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Abstract. The potential adverse phytotoxic effects of the herbicide
safeners CGA-92194 {a-[1,3-dioxolan-2-yl-methoxy)imino]benzeneacetoni-
trile}, cyometrinil [a-(cyanomethoxy)imino-benzeneacetonitrile] and flura-
zole [phenylmethyl 2-chloro-4-(trifluoromethyl)-5-thiazole-carboxylate]
On selected metabolic processes of enzymatically isolated leaf cells of soy-
bean [Glycine max (L.) Merr.] were compared in time- and concentration-
Course studies. CO, fixation, protein synthesis, RNA synthesis, DNA syn-
thesis, and lipid synthesis were assayed by the incorporation of
NaH“4CO,, ["“C]-leucine, [!*C]-uracil, [*H]thymidine, and [“C]-acetate,
respectively, into the isolated cells. CGA-92194 and cyometrinil behaved
similarly, and at low concentrations (0.1, 1, and 10 uM) they stimulated
rather than inhibited the five metabolic processes assayed, following incu-
bation periods of up to 2 h. At the highest concentration of 100 uM, both
safeners inhibited all metabolic processes of the soybean leaf cells but nei-
ther compound exhibited rapid and distinct inhibitions as might be ex-
pected in the case of inhibition of a primary target site by a potent inhib-
itor. At low concentrations and early incubation periods (30 and 60 min),
flurazole effects on all metabolic processes were also stimulatory rather
than inhibitory. However, the stimulation of CO, fixation by 0.1 and 1.0
WM was highly significant. At 100 wM flurazole was extremely potent on
all metabolic processes of soybean leaf cells examined. At the 2-h incuba-
tion period, flurazole also inhibited all metabolic processes at concentra-
tions lower than 100 uM. The sensitivity of the five metabolic processes to
flurazole decreased in the following order: photosynthesis = lipid syn-
thesis > DNA synthesis > protein synthesis > RNA synthesis.

~—
* Contribution No. 534, Department of Plant Pathology, Physiology and Weed Science, Virginia
Olytechnic Institute and State University, Blacksburg VA 24061 USA.
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The recent development and commercialization of chemicals conferring croP
tolerance to nonselective herbicides is undoubtedly one of the major advances
in the areas of plant growth regulation and herbicide technology. Five chem
icals are presently marketed as herbicide safeners (also referred to as antidotes
or protectants) and they have been the subject of several reviews (Blair et al.
1976, Gressel et al. 1982, Hatzios 1983, Hoffman 1978, Pallos and Casida 1978
and Parker 1983). Cyometrmll1 CGA-92194, and flurazole!, applied as seed
treatments, protect grain sorghum from injury caused by chloroacetanilid®
herbicides such as alachlor and metolachlor (Davidson et al. 1978, Dill et
1982, Ellis et al. 1980, Nyffeler et al. 1980, Sacher et al. 1983, Schafer et al.
1980).

Low potential for phytotoxicity at recommended rates and reliability undef
field conditions are two important considerations for the selection and devel®
opment of candidate chemicals as herbicide safeners. However, since all of th¢
currently marketed herbicide safeners contain in their molecule functiondl
chemical groups similar to those found in many herbicides, they have the PO'
tential to cause adverse phytotoxic effects under certain circumstances. Early
or recent reports have documented the potential of the safener NA (naphth?
lene-1,8- dlcarboxyllc anhydride) to interfere with the growth of corn, grai?
sorghum, oats, rice, and beans even at the recommended rate of 0.5% by se¢
weight (Blair 1979, Eastin 1972, Guneyli 1971, Hatzios 1984a/1984b, Thiesse?
et al. 1980). Recently, Hatzios and Zama (1986) showed that changes in the
chemical structure of NA could reduce the phytotoxic potential of this safenc’
without any significant loss of its antidotal activity against thiocarbamate her”
bicide injury to corn. Adverse effects caused by the safener dichlormid (N,N‘
diallyl-2,2-dichloroacetamide) on the growth of corn or beans have been ¢
ported (Blair 1979, Ezra et al. 1982). Reduction of the viability of sweet an
yellow-endosperm sorghum seeds treated with the safeners cyometrinil an
CGA-92194 has also been reported (Davidson et al. 1978, Dill et al. 1982). In
addition, cyometrinil used at rates higher than 1.88 g/kg of seed caused sngnlﬁ
cant phytotoxic effects on grain sorghum (Davidson et al. 1978). Seed viability
and growth of grain sorghum did not appear to be adversely affected by th¢
safener flurazole (Schafer et al. 1980). However, measurable effects of flurd
zole as well as CGA-92194 on the growth and respiration of grain sorghum
seeds have been observed by Ketchersid and Merkle (1983) during the early
stages of germination of sorghum seeds. Under similar conditions, cyometrirlll
was more inhibitory than either CGA-92194 or flurazole (Ketchersid and
Merkle 1983).

Studies on the potential phytotoxicity of cyometrinil, CGA-92194, and flura
zole on certain aspects of plant metabolism at the cellular level are not cur
rently available. Enzymatically isolated or cultured cells of selected plaﬂ
species offer an attractive and reliable system for studying selected metaboli¢
processes (Servaites and Ogren 1980) and screening the activity of natural 0f
synthetic substances with phytotoxic potential (Ashton et al. 1977, Gressé
1984, Hatzios and Howe 1982).

! Cyometrini! and flurazole are the same compounds as CGA-43089 and MON-4606, respectively'
in other publications.
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The studies in this report were conducted to determine and compare the
POtential adverse effects of the safeners cyometrinil, CGA-92194, and flurazole
0-“. » fixation, and precursor incorporation into proteins, RNA, DNA, and
'Pids in enzymatically isolated leaf cells of soybean in time- and concentra-
tl011~course experiments. Soybeans were used in these studies because they
are 5 very good source of enzymatically isolated, active mesophyll cells thgt
Ve been useful for screening herbicides or other growth regulators. In addi-
on, since soybeans may follow corn or grain sorghum in crop rotation

Systems, they could be exposed to soil residues of these safeners under field
Conditions.

Materials and Methods
Plap, Material

S°Ybean (Glycine max (L.) Merr, cv. Essex] seeds were planted in plastic cups
(4.7 3 ml) filled with a mixture of potting medium (Weblite Corporation, Blue
Rldge, Virginia), vermiculite, and sphagnum peat moss in a 2:2:1 ratio. .Lxrr_le-
Stone ang a controlled release fertilizer (14-14-14) were added to the soil mix-
ture to provide additional nutrients. After germination, the plants were trans-
ferreq 1, a growth chamber with photon flux density of 50-60 W m~2 provided
by g blend of incandescent and fluorescent lamps. A photoperiod cycle of 16 h
of light a¢ 30°C and 8 h of dark at 20°C was maintained during the first 2 weeks
ofsoybean emergence and growth. Then, the plants were acclimated for 5 days
agp photoperiod to reduce the amount of starch in the chioroplasts. A low
March content has been reported to increase the photosynthesis rates of soy-

®an leaf cells isolated from plants exposed to a short day treatment (Servaites
Ogren 1980).

Cell Isolation

Malul‘e trifoliate leaves were detached from plants at least 1 h after the initia-
Loﬂ of the light period in the growth chamber, rinsed with distilled water, had
I .

CIr midribs removed, and were cut into small 1 mm X [ cm strips with a

arp razor blade. Two to three grams of cut leaf tissue served as a source for
the enzymatic isolation of mesophyll cells through a.3-step procedure. The
Procedure included infiltration of the leaf tissue with the maceroenzyme
(maCerase®, Calbiochem-Behring Corp., La Jolla, Califorqia) under vacuum,

Ceration of the infiltrated tissue through slow.magn.etlc stirring, and re-
‘ated washings of the released cells through centrifugation. Detailed descrip-
tong of these procedures have been given by Ashton et al. (1977), Hatzios and
Ho“’e (1982), and Servaites and Ogren (1980). The released cells were que up
o the desired volume with an incubation medium containing 0.2. M §orbntol, 2
MM Mg(NO,),, and 1 mM CaCl,. The pH of the medium was maintained at 7.8
With HEPES buffer for the CO, fixation assays, or at 5.8 with MES buffer for

.'® incorporation of the respective precursors into proteins, RNA, DNA, and
hpids, Chliorophyll content was determined by the method of Arnon (1949).
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The chlorophyll content of cell suspension used in this study ranged from 1510
25 ug of chlorophyll per mi of the assay medium.

Time-Course and Concentration Studies with the Three Safeners

Analytical grade samples (>95% pure) of the safeners CGA-92194 and cyom¢
trinil and of flurazole were kindly provided by CIBA-GEIGY Corp. Greens
boro, North Carolina and Monsanto Chemical Co., St. Louis, Missouri, 1€
spectively. The three safeners were dissolved in methanol and made up to th
desired volume with distilled water so that the final methanol concentratio?
was less than 1%. Methanol was also used in the preparation of the contr®
(safener-free) solutions. The assay methods for the five metabolic processes
studied are available in the literature (Ashton et al. 1977, Hatzios and How®
1982, Servaites and Ogren 1980). The assaying medium for all metaboll®
studies contained 2 ml of the cell preparation in a 25-ml Erlenmeyer flask, 0-

ml of radioactive substrate containing 1 wCi of radioactivity, and 0.05 ml of th¢
safener solution, making a final volume of 2.15 ml. The flasks with the assay
mixtures were sealed and placed in a shaking water bath at 25°C and illum¥
nated from above with a combination of incandescent and fluorescent lamp$
supplying 7.4 W m~—2 photon flux density at the level of the flasks. Samplés
were removed at selected incubation periods and treated as previously d¢°
scribed (Ashton et al. 1977, Hatzios and Howe 1982) prior to liquid scintillatio?
counting. CO, fixation was assayed by incubating the cells with 1 pCi ©
NaH'4CO, (sp. act. 44.4 mCi/mmol) containing 5 mM of NaH!?CQ,. Incorp?;
ration into proteins was determined by measuring the incorporation of 1 pnCi of
L-[U-C] leucine (sp. act. 276 mCi/mmol) into protein. Incorporation intf
RNA was assayed by measuring the incorporation of 1 pCi of [2-1*Cluracil (sP:
act. 55 mCi/mmol), while incorporation into DNA synthesis was assayed wit

[3H]thymidine (sp. act. 25 Ci/mmol). Incorporation into lipids was determin€
by the incorporation of 1 uCi of [1,2-1*C] sodium acetate (sp. act. 56.2 mCi
mmol) into lipids. Radioactivity was determined by adding 10 ml of scintill?"
tion fluid (ACS, Amersham) and counting in a liquid scintillation spectrometé’
(Beckman LS-250) with a 92% counting efficiency for “CO, and 70% effi’
ciency for 3H. CO, fixation was expressed as wmoles of '*CO, fixed per mg ©
chlorophyll. Incorporation of precursors into proteins, RNA, and lipids were
expressed as dpm of the [C] from the respective radioactive substrate incol”
porated into the cells per 100 pg of chlorophyll. Incorporation into DNA was
expressed as dpm of [*H] incorporated into the cells per mg of chlorophyll. A“
of the assays were repeated 4 times, and the data were analyzed for variance 1n
a completely randomized design. The standard errors of each mean were als°
calculated and used for separation of treatment means. In addition, the result®
were also calculated as percent inhibition caused by each concentration of the
three safeners. Negative values indicate stimulation instead of inhibition.

Results

The effects of CGA-92194, cyometrinil, and flurazole on CO, fixation, proteir*
RNA, DNA, and lipid syntheses of isolated soybean leaf cells are presented !*
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Tabl§s I through 5. Data in Table | show that CGA-92194 and cyometrinil are
Dot inhibitors of CO, fixation of soybean leaf cells. Appreciable inhibition of
1S metabolic process was observed only with the two highest concentrations
10and 100 M) of CGA-92194 at the 60 and 120 min incubation periods. How-
Ever, as revealed with the help of the standard errors of each treatment mean,
&se slight inhibitions of this process by CGA-92194 were significant only with
¢ highest concentration of 100 wM. Appreciable stimulation of CO, fixation
Y the low concentrations of CGA-92194 was evident at 30 min or later incuba-
lion perjogs. Cyometrinil did not inhibit the fixation of *CO, by soybean leaf
Cells at any concentration or at any incubation period examined (Table 1). On
the Contrary, this safener significantly stimulated this metabolic process at any
Neubation period examined, when used at 0.1, 1, and 10 uM concentrations.
lu'faZOIe applied at a non-physiological concentration of 100 uM caused a
fapid and distinct inhibition of the CO, fixation of soybean leaf cells (Table 1).
slight inhibition of this process was also obtained with 10 uM of flurazole at
€ 120-min period. However, flurazole at low concentrations was stimulatory
Tather than inhibitory of this process. Stimulation percentages caused by 0.1
a.nd_l rM of this safener at the 30 or 60 min incubation periods were highly
Significant (Table 1).

A time-dependent inhibition of the incorporation of 14C-leucine into protein
of 1solated soybean cells was caused by 100 uM of CGA-92194. The respective
Inhibition percentages were 23%, 33%, and 47% at 30, 60, and 120 min (Table

). The effects of 0.1, 1, and 10 pM of CGA-92194 and of all concentrations of
Yometrinil on this metabolic process were either stimulatory or slightly inhibi-
Ory at all incubation times. Comparisons of the treatments means with the
%€lp of their standard errors, indicate that most of these stimulatory or slight
mhibitory effects of the two safeners on protein synthesis were not significant.

Urazole at 100 uM caused a rapid and strong inhibition of the incorporation

“C-Jeucine into the isolated soybean leaf cells (Table 2). Percent inhibitions
at 3, 60, and 120 min were 64%, 79%, and 84% indicating a time-dependence
Of the inhibition caused by this concentration of flurazole. A slight but signifi-
tant inhibition was also observed with the 10 M concentration of flurazole.

€ two lowest concentrations of flurazole were stimulatory rather than inhibi-
Ory of this metabolic process.

NA synthesis of isolated soybean cells was the least sensitive process to all
three safeners. Significant inhibition of the incorporation of C-uracil into
S0ybean cells was obtained only with the two high concentrations (10 and 100
4M) of CGA-92194, cyometrinil, and flurazole at the 2 h incubation time (Table
). At the highest concentration of 100 uM, flurazole was more inhibitory
(52%) than either CGA-92194 (29%) or cyometrinil (32%) of this process. At
100 MM CGA-92194 and flurazole were inhibitory of this process also at the 60
Min incubation period. At 30 min of incubation the three safeners at all con-
Centrations were stimulatory.
. In Table 4, data on the effects of the three safeners on DNA synthesis of
Solated soybean leaf cells are presented only for the 120-min incubation pe-
Tlod. This was done because the incorporation of *H-thymidine into the soy-
B¢an cells was very limited at 30 or 60 min of incubation and because increases
M incubation time did not correspond to linear increases in the incorporation
of radioactivity into the soybean cells. Problems in studying DNA synthesis of
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Plant cef cultures by measuring the incorporation of 3H-thymidine have been
feported by other investigators (Gressel 1984, Zilberstein et al. 1973). The ex-
IStence of high levels of thymidine phosphorylase in most plants has been of-
€red as a possible explanation for these problems (Zilberstein et al. 1973).
nder the conditions of measuring DNA synthesis in this study, flurazole ap-
Peared to be a more potent inhibitor of this process than either CGA-92194 or
Cyometrinj] (Table 4). Percent inhibitions recorded for the 1, 10, and 100 uM
“Oncentrations of this safener were 41%, 66%, and 94%, respectively. Appre-
“iable inhibition of DNA synthesis of soybean leaf cells by CGA-92194 or cyo-
;netrinil was observed only with the highest concentration (100 pM) of these
dieners,
. CGA-92194 and cyometrinil did not adversely interfere with the incorpora-
lion of 14C_acetate into isolated soybean leaf cells at any concentration or any
Ncubation period (Table 5). Significant stimulations of this process were ob-
S*Tved following treatments of soybean cells with the lower concentrations of
'S¢ safeners. A slight inhibition of lipid synthesis was qbs;ry@d only with the
1Bhest concentration of cyometrinil. A rapid and strong inhibition of the incor-
Poration of 14C-acetate into soybean cells was caused by 100 uM of flurazole.
€Icent inhibitions recorded at 30, 60, and 120 min were 88%, 91%, and 95%,
reSDeCIively, indicating little time-dependence of the inhibition of lipid syn-
&sis by 100 wM of flurazole. The effects of the lower concentrations of flura-
2ole on this process were either stimulatory or slightly inhibitory (Table 5).

I)lScussion

The results of the present study revealed that with regard to their effects on
S0ybean cell metabolism, the safeners CGA-92194 and cyometrinil behaved
Similarly. At Jow concentrations (0.1, 1, and 10 pM) these two safeners were
stimulatory rather than inhibitory of the five metabolic processes assayed fol-
OWing incubation periods of up to 2 h. At the highest concentration of 100 uM,
safeners were inhibitory of all metabolic processes of the soybean leaf
°¢lls but neither compound exhibited a rapid and distinct inhibition of any pro-
Cess ag might be expected in the case of a primary target site by a potent
"Dhibitor (Ashton et al. 1977, Gressel 1984). These results are in concert with
0se reported by Zama and Hatzios (1985) on the effects of the safener
CGA-92194 on the metabolism of isolated mesophyll protoplasts of grain
Sorghum. It is evident, therefore, that the potential phytotoxicity of these two
Safeners at the cellular level, even at the highest nonphysiological concentra-
1on of 100 uwM, is very limited. However, the po}entia_ﬂ activity of these
Safeners on cellular processes other than those examined in the present study
% on plant metabolism at organ or whole plant levels cannot be excluded.
tchersid and Merkle (1983) demonstrated that CGA-92194 and cyometrinil
COuld interfere with plant metabolic processes such as respiration during the
Carly stages of seed germination of grain sorghum. A cyometrinil-induced re-
Uction of grain sorghum seed germination has been reported also by War-
Mund et al, (1981). _
he stimulatory effects caused by the low concentrations of CGA-92194 and
CYometrinil on all metabolic processes of soybean cells are not unusual. Sub-
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lethal concentrations of many herbicides or other plant growth regulation5
have been reported to cause stimulation of selected processes of plant metab0”
lism (Ashton et al. 1977) and the subject has been reviewed in detail by Ri€®
(1976).

The comparable activity of these two safeners on the metabolism of isolated
soybean leaf cells was not unexpected. CGA-92194 is a chemical analog ©
cyometrinil and both of these oxime safeners would be expected to elecit th®
same biological responses on plants (Chang and Merkle 1983, Davidson et 2"
1978, Dill et al. 1982).

Significant stimulations of the five metabolic processes of soybean cells bY
the low concentrations of the safener flurazole were also evident from dat?
generated in this study. Stimulation of protein synthesis by the safeners cy9
metrinil and flurazole has been reported in a recent study by Mozer et 2"
(1983). They showed that both safeners enhanced the synthesis and activity ©
a glutathione S-transferase enzyme that is constitutively present in corn and
conjugates chloroacetanilide herbicides with glutathione. In addition, the it"
duction of the synthesis of a de novo glutathione S-transferase that conjugatés
chloroacetanilide herbicides with glutathione was observed as a result of se€
pretreatment of corn with these safeners. However, at higher concentration$
and particularly at 100 wM, flurazole was extremely inhibitory of all metaboli®
processes of soybean cells examined. The sensitivity of the five metabolic pro’
cesses to 100 wM of flurazole following 2 h of incubation period decreased *
the following order: photosynthesis = lipid synthesis > DNA synthesis > pi¢”
tein synthesis > RNA synthesis. Interference of flurazole with the incorpor®
tion of “C-acetate into triglyceride lipids of grain sorghum seeds has been ¢
ported recently by Warmund et al. (1985). A slight effect of flurazole on respt
ration of germinating grain sorghum seeds has been also reported (Kerchers!
and Merkle 1983, Warmund et al. 1985). In addition, the shikimic and pherl)’l'
propanoid acid pathways have been proposed as sites for the potential interfe!”
ence of flurazole with plant metabolism. Support for such a postulation com‘?S
from reports showing inhibition of anthocyanin and lignin biosynthesis in grai?
sorghum by 10 nM of flurazole (Dr. W. T. Molin, Monsanto Chemical Con
pany, St. Louis, Missouri, personal communication).

Although at equimolar (100 wM) concentrations, flurazole was found to be ?
more potent inhibitor of all metabolic processes of soybean leaf cells examing
in this study, the absence of rapid and marked inhibitions of any process, obr
served with concentrations of the three safeners lower than 100 pM suggﬁ‘s,tS
that use of CGA-92194, cyometrinil, and flurazole as seed protectants of gral’
sorghum against chloroacetanilide herbicides is not likely to cause any signtt
cant adverse effects on plant metabolism under field conditions.

Acknowledgments. We express our sincere appreciation to Dr. Homer M. LeBaron of CIBA-GeigY
Corporation for financial support and for providing the analytical standards of cyometrinil a9
CGA-92194, Thanks are also expressed to Monsanto Chemical Company for supplying the analy!’
ical standard of flurazole.

References

Arnon DI (1949) Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris L
Plant Physiol 24:1-15



Activity of CGA-92194, Cyometrinil, and Flurazole 71

Ashton FM, DeVilliers OT, Glenn RK, Duke WB (1977) Localization of metabolic sites of action
By Of herbicides. Pestic Biochem Physiol 7:122~ 141 _
ar AM (1979) The interaction of protectants with EPTC on field bean, and triallate on wheat.
BlairAnn Appl Biol 92:105-111 B _ ‘ .
AM, Parker C, Kasasian L (1976) Herbicide protectants and antidotes—a review. Pestic
Artic News Sum 22:65-74
hang TS, Merkle MG (1972) Oximes as seed safeners for grain sorghum (Sorghum bicolor) herbi-
Do Cides. Weed Sci 30:70-73 B .
AVidson, WE, Gagnon SA, Chrustensen MD, Dorr JE (1978) A new herbicide safener which
. Permits effective grass control in sorghum. Proc West Soc Weed Sci 31:123-129
Dif TR, Turner WE, Nyffeler A, Quadranti M (1982) CGA-92194—A new safener to protect
Sorghum for metolachlor injury. Abstr Weed Sci Soc Am 22:20
as["., EF (1972) Evaluation of a sorghum seed treatment to prevent injury from acetanilide herbi-
Ellisc;des. Agron J 64:556-557 ) )
+ FI, Peek JW, Boehle J Jr., Muller G (1980) Effectiveness of a new safener for protecting
Sorghum (Sorghum bicolor) from metolachlor injury. Weed Sci 28:1-5
13, G, Krochmal E, Gressel J (1982) Competition between a thio-carbamate herbicide and her-
icide protectants at the level of uptake into maize cells in culture. Pestic Biochem Physiol
18:107-112
Tesse] J (1984) Plant tissue culture systems for screening of plant growth regulators: hormones,
erbicides and natural toxins. Adv Cell Culture 3:93~181
ressel J, Ezra G, Jain SM (1982) Genetic and chemical manipulation of crops to confer tolerance
1o chemicals. In; McLaren JD (ed) Chemical manipulation of crop growth and development.
B"ncrworths, London, pp 79-91
Uneyli g (1971) Factors affecting the action of I,8-naphthalic anhydride in corn treated with
S-ethyl dipropylthiocarbamate (EPTC). Diss Abstr Int (B) 32:1957—1958
HatZios KK (1983) Herbicide antidotes: development, chemistry and mode of action. Adv Agron
36:265-316
HatZEOS KK (1984a) Interactions between selected herbicides and protectants on corn (Zea mays).
Weed Sci 31:51-58
HalZEDS KK (1984b) Potential safeners for protecting sorghum (Sorghum bicolor (L.) Moench)
against chlorsulfuron, flurazifop-butyl and sethoxydim. Weed Res 24:249-254
HatZiOS KK, Howe CM (1982) Influence of the herbicides hexazinone and chlorsulfuron on the
Metabolism of isolated soybean leaf cells. Pestic Biochem Physiol 17:207-214
Ha[ZiOS KK, Zama P (1986) Physiological interactions between the herbicide El?TC gnd selected
analogues of the antidote naphthalic anhydride on two hybrids of maize. Pestic Sci 17:000-000
(in press)
Hoffman OL (1978) Herbicide antidotes: concept to crop. Chemtech 8:488-492
tchersid ML, Merkle MG (1983) Effects of protectants on sorghum seedling respiration. Proc
South Weed Sci Soc 36:384 '
Ozer TJ, Tiemeier DC, Jaworski EG (1983) Purification and Characterization of corn glutathione
S-transferase. Biochemistry 22:1058-1072 N
Nyffeler A, Gerber HR, Hensley JR (1980) Laboratory studies on the behavior of the herbicide
safener CGA-43089. Weed Sci 28:6-10
Pallog FM, Casida JE (1978) Chemistry and action of herbicide antidotes, Academic Press, New
York
arker C (1983) Herbicide antidotes—a review. Pestic Sci 14:40-48 )
es SK (1976) Subtoxic effects on plants. In: Audus LJ (ed) Herbicides: physiology, biochemistry,
¢cology, vol 2. Academic Press, London, pp 313-344
Sacher RM, Lee LF, Schafer DE, Howe RK (1983) Synthesis and application of novel thiazoles as
herbicide antidotes. In: Miyamoto J, Kearney PC (eds) Pesticide chemistry: human welfare
and the environment, vol 1. Pergamon Press, Oxford, pp 164—168
afer DE, Brinker RJ, Radke RO (1980) Introduction of a new safening agent for alachlor on
grain sorghum. Proc North Cent Weed Control Conf 35:67-71
SerVaites JC, Ogren WL (1980) Single cell photosynthesis. Methods Enzymol 69:642-649

Sch



7 P. Zama and K. K. Hatzi®®

Thiessen EP, Stephenson GR, Anderson GW (1980) Factors influencing 1,8-naphthalic anh)’d"de
activity as an antidote in barban in oats. Can J Plant Sci 60:1005-1013 .

Warmund MR, England DC, Kerr HD (1981) Anatomical site of action of MON-4606 in milo:
Sorghum bicolor. Proc North Cent Weed Control Conf 36:123-124

Warmund MR, Kerr HD, Peters EJ (1985) Lipid metabolism in grain sorghum (Sorghum bicol‘”)
treated with alachlor plus flurazole. Weed Sci 33:25-28

Zama P, Hatzios KK (1985) Interactive effects of metolachlor and the safener CGA-92194 on
metabolism of sorghum protoplasts. Proc South Weed Sci Soc 38:441

Zilberstein A, Arzee T, Gressel J (1973) Thymidine incorporation into Pharbitis DNA: 11. Aden®
sine enhancement in vivo; total incorporation versus autoradiography. Cell Differ 2:213-22



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14

