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Cotton as a Rotation Crop for the Management of
Meloidogyne arenaria and Sclerotium rolfsii
in Peanut
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Abstract: The value of cotton (Gossypium hirsutum cv. Deltapine 90) in rotation with peanut (Arachis
hypogaea cv. Florunner) for the management of root-knot nematode (Meloidogyne arenaria) and
southern blight (Sclerotium rolfsii) was studied for 6 years in a field at the Wiregrass Substation in
southeast Alabama. Peanut yields following either 1 or 2 years of cotton (C-P and C-C-P, respectively)
were higher than those of peanut monoculture without nematicide [P(—)]. At-plant application of
aldicarb to continuous peanut [P(+)] averaged 22.1% higher yields than those for P(—) over the 6
years of the study. The use of aldicarb in cotton and peanut in the C-C-P rotations increased yields
of both crops over the same rotations without the nematicide. When the nematicide was applied to
both crops in the C-P rotation, peanut yields were increased in only two of the possible three years
when peanut was planted. Application of aldicarb to cotton only in the C-P rotation did not improve
peanut yields over those obtained with the rotation without nematicide. Juvenile populations of M.
arenaria determined at peanut-harvest time were lowest in plots with cotton. Plots with C-P or
C-C-P had lower populations of the nematode than those with either P(—) or P(+). The incidence
of southern blight (Sclerotium rolfsii) in peanut was lower in plots with the rotations than in those
with peanut monoculture. Aldicarb application had no effect on the occurrence of southern blight.
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Damage caused by the root-knot nema-
tode Meloidogyne arenaria race 1 is one of
the principal yield-limiting factors in pea-
nut (Arachis hypogaea) in Alabama and oth-
er areas of the southeastern United States
(4,7,9). The nematode is present in 40%
of the peanut fields in Alabama, and ap-
proximately 12% of the fields are so heavily
infested that production is not possible
without management of the pest (4). There
is an inverse relationship between peanut
yields and the number of juveniles of M.
arenaria in the soil (21). Traditional strat-
egies for the management of the nematode
in the southeastern United States have been
based on the use of nematicides and on
rotation with crops that are either non-
host or that are poorer hosts than peanut
(11,14-19,23). This management ap-
proach was determined by the availability
of inexpensive and effective nematicides
(DBCP, EDB) and by the lack of commer-
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cial peanut cultivars resistant or tolerant
to M. arenaria. The elimination of DBCP
and EDB for use in peanut has left the
producer with relatively few available
nematicides (1,3,13). In addition, the cur-
rent cost of nematicide application is too
high (U.S.$60-80/ha) for production of
peanut without governmental subsidies.
Sources of resistance to M. arenaria are few,
and there is little prospect for commer-
cially acceptable resistant peanut cultivars
in the near future (5). Management strat-
egies based on crop rotationsare at present
the only viable long-term solution to nema-
tode problems in peanut. We have studied
the value of corn (Zea mays), sorghum (Sor-
ghum bicolor), bahiagrass (Paspalum nota-
tum), and other crops in rotation with pea-
nut for suppression of M. arenaria (11,14—
19). A preliminary study on the value of
rotation of cotton (Gossypium hirsutum) with
peanut indicated good potential for devel-
opment of effective and profitable rota-
tions useful for the management of M. ar-
enaria (12) because cotton is a non-host of
M. arenaria (22). This paper presents a more
comprehensive study of the value of sev-



Cotton—peanut Rotation: Rodriguez-Kdbana et al. 653

eral peanut—cotton rotations for manage-
ment of M. arenaria. '

MATERIAL AND METHODS

The efficacy of cotton cv. Deltapine 90
in rotation with peanut cv. Florunner for
the management of M. arenaria was studied
in an experiment at the Wiregrass Substa-
tion, near Headland, Alabama. The ex-
periment was started in 1985 in an essen-
tially flat field with a center pivot irrigation
system. The field has been in peanut mono-
culture and winter fallow for at least a de-
cade. The soil was a sandy loam with pH
= 6.2, organic matter content < 1.0% (w/
w), and cation exchange capacity < 10
meq,/100 g soil. The field was heavily in-
fested (> 200 juveniles/100 cm?® soil at
peanut harvest time) with the nematode.
The eight treatments in the experiment
consisted of peanut in monoculture and in
several rotations with cotton, all with and
without application of nematicide. The
nematicide application was performed at
planting with aldicarb in a 20-cm-wide band
at a rate of 30.5 g a.i./100 m of row. The
row width was 91 cm, so that this rate was
equivalent to 15.3 kg a.i./ha on a broad-
cast basis, The nematicide granules were
lightly incorporated (2-3 cm) into the soil
by means of spring-activated tines attached
to the planting equipment.

A plot (experimental unit) was eight rows
wide and 10 m long. Eight cropping sys-
tems (treatments) were replicated eight
times in a randomized complete block de-
sign.

Cultural practices and control of insects,
foliar diseases, and weeds for the two crops
were according to recommendations for the
area (1-3). The field was irrigated as need-
ed. Yield was obtained each year by har-
vesting the two center rows of each plot.

Soil samples for nematode assay were
collected from each plot every year one to
two weeks before peanut harvest (late Au-
gust to mid September) to coincide with
the period of maximal juvenile population
development of M. arenaria (20). A sample
consisted of 16 to 20 soil cores obtained in
zig-zag fashion at 0.5-m intervals along the

two center rows of a plot using a 2.5-cm-d
probe. The cores were collected from the

- root zone to a depth of 20-25 cm. The

cores from a plot were composited and a
100-cm?® subsample was used to determine
nematode numbers with the ‘‘salad bowl”
incubation technique (8).

The incidence of southern blight caused
by Sclerotium rolfsii in peanut was estimated
on the last year of the experiment by
counting the number of disease loci (“hits’)
in the center two rows of plots immediately
after digging and inverting the peanut
plants. A “hit” is defined as a length of row
=< 30 cm with plants killed by the fungus
(10).

All data were analyzed following stan-
dard procedures for analysis of variance
(6), and Fisher’s least significant differ-
ences (FLSD) were calculated for separa-
tion of means. Unless otherwise stated, all
differences referred to in the text were sig-
nificant at P < 0.05.

RESULTS AND DiscuUssiON

Juvenile populations of M. arenaria in
soil were lowest in plots with cotton, 2 non-
host (Table 1). Application of aldicarb had
no effect on juvenile populations in this
crop. Applications of nematicide reduced
numbers of juveniles in plots with contin-
uous peanut in only one year (1986) of the
study. Plots with peanut following 1 or 2
years of cotton had lower populations of
the nematode than those under continuous
peanut. The application of aldicarb to cot-
ton had little effect on nematode popula-
tions in the succeeding peanut crop. In
1990 and in plots in which peanut alter-
nated with cotton for 1 year each, treat-
ments with aldicarb had lower juvenile
populations than those with the same crop-
ping system but without nematicide. Ap-
plication of aldicarb to peanut after 2 years
of cotton had no effect on M. arenaria ju-
venile populations when compared to plots
with the same cropping sequence but with-
out nematicide.

The incidence of southern blight was
lower in plots with the rotations than in
those with peanut monoculture (Table 2).
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TasLe 1. Effect of cropping systems with peanut (P) and cotton (C) on end-of-season juvenile populations
of Meloidogyne arenaria in a field experiment at the Wiregrass Substation, near Headland, Alabama.

Cropping sequence and yeart Juveniles per 100 cm?® soil

1985 1986 1987 1988 1989 1990 1985 1986 1987 1988 1989 1990
P(-) P(-) P(-) P(=) P(-) P(-) 579 72 144 97 155 283
P(+) P(+)  P(+)  P(+)  P(+)  P(+) 539 15 281 84 151 226
(=) P(-) C(-) P() C(-) P(-) 5 41 1 59 2 128
C(+) P(-) C(+) P(-) C(+) P(-) 10 23 5 17 6 128
c(-) P(+) C(-) P(+) C(-)  P(+) 24 15 2 69 7 68
C(+) P(+) C(+) P(+H)  C(+)  P(+) 6 10 747 5 59
c(-) c-) P(-) C-) C-) P(-) 15 16 24 8 6 88
C(+) C+) P(H) G+ C+) P(+) 14 12 65 11 4 50

FLSD (P = 0.05): 158 26 116 43 47 114

t (=) = without nematicide; (+) = with at-plant application of aldicarb at 30.5 g a.i./100 m row in a 20-cm-wide band.

Aldicarb had no effect on the occurrence
of southern blight, and there were no dif-
ferences in the incidence of this disease
between plots that had been with cotton
for 1 or 2 years before.

Peanut yields in 1985 in plots with al-
dicarb were 3,689 kg/ha, 16.2% higher
than the yields from the untreated control
(Table 3). Seed cotton yields the same year
in untreated plots averaged 2,830 kg/ha,
and in plots with aldicarb, the average was
3,391 kg/ha (a 19.8% yield increase). Ex-
cept for one year (1986), peanut yield re-
sponse to aldicarb treatment in monocul-

TasLe 2. Effect of various cropping systems with
peanut (P) and cotton (C) on the incidence of Sclero-
tium rolfsii in peanut at the end of a 6-year experiment
in a field at the Wiregrass Substation, near Headland,
Alabama.

tured plots was positive. The increase
varied from 16.2% to 35.0%, averaging
22.1% over the 6 years of the study. Peanut
yields following 2 years of cotton (C-C-P)
were higher than the yields obtained with
the monocultured peanut. When cotton
and peanut were treated with aldicarb in
these rotations [C(+)-C(+)-P(+)], peanut
yields were higher than in plots with the
same rotation but without the nematicide.
Cotton yields in the C-C-P rotations were
generally improved by aldicarb applica-
tion; C(+)-C(+)-P(+) plots yielded 26%
more cotton than those with C(—)-C(—)-
P(-).

Except for one year (1988), peanut yields
following 1 year of cotton (C-P) were high-
er than those for monoculture without
nematicide. Application of aldicarb to cot-
ton in the C-P rotation did not improve
peanut yields over the yields obtained with

Lo the C(—)-P(—) rotation. When the nema-
Cropping sequence and yearf 16om ticide was applied to peanut in these ro-
1985 1986 1987 1988 1989 1990 rowi tations, [C(—)—P(+) and C(+)-P(+)], only
P(-) P(-) P(-) P(-) P(-) P(-) 137 the C(+)-P(+) rotation resulted in in-
P(+) P(+) P(+) P(+) P(+) P(+) 145 creased peanut yields over the C(—)-P(—)
G(=) E(_) g(_) ﬁ(;) 8(_) g(:) 1;8 rotation (and only for 1988).
gﬁ; PE;; Cgi; Pg; Cgig PE _,_; 96 Results, confirming those of our earlier
C(+) P(+) C(+) P(+) C(+) P(+) 100 study (12), showed that cotton can be used
C(-) C(-) P(-) C(-) C(-) P(-) 90  asa rotation crop with peanut to suppress
C+) C(+) P(+) C+) C(H) P(+) 8 M gpenaria. Cotton is a non-host for M.
FLSD (P =0.05): 25  grenaria (22), a fact that was evident in all

¥ (+) = with at-plant application of aldicarb at 30.5 g a.i./
100 m row in a 20-cm-wide band.

§ Number of disease loci (‘‘hits”’) of = 30 cm per 100 m of
row.

the rotation systems of this study in the
years when cotton was planted; final pop-
ulations of M. arenaria juveniles in plots
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TasLE 3. Relation between yields of peanut (P) and of cotton (C) and the cropping sequence followed in
an experiment at the Wiregrass Substation, near Headland, Alabama, in a field infested with Meloidogyne

arenaria.

Cropping sequence and year} Yield (kg/ha)}

1985 1986 1987 1988 1989 1990 1985 1986 1987 1988 1989 1990
P(—) P(-) P(—) P(—) P(—) P(-) 3,173 2,929 1,383 1,899 2,061 1,546
P(+) P(+) P(+) P(+) P(+)  P(+) 3,680 3,200 1,817 2,495 2,677 2,088
C(—) P(-) C(-) P(=) C-) P(-) [2,794] 3,499 [1,654] 1,573 [1,437] 2,235
C(+) P(-) C(+) P(-) C(+) P(-) [3,689] 3,499 [2,061] 1,736 [2,414] 2,685
C(—) P(+) C(=) P(+) C(-) PH+) [2,821] 3,363 [1,790] 2,088 [1,465] 2,659
C(+) P(+) C(+) P(+) C(+) P(+) [3,038] 3,689 [2,088] 2,360 [2,197] 2,712
C(—) C(-) P(-) C(-) C-) P(-) [2,875] [1,844] 2,088 [1,329] [1,220] 2,820
C(+) C(+) P(+) C+) C(+) P(+) [3,445] [1,899] 2,495 [1,844] [1,980] 3,417

FLSD (P = 0.05): 489 409 336 404 469 507
[320] (377} [342] [478] [561]

¥ (—) = without nematicide; (+) = with at-plant application of aldicarb at 30.5 g a.i./100 m row in a 20-cm-wide band.
I Yield and FLSD values in brackets are for cotton; values without brackets are for peanut.

with cotton were never significantly diffcr-
ent from zero. The value of the suppressive
effect of cotton on M. arenaria is best as-
sessed by considering the effect of the crop
on final juvenile populations of the nem-
atode in the peanut crop following cotton.
Populations of M. arenaria juveniles in pea-
nut following cotton were lower than in
plots with peanut monoculture. It is im-
portant to note that the application of al-
dicarb to peanut in the monoculture sys-
tem reduced final juvenile populations in
only 1 of the 6 years of the study. This
contrasts with the suppressive effect of cot-
ton on M. arenaria and suggests that reli-
ance on nematicide application as the sole
means for management of the nematode
is not the best way to solve the root-knot
problem in peanut. Peanut yields may be
increased by aldicarb application in the
monoculture system, but M. arenaria pop-
ulations are not suppressed.

Our results also indicate that the value
of a rotation system with cotton extends
beyond the suppressive effect of cotton on
M. arenaria. The incidence of southern
blight in plots with cotton-peanut rota-
tions was lower than in those with peanut
monoculture. The monoculture system can
be expected to lead to increased pathogen
inoculum and decline in yields. This is
probably true not only for S. rolfsii but also
for other peanut pathogens. Thus, peanut

yields (Y) in the monoculture system de-
clined as the number of years in peanut
monoculture (X) increased. For the P(—)
system, this decline was predictable (r* =
0.65; P = 0.05; df = 46) by:

Y = 3,152 — 900(In [X])

and for the P(+) system (r* = 0.64; P <
0.01; d.f. = 46) by:

Y = 3,561 — 836(In [X])

indicating that (Fig. 1) the application of
nematicide was ineffective in stopping the
downward trend in yields for the mono-
culture system.

The increase in peanut yields obtained
in response to cotton rotation cannot be
attributed solely to suppression of M. ar-
enaria. We interpret increases in yield as
the integration of the suppressive effects
of the rotation systems on several major
and minor peanut pathogens. This is sup-
ported by our data on southern blight. The
number of *hits’’ /100 m of row (H; Table
2) was inversely related (r2 = 0.81; P <
0.01; df = 62) to peanut yield (Y) in 1990
(Table 3) by:

Y = 4,787 — 21.3H
or a yield loss of 21.3 kg/hit on a per ha
basis. The data for 1990 also illustrate the

close interactive effect between M. arenaria
and S. rolfsii on peanut yields. Thus, al-
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Fic. 1. Effect of monoculture with and without
nematicide (aldicarb) treatment on peanut yields in a
field infested with Meloidogyne arenaria at the Wire-
grass Substation in southeast Alabama. Only mean
values are shown for each year, but data for eight
replications each season were included in calculations
of equations and 7? values (df = 46).

though the relation between peanut yields
and numbers of M. arenaria juveniles (J)
could be described (2 = 0.81; P < 0.01;
df = 62, Tables 1, 3) by:

Y = 3,289 — 6.0],

there was also astrong (r*=0.79; P < 0.01;
df = 62) association between numbers of

M. arenaria juveniles in the soil and the
numbers of southern blight hits described
(Tables 2, 3) by:

H=1753 + 0.2],

indicating that the number of hits in-
creased as M. arenaria populations in-
creased. This association suggests a possi-
ble interactive role of M. arenaria in
determining the degree of damage caused
by other pathogens (7,9).

Application of aldicarb to cotton result-
ed in increased yields. Because M. arenaria
is not a cotton pathogen, increased yields
must be the result of insect control or other
effects of this systemic nematicide—insec-
ticide on the crop (1).

An important aspect in the evaluation of
rotation systems for the management of
phytonematodes is the dollar value or eco-
nomic return of each system compared with
peanut monoculture. The effect of the dif-
ferent cropping systems of the study on net
returns is shown (Table 4) for the peanut
crop of 1990, the year when all plots were
with peanut. Calculations were based on
current prices of U.S.$701/ton for quota
(subsidized) peanut and $358 /ton for world
market price (additionals). The cost of pro-
duction for peanut without nematicide
treatment was set at $1,307.82/ha and at
$1,391.30/ha with aldicarb application.
These calculations show a clear economic
advantage for the use of rotations over the
monoculture systems. Production of pea-

Taere 4. Effect of several production systems with cotton (C) and peanut (P) on the net economic return
from the 1990 peanut crop based on current prices for subsidized and world market price for peanut.

Cropping sequence and yearf

Net return/ha in U.S. $%

1985 1986 1987 1988 1989 1990 World price Subsidized
P(—) P(—) P(-) P(-) P(-) P(—) —136.72 —90.50
P(+) P(+) P(+) P(+) P(+) P(+) 14.97 29.32
C(-) P(-) C(-) P(-) C(-) P(-) 53.65 105.05
C(+) P(-) C(+) P(-) C(+) P(-) 118.87 232.76
C(-) P(+) C(-) P(+) c(-) P(+) 97.74 191.38
C(+) P(+) C(+) P(+) C(+) P(+) 105.42 206.43
(=) C(-) P(-) c(-) C(-) P(-) 138.43 271.07
C(+) C(+) P(+) C(+) C(+) P(+) 207.60 406.51

t (—) = without nematicide; (+) = with at-plant application at aldicarb at 30.5 g a.1./100 m row in a 20-cm-wide band.
 Calculations based on a production cost of U.S.$1,307 /ha without aldicarb and U.S.$1,391 /ha with aldicarb, and prices

of $701/ton and $358 /ton for subsidized and world market peanut, respectively.
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nut using the monoculture system is not
competitive but it is profitable with any of
the rotation systems.
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