H. columbus
may increase 200-400% during a growing
season under cotton or soybean (1,10,14,
17,18). Intensive management of this
nematode is essential.

Management of H. columbus on cotton
has been achieved primarily through the
use of nematicides (3,14,16), whereas man-
agement on soybean has employed the use
of tolerant cultivars (4,13,18,20). As nema-
ticides continue to become less available
and more expensive, increased attention is
being given to sustainable management
practices on both crops. Most nematode
management options require field sam-
pling and crop-loss information to deter-
mine damage thresholds for efficient, eco-
nomically productive application (5,15).
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Nematode damage functions and repro-
ductive curves are essential components in
the formulation of these thresholds for
sustainable management practices (17).

Previous research has demonstrated that
damage functions and reproductive curves
for H. columbus can be derived from data
collected in small plots in naturally in-
fested fields (17). The purpose of this
study is to provide additional information
on management-related host—parasite re-
lationships for H. columbus on cotton and
soybean in Georgia.

MATERIALS AND METHODS

Data collection: Field data were collected
at a site naturally infested with H. columbus
on the Southeast Georgia Branch Experi-
ment Station in Midville, Georgia. The soil
was characterized as a Dothan sandy loam
(fine-loamy, siliceous, thermic, plinthic
paleudults; 69% sand, 13% silt, 18% clay,
pH 5.8).

Cotton cv. Deltapine 90 was planted on 9
May 1988 and 8 May 1989. Soybean cv.
Gordon was planted on 23 May 1988 and
23 May 1989. Rows were 1 m apart.
Thirty-six 4-row by 6-m long plots were
delimited on two experimental sites for
each crop (total of 72 plots for each crop in
each year), and early season nematode
densities were assayed on 19 May 1988 and
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23 May 1989 in the cotton plots, and on 1
June 1988 and 14 June 1989 in the soy-
bean plots. Midseason nematode counts
were taken on 11 July 1988 and 13 July
1989 in cotton, and on 29 July 1988 and 25
July 1989 in soybean. Final nematode
numbers were determined, and the center
two rows of each plot were mechanically
harvested on 9 November 1988 and 14
November 1989 in cotton, and on 27 Oc-
tober 1988 and 16 October 1989 in soy-
bean.

For nematode assays, 12 individual soil
cores (2.5 cm d, 20 cm deep) were collected
in a systematic pattern from the center two
rows of each plot and bulked. Plant-
parasitic nematodes were extracted from
500 cm? soil by elutriation and sucrose cen-
trifugation (approximate extraction effi-
ciency = 0.20) (2) and counted. In the
midseason and harvest nematode assays,
roots were collected from the eluted 500-
cm® sample of soil from each plot and in-
cubated on a mist extractor at 26 C for 48
hours (2). Root counts were added to soil
counts for further analyses. Nematode
numbers were reported per 100 cm?® soil.
All plots were managed by standard prac-
tices recommended for the area and irri-
gated as needed with lateral overhead irri-
gation. Alleys were planted and managed
along with the plots to remove border ef-
fects.

Statistical analysis: An inverse-logistic
function was used to represent the nema-
tode damage functionas Y = m + ([M —
m)/[1 + (P/w)®]), where Y represented crop
yield, P was either early season nematode
density (Pi) or midseason density (Pm), M
was maximum yield, m was minimum
yield, and » and b together determined
shape and location of the resulting curve
(17). Nematode population changes dur-
ing the growing season were represented
by an increasing exponential function P =
M@ — e *"), where P was Pf, final nema-
tode population density, or Pm, midseason
population density, Pi was early season
population density, M was the maximum
population density, and 4 determined the
exponential rate of increase (17). Damage

functions and nematode reproductive
curves were fitted to frequency class means
constructed from nematode counts and
yield data (6,17) after combining grids and
years, using nonlinear regression analysis
(19).

REsuLTS AND DIscUsSSION

The models selected to describe damage
functions and reproductive curves fit the
data well and offered suitable biological in-
terpretations for host—parasite relation-
ships. Mean-square-errors were less than
0.05 of total-sums-of-squares for all func-
tions (data not shown), and standard er-
rors of parameter estimates were within
acceptable limits (Tables 1,2).

Damage functions indicated maximum
yield suppressions of 18% on cotton and
48% on soybean over the range of early
season H. columbus densities (Pi) included
in this study (Table 1) (Fig. 1A,E). Similar
functions indicated maximum yield sup-
pressions of 38% on cotton and 30% on
soybean in response to midseason nema-
tode population densities (Pm) (Table 1)
(Fig. 1B,F). Midseason nematode popula-
tion densities influenced cotton yields
more than early season densities, whereas

TapLe 1. Parameter estimates and standard er-
rors for Hoplolaimus columbus damage functions on
cotton cv. Deltapine 90 and soybean cv. Gordon.

Yield-Pi Yield—Pm
Standard Standard
Parametert  Estimate error Estimate error
Cotton lint kg/ha
M 862.3 10.3 876.8 10.3
m 704.8 31.0 543.0 87.6
U 68.4 12.2 269.7 44.3
b 5.9 4.7 4.7 2.4
Soybean seed kg/ha
M 2,472.9 217.0 2,439.7 146.0
m 0.0 0.0 1,701.9 57.6
u 3739 187.4 354 11.2
b 0.47 0.17 4.4 3.8

T Parameters fitted by nonlinear regression to data using
the model Y = m + ((M — m}/[l + (Pfs)*]), where ¥ was crop

. yield, P was either early season (Pi) nematode density per 100

cm? soil or midseason (Pm) density per 100 cm? soil, M rep-
resented maximum yield, m represented minimum yield, and
u and b together determined shape and location of the re-
sulting curve.
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TaBLE 2. Parameter estimates and standard er-
rors for Hoplolaimus columbus reproductive functions
on cotton cv. Deltapine 90 and soybean cv. Gordon.

Pm/Pi Pf/Pi
Standard Standard
Parametert  Estimate error Estimate error
Cotton
M 321.2 51.7 122.9 5.0
b 0.009 (4.002 0.054 0.008
Soybean
M 532.6 55.1 474.0 36.0
b 0.009 0.002 0.02 0.004

t Parameters fitted by nonlinear regression to data using
the model P = M(l — e¢~*%), where P was Pf, final nema-
tode population density, or Pm, midseason population den-
sity, Pi was early season population density, M represented
the maximum population density, and & determined the ex-
ponential rate of increase. Hoplolaimus columbus densities were
expressed per 100 cm?® soil.

soybean yields were more strongly influ-
enced by early season H. columbus popula-
tion densities. The best-fit model for soy-
bean yield—Pi converged with a calculated
minimum yield of zero (Table 1), which
reduced the model to a simpler negative
exponential form. This result suggested
that the yield response had not reached a
minimum for soybean, and further sup-
pression could be expected at higher Pi.
The soybean yield response did reach a
minimum with respect to increasing mid-
season population densities (Fig. 1F),
probably because relatively rapid repro-
duction by H. columbus on soybean had di-
minished differences among plots by mid-
season.

Estimates of yield losses in this study
were within ranges previously reported for
H. columbus on cotton (14,17) and soybean
(1,4,11,12,17,18). The damage function
for cotton cv. Deltapine 90 reported
herein was similar to that previously re-
ported for cotton cv. Coker 315 in North
Carolina (17), with respect both to the
shape of the curve and to the parameter
estimates. Soybean cv. Centennial was not
as sensitive in the previous report as Gor-
don was in this study. In another study,
however, Gordon and Centennial ap-
peared to be equally intolerant to H. colum-
bus (20), as compared with treatments that
included a nematicide. Damage functions

cannot be generalized among soybean cul-
tivars, since two- to threefold differences
in tolerance to H. columbus have been re-
ported (4,13,18,20). Variability in growing
seasons and soil characteristics also would
cause differences in damage relationships.
The strong response of Gordon to early
season nematode densities may be related
to suppression of nodulation and (or) ni-
trogen fixation, as has been reported for
other plant-parasitic nematode species (7—
9). Higher nematode population densities
at midseason would not be as damaging,
because nodules would already be formed
on soybean roots.

There was a very strong relationship be-
tween Pf and Pi on cotton for H. columbus
Pi densities less than 50/100 cm? soil, but at
higher Pi densities the reproductive curve
reached an asymptotic maximum for Pf at
approximately 123/100 cm? soil (Table 2)
(Fig. 1C). In contrast, Pm increased as a
function of Pi throughout the range of
early season densities, to a projected max-
imum of 321/100 cm® soil (Table 2) (Fig.
1D). Nematode populations were still in-
creasing on the vigorous plants at midsea-
son, whereas by harvest the plants were de-
clining and counts had stabilized. The con-
trasts between Pf and Pm reproductive
curves for soybean were similar to the cot-
ton curves, except that numbers of nema-
todes were higher at both sampling dates
for soybean. The P{/Pi curve reached a
maximum at Pi densities four times
greater than on cotton (200/100 cm?® soil)
(Table 2) (Fig. 1G,H). These relationships,
combined with the damage functions, in-
dicated that soybean was a better host than
cotton but also was more sensitive in terms
of yield suppression.

The mean Pi on cotton was 46, increas-
ing 54% to a mean Pf of 71/100 cm?® soil.
The mean Pi on soybean was 66, increas-
ing 367% to 308/100 cm® soil. The per-
centage increase and the maximum popu-
lation density reported in this study on cot-
ton cv. Deltapine 90 was lower than
previously reported from North Carolina
on cotton cv. Coker 315 (190% increase to
182/100 cm® soil) (17). The form of the
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Host—parasite relationships of Hoplolaimus columbus on cotton (A-D) and soybean (E-H). A) Yield

versus early season nematode population densities (Pi). B) Yield versus midseason nematode population
densities (Pm). C) Harvest nematode population densities (Pf) versus early season densities. D) Midseason
nematode population densities versus early season densities. E) Yield versus early season nematode population
densities. F) Yield versus midseason nematode population densities. G) Harvest nematode population densities
versus early season densities. H) Midseason population densities versus early season densities. Parameter
estimates for fitted curves in Tables 1 and 2. Each data point represents the frequency-class mean of four plots.
N = 144 plots. Hoplolaimus columbus densities are per 100 cm® soil.

reproductive function was quite similar be-
tween the two studies, however, after ac-
counting for differences in scale. In con-
trast, percentage increases in nematode
density and maximum population levels

were much higher in this study for soy-
bean cv. Gordon than previously reported
for Centennial (17). In the North Carolina
study, however, the highest Pi levels on
soybean were nearly twice those reported
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herein. Higher H. columbus population
densities at planting may have stunted soy-
bean growth to the extent that reproduc-
tion of these obligate parasites was limited
by reduced availability of photosynthates
and smaller root systems.

Damage functions can be used to predict
yield suppression and to calculate eco-
nomic thresholds. A 10% reduction in cot-
ton yield would be g)redicted at a Pi of 70
H. columbus/100 cm® soil, whereas a Pm of
220 would be required to predict a similar
yield suppression. The economic thresh-
old for a nematicide that cost $72/ha ($30/
A) would be 60 H. columbus/100 cm? soil,
assuming a price for cotton lint of $1.44/kg
($0.60/1b). A 10% reduction in soybean
yield would be predicted at a Pi of 4,
whereas a Pm of 30 would be predictive of
a similar decrease. Application of a control
measure that cost $72/ha would not be eco-
nomically feasible with an assumed price
of $0.04/kg ($5.50/bu) soybean seed. A re-
turn of $0.065/kg seed ($9.36/bu) would be
required for the treatment to be profitable
at the highest Pi included in formulation
of the damage function (260 H. columbus/
100 cm? soil). It also is apparent from ex-
amination of reproductive curves that cot-
ton following soybean may not be an ad-
visable cropping sequence in areas infested
with H. columbus. However, because non-
host crops are not commonly grown within
infested areas of Georgia, growers typi-
cally use a soybean~cotton sequence and
must rely instead on the use of nematicides
on cotton.

These results provided an illustration of
the potential utility of damage functions.
Although the midseason damage functions
are not useful to a grower in terms of im-
plementing control measures for the cur-
rent crop, they add to our understanding
of the system and may be useful in project-
ing yield suppression for other purposes.
The reproductive curves, likewise, pro-
vided valuable information on cropping-
system dynamics, and, when combined
with data on other crops, they may suggest
suitable crop rotations. As additional data
become available, more generalized host—

parasite relationships will be characterized,
ultimately leading to the development of
improved management decision tools.
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