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Abstract. The response of wild oat to imazamethabenz Wild oat is a troublesome annual grass weed that begin:
varies with the growth stage, but the role of tillers in this to produce tillers around the three-leaf stage, a proces
regard is unclear. Removal of tillers at the three-leaf that aids the plant in establishing itself and increases its
stage before spraying with imazamethabenz did not sig- adaptive ability. In this papetller refers to any lateral
nificantly affect the total shoot fresh weight measured 3 shoot that is externally visible above the subtending leaf
weeks later. The leaf area and dry weight of intact plants sheath, and tiller designation follows the same system a:
at the three-leaf stage were 17-21% greater than fordescribed previously (Chao et al. 1993, 1994b).

plants with coleoptilar and first leaf main shoot tillers Application of sublethal doses of methyl ester of
(TO and T1) removed. The greater leaf area may have ijmazamethabenz-methyl, (+)-2-[4,5-dihydro-4-methyl-
increased herbicide interception per plant. Similar fresh 4-(methylethyl)-5-oxo-H-imidazol-2-yl]-4(and 5)-
weight reductions in main shoot, total tillers, and total methylbenzoic acid (3:2), applied to wild oat at Zadoks’
shoots were found whether imazamethabenz was appliedstage 12,20 (Zadoks et al. 1974) stopped main shoo
to the plant at the two-leaf without tillers or the three-leaf growth but increased tillering (Chao et al. 1993). Smith
with two tillers stage. Imazamethabenz applied only 0 ang Chow (1990) suggested that the reduced effective
the main shoot reduced total shoot dry weight more than ness of low doses of imazamethabenz at this stage wa
an equivalent amount of imazamethabenz applied only t0 pecayse of the lack of exposure of the tillers to the her-
tiller T1 or applied over the whole shoot. Imazametha- picige. They reported that wrapping visible tillers to
benz had the least inhibitory effect on whole plant ay0ig their exposure to spraying solution decreased
growth when applied only to T1. WhelfC-herbicide  imazamethabenz phytotoxicity in both tillers and in the

was applied to the first main shoot leaf of plants at the ain shoot of wild oat (Smith and Chow 1990). The
three-leaf stage with two tillers, tHéC translocated 38%  increased main shoot control when tillers were exposec

to roots, 33% to the main shoot, and nearly 30% to all
tillers. When'“C-herbicide was applied to the first leaf
of T1 then the'“C translocated 50% to T1, 25% to the

to the spraying solution was interpreted as caused by
translocation of imazamethabenz from the tillers to the
main shoot. The greater reduction in tillers fresh weight

main shoot, 20% to roots, and 5% to all other tillers. The \yhen tillers were exposed to the herbicide led the authors
translocation pattern and fresh weight values suggested; emphasize the importance for effective control of con-
that the presence of early tillers during herbicide appli- a¢t petween the herbicide solution and the preexisting
cation neither increased nor decreased imazamethabengers. Any increase in the number of emerged tillers

efficacy in wild oat. would provide more leaf surface for interception of foliar

applied herbicides (Mcintyre 1990 and references
therein) and logically should increase herbicide phyto-
toxicity. However, the effectiveness of imazamethabenz
control on wild oat was reported to decrease as plants
developed tillers (Smith and Chao 1990). The decrease
control by imazamethabenz on field-grown wild oat at

later stages was interpreted as being caused by the pre:
ence of tillers during spraying (Harker and O’Sullivan

1991, Morrison and Mayert 1982, van Hoogstraten
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*Author for correspondence.



174

1983). Thus, the effect of early tillers on the performance
of imazamethabenz applied to wild oat has remained
controversial. The objectives of this study were: (1) to
clarify whether early tillers present at the time of appli-

cation increase or decrease imazamethabenz efficacy ong ha?

wild oat; (2) to determine whether the placement of
imazamethabenz on different parts of the plant had any
effect on its phytotoxicity; and (3) to determine the ab-
sorption and translocation pattern df¢Jimazametha-
benz applied to tillers and to the main shoot.

Materials and Methods

Plant Materials

A genetically uniform line ofAvena fatual.., CS 40, was used in all
experiments. Seeds were germinated for 4 days at room temperature o
moist filter paper. For the efficacy study, five germinated seeds were
planted 2 cm deep in each 12.5-cm-diameter pot containing sandy loam
soil. When plants reached the one-leaf stage, they were thinned to
three/pot and fertilized at that time with 50 mL of 20:20:20 N:P:K/pot

at 3 glliter. Plants to be used to assess how tillers present at the time of

herbicide application affected the efficacy of imazamethabenz were
maintained in the greenhouse. Plants were watered daily on the soil
surface. Natural light was supplemented with high pressure sodium
lamps, with a 16-h photoperiod at an average photosynthetic photon
flux density (PPFD) of 400-50QE m2s™. Greenhouse temperatures
ranged from 22 to 27/19 to 22°C day/night with a relative humidity of
30-70%.

For the herbicide placement study, plants were grown under the same

conditions as in the efficacy study above except that they were main-
tained in a growth chamber at 20 + 1/15 + 1°C day/night, 50% relative
humidity under a photoperiod approximately 308 m2s* PPFD.

For the radioisotope study, silica sand-filled styrofoam cups (6.7-cm
diameter, 8.0-cm depth, fitted with drainage holes) were used, each
containing three wild oat seeds planted at a depth of 2 cm. The sand
was moistened thoroughly with distilled water and then saturated with
approximately 30 mL of 1/4 strength standard Hoagland’s solution
(Hoagland and Arnon 1939). Plants were placed in the growth chamber
at 20 + 1/15 + 1°C day/night, 50% relative humidity under a 16-h
photoperiod of approximately 435 m 25"t PPFD. On emergence the
seedlings were watered daily with 1/4 strength Hoagland’s solution.
Plants were thinned to one/pot at the one-leaf stage.

Effect of Tillers Present at the Time of Application on
Imazamethabenz Efficacy

The commercial suspension concentrate formulation of imazametha-
benz, Assert 300 SC, was used in all experiments. It contained 300 g
a.i/liter. Imazamethabenz at 300 g a.i./liter was applied to the foliage
of plants at 300 g/ha with a moving nozzle cabinet-type sprayer cali-
brated to deliver 100 liters/ha at 210 Kpa. Before spraying, the soil
surface was covered with a layer of coarse vermiculite to prevent root
absorption of the herbicide. The vermiculite was remb&h after
spraying.

There were two experiments in this study, in both experiments a
completely randomized design with five replicates/treatment was used,

n
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Table 1. Effect on the efficacy of imazamethabenz of tillers present at
the time of herbicide application on wild oat plants at stage 13,22.

Tillers  Main Total Total Total
Dose  present shoot tillers shoots tiller

or not FW?(g) FW (g9) FW (g) number

Yes 3.65:0.3° 1.25+0.24 4.90:0.54 9.0+1.8

No 3.15+£0.19 0.630.09 3.78:0.27 7.0+0.9
300 Yes 1.060.08 0.8%0.14 1.95:0.22 20.4:1.3

No 1.28+0.09 1.03t0.21 2.31+0.29 23.43.0

2FW, fresh weight at termination of experiment.
b Data are means per plant with standard errors.

T1 tillers present were determined. Values were determined with an
image analyzer (Quantimet 970, Cambridge Instruments Ltd., Cam-
bridge, UK CB3 8EL) using plants from seven pots of a companion set
of wild oat plants. The dry weight of each plant from this companion
set was also determined. In experiment 1, imazamethabenz was applie
to plants at growth stage 13,22. Just before herbicide application, the
tillers present in plants of half of the ten pots were removed. TO (the
coleoptilar tiller) was cut at the soil surface, and T1 (the first leaf tiller
of the main shoot) was cut at the top of the leaf sheath. Tillers were
retained on the plants in the remaining five pots for exposure to spray
solution during herbicide application. Plants were harvested 3 weeks
after herbicide treatment.

In experiment 2, imazamethabenz was sprayed on plants at two
different growth stages, 12,20 (two-leaf stage without tiller) and 13,22,
with the same application conditions. Under our growth conditions a
4-day interval separated growth stage 12,20 and 13,22. All plants were
harvested at the same day, 25 days after herbicide application to plant
at stage 12,20 and 21 days after application at stage 13,22. Thus, &
harvest the plants in both treated stages were of the same chronologice

Study of Absorption and Translocation
of [**C]Imazamethabenz

[**C]imazamethabenz (labeled in the 4 position of the imidazolin ring,
specific activity of 39.55.Ci/mg) with a radiochemical purity of >98%
was obtained from American Cyanamid Co. The preparation and ap-
plication of the labeled imazamethabenz were as described previously
(Chao et al. 1994b). Solid{Climazamethabenz was dissolved in 10
mL of methanol as a stock solution containing 8.Zi/mL and 220u.g

of imazamethabenz/mL. The required volume containing 5.6€5

was taken from the stock solution, evaporated to dryness, and redis
solved into 0.5 mL of 3,000 ppm commercial suspension concentrate
formulated imazamethabenz (300 g a.i./liter or 1@)raolution diluted

with distilled water. Two 2uL droplets were applied by micropipettes

to the adaxial midsection of the first leaf lamina of the main shoot or
T1 (one 2p.L droplet each side of the middle vein). After treatment of
the plants, the sand was kept moist but not leached.

Plants were harvested 24, 48, and 96 h after treatment and dividec
into five parts: treated leaf, T1 tiller, main shoot, all other tillers, and
roots. The surface residues were washed off with three rinses of 10 mL
of 0.1% (v/v) Tween 20 solution (polyoxyethylene (20) sorbitan mono-
laurate) over the treated area. THE in each rinse was assayed by
liquid scintillation. Separate analyses of standards revealed that this
procedure removed essentially all unabsorb#l The sum of radio-

and each experiment was repeated once. Before herbicide application atactivity from these washes was considered to constitute unabsorbet
growth stage 13,22 (three-leaf stage with two tillers) in experiment 1, herbicide. Each plant part was cut into strips and combusted in a
the projected leaf area (top view) of both the main shoot and the TO and biological sample oxidizer (model OX 500, R. J. Harvey Instrument
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Table 2. Effect on the efficacy of imazamethabenz of tillers present at the time of
herbicide application on wild oat plants.

Tillers Main Total Total Total
Dose present shoot tillers shoots tiller
(g ha?) or not FWP (g) FW (g) FW (g) number
0 Yes 2.43:0.28 1.67+0.18 4.10+0.54 9.0£1.8
No 2.41+0.02 1.25+0.19 3.9 0.11 7.0£0.9
300 Yes 1.06: 0.08 0.89+ 0.14 1.950.21 20.3:1.3
No 0.92+0.11 1.27+0.23 2.19+0.34 21.4:1.4

2Experiment 2 with tillers present at stage 13,22 or with tillers absent at stage 12,20 at
time of herbicide application.

b FW, fresh weight at termination of experiment.

¢ Data are means per plant with standard errors.

Corp.) The roots were washed under a stream of water to remove sandTable 3. Projected leaf area and dry weight of the wild oat plant at
and then dried at room temperature before oxidation. The trapped growth stage 13,22 determined before imazamethabenz application.
14C0, was quantified by liquid scintillation. The overall recovery of

14C in the experiment was 90 + 4% Projected leaf area (céin Dry weight (mg)
A completely randomized design with five replicates/treatment was \1ain shoot 1419 0.7G% 130.9+ 5.0

used at each harvest time. The experiment was repeated once. All dataTiIIers 3.05+ 0.21 351+ 2.7

in each experiment were subjected to analysis of variance. Treatment\yhole plant 17.24 0.80 166.0+ 7.3

means were separated by Fisher’s protected least squares difference test

atp = 0.05. 2Data are means per plant with standard errors.

Results and Discussion exposure to spray solution reduced main shoot frest

Effect of Tillers Present at the Time of Application on Wei_ght and increased imazamethabenz phytotoxicity. In
the Efficacy of Imazamethabenz their report, the contrpl effect_ was compared t_aetvyeen
plants exposed to applied herbicide and plants with tillers
Tillers present at the time of herbicide application did not wrapped to avoid herbicide deposition. Thus, the appar-
affect imazamethabenz activity in wild oat (Tables 1 and ent increased overall phytotoxicity of imazamethabenz
2). When tillers were retained on the plant and exposed by accompanying tiller exposure to spray solution was
to the spray solution, the activity of imazamethabenz was probably the result of increased interception of herbicide.
the same as when tillers were removed (Table 1). There This interpretation is supported by the data in Table 3 of
were no differences in fresh weight of the main shoot and this paper.
total shoots or in the number of total tillers in herbicide-  The maximum tillering capacity of a given species is
treated plants, whether tillers had been removed or not. determined by the plant inheritance per se. Tillering is a
Existing tillers treated at stage 13,22 accounted for very plastic feature, greatly influenced by external fac-
17.25% of the projected leaf area (Table 3). We have tors such as light, nutrition, and soil compaction (Carls-
found the projected leaf area to be proportional to the son and Callaghan 1990, Casal et al. 1986, Deregibus €
herbicide interception (Xie et al. 1995). However, the al. 1985, Hucl and Baker 1990, Jewiss 1972). As with
presence of tillers also increased plant biomass and con-other annual grasses (Takahashi 1991), wild oat tiller
tributed 20.6% to the shoot dry weight. Therefore the initiation and development occur only at a certain stage
increased amount of herbicide intercepted by plants with of growth (tillering stage) and do not necessarily increase
exposed tillers, if presented as herbicide/unit of biomass, with the advancement of growth stages. Wild oat plants
may not differ significantly from the value for plants grown in high nutrient level produce more and better
lacking tillers or with tillers removed at time of spraying. established tillers than plants grown in low nutrient me-
This interpretation may also apply to the results of ex- dia but are better controlled by imazamethabenz (Chao e
periment 2, in which imazamethabenz was sprayed on al. 1994a). This suggests that the presence of tillers at th
plants at stages 12,20 and 13,22 (Table 2). In experimenttime of application does not necessarily decrease the ef
2 there was no significant difference in the fresh weight ficacy of imazamethabenz. The superior control in the
of the main shoot, total tillers, and total shoots whether field, when imazamethabenz is applied to one- to three-
tillers were or were not present at the time of spraying. leaf stage, compared with the three- to four-leaf stage,
The data from both experiments 1 and 2 conflict with may be caused mainly by more effective competition
the report by Smith and Chow (1990) in which tiller from the crop plants at the later stage.
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Table 4. Effect on the phytotoxicity of imazamethabenz of its placement on different parts of the plant at stage 14,21.

J.F. Chao et al.

Placement of

imazamethabenz Main shoot Tiller T1 Tiller T2 Tiller T3 Total tiller Total shoot Total tiller
on plant parts FW? (g) FW (g) FW (g) FW (g) FW (g) DW® (g) number
Control 2.89+0.1Z 1.57+0.14 1.24+0.01 0.73t0.10 4,14+ 0.17 1.56+ 0.07 2.0£0.2
Main shoot only 1.020.16 0.69+ 0.16 0.26+ 0.07 0.17+0.04 2.02+0.19 0.64+ 0.09 3.0+0.1
Tiller T1 only 2.32+0.25 0.17+0.03 1.07+0.12 0.76+ 0.09 3.20+ 0.33 1.18:0.13 2.6+£0.1
Whole shoots 1.720.15 0.26+ 0.03 0.68t0.12 0.45:0.13 1.90+ 0.27 0.78t 0.08 2.7+ 0.3

2FW, fresh weight at termination of experiment.
> DW, dry weight.
¢ Data are means per plant with standard errors.

Argument persists as to whether tillering is a wasteful delivering imazamethabenz solution with a micropipette
overgrowth or has an active role in contribution to crop tothe T1 only or to both the main shoot and T1. Since the
productivity (Jewiss 1972, Simmons and Lauer 1986 and fresh weight of the main shoot was reduced in plants

references therein). Interestingly, in the non—herbicide-
treated control treatment, the main shoot fresh weight
increased in plants where tillers were retained compared 3§

with main shoot fresh weight of plants with tillers re-
moved (Tables 1 and 2). This implies that such early 30
developed tillers as coleoptilar and first leaf tillers do i

make a contribution to the main shoot growth. 'ézs —
o<
TN

Effect on Phytotoxicity of the Placement of 2

Imazamethabenz on Different Plant Parts § 15 4
B

In the previous two experiments, although equivalent § 10+

amounts of herbicide were applied to each plant, the total 2 5|
amount of herbicide actually intercepted per plant with
tillers present was different from that of the plants with-

out tillers or with tillers removed. Our previous studies

(Xie et al. 1996) on absorption, translocation, and phy-

totoxicity of labeled imazamethabenz had relied on drop-
lets applied to the adaxial section of the second lamina of
the main shoot. In this experiment, an equivalent amount
of imazamethabenz was applied to each plant but with
different placements. When imazamethabenz was ap-
plied to the whole plant, both on the main shoot and the
preexisting tillers, the efficacy was less than when an

equivalent amount of imazamethabenz was applied to the
main shoot only (Table 4). The differences in tiller num-

ber under growth chamber conditions (Table 4) and ear-
lier experiments (Tables 1 and 2) are caused mainly by
the higher temperatures and light intensities under sum-
mer greenhouse conditions. The reductions in dry weight

- N W e o =
| 1 | 1 | | |

Total translocation (% of absorbed)

(-]

of total shoots and in the fresh weight of the main shoot
and tillers (excluding T1) were least when imazametha-
benz was applied to T1 only. This implied that the most

active imazamethabenz action and the most useful site
for efficient control of wild oat were at the main shoot.

A4 8 %
Hours after imazamethabenz treatment
[ istleafof T1 B}  1stieat of main shoot

This experiment demonstrated the importance of direct
contact between preexisting tillers and herbicide solution

Fig. 1. Absorption (A) and total translocation (B) of‘Climazametha-

for effective control on these tillers. Herbicide efficacy penz when applied to first leaf of T1 or first leaf of main shoot of wild
on the preexisting tiller T1 was improved by directly oat plant at stage 13,2%ertical barsindicate standard errors.
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treated with imazamethabenz on T1 only, and since ap- from the main shoot or parent shoot (Lauer and Simmons
plication of imazamethabenz to the main shoot only re- 1985, 1988, Quinlan and Sagar 1962, Rawson and Hof
sulted in the reduction of the fresh weight of the preex- stra 1969). Thus, imazamethabenz absorbed by such
isting tiller T1, we inferred that there was imazametha- tiller is unlikely to leave because its translocation out of
benz translocation between tillers and the main shoot. a leaf is mainly with the mass flow of photoassimilates
The results of the study with labeled imazamethabenz (Little and Shaner 1991). When a tiller has two expanded
confirmed this inference. leaves, as was the case with T1 in the radioactive labe
study, it becomes more self-sufficient but normally does
not yet export its photosynthetic products out of the tiller
(Marshall and Sagar 1968). Thus?¢]imazamethabenz
absorbed by the first leaf of T1 was poorly allocated to
plant parts other than T1 compared with the labeled her-
[**C]imazamethabenz absorption and total translocation bicide absorbed by the first main shoot leaf.

are shown in Fig. 1. Increased herbicide absorption by From efficacy measurements and the patterns of ab.
the first lamina of T1 was probably because the first sorption and translocation ot{Climazamethabenz, we
lamina of T1 was younger and therefore may have had have found that (1) although the greater leaf area con-
less wax and a thinner cuticle layer than the first lamina tributed by TO and T1 may increase herbicide intercep-
of the main shoot. The distribution of{Climazametha-  tion per plant, their existence also increased total shoo
benz in different parts of the plant is displayed in Fig. 2. dry weight by a similar extent; (2) according to values at
Only 7% of absorbed imazamethabenz was translocatedthe termination of the experiment, application of
with 93% of absorbed herbicide remaining in treated imazamethabenz to plants at the three-leaf stage with twe
leaves (Fig. 2B). This is consistent with our previous tillers reduced fresh weight in the main shoot, total
report (Chao et al. 1994b). Of the translocated tillers, and total shoots to about the same extent as
imazamethabenz in T1 treatment, 50% remained in T1 imazamethabenz application to plants at the two-leaf
(excluding the treated first leaf of T1), 25% and 20% stage without tillers; and (3)'{Climazamethabenz was
were, respectively, allocated to the main shoot and roots, more evenly translocated through the whole plant when
and 5% was detected in other tillers. However, in the **C-herbicide was applied to the first main shoot leaf
treatment in which’Climazamethabenz was applied to rather than to the first leaf of T1. It is concluded that the
the first lamina of the main shoot, the allocation of total presence of early tillers during herbicide application nei-
translocated imazamethabenz 96 h after herbicide appli-ther increased nor decreased imazamethabenz efficacy i
cation was 38% to roots, 33% to the main shoot (exclud- wild oat.

ing the first main shoot leaf), and nearly 30% to all
tillers. Thus, whert“C-herbicide was applied to the main
shoot leaf, any translocated’C]imazamethabenz was
better allocated over the whole plant than when it
was applied to the first leaf of the T1 tiller. The greater
translocation to the roots, found whefi¢limazametha-
benz was applied to the first main shoot leaf, may
have a profound inhibitory effect on whole plant growth.
This result also explains why equivalent amounts of
imazamethabenz applied to the main shoot only pro-
duced better control on the whole plant than when ap- Carlsson BA, Callaghan TV (1990) Programmed tiller differentiation,
plied to the whole plant (both main shoot and tiller) and intraclonal density regulation and nutrient dynamicsGarex

Study of Absorption and Translocation of
[*“C]-Imazamethabenz
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