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RESUMEN

McSorley, R., y J. L. Parrado. 1986. Relacién entre la altura del kenaf y la nodulacién de
las raices por Meloidogyne incognita. Nematropica 16:205-211.

Datos de un experimento de campo relacionando la altura de la planta de kenaf
(Hibiscus cannabinus) con la densidad de las masas de huevecillos y nédulos en el sistema
radicular causados por el Meloidogyne incognita (raza 1) mostraron una correlacién sig-
nificativa (P < 0.01, 154 d.f.) con r = 0.575. Los datos agrupados por clases de densidad
dieron un valor mejorado y altamente significativo (P < 0.01), que se ajusta a los modelos
lineales, cuadriticos y de Seinhorst con valores para r? de 0.851, 0.905 y 0.877 respec-
tivamente cuando se utilizaron los promedios de las clases de densidad. Las ecuaciones
correspondientes relacionando la altura de la planta en cm (Y) con la densidad del
nematodo (X), (X = logy(P+1.0) y P = numero de nédulos y masas de huevecillos/sistema
radicular), fueron Y = 143.8-5.753X, Y = 136.6-0.489X-0.587X2, y Y/132.5 = 0.525 +
0.475 x 0.996"#9, para los modelos lineales, cuadraticos y de Seinhorst respectivamente.
Cuando se sopesaron las observaciones de cada clase de densidad, el ajuste a los modelos
lineales y cuadraticos fue similar al obtenidos con los datos no sopesados, pero disminuyé
en valor para el modelo Seinhorst (12 = 0.774 vs r? = 0.877).

Palabras claves adicionales: funciones de dasio, relacion huésped-parasito, nematodo nodulador de
las raices, Hibiscus cannabinus.

Kenaf (Hibiscus cannabinus L.) is grown throughout the tropics and
subtropics as a fiber crop (15). It is grown locally in southern Florida
for use as support poles in pole bean (Phaseolus vulgaris L.) production
(22). Root-knot nematodes (Meloidogyne spp.) are a common problem of
kenaf in a number of locations throughout the world
(11,12,14,18,21,24). Therefore it is important to understand the extent
of yield loss in kenaf as a result of damage by root-knot nematode
species. The objective of this study was to relate yield in terms of plant
height to densities of Meloidogyne incognita (Kofoid and White) Chitwood
galls and egg masses in roots using field data. Expression of such re-
lationships had been hampered by the variability present in the field
data, and only by using methods recently developed by Ferris (2) could
clear trends be visually observed.

Seed of mixed kenaf cultivars was broadcast at a rate of 4.54 kg over
a 0.305 ha area on June 3, 1981 to give an average plant density of
43/m2. The site was a Rockdale fine sandy loam soil (5) located in Home-
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stead, Florida, previously planted to okra (Abelmoschus esculentus [L.]
Moench.) and having an uneven infestation of M. incognita, identified
as race | using a differential host test (20). A total of 26 plots, each 6.1m
x 9.2m = 56m,? were established within the field. Preplant soil samples
were collected from each plot and processed for nematodes by sieving
and centrifugation (6). On August 5-6, six plants were chosen at random
and harvested from each plot. A measurement of plant height in cm
was made for each plant and the total number of M. incognita egg masses
and galls on each corresponding root system was counted as a measure
of nematode infection per plant.

All data points (nematode density, plant height) were arranged in a
series of arbitrary density classes, using the same class intervals described
by Ferris (2), i.e., density class i ranging from between nematode den-
sities of 20-°% and 26+, The number of observations per density class
differed, and the mean nematode density and mean plant height were
calculated from the observations for each respective density class. Mean
nematode densities were transformed by log, (number of galls and egg
masses+1.0), and relationships between mean yield and mean nematode
density developed using a computer program (3) for fitting Seinhorst’s
(19) function to experimental data. Goodness of fit to linear and quad-
ratic models was also attempted (4). For each of the three models,
analyses were attempted for two scenarios: in one case, curve fitting was
done on the interval means alone (equal weight), while in the other case
the data set was first weighted by the number of observations in each
density class (2,4).

Preplant soil counts of M. incognita juveniles were low (<10/100 cm®
soil) in all plots. However, preplant soil counts taken during the summer
have since been shown to be extremely unreliable in anticipating sub-
sequent crop damage on these soils (8,9). Despite the low preplant den-
sities, stunting occurred in uneven patches in the field. Severely
stunted plants were yellow and some exhibited signs of severe iron defi-
ciency, characterized by reddish foliage at the tips of the stems.

When all 156 data points (plants) were considered individually, a
relatively weak, but statistically significant (P<0.01, 154 d.f.), linear cor-
relation was found between plant height and logs (nematode density +
1.0), with r2=0.331 (Table 1). Much variation was apparent in the mea-
sured plant heights, some apparently due to nematodes, but much also
due to effects such as plant spacing or genotypic variation of the indi-
vidual plants. Relatively weak, but significant (P<<0.01) fits to quadratic
and Seinhorst models were also noted for the unpooled data, with r?
ranging from 0.328 to 0.338 (Table 1). Grouping of the data into density
classes provided much stronger relationships between plant heights and
nematode density (Table 1).



207

NEMATROPICA Vol. 16, No. 2, 1986

10°0 > [09a9] Lpiqeqord 1B 1 JUBDIJIUSIS VLIIPUI (4y) SYSLIASY (0 [+d) “S0[=¥X ‘walsks 1001 12d s[ed pue
sassew 889 Jo raquinu=g4 ‘wo u1 1yS1ay juejd= X ‘sse A)SUIP YoeI Ul SUOIBAIISGO JO JI2qUINU AQ PIYS1om 195 elep=paiySo M,

#x¥ L1 0ad #xLL8 01 %866 0=51
©0s-0F66°0X0LE°0+069'0=8FS1/A ©0w-0966'0XGLF 0+965°0=9CS1/A ©0-0§66°0%¥6LE0+839 0=F"IST/A Isioyuteg
*x988°0=41 #£G06°0=21 #x£866 0=21
+X866°0-X89% 6 1'661=A aX189°0-X68%'0-9'9¢1=4X X¥66°0-X165°6°¢661=A oneIpenQ
#x0L8°0=51 #:168°0=41 #1166 0=a1
XPSL V- IPI=A XEGL 68 ¢PI=A XP08 PG 1IPI=A Teoury
,pa1ySom ,pa1ySom JoN ssepd Ajsuap ojut [PPON

pajood jou B1RQ
sasse Ansuap ([ olut pajood ereq

"S[PpPOW Pa1d9[as 01 BIEP JEUY JO IJ JO SSAUP0OL) '] I[qe.L



208 NEMATROPICA Vol. 16, No. 2, 1986

Three models are compared to the unweighted means of the various
density classes in Fig. 1. Although various typical shapes have been as-
cribed to nematode damage functions (13,19,23), the linear, quadratic,
and Seinhorst models all provided similar good fits to the experimental
data. In this example, the Seinhorst relationship suggests a tolerance
level, T, of 8.0 galls and egg masses per root system (logs [8.0 + 1.0] =
3.17), with a maximum height of 132.5 cm at densities less than 8.0.
Values above X=5.0 (P=31) fit the Seinhorst relationship more closely
than the other models. In this region of the data set, vertical deviations
of fitted curves summed to 16.9, 24.5, and 41.5 units for the Seinhorst,
quadratic, and linear models, respectively. When the data sets were
weighted by the number of observations in each, fits of the linear and
quadratic models were similar to the unweighted data sets (Table 1), but
the fit to the Seinhorst model, though highly significant, was not as good
as for the unweighted data set (r?=0.774 vs r?=0.877). Still, use of weigh-
ted data sets avoids the bias introduced in the unweighted data sets, in
which equal weight is given to density classes having few or many obser-
vations.

18 8 14 12 26 13 21 15 2
N=NO. OF OBSERVATIONS
130}
130
120}
€
) o,
o D
g nof
w
X
z
Z 10f
g
y ¥ =1438-5.753X r2-0851 %%
e * ¥=136.6-0.489X-0,587X2 1220905 ## \
eeses Y¥/132.520.5254+0.475x0.996P 80 [2-0g774n
ao 1 1 1 l' 1 1 i
00 10 20 30 40 50 60 70 80 90

X=L062(P#1.0)

Fig. 1. Goodness of fit of three models to experimental data averaged
by Meloidogyne incognita density classes. The data set was not weighted
by the number of observations (N) per density class. P=number of
eggmasses and galls per root system.
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In comparing the coefficients of determination (r?) for relationships
developed from pooled data vs. unpooled data (Table 1), it is evident
that much improved fits to the three models were achieved by grouping
data into density classes prior to model fitting. Pooling into density
classes is achieved at the expense of degrees of freedom, however, since
156 points were available for curve fitting in the original data set, but
only 10 points were available once data had been grouped into density
classes. The implication of pooling data prior to hypothesis testing is
unclear; while r? increases with pooling, degrees of freedom decrease,
with the result that significance levels may remain similar in both cases.
It is evident, however, that the greater r? values achieved by pooling will
make it much easier to visualize trends in data sets, if curve fitting rather
than hypothesis testing is the ultimate objective.

The methodology proposed by Ferris (2) was particularly useful in
developing damage functions from plant height data which were highly
variable. The results illustrate that in this example using field data, the
three alternative models—Seinhorst, quadratic, and linear—all fit the
experimental data set reasonably well. Although Seinhorst’s relationship
has usually been used with preplant nematode densities (2,19), it ap-
parently also has some application when nematode densities are mea-
sured at later stages of crop growth. This may be of particular interest
in systems in which preplant soil counts are unreliable, as for Meloidogyne
spp. in some cases (9), or in certain long-lived crops, such as cassava, in
which the correlation between plant yield and nematode density in-
creases as counts are taken later in the season (8). Relationships between
plant damage and post-plant or final nematode populations may not
always be as apparent as that presented here. It is well known that
populations may decline following severe root damage (1,16), and in
such situations, points exhibiting low yield with low nematode popu-
lations will appear in the data set, contradicting models in which low
yield with high populations are anticipated. The dynamic nature of
nematode population growth suggests that the relationship of plant
growth to nematode density may vary over time, in addition to being a
function of the system (host, growing conditions, soil type, etc.) involved.
There is increasing evidence that, in some systems, plant damage may
show a stronger correlation with post-plant or final populations than
with initial densities (8,10,17). This is not to imply that relationships
between yield and initial density do not exist in such systems, but rather
they are more difficult to discern, either because of problems in detec-
tion (9,17) or increased sampling error at low densities (7).

The experimental data presented here illustrate the potential for
serious damage to kenaf by high M. incognita populations, particularly
at the highest densities where a minimum yield of only 52% of
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maximum was predicted from Seinhorst’s equation using the unweigh-
ted data set.
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