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In the State of S~o Paulo, weeds in ~ i ~  groves must be controlled between 
December +m0 Match of from Ausu~ to Noveml~ (Blanco and Oliveira 1978). 
Residual herbicadee such as tedmcyl, brcmmcyl and dhwon ate applied ~rm, tAlly ft~ 

purpose ~ t e i y  or in ~ ' ~  ( R o ~ m  t96o; o r ~ y  ~ Roe~inS 
1964; Doaadio and Mo~im 1959; H ~ t i ~  1970). These l~doic, id~  l~raiat a 1 ~  
time in sOil, with b l u m ~  ~ r o i l l m ~  up to 959~ ofweeda ~ 1  dimx~ with a 
shogter residual effect, coohwllin8 up to 60%, 225 days after applicafitm (Gn~mry 
and Roess~g 1964). B ~ e y l  and terbacyl were effective for 150 days and the 
combmation'ofbttmmcyi + ditwan wa~ effective for 180 dad  followin8 applicatiea 
(Hettwi 8 aru4 Leidammn 1972). 

On the other hand, the b i o ~ v i t y  , , ~  rvsi~,~-o to &l~radation of l~bic id~ m~y 
present proble~ ofdamap to n t m - ~  o r ~ a i m ~  (fungi, a~aomycotes, 
bacmia, , -~  mi~0mlffiopo~) and m o v e m ~  outside the area of applic~on, with 

c ~ t m i ~ t i o n  ofoth~ ~ oftho mvirommm, as a a f ~  w a t ~  
or 8toundwatar (Jacqur a~i Hat~.y 1979). I - I~c ide  d~radatio~a in soil dcpaada 
on sovv~ edaphic m d  d i a m ~  f a ~ .  Since the~ ~ vary from c m  locaSoa 
to another, it is clear that tmtfidde pemistame in soil troy vary widdy (Tern ~ ~. 
1982). 
The ~ and I,~rhlno_. oftedaacyl, brtmmcyl sad ditmm applied to citrus ~ 1  
peach Stoves ovw c o m e ~ i ~  years have been evaluated in some im,o~gatiom 
(Tucket-~4 l ~ n i ~  1969; ~ et at. 1975; ~t~,, et d .  1976; Maniase et d. 
1977, Majka and Lavy 1977; Teek,~ 197S). 

The ptvsmce of  the hetbicid~ in soft may be evaluated by biowmay of by chmfie.al 
~ l y s i s .  One of the o b j ~ w s  of b i o p s y  is the qmflimtive ~wdmdkm of the 
ptesom;o of hvflfi~dva in soil (Locatelli 1977). Thum, indicator plant ~ with 
a ~ a t i b i l i i y  ~ o t m l  to the m in lmrbicide ~ t i o a  are 
O ~ - q ~  ~ d  nm~y 1979). 

T ~  o b j ~ v e  of ~ Inw~m m ~  "~wa to ~'alua~ tt~ ~ md lo~ .h~  of 
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he~ici& nmidmm in tim soft of citrus 8rove after the ninth cOlx~Ct~ve anmud 
applicatie~ 

MA'IERIAL AND METHODS 

The field experiment was c~nducted in a orchard of Pera oranse 8 r a f ~  onto Cravo 
lemon, planted in 1975 in the mtmicipelity of Cr~hal-SP on a red-yellow 
"Latoeol" soil (Commdio de Soloe 1960). On a sample in layer of 20.0 c-m depth, 
the soil contain,~d 32.3% clay, 25.0% silt, 31.5% fine u n d  11.1% coer~ ~ n d  
1.75% orsanic matter with a pH of 4.9. This pH is typical of citrus groves soil in 
the State of S~o Paulo,. The herbicides ~ 1 ,  bromacyl and ~ were 
appSed annually betwoen October and No,,~naber at the doee of 3.2 k s / ~  and the 
bromaeyl + diuron mixture w u  applied at the dine of 2.1 + 1.1 ks/ha. The plots 
were weeded with a hoe 3 to 5 daye before the pre-em~en~e applir.etiona, and the 
nmterial cut was remove~ The ~ de, fiSh used w ~  ran,t-~;~,~ bloe.k~ 
with tlnee repl ica t i~  on 54 m a plots with four plants separated by a distance of 
4 .5m 

The soil ~mplea frem the plots were eoilected into thick.walled PVC tubes 10 em 
in diameter one day befe~e and 36, 63, 96, 129 and 216 d a d  after the ninth 
consecutive Annual application in 1985. Forty em long mbea with one sharp edge 
were i~rel~nxi in order to facilitate penetr~iee into the soil; they also had a 
centralized longit~utin~l ol~ni-s of  2.0 x 30.0 em The efenin8 was setled with 
adheeive tape end the tube~ were driven vertically into the soil up to the upper end 
of the op~in~ The tubes were t h ~  placed bofizo-*alhj on a table in a sreenboe~, 
with the opeoin8 lookin8 up. ~ seeds (Cucumis u t i v ~ )  cv. Aodai SH 191 
we~ sown at 1.0 c~n intervala in the op~ i ,~  an,4 i am depth F I ~  laml~ . 
(40 W) sl iced 25 cm apart were placed over the table at a heisht of 50 cm and 
were left on from 8:00 to 18:00 hours eve~ day. T ~ n ~ f a ~  w e  23 + 2 ~ 

A _ ~  sowins, the tube~ were irrisated daily with d i ~ e d  water, a ~  I-Imsland 
nutrient solution (Elntein 1975) at 3 day intervals, a f ~  seerlli,s e n a ~ e ~ e .  
Fourteen days ~ sowing, the above ground portion of S~erllinas in each 5.0 em 
pelion of the ope-ins w u  cut and i-,-,~5ately welshed. These data were ueed to 
e~in-~te percent reduction in weight companxi that oftbe # t i n ~ a  grown in soil 
which received no herbicide. The ca'itevion used to determine the Ineee~e of 
herbicide in the ,,oil layer was the occurrence of 50% of more reduction in matedal 
weiBht r to the 8eedlins 81"owll in soil which leceived no het~cide, as 

by Sante ,-,, (]97s). 

RESULTS AND DISCUSSION 

The reductiom in weisht of the above 8 r o , ~  p o r t i ~  of the cucmnher _see~l_ llng~ in 
the 5.0 c~n depth laye~ in xelation to that 8xewn in soil which received no 
herbicide aze premmted in Table 1. On the buis  ofthe eriterion a d o p t ~  the 
Inesence of terbacyt and bromacyl residum in the soil at a depth of 5.0 to 15.0 cm 
wall detected in the first i t a m p l ~  immediately before the ninth smnual applicati~. 
This lnolonsed l~msence is ~ l e  to that obeerved at 216 daya for l~t'omacyl, 
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dispe t s~  in t l~  layer b e t w ~ n  5.0 and 30.0 om The a b s m ~  oftedamy1216 days 
a f ~  applie, afioa may h a w  b r  due the olimatic ~ ( t ~ p ~ a t u n ~  
diatrilmtkm and i n t e m ~  of  rain, m ~  of  solar energy) after the a~l ieaf icm,  

Table 1. Mean m d u ~ c m  (96) in weisht of  above groam,4 pofl im of ~ u m l ~  
i ~ l y  befom andat  d i t S a ' ~  t i n ~  a t~-  tim ninth 

eomeeutive annual laabidde applieatio~ in the soft o f  a citrus onward. 

Depth Days after the ninth consecutive application 

(can) imm~.  befcl'e 36 63 96 129 216 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TERBACYL- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .0 -  5.0 11.8 100.0 100.0 6.8 15.3 30.7 
5.0-  10.0 54.4 100.0 100.0 94.4 34.2 0.0 
10.0- 15.0 53.1 99.0 100.0 74.2 17.4 25.0 
15.0 - 20.0 25.4 50.5 100.0 0.0 63.9 0.8 
20.0 - 25.0 0.0 1.2 100.0 35.0 0.0 0.0 
25.0 - 30.0 50.8 9.8 66.7 0.0 42.3 31.1 

DIURON. 
0 .0 -  5.0 67.1 100.0 100.0 85.5 82.0 61.0 
5.0-  10.0 43.7 17.6 30.4 46.0 0.0 39.6 
10.0- 15.0 49.0 0,0 8.9 0.0 33.0 37.2 
15.0 - 20.0 20.3 4.2 3.9 40.6 9.2 0.0 
20.0 - 25.0 36.7 17.9 0.0 39.3 21.4 0.0 
25.0 - 30.0 47.7 21.6 45.2 14.0 0.0 20.5 

,BROMACYL, 
0 .0 -  5.0 38.8 100,0 97.1 47.3 20,0 0,0 
5 .0-  10.0 80.6 100.0 100.0 84.5 61.8 41.7 
10.0- 15.0 69.4 100.0 100.0 95.5 89.9 68.6 
15.0 - 20.0 42.4 96.9 81.8 92.2 81.5 21.0 
20.0 - 25.0 43.3 17.9 56.4 62.4 63.3 6.3 
25.0 - 30.0 50.8 5.9 0.0 12.9 73.2 10.6 

................ BROMACYL + DIURON 

0 .0-  5.0 0.0 100.0 100,0 58.0 61.3 0.0 
5 .0-  10.0 0.0 100.0 97,5 69.0 56.6 1.9 
10.0- 15.0 0.0 58.8 87,8 69.0 73.4 38.7 
15.0 - 20.0 0.0 23.7 83,1 17.2 63.9 19.3 
20.0 - 25.0 0.0 0.0 53,2 19.7 45.9 0.0 
25.0 - 30.0 9.2 0.0 0,0 0.0 0.0 0.0 

, i  

Hecbicide lXUC~t ffl~luction > 50% (Sai~lnuum 1978). 
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occurring between the two years a~er the eighth and nlnth application, ~ the 
leachln8 and degradation of the herbicides. 

Thirty-six days alter application, terbacyl was found to be present at a depth 
ran~n$ from 0.0 to 20.0 cm, st 63 days it had moved down to 30.0 tma. st 96 it was 
concentrated between 5.0 and 15.0 cm, andat  129 days between 15.0 and 20.0 cm. 
On the others laye~ may be oeutred leaehlno and degtadatioal of the terbacyl. These 
results agree with those obtained by 1Vhmase et al. (1977), when they applied 
terbaeyl (4.5 ks/ha ) to a peach orchard for sevan comecutive years. They o l~fved  
lo~m of terbacyl by degadatwa and leaching, and 50% of the dissipation from the 
soil surface occurred between 150 ~nr1210 days. Most ofthe tedm~l  moved into 
the soil to a depth of 15.0 cm and only small amounts reached 60.0 C~ 

At 36 days, bromaoyl was detected in the 0.0 to 15.0 can layer, at 63 days it had 
moved to 25.0 cm, ~mtl at 96 days it was no lonser detected tm tbe saufaee (0.0 to 
5.0 gin) but was laeSant at a depth of 5.0 to 25.0 can. Bromacyl leached to 30.0 can 
by 129 days, but on 216 days, i t w u  still present at 10.0 to 15.0 c m  Inthe sandy 
soft of a citrus orchard, Tucker and phillips (1969) detected ccccentrations of 0.22 
kg/ha tedatcyl and bromacyl in the firat 45 cm from the staface a, reaidues of 11.2 
kg/ha amounts applied over a period of five consecutiw yeats. They also noted that 
the faetoa's that most affected the dissipatim of these herbicides in soil were: 
biodegradation, rain;, abemI/don by planta level of organic matter and ion-exdmnge 
capacity of the soil. 

Diuron persisted in the superficial layer (0.0 to 5.0 era) throughout the collection 
period. Marriage et al. (1975), alter the third consecutive annual application of 
diuron at 4.5 kg/ba on a peach ore.hand, found leaching of the herbicide ,mtll 15.0 
cm depth, but 92% of the total was concetttrated m the 0.0 to 5.0 can layer. Khan et 
al. (1976) studied the movement And persistence of diuron in the soil of a peach 
orchard which r e ~ v e d  an mmual application of 4.5 kg/ha for seven years. Khan et 
al. (1976) observed no ~dgnifieant aecumuhtion of the herbicide, which moved to a 
depth of 15.0 can from the surface. Majka and Lavy (1977) applied dim-on to a soil 
with 28% clay, 2.9% orgRn(c matter and pH 6.5 ~nd observed that the herbicida 
persisted rathe 0.0 to 5.0 can layer for 54 days after four irrigatic~ of 50 mm at 12 
day interval~. 

In ~ to the applications of each herbicide sepsmtaly, no ~ were 
detected in soils treated with the bromacyl + diu~o~ mixture before the ninth annual 
application. This ~ is due to the qn~n~  doses applied in the mixture. 
Howm, er, herbicide reeidues we~  ~ t  in the 0.0 to 15.0 cm layer at 36 d a ~  
~nd to a depth of 25.0 em at 63 days. At 96 days, the herbicides were concentrated 
tnthe 0.0 to 15.0 cm layer, at 129 days had reached a depth of 20.0 cm- But at 216 
days ~ b i c i d e  rosidues were not da(ected. It can be seen that this mixture had a 
c~aplemeataty effect whea companai to the application of each aseat selauately, 
although the effect was less intense due to the .amaller doses. ~ the hel~ 
were applied separately, diuron was concentrated inthe 0.0 to 5.0 cm laysr in all 
soils collected, and brmnacyl was ce~entrated in the 5.0 to 30.0 a n  layer startlno 
at 96 days. These r e ~ t s  agree with tho~  reported by Tu~er  (1978). That 
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~ evaluated ~ and diuma residues in the a~il of commaeial 
citrus groves which received eev~ end eisht ymm o f ~  e~nual 
applications. The levels detected ranged from 0.3 ~ l  3.9% of the tgmmeyl 
applied thrcmshout the period and fnmt 0.7 to 3.1% ofdiurc~ Diemn w u  also 
found to concentrate mcfe in the ~affaee htyer due to its low wst~ aolubility, m~4 
broma~l was distributed more tmifomfly in the soil l~f i le .  

The present soil residue dmipation data for ~ brcma~ and dita-~ can 
explain the long peri_od8 of weed control achieved by them hed~idea in citrus 
orchards, mpott~ by others (Rodrigu~ 1960; C.n~o~/and Roessing 1964; 
Donadio snd Mofeira 1969; Hertwi 8 1970; Hettwig and Leidefnmn 1972), inthe 
same msion where the present study was carried out. 

Onthe basis of these results, it can be seen that the bimuay method ina greenhouse 
using cucumbers as test plants w e  ettieie~ in evaluatin 8 the desmdation and 
leaching of ~ and diuron in the surface layer of the soft between 0 and 30 
cm of depth. 

REFERENCES 

Blaneo HO, Oliveim DA (1978) Estudm dos efeitm da qx~a de eontrole do mato 
sobm a woduf~  de citroe e a compmifJLo da planta daninha. Arq Imt Biol 
45(1):25-36. 

Comiss~lo de soloe (1960) Levantam~to de reconhedmento de soloe do E ~ d o  de 
Sao Paulo. Minisrt&fio da Agrie~tt~ Centro Naeional de Peaqni~ Asrcm6mica , 
Rio de Janeiro. 

Donadio LC, Moreira CS (1969) Uso de herbiciad~ mn porter de citrm. Rev. 
Agrir 44(4):123-128. 

Et~ein E (1975) Nutrifa]o mineral d e  plantu. EDUSP/USP, ~ Paulo. 
G-~8ory R �9 Roessin8 C (1964) Novo m~todo de a p ~  de ~g.annex" �9 
reaultadoa prellmlnA~ea obfidoe gore 'r[-Iyvar X u e~  otfltura de citrom. ]3ol 
Peut e Exper Asrop Leete, 7(2):249-255. 

Hertwig KV (1970) Hed~.~'das de p r ~ ~ :  um achado pant citricuitura. 
Rev Coopet~3fi~ p. 51-52. 

KV, LeidefmAn L (1972) Estudm relaek~ulm eom o emprego de 
hetbicidas remdua~ em citricultma. 9 ~ SEM BRAS HERB ER DAN, SBHED, 
CAmpi'nma, p.32. 

Jacquee GL, Marriase PB, Saidak WJ (1979) Persistence of dinitroanili~ 
herbicides in soil. Weed Scie~., 27(6):660-665. 

Khan SV, Mamase PB, Saidak WJ (1976) Persistence and movement ofdim, n and 
3-4 ~ in a ofetmrd_ soil~ Weed Selene, 24(6):583-586. 

Locatelli E (1976) Reeiduoe de herbiddu en el suelo. Rev Comalfi~ 3(1):59-77. 
Makja J r ,  Lavy TL (1977) Ad~ptiotl mcmillt% end degradation of cynrm~i~ and 

diuron in JK~il. Weed Science, 25:401-406. 
Maxriage PB, Saidek WJ, Von Sh~k FG (1975) Residues of atrm~in,_, ~ ,  

linuron and diuron after repeated annualapplicationJ in a peach a ~ m d .  Weed 
Res 15:373-379. 

Mmiase FB, I t S -  SV, Saidak WJ (1977) P ~  and movement ofteCmcil in 

307 



peach o~.hard soil aRmr repeated annual applicatioes. Weed Res 17(3):219-225. 
Rodri~z O (1960) I-Imbicidas para ecrow~ de lamnjeiru. O A~-6namioo 120- 

2): 10-12. 
Santelma- PW (1971) Herbicide biouay. In: Wilkinson RE (cocrd) Research 

methods in weed seimce, ~ Weed Seimee Society, p. 91-103. 
Tena M, Magallmme M, Garrick) R (1982) Soil persistenoe of selected sugar-beet 

herbicides and their combinatioza with lenaciL Weed Res 22(5):245-249. 
Tucker DPH (I 978) Bromaeil and diuron residuz levels in Florida citrus soils. Peat 

monit J 12(2):47-50. 
Tucker DPH, Ph~Uips RL (1969) Movemzm and degradation oftaxbicides in 

Florida citrus soils. In: Floxida State Hort Soc Proc, FSHS, Miami p.4-6. 

308 


