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Seasonal Dynamics and Yield Relationships of
Pratylenchus spp. in Corn Roots’

T. C. Toop anp T. R. OakLey?

Abstract: The seasonal distribution of Pratylenchus spp. in seminal and adventitious roots and the
relationship of maize yield variables to nematode densities were examined for irrigated maize in
sandy soil in 1994 and 1995. Nematode populations in seminal roots were stable or declined (P <
0.05) during the growing season, whereas total numbers of nematodes in adventitious root systems
increased in both years of the study. Late-season nematode densities in adventitious roots were better
related to midseason densities in seminal than adventitious roots. Seed test weights were negatively
related to Pratylenchus spp. densities in seminal roots in both years (P < 0.05) but inconsistently
related to adventitious root populations. Maize yield was inversely related to early-season nematode
densities in seminal roots in 1995 (P < 0.03). Regression analyses indicated a 1% loss in seed test
weight for each 10-fold increase in nematode density and a 1% loss in seed yield for each 1,000
nematodes/g root.
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Pratylenchus scribnert is a common pest of
maize (Zea mays) is irrigated sandy soils in
the north-central region of the United
States (4,6,8,10). Yield-loss relationships
have been described for this nematode us-
ing midseason and harvest population
densities in roots (8). Preplant soil popula-
tion density, in contrast, appears to be a
poor predictor of damage. Pratylenchus ne-
glectus, another inhabitant of sandy soils in
the region (5), is less often associated with
maize, and yield relationships have not
been determined.

Seasonal distribution of Pratylenchus spp.
in maize roots shifts between the seminal
and adventitious root systems, which pre-
dominate early and late in the growing sea-
son, respectively (3). Through the first 6
weeks of root growth, nematode popula-
tions in seminal roots are developmentally
advanced (3) and occur at higher densities
(3,12) than those in adventitious roots.
The objectives of this study were to exam-
ine the seasonal distribution of P. scribneri
and P. neglectus in maize roots and the re-
lationship between seed yield and nema-
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tode populations in seminal vs. adventi-
tious root systems.

MATERIALS AND METHODS

Nematicide experiments were con-
ducted in separate, continuously cropped,
irrigated maize fields in south-central Kan-
sas in 1994 and 1995. Soils at both loca-
tions were Pratt loamy fine sand (94-98%
sand, 0-1% silt, 2-5% clay; 1.0-1.2% or-
ganic matter; pH 5.2-6.0). Pratylenchus
spp. were the predominant plant-parasitic
nematodes present in both years of the
study, with P. scribneri and P. neglectus
present at the 1994 and 1995 locations, re-
spectively. Xiphinema americanum was also
present at both locations but remained at
low population densities. Nematicide treat-
ments and experimental design were iden-
tical between years and have been de-
scribed previously (11). In addition to 32
plots in each nematicide study, data were
collected from a contiguous grid of 16
four-row, 6.1-m-long untreated control
plots.

Nematode soil densities were deter-
mined at planting and harvest from a com-
posite sample of four 5-cm-diam. cores col-
lected 15 cm deep from the middle two
rows of each plot. Nematodes were ex-
tracted from 100-cm® subsamples of soil
using a modified Christie-Perry technique
(1). Root population densities of Pratylen-
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chus spp. were determined from two root
systems collected from an inner row of
each plot at monthly intervals during the
growing season. Nematodes were ex-
tracted from 1-g and 5-g fresh weight sub-
samples of seminal and adventitious roots,
respectively, using a modification of Rus-
sell’s root incubation technique (7). Nema-
tode numbers in roots were recorded on a
dry root basis. Yield data, including num-
ber of ears, seed test weight (kg/liter), and
total seed yield (kg/ha), were determined
after hand-harvesting 4.5 m of the remain-
ing inner row of each plot.

Seasonal trends in Pratylenchus spp. den-
sities in roots were examined for untreated
grid plots using regression analysis. Linear
trends in logy-transformed nematode
densities and total populations in roots
were compared for seminal and adventi-
tious root systems in each year of the study.
Relationships between yield variables and
nematode densities (absolute and trans-
formed) at each sampling date were exam-
ined for all plots in each year by correla-
tion and covariate analyses using the
CORR and GLM procedures of SAS (SAS
Institute, Cary, NC) software.

REsuLTS

Population dynamics of Pratylenchus spp.
in untreated maize roots were consistent
tor both years of the study (Fig. 1). Nema-
tode populations in seminal roots were
nearly 10-fold those in adventitious roots
across years and sampling dates. Intercept,
but not slope, estimates from linear regres-
sions of Pratylenchus spp. densities vs. days
after planting differed between seminal
and adventitious roots in both years (P <
0.05; Table 1). Numbers per gram root de-
clined in both root systems during the
1995 growing season (P < 0.05). Late-
season nematode densities in adventitious
roots were better correlated with midsea-
son seminal root densities (» = 0.49 to
0.77; P < 0.001) than with midseason ad-
ventitious root densities (r = —0.05 to
0.42; P < 0.76 to 0.003) for both years.
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Fic. 1. Seasonal distribution of Pratylenchus spp.
in untreated seminal and adventitious maize roots
during 1994 and 1995 (n = 16). A) Nematodes per
gram root. B) Total nematodes per root system.

Pratylenchus spp. populations in seminal
roots averaged 68%, 16%, and 0.5% of the
total root population for early-, mid-, and
late-season sampling dates, respectively,
across years (Fig. 1). Total numbers of
nematodes in seminal roots declined dur-
ing 1995 (P < 0.005), whereas total num-
bers in adventitious roots increased during
both years (P < 0.001; Table 1; Fig. 1).
Slope and intercept estimates from linear
regressions of total nematode populations
vs. days after planting differed between
seminal and adventitious root systems in
both years (P < 0.05; Table 1).



678 Journal of Nematology, Volume 28, Supplement to December 1996

TABLE 1.

Comparison of slopes and Y-intercepts for linear regressions of Pratylenchus spp. densities

(log;o-transformed) in untreated maize roots vs. days after planting during 1994 and 1995 (n = 48).

Slope Y-intercept R?
Root
system 1994 1995 1994 1995 1994 1995
Nematodes/g root
Seminal 0.001 a* —-0.009 a 353 a 3.91a 0.0t 0.30%*
Adventitious 0.004 a —0.005 a 2.64b 3.08b 0.04 0.09*
Total nematodes/root

Seminal —-0.004 b —-0.007b 2.61 a 2.74 a 0.07 0.16%*
Adventitious 0.041 a 0.036 a 093 b 0.63b 0.91%* 0.84**

* P =< 0.05, ¥*P < 0.01.

* Means followed by the same letter for root system within year are not significantly different using paired ¢ tests (P < 0.05).

Preplant soil population densities of Pra-
tylenchus spp. were not correlated with
yield variables or with root populations
from untreated plots in either year of the
study. Correlations of nematode and corn
variables were strongest for nematode
populations in seminal roots (Table 2).
Negative correlations were observed for
seed test weight (kg/liter) with both early-
and late-season Pratylenchus spp. densities
and total populations in seminal roots (P <
0.05). Only early-season nematode num-
bers from seminal roots were consistently

TABLE 2.

correlated with seed test weights across
years. Covariate analysis indicated that
slope estimates for seed test weight vs.
early-season Pratylenchus spp. densities
were not different between years (P <
0.15), despite 14% lower test weights in
1995 compared to 1994 (P < 0.001; Fig. 2).
The common slope estimate across years
was —0.009 (P =< 0.001), indicating a 1%
reduction in seed test weight for each 10-
fold increase in nematode density.

Maize seed yield (kg/ha) was negatively
correlated (P < 0.05) with early-season

Pearson correlation coefficients for absolute Pratylenchus spp. population densities in maize roots

on three dates vs. yield variables during 1994 and 1995 (n = 48).

Number of ears® Seed test weight® Seed yield®
Sampling
date 1994 1995 1994 1995 1994 1995
Nematodes/g seminal roots
Early 0.07 -0.17 —0.32% —0.44%* 0.05 —0.30*
Midseason -0.06 —0.06 0.09 -0.23 —0.02 —-0.04
Late —-0.04 0.21 -0.11 —0.48%* -0.11 -0.19
Total nematodes/seminal root system
Early 0.03 -0.10 ~0.33% —0.40%* 0.03 —0.08
Midseason -0.08 0.01 0.02 -0.22 -0.05 0.01
Late -0.11 0.22 ~0.09 —0.50%* -0.17 -0.21
Nematodes/g adventitious roots
Early 0.03 —0.07 -0.27 -0.13 0.08 -0.03
Midseason —0.16 —0.07 -0.09 -0.11 -0.11 -0.03
Late —0.06 0.12 0.20 —0.29* 0.08 0.03
Total nematodes/adventitious root system

Early 0.04 -0.07 -0.21 -0.09 0.09 -0.18
Midseason —-0.18 -0.02 -0.05 -0.13 -0.13 -0.03
Late 0.07 0.12 0.12 -0.27 0.05 0.04

*P =< 0.05, **P < 0.01.
#Number of ears per 4.5-m row.
b Kglliter.

“Kg/ha.
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Fi1G6. 2. Relationship of maize seed test weight and early-season Pratylenchus spp. densities in seminal roots
for P. scribneri in 1994 and P. neglectus in 1995 (n = 44).

Pratylenchus neglectus densities in seminal
roots in 1995 (Table 2). Regression analy-
sis predicted a 1% loss in yield for each
1,000 nematodes/g root. Combination of
covariates within and across years did not
improve yield-loss relationships.

Discussion

Higher nematode densities in seminal
roots compared to adventitious roots have
been reported for P. neglectus in wheat (9),
and P. hexincisus and P. scribneri in maize
(3,12). Georgi et al. (3) reported that sem-

inal root populations of P. hexincisus were
more developmentally advanced than
those in adventitious roots through the
first 6 weeks after planting as a result of
the precursory availability of the seminal
roots. In the present study, P. scribneri and
P. neglectus densities remained higher in
seminal roots through 100 days after
planting. Following the first 30 days, how-
ever, all of the population increase oc-
curred in adventitious roots. Since nema-
tode populations in seminal roots declined
during this time, a portion of this increase
appeared to be due to migration of popu-
lations from seminal to adventitious roots.

The seminal roots of monocotyledons
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predominate during seedling establish-
ment, but their contribution to the plant
decreases rapidly after the seedling stage
{(2,3). On the early-season sampling dates
(approximately 1 month after planting) in
this study, seminal roots still comprised
40% to 50% by weight of the root system
and contained nearly 70% of the nema-
tode population. It was this segment of the
nematode population that provided the
best predictor of subsequent yield loss.
Conversely, the importance of late-season
Pratylenchus spp. population densities in
adventitious roots should not be disre-
garded based on observed yield increases
(10% across both years of the current
study) in response to 30-day postplant ne-
maticide application.

Yield loss in this study was relatively mi-
nor and, when detectable, agreed with a
damage relationship previously reported
for P. scribneri on irrigated maize from
South Dakota (8). However, that estimate
of approximately 1% loss per 1,000 nema-
todes/g root was based on harvest popula-
tions, and likely involved only adventitious
roots. Late-season population densities of
P. neglectus in adventitious roots were also
negatively correlated with seed test weights
in the present study. It is important to note
that late-season densities of P. scribneri in
adventitious roots were nearly identical to
early-season densities in seminal roots in
1994 and that late-season Pratylenchus spp.
population densities were similar between
the two root systems in both years. Auto-
correlations among sampling dates compli-
cated the partitioning of damage, but the
data do provide some evidence that early-
season damage to the seminal roots of
maize negatively impacts seed production.
Since late-season nematode population
densities have little predictive significance,
this observation provides a basis for im-
provement of current yield-loss predic-
tion.

As with the South Dakota study (8), pre-
plant Pratylenchus spp. soil population den-
sities were not a useful predictor of subse-
quent root population densities or yield
loss. In northern latitudes, this may be ex-

plained by the fact that more than 50% of
the population can be in residual dead root
fragments at the time of planting (4). In
Kansas, however, fewer than 10% of P.
scribneri populations typically overwinter in
maize roots (Todd, unpubl.). In the ab-
sence of any strong predictive value for
preplant population densities, the ob-
served relationship between early-season
Pratylenchus spp. population densities in
seminal roots and maize yield could be ex-
ploited to avert subsequent yield losses.
The potential advantage of a postplant ne-
maticide application has been demon-
strated for P. scribneri in maize (11), and
the current study suggests that recommen-
dations for treatment should be based on
early-season sampling of seminal roots.

Finally, seed test weight appeared to be a
better indicator of damage due to Pratylen-
chus spp. than absolute seed yield. Serious
reductions in test weight would have an
economic impact independent of yield loss
due to potential price deductions based on
seed quality.
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