PERSISTENCE OF ATRAZINE, METRIBUZIN
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ABSTRACT - An oat bioassay was conducted in pots under greenhouse conditions to determine the
persistence of atrazine, metribuzin and simazine herbicides in soils of the southeast of Buenos Aires
Province, Argentina. Atrazine rates of 0, 0.58, 1.16 andigy3#: of active ingredient (a.i.), metribuzin

rates of 0, 0.14, 0.28 and 0,56 g of a.i., and simazine rates of 0, 0.72, 1.45 an@i@.§* of a.i. dry

soil weight were applied to pots containing soils from Balcarce and San Cayetano sites. Organic matter
(OM) content and pH of Balcarce soil were 5.5% and 5.8%, while for San Cayetano soil were 2.9% and
6.7%, respectively. Relative dry weight (RDW) of oat shoots was calculated as percentage of control.
Considering a 20% RDW reduction of oat shoots, persistences of recommended rates for the region
were: atrazine (1.1@g gt of a.i.), 78 and 130 days after treatment (DAT) for Balcarce and San
Cayetano soil, respectively; metribuzin (OL28 of a.i.), 63 and 77 DAT for Balcarce and San Cayetano

soil, respectively; simazine (1.4 g of a.i.), 81 and 156 DAT for Balcarce and San Cayetano soll,
respectively. Results show that persistence of atrazine, metribuzin and simazine in soil increased with
high rates, low OM content and high pH.

Index terms: oat, organic matter, pH, herbicide rates, bioassay.

PERSISTENCIA DOS HERBICIDAS ATRAZINE, METRIBUZIN E SIMAZINE EM DOIS SOLOS

RESUMO - O presente trabalho foi realizado para estudar a persisténcia dos herbicidas atrazine,
metribuzin e simazine em solos do sudeste da Provincia de Buenos Aires, Argentina, por meio de um
bioensaio com aveia. Doses de atrazine de 0, 0,58, 1,16eg2338e ingrediente ativo (i.a.), doses de
metribuzin de 0, 0,14, 0,28 e 03§ g'de i.a., e doses de simazine de 0, 0,72, 1,45m259de i.a. de

solo seco, foram aplicadas em vasos que continham solos de Balcarce e San Cayetano. O conteudo de
matéria organica (MO) e o pH do solo de Balcarce foram 5,5% e 5,8%, enquanto no solo de San
Cayetano foram 2,9% e 6,7%, respectivamente. Com a parte aérea das plantas de aveia calculou-se o
peso relativo da matéria seca (PSR) em relagdo ao tratamento sem herbicida. Considerando uma redugao
de 20% do PSR, as persisténcias nas doses recomendadas para os solos de Balcarce e San Cayetano
foram, respectivamente: atrazine (Lpgide i.a.), 78 e 130 dias apds tratamento (DAT); metribuzin
(0,28ug gtdei.a.), 63 e 77 DAT, simazine (14§ gt dei.a.), 81 e 156 DAT. Os resultados indicam que

a persisténcia foi maior com altas doses dos herbicidas, com baixo conteido de MO e alto pH dos solos.

Termos para indexacao: aveia, matéria organica, pH, doses de herbicidas, bioensaio.
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phytotoxic effects which can damage the subsequenil (OM=3.8%) was of 143 and 221 days respectively.
crops. The persistence has also got influence in & the contrary, the half life of metribuzin can be of 3
risk of its moving towards the groundwater causing 7 days when it is applied on the soil surface, but if
its contamination. The persistence of a herbicide jfijs incorporated into the soil, the persistence in-
the soil is the result of the interaction of edaphic andeases two or three times (Jensen et al., 1989). At
climatic factors and of the very same herbicide. Beacommended rate, its persistence in the soil varies
tween the former, the adsorption to the organic a'ﬂ)@tween 80 and 90 days (Sharom & Stephenson, 1976).

inorganic colloids is one of the most influential ONES ihe case of simazine. the persistence in the soil at

according to the availability of the herbicide in th . .
) 2 . . e recommended rate is approximately of a one-year
soil, existing a better correlationship between the . . o ;
riod of time only after which it is advisable to sow

organic matter (OM) content and the adsorption thal¥ e
the one that exists with clays (Sheets et al., 1ggEnsitive crops (Sheets & Shaw, 1963). However, the

Talbert & Fletchall, 1965: Horowitz, 1969)_V\/eed. Scignce Society of Amer.ica (1994) reported
Triazine herbicides (atrazine and simazine) arfhat simazine has moderate residual with an average
triazinones (metribuzin) are found among the pesfield half-life of 60 days, whilst on high pH soils
cides most widely used worldwide (Sattin et al., 19953imazine persists longer.

Moreover, in the case of atrazine, due to its high The objective of this work was to determine the
frequency in use and its mobility in the soil, its pregpersistence of atrazine, metribuzin and simazine in
ence in groundwater and potable water, it is of usugto soils of the Southeast of Buenos Aires Province
reference (Flury, 1996). Triazines and triazinones areArgentine.

herbicides weakly basic which are protonated in acid

soil, and in this way adsorbed by negative charges

of colloids in the soil, decreasing as a consequence MATERIAL AND METHODS

of its concentration in the soil solution. In this way,

its persistence is positively correlated with the soil Greenhouse studies were conducted during 1994 and
pH (Bestetal., 1975; Weber et al., 1993). Microbiatpgs at the Balcarce Experimental Station of the Instituto
degradation also plays an important role in the pextacional de Tecnologia Agropecuaria (INTA), Buenos
sistence of these herbicides in the soil due to tA@es Province, Argentina.

fact that they are used as a source of energy and ofSoil samples were collected from 0-15 cm depth at two
nltrogen, decreas|ng |n thls Way the"' ava”ab”'ty irﬁ“fferent locations in Buenos Ail’es Province (B?lcarce and
the soil solution (Bollag & Liu, 1990). The persis-san Cayetano). AII_ sample sites had no previous history
tence of these herbicides in the majority of types 8f use Of the herbicides under study. Each soil sample was
soil also varies with climatic conditions. In that sens [evr'r? Lfiglzoég?grzn:f: : ' ?'hr ed:(?g[;):l;]ii f ?)sfstii tzgci’l:g:r :
the persistence increases with low temperature ar?g{T '

= . . enin Table 1.
or humidity (Harris & Sheets, 1965; Harris etal., 1969). sqjl samples were distributed into pots, in aliquots of

Smith & Walker (1989) reported that persistenc&00 g dry weight (DSW), each one constituting an experi-
of atrazine at 1.0 kg Haof a.i. in a clay textured soil mental unit. Herbicides and formulations used were: a)
with a 4,2% of OM varied from 206 days at 5°C up tatrazine, aqueous flowable formulation at 50% active
44 days at 30°C, with the same humidity content jpgredient (a.i.), commercially distributed as Trac 50 FL

the soil. Similar results were obtained in other typd§t@nor S-A., Argentina); b) metribuzin, aqueous flowable
ormulation at 48% a.i., commercially distributed as

of soil under equal humidity and temperaturé ) o
" ] . encorex 48 (Bayer Argentina S.A.); ¢) simazine, aque-
conditions (Walker, 1978; Walker & Zimdahl, 1981)'ous flowable formulation at 50% a.i., commercially dis-

In soil of tropical regions the persistence decreas%uted as Simazina 50FL (Atanor S.A. Argentina). All
having reported 70 days for rate of 3,0 kgbi.a.  nerpicides were applied to soils diluted in water using a
(Akinyemiju, 1991). Delmonte et al. (1997) determinefland sprayer to achieve desired concentrations (Table 2).
for Argentina that atrazine persistence at 2.0 ki ha Each sample was thoroughly mixed to allow a homoge-
of a.i. in Balcarce soil (OM=5.7%) and San Cayetanm®ous distribution. Non-sprayed samples were used as
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controls. The experiment was conducted in a completal symptoms of phythotoxicity in the plants nor differ-
randomized design with crossed and nested factors (Jobanges among treatments (four periods). The four periods
1971): soil, herbicide and rate nested in herbicide. Eaelaluated corresponded to seedings at 0, 60, 118 and 184
treatment was replicated six times. days after treatment (DAT) and samplings at 36, 92, 155
Soils were evaluated for herbicidal activity using aand 224 DAT.
oat bioassay (Sheets et al., 1962; Marriage, 1975; Relative dry weight (RDW) per plant was calculated
Horowitz, 1976). After herbicides were added to the soilas a percentage of the untreated control. The analysis of
13 oat seedsAvena sativacv. Millauquén) were seededvariance of the RDW was done for each sampling
per pot by pressing the basipetal end of each one into te= 0.01). For the analysis of the three first samplings
soil up to approximately three quarters of its size. Aftahree factors were considered: soil (two levels), herbicide
seedling establishment, plant number was thinned to téhree levels) and rate (three levels) nested in herbicide.
per pot. The seed bed was moistened daily with distillégbr the fourth sampling, only soil of San Cayetano was
water to 80% of field capacity. analyzed. Means of rates for each combination of herbi-
Once the untreated control plants completely devetide and soil in all cases were compared by the Least Sig-
oped the second leaf, approximately in 30 days accordingicant Difference Test (LSD)a(= 0.01). The concen-
to the time of the year, the growth period was considerg@tions of herbicides required in soils to reduce shoot dry
come to an end. Plants were counted and evenly cut abaaght of oat, 50 percent (GR50) were calculated for the
the soil surface, placing all the harvest at 65°C until cofirst crop (36 days) and for the two soils, as described by
stant weight. Only live plants were harvested. Oncgheets et al. (1962). The number of DAT required to
weighed, plants were milled and returned to their correbtain a RDW per plant of 80% was arbitrarily adopted as
sponding pots, with a fallow period of about 20 days. Nexd,way to determine phytotoxical persistence of herbicides
oat was again seeded in the way previously describesnong soils and graphically calculated between RDW vs.
This process was repeated until there were neither extieg of days until each sampling (Delmonte et al., 1997).

TABLE 1. Physicochemical properties of Balcarce and San Cayetano soils.

Soil omM* pH Clay Silt Sand Texture CEC
(%) (1:2.5) (%) (%) (%) (meq 1007y

Balcarce 5.5 5.8 27.2 35.9 36.8 Clay loam 22.58

San Cayetano 2.9 6.7 29.7 30.0 40.1 Clay loam 20.64

1 OM: organic matter content (Schnitzer, 1982).
2 CEC: cation exchange capacity (Rhoades, 1982).

TABLE 2. Herbicides and rates evaluated.

Herbicide
Atrazine Metribuzin Simazine
kg ha' of a.i. ug g' of a.i. kg hd of a.i. ug g' of a.i. kg hd of a.i. ug g' of a.i.
0 0.00 0.00 0.00 0.00 0.00
1 0.58 0.24 0.14 1.25 0.72
2! 116 0.48 0.28 2.50 1.45
4 2.32 0.96 0.56 5.00 2.90

1Recommended rate.
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RESULTS AND DISCUSSION soils, while at 92 DAT only the rate of
0.56pg g produced significant decreases in RDW.
For each of the three first analysed dates, the dift 155 DAT no significant differences between the
ferences between RDW due to the interacticthree rates applicated were achieved (Table 4). For
soil x rate (herbicide) were highly significantthe simazine case in the Balcarce soil, the three rates
(p<0.01), as well as for the fourth sampling in Saapplied differed significantly among themselves at
Cayetano soil. The activity of atrazine, metribuzi®6 DAT, while at 92 DAT only the high rate dif-
and simazine decreased throughout successive séaned. At 155 DAT no differences were presented
plings, although it varied according to the type dfTable 5) and values very close to the maximum
soil and the applicated rate. In the case of atrazinevireight of reference were reached (100%). For the
Balcarce soil, the three rates were significantly difan Cayetano soil, the rates of 1.45 and.®. 9!
ferent in their activity at 36 DAT, while at 92 DAT were the most phytotoxic, and they didn't differ sig-
only the rate of 2.321g g! differed from the rest, nificantly among themselves up to 155 DAT.
and decreased its RDW in 64%. At 155 DAT no The persistence of atrazine in the Balcarce soil
significant differences were presented between tiRDW<80%) for the rates of 0.58, 1.16 and
applied rates (Table 3). For metribuzin, the three rat282ug g was of 43, 78 and 138 DAT, respectively.
were significantly different up to 36 DAT in bothIn the San Cayetano soil, the activity periods of the

TABLE 3. Relative dry weight (RDW) in different sampling periods from soils treated with atraziné.

Soil Rate RDW (%)
(ug g'of a.i.) 36 DAT 92 DAT 155 DAT 224 DAT
Balcarce 0.58 76.9a 104.3a 100.4a -
1.16 22.8b 96.9a 94.9a -
2.32 15.8¢c 36.0b 95.8a -
San Cayetano 0.58 26.3a 66.1a 102.7b 101.1c
1.16 16.4b 28.7b 97.5b 128.9a
2.34 14.7b 31.7b 121.8a 115.7b

1 For each soil, means within each column, followed by the same letter, do not differ significantly at the 5% level (Mualg@/BRean Test).
2 Days after treatment.

TABLE 4. Relative dry weight (RDW) in different sampling periods from soils treated with metribuzirt.

Sail Rate RDW (%)
(ug g* of ai.) 36 DAT 92 DAT 155 DAT 224 DAT
Balcarce 0.14 96.6a 106.2a 101.3a -
0.28 45.0b 114.2a 100.8a -
0.56 15.7c 67.4b 110.7a -
San Cayetano 0.14 63.5a 90.7b 112.3a 101.1ab
0.28 23.3b 114.8a 120.2a 91.3b
0.56 16.6¢ 52.7c 119.6a 111.6a

1 For each soil, means within each column, followed by the same letter, do not differ significantly at the 5% level (Mualg@BRean Test).
2 Days after treatment.
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TABLE 5. Relative dry weight (RDW) in different sampling periods from soils treated with simaziné

Soil Rate RDW (%)
(ug g'of a.i.) 36 DAT 92 DAT 155 DAT 224 DAT
Balcarce 0.72 87.2a 106.2a 96.4a -
1.45 30.2b 92.6b 99.8a -
2.90 20.6¢ 46.1c 95.0a -
San Cayetano 0.72 24.3a 64.2a 123.9a 141.9a
1.45 19.8ab 42.3b 79.8b 136.8a
2.90 17.8b 35.7b 73.4b 115.0b

1 For each soil, means within each column, followed by the same letter, do not differ significantly at the 5% level (MuoljiplBiRean Test).
2 Days after treatment.

herbicide were longer (Table 6), reaching approxXIABLE 6. Persistence (RDW<80%) of atrazine,

mately 123, 130 and 145 DAT for the rates of 0.58, metribuzin and simazine according to rate
1.16 and 2.3 g1, respectively. At 155 and 224 and soil types, evaluated by days after treat-
DAT, the oat plants evened up or exceeded the test ment (DAT).

value without herbicide (100%). The persistencgierpicide Rate Soil

(RDW <80%) of metribuzin in the Balcarce soil was

-1 .
of 29, 63 and 110 DAT, approximately, while in the (ngg-ofai)  Balcarce  San Cayetano

San Cayetano soil was about 75, 77 and 121 DAT far (DAT) (DAT)
the rates of 0.14, 0.28 and 053¢ g1, respectively Atrazine 0.58 43 123
(Table 6). The persistence of simazine in the Balcarce 1.16 78 130
soil (RDW<80%) was of 32, 81 and 137 DAT for the
. 2.32 138 145

rates of 0.72, 1.45 and 249 g1, respectively. In the o
San Cayetano soil, the persistence was about 1gtribuzin 0.14 29 75
156 and 177 DAT for the rates of 0.72, 1.45 angig.9 0.28 63 77
g1, respectively (Table 6). 056 110 121

The rates of atrazine, metnbuzm. an_d simazing, .o 072 3 110
necessary to reduce oat plants growing in a 50% for
the first sampling (36 DAT) indicated that, for the 145 81 156
three herbicides applied, the values ofgpiRere 2.90 137 177

lower in the San Cayetano soil than in Balcarce

(Table 7). At the same time, herbicides ordered by

degree of phytotoxicity considered for both types

of soil were as follows: metribuzin > atrazine > sil ABLE 7. Rate of atrazine, metribuzin and simazine
mazine. These values suggest that metribuzin re- necessary o produce a growth reduction
quired lower rate to cause a decrease in growing-of of 50% (CRso-

50% than the other herbicides. Soil Atrazine Metribuzin  Simazine
Low rates of the three herbicides in general were

less phytotoxic in the Balcarce soil than in the San e (ug g* of ai.) —----mmmev

Cayetano soil. In both soils a stronger atrazine

activity (0.58g gl) was observed, compared to Balcarce 0.84 0.47 2.22

simazine (0.72g gt) and metribuzin (0.14g g1). SanCayetano <058 0.32 <1.45

For the case of the recommended rate, atrazine
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(1.16ug gt) and simazine (1.4fg g!) were more As it has already been expressed, pH is another
phytotoxic than metribuzin (0.28y g2) in both types important factor that affects the persistence of atra-
of soil studied, although the differences in Sa#ne, metribuzin and simazine in soil (Weber et al.,
Cayetano were more denoted. For these ratd993; Weed Science Society of America, 1994).
metribuzin did not produce phytotoxicity from 80 tol"iazines and triazinones, weakly basic herbicides,
85 DAT for Balcarce and San Cayetano respectiveRf€ Protonated in acid soil, being adsorbed by nega-
In the case of atrazine and simazine, this situatid{€!y charged colloids, giving as a result a lower
lasted for more days in the San Cayetano soil. wiggncentration of herbicide in the available solution

high rate, atrazine (2.38) g1) and simazine (2.90y for absorption by plants (Weber et al., 1968). How-

g1), except in the first sampling, presented morg. " metribuzin has a low pK (1-1.1), what indi-

sty han etz 080 ) nBacarce. Ao, 1% 1% 0904 D13 1 s> uterig pcre
in San Caygtano simazine pr_esented more activily i« in the soil, while above pH 3 it is weakly
than qtrazme and metribuzin after 90-95 DAT,dsorbed (Weber, 1980; Albro & Parker, 1984).
approximately. Atrazine and simazine have a pK value of 1.68 and
The persistence of herbicides in the soil is relatqq5, respectively; therefore, metribuzin reached a
to OM content, pH, cation exchange capacity (CEGgwer persistence in both types of soil than simazine
and texture (Green, 1974; Weed & Weber, 19743nd atrazine. On the other hand, the lower pK value
Works done with atrazine, metribuzin and simazingf simazine, as well as its lower solubility (4 ppm)
determined that OM was the main factor which exespect to atrazine (30 ppm), explained its stronger
plained their persistence, being the CEC and the clagrsistence in both types of soil for every applicated
content of less importance (Sheets et al., 1962; Shegie. Best et al. (1975) determined that the pH in-
& Shaw, 1963; Horowitz, 1969). Therefore, the adsrease from 5.5 to 7.5, through liming technique,
sorption degree of these herbicides is positively cdpcreased phytotoxicity and atrazine persistence, not
related with OM content and negatively with theigllowing protonation and, as a consequence, its re-
persistence. According to the characteristics of tk@ntion in the colloidal system. In the same man-
soils studied (Table 1), itis pointed out that the mal#", Slack et al. (1978) determined that persistence
difference between the soil in Balcarce and Sd&lf Simazine in the soil increased with increasing
Cayetano was due to OM content. Therefore, th?é"l pH. The high persistence of herbicides in the

variable mainly determined the difference in persiéan Cayetano soil respect to the one of Balcarce

1 0,
tence of herbicides in soils. In that sense, the v{\:@s mainly due to the lower OM content (2.9%),

RDW was the most affected by the three herbicideUt also to'a hlgher pH. (6.7). In this way, the pH
Should act in this experiment as a second factor of

and the evaluated' rates for the soil in San Cayet% soil in order of importance when determining
than for the on.e in 'B.alcarce. Weber et al. (199 e persistence of herbicides.
referred that bioactivity (weed control) of many  cqnsigering the recommended rate of herbicides,
weakly basic herbicides is inversely related to the minimum of 78 and 130 DAT for atrazine, 63 and
organic matter content of soils. 77 DAT for metribuzin and 81 and 156 DAT for
Independently from the soil, herbicide persistencgmazine were necessary for Balcarce and San
also keeps a close relationship with the initial I’a@ayetano soils, respecti\/e|y, to achieve a RDW of
applied (Horowitz, 1969). In this trial it was detergoo, (Table 7). Therefore, metribuzin was the least
mined that when increasing the rate, persistencegirsistent in both types of soil considered and si-
herbicides also increased, being this longer in Samzine was the most persistent, finding in atrazine
Cayetano soil for the three herbicides, results coian intermediate behaviour. These results suggest that
cident with what wehe reported by Delmonte et afor atrazine and simazine longer periods of time than
(1997). metribuzin should be taken into account in order to
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avoid damages to sensitive crops. Likewise, in order ArgentinaJournal of Environmental Biology, v.18,

to minimize the risk of environmental pollution, the ~ N-3, p.201-207, 1997.

rational use of atrazine, metribuzin and simazing yRry, M. Experimental evidence of transport of pesti-
implies the application at recommended rates for each  cides through field soils-a reviedournal of Envi-
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