Bull. Fac. Agric., Cairo Univ,, 56
2005): 157-172.

DEGRADATION OF CLETHODIM, F LUAZIFOP—P-BUTYL
AND QUIZALOFOP-P-ETHYL UNDER DIFFERENT
ENVIRONMENTAL FACTORS

{Received: 3. 5. 2004)

By
S5.A. El-Mahy

Economic Entomology and Pesticides Department,
Faculty of Agriculture. Caive University, Giza, Egypi.

ABSTRACT

Clethodim. fluazifop-butyl and quizalofop-p-ethvl are selective
herbicides which are used for the control of grass weeds in a wide
range of broadleaf crops. Degradation by temperature. sunlight, UV-
light and pH as environmental tactors affecting these herbicides in the
present im estigation wag studied. A sensitive high-performance liguid
chromatography (HPLC) procedure was used for the quantitative
determination of the tested herbicides.

Results ol p-value showed that ethyl acetate was the most
proper solvent for extraction. Recovery of fluazifop-butyl and
quizalofop-p-ethyl from: the water phase was 91.3% and 85.6%,
respectively. While methylene ciloride gave the highest p-value for
clethodim with 8Y.6% recovery. Fluazifop-p-butyl showed more
persistence when exposed to dircct sunlight.

Statistically. the half-life time for clethodim, fluazifop-p-butyl
and quizalofop-p-ethyl was 3.12, 8.0 and 4.48 hours, respectively
alter exposing to direct sunlight. Also. the hall-life time for clethodim
was 12.9, 9.0 and 6.2 days al 50. 60 and 70 °C, respeetively. The
corresponding values {or quizalofop-p-ethyl were 109, 8.5 and 5.9
days. The obtained results showed that fluazifop-p-butyl was more
stable to temperature than the cther twe tested herbicides at the end of
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the expertment {12 days).

Fluazifop-p-butyl was more persistent to UV-light than the
other tested herbicides. The half-tife times for clethodim, fluazifop-p-
butvl and quizalofop-p-ethy! as dry thiin fiim were 10.6, 70.4 and 36.3
hours, respectively.

All the tested herbieides were hydrolyzed more rapidly in
alkaline media (pH 8.0) than the other tested pH degrecs. On the
contrary fluazifop-p-butyl showed more persistence to all pH solutions
than the other two tested herbicides. The haif-life time for clethodim
was 4.70, 30.35 and 2.67 at pH 5.0. 7.0 and 8.0. respectively. The
corresponding values {or quizalofop-p-ethy] were 8.82. 16.63 and 2.0
days. On the other hand. the half-life time for fluazifop-buty] was
34.36 and 2.80 days at pH 5.0 and pH 8.0 respectively.

Key words: clethodim, environmental factors, fluazifop-buiyi,
quizalofop-p-ethyl.

1. INTRODUCTION

Today the distribution of herbicides is over large areas and its
deposition is now a common phenomenon (Torstensson, 1994).
Residues are found in soil, surface and ground water and sediments
(Fielding er al., 199! lelweg, 1994). Transport through the air and
deposition is one of the main sources of contamination of agricultural
and non-agricultural areas. Sensitive techniques for the chemical
analysis of these substances have been developed. This makes it
possible to identify their residues in any part of the environment at
lower and lower limits.

Persistence of a chemical is usually a reflection of its resistancc
to decomposition. Detection limit is very different for different
chemicals, and it often takes a very long time to follow up its break
down to residues close to the detection limit. The time needed for
decomposition to 50% (half-lifc. Dsg) and / or to 90% (D) can be
used instead of chemical analysis. and can often show its persistence
often given instead. A number of factors may influence persistence
time for an environment, and decomposition may be of abiotic and / or
biotic nature {Torstensson, 1993),
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Herbicides from the aryloxyphenoxyproppanoate group {(e.g.
diclofop-methyl. fenoxaprop-ethyl, quizalofop-ethyl, fluazifop-p-
butyl). and the cyclohexanedione group ({e.g., tralkoxydim,
sethoxydim. clethodim} normally can be used to control graminaceous
weeds in a range of broadleaf crops. Fluazifop-p-buty! and quizalofop-
ethyl are rapidly hydrolyzed to acid and transiocated in the pilants
where they conjugate to carbohydrates and lipids (Hendley er af..
1985; and Bewick, 1986). Clethodim 1s a new  sclective
cyclohexanedione herbicide which is effective against a wide range of
annual and perennial grasses and has little or no activity against
broadleaf weeds and sedges. [t exerts its activity by mhibiting acetyl
cocnryme A carboxylase (Rending and Felts, 19885,

The ultraviolet component of sunlight, which varies in wave
length from 240 to 400 nm, is responsible for pesticide photolysis in
the environment. Both heat and light might affect the efficiency of
pesticides. which are measured by the duration of their residual effect.

The present study was carried out to investigate the effect of
temperature. UV-light (short waves 254 nm) and direct sunlight on
stability of clethodim: fluazifop-p-buty} and quizalotop-p-ethyl.
clethodim; fluazifop-butyl and quizalofop-p-cthy! for different water /
organic solvent systems. 2- te investigate the effect of temperature.
sunlight and UV-light on persistence of these herbicides. 3- to study
the effect of pH and hydrolysis on their persistence.

2. MATERIALS AND METHODS
2.1. Herbicides used

Clethodim (Select): (+)- 2- [(E)- 1- [(E) -3- chloroallyloxyimino]
propyll-3-[2-(ethylthio} propyl]- 3-hydroxycyclohex-2-enone

OCHs.
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Fluazifop-p-butyl (Fusilade Super): (R)-2- [4- (3-tritluoromethyl-2-
pvridyl] oxy] phenoxy] propionic acid

FC—O —O-o C- COZ(CHZ)acH

Quizalofop-p-ethyl (Targa super): (R) 72-[4-(6-chlor0qumoxalin -
2-yloxy} phenoxy]| propionate

o,
y Nj/o@-o—cl:»--cozH
~F \ I \r/ H
Wi N

2.2. Determination of p-Value

The p-values were determined by distributing an appropriate
amount of solute between equal volumes (10.0 ml) of the two pre-
equilibratcd immiscible phases of various solvent systems. These
systems were water / benzene, chloroform, ethyl acetate, hexane and
methylene chloride.

2.3. Thermal Decomposition and Photodegradation
2.3.1. Effect of Sunlight

One mi of the tested herbicides in methanol was spread as
uniformly as possible on the surface of uncovered petri dishes (7.0 cm
1.d.}. The methanol was left to dry at room temperature. The dishes
werc then exposed to direct sunlight. Dominating temperature was 35—
37°C. Samples were taken at Y%, . 1. 2. 4.8, 12 and 24 hours.

2.3.2. Effect of UV-light

One ml of the tested herbicides was spread on the surtace of
uncovered petri-dishes (7.0 cm i.d.). Alter drying at room temperaturc
deposits in petri dishes were exposed to a 254 nm ultraviolet lamp at a
distance of 10 cm for 1.2, 4. 8, 12. 24. 36, 48. 60, 72 and 96 hours.
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2.3.3. Effect of Temperature

One ml of the tested herbicides in methanol was placed in a
covered test tube. Tubes were placed inta walter bath at 50, 60 and 70
*Cfor1,2,4.6,8 10and 12 davs.

2.4. Hydrolysis Studies in Different pH Solutions

pH values were chosen to provide data on the relative rates of
chemical hydrolysis of clethodim. fluazifop-p-butyl and quizalofop-p-
ethyl similar to those they may be exposed to in the natural
environment. The effect of three different pH valucs on the hydrolysis
of clethodim, fluazifop-p-butyvl and quizalofop-p-ethyl was studied.

Aqueous buffers at pH 5.0, 7.0 and 8.0 were prepared using
potassium phosphate monobasic and sodium phosphate dibasic.
Samples ot each buffer (2.0 L) were transferred to 2.5 liter bottles.
Hcerbicide solutions were prepared from analytical grade chemicals.

The herbicides were added to the buffers to yield solutions
containing 1.24 clethodim, 2.78 of tluazifop-p-buty! and .42 ppm of
quizalofop-p-ethyl. After mixing and aseptic removal of triplicate 10
ml zero time samples. the solutions wcre stored under laboratory
conditions in dark, Samples were taken after 1. 3, 6, 12, 18. 24, 30, 36
and 42 days and 25-50 ml of the aqueous solution were extracted
three times with 25-50 ml ethy] acetate {or both fluazifop-p-butyl and
quizalofop-p-ethy!, while dichloromethanc was used for extracting
clethodim. The extract was dried through anhydreus sodium sulphate,
gvaporated to dryness on a rotary evaporator under vacuum and
analyzed by HPLC.

2.5, Liquid Chromatographic Conditions

A Hewlett Packard HP series 1100, cquipped with a degasser G
1322A,  Quaternary pump GI311A. thermostatted column
compartment G1316A, UV detector G 1314A and Chemstation was
used for analysis of clethodim: fluazifop-butyl and quizalofop-p-ethyl.
The system was equipped with a stainless steel column (20 cm X 4.6
mm id.) packed with ODS-llypersil Spm. Fluazifop-butyl and
quizalofop-p-ethyl were eluted isocraticatly with acetonitrile—water
(80: 20, v/v). while clethodim was eluted with acetonitrile-buffer (pH
4.6) (10:90 v/vy. UV variable wavelength was monitored at 270: 254
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and 217 nm for clethodim; fluazifop-butyl and quizalotop-p-cthyi.
respectively. A 20 pl injector was used at a flow rate 1.0 ml/min.
Under these conditions the retention time (R} for clethodim;
fluazifop-p-butyl and quizalofop-p-ethyl were 3.486; 4.674 and 4.462,
respectively.

3. RESULTS AND DISCUSSION

3.1. p-Value Determination

The p-values of the tested herbicides from water phase are
shown in Table (1}. The tested solvents showed different p-values.
Ethy! acetate gave the highest p-value for hoth fluazifop-butyl and
quizalotop-p-ethyl, (91.3% and 85.6% respectively). Whilc methylenc
chloride gave the highest p-value for clethodim (89.6%). Hexane
showed the lowest p-value for clethodim, fluazifop-p-butyl and
quizalofop-p-ethyl, (39.1, 58.4 and 50.4%, respectively). These results
show that ethyl acetate is thc most suitable solvent for the extraction
of both fluazifop-p-butyl and quizalofop-p-ethyl, whilc mcthylene
chloride 1s more suitable [or the cxtraction of clethodim from aqueous
solutions.

isnimnsu ez al, (2001} reported that dichloromethane was
successful in extracting clethodim and gave good recovery of
clethodim and its oxidation mctabolites clethodim suifoxide and
clethodim sulfone. Worobey and Shields (1989) described a new
method for the detcrnination of fluazifop-butyl and its metabolite
fluazifop acid in soybeans and soybean oil as fluazifop acid. Liquid
chromatography with amperometric detection (LC/AD) was used to
determine fluazifop acid produced from the metabolism or base
hydroiysis of fluazifop-buty! in soybeans and soybean oil.

Table (1): P-values ol clethodim: fluazifop-p-butyl and quizalefop-p-ethyl in five immiscible
binary solvent systems.

P-value
Solvent system Clethedim Fluazifop-p- butyl Quizalofop-p-ethy
\\f ater / benzene 34.7 79.4 69.3
Water / chisroform 83.7 T 62.9 53.7
Water / ethyl acetate 76.3 91.3 85.6
Water / hexaue 39.1 58.4 50.4
Water / methylene chioride 89.6 88.0 65.8
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3.2. Effect of Sunlight, Temperature and UV-light
3.2.1. Effect of Sunlight

Data in Table (2) show that the decomposition percentage of
clethodim. fluazifop-p-butyl and quizalofop-p-ethyl after cxposure to
sunlight had increased gradually. Photodecomposition was positively
corrclated with the exposure period. The residues of all tested
herbicides were greatly detericrated when exposed to direct sunlight,
especially for long periods. Fluazifop-p-butyl was the most persistent
chemical. The half-life times of clethodim, fluazifop-p-butyl and
quizalofop-p-ethyl were 3.12, 8.0 and 4.48 hours, respectively.

The amounts of clethodim; f{luazifop-butyl and quizalofop-p-
ethyl decreased from zero to one hour at the rate of 26.8; 12.7 and
15.2% / hour, respectively. The decrease in the amounts of clethodim;
fluazifop-butyl and quizalofop-p-ethyl continued after one hour and
rcached 2.4, 18.5 and 4.1 pug with percent loss 96.8, 86.8 and 90.2%,
respectively after 24 hours from exposure to direct sunlight.

Sensitivity to sunlight limits the use ol some potential pesticides
in agriculture. Classical approaches to overcome this obstacle have
involved chemical modifications of the molecular structure of the
pesticide or the use of UV-absorbing materials in pesticide
tormuiations. However. both methods sulfered serious drawbacks
since chemical modification may affect pesticidal activity or
biodegradability may introduce ecological problems related to soil and
water pollution (Rozenr and Margulies, 1991). The radiation cnergy of
sun might be absorbed by a pesticide molecule principally at a given
wavelength. The eneigy might increase the transitional, rotational,
vibrational or electronic energy of the molecule. I enough energy was
absorbed to interact with the clectrons of molecules an electronically
excited molecule may result. Based on the above results, it could be
stated that sunlight is more effective than UV-light in accelerating the
photodecomposition of clethodim, fluazifop-p-butyl and quizalofop-p-
ethy| (Table 2).
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Table (2): Effect of sunlight on degradation of clethodim, fivazifop-p-
butv! and quizalofop-p-ethyl.

Amount of tested herbicides {(ug) and % loss
Exposure Clethodim Fluazifop-p-butvl Quizalofop-p-ethy!
time (hr.) 15 % Loss Hg %o Loss ng %o Loss
0 76.0 0.0 139.0 0.0 42.0 0.0
Vi 73.5 33 1352 27 40.1 4.5
Vi 69 .4 8.7 130.4 6.2 38.2 9.0
1 55.6 26.8 121.3 12.7 35.6 15.2
2 437 42.5 104.6 247 29.5 29.8
4 33.5 55.9 89.2 35.8 223 46.9
8 20.6 72.9 69.1 50.3 157 62.6
12 1na RA 3 424 £9.3 9.4 776
24 24 96.8 18.5 86.8 4.1 90.2
DTy, hours 3.12 8.0 4.48

3.2.2. Effect of UV-light

It has been demonstrated that UV light exerts chemical changes
on a large number of pesticides. Several types of photodecomposition
such as hydrolysis, oxidation and isomcrization may occur. If similar
reactions occur under field conditions. such investigation will he of
great importance in environmental contamination, pesticide residues
in agricultural products and practical use of pesticides.

Generally, pholodecomposition is positively correlated with
exposure period. Data in Table (3) show that the decomposition
percentages of clethodim, fluazifop-p-butyl and quizalofop-p-ethyl in
glass surfaces increased gradually after the cxposure to UV-light. The
photodecomposition rate of clethodim was more rapid than the other
two tested herbicides, while fluazifop-p-butyl was the most persistent
one.

Statistically, the half-life of clethodim, fluazifop-p-buty! and
quizalofop-p-ethy! as dry thin films were 10.6, 70.4 and 39.8 hours,
respectively, and the percentage losses of these three chemicals were
46.2, 6.8 and 12.6%, respectively after 8 hours of cxposure to UV-
light. While the amount ol fluazifop-p-buty! and quizalofop-p-ethyl
detected after 60 hours of exposurc o UV-light were 78.8 and 13.2 pg
with 43.3 and 68.6% loss. respectively, and no detectable amount of
clethodim was observed. These results are in general agreement with
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those obtained by several investigations: (Coupland. 1989; Rick.
1985; and Bridges e7 al, 1992).

Table (3): Effect of UV-rays on pholodecomposition of cieihodim,
fluazifop-p-butyl and quizalofop-p-ethyvl.

Amount of tested herbicides (ug) and % of loss
Exposure Clethodim Fluazifop-p-butyl Quizalofop-p-ethyl
time (hr.)
ug % Loss Hg W % Loss HE % Loss
0 76.0 0.0 | 139.0 00 42.0 0.0
I 68.0 105 | 1390 0.0 42.0 0.0
2 92 | 220 | 13713 12 40.9 26
4 488 | 358 | 1304 | 62 | 390 5.7
8 40.9 46.2 1295 6.8 36.6 12.6
12 32.1 57.8 126.5 9.0 33.2 20.9
24 17.4 1 771 119.0 14.4 25.1 307 |
L 36 102 | 866 108.9 216 224 46.7 |
48 39 92.2 93.2 329 - -
60 1.2 98.4 78.8 45.3 13.2 68.6
72 ND - 67.5 514 9.1 78.3
ND 48 9 64 R 149 RR 3

96 -
DTy, hour 106 | 70.4 1 39.8 |
3.2.3. Eifect of Different Temperatures

Data in Table (4) summarize the effect of three different
temperature levels (50. 60 and 70 °C) on the stability and degradation
of clethodim, fluazilop-p-butyl and quizalofop-p-ethyl. Results
indicated that the persistence of the tested herbicides was influenced
and positively correlated with temperature and period of exposure.
Quizalofop-p-ethyl was degraded more rapidly at different
temperatures followed by clethodim, while fluazifop-p-butyl was more
persistent than the other two herbicides. The data demonstrated that
no thermal decomposition of fluazifop-p-butyl occurred after four
days at 50 °C and after two and one day at 60 and 70 °C, respectively.
On the other hand. after 12 days of exposure 1o temperature at 50, 60
and 70 °C, the percentage loss of fluazifop-p-butyl was 11.8, 21.2Z and
31.2%, respectively. The percentage loss of clethodim was 4.5, 10.3
and 18.3 % after one day of exposurc to mentioned temperatures.
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respectively. However, the percentage loss of clethodim reached 47.3,
57.4 and 62.2% after 12 days of exposure to these lempcratures,
respectively.

Degradation of quizalofop-p-cthyl was more rapid than the
other two herbicides. The percentage loss of quizalofop-p-ethyl was
3.57, 10.5 and 17.8% after one day of exposure (o temperature at 50,
60 and 70 °C. However, the percentage losses were 57.6, 68.8 and
87.9% after 12 days of exposure lo the menticned tcmperatures,
respectively.  Statistically. the half-life time for clethodim was 12.9,
9.0 and 6.2 days at 50, 60 and 70 °C. respectively. The corresponding
values for quizailofop-p-ethyl were 109. 8.5 and 39 days.
Nevertheless, fluazifop-p-buty| was more stable than the other two
herbicides at the end of the experiment (12 davs). Several
investigations studied and confirmed the role of temperature in
degradation of herbicide residues (Keils er al, 1984 and Coupland,
1989).

3.3, Effect of Different pH Solutions on Hydrolysis

Most pesticides usually contact water either as a spray diluent,
or during irrigation of the soil, Hydrolysis can result from the attack of
either water or hvdroxide ion on the pesticide, and the latter is usually
being the more effective rcagent. The hydroxide ion concentration is
directly related to pH through the ion product of water. Data presented
in Table (5) show that the tested pH degree and period of exposurc
influcnced persistence. The three herbicides were hvdrolyzed more
rapidly in alkaline media (p!l 8.0). On the other hand. clethodim was
hydrolyzed rapidly in the acidic media (pH 5.0). On the contrary.
fluazifop-p-butyl showed more persistence to all pH solutions than the
other two tested herbicides. The amount of clethodim decrcased from
0 to 6 days at the rate of 10.22, 417 and 12.5% / day at pH 5.0, 7.0
and 8.0, respectively. The fast steep decline in the residues of
clethodim continued after 18 days to be 8548, 36.29 and 97.6% with
4.75, 202 and 5.42% ¢ day at pH 5.0, 7.0 and 8.0, respectively.
Clethodim was not detected after 30 days of cxposure to acidic media.
and after 24 days of exposure 1o alkaline media. The half-life time of
clethodim was 4.70. 30.33 and 2.67 at pH 5, pH 7 and pH 8,
respectively.



Table (4): Effect of different degrees of temperature on_ the stability of clethodim, fluazifop-p-butyl and quizalofop-p-ethvl.

Amount of tesied Herlnuﬂns (ug) and percentage losy

i [ N -
. Clethodim o Hu:iztl'op -p-butyl Quizalofop-p-ethyl |
i iy T T wC RS G Wec S0 o | _';
‘ ng % . pz | % , pg | % | pg S ne Yo g % ng Yo pe % | pe Yo
Loss I Loss_i__ " Losy i_Loss ) Loss | Loss Laoss Loss . Loss |
U 1326 [ 00 1520 | 00 11520 00 | 1396 0.0 [1e0 ] 00 (13901 00 [420] o0 420 00 420 ! 00
[ ] 1452 45 1364 103 1242 17183 fl:j__ig_} oﬁfj_ﬁﬁ" 00 | 7350 00 | 405 ) 357 1376 ¢ 105 | 305 178 1
\ Bl 35697105 [ 1319 T 11917"13\ Pi3e Too 300 ee 103X a7 1392 670 [ 336 !200 L8 200
\ 4 [ 1225 | 191 ' 1024 | 326 928 [ 390 | 139G 00 1 iMt, 385 | 1o | 928 T 64 | 133 | 30.0 1 283 | 26 1414 |
: 6 H3 1248 [ 905 @06 | 705 [ 357 ) 1962 1 200 R385 1 986 1200 | 1383 312 257 [ 255 03953, 194 9%
! 8 1046 | 312 [ 820 [ 361 ' 26 ] 654 | 1300 640 [ 1214 | 127 ] 12011942 ] 364 ¢ 371 | 21.2 1495 155 679
| 1o 913 1399 T 713 {530 64 733 D275 1827 0 0071 1376 i047 | 250 1 218 478 | 164 | 609 | 89 T 748
' 12 L 80.F [ 473 [(574 (63| 3i6 79[ vx26 18095 ] 2v2 [ o85Gy S1.2 | 178 | 576 | 130 | 688 | 5 879
| PTawdays 1 12.19 2.0 ! 6.2 ‘ - I 0.9 8.5 59
Tauble (5): Effect of different pH valees on the stability of clethodim, Muazifop-p-tutyl and guizalotop-p-ethyl.
[ | Amount of ested herbicides (ppm) and percentage toss - o ﬁw*k}
(Idl:;; Clethodim | Fluazifop-p-butvl ‘ Quizalofop-p-ethy i’*
50 7.0 8.0 | 5.0 7.0 T 5.0 7.0 [ &0
ppm | % VI"][)IH i Yo ppm T % T ppm T e, p'pnf W?_ppm A } ppm 7w ppm ” - ppm‘\- "V
J Linss Loss Loss_| _Loss Luss Losy ! Loss Loss | | Loss
0 124 {1 00 7 124 | 0.0 124 | 99 ;278 oo 278 Poou L a7s T 00 w4 o0 | 042 ] 00 042 0 00
1 098 12097 T 175 | 726 | 083 | 3300 269 [ 324 | 278 | 00 | 1% | 2945 1038 | 952 1041 | 238 033 4524
3 P 076 | 3870 ¢ 109 Pizto | 052 Tssoa | z49 {1043 0 278 [ 0.0 ; 122 1 S600 | 033 L 2043 | 639 [ 704 014 6670
6 10648 | 6120 | 093 | 250 | 031 | 750 | 220 | 208 | 270 | 288 | 097 [ 6510, 0.26 | 3840 | D35 | 1670 . 007  $3.30
12 P 030 | 7580 | 085 3045 017 [ ®6.29 | 204 2662 | 264 | 503 | o852 [ 8129 o5 [ 6428 1 027 1 3570 0.0% | 92.86
8 018 | 8548 | 079 | 3629 | 005 1 9760 | 186 3310 | 259 | 683 | 021 | 9245 S| 00Y | 7857 | 019 | 5476 | ND T 1e0
I 007 ; 9435 | 071 | 4274 [ ND. | 106 | i75 [ 37058 248 | 1079, ¢os | 670 | 0.04 | 9048 | o0l | 73581 ' ~D_ o 10 |
30 ND 100 ] 062 [ 4919 | ND. | 100 | 156 14390 [ 251 Tre0 | ND [ 100 ND. | too | 0.06 | 8571 [ ND. | 100 |
36 ND D100 | 054 seds N 100 132 saso [ o0 Tarse I NDU| tee U NDCT j00 |00y 9702 | ND. T 100 |
42 UND. | 100 041 {6654 | ND | 100 | 102 {6331 | 19 [ 2080 ND 100 | ND ]| 100 | Nb 100 ND| om0
| DTy days | 4.70 i 30.35 2.67 f .36 i | 18 n 8.82 16.63 24 |
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On the other hand. fluazifop-butyl deereased rapidly in atkaline
media (pH 8.0) than the other tested pH degrees. The half-life values
of fluazifop-butyl were 34.36 and 2.80 days at pH 3.0 and pH 8.0 .
respectively. The amount of quizalofop-p-ethyl decreascd irom 0 to 12
days with disappearance rate of 5.36, 2.98 and 7.74% / day at pH 5.0.
7.0 and 8.0, respectively. Quizalofop-p-ethyl was not detected after 39
days of exposure to acidic media. and after 18 days of exposure fo
alkaline media. The half-tife time of guizalofop-p-ethyvl was 8.82,
16.63 and 2.0 days at pH 5.0, 7.0 and 8.0, respectively.

In general, the previous mentioned resulis clearly showed that
all tested herbicides were hydrolyzed more rapidly in alkaline media
(pH 8.0) than the other tested pH deorces. The results also
demonstrated that {luazifop-butyl was more persistent to all pH
degrees than the other two herbicides. Balinova and Lalova (1992)
reported thal fluazifop-butyl was hydrolyzed rapidly to the fluazifop
acid, and the residues of the metabolite were found to persist much
longer in the plant than the active compound.
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