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Abstract. The absorption and translocation of fenox-
aprop-ethyl and imazamethabenz-methyl were investi-
gated in wild oat (Avena fatua L.) plants grown under
different temperature and light intensity conditions by
using '*C tracer techniques. The phytotoxicity of both
herbicides, applied as individual droplets, was also de-
termined under similar environments. The absorption of
fenoxaprop-ethyl and imazamethabenz-methyl was in-
creased by high temperature (30/20°C) and to a lesser
extent by 70% shading; low temperature (10/5°C) had
limited effect on the absorption. The basipetal transloca-
tion of fenoxaprop-ethyl was not affected by high tem-
perature, and the increase in imazamethabenz-methyl
translocation at high temperature was likely the result of
the increased absorption. Low temperature decreased to-
tal translocation and translocation efficiency in both
fenoxaprop-ethyl and imazamethabenz-methyl, Low
light intensity tended to reduce the efficiency of basipetal
translocation of both herbicides. Fenoxaprop-ethyl phy-
totoxicity was reduced by high temperature but not by
low temperature. Temperature had little effect on
imazamethabenz-methyl effectiveness. Under 70% shad-
ing, the phytotoxicity of both herbicides was enhanced.

Key Words. Environmental Stress—Drought—
Shading—Wild oat

Changes in the effectiveness of postemergent herbicides
under differing environments may be related to environ-
ment-induced variations in herbicide deposition, absorp-
tion, translocation, metabolism, and/or action at the tar-
get(s). The foliar absorption of most graminicides was

Abbreviation: S.E.D., standard errors of difference.
* Author for correspondence.

greater under higher temperature conditions (Grafstorm
and Nalewaja 1988, Kells et al. 1984, Sharma et al. 1976,
Wills 1984, Wills and McWhorter 1983). The influence
of temperature on herbicide translocation and phytotox-
icity varied (Blair et al. 1983, Coupland 1986, Devine et
al. 1983, Grafstorm and Nalewaja 1988, Kells et al.
1984, Klevorn and Wyse 1984, Morrison 1983, Nalewaja
and Woznica 1988, Smeda and Putnam 1990, Wills
1984, Wills and McWhorter 1983). There have been lim-
ited studies on the effects of light intensity on herbicide
performance and underlying physiologic processes. Low
light intensity could result in either reduced herbicidal
activity (Blair et al. 1983, Chandrasena and Sagar 1986,
Price and Ipor 1992) or enhanced activity (Coupland
1986, Farahbakhsh et al. 1988). Limited studies sug-
gested that herbicide translocation was usually reduced
under shading or low light conditions (Coupland 1989b,
Kells et al. 1984, Olson and Nalewaja 1982, Price and
Ipor 1992), although exceptions exist (Coupland 1989a).

Our previous studies of Avena fatua with spray appli-
cation indicated that high temperature decreased the phy-
totoxicity of fenoxaprop-ethyl (hereafter referred to as
fenoxaprop) but not that of imazamethabenz-methyl
(hereafter referred to as imazamethabenz); and low tem-
perature could reduce the performance of both herbicides
(Xie et al. 1994a). The phytotoxicity of fenoxaprop and
imazamethabenz was increased under 70% shading con-
ditions (Xie et al. 1994b). An association of environ-
ment-induced changes in herbicide spray deposition has
been reported with the above efficacy changes (Xie et al.
1995). The objective of this study was to determine the
influence of temperature and light intensity on foliar ab-
sorption and basipetal translocation of fenoxaprop and
imazamethabenz in A. fatua. Such an understanding may
allow for development of appropriate ways for efficient
weed control under such stresses. In addition, the phy-
totoxicity of those two herbicides applied as individual
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droplets was also examined at various temperature and
light regimes.

Materials and Methods
General Procedure

All experiments were conducted in growth chambers. A genetically
uniform line of A. fatua, Crop Science 40, was used. The seeds were
pregerminated on moist filter paper for 3 days at room temperature.
Plants used for radioactive study were grown in 6.7-cm diameter sty-
rofoam cups (fitted with one drainage hole) filled with silica sand. Each
cup contained one plant and was placed into a second styrofoam cup
without drainage holes. The plants were watered daily with 10-20 mL
of % strength Hoagland’s nutrition solution (Hoagland and Arnon
1939). For the phytotoxicity study, the plants were grown in 7.5-cm
diameter plastic pots filled with loamy sand soil (dark brown Cher-
nozemic, pH 7.6, 36 ppm NO;-N, 30 ppm P, > 300 ppm K), with one
plant/pot. Sixty mg/pot of a 20:20:20 (N, P, K) water-soluble fertilizer
was given at the one-leaf stage.

Four environmental regimes were established as follows (Xie et al.
1994c¢). (1) the non-stressed (standard) regime was 20/15°C, full light
(400 pE/m?s) with a 16-h photoperiod, daily watering. (2) the low
temperature regime employed: standard conditions except that within 9
days before herbicide application the temperature was decreased gradu-
ally to 10/5°C and increased gradually within 14 days after the appli-
cation to 15/10°C, with plants experiencing 10/5°C for 7 days imme-
diately before and 7 days after the application if applicable. (3) the high
temperature regime employed standard conditions except that the tem-
perature was 30/20°C throughout the experiment. (4) the shading re-
gime used standard conditions except that plants were grown under
70% shading (120 pE/m%/s) by covering the plants with white fabric
throughout the experiment. The seedlings designated for low tempera-
ture and shading regimes were planted 4 and 2 days, respectively,
ahead of those designated for standard and high temperature regimes so
that all plants had three leaves when the herbicides were applied.

Radioactive Herbicide Study

At the three-leaf stage, A. fatua plants were treated with ['*Clfenox-
aprop and ['*Climazamethabenz. The detailed procedure has been de-
scribed previously (Xie et al. 1996). Briefly, the working solution
contained 11.25 wCi mL! of radioactivity and 1,500 p.g mL~! (fenox-
aprop) or 3,000 ug mL™' (imazamethabenz) of the herbicides. Two
2-uL drops of the working solution were applied to the adaxial mid-
section of the second lamina using a micropipette. The plants were
harvested 48 and 96 h following '“C application and were divided into
four parts: treated second lamina, tillers, the remainder of the foliage,
and roots. "*C quantification was done with a liquid scintillation ana-
lyzer. The results were expressed as a percentage of the applied dose
since the recovered radioactivity of both herbicides was more than 90%
of applied radioactivity. At each time interval five plants per treatment
were harvested; an individual plant constituted one replication. The
experiment was repeated once, and all data were pooled for analysis
since there was no significant interaction between experiments. Stan-
dard errors of difference (S.E.D.) within same time interval were given
to show the variance. Means stated as significantly different (p = 0.05
or p = 0.01) were based on the orthogonal contrasts between the
nonstressed regime and other environmental regimes within same time
interval.

Phytotoxicity Study

When A. fatua plants were at the three-leaf stage, a commercial emul-
sifiable concentrate formulation of fenoxaprop (1 pg pL™") or a com-
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mercial suspension concentrate formulation of imazamethabenz (2 ug
uL™") was applied with a micropipette to the adaxial midsection of the
first and second laminae with a 1-pL droplet size. The dose for fenox-
aprop varied with environmental factors. In the experiment involving
various temperatures, the fenoxaprop dose was 40 pg/plant; and in the
experiment involving various light intensities, the dose was 20 pg/
plant. In all phytotoxicity experiments, the dose for imazamethabenz
was 30 pg/plant.

The plants were harvested 3 weeks after herbicide application, and
shoot dry weight was determined. There were six replications per treat-
ment. The experiment was repeated once, and all data were pooled for
analysis since there was no significant interaction between experi-
ments. S.E.D. were given to show the variance. Means stated as sig-
nificantly different (p = 0.05 or p = 0.01) were based on the orthogo-
nal contrasts between the nonstressed regime and other environmental
regimes.

Results

Effect of Temperature and Light Intensity
on Fenoxaprop

The absorption of ["*Clfenoxaprop in A. fatua was not
significantly affected by various environmental condi-
tions when the plants were harvested 48 h after herbicide
application, whereas by 96 h after the application fenox-
aprop absorption was increased by high temperature (p <
0.01) and low light intensity (p < 0.05) (Table 1). Basi-
petal translocation of this herbicide out of the treated
lamina, based on either applied *C or absorbed '“C, was
reduced by low temperature. High temperature had no
significant effect on fenoxaprop translocation. Forty-
eight h after application, the translocation efficiency (on
the basis of absorbed '*C) was reduced under 70% shad-
ing (p < 0.05). But the total basipetal translocation (based
on applied dose) of fenoxaprop was increased under the
shading (p < 0.05) measured 96 h after application.

Regardless of environmental regimes, more than 91%
of absorbed fenoxaprop remained in the treated lamina
(Table 2). Compared with the nonstressed treatment, all
stressful environments resulted in less '*C distribution
into the tillers. Under low temperature conditions, '*C
distribution in other foliage tissues besides the treated
lamina was also reduced. Except for the distribution in
the tillers, the distribution of [14C]fenoxaprop in A. fatua
tissues was not affected by high temperature. Under low
light intensity, "*C distribution into the roots was re-
duced, especially 48 h after the application; but there was
more '*C contained in the foliage tissues other than the
treated lamina and tillers (p < 0.01) at the 96-h interval.

Compared with its effect under 20/15°C (nonstressed)
conditions, the phytotoxicity of fenoxaprop to A. fatua,
applied at 40 pg/plant as individual droplets, was not
affected by low temperature but was decreased (p < 0.01)
by high temperature (Table 3). At 20 pg/plant, fenox-
aprop phytotoxicity was enhanced (p < 0.01) by 70%
shading treatment (Table 4).
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Table 1. Influence of temperature and light intensity on absorption and basipetal translocation (% of applied)
of *C following foliar application of [**Clfenoxaprop and ['*Climazamethabenz to A. fatua

Time Non Low High S.ED.
Herbicide (h) stressed temperature temperature Shading (df = 36)
Absorption (% of applied)
Fenoxaprop 48 48.0 49.7 61.0 59.6 4.7
96 59.0 65.3 85.5 72.8 49
Imazamethabenz 48 19.6 13.8 36.1 233 2.5
96 25.1 235 41.6 30.0 1.8
Basipetal translocation
Fenoxaprop 48 2.9 (6.0)* 2.14.2) 29G4 2.6 (4.2) 0.31
96 49@8.7) 3.9¢(6.1) 5.2 (6.6) 6.7 (9.2) 0.54
Imazamethabenz 48 1.2 (6.0) 05@4.2) 1.9 (5.0) 1.6 (6.8) 0.20
96 18(7.2) 1.1(4.8) 2.5(6.1) 1.6 (5.1) 0.09

® Values in parentheses are the percentage of absorbed '“C.

Table 2. Influence of temperature and light intensity on distribution of *C in plant parts (% of applied)
following foliar application of ['*Clfenoxaprop to A. fatua

Time Non Low High S.EED.
(h) Plant part stressed temperature temperature Shading (df = 36)
(% of applied)

48 Treated lamina 45.1 (94)* 47.6 (96) 58.1 (95) 57.1(96) 4.7
Tillers 0.4 (0.9 0.2 (0.5) 0304 03(04) 0.06
Remainder of 1.7(3.6) 1.2(24) 2.0(3.2) 1.9(3.1) 0.24
foliage
Roots 0.8(1.6) 0.7(1.4) 0.7(1.1) 0.4 (0.7) 0.07

96 Treated lamina 54.1 (92) 61.4 (%94) 80.3 (94) 66.1 (91) 5.0
Tillers 0.8(14) 0.6 (0.9) 0.6 (0.7) 0.4 (0.6) 0.07
Remainder of 3.0(5.1) 2132 3339 53(71.3) 0.42
foliage
Roots 1.2 (1.9) 1.2(1.9) 1.2(1.5) 0.9 (1.3) 0.16

2 Values in parentheses are the percentage of absorbed 4C.

Table 3. Effect of temperature on the phytotoxicity of fenoxaprop (40
pg/plant) and imazamethabenz (30 pg/plant) applied as individual
droplets to A. fatua
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Table 4. Effect of light intensity on the phytotoxicity of fenoxaprop
(20 pg/plant) and imazamethabenz (30 p.g/plant) applied as individual
droplets to A. fatua

Shoot dry weight (% of control)

Shoot dry weight (% of control)

Temperature Light intensity

°C) Fenoxaprop Imazamethabenz (WE m257) Fenoxaprop Imazamethabenz
10/5 34 25 400 64 28

20/15 48 31 120 24 16

30/20 96 26 S.ED. (df = 22) 7 2

SED. (df = 33) 7 4

Effect of Temperature and Light Intensity
on Imazamethabenz

["*ClImazamethabenz absorption into A. fatua foliage
was increased by high temperature (p < 0.01) and under
low light intensity was also increased (p < 0.05) 96 h
after herbicide application (Table 1). Low temperature
decreased the herbicide absorption (p < 0.05) only at
the 48-h interval. Basipetal translocation of [!*C]

imazamethabenz, based on either applied '*C or ab-
sorbed '*C, was reduced (p < 0.01) by low temperature.
At high temperature, although the total basipetal trans-
location was greater (p < 0.01), the translocation effi-
ciency was not significantly changed. 70% shading had
limited effect on the total herbicide translocation,
whereas the translocation efficiency was reduced (p <
0.05) under the shading at the 96-h interval.

By 96 h after ['*Climazamethabenz application, more
than 93% of absorbed herbicide still remained in the
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Table 5. Influence of temperature and light intensity on distribution of '*C in plant parts (% of applied)
following foliar application of [**Climazamethabenz to A. fatua

Time Non Low High S.E.D.
(h) Plant part stressed temperature temperature Shading df = 36)
(% of applied)

48 Treated lamina 18.3 (93)° 13.2 (96) 34.3 (95) 21.7. (93) 2.4
Tillers 0.2(0.8) 0.1 (0.6) 0.2 (0.4 0.10.3) 0.02
Remainder of 0.7 (3.7) 0.2(1.5) 1.1 (3.0) 1.2 (5.2) 0.15
foliage
Roots 0.4(1.8) 0.3(1.8) 0.6 (1.7) 0314 0.06

96 Treated lamina 23.4 (93) 22.4 (95) 39.1 (94) 28.4 (95) 1.8
Tillers 0.2(0.9) 0.2(0.8) 0.3(0.7) 0.1(0.4) 0.03
Remainder of 1.0 (3.8) 0520 1.5 (3.6) 1.0(34) 0.07
foliage
Roots 0.6 (2.3) 0.4(1.9) 0.7 (1.7) 0.4(1.4) 0.04

2 Values in parentheses are the percentage of absorbed '“C.

treated lamina irrespective of environmental conditions
(Table 5). The distribution of '*C in various plant parts
was decreased by low temperature. With the exception of
tillers, there was more radioactivity found in all tissues
under the high temperature regime. The amount of the
herbicide remaining in the treated lamina was higher (p
< 0.05) under low light intensity, whereas the tillers con-
tained less *C (p < 0.01) under such conditions. At the
96-h interval, the roots of shaded plants also contained
less radioactivity (p < 0.01).

Applied at 30 pg/plant as individual droplets, imaza-
methabenz phytotoxicity in A. fatua was similar under
various temperature regimes (Table 3). Its phytotoxicity
was enhanced (p < 0.01) when the plants were grown
under 70% shading conditions (Table 4).

Discussion
Temperature Effect

This study demonstrates that in A. fatua, high tempera-
ture stress had an adverse effect on the phytotoxicity of
fenoxaprop applied as individual droplets, similar to that
reported previously when the herbicide was applied as a
spray (Xie et al. 1994a). Toxicity of other ACCase-
inhibiting graminicides such as diclofop-methyl (Chow
1978, Donn and Bieringer 1980) and fluazifop-butyl
(Coupland 1986, Smeda and Putnam 1990) has been
found to be susceptible to high temperature stresses. The
leaves of high temperature-grown A. fatua contained
more epicuticular wax than those grown at lower tem-
peratures (Xie et al. 1994a), which apparently had no
adverse effect on fenoxaprop absorption. It has been
shown that the plant cuticle may not be a significant
barrier for foliar penetration of the ester herbicide for-
mulation because of the high lipophilicity of such for-
mulation (Kloppenburg and Hall 1990, Price 1982,

Whitehouse et al. 1982). In this study, the basipetal trans-
location of fenoxaprop was not affected, whereas the
absorption was enhanced under high temperature condi-
tions (Table 1), suggesting that high temperature-reduced
activity in fenoxaprop could not be associated with the
reduction in the herbicide absorption and translocation.
A similar conclusion was reached for imazaquin (Male-
fyt and Quakenbush 1991). It appears unlikely that the
adverse high temperature effect could be alleviated
greatly by adding surfactant into spray solution of com-
mercially formulated fenoxaprop (unpublished data). In
addition, high temperature stresses could enhance meta-
bolic degradation as occurred with fluazifop-butyl (Cou-
pland 1986). Possible involvement of fenoxaprop me-
tabolism could not be excluded even though a reduction
in the spray deposition was found at the high temperature
regime (Xie et al. 1995).

When applied as spray, fenoxaprop performance in A.
Jatua was sensitive to low temperature, although such an
adverse effect was not as great as that at high temperature
(Xie et al. 1994a). However, the present study showed
that with droplet application, fenoxaprop activity was not
affected by a similar low temperature treatment (Table
3). Although the portion of grassy plants in contact with
the herbicides might affect the absorption, translocation,
and effectiveness (Chandrasena and Sagar 1987, 1989,
Walter et al. 1980), the reason underlying such a dis-
crepancy is unknown. Although long term low tempera-
ture had little effect on fenoxaprop absorption (Table 1),
such a regime resulted in less translocation into foliage
and tillers, which might account for the reduced herbi-
cide performance at low temperature (Xie et al. 1994a).
In A. fatua, the translocation of flamprop and difenzo-
quat was also reduced at low temperatures (Jeffcoat et al.
1977, Sharma et al. 1976). Coupland (1989a) found that
low temperature decreased the deesterification of fluazi-
fop-butyl. Further study into fenoxaprop metabolism is
needed since the possible decrease in fenoxaprop activa-
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tion vs deesterification may decrease the amount avail-
able for phloem transport.

The results from this study were consistent with our
previous study using spray application (Xie et al. 1994a)
in which the phytotoxicity of imazamethabenz in A. fatua
was not adversely affected by high temperature (Table
3). Under high temperature, imazamethabenz absorption
was greatly increased, which was similar to the previous
results (Malefyt and Quakenbush 1991, Pillmoor 1985).
The increase in basipetal translocation at high tempera-
ture appeared to be directly related to the enhanced ab-
sorption rather than to the increased translocation effi-
ciency. On the other hand, high temperature reduced
spray deposition (Xie et al. 1995) as well as possibly
increased metabolic degradation of imazamethabenz
(Pillmoor 1985). With the formulation we used, there-
fore, the beneficial effects of high temperature on
imazamethabenz absorption and accompanied transloca-
tion could offset the adverse effects of high temperature
on spray deposition and/or herbicide metabolism, leading
to similar imazamethabenz phytotoxicity in the plants
grown under high temperature and normal temperature
conditions.

In agreement with our previous results with spray ap-
plication (Xie et al. 1994a), the present study showed
that low temperature did not reduce imazamethabenz ac-
tivity as long as it was imposed only for a few days
around the application (Table 3). The absorption of this
herbicide was decreased only initially under low tem-
perature, and by 4 days after the application the absorp-
tion at low temperature was comparable to that at normal
temperature (Table 1). Still, low temperature had an ad-
verse effect on total basipetal translocation and translo-
cation efficiency of imazamethabenz. The reduced
imazamethabenz performance under the constant low
temperature regime (Xie et al. 1994a) may be associated
with such a reduction in herbicide translocation. The re-
duced rate of herbicide translocation at low temperature
was thought to be the result of low temperature-grown
plants having less active physiologic sinks than those
grown under the warmer conditions (Coupland 1989b).

Light Intensity Effect

For both fenoxaprop and imazamethabenz applied as in-
dividual droplets, the present study demonstrated that
long term low light intensity (70% shading) resulted in
greatly enhanced phytotoxicity in A. fatua (Table 4),
which confirmed the previous report with spray applica-
tion (Xie et al. 1994b). Although the initial absorption of
both herbicides was not affected by high intensity, by 4
days after the application the absorption was increased
by the shading (Table 1). The relatively low epicuticular
wax content under the shading (Xie et al. 1994b) might
be related to such an enhancement. The influence of light
intensity on the basipetal translocation of fenoxaprop and
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imazamethabenz was minimal. The slight increase in to-
tal fenoxaprop translocation under the shading was the
direct result of shading-enhanced absorption. Low light
intensity tended to decrease the translocation efficiency
via phloem of both herbicides. Fluazifop-butyl translo-
cation via phloem was also reduced at low light intensi-
ties (Coupland 1989b, Kells et al. 1984). Nevertheless,
shading-induced changes in herbicide absorption and
translocation appeared to be secondary in importance in
view of the magnitude of shading-enhanced phytotoxic-
ity in both fenoxaprop and imazamethabenz. On the
other hand, long term 70% shading could greatly in-
crease the spray deposition of fenoxaprop and imaza-
methabenz (Xie et al. 1995), which was likely a major
factor contributing to the enhancement in the herbicidal
activity under the shading. Such a proposition is further
supported by our previous study in which prespraying
shading had a greater positive effect than postspraying
shading on the phytotoxicity of both herbicides (Xie et
al. 1994b). In addition, the total basipetal translocation of
fenoxaprop, but not imazamethabenz, was increased un-
der low light intensity. This may partly account for the
previous results in which fenoxaprop was more respon-
sive to postspraying shading than imaza-methabenz (Xie
et al. 1994b).

References

Blair AM, Richardson WG, West TM (1983) The influence of climatic
factors on metoxuron activity on Bromus sterilis L. Weed Res
23:259-265 '

Chandrasena JPNR, Sagar GR (1986) Some factors affecting the per-
formance of fluazifop-butyl against Elymus repens (L.) Gould
(= Agropyron repens (L.) Beauv.). Weed Res 26:139-148

Chandrasena NR, Sagar GR (1987) The effect of site of application of
14C-fluazifop on its uptake and translocation by quackgrass
(Agropyron repens). Weed Sci 35:457-462

Chandrasena NR, Sagar GR (1989) Fluazifop toxicity to quackgrass
(Agropyron repens) as influenced by some application factors
and site of application. Weed Sci 37:790-796

Chow PNP (1978) Selectivity and site of action in relation to field
performance of herbicides in Manitoba, Proceedings of the
1976 Manitoba Agron Conference Winnipeg, Manitoba, pp
131-139

Coupland D (1986) The effect of environmental factors on the perfor-
mance of fluazifop-butyl against Elymus repens. Ann Appl Biol
108:353-363

Coupland D (1989a) Pre-treatment environmental effects on the uptake,
translocation, metabolism and performance of fluazifop-butyl
in Elymus repens. Weed Res 29:289-297

Coupland D (1989b) Factors affecting the phloem translocation of fo-
liage-applied herbicides. In: Atkin RK, Clifford DR (eds) Brit-
ish Plant Growth Regulation Group, Monograph 18, Parch-
ments Ltd., Oxford, pp. 85-112

Devine MD, Bandeen JD, McKersie BD (1983) Temperature effects on
glyphosate absorption, translocation, and distribution in quack-
grass (Agropyron repens). Weed Sci 31:461-464

Donn G, Bieringer H (1980) The influence of temperature on the her-
bicidal activity of diclofop-methyl against different weed grass
species. Proc Br Crop Prot Conf Weeds 1:283-288



62

Farahbakhsh A, Murphy KJ, Dominy PJ (1988) Effects of tralkoxydim
on cereals and grass weeds with reference to nitrogen and light
interactions. Aspects Appl Biol 18:167-176

Grafstorm LD Jr, Nalewaja JD (1988) Uptake and translocation of
fluazifop in green foxtail (Setaria viridis). Weed Sci 36:153—
158

Hoagland DR, Arnon DI (1939) The water culture method of growing
plants without soil. Calif Agric Exp Stn Circ 347

Jeffcoat B, Harries WN, Thomas DB (1977) Factors favoring the
choice of flamprop-methyl (x)-2-(N-(3-chloro-4-fluorophenyl)
benzamido)propionate for control of Avena species in wheat.
Pest Sci 8:1-12

Kells JJ, Meggitt WF, Penner D (1984) Absorption, translocation, and
activity of fluazifop-butyl as influenced by plant growth stage
and environment. Weed Sci 32:143-149

Klevorn TB, Wyse DL (1984) Effect of soil temperature and moisture
on glyphosate and photoassimilate distribution in quackgrass
(Agropyron repens). Weed Sci 32:402-407

Kloppenburg DIJ, Hall JC (1990) Effects of formulation and environ-
ment on absorption and translocation of clopyralid in Cirsium
arvense (L.) Scop. and Polygonum convolvulus L. Weed Res
30:9-20

Malefyt T, Quakenbush LS (1991) Influences of environmental factors
on the biological activity of the imidazolinone herbicides. In:
Shaner DL, O’'Connor SL (eds) The imidazolinone herbicides.
CRC Press, Boca Raton, FL, pp 103-117

Morrison IN (1983) Environmental factors influencing the response of
wild oats to herbicides. In: Smith AE (ed) Wild oat symposium:
Proceeding. Can Plains Research Centre, Regina, SK, pp 67-79

Nalewaja JD, Woznica Z (1988) Effect of environment and adjuvants
on asulam phytotoxicity. Weed Sci 36:367-372

Olson W, Nalewaja JD (1982) Effect of MCPA on !*C-diclofop uptake
and translocation. Weed Sci 30:59-63

Pillmoor JB (1985) Influence of temperature on the activity of AC
222,293 against Avena fatua L. and Alopecurus myosuroides
Huds. Weed Res 25:433-442

Price CE (1982) A review of the factors influencing the penetration of
pesticides through plant leaves. In: Cutler DF, Alvin KL, Price
CE (eds) The plant cuticle. Academic Press, London, pp 237~
252

H. S. Xie et al.

Price C, Ipor I (1992) The influence of sun and shade on herbicide
activity and translocation. Proc 1st Intl Weed Control Cong
2:403-406

Sharma MP, Vanden Born WH, Friesen HA, McBeath DK (1976)
Penetration, translocation, and metabolism of *C-difenzoquat
in wild oat and barley. Weed Sci 24:379-384

Smeda RJ, Putnam AR (1990) Influence of temperature, rainfall, grass
species, and growth stage on efficacy of fluazifop. Weed Tech-
nol 4:349-355

Walter H, Koch W, Muller F ¢(1980) Effect of the type of application on
the penetration and translocation of diclofop-methyl in wild
oats (Avena fatug L.). Weed Res 20:325-331

Whitehouse P, Holloway PJ, Caseley JC (1982) The epicuticular wax
of wild oats in relation to foliar entry of the herbicides diclofop-
methyl and difenzoquat. In: Cutler DF, Alvin KL, Price CE
(eds) The plant cuticle. Academic Press, London, pp 315-330

Wills GD (1984) Toxicity and translocation of sethoxydim in bermuda-
grass (Cynodon dactylon) as affected by environment. Weed Sci
32:20-24

Wills GD, McWhorter CG (1983) Effect of environment and adjuvants
on the translocation and toxicity of fluazifop in Cynodon dac-
tylon and Sorghum halepense. Aspects Appl Biol 4:283-290

Xie HS, Caldwell BC, Hsiao Al, Quick WA, Chao JF (1995) Spray
deposition of fenoxaprop and imazamethabenz on wild oat
(Avena fatua) as influenced by environmental factors. Weed Sci
43:179-183

Xie HS, Hsiao Al, Quick WA (1994a) Effect of temperature on the
phytotoxicity of imazamethabenz and fenoxaprop to wild oat
(Avena fatua). Crop Prot 13:376-380

Xie HS, Hsiao Al Quick WA (1994b) Effect of shading on activity of
imazamethabenz and fenoxaprop in wild oat (Avena fatua).
Weed Sci 42:66-69

Xie HS, Hsiao Al, Quick WA, Hume J (1996) Influence of water stress
on absorption, translocation and phytotoxicity of fenoxaprop-
ethyl and imazamethabenz-methyl in Avena fatua. Weed Res
36:65-71

Xie HS, Quick WA, Hsiao Al (1994c) Spring cereal response to
imazamethabenz and fenoxaprop-p-ethyl as influenced by en-
vironment. Weed Technol 8:713-716



