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The influence of soil pH on the leaching potential of the ionizable herbicide imazaquin was assessed
on the profile of two highly weathered soils having a net positive charge in the B horizon, in contrast
to a soil having a net negative charge in the whole profile, using packed soil column experiments.
Imazaquin leached to a large extent and faster at Ky values lower than 1.0 L kg~*, a much more
lenient limit than usually proposed for pesticides in the literature (Ky < 5.0 L kg~1). The amount of
imazaquin leached increased with soil pH. As the soil pH increased, the percentage of imazaquin in
the anionic forms, the negative surface potential of the soils, as well as imazaquin water solubility
also increased, thus reducing sorption because of repulsive electrostatic forces (hydrophilic
interactions). For all surface samples (0—0.2 m), imazaquin did not leach at soil pH values lower
than pK; (3.8) and more than 80% of the applied amount was leached at pH values higher than 5.5.
For subsurface samples from the acric soils, imazaquin only began to leach at soil pH values > zero
point of salt effects (ZPSE > 5.7). In conclusion, the use of surface K, values to predict the amount
of imazaquin leached within soil profiles having a positive balance of charges may greatly overestimate
its actual leaching potential.
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INTRODUCTION Imazaquin [2-(4-isopropyl-4-methyl-5-o0x0-4,5-dihydroimi-
. . .. dazol-1H2-yl]-3-quinoline-3-carboxylic acid] is a imidazolinone
In the last 20 years, imidazolinone herbicides have been o picije commonly used in Brazil in association to soybean
developed. They act by inhibiting the action of a key plant ¢hq 1 control a wide range of broadleaf weeds when applied
enzyme (acetolactate synthase, ALS), stopping plant growth, 5qt or pre-emergence or is preplant-incorporated. Imazaquin
and eventually causing plant death. These compounds areg 5, amphoteric molecule with both acid carboxyk{p= 3.8)
reported to have very low toxicity to animalg)( although and basic quinoline ¢, = 1.8) groups, which ionize depending
having a wide range of toxicity to nontarget plar?s Because on soil pH values. It is moderately water-soluble (60 mg,L
of their low application rates (ALS-inhibiting herbicides are i, gistilled water at 25C), has a low vapor pressure2.66 x
characterized by low application rates) and low overall use 1g-6 pg at 45°C), and presents low to moderate sorptiei(
amounts, imidazolinone concentrations are expected to be low_ 0.4—2.2 andKg = 0.2-8.8 mL g?) (4, 5). Its sorption is
in most watgr resources despi'ge the.ir high leaching pOte”tiaLpositively related to the organic carbon (OC) content and
In fact, their analytical detections in water collected from peqatively related to pH in most soils with permanent negative
environmental settings in the United States have been rare, angarges (6—10). Nonetheless, many other soil attributes such
the few reported detections have been at very low concentrationsys jonic strength, electric surface potential, clay, exchangeable
(7g L™). However, in 1998, imazaquin was found above the | extractable P, and Fe, Al, and Mn oxide contents may also
method-reporting limit (16,9 L) in 32% of the water samples  affect its sorption as well as its mobility in soi(g, 11—13).
collected from midwestern streams and rivers of the United Imazaquin sorbs to soils mainly because of hydrophobic

States (3). interactions but other mechanisms, such as electrostatic forces
(hydrophilic interactions), may dictate sorption on highly
* To whom correspondence should be addressed. TelephtB6:19- weathered soils, rich in Fe oxideg (In a recent study, working
3429-4763. Faxi-55-19-3429-4610. E-mail: regitano@cena.usp.br. with a sulfonylurea herbicide (prosulfuron), a weakly acid
T CENA/Universidade de S&o Paulo. : .
* FAIR/Unido de Escolas Superiores de Rondonopolis. molecule as well, the authors observed that trends in anion
8 ESALQ/Universidade de Sao Paulo. sorption correlated well to the ratio of anion-exchange capacity
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(AEC) to cation-exchange capacity (CEC) and hence concluded[Fe(NH.)x(SQ,)>6H,0] (23). Fe and Al oxides were obtained after the
that electrostatic forces were the primary sorption mechanism addition of 9 mol -* H,SQ,. Amounts of gibbsite and kaolinite were
involved in it (L4). They also pointed out that negatively charged quantified in the clay fraction by thermo differential analysis (TDA)

sites (CEC) block the access of organic anion to positively (24’|25,)' after remfoval %f Fe ox:;:!es etmdtrc])rgznic mat:er. Pa;taigle size
charged sites (AEC) on the soil surface. analysis was performed according to the densimeter meta6yi (

| . . v in th ionic f il bH Specific surface (SS) was quantified by the EMEG methdd),(by
mazaquin exists mostly In the anionic form ata soil pH range  yying the soil (110°C, 24 h) instead of using:Ps (28). Soil pH was

suitable for agriculture (pH 5:67.0) and therefore is repelled  getermined in 0.01 mol t! CaCh, using a 1:2.5 soil-solution ratio.

by the anionic sites that are predominant in the upper soil layer, zero point of salt effect (ZPSE) was obtained by the titration method,
mainly because of the presence of organic mattér {5). It using three concentrations of KCI (0.1, 0.01, and 0.001 mé).LThe
explains the low sorption potential usually encountered for electric surface potentiad{o) was calculated by the Nernst equation
weakly acidic herbicides (16). These herbicides are reported to[Wo = 59.1(ZPSE- pH)] (29). The permanenti) and variable ¢va)

be much more mobile in soils than weakly basic and nonion- densities of charge were quantified based upon the selectivity of cesium
izable herbicidesH). For example, imazaquin was found to be (CS*_) into the siloxane cavities of the 2:1 clay minerals, rather than in
much more mobile than atrazin&®), metribuzin (7), pro- the 'O_n'zable su_rfaces (30)'. )

metryn (6), cinmethylin (6), and metolachlor (5). Soils Incubation (pH Adjustments). Soil samples (4 kg) were

. . . incubated with either CaC{.a. or 1 mol * HCI to obtain pH values
The relatively long persistencég-20) and the low sorption in the range between 3 and 81(, 32). During the incubation period

(7, 15) of imazaquin endorse its potential for mobility, although  (apout 90 days), soil moisture contents were kept constant (30%, air-
it is applied at low rates (150 g ai h§. Consequently,  dried). Later, soil samples were air-dried, sieved (2 mm), and stored
imazaquin does have the potential to leach beyond the activein plastic bags.
root zone and enter ground or surface water systems. In Brazil, Leaching Experiments. A completely randomized 3 (soilsy 4
groundwater contamination by the use of such pesticides has(soil pH values) factorial design was adopted. Treatments were
risen concerns during the recent years as a consequence of thegstablished to evaluate the influence of soil pH on imazaquin mobility
increased use as well as their mobility potential. in the sails, using packed soil colum_ns as the experimental un_it. Glass
In certain areas of intensive soybean cropping in the northern S0'UmMns (40 cm in length and 5 cm in diameter), having a conical end
part of Sdo Paulo, Brazil, more than 170 000 ha of soil with at the bottom, were used for soil packing. Glass wool and sterilized

. . . e . . sand (washed with HCI) were used as a support, and then soil samples
acric properties were identified. These acric soils comprehend o evenly added to columns (up to 30 cm). Glass wool was also

the end point of the weathering scale and can have a positivep|aced on top to promote an even dispersion of water. Packed soil bulk
balance of charges in the B horizon because of low organic density and porosity were calculated on the basis of the column volume
matter and high F©; and ALO3; contents resulted from intense (589 cn).
dessilication (21). In most soils, anionic molecules may leach In all treatments (in triplicate), soil samples were water-saturated
to groundwater, but it may not be the case for acric soils becauseby capillary forces and water excess was percolated for about 2 h. Soil
of electrostatic attractive forces (or hydrophilic interactions). columns were placed in a dark room with a temperature control{(25
Therefore, it is crucial to understand the effects of soil pH on 27°1C)* and rainfall was simulated at a constant water flow (2.44 mm
mobility of imazaquin in soils with variable charges, such as " totaling about 350 mm in 6 days) with the aid of a peristaltic pump.
the acric soils. Soil mobility is an important process that dictates 'mzziacﬂ:;rf)wﬁ]s :pspf:fg atu'ltssemﬁggursgﬁggrerge:rgglsv@? (150
pesticide availability, bioactivity, as well as water quality. ?ma'zéquin {’4C_COOH sppecific' activity= 0.80 Mqumgpl and purity
Furthermore, transport rates help to predict environmental fate — ggos), diluted in 20% methanol. ' ’
and risks associated to the use of a specific pesticide. Column leachates were collected at 12 h intervals for a total of 6
The aim of this research was to evaluate the effects of soil days. At each interval, two replicates (10 mL) were taken and added
pH variations on the mobility of imazaquin in the surface and to 10 mL of scintillation solution (Insta-Gel XF) to measure leachate
subsurface layers of two acric oxisols, having a positive balance radioactive concentration by a liquid scintillation counter (LSC). To
of charges in the B horizon, in contrast to a nonacric Alfisol, determine the identity of the radioactivity, thin-layer chromatography
using packed soil columns with disturbed soil samples. This (TLC) vvtas performec: Wi”; t;fl;re%ainingl] Ieatchatf, after cgncgatﬂtr'[ztion
: ;0N a rotory evaporator a . € solvent system usea wi e
VTE:E‘ZTZ";’,‘S‘; 32%?2?/?&?\;%?2;?;2;3? CereV\ggu;’nga;gn ;?cr)'?iﬂeonnc plate (Al, Silicagel 60 k) was dichloromethane/acetic acid (95:

distributi for i in. Alth h th | | hi 5, v/v). Analytical-grade imazaquin was used as a standard. A
istribution for imazaquin. Although the column leaching gioscanner was used to detect radioactive compounds on TLC plates.

method does not quantitatively predict leaching behavior under gor g treatments, the total radioactivity corresponded to original
field conditions, the results may assist better in deciding whether imazaquin (data not shown).

additional semifield or field testing has to be carried out for  After leaching completion, pressurized air was used to remove soil
substances showing a high mobility potential in laboratory tests samples from the columns. During this procedure, soil columns were

(22), as is the case for imazaquin. sectioned into 5 cm layers. Afterward, soil samples were air-dried and
pulverized, and triplicate subsamples (0.4 g, air-dried) were taken to
MATERIAL AND METHODS detect residual radioactivity in the soil layers by combustion in a

biological oxidizer.

Soils. Soil samples from surface and subsurface layers from a sand The average radioactive recovery, i.e., amounts leached plus that
clayey Anionic Acrudox (SCAA), a clayey Anionic Acrudox (CAA), bound to soils, was equal to 1006 7.6% across all treatments.
and a clayey Rhodic Kandiudalf (CRK) were collected at the northern Considering the recalcitrance of imazaquin, this overall high recovery
region of S8o Paulo state (latitudes at 20 antl @2nd longitudes at may suggest that losses because of either volatilization or degradation
47 and 49°W), Brazil. The surface samples were collected from 0.0 were minimal. All data were normalized, so that recovery would be
to 0.2 m, whereas the subsurface samples were collected from 1.0 toequal to 100%. The normalization resulted in lower values for the mean
1.3 m for the SCAA, 1.0 to 1.4 m for the CAA, and 0.8 to 1.0 m for  standard deviation.
the CRK. These depths represented the best expression of the B horizon
for each soil. RESULTS AND DISCUSSION

OC was obtained after oxidation of the soil organic matter with a
potassium dichromium solution in the presence of sulfuric acid, and ~ Soil Properties. The SCAA presented lighter texture and
the excess of dichromium was titrated with sulfate ferrous ammoniacal lower specific surface (SS), organic carbon (OC), SE®Os,
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Table 1. Physical, Electrochemical, Chemical, and Mineralogical Attributes of the Soils

sand silt clay WDC SS o)) Ovar (0] Si02 Fe,03 A|203 Kt Gbh

layer @ © © @ (m? (mmol  (mmol  owl (9 @ © @ (kg (gkg!

soils2 (m) ko) kg7  kgH  kg™) gl ZPSE  kghH) kg oo kg7 kg kg7  kg™h)  ofclay?)  of clayb)
SCAA  0.0-0.2 610 40 350 180 64.7 34 8.4 32.3 3.8 16 52 59 113 248 200
1.0-1.3 510 40 450 0 53.2 6.1 13 184 14.2 6 80 134 172 196 189
CAA 0.0-0.2 170 230 600 340 64.7 3.6 8.2 39.9 49 20 112 321 248 172 375
1.0-1.4 130 230 640 20 75.5 5.7 4.7 16.1 3.4 5 114 338 257 216 431
CRK 0.0-0.2 60 120 820 420 134.1 3.7 30.2 63.1 2.1 26 153 298 183 249 59
0.8-1.0 80 220 700 90 151.3 3.6 30.9 35.4 1.2 7 227 273 237 263 80

2SCAA, sand clayey Anionic Acrudox; CAA, clayey Anionic Acrudox; CRK, clayey Rhodic Kandiudalf, WDC, water dispersible clay; SS, specific surface; ZPSE, zero
point of salt effect; oo, permanent charge; ovar, variable charge; ovalog, ratio between variable and permanent charge; OC, organic carbon; SiO., Si oxide; Fe,0s, Fe oxide;
Al,03, Al oxide; Kt, kaolinite; Gb, gibbsite. © Deferrified clay.

100 — Table 2. Soil and Molecule Charges and Packing on Leaching and
Rf_'%%; M35e Sorption of Imazaquin at Different Soil pH Values
e =u
5 80 Ky
8 water total (Lkg™)
\2 L) ¢a porosity  velocity leached (Rochaetal.,
€ pH  mv) (%) ®%)  (mmh-Y) (% applied) 2002)
£ SCAA(0.0-0.2 m)
S 40 32  +12 201 476 5.0 <0.1 37
c 44 59 799 501 734 1.0
2 56 130 984 4838 83.6 04
N 0 70 213 999 492 89.3 0.2
£ SCAA (1.0-1.3m)
32 +171 201 456 5.2 03 4.4
0 ..o o 42  +112 715 464 03 37
4 6 3 59  +12 992 485 03 08
71 76 -89 1000 472 96.7 0.2
K, values (L kg™) CAA (0.0-02 m)
Figure 1. Correlation between imazaquin leaching and its sorption 34  +12 285 485 49 0.1 32
coefficients (K4 values). 43 -4 760 507 417 14
55 112 980  49.8 80.4 05
. 74 -225 1000  50.9 90.1 0.2
and ALO; contents, whereas the CRK presented heavier texture CAA(L0-14
and higher SS, OC, SiQand ALO; contents (Table 1). The 42 240 502 (@ 48 m) <01 45
ratios between variable and permanent charge densities highersg 441 91 521 <01 22
than 1.0 highlighted the predominance of variable charges for 67 59 999 514 95.1 03
all soils but mainly for the acric soils. The nature of these CRK (0.0-0.2 m)
charges is related to AD; and FgOs; resulting from the intense 32 430 201 557 4.4 <0.1 6.7
process of dessilication occurring in tropical soils. For all soils, 42  —30 715 554 <0.1 5.3
the ZPSE values were relatively low for the surface layers >+ oo %2 %6l 24 24
y y 8 -183 999 554 26.2 0.6
because of the presence of organic matter; however, these values
were much higher for the subsurface layers of the acric soils CRK (0.8-1.0m)
9 Yy > 32 +24 201 546 45 <0.1 49
(Table 1), as a result of the fewer permanently charged sites, 42 -35 715 546 <0.1 4.6
lower organic matter, and higher & and ALO; contents 83). 58 -130  99.0 55.3 245 0.9
76 -236 1000 548 87.2 0.2

Batch Sorption versus Column Leaching.In previous
research (12), imazaquin sorption potential was measured for
the same soils and conditions (or same soil pH values), and it
was observed thad¢, values were negatively related to pH and
positively related to electric surface potentiild) of the soils.
Both soil attributes affected water solubility and electrostatic
interactions between imazaquin and the soil colloids. In this
study, imazaquin leaching potential was closely related to its
sorption (R = 0.84, Figure 1). Therefore, pH an®’, should
also be affecting imazaquin leaching potential.

Imazaquin was found in the leachate onlyatvalues lower
than 2.0 L kg™. In general, more than 70% of the applied
amount leached entirely through the columns whgrvalues
were lower than 1.0 L kgt (Figure 1). However, there were
some discrepant points in the curve. It reinforced the limitations
of using batch equilibrium dataKg values) alone to predict  The authors pointed out that the hydrophobic interaction was
leaching potential of anionic organic molecules in highly the main mechanism involved in the sorption of imazaquin, and
weathered soils, mainly in those with a positive balance of they ruled out the possibility of imazaquin forming ligand

2SCAA, sand clayey Anionic Acrudox; CAA, clayey Anionic Acrudox; CRK,
clayey Rhodic Kandiudalf; Wy, electric surface potential; ¢, anionic species of
imazaquin, (1 — ¢) x 100, where ¢y, neutral species of imazaquin, (1 + 10PH—PK) =L,
water velocity, flow/porosity; Kg, partition coefficient.

charges (34). The authors observed that, in genKgaalues
overestimated imazaquin leaching potential in a heavy-textured
acric soil.

For all soils, the amount of imazaquin leached increased with
soil pH (Table 2). As pH increased, imazaquin water solubility
also increasedL(l), thus reducing its sorption potential because
of hydrophobic partition to the soil organic matter. Using FTIR
and EPR spectroscopy, weak interactions were observed be-
tween imazaquin and a Brazilian oxisol and its humic a8k} (
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quin increased with soil pH1(). It was already observed that
25 7 the lower theW, (more negative), the lower the sorption of
- imazaquin because of repulsive electrostatic forde3.(Both
0 1o P e : of these mechanisms should enhance imazaquin leaching
3 4 5 6 7 8 potential in soils.
pH (0.01 mol L™ CaCl,) The amount of imazaquin leached from the surface layer of

] ) . the CRK was much lower than that from the acric soils, mainly
Figure 2. Imazaquin leached at different soil pH values from the surface at pH values higher than 4.2 (Figure 2A). Even at high soil pH
and subsurface layers. SCAA, sand clayey Anionic Acrudox; CAA, clayey values, the amount of imazaquin leached from this soil never
Anionic Acrudox; and CRK, clayey Rhodic Kandiudalf. exceeded 26.2% of the applied amouFig(re 2A and Table
2). The higher OC, SS, and clay contents of this sbélfe 1)
should be favoring chemical sorption, besides favoring physical
sorption of imazaquin because of diffusion and soil entrapment.
Anion-exchange, hydrogen-bonding, and charge-transfer mech-
anisms have been shown to be significant for sorption of weakly
acidic herbicides by Al and Fe oxides, clay minerals, humic
acid, and anion-exchange resirist). In addition, the higher
contents of water dispersible clays (WDCs) in this soafjle
1) may be clogging the porous soil, disrupting imazaquin
preferential flow. It was previously proposed that soil water

exchange (charge transfer) with the humic acid fraction.
Nevertheless, organic acids would form ligand exchange with
oxide structural moieties, such as Olnd OH, at low pH
values (36).

Likewise, the percentage of imazaquin molecules in the
anionic form ) increased with soil pH, as well as the negative
electric surface potential of the soil3Vf) (Table 2), thus
reducing sorption because of repulsive electrostatic for8es (
12). Other authors noticed that hydrophilic interactions con-

trolled by anion-exchange processes were crucial for estimating h b ded " bil d v st ;
sorption of weakly acidic molecules in variable-charge sdis ( phases may be regarged as partly mobiie and partly stagnan

37). Therefore, both molecule properties and soil parameters(gs)' The authors_ emphasi_zed th_at S.OMGS (suc_:h as pesticides)
should enhance imazaquin leaching potential at high soil pH move by convection and dispersion in the m_ob|le water phase
values. and move in to and out of the stagnant regions by diffusion.
Surface Layers Leaching.In the surface layers, imazaquin FroPably, the stagnant water phase should be more abundant
did not leach completely through the columns at pH values lower I this soil because of its higher total clay and WDC contents
than pk, (Figure 2A andTable 2). At these low soil pH values  (Table 1).
(<3.8), most imazaquin molecules were in the neutral forms; ~ Subsurface Layers Leachinglmazaquin leaching trends in
consequently, its water solubility was reduced and its sorption the subsurface layers of the acric soils emphasized the impor-
was enhanced because of hydrophobic partitioning. Moreover, tance of W, on the mobility of ionizable organic molecules,
the high proton concentration (pH values either close or lower such as imazaquirF{gure 2B). Imazaquin leached from these
than ZPSE) may have assured protonation of most soil functional Soils only at higher pH values, i.e., when pH was higher than
groups, mainly those of soil organic matter most abundant in the ZPSE £6.1 and 5.7 for the SCAA and CAA, respectively).
the surface layer, favoring other sorption mechanisms becauseAt pKa < pH < ZPSE, theW, became mostly positive (Table
imazaquin may also sorb as a result of proton transfer and 2) and it may have enhanced sorption because of electrostatic
hydrogen bonding at soil pH values near 338 forces, once the majority of imazaquin molecules were in the
Imazaquin began to leach at pH values higher than 4.2 for anionic forms. At this pH range, imazaquin did not leach through
the surface layers of the acric soils. At soil pH values higher the subsurface layer but leached through the surface layer of
than 5.5, more than 80% of the applied imazaquin was leachedthe acric soils (part& andB of Figure 2). Thus, electrostatic
(Figure 2A andTable 2). At these soil pH values, more than interactions may lessen imazaquin potential to contaminate
98% of the imazaquin molecules were in the negative form and groundwater in agricultural areas with soils having a positive
the soils were also negatively chargdiéh( Table 2). It probably balance of charges. It would be the case for highly weathered
has negatively affected sorption because of repulsive electrostatidropical soils having high Fe and Al oxide and kaolinite contents
forces (hydrophilic interactions). Moreover, hydrophobic inter- (17) but not for temperate soils or soils with 2:1 clay mineralogy.
actions were also negatively affected once solubility of imaza- In permanently charged soil¥, will not change to a large
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clayey Anionic Acrudox; and CRK, clayey Rhodic Kandiudalf.

extent with variations in hydrogen activity and, consequently, between imazaquin and soil colloids at higher soil pH values
imazaquin mobility will tend to be higher. It is well-known that  (42). Furthermore, imazaquin BTCs became sharper (with
weakly acidic organic molecules are repelled by 2:1 clay reduced tailing) at higher pH values, behaving more or less like
minerals when their surface is in excess of negative chargesa tracer (Figure 3). The peak sharpness and the relative
(39—41). symmetry of the BTCs at high soil pH values implied equilib-
Breakthrough Curves (BTCs). The shape and eluting peak rium conditions and fast release of imazaqui8)( This behavior
of the BTCs showed that interactions between imazaquin andmost likely resulted from both repulsion among electrostatic
soils were affected by soil pH value&igure 3). Only the forces (hydrophilic interactions) and changes in water solubility
surface layer of the CAA was shown as an example of overall of imazaquin (hydrophobic interactions), although it is not clear
soil behaviors. The peaks shifted to the left at higher soil pH at this point which one is the primary sorption mechanism
values, meaning that imazaquin leached earlier (faster), becausénvolved.
soil porosity was nearly the same for all treatmeftale 2). At relatively high soil pH values, imazaquin started to leach
This faster leaching was likely due to the lower bind strength much earlier from the sandy soil (pv 0.5 for the SCAA) than
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from the clayey soils (pw 1.0 for the CAA and CRK) and the
peaks were broaden for the sandy sé&ilglire 4). It showed
either the preferential flow of imazaquin in this coarse-textured
soil or the lower affinity of imazaquin for the sand particles or
both. At these high soil pH values, the transport rate of

imazaquin was very fast because about 2.5 pore volumes were
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(6) Liu, S. L.; Weber, J. B. Retention and mobility of AC 252,214
(imazaquin), chlorsulfuron, prometryn, and SD 95481 (cin-
methylin) in soils.Proc. South Weed Sci. Sd985,38, 465—
474.

(7) Regitano, J. B.; Bischoff, M.; Lee, L. S.; Reichert, J. M.; Turco,
R. F. Retention of imazaquin in soEnviron. Toxicol. Chem.
1997,16, 397—404.

enough to leach more than 87% of the applied imazaquin, €xcept (g) Regitano, J. B.; Alleoni, L. R. F.; Vidal-Torrado, P.; Casagrande,

for the surface layer of the CRK.

Mobility within the Profile. As expected, imazaquin distri-
bution within the soil profile was also affected by soil pH.
Almost 100% of the molecules remained in the first 10 cm layer
at low pH values, i.e., at pH values lower than the ZPSgre
5), reinforcing the importance of electrostatic interactions to
properly predict imazaquin mobility within the profile of soils
having pH-dependent charges. At higher pH valuegRSE),
however, the molecules were more or less uniformly distributed
in the profile of the soil columns. Under these pH conditions,
imazaquin may tend to be entirely leached if enough water was

applied to the system. Nevertheless, the subsurface layer of the

CRK still had a great majority of the molecules in the first 10
cm layer at soil pH values equal to 4.2 (higher than ZPSE). It

probably happened because of the nearness of pH to ZPSE and

to the high SS, clay, and iron oxide contents of this soil.

Imazaquin will tend to leach in soils witky values lower
than 2.0 L kg, but it will be more problematic in soils with
Kq values lower than 1.0 L kg. Imazaquin does have the
potential to leach through the surface layers of the acric soils
at natural soil pH values. If liming is performed on the surface
layer of these acidic soils, the overall leaching potential should
be even higher because imazaquin mobility increases with soil

pH. However, once it reaches the subsurface layers, imazaquin

will only move downward at extremely high pH values for
tropical soils, i.e., at pH values either close or above neutrality.

The presence or predominance of anion-exchange sites in the

subsurface layers of acric soils at natural soil pH values (lower
than ZPSE values) will lessen imazaquin leaching potential.
Consequently, the use of surfa€g values to predict imazaquin
leaching potential in acric soils will likely overestimate its actual
mobility in the whole soil profile. In summary, imazaquin will
not tend to leach beyond the subsurface layers of acric soils,
minimizing the possibility to contaminate groundwater re-
sources.
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