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Impacto dos Herbicidas Glifosate, 2,4-D, Atrazina e Nicosulfuron sobre as Populações de Collembola
$UWKURSRGD(OOLSXUD (Gi¿FRVHP6LVWHPDGH3ODQWLR'LUHWR
5(68021RSODQWLRGLUHWRRXVRGHKHUELFLGDVpXPDSUiWLFDFRPXPHLQWHQVLYDTXHLQÀXHQFLD
GLUHWD RX LQGLUHWDPHQWH D SRSXODomR GH DUWUySRGHV GD PHVRIDXQD HGi¿FD 2 JUDX GH DEXQGkQFLD H
diversidade de Collembola comumente é indicado para comprovar a extensão de distúrbios de várias
SUiWLFDVDJUtFRODVSRLVHVVHJUXSRVHUYHFRPRELRLQGLFDGRUGDVFRQGLo}HVGRVROR(VWDSHVTXLVDWHYH
FRPRREMHWLYRFRPSDUDUDLQÀXrQFLDGHDOJXQVKHUELFLGDVQDÀXWXDomRSRSXODFLRQDOGH&ROOHPEROD
HPVRORVRERVLVWHPDGHSODQWLRGLUHWR2WUDEDOKRIRLUHDOL]DGRHPXPDiUHDGHSODQWLRGLUHWRGH
VHTXHLURGR1~FOHR([SHULPHQWDOGH&LrQFLDV$JUiULDVGD8QLYHUVLGDGH)HGHUDOGH0DWR*URVVRGR
6XO 8)06 &DPSXVGH'RXUDGRVHPODWRVVRORUR[RGLVWURIpUULFRFRPFREHUWXUDGHPLOKRGXUDQWH
RVPHVHVGHRXWXEURGHDMDQHLURGH2VGDGRVREWLGRVIRUDPDQDOLVDGRVVHJXQGRRPRGHOR
inteiramente casualizado constituído de tratamentos dispostos no esquema de parcelas subdivididas,
onde as parcelas são representadas por uma testemunha mais quatro herbicidas: glifosate, atrazina,
2,4-D e nicosulfuron (totalizando cinco tratamentos) e as subparcelas pelas épocas de cada coleta (10,
HGLDVDSyVDSOLFDomRGRVKHUELFLGDV 7DQWRRVKHUELFLGDVWHVWDGRVTXDQWRDVpSRFDVGHFROHWD
LQÀXHQFLDUDPDSRSXODomRGH&ROOHPEROD'HSHQGHQWHGRSHUtRGRGHGHJUDGDomRGRVKHUELFLGDVQR
VRORRVWUDWDPHQWRVFRP'$WUD]LQDIRUDPRVTXHPDLVLQÀXHQFLDUDPDDEXQGkQFLDGH&ROOHPEROD
UHGX]LQGRVXDSRSXODomR
PALAVRAS-CHAVE: )DXQDHGi¿FDHIHLWRGHDJURWy[LFRVÀXWXDomRSRSXODFLRQDOLPSDFWRQRVROR
$%675$&77KHXVHRIKHUELFLGHVLVDFRPPRQDQGLQWHQVLYHSUDFWLFHLQQRWLOODJHV\VWHPV7KH
KHUELFLGHVFDQLQÀXHQFHGLUHFWO\RULQGLUHFWO\WKHSRSXODWLRQRIHGDSKLFDUWKURSRGV&ROOHPERODLV
DJURXSWKDWIXQFWLRQVDVDELRLQGLFDWRURIVRLOFRQGLWLRQV7KHGHJUHHRIDEXQGDQFHDQGGLYHUVLW\RI
&ROOHPERODSURYLGHVWKHOHYHORIVRLOGLVWXUEDQFHSURYRNHGE\DJULFXOWXUDOSUDFWLFHV7KLVH[SHULPHQW
ZDVGHVLJQHGWRFRPSDUHWKHLQÀXHQFHRIKHUELFLGHVRQWKHSRSXODWLRQÀXFWXDWLRQRI&ROOHPERODLQD
QRWLOOVRLOSUHSDUDWLRQV\VWHP7KHZRUNZDVFRQGXFWHGLQDQRQLUULJDWHGQRWLOODUHDDWWKH1~FOHR
([SHULPHQWDOGH&LrQFLDV$JUiULDVRIWKH8QLYHUVLGDGH)HGHUDOGH0DWR*URVVRGR6XO 8)06 &DPSXV
de Dourados, in soil planted with corn as a surface covering, during the period of December, 2002 to
'HFHPEHU7KHGDWDZHUHDQDO\]HGDFFRUGLQJWRDFRPSOHWHO\UDQGRPL]HGPRGHOLQDVSOLWSORW
GHVLJQ7KHSORWVUHFHLYHGIRXUW\SHVRIKHUELFLGHVJO\SKRVDWHDWUD]LQH'DQGQLFRVXOIXURQ$
¿IWKSORWGLGQRWUHFHLYHDQ\KHUELFLGH FRQWURO IRUDWRWDORI¿YHWUHDWPHQWW\SHV7KHVXESORWVZHUH
UHSUHVHQWHGE\WKHLUFROOHFWLRQWLPHV DQGGD\VDIWHUWKHKHUELFLGHDSSOLFDWLRQV %RWK
WKHW\SHRIKHUELFLGHDQGWKHWLPHRIGDWDVDPSOLQJLQÀXHQFHGWKH&ROOHPERODSRSXODWLRQÀXFWXDFWLRQ
The treatments with atrazine and 2,4-D caused the most reduction of the population of Collembola,
GHSHQGLQJRQWKHWLPHRIDSSOLFDWLRQ
KEY WORDS(GDSKLFIDXQDSHVWLFLGHHIIHFWSRSXODWLRQÀXFWXDWLRQVRLOLPSDFW
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The edaphic mesofauna is composed mainly of
&ROOHPEROD$FDULDQG,QVHFWD7KHPRVWQXPHURXVDUHWKH
acarids Oribatei (Cryptostigmata) and Collembola, which,
together, constitute about 72% to 97% of the individuals
of the total fauna of Arthropoda of the soil (Singh & Pillai
 
According to Bruno et al  DQG%]XQHFN 6DQWRV
  WKH HGDSKLF PHVRIDXQD KDV LPSRUWDQW UROHV 6XFK
as a catalyzer in the microbial activity for the organic
matter decomposition, soil moistening process, mechanical
disaggregation of the decomposing vegetable material, and
formation and maintenance of the structure of the soil (Sautter
et al %HVLGHVLQWHUDFWLQJLQWKHELRORJLFDOELRFKHPLFDO
and physical processes, these organisms are also responsible
for the replacement of several nutrients in the alimentary food
FKDLQ 9LHLUD 6DQWRV 
This group can only be analyzed when comparing
similar factors such as soil structure, humidity, texture,
amount of organic matter, vegetable covering and, in the
case of agricultural environments, the use of pesticides
%]XQHFN  6DQWRV   ([SHULPHQWDO VWXGLHV VKRZHG
that Cyphoderus VS &\SKRGHULGDH  FRXOG EH XVHG DV D
potential bio-indicator of insecticide impact on the soil (Joy
&KDNUDYRUW\ 
Undisturbed ecosystems possess higher bio-diversity
of macro- and mesofauna in relation to soil submitted to
PRQRFXOWXUDO SUDFWLFHV %HJRQ et al   SRLQWV RXW
that species richness varies according to factors such as
productivity, spatial heterogeneity, kind of habitat, stage of
VXFFHVVLRQDQGIUHTXHQF\RIGLVWXUEDQFH$ODUJHUHGDSKLF
species diversity is found in natural ecosystems, (forests, for
example), than in systems under intensive cultivation (Vieira
6DQWRV 
Productive demand, in which more areas would be
devastated for planting, requires agronomic practices leading
WRWKHFRQVHUYDWLRQRIWKHHGDSKLFPHVRIDXQD7RGD\WKHUH
is an increase in knowledge of the importance of edaphic
arthropods with a view to improving soil quality and
SURGXFWLYLW\,QDFFRUGDQFHZLWK9LHLUD 6DQWRV  QR
tillage systems are more suitable in comparison with those
of conventional tillage, due to the greater preservation of the
HGDSKLFRUJDQLVPV
In no tillage systems, the vegetable residues on the surface
of the soil are retained, imitating natural ecosystems, in
which the temperature and humidity are moderate, making
WKHPPRUHIDYRUDEOHWRWKHHGDSKLFIDXQDDQGÀRUD 3HUGXH
&URVVOH\ 
In spite of the no tillage systems being indicated as an
economically viable method, with the purpose of reducing
LPSDFWWRWKHVRLOIDXQDÀRUDDQGKXPDQKHDOWKWKLVV\VWHP
was only adopted with the importation of herbicides into
%UD]LO+RZHYHUDVPRUHQRWLOODJHV\VWHPVDUHLPSOHPHQWHG
WKHXVHRIWKHVHSURGXFWVLVOLNHO\WRLQFUHDVH:KHQWKHVH
compounds are applied to the soil, the edaphic organisms
that are able to use them increase their populations until the
GHFRPSRVLWLRQRIWKHSURGXFWVLVFRPSOHWH$IWHUWKDWZKHQ
there is a reduction in demand of this food source, they return
WRQRUPDO $OPHLGD 5RGULJXHV 
)UDWHOORet al. (1985), mentions that atrazine, in the doses

RINJKDDQGNJKDVWLOOSUHVHQWHGUHVLGXHLQWKHVXSHU¿FLDO
OD\HURIWKHVRLODIWHU¿YHPRQWKVRIDSSOLFDWLRQ%RWKGRVHV
induced reduction of the population of Collembola to the
GHSWKRIFP
Bitzer et al   DI¿UPV WKDW PRUH LQIRUPDWLRQ LV
necessary about population dynamics of springtails and
the action of pesticides employed in agroecosystems upon
WKHVHEHQH¿FLDODUWKURSRGV,QRUGHUWRGLVFRYHUWKHH[WHQW
of disturbance by these various agricultural practices,
the knowledge about the abundance and bio-diversity of
DUWKURSRGVLVHVVHQWLDO7KHUHIRUHWKHDLPRIWKLVUHVHDUFK
is to compare the influence of some herbicides on the
&ROOHPERODSRSXODWLRQDOÀXFWXDWLRQLQVRLOXQGHUDV\VWHP
RIQRWLOODJHDQGQRLUULJDWLRQ

Material and Methods
This work was developed in the Experimental Nucleus
RI$JUDULDQ 6FLHQFHV 1&$  DW WKH 8QLYHUVLGDGH )HGHUDO
GR 0DWR *URVVR GR 6XO 8)06  IURP 'HFHPEHU 
to December, 2003, in the municipality of Dourados, MS
 ¶ 6 DQG  ¶: DQG PHDQ DOWLWXGH RI P 
6(3/$106 
Evaluated area.7KHVRLORIWKHUHVHDUFKHGDUHDLVFODVVL¿HG
as Typic Dystropherric Red Latosol, of loamy texture and
topography glides (EMBRAPA 1999), whose chemical and
physical characteristics were evaluated by the laboratory of
VRLOVRI1&$8)06 7DEOH 
The experiment was conducted in soil whose history
presents a covered area initially used for pasture, planted
with Brachiaria decumbens, Stapf, then cultivated with
WUDGLWLRQDO SUHSDUDWLRQ WLOODJH SODQWLQJ  %HJLQQLQJ ZLWK
1994, the area was worked as an irrigated no-till system,
and four years later, a non-irrigated no tillage system was
XVHG)URPWKDWGDWHRQWKHDUHDZDVPDQDJHGXVLQJZHHG
control and soil handling for the cultivation of a sequence of
FURSV)URPWRWKHURWDWLRQZDVFRUQ VXPPHU 
and soy (autumn/winter), in 2001 it was soy (summer) and
pea (autumn/winter), and for the year of 2002/2003 forage
turnip (Raphanus sativus /  ZDV FXOWLYDWHG DXWXPQ
ZLQWHU IROORZHGE\FRUQ VXPPHU :KHQWKLVH[SHULPHQW
was begun, the surveyed area had been sown with corn,
'.%FXOWLYDUWKDWZDVDWGD\VDIWHUHPHUJHQFH7KH
SUHYLRXVFURSKDGEHHQIRUDJHWXUQLS
7KHFOLPDWHRIWKLVUHJLRQDFFRUGLQJWRWKHFODVVL¿FDWLRQ
of Köppen, is characterized as Cwa, with summer rains and
KRW VXPPHUV ZLWK H[WUHPHO\ YDULHG WKHUPDO ÀXFWXDFWLRQ
during the year and an annual precipitation average of 1,390
PP $\RDGH   7KH SUHFLSLWDWLRQ UHODWLYH KXPLGLW\
and average temperatures were registered during sampling
intervals of the experiment, throughout the whole period of
WKHUHVHDUFK 7DEOH 
The statistic delineation employed was entirely in
agreement with the completely randomized model, which
consisted of treatments applied in a pattern of subdivided
plots, where the plots were the treatments with herbicides
(four herbicides and a control) and the sub plots were the
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7DEOH3K\VLFDODQGFKHPLFDODQDO\VLVRIVRLOIURPWKHH[SHULPHQWDODUHDLQHDFKSODFH st, 2nd, 3rd and 4th collection)
DW1~FOHR([SHULPHQWDOGH&LrQFLDV$JUiULDVGD8QLYHUVLGDGH)HGHUDOGH0DWR*URVVRGR6XOPXQLFLSDOLW\RI'RXUDGRV
06 'HFHPEHUWR-DQXDU\ 
Samplings
1st

1

pH

Al+3(2) H+Al Ca+2(2) Mg+2(2) K+(1)

P(1)

(CaCl2)

(mmolC.dm-3)

(mg.dm-3)

(%)

(%)

5.6

0

2

nd

5.4

3

rd

4th
Average

38

Clay

O.M.(3)

(%)

(%)

(g.dm-3)

Gross sands Fine sands Silt

60.86

27.1

11.46

33.6

--

--

--

--

39.22

0.48 42.4

59.9

26.6

10.46

30

--

--

--

--

40.98

5.8

0

58.66

25.7

11.96

33.4

--

--

--

--

38.48

5.4

0.84 40

62.1

27.9

9.96

30.2

--

--

--

--

41.42

5.55

0.33 40.1

60.38

26.8

10.96

31.8

3.8

12.71

40

5.75 77.7

40.03

Extractor Mehlich-1; 2Extractor KCl (Embrapa 1997); 30HWKRGRI:DONOH\ %ODFN 7HGHVFRet al. 1985)

gathering times (10, 20, 30 and 40 days after the application
RIWKHKHUELFLGHV 7KHUHIRUHWKUHHSORWV [P ZHUH
VHOHFWHG(DFKSORWZDVGLYLGHGLQWRIRXUHTXDOVXESORWV 
[P ZLWKDFRQWURO [P ZLWKRXWDSSOLFDWLRQRID
product, inserted between the plots treated with herbicides
)LJ 
The treatments applied at randon, were: 1 - glyphosate
±POLDKDDWUD]LQHPOLDKD'
POLDKDQLFRVXOIXURQPOLDKD )LJ ,Q
WKHFRQWUROSODVWLFFDQYDVHVZHUHXVHG [P WRDYRLG
contaminating this control area with the employed chemical
SURGXFWV 7KH KHUELFLGHV ZHUH DSSOLHG ZLWK D GLUHFWHG MHW
applicator, a costal pulverizer (Jacto®), with a capacity of 20
liters, provided with a fan jet outlet (Jacto 110-05® 
The four sets of samplings were made during the period of
'HFHPEHUWR-DQXDU\7KH¿UVWVHWZDVFROOHFWHG
10 days after the application of the herbicides, the second
set after 20 days, the third after 30 days and the fourth was
FROOHFWHGDIWHUDSHULRGRIGD\V(DFKWLPHWKHVDPSOHV
were collected in eight randomly selected units, with a
minimum distance of 2 m from the edge, totaling 24 unit
samples (three plots x eight unit samples) per treatment with
XQLWVDPSOHVHDFKFROOHFWLRQWLPH
([WUDFWLRQDQGLGHQWL¿FDWLRQRI&ROOHPEROD To obtain
the edaphic springtails, soil samplings were taken within
HDFKWUHDWPHQWVXESORW5LQJVRIJDOYDQL]HGLURQRIFP
RIKHLJKWE\FPRIGLDPHWHUDQGFPRIWKLFNQHVV
ZHUHXVHG(DFKULQJFRQWDLQLQJVRLOZDVSODFHGLQDSODVWLF

EDJWRDYRLGWKHORVVRIHGDSKLFRUJDQLVPV7KHEDJVZHUH
organized in plastic boxes measuring 50 x 40 cm which were
WDNHQ WR WKH /DERUDWyULR GH (QWRPRORJLD 1&$8)06
'RXUDGRV06
The rings containing the soil samples were placed inside
VXLWDEO\PRGL¿HG%HUOHVHIXQQHOVSUHVHQWLQJFPRIOHQJWK
FPRIGLDPHWHUDQGFPRIGHSWKZLWKDFDSDFLW\IRU
FPñRIVRLO7KHIXQQHOVZHUHLQVWDOOHGRQDPHWDOH[SRVXUH
WDEOHPHDVXULQJPRIOHQJWKE\PRIKHLJKWDQG
ZLGWK  P ZLWK D VXUIDFH FRQWDLQLQJ KROHV RI  FP
GLDPHWHU+HUHWKH\VWD\HGGXULQJDSHULRGRIVHYHQGD\V
In the inferior part of each funnel, an opaque plastic vial of
8 x 5 cm was added, containing conserving liquid (alcohol
 ZDWHU  DQG IRUPROLQ   7KH H[SRVXUH WDEOH
ZDVSURYLGHGZLWK¿YH:ODPSVZKRVHEULJKWQHVVDQG
heat repelled the edaphics organisms of the samples, which
migrated to the deepest layers of the funnels and fell into
WKHYLDOV7KHVXSHULRUSDUWRIWKHH[SRVXUHWDEOHFRQWDLQLQJ
the material for study was protected with nylon screen and
TNT cloth to avoid the entrance of undesirable organisms
WKDWZRXOGEHDWWUDFWHGWRWKHOLJKW
$IWHUVFUHHQLQJWKH&ROOHPERODWKHFODUL¿FDWLRQSURFHVV
was accomplished using plates “ Clin “ containing lactic acid,
in which the specimens were maintained submerged for a
SHULRGRIIURPKWRKLQDQRYHQ PRGHO)$1(0® 315
6( DW&$IWHUWKDWWKH&ROOHPERODZHUHLQGLYLGXDOO\
PRXQWHGLQWHPSRUDU\VOLGHVIRULGHQWL¿FDWLRQRIWKHIDPLOLHV
Identification keys by Jordana & Arbea (1989) and by
3DODFH9DUJDV  ZHUHXVHG7KHLGHQWLW\RI&ROOHPEROD

7DEOH0HDQWHPSHUDWXUH & UHODWLYHKXPLGLW\RIWKHDLU  PHDQSUHFLSLWDWLRQ PP LQWKHSHULRGVRIHDFKRQHRI
WKHIRXUVDPSOLQJLQWKHPXQLFLSDOLW\RI'RXUDGRV06 'HFHPEHUWR-DQXDU\ 
Temperature (°C)

Relative humidity (%)

max

min

max

min

Accumulated rainfall
(mm)

06/12/02-15/12/02

32.46

21.06

93.7

46.63

2.95

16/12/02-25/12/02

33.57

21.74

93.4

47.07

5.59

26/12/02-04/01/03

33.99

21.43

91.7

41.08

0.72

05/01/03-15/01/03

31.44

21.92

95.53

55.07

7.83

Dates
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C

N

C

2,4 D

C

A

C

A

C

G

C

2,4 D

C

2,4 D

C

N

C

G

C

G

C

A

C

N

CORN
TURNIP

CORN
TURNIP

CORN
TURNIP

)LJ6FKHPDWLFRIWKHWKUHHSORWVGLYLGHGLQWRIRXUVXESORWVZKHUHWKH¿YHWUHDWPHQWVZHUHDFFRPSOLVKHG * JO\SKRVDWH
$ DWUD]LQH'1 QLFRVXOIXURQDQG& FRQWURO 'RXUDGRV06

WD[DZHUHFRQ¿UPHGE\'U0DULD&OHLGH0HQGRQoDRIWKH
Departamento de Entomologia, Museu Nacional, Rio de
Janeiro (CM/MNRJ), where the voucher specimens were
GHSRVLWHGDQGNHSWLQWKHFROOHFWLRQRI&ROOHPEROD
The average number of Collembola was calculated by
the number of individuals per cm², using the area equation:
S = 23U$IWHUWKDWWKHGDWDZHUHH[WUDSRODWHGIRUPð7KH
REWDLQHG GDWD ZHUH VXEPLWWHG WR WKH YDULDQFH DQDO\VLV )
Test), and to guarantee the normality and the homogeneity,
were previously transformed in x  0,5 (Gerard & Berthet
 7KHDYHUDJHVZHUHFRPSDUHGE\WKHWHVWRI7XNH\WR
5% of probability (Banzatto & Kronka 1989), also presenting
6( 6WDQGDUGHUURU FRPSDUHGRIWKHDYHUDJHV

N° of Collembola (%)

120
100
80

Results and Discussion
The total mean number of collected Collembola was 100,921
ind/m², distributed in three orders: Entomobryomorpha,
3RGXURPRUSKDDQG6\PSK\SOHRQD7KH\ZHUHUHSUHVHQWHG
by the families Entomobryidae, Isotomidae, Cyphoderidae,
Neanuridae, Sminthuridae, Bourletiellidae, Onychiuridae,
.DWLDQQLGDH DQG 6PLQWKXULGLGDH 7KH PRVW DEXQGDQW
organisms belonged to the family Entomobryidae, with
DERXW  RI WKH WRWDO PHDQ 7KH IDPLOLHV ,VRWRPLGDH
&\SKRGHULGDHDQG1HDQXULGDHDGGHGDQGRI
WKHVSHFLPHQVUHVSHFWLYHO\7KHRWKHUIDPLOLHVUHSUHVHQWHG
DOWRJHWKHUDWRWDORI )LJ 

Entomobryidae

Isotomidae

Cyphoderidae

Neanuridae

Sminthuridae

Bourletiellidae

Onychiuridae

Katiannidae

Sminthurididae

87,3

60
40
20
0

9,41
1,47 0,86 0,35 0,24

0,24 0,10 0,03

Families
)LJ7RWDOPHDQQXPEHURI&ROOHPERODIDPLOLHV 6( FROOHFWHGGXULQJDOOWKHH[SHULPHQW1~FOHR([SHULPHQWDOGH&LrQFLDV
$JUiULDV8)06'RXUDGRV06 'HFHPEHUWR-DQXDU\ 
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N° of Collembola (%)

30

Atrazine

2,4D

Glyphosate

Nicosulfuron

Control

25
20
15
10
5
0
1st

2nd

3rd
Sampling times

4th

)LJ0HDQQXPEHURI&ROOHPERODFROOHFWHG 6( LQHDFKWUHDWPHQW $WUD]LQH'*O\SKRVDWH1LFRVXOIXURQDQGFRQWURO 
at the different times of sampling (1st, 2nd, 3rd and 4thVDPSOLQJ 1~FOHR([SHULPHQWDOGH&LrQFLDV$JUiULDV8)06'RXUDGRV
06 'HFHPEHUWR-DQXDU\ 

Of the four tested herbicides, the treatment with glyphosate,
LQWKHVWVDPSOLQJSUHVHQWHGDKLJKQXPEHURI&ROOHPEROD
The same result was also observed in the treatments with
QLFRVXOIXURQDQGDWUD]LQHLQWKHUGVDPSOLQJ )LJ $WUD]LQH
was the herbicide that most reduced the population of springtails
in the 1st sampling, and 2,4-D, when compared to the control,
UHGXFHGWKHQXPEHURI&ROOHPERODH[FHSWLQWKHUGVDPSOLQJ
In the 4th sampling, the population of Collembola presented a
tendency to stability, probably due to the greater stability of the
environment in the corn cultivation, which was 61 days old, and
WKHKHUELFLGHVSUHVHQWLQJGD\VRIGHJUDGDWLRQ )LJ 
7KHYDULDQFHDQDO\VLVVKRZVDVLJQL¿FDQWHIIHFW 3 
with relationship to the treatment, time, treatment versus
WLPH 7DEOH 
7DEOH9DULDQFHDQDO\VLVDWWKHOHYHORIRIVLJQL¿FDQFH
among the treatments (herbicides and control) and sampling
WLPHV    DQG  GD\V  1~FOHR ([SHULPHQWDO GH
&LrQFLDV$JUiULDV8)06'RXUDGRV06 'HFHPEHU
WR-DQXDU\ 
Variation fount

F.D.

Square mean

Collecting times

3

9.4200351

Treatments

4

Samples

7

1.62197602

Collecting times x Treatments

12

4.6297311

Collecting times x Samples

21

1.56203802

Treatments x Samples

28

0.93954742

Residue

404

2.22724102

V.C. (%) 48.291
/HYHORIVLJQL¿FDQFH 
1RVLJQL¿FDQFHDWRISUREDELOLW\

1
2

12.391841

There was a statistical relationship in the test of
comparison of averages for the interaction of the treatments
ZLWK WKH VDPSOLQJ WLPHV 7KLV LQGLFDWHV WKDW WKHUH ZDV D
VLJQL¿FDQWHIIHFWRIWKHWUHDWPHQWVIRUHDFKVDPSOLQJWLPH
(capital letters) and also, an effect of the times for each
WUHDWPHQW VPDOOOHWWHUV  7DEOH 
The significant influence of the treatments for each
sampling time was observed in two of the four sampling
WLPHV ,Q WKH VW VDPSOLQJ WKHUH ZDV D SUHGRPLQDQFH RI
the number of collected individuals in the treatment with
JO\SKRVDWH RYHU WKH RWKHU WUHDWPHQWV 7KDW LQFUHPHQW RI
springtail population is probably due to the elevation of their
reproductive capacity when the amount of food (chemical
FRPSRXQGV RI KHUELFLGHV  DOVR LQFUHDVHV $OPHLGD 
Rodrigues (1988) pointed out that when the herbicides are
applied to the soil, the populations of Acari and Collembola
are able to use them, increasing their population density until
WKHGHFRPSRVLWLRQRIWKHSURGXFWRFFXUV$IWHUWKHUHGXFWLRQ
of that resource (residue of herbicides), the population comes
EDFNWRQRUPDO
In spite of the treatment with glyphosate showing a larger
numeric average of Collembola, this herbicide did not differ
statistically from the treatments with nicosulfuron and the
FRQWUROLQWKH¿UVWVDPSOLQJWLPH7KHVHODVWKHUELFLGHVDOVR
did not show differences from the treatments with atrazine
and 2,4-D, which presented a low number of springtail
VSHFLPHQV
The number of Collembola, in the 3rd sampling, was high
in the treatment with the herbicide nicosulfuron, presenting
statistical difference only with the control and 2,4-D, showing
UHVXOWVVLPLODUWRWKHWUHDWPHQWVZLWKDWUD]LQHDQGJO\SKRVDWH
In the 4th sampling, there was a tendency towards a balance of
WKHSRSXODWLRQV 7DEOH 7KLVFDQPHDQDFHUWDLQUHVLOLHQF\
OHYHOLHSHULRGVXI¿FLHQWIRUDSRSXODWLRQWRFRPHEDFNWR
VWDELOLW\DIWHUDQHQYLURQPHQWDOLPSDFW
In relation to the effect of the sampling times of each
treatment, a significant difference in three of the five
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7DEOH0HDQQXPEHURILQGLYLGXDOVRI&ROOHPERODVDPSOHGLQ¿YHWUHDWPHQWVDQGWKHLULQWHUDFWLRQZLWKWKHVDPSOLQJ
WLPHV1~FOHR([SHULPHQWDOGH&LrQFLDV$JUiULDV8)06'RXUDGRV06 'HFHPEHUWR-DQXDU\ 
Sampling times (collects)

Treatments
1

st

2nd

3rd

4th

Atrazine

2.2311Bb

2.6989Aab

3.6838ABa

3.0964Aab

2,4-D

2.3711Ba

2.2264Aa

3.0247Ba

2.7293Aa

Glyphosate

3.6887Aa

2.9499Aab

3.3487ABab

2.5569Ab

Nicosulfuron

3.1253ABb

3.1804Ab

4.4122Aa

3.4706Aab

Control

3.3627ABa

3.1655Aa

2.9610Ba

3.5249Aa

(TXDOOHWWHUVLQWKHVDPHFROXPQ FDSLWDOOHWWHUV DQGHTXDOOHWWHUVLQWKHVDPHOLQH VPDOOOHWWHUV GLGQRWGLIIHUDWRIVLJQL¿FDQFH
E\7XNH\¶VWHVW

WUHDWPHQWVZDVYHUL¿HG7KHLQÀXHQFHRIWKHUGVDPSOLQJE\
the treatment with atrazine was observed, having a similarity
WRWKHWKDQGQGVDPSOLQJV$OVRIRUWKHWUHDWPHQWZLWK
nicosulfuron, the time in which there were certain springtails
predominant was that of the 3rd sampling, although this did
QRWGLIIHUVLJQL¿FDQWO\IURPWKHWKVDPSOLQJ7KHWUHDWPHQW
with glyphosate manifested a higher average of individuals
LQ WKH VW VDPSOLQJ DOWKRXJK WKHUH ZHUH QR VLJQL¿FDQW
differences in relation to the times of samplings of the 2nd
DQGUGVDPSOLQJV,QWKHWUHDWPHQWVZLWK'DQGFRQWURO
WKHUHZHUHQRVLJQL¿FDQWYDULDWLRQVDPRQJJDWKHULQJWLPHV
)RUWKHFRQWUROWKHVWDWLVWLFDOVLPLODULWLHVDPRQJWKHWLPHV
indicates a certain uniformity in the individuals’ average in
HDFKJDWKHULQJSHULRG 7DEOH 
The number of Collembola in the treatments with
the herbicides glyphosate, nicosulfuron and control was
statistically superior to the other treatments after 10 days of
SHUVLVWHQFHLQWKHVRLO$IWHUGD\VWKHQXPEHURI&ROOHPEROD
was higher in the treatments with nicosulfuron, atrazine and
JO\SKRVDWH$WGD\VDIWHUKHUELFLGHVSUD\VDWHQGHQF\WR
VWDELOLW\RIWKHSRSXODWLRQVRFFXUUHGLQWKHWUHDWPHQWV
The times of samplings that influenced most in the
treatment with the herbicide atrazine were those of the 2nd,
3rd and 4th samplings and, for the nicosulfuron, were the
3rd and 4th samplings, culminating in the degradation of
WKHKHUELFLGH2QWKHRWKHUKDQGWKHJO\SKRVDWHSUHVHQWHGD
higher tendency to an elevation of the number of individuals
RI &ROOHPEROD LQ WKH WLPHV RI   DQG  GD\V ,Q WKH
control, the averages number of springtails presented a
VLPLODULW\DPRQJWKHJDWKHULQJWLPHV
The results obtained in this research (Table 4) are
compared to those found by Almeida & Rodrigues (1988)
and Bitzer et al   7KH ¿UVW DXWKRUV PHQWLRQ ZRUN
accomplished with the herbicide 2,4-D, whose species
of Collembola were little affected even with successive
DSSOLFDWLRQVLQIROORZLQJ\HDUV:KLOH%LW]HUet al  
DI¿UPWKDWWKHHIIHFWRIWKHKHUELFLGHJO\SKRVDWHLQDFXOWXUH
of transgenic soy, did not present deleterious action upon
&ROOHPERODSRSXODWLRQV
7KHUHVXOWVIRXQGKHUHGHPRQVWUDWHGWKDWLQWKH¿UVWWHQ
days after the application of the products, the herbicides
atrazine and 2,4-D were what most affected the Collembola

SRSXODWLRQV :KLOH WKH KHUELFLGH  ' DIWHU  GD\V RI
persistence in the soil, was that which most reduced the
QXPEHURIWKRVHHGDSKLFFROOHPERODQV+RZHYHUDWGD\V
of degradation of the herbicides, there was a tendency of
EDODQFHLQWKHSRSXODWLRQVLQDOOWKHWUHDWPHQWV7KXVWKHUHLV
DQHHGIRUODUJHUQXPEHURIVDPSOLQJIRUFRQ¿UPDWLRQRIWKH
period necessary for the Collembola populations to establish
WKHLUEDODQFHVLWXDWLRQLQWKHDJURHFRV\VWHPV

$FNQRZOHGJPHQWV
:HWKDQN'U0DULD&OHLGH0HQGRQoDIRUWKHFRQ¿UPDWLRQ
LQWKHLGHQWL¿FDWLRQRIVWXGLHG&ROOHPEROD3URI(OVEHWK$
)OXQNHU :,86$ IRUWKHUHYLVLRQRIWKHYHUVLRQLQ(QJOLVK
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HPWUrVDPELHQWHVQDUHJLmRGH'RXUDGRV06,Q95HXQLmR
6XO%UDVLOHLUDGH,QVHWRVGH6ROR (0%5$3$&3$2 S
%]XQHFN+/ +56DQWRV(IHLWRVGHGRLVVLVWHPDVGH
preparo do solo e sucessões de cultura, na população de ácaros
*DOXPQLGDH &U\SWRVWLJPDWD 5HY&L$JU
(PSUHVD %UDVLOHLUD GH 3HVTXLVD$JURSHFXiULD  0pWRGRV
GHDQiOLVHVGHVROR&HQWUR1DFLRQDOGH3HVTXLVDVGH6RORV
0DQXDOHG5LRGH-DQHLUR&136(0%5$3$S
(PSUHVD %UDVLOHLUD GH 3HVTXLVD$JURSHFXiULD  6LVWHPD
EUDVLOHLUR GH FODVVLILFDomR GH VRORV &HQWUR 1DFLRQDO GH
3HVTXLVDVGH6RORV%UDVtOLD(PEUDSD3URGXomRGH,QIRUPDomR
5LRGH-DQHLUR&136(0%5$3$6RORVS
)UDWHOOR % 5 %HUWRODQL 0$ 6DEDWLQL / 0ROD  0$
5DVVX(IIHFWVRI$WUD]LQHRQVRLOPLFURDUWKURSRGVLQ
H[SHULPHQWDOPDL]H¿HOGV3HGRELRO-HQD
*HUDUG* 3%HUWKHW$VWDWLVWLFDOVWXG\RIPLFURGLVWULEXWLRQ
RI 2ULEDWHL $FDUL  3DUW ,,7KH WUDQVIRUPDWLRQ RI WKH GDWD
2LNRV
-RUGDQD5 -,$UEHD&ODYHGHLGHQWL¿FDFLyQGHORVJpQHURV
GH FROrPERORV GH (VSDxD ,QVHFWD &ROOHPEROD  1DYDUUD
6HUYLoRVGH3XEOLFDFLRQHVGHOD8QLYHUVLGDGGH1DYDUUD6$
6pULH=RROyJLFDOiPLQDV
-R\ 9&  &KDNUDYRUW\ 33  ,PSDFW RI LQVHFWLFLGHV RQ
QRQWDUJHWPLFURDUWKURSRGIDXQDLQDJULFXOWXUDOVRLO'HSDUWPHQW
RI =RRORJ\ 9LVYD%KDUDWL 8QLYHUVLW\ :HVW %HQJDO ,QGLD
(FRWR[LFRO(QYLURQ6DI
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