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ABSTRACT

Rodriguez-Kibana, R., D. B. Weaver, D. G. Robertson, P. S. King, and E. L. Carden. 1990.
Sorghum in rotation with soybean for the management of cyst and root-knot nematodes.
Nematrépica 20:111-119.

The value of ‘Pioneer 8222’ sorghum (Sorghum bicolor) in rotation with soybean for the
management of nematode problems was studied in a field infested with root-knot
(Meloidogyne arenaria) and cyst (Heterodera glycines, race 4) nematodes. In 1988 cultivars
Braxton, Centennial, Gordon, Kirby, Leflore, Ransom, and Stonewall were planted in
plots in which sorghum was grown the preceeding 2 years and also were planted in plots
that had been in continuous soybean production. Each cultivar in the two cropping systems
either was not treated with nematicide or was treated with an at-plant application of
aldicarb (41.4 g a.i./100 m of row in a 20-cm-wide band). Except for Braxton, aldicarb did
not increase yield of any cultivar in the sorghum-soybean plots; however, yield of ‘Kirby’
and ‘Leflore’ were increased in the monoculture system. Yields of all cultivars were higher
in the sorghum-soybean plots than in those in monoculture. Yield increases in response
to the sorghum-soybean system compared with continuous soybean varied from 31% for
‘Kirby’ to 231% for ‘Stonewall’; the average increase in yield for all cultivars was 85%.
Populations of H. glycines juveniles in soil samples taken 6 weeks before harvest were
lowest in plots with ‘Leflore’. In general, numbers of juveniles were lower in plots with
the sorghum-soybean rotation than in the monoculture plots. The highest populations of
M. arenaria juveniles were associated with ‘Leflore’ in plots with continuous soybean. The
aldicarb treatment had no effect on end-of-season soil juvenile populations of H. glycines
or M. arenaria.

Key words: aldicarb, cropping systems, cultural practices, cyst nematode, Glycine max,

Heterodera glycines, Meloidogyne arenaria, nematicides, nematode control, pest management,
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RESUMEN

Rodriguez-Kabana, R., D. B. Weaver, D. G. Robertson, P. S. King y E. L. Carden. 1990.
El sorgo en rotacién con la soya para el manejo de nematodos del quiste y agallador.
Nematrépica 20:111-119.

Se evaluo el sorg6 (Sorghum bicolor) ‘Pioneer 8222’ en rotacién con la soya para el
manejo de problemas causados por nematodos en un campo infestado con el nematodo
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agallador (Meloidogyne arenaria) y el enquistador de la soya (Heterodera glycines, raza 4). En
1988 se plantaron los cultivares de soya Braxton, Centennial, Gordon, Kirby, Leflore,
Ransom y Stonewall en parcelas que habian estado con sorgo en los 2 afios anteriores
asf como en otras que se mantuvieron en monocultivo con soya. Cada cultivar dentro de
los dos sistemas de produccion se plant6, con y sin tratamiento con el nematicida aldicarb
(41.4 g i.a/100 m surco en una franja de 20 cm de ancho). El tratamiento con aldicarb
no aumento los rendimientos de los cultivares en el sistema sorgo-soya aunque si aumento6
los de ‘Kirby’ y ‘Leflore’ en monocultivo. Los rendimientos de todos los cultivares fueron
mas grandes bajo rotacién que en monocultivo. El aumento en la produccién con el
sistema sorgo-soya en relacién al de monocultivo oscil6 entre 31% para ‘Kirby' y 231%
para ‘Stonewall’ siendo la media para todos los cultivares de 85%. Los analisis de muestras
de suelo tomadas 6 semanas antes de la cosecha indicaron que las poblaciones de larvas
de H. glycines fueron mas bajas en las parcelas con ‘Leflore’. También, en general las
poblaciones de larvas de M. arenaria fueron menores en las parcelas en rotacién que las
en monocultivo. El tratamiento con aldicarb fue inefectivo para reducir las poblaciones
de M. arenaria y de H. glycines.

Palabras claves: aldicarb, combate de nematodos, Glycine max, Heterodera glycines, manejo
de plagas, Meloidogyne arenaria, nematicidas, nematodo agallador, nematodo del quiste,
practicas de produccién, rotaciones, sistemas de produccién, sorgo, soya.

INTRODUCTION

Soybean (Glycine max (L.) Merr.) production in the southeastern
United States is limited by damage from nematodes (8,23). Root-knot
nematodes (Meloidogyne spp.) and the cyst nematode (Heterodera glycines
Ichinohe) are the principal nematode pests in the region (7,8,17). Dam-
age from these nematodes can be so severe that soybean often cannot
be grown continuously in fields without appropriate management of the
pests (7,17,20,21). In the past, fumigant nematicides (DBCP, EDB) pro-
vided an inexpensive and effective method for reducing nematode dam-
age and increasing soybean yields in fields with severe nematode infes-
tations (9,11,27). These fumigants are no longer available and other
nematicides are too expensive to use with soybean and are not as effec-
tive as the fumigants (9,11,15). Development of soybean cultivars resis-
tant to several races of H. glycines and to M. incognita (Kofoid & White)
Chitwood or M. arenaria (Neal) Chitwood has provided a partial solution
to nematode problems in soybean; however, we have shown repeatedly
that cultivars resistant to M. arenaria and to several races of H. glycines
sustain significant yield reductions in fields with these nematodes
(16,27-29). Fields infested with mixtures of H. glycines and M. arenaria
are particularly difficult to manage since there are few soybean cultivars
that perform well in them (18,29). The use of rotations with nonhost
crops or plants that are less suitable hosts to the nematodes has proven
effective for the management of root-knot and cyst nematodes
(5,6,22,25). Rotation with corn (Zea mays L.) or bahiagrass (Paspalum
notatum Flugger) can improve the performance of soybean cultivars in
fields with mixtures of nematode species (19,30). Corn production in
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Alabama is profitable only in fields with irrigation or in regions where
rains occur throughout the growing season. Bahiagrass is a good pasture
crop and its use is attractive to producers with cattle operations.
Nevertheless, there is need to find other crops that can serve for the
management of phytonematodes in soybean (12,13). This paper pres-
ents results of a 3-year study on the use of sorghum (Sorghum bicolor
Moench.) for the management of root-knot and cyst nematodes in soy-
bean.

MATERIALS AND METHODS

The effect of sorghum in rotation with soybean on populations of
M. arenaria race 2 and H. glycines race 4 was studied in a field experiment
on the Gottler farm, near Elberta, Baldwin County, Alabama. The field
had been in soybean for the preceeding 10 years with rye (Secale cereale
L.) or ryegrass (Lolium spp.) planted as winter cover crop. The soil was
a sandy loam (fine loamy, siliceous thermic, typic Paledults) with pH =
6.0, organic matter content < 1.0%, and cation exchange capacity < 10
meq./100 g of soil. In 1986 the field was divided into four sections each
100 m long X 30 m wide. ‘Pioneer 8222’ sorghum was drill planted into
two sections and ‘Kirby’ soybean in the other two so as to have 36 rows
of soybean on 0.8-m centers per section. The same scheme was followed
in 1987 to have sorghum following sorghum and soybean after soybean.
In 1988 each section was divided into eight blocks each 6 m long with
6-m alleys separating the blocks. The alleys were kept fallow through
the growing season. Each block was divided into plots that were two
rows wide on 0.8-m centers. Seven different soybean cultivars were plan-
ted in the blocks. The cultivars were selected to have a range of suscep-
tibilities and tolerances to the two nematode species present in the field.
Table 1 lists the cultivars, maturity groups, and their responses to the
two nematodes. Each soybean cultivar was planted in two plots of each
block; one plot received aldicarb treatment at planting and the other
was left untreated. There were thus in the experiment for each cultivar
16 plots untreated and another 16 treated with the nematicide all ar-
- ranged in a randomized complete block design.

The 15G formulation of aldicarb was applied at-plant in a 20-cm-
wide band with the seed furrow in the middle at a rate of 41.4 g a.i./100 m
of row using an electrically driven Gandy applicator (Gandy Co.,
Owatonna, MN, U.S.A.). The nematicide was lightly incorporated into
the soil to a depth of 2—4 cm.

Control of insects and weeds and cultural practices followed for the
two crops were according to recommendations for the area (2,4).

Soil samples for nematode analysis were collected each year 4-6
weeks before soybean harvest to coincide with the period of maximal
population development for root-knot nematode in a cultivar having
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Table 1. Host response of soybean cultivars to Meloidogyne arenaria and Heterodera glycines.

. H. glycines
Maturity
Cultivar group M. arenaria Race 3 Race 4
Braxton VII R* N S
Centennial V1 S R S
Gordon VIl R R S
Kirby VIII R R S
Leflore VI N R R
Ransom VII S S S
Stonewall VII S R S

*R = resistant, S = susceptible.

maturity similar to ‘Kirby’ (18). A total of 1620 soil cores were taken
from each plot to a depth of 20-25 cm using a 2.5-cm-diam soil probe.
The cores were collected from the root zone of the plants and at approx-
imately every 0.5-0.6 m along the center of each plot. The cores from
each plot were composited and a 100-cm?® subsample was used to esti-
mate nematode populations with the “salad bowl” incubation technique
(14). Soil samples for 1986 and 1987 were collected following essentially
the same procedures except that there were eight samples collected from
each section each year to have 16 samples from land with sorghum and
another 16 from the sections with ‘Kirby’ soybean.

Soybean yields were obtained at maturity in 1988 by harvesting the
entire area of each plot.

All data were analyzed following standard procedures for analysis of
variance (10,24); Fisher’s least significant differences were calculated
only when F values were significant. Unless otherwise stated, differences
referred to in the text were significant at P < 0.05.

RESULTS

In 1986 and 1987 populations of M. arenaria juveniles in soil were
greater in sections with ‘Kirby’ soybean than in those with sorghum
(Table 2).

Application of aldicarb had no effect on end-of-season soil juvenile
populations of either M. arenaria or H. glycines in 1988 for any of the
soybean cultivars (Table 3). There was no cultivar X cropping sequence
interaction for M. arenaria juveniles. When the effect of cropping system
was considered independently of the cultivar effects on M. arenaria
juveniles the analysis indicated lower numbers of juveniles in the sor-
ghum-soybean system compared to soybean monoculture. The average
number of M. arenaria juveniles in 100 cm?® of soil from the sorghum-
soybean plots was 31 and that from those with continuous soybean was
63. Numbers of M. arenaria juveniles were highest in plots with either
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Table 2. Effect of ‘Pioneer 8222’ sorghum and ‘Kirby’ soybean on end-of-season juvenile
populations of Meloidogyne arenaria and Heterodera glycines race 4 in 1986 and 1987 in a
field experiment near Elberta, Baldwin County, Alabama.

Juveniles/100 cm? of soil

1986 1987
M. arenaria H. glycines M. arenaria H. glycines
Soybean 148 10 217 66
Sorghum 22 0 3 0
FLSD (0.05) 69 NS 72 41

‘Leflore’ or ‘Centennial’ when the cultivar effect was considered inde-
pendently of the cropping system. Differences in numbers of juveniles
among cultivars were more pronounced in plots under soybean
monoculture than in those with sorghum-soybean.

Numbers of H. glycines juveniles in soil were lower than numbers of
M. arenaria juveniles. There was no significant cultivar X cropping sys-
tem interaction on numbers of H. glycines juveniles. The average number

Table 3. Effects of ‘Pioneer 8222’ sorghum-soybean rotation on soybean yield and end-of-
season juvenile populations of Meloidogyne arenaria and Heterodera glycines in soil in 1988
near Elberta, Baldwin County, Alabama.

Continuous Sorghum-soybean
soybean rotation
Juveniles per Juveniles per
100 cm? of soil 100 cm? of soil

Aldicarb Yield M. H. Yield M. H.
Cultivar application (kg/ha)  arenaria  glycines (kgrha)  arenaria  glycines
Braxton -z 610 35 7 1709 17 33
Braxton + 781 26 8 2197 21 34
Centennial - 1269 85 8 2197 22 10
Centennial + 1587 87 4 2319 44 10
Gordon - 1191 23 7 2 099 25 22
Gordon + 1513 26 5 2197 21 12
Kirby - 1513 39 12 2 246 19 14
Kirby + 1904 52 9 2221 38 8
Leflore - 1 806 129 4 2710 61 1
Leflore + 2 148 190 4 2 906 20 2
Ransom - 732 49 6 2173 38 25
Ransom + 879 50 9 2441 37 17
Stonewall - 781 29 6 2734 27 21
Stonewall + 928 74 5 2 929 44 17

FLSD (0.05) values for comparing any two means are 332, 38, and 11 for yield M. arenaria
populations, and H. glycines populations, respectively.

*— = no aldicarb treatment; + = treated with aldicarb at-plant at the rate of 41.4 g
.i./100 m of row in a 20-cm-wide band.
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of H. glycines juveniles in soil from the sorghum-soybean plots was
higher than from the soybean monoculture. Numbers of H. glycines
juveniles were lower in plots with ‘Leflore’ than in the other cultivars
when the effect of cultivars was considered independently of the effect
of cropping system.

Yields for all soybean cultivars were greater in the sorghum-soybean
system than in the monoculture system (Table 3). The yield response
was generalized and there was no cultivar X cropping system interac-
tion. The magnitude of the response to the sorghum-soybean system
was cultivar dependent. Yield increased 147, 58, 60, 31, 42, 186, and
231% for cvs. Braxton, Centennial, Gordon, Kirby, Leflore, Ransom,
and Stonewall, respectively, when compared to the yields obtained in
the monoculture system. The greatest increments in yields were ob-
tained with cvs. Ransom and Stonewall, the two cultivars with no known
resistance to the two nematode species in the field. Yield differences
among cultivars in the continuous soybean system were pronounced,
but differences were not as great in the sorghum-soybean sequence.
The nematicide increased yields for ‘Kirby’ and ‘Leflore’ in the continu-
ous soybean system and for ‘Braxton’ in the sorghum-soybean rotation.

DISCUSSION

These results indicate that sorghum can be used for the management
of H. glycines and M. arenaria in fields infested with both species. The
use of soybean cultivars resistant to nematodes requires accurate iden-
tification of the species and races present. The matching of the resist-
ance available in soybean cultivars to the species and races of nematodes
present is essential when nematode management is based solely on gene-
tic manipulation of the soybean. This prerequisite is difficult to fulfill
by present-day advisory services available to most producers. Our data
showed that in the sorghum-soybean rotation the choice of cultivar was
not as critical as it was for the soybean monoculture system. Differences
in yield among cultivars in the sorghum-soybean rotation were not as
pronounced as in the soybean monoculture. These data suggest that the
choice of cultivar for fields with rotations effective for nematode man-
agement may be based more on their yield potential than on their rela-
tive susceptibility to nematode species. ‘Stonewall’, a cultivar susceptible
to the nematodes present in the study field but with excellent production
potential (26), yielded as much or more than all other cultivars in the
sorghum-soybean rotation whereas in the monoculture system it did not
perform as well as the cultivars resistant to the nematodes in the field
(‘Centennial’, ‘Gordon’, ‘Kirby’, and ‘Leflore’).

Numbers of juveniles of H. glycines and M. arenaria were lower in
1988 than in 1986 and 1987. We attribute this to the fact that samples
in 1988 were taken after a month-long dry period which undoubtedly
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suppressed soil populations. Nematode populations should have been
4-5 times larger than those recorded but were sufficiently large to per-
mit statistical inferences.

Soybeans in this study were planted each year in early June and for
most of the season through mid-October soil temperatures at 15-20 cm
depth were > 27 C. This temperature regime, while favorable for devel-
opment of M. arenaria is not as favorable for development of H. glycines
(23). This may explain why numbers of H. glycines juveniles in soil were
lower than those of M. arenaria. This, however, does not explain the
tolerance of ‘Leflore’ in the monoculture system where, while support-
ing the larest population of M. arenaria juveniles, it also had one of the
highest yields. We believe that for this cultivar there may be other factors
besides nematodes that affect its yield. This also may be the case for
‘Braxton’, a cultivar resistant to M. arenaria but which did not yield well
in the monoculture system.

The aldicarb treatment used in this study was applied as recom-
mended for nematode control in soybean but was ineffective for increas-
ing yields in the field having the mixed populations of M. arenaria and
H. glycines present during the experiment. The performance of aldicarb
in this experiment agrees with results of previous studies on soybean in
which fumigant nematicides (DBCP, EDB) were more effective than
granular contact and systemic nematicides (11,15,18).

Sorghum production in Alabama may become more attractive to
producers because of its use in the poultry industry. In addition, the
crop is considerably more tolerant to dry periods than corn and may be
planted much later than corn. Therefore, sorghum may offer an alter-
native to corn for use in crop rotation for the management of
nematodes. There is variability in the levels of resistance to root-knot
nematodes in sorghum cultivars (1,3). The cultivar used in this study
was practically a nonhost for H. glycines and M. arenaria. However, if
other cultivars are to be used in rotation with soybean it may be neces-

sary to determine their relative susceptibility to the nematodes present
in the field.
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