EFFECT OF SOIL MANAGEMENT ON THE WHITE GRUB
POPULATION AND DAMAGE IN SOYBEAN !
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ABSTRACT - To evaluate the effect of soil management systems on population of white grubs,
(Phyllophaga cuyabaniloser), and on its damage in soybean, experiments were set up under no-tillage
and conventional tillage (one disk plow, and a leveling disk harrow) areas. Primary tillage equipment,
used in other soil management systems, such as moldboard plow, disk plow, chisel plow and heavy duty
disk harrow were also tested. FluctuatiorPotuyabangpopulation and the extent of its damage to
soybean was similar under no-tillage and conventional tillage systems. Results comparing a range of
primary tillage equipment showed that it affected soil insect populations differently, depending on the
time during the season in which tillage was executed. Larval mortality could mostly be attributed to their
exposure to adverse factors, soon after tillage, than to changes in soil conditions. Reduction of white
grub population was more evident in plots managed by heavier equipment, such as the moldboard plow.
Soil tillage could be one component within the soil pest management system in soybean, however, its
use can not be generalized.

Index termsGlycine maxColeoptera, Scarabaeoidea, Melolonthiédwyllophaga cuyabanaultural
control, pest control.

EFEITO DO MANEJO DE SOLO NA POPULAGCAO E NOS DANOS DE COROS EM SOJA

RESUMO - Foram realizados varios experimentos para avaliar o efeito de diferentes sistemas de manejo
de solo na populacgao de corBéyllophaga cuyabanisloser), e seus danos em soja, em areas de plantio
direto e de preparo convencional do solo (preparo primario com arado de discos e uma gradagem
niveladora). Varios implementos utilizados no preparo primério de solo, como arado de aivecas, arado de
discos, escarificador e grade aradora também foram avaliados. A flutuacéo populacional de corés e a
intensidade de dano causado por eles foram similares nas areas de plantio direto e de preparo convenci-
onal. Os implementos de preparo primario do solo afetaram a populacdo de coros diferentemente,
dependendo da época em que o preparo de solo foi executado. A mortalidade larval pode ser atribuida
mais a exposicao a fatores adversos logo apos o preparo, do que a mudancgas nas condi¢des do solo. A
reducdo na populacdo de cords foi mais evidente nas parcelas preparadas com implementos mais
pesados, como arado de aivecas. O manejo de solo pode ser um componente dentro do manejo de pragas
do solo em soja, porém sua utilizacdo ndo pode ser generalizada.

Termos para indexa¢a@lycine maxColeoptera, Scarabaeoidea, Melolonthi®ag|lophaga cuyabana
controle de culturas, controle de pragas.

INTRODUCTION reduction or elimination of soil disturbance and the
maintenance of mulch change soil structure and the
The soil conservation system is fundamental ilynamics of edaphic communities associated with
the context of sustainable agriculture. However, theese agroecosystems (Rincon et al., 1997).
- The soil management system known as no-tillage
1Accepted. for publication on June 18, 1999. “can increase soil fauna, thereby re-establishing the
2Agronomist, Ph.D., Embrapa-Centro Nacional de Pesquigobgicw equilibrium, especially in the superficial

de Soja (CNPSo0), Caixa Postal 231, CEP 86001-9I Wi [..1990). | i
Londrina, PR, Brazil. E-mail: lenita@cnpso.embrapa.br ayers (Winter etal., ). In some cases, a certain

3Biologist, Ph.D., Embrapa-CNPSo. number of organisms, fed on subterranean plant
4Biologist, Ph.D., Dep. de Zoologia, Unicamp, Caixa Post&arts, can reach high p0pU|a}“0n levels and, thus,
6109, CEP 13081-970 Campinas, SP, Brazil. the condition of crop pests (Stinner & House, 1990).
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This soil management system has been used maihiya different way, conventional tillage essentially
in the South of Brazil to reduce soil erosion, althougFfavored the survival of phytophagous species.
generally, not under ideal conditions, but associated In México, Rincon et al. (1997) observed a larger
with an intensive use of herbicides that reducé&kversity of white grub species in soil conservation
diversity and stability of the system (Garcia, 1991)Systems, in which the establishment of populations
Increasing problems with white grubs are reporte®f Organic matter consumers can be favored, creating
on literature. Diloboderus abderusSturm improved stability in the agroecosystem.
(Melolonthidae) is mentioned in the transition of 1he occurrence of white grubs in the states of

native fields, forests or pastures to agriculture. fparana, Mato Grosso,f_Goiés and Minas Gerais has
such places, changes from intensive soil managem eased in soybean fieldzhyllophaga cuyabana

systems to a reduction in disturbance soil haC r?ssi?iz}sénggg ss;/ae;all\a/\/srglitﬁ r%ritébvjpetcllaesr, k;]qs bﬁen
occurred (Gassen, 1993; Silva et al., 1994b). S T y P “west Farana, since

compaction can reduce insect survival (Ormero e mid-eighties (Oliveira et al., 1992).

X . ' From white grub complexes that occur in soybean,
1890, cited byBrown & Gange, 1990) by creating Aeveral rhyzophagous species have been associated

physical barrier to larval movement in the soil (Strnagiyh an increase in the adoption of the no-tillage
& Bergman, 1987). In areview, with data from abouly stem_ However, there is no concrete data to confirm
51 arthropod species, Stinner & House (199Qp;s hypothesis.
concluded that, with a decrease in soil managementThe objective of this research was to evaluate the
operations, there was 28% increase in the numbereg®fect of different soil management systems upon
species and damage caused to crops. Twenty niRe grub population and the damage caused by
percent were not affected and, additionally, there wascuyabanan soybean.
a 43% decrease with these practices.

In soybean, several authors reported arthropod MATERIAL AND METHODS
populations as being more abundant in conservation
systems, such as no-tillage, than in conventiongxperimental areas
tillage (Sloderbeck & Yeargen, 1983; Toxclair Junior

& Boethel,1984: Hammond & Stinner, 1987; Smith 1 "€ practices were set up under no-tillage areas, at
. least for three years, and conventional tillage areas. These

etal, 1988)-,H°W3V?“ in some cases, these organl. ystems were chosen because they were predominantly
were associated with the occurrence of a specifiGed in mid-west Parana, where high populations of
type of weed (Shelton & Edwards, 1983). The majority. cuyabanausually occur. In this region, no-tillage is
of these studies did not mention increases utharacterized by sowing on the previous crop residues
economic damage, caused by arthropods in soybéuth soybean farmers do not use ideal crop rotation, as
fields where soil conservation practices were adoptegfommended for no-tillage systems. Usually in the
(Stinner & House, 1990). Nevertheless, Silva & Kleifionventional system, the soil is tilled by one plowing,
(1997) observed that the extent of damage cause enerally with a disk plow, followed by a leveling disk

. _g ] ; row. Normally, the no-tillage system is used for winter
Sternechus subsignatBeheman (Curculionidae) in crops, independently of the system used for summer
soybean plants was larger under no-tillage systelops. The management of the crop was carried out
This was more likely a consequence of the protectiaecording to the practices adopted by farmers of the
habit of the hibernating larvae, i.e., according ttggion. In all experiments, white grub population was
Hoffmann-Campo et al. (1991), they live at a depth &ptimated in soil samples measuring 25 cm wide x 50 cm
5to 15 cm in the soil. long x 30 ¢m of deep.

Studies conducted by Silva et al. (1994a) showep% ulation sampling and damage evaluation
that soil management system affected the spemeéj g

differently. According to these authors, no-tillage rom November 1993, soon after soybean emergence,
favored the survival of saprophytic and occasionalbyntil July 1994, sampling was performed periodically. This
rhizophagous species, suchasabderus which normally occurred twice a month in commercial soybean
needs mulch for oviposition and initial developmenfields located at two sites in the Juranda county, State of
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Parana. Two nearby crop fields were selected for eattte leveling harrow and the sampling (4 per plot) that was
place, one under no-tillage and the other under conventiopaiformed to 15 days after solil tillage.
tillage system, for at least three years. Each area in theThe data obtained in each sampling was submitted to
field was paired by the soil management system, separaggd@lyses of variance and means compared by the Tukey
by a roadway, approximately 3 m wide. For every soiest at a 5% probability. Larval percentage means, shown
management system, in both areas, the populatiéh ofin the figures, were corrected with the previous sample,
cuyabanawas estimated from 20 randomly picked soiihat was considered 100%.
samples. The sampling area of each management system
measured 220hand means qf no-tillage and conventional RESULTS AND DISCUSSION
tillage were compared by using a paired sampdstt

Soybean was harvested at the end of March and tﬂeclmage and population of. cuyabandn soybean

areas of study were wheat planted under no-tillage at th h
end of ApriliMay 1994. [Hgld under two tillage systems
In February of 1995, when attack symptoms were . .
visible, patches of damaged (six in tillage and seven in no- The size of .plant patches on .soybean with
tilage commercial areas) and a nearest correspondémnptomS of white grub da}r_nage V‘f"”ed from®mn
undamaged patch were measured, using a paired plots%§-”?' There was no significant difference, by the
perimental design. The population of larvae was evaluatsteSt (fo.os= 1.44; P=0.18), between patch sizes under
in the patches, in February and in the harvesting. TR-tillage (average 13.28 + 2.48)and conventional
height of soybean plants was recorded just befotélage (average 8.60+ 1.6(An
harvesting, and crop yield parameters, as number of pods,JUnder no-tillage system, the number of damaged
number and weight of grains per plants were also evaluatBénts was lower than the undamaged ones (Table 1).
in a sample of 2 m of row from each patch. There were no significant differences in the height of
either the damaged or undamaged plants, in the
Effect of different types of primary tillage equipment conventional tillage system (Table 2). Regarding the
on white grub populations crop yield parameters, the response of plants to the
P. cuyabandarvae damage was similar in both systems.
Two experiments were performed in different seasoifhe number of pods and grains, as well as the total
in two locations, where no-tillage system has been practiogéight of grains harvested per plant, was smaller in
in the last three years. The first experiment was set upgiants showing symptoms of damage. The size of the
Rolandia, State of Parana, whehyllophagasp. active grains, estimated from the weight of each grain, was
larvae at 2dand 3instar stages Were_predoml_nant at 10 Qimilar in the damaged and undamaged plants, for the
20 cm depth. The experimental design was in completgly, systems (Tables 1 and 2). The reduction in grain
;inod?r@n';fgs?lc}chkj’ewxgz rfi?nuénrtew::tf;:gtrggoiiefw%veight per plant caused by the white grubs was similar

d o 0
localities. Treatments were: no-tillage and conventiondl soybean produced in no-tillage (50%) and

soil tillage using moldboard plow, disk plow, chisel pI0\/\530m/ent'or.""‘I areas (46%) (Tables 1 apd 2).
and heavy duty disk harrow. In all treatments, except the The soil management systems did not appear to
no-tillage, a leveling disk harrow was used to level the s@iiféct larval occurrence. The average number of larvae
for sowing immediately after using primary tillageduring crop development was similar in the neighboring
equipment. areas, independently of soil management system
Prior to tilling the soil at 2, 8, 15, 21, 30 and 45 daykTable 3). The fluctuation of thie cuyabangopulation
after the establishment of treatments, the number of lanisie soybean was similar in both systems of soil
in eight soil samples were recorded in each plot. management (Fig. 1).
The second experiment was developed in Boa Espe-
ranca, State of Parana, before the winter crop of 1994, +  different types of equipments used for tillage
when diapausing '8 instar P. cuyabanaarvae were . . .
predominant in the samples. Generally, they were foulRgactices on white grub population
below 15-20 cm. The treatments were arranged in a com- .
plete randomized block, with five replicates. The practices 1he average number of larvae in plots on the
were also repeated in two other places, the treatment befligvious sampling was 24.5/yim the first experiment,
similar to earlier experiments, excluding the treatment witvhere active larvae were found in the 10 to 20 cm
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TABLE 1. Means of larvae number, plant height and soybean grain yield in patches damaged and undamaged
(control) by larvae of Phyllophaga cuyabanain no-tillage fields. Juranda, PR. Season 1994/1995.
n= 7 patches by treatment.

Parameter Mean + SE Reduction in relation
Control Damaged patch to control (%)

Plant height (cm) 82.9 £ 3.80 69.2 + 4.40* 16

Pods/plant (g) 25.8+3.30 15.9 + 2.70* 38

Grains/plant () 58.1 £5.30 35.8 £ 6.60* 38

Weight of one grain (g) 0.17 £0.02 0.14 = 0%01 18

Grain weight/plant (g) 9.8+1.30 4.9 +1.00* 50

Larvae/0.5 ra(r?) 4.3+0.80 10.8 + 2.00* -

1 The Means of control and damaged patches (in the line) was compared by paired sestple
"s and *Not significant and significant (P<0.05), respectively.

TABLE 2. Means of larvae number, plant height and soybean grain yield in patches damaged and undamaged
(control) by larvae of Phyllophaga cuyabanaunder conventional soil tillage (one disk plow and one
leveling harrow). Juranda, PR. Season 1994/1996= 6 patches by treatment

Parameters Mean = SE Reduction in
Control Damaged patch relation to control (%)

Plant height (cm) 60.0 £ 7.30 52.0 + 560 13

Pods/plant (g) 31.7£5.70 19.8 + 3.20* 37

Grains/plant (f) 64.3 £10.40 40.5 + 6.80* 37

Weight of one grain (g) 0.18 £0.20 0.15 + 6701 17

Grain weigh/ plant (g) 12.1 +2.90 6.4 +£1.50* 47

Larvae/0.5 r(n°) 1.6+0.80 8.4 +1.20* -

1 The means of control and damaged patches (in the line) was compared by paired tstple
"s and * Not significant and significant (P<0.05), respectively.

TABLE 3. Number of Phyllophaga cuyabankarvae/20 soil  layer. Population was mainly reduced by tilling deeper
samples (50 cm x 30 cm x 30 cm depth) in the soil (Fig. 2).
commercial soybean fields maintained under From the date of soil tillage up to 45 days, the
no-tilage and conventional soil tilage systems. nopuylation decreased in all treatments. The largest
Juranda, PR. Season 1993/1984 reduction occurred in the plot tilled with moldboard
plow (85.9%), but the average reduction in population
Soil tillage system Sampling medrist SE)  was also high in the no-tillage plot (63.0%). For up to
21 days, the population in the plot tilled with the
moldboard plow, disk plow and chisel plow was
Conventional 52+2.02a 19.4 +5.21a significantly lower than in the no-tillage plots. After
45 days, a significant difference was observed only
between the moldboard and disk plow plots (Tukey
! Fortnightly sampling from the end of November, 1993, until Marchtest, P<0.5).
1994 . In the previous sample from the second

2 Means followed by the same letter on the column did not differ .
significantly by student t-test, at 5% probability. experiment, the average number of larvae was

Place 1 Place 2

No-tillage 59+1.44a 19.6 £7.72a
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14 +
-- 4 --Conventional

—a— No-tillage

Number of larvae in the soil/0.5 nt

Nov. 23 Dec. 9 Dec. 21 Jan.6 Jan. 13 Jan.20 Feb.3 Feb.17 Mar.1 Mar. 17 Apr.1 May 12 May 31 Jun.16 Jul. 14
Sampling date

FIG. 1. Variation of the Phyllophaga cuyabandarvae population in the soil, in soybean fields maintained
under two soil management systems: no-tillage and conventional (one disk plow and one leveling
harrow). Mean of two sites. Juranda, PR. Season 1993/1994.

12.0/n%. The fluctuating larval population (Fig. 3)& House, 1990; Silva et al1994a, 1994b), in this
observed in trials performed before the winter cragtudy it did not occur. In contrast, the extent of
(end of April) showed predominance of diapausindamage caused by white grubs on soybeans was
larvae, located 20 cm below soil surface. Thisimilar in no-tillage and plowed areas. Probably, the
indicated that soil tillage had little effect on theno-tillage system used in the areas studied, was not
reduction of white grub populations. However, twohe same reduced tillage system that had been
days after tillage, the moldboard plowing broughdeveloped in England and the United States during
about significant effects (Tukey test, P<0.05) on tH#ties and sixties, in which no-tillage was carried out
reduction of the insect population, in comparison twith no soil tillage operation (IAPAR, 1976). Because

the no-tillage system. of the manner in which they were performed, that is,
one disk harrowing with no crop rotation, in the
White grub versussoil management largest part of the region, the two systems differed

only in plowing operation for the conventional tillage
Although the occurrence of insects of differengystem.
species can be higher in a soil that has not beenin the mid-west region of Parané soil tillage was
disturbed by farm equipment (Alvarado, 1979; Stinngrenerally performed in October, when the diverse
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FIG. 2. Percentage of larvae, in relation to previous sampling, in areas of soybean-wheat succession, where
soil management was performed when active2and 3¢ instar Phyllophagalarvae were predominant
at a depth of 10 cm to 20 cm. Mean of two sites. Rolandia, PR. (*Indicates significant difference
between means of treatments of the date of sampling, by Tukey test, P<0.05).

stages of development & cuyabanadiapause The results of the experiments comparing different
larvae, pupae and adults in pre-reproductive phasiéipge equipments demonstrated that they can affect
could be found mostly below 15 cm in the soilinsect population, depending on the period of tillage.
Probably, only small portion of insects was affectefihe mortality of larvae could be mostly attributed to
by the action of disk plow, used by most farmer§XPosure of the larvae to advgrse fa_c_tors, soon after
This confirmed the hypothesis raised by Oliveird!lag€, than to changes in soil conditions.

(1997), in which the efficiency of soil tillage upBn In the region of white grub occurrence, seve_ral
banalarvae should be related to the deptidMers observed the presence of predator birds,
cuya P ttacking white grub larvae, during the tillage

reached by the equipment and the localization gherations. The mortality appeared to be associated
larvae in the area. Studies performed by Oliveira &ith the number of larvae reached by the equipment,
Hoffmann-Campo (1996) indicated that theyr those exposed to sun and to predators. The
population of rhizophagous white grubs was reducedortality can, thus, be related to the depth of larval

only where the plow reached the deeper soil layetscalization at the time of soil tillage operations.
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FIG. 3. Percentage of larvae, in relation to previous sampling, in areas of soybean-wheat succession, where
soil management was performed when diapausing“3nstar Phyllophagalarvae were predominant,
below a depth of 20 cm. Mean of two sites. Boa Esperanca, PR. (*Indicates significant difference
between means of treatments of the date of sampling, by Tukey test, P<0.05).

Soil tillage could be one component within the CONCLUSIONS

subterranean insect pest management system in1 Disturbing the soil in no-tillage areas for the
soybeap. However, |.ts ut|]|zat|on can not b§ole purpose of controlling rhizophagous white grubs
generalized, because its efficacy to reduce larviglnot justified in soybean.

population depends on many factors, such as: period2. Intillage system areas the white grub mortality
of soil ti||ag(:J, stage of insect deve|0pmenti§ related to the depth of larval localization at the
population level and larval distribution in the soifime of sail tillage procedures.

profile.

The results of this research could be useful for
choosing the correct time and the most appropriate To Youssef A. Mazlum, for his precious
equipment to be used in soil tillage operations f@&ollaboration during the conduction of the

reducing the larval population, in areas where “"aﬁﬁ'Egecnﬁfr;;%gt‘?rfgr&%resntrﬁaetn?!-o}'cvﬁﬂéocuc_samgr

systems are normally used or recommended for othggnicians for their local support; to Dr. Cesar de
reasons, such as disease control or soil fertilitfello Mesquita for his thoughtful review of an earlier

correction. draft of this manuscript.
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