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Abstract

by low temperatures, short photoperiods, and low
nitrogen supply. Tuberization is characterized by a
shortening of internodes and a thickening of the
rhizome at its apex.
Buds do not form at all nodes of yellow
nutsedge tubers. Usually, mature tubers have three
to seven buds at the apical nodes only (2, 10).
Buds are dormant when formed and require a cold
treatment or leaching to break dormancy (14).
Eventually, one or two buds break dormancy and
sprout, exercising a suppressing dominance over
the remaining buds (2). If those sprouts are killed,
an additional one or two buds may break dormancy and sprout, a process which may continue
until all buds have sprouted. The onset of dormancy in the field coincided with seasonal patterns of
abscisic acid (ABA) content of tubers, which increased gradually from the end of summer until
November when it reached its highest level (7). No
free ABA was detected in tuber extracts in April
when tuber sprouting reached a maximum.
It may be obvious that tubers are the perennating
organs where environmental factors such as frost or
drought kill existing yellow nutsedge plants. In the
event their production could be prevented or their
buds inactivated, the means of propagation would be
lost. An approach to achieving this objective might
be found by applying cytokinins, or herbicides
which mimic cytokinin action, in late summer or
early autumn to break bud dormancy in developing
tubers. Research was, therefore, conducted to
determine the effect of cytokinins and herbicides
mimicking cytokinin action in breaking bud dormancy in developing tubers of yellow nutsedge.

Yellow nutsedge plants, which had been
cultured in long-day conditions to promote
vegetative growth, were subjected to short-day,
tuber-inductive conditions for various durations
prior to treatment with SD-8339, metolachlor, and
alachlor. Percent of developing tubers that sprouted,
number of sprouts per tuber, and sprout length
were criteria used to measure response to treatment. All three chemicals broke bud dormancy and
enhanced sprouting, but SD-8339 was most effective . The most effective concentration was 10 M.
Overall, the greatest response to duration of the
tuber-inductive pre-treatment occurred at 21 days.
The water control evoked essentially no response
from the developing tubers. These results suggest
that late summer applications of herbicides having
a cytokinnin effect might be an effective alternative for yellow nutsedge control. Nomenclature:
alachlor, 2-chloro-N-(2, 6-diethylphenyl)-N(methoxymethyl)acetamide; metolachlor, 2-chloro-N-(2ethyl-6-methylphenyl)-N-(2 -methoxy-1-methylethyl)
acetamide; SD-8339, N-benzyl-9-(tetrahydro-2Hpyran-yl)-adenine; yellow nutsedge, Cyperus
esculentus L.

Introduction
It has been suggested that rhizomatous, perennial
weeds might be preconditioned or their growth
might be altered to predispose them to otherwise
ineffective herbicides (1). Previous reports have
discussed the breaking of bud dormancy in mature
tubers of purple nutsedge (Cyperus rotundus L.)
and of yellow nutsedge by cytokinins and herbicides having some cytokinin-like effects (3, 4, 11,
12, 13 ). This aspect is extremely important in the
control of these weeds because of their biology
and mode of reproduction.
Although seed is produced in both species,
reproduction is predominantly vegetative . In
yellow nutsedge, rhizomes originating from the
basal bulb may eventually differentiate at their
apex into either shoots or tubers. The shoots
become established plants and, in turn, produce
rhizomes. This cycle may occur several times per
season and is favored by high temperatures, long
photoperiods, and ample nitrogen in the soil (8,
9). Rhizome differentiation into tubers is favored

Materials and Methods
Macrocultures. Both macro- and mini-cultures
were used to expose developing tubers to treatment. The macro-cultures consisted of 4-L plastic
pails filled with quartz sand and equipped for
automatic irrigation (1). A timer-actuated pump
forced a nutrient solution from a 4-L jug into each
pail five times daily in a recirculating system. The
nutrient solutions were replaced weekly. The
cultures were kept in growth chambers and illuminated with 32 klux from fluorescent and incandescent lights. Two propagules were severed
from sprouted tubers and put in each sand culture
1

and exposed to the herbicides or cytokinin at rates
ranging from 0.1 M to 1 mM, plus the water control. They remained in the tuber-inductive conditions for an additional 10 days. As previously, the
number of tubers formed, the number that
sprouted, and the number of sprouts per tuber
were recorded . Additionally, sprout length was
recorded. There were four replications, analyzed as
a split-plot experiment, with duration of the tuberinductive period being main plots, chemicals being
subplots, and rates being sub-subplots . The means
were separated by LSD at the 0.05 level.

under 16-hour photoperiods and 30° C:28° C
light:dark temperatures for vegetative development. After 21 days, the photoperiod was reduced
to 12 hours for tuber induction, maintaining the
same light intensity and temperatures. Concurrent
with change of photoperiod, the cytokinin
SD-8339 was added to the culture solutions at 4,
40, and 400 M. Cytokinin treatment continued for
four days. An untreated water control was included in this randomized complete block design experiment with four replications .
The number of tubers formed, the number of
tubers which sprouted, and the number of sprouts
per tuber were recorded 14 days after treatment
initiation. The data were analyzed by analysis of
variance and the means were separated by Duncan's multiple range test at the 0.05 level.

Results and Discussion
Bud dormancy was broken in all developing
tubers of yellow nutsedge in the macro-cultures
where SD-8339 concentration exceeded 4 M (Table
1). Since the tubers were not dissected to determine the number of buds on each developing
tuber, it is not known whether all buds sprouted.
It is plausible to assume, however, that they did. It
is of special note that no buds of developing tubers
in the water controls sprouted. This contrasts with
the average of about 1. 5 sprouts from mature,
over-wintered tubers (2, 4).

Minicultures. The miniculture consisted of 32 by
120 mm test tubes inserted into 250 ml erlenmeyer
flasks containing 100 ml of nutrient solution. Each
test tube had a 5 mm hole in the bottom to permit
movement of solution. The tubes were threequarters filled with medium fine quartz sand, after
covering the hole with a small, glass-fiber plug.
The cultures were kept in growth chambers and
were illuminated with 32 klux from fluorescent
and incandescent lights.
In the initial miniculture experiments to evaluate
the dormancy-breaking response of developing
tubers to cytokinin only, one tuber was buried 1.5
cm deep in the sand of each culture. The cultures
were kept in 16-hour photoperiods and 30° C:25°
C light:dark temperatures for vegetative development. After 28 days, a short-day, tuber-inductive
condition of 10-hour photoperiods and 25° C:20°
C light:dark temperatures was initiated and continued to the end of the experiment. At seven-day
intervals after initiation of the tuber inductive,
short-day conditions, lots of cultures were exposed
to 1, 3, 6, or 9 mM solutions of SD-8339, in addition to a water control. After exposure to treatment for seven days, the number of tubers formed,
the number of tubers which sprouted, and the
number of sprouts per tuber were recorded. Each
experiment had four replications and was repeated
three times.
In subsequent miniculture experiments for
evaluating the dormancy-breaking response of
developing tubers to herbicides as well as to
cytokinins, propagules were cultured initially in 5
by 5 by 5 cm plastic pots and sub-irrigated with
nutrient solution. They were kept in growth
chambers in 16-hour photoperiods and 300 C:27o C
light:dark temperatures for 42 days for vegetative
development. They were then put in 10-hour
photoperiods with 27° C:25° C light:dark
temperatures for tuber induction. At seven-day
intervals after initiation of the tuber-inductive conditions, plants were transferred from the plastic
pots to test tube cultures (described previously)

Table 1. Percent of developing tubers that sprouted and the
number of sprouts per tuber produced in yellow
nutsedge macro-cultures in response to specific
concentrations of SD-8339a.
Tuber
response

SD-8339 concentration, M Water
400
40
4
control

Total sprouted

100 a

Sprouts/tuber

--------------------------(0/o)·----------------------·
100 a
10 b
Oc
···--·····-·-···--·····-···(O/o )··--····----------------2.8 a
3.3 a
1.0 b
oc

aMeans in each row with the same letter are not significantly
different at the 0.05 level by Duncan's new multiple range
test.

The same polarized response occurred in the
mini-cultures (Table 2), where no developing tubers
of the water controls sprouted, while all tubers
treated with SD-8339 sprouted. The most reliable
and effective criteria to evaluate breaking of bud
dormancy are the percent of tubers that sprout and
the number of sprouts per tuber. These data may
be complemented by data on sprout length.
The acetanilide herbicides mimicked cytokinin in
breaking bud dormancy of developing yellow
nutsedge tubers. There were significant differences
in the percent of developing tubers that broke dormancy and sprouted for each of the three independent variables (duration of the tuber-inductive
2

Table 3. Percent of developing yellow nutsedge tubers that
sprouted in response to various concentrations of
cytokinin or herbicide after specific durations of
tuber-inductive short-day pre-treatment conditions.

Table 2. Percent of developing tubers that sprouted and the
number of sprouts per tuber produced in yellow
nutsedge mini-cultures in response to specific concentrations of SD-8339a.
Tuber
response

SD-8339 concentration, mM
9
6
3
1

Water
control

Cone.

Duration of pre-treatment, days
7
14
21
28
35 Mean

(10-x M)
3
4
5
6
7

····-----------·---------(O/o)--···········--------0
61
18
22
31
55
15
40
40
70
56
44
98 100
85
31
88
80
28
75
54
46
14
43
0
23
34
60
27
29

Chemical

- - - - - - - - ( % )----- - ----------Total sprouted 100
100
100
100
O
----···· ----···--·····- --( O/o)---------------------Sprouts/tuber 1.3 b
2.2 a
1.3 b
1.2 b
Oc

SD-8339

aMeans in each row with the same letter are not significantly
different at the 0.05 level by Duncan's new multiple range test.
Metolachlor

pre-treatment period, chemical, and chemical concentration) and for their interactions (Table 3).
Percent sprouting of developing tubers was not
affected significantly by durations of the tuberinductive pre-treatment period between 14 and 28
days. However, response to shorter (seven days)
and longer (35 days) periods was significantly less.
The greatest response to chemical was evoked by
SD-8339, followed by metolachlor, then alachlor.
The greatest response to chemical concentration
occurred at the mid-range of 10 M and decreased
significantly at both higher and lower concentrations. The response evoked by metolachlor more
nearly followed the pattern of SD-8339 than did
alachlor.
There were also significant differences in the
number of sprouts per developing tuber for each of
the three independent variables and for their
interactions (Table 4). The number of sprouts per
developing tuber has a pattern similar to that
exhibited by the percent of tubers sprouting in
response to duration of the tuber-inductive pretreatment (Table 3). However, the patterns of the
number of sprouts per developing tuber were not
similar to data on the percent of developing tubers
that sprouted in response to chemical or chemical
concentration. There were not significant differences between metolachlor and alachlor in the
number of sprouts per tuber, but both had
significantly fewer sprouts per tuber than treatment
with SD-8339 (Table 4). In percent of tubers
sprouted, all chemicals differed from each other.
Chemical concentration caused greater differences
in number of sprouts per developing tuber than in
percent of tubers that sprouted, but the pattern of
skew was similar in both cases. Concentration of
SD-8339, however, evoked greater differences than
concentration of either metolachlor or alachlor.
Duration of the tuber-inductive pre-treatment
period had similar effects on the number of
developing tubers that sprouted and the number of
sprouts per tuber.

Alachlor

Mean

28

66

57

50

27

46

3
4
5
6
7

0
31
52
3
10

66
22
45
56
38

19
39
61
49
47

29
38
49
34
39

12
15
16
6
25

25
29
45
30
32

Mean

19

45

43

38

15

32

3
4
5
6
7

0
10
14
0
20

6
19
47
18
27

37
47
26
41
37

48
32
36
42
31

22
37
19
18
25

23
29
29
24
28

9

24

38

38

24

26

Water control
Mean, overall

0
19

4
45

9
46

34
42

6
22

11
35

LSD 0.05 values: 20.6,
9.2,
11.1,
11.9,
4.9,
5.3,
10.9,

chemical:concentration:duration;
chemical:concentration;
chemical:duration;
concentration:duration;
chemical;
concentration; and
duration .

Mean

Analysis of the complementary data on sprout
length indicated significant differences for each of
the three independent variables and for their interactions, except for the interaction of chemical
and duration of the tuber-inductive pre-treatment
period . In response to duration of the tuberinductive pretreatment, sprout length was greatest
for 21 days and decreased with both shorter and
longer durations (Table 5). SD-8339 treatment
allowed the greatest sprout length. Regarding
chemical concenatration, there was a higher percent of developing tubers that sprouted, a greater
number of sprouts per tuber, and also the greatest
sprout length in the 10 M treatments, decreasing at
both higher and lower concenatrations. As might
be deduced, the treatment with the greatest sprout
length was 10 M of SD-8339 and 21 days of tuberinductive pre-treatment. The herbicides apparently
had a pervading cytokinin effect in breaking bud
dormancy and promoting sprouting and also a
phytotoxic effect in reducing sprout length.
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Table 5. Length of sprouts produced by developing yellow
nutsedge tubers in response to various concentrations
of cytokinin or herbicide after specific durations of
tuber-inductive short-day pre-treatment conditions.

Table 4. Number of sprouts per developing yellow nutsedge
tuber produced in response to various concentrations of cytokinin or herbicide after specific durations
of tuber-inductive short-day pre-treatment conditions.
Chemical
SD-8339

Cone.
(1Q•X M)
3
4
5
6
7

Duration of
7
14

~re-t reatment,

21

28

days
35Mean

-----------------(0/o)------ ---------- ----0
1.2
1.3
1.1
0

1.3
1.3
2.4
1.3
1.0

1.1
1.0
2.3
1.1
1.1

0.5
1.4
2.0
1.1
1.1

1.0
1.2
1.4
0.8
1.0

0.8
1.2
1.9
1.1
0.8

Mean

0.7

1.5

1.3

1.2

1.1

1.2

3
4
5
6
7

0
1.4
1.0
0.2
0.8

1.3
0.9
1.1
1.1
1.0

1.1
1.2
1.2
1.0
1.2

0.8
1.0
1.2
1.6
1.0

0.5
0.8
0.5
0.2
0.8

0.8
1.1
1.0
0.9
0.9

Mean

0.7

1.1

1.2

1.1

0.6

0.9

3
4
5
6
7

0
0.8
0.6
0
0.8

0.2
0.6
1.1
1.0
0.8

1.0
1.2
1.0
1.0
1.1

1.0
1.0
1.1
1.0
1.1

0.8
1.1
0.8
1.0
0.5

0.6
0.9
0.9
0.8
0.8

Mean

0.4

0.7

1.1

1.0

0.8

0.8

Water control

0

0.2

0.5

0.8

0.5

0.4

Mean, overall

0.6

1.1

1.2

1.1

0.8

1.0

Metolachlor

Alachlor

LSD 0.05 values:

0.63,
0.28,
0.30,
0.36,
0.14,
0.16,
0.25,

Chemical
SD-8339

Cone.
(10-x M)
3
4
5
6
7

---------------------(mm)---------------------1.1 0.5
0
0.8
1.2
0.7
1.9
0.5
1.4
1.0 2.6 3.8
3.0
8.1
5.9
5.4
7.8
5.3
1.1
1.0
1.5
3.7
1.8
1.8
2.9
2.5 2.2
1.0
1.7
0
0.9

2.4

2.8

3.4

2.6

2.4

3
4
5
6
7

0
1.2
1.5
0.5
0.8

1.4
0.8
1.2
1.3
1.2

1.2
2.2
1.4
1.4
1.7

0.9
1.2
1.3
2.5
1.4

0.5
0.9
0.5
0.4
0.8

0.8
1.3
1.2
1.2
1.2

Mean

0.8

1.2

1.6

1.5

0.6

1.1

3
4
5
6
7

0
0.5
1.0

0.8

0.2
0.6
1.5
1.3
0.9

1.1
1.7
1.5
2.4
1.0

1.1
1.3
2.2
4.8
3.8

1.1
1.4
1.0
1.0
0.6

0.7
1.1
1.4
1.9
1.4

Mean

0.5

0.9

1.5

2.6

1.0

1.3

Water control

0

0.2

0.6

0.8

0.5

0.4

Mean, overall

0.7

1.5

3.0

2.5

1.4

1.6

Alachlor

LSD 0.05 values:

The disparity which may seem to exist regarding
sprouting in the water control treatments may
relate to the arbitrary nature of deciding when a
rhizome had begun to differentiate into a tuber and
whether it had sprouted. Second-party correlation
of the evaluations which were made by three different researchers through time may have resulted
in closer scrutiny by the last researcher. It should
be noted that sprout lengths in Table 5 are
recorded in mm and that many measurements are
very small.
In the meantime, parallel research on purple
nutsedge tubers has shown that the morphactin
CME 73170P (2-chloro-9-hydroxyfluoren-9carboxylic acid) and dicamba (3,6-dichloro-2methoxybenzoic acid) effectively break dormancy
(5, 6, 11). Pretreatment of tubers with morphactin,
which caused all buds to break dormancy,
enhanced the phytotoxic efficiency of glyphosate

Duration of ~ re-treatment, days
14
21
28
35 Mean

Mean
Metolachlor

chemical:concentration:duration;
chemical :concentration;
chemical :duration;
concentration :duration;
chemical;
concentration; and
duration.

7

1.70,
0.48,
1.00,
0.45,
0.45,
0.61,

·o

chemical:concentration:duration;
chemical:concentration;
concentration:duration;
chemical;
concentration; and
duration.

[N-(phosphonomethyl)glycine), which killed all
active buds (6).
If one were to extrapolate the currently reported
results of yellow nutsedge research to field conditions, one might expect that late summer applications of herbicides having a cytokinin-like effect,
such as the acetanilides, would be a desirable alternative for1yellow nutsedge control. This method
might be most effective in cooler temperate
climates where frost kills yellow nutsedge plants, if
relatively persistent herbicides were used.
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Breaking Bud Dormancy in Mature Tubers of Yellow
Nutsedge (Cyperus esculentus) with Metolachlor
Leo E. Bendixen, Segundo A. Ramirez, and Kil Uun Kim
Department of Agronomy
Abstract

corn belt (18) and one of the most troublesome
and costly weeds in cotton, corn, and soybeans in
the southeastern states (2, 21 ).
Yellow nutsedge reproduces vegetatively and by
seed. However, vegetative reproduction
predominates and results from rhizome production
originating at the basal bulb of plants. Rhizomes
differentiate at their apex into either shoots or
tubers. The shoots become established plants and,
in turn, produce rhizomes. This cycle may occur
several times per season. Rhizome differentiation
into shoots is favored by high temperatures, long
photoperiods, and ample nitrogen in the soil ( 11,
14). Rhizome differentiation into tubers is favored
by low temperatures, short photoperiods, and low
nitrogen supply. Tuberization is characterized by a
shortening of internodes and thickening of the
rhizome at its apex.
Mature yellow nutsedge tubers have several
buds, usually three to seven, at the apical nodes,
which are separated by very short internodes (5,
15). The buds are dormant and require a cold
treatment or leaching to break dormancy (20).
Seasonal patterns of abscisic acid (ABA) content of
yellow nutsedge tubers showed a gradual increase
of ABA from the end of summer until November,
when it reached its highest level (10). This coincided with the onset of dormancy in the field. In
April, when tuber sprouting reached a maximum,
no free ABA was detected in tuber extracts. One or
two buds usually break dormancy and sprout,
exercising a suppressing dominance over the
remaining buds. If those sprouts are killed, an
additional one or two buds may break dormancy
and sprout. This process may continue until all
buds have sprouted. Thus, yellow nutsedge tuber
morphology and physiology differ markedly from
tubers of purple nutsedge (23), where the apical
bud usually remains active (22).
In response to suggestions that rhizomatous
perennial weeds might by preconditioned or their
growth might be altered to predispose them to
control by otherwise ineffective herbicides (4), it
was demonstrated that 6-benzylaminopurine was
effective in breaking dormancy in buds of purple
nutsedge tubers (19). Subsequently, it was
demonstrated that perfluidone mimicked the
cytokinins by breaking bud dormancy in purple
nutsedge tubers (6).
Preliminary research on the toxicity of
metolachlor, alachlor, and perfluidone to yellow
nutsedge tubers in petri dish cultures showed a

Sprouting of mature, over-wintered yellow
nutsedge tubers was enhanced by applications of
the cytokinin SD-8339 at 1 mM and by
perfluidone, metolachlor, and alachlor at concentrations greater than 0 . 1 M. More buds of tubers
exposed to light broke dormancy than of tubers
kept in the dark. There was an interaction between
herbicide concentration and duration of treatment
in numbers of buds that broke dormancy of tubers
exposed to light . There was an inverse relationship
between number of sprouts and sprout length.
Cytokinins break bud dormancy and reduce shoot
growth in yellow nutsedge. Metolachlor mimics the
cytokinins in this respect, in addition to being
phytotoxic. Nomenclature: alachlor, 2-chloro-N(2, 6-diethylphenyl)-N(methoxymethyl)acetamide;
Metolachlor, 2-chloro-N-(2-ethyl-6 -methylphenyl)N-(2-methoxy- l -meth ylethyl)acetamide; perfluidone, 1, 1, l -trifluoro-N-[2-methyl-4-(phenylsulfonyl)phenyl)methanesulfonamide; SD-8339,
N-benzy 1-9-(tetrah ydro-2H-pyran-yl)-adenine;
yellow nutsedge, Cyperus esculentus L.

Introduction
Yellow nutsedge was identified as one of the
world's worst weeds (13). In the same survey
report, purple nutsedge (C. rotundus L.) ranked
number one. Since yellow nutsedge is more
tolerant of low temperatures, it is more widely
distributed in North America than purple nutsedge.
It survives as an important weed as far north a
Canada and Alaska (1, 7). Yellow nutsedge is
reported to be a weed of importance in 21 crops
in nearly 40 countries of the world, being a serious
or principal weed in 15 of those countries (7) . It is
listed in some countries as one of the three most
serious weeds of sugarcane (Saccharum officinarum L.), corn (Zea mays L.), and potato
(Solanum tuberosum L.). It is a serious or principal weed, worldwide, of those three crops, plus
cotton (Gossypium spp.) and soybean [Glycine
max (L.) Merr.), chiefly in southern Africa and in
North America. It has become a major weed problem in Zimbabwe (15). Among perennial weeds in
the United States, only quackgrass (Agropyron
repens (L.) Beauv.) ranked higher than these two
nutsedges in seriousness (7, 12). It is considered to
be the most troublesome perennial in most of the

6

analysis of variance, with treatment duration being
the main plots and concentration being the subplots. The means were separated by Duncan's
multiple range test at the 0 .05 level.

cytokinin effect in breaking bud dormancy. This
has been pursued in the present study of the
effect of metolachlor ·on bud dormancy in
yellow nutsedge.

Results and Discussion

Materials and Methods

Sprouting of mature, over-wintered yellow
nutsedge tubers was enhanced by the cytokinin
SD-8339 at 1 mM, based on the number of sprouts
per tuber (Table 1). As indicated by the water
control, all tubers customarily sprout, with an
average of 1.5 sprouts per tuber. This response of
enhanced sprouting in yellow nutsedge to SD-8339
is similar to that induced in purple nutsedge by
cytokinins (16, 19).
Since comparative responses to the different
herbicides is not the present intent and response to
all herbicides was similar, an average value
represents the three herbicides used, i.e .
metolachlor, alachlor, and perfluidone. At concentrations greater than 0 .1 M, all herbicides
significantly enhanced sprouting. This cytokininlike effect of these herbicides in yellow nutsedge
tubers is similar to that induced by perfluidone
(16, 6) and by the morphactin CME 73170P
(2-chloro-9-hydroxyfluoren-9-carboxylic acid),
dicamba (3,6-dichloro-2-methoxybenzoic acid), and
naptalam [2-((1-naphthalenylamino)carbonyl]benzoic acid] in purple nutsedge (16, 17).
The number of buds per tuber which broke dormancy in the water control remained statistically
unchanged from day 2 to 16 in the second series
of experiments evaluating the effect of metolachlor
on bud dormancy in mature yellow nutsedge
tubers. During that same period, there were significant increases in numbers of sprouts to metolachlor concentrations higher than 1 M (Figure 1).
These increases were greatest at 8 and 16 days
with the highest concentrations of metolachlor.

Mature yellow nutsedge tubers were dug from
fields near Columbus, Ohio, washed, rinsed for 15
minutes in a 5 percent (v/v) Clorox (sodium
hypochlorite) solution, and exposed to treat~ent
in petri d ish cultures. All tubers were stored m
plastic bags a 3° C until used, but when collected
in autumn they were stored for at least two weeks
before use to break bud dormancy. For exposure
to treatment, the tubers were placed in 12.5-cmdiameter petri dishes containing two sheets of
9-cm Whatman no. 1 filter paper to which 10 ml
of treatment solution was added .
In the first series of experiments there were five
tubers per treatment with three replications and
the duration of exposure was eight days . The
treatments were SD-8339, metolachlor, alachlor,
and perfluidone, each at 0.1, 1, 10, 100, and.l?OO
M in addition to the control treatment contammg
o~ly distilled water. The petri dishes were then
wrapped in black cloth to exclude light and placed
in a growth chamber at 30° C. The number of
sprouted tubers and the number of sprouts per
tuber were recorded at the end of treatment. The
data were analyzed by analysis of variance.
There were two sets of treatments in the second
series of experiments. Duration of exposure to
treatment in both sets was 2, 4 , 8, and 16 days.
There were four tubers per treatment with four
replications and each experiment was done twice.
Growth chamber controls provided a 12-hour
photoperiod, at 32 klux from fluorescent and
incandescent lights, with 30° C day and 27° C
night temperatures . At the end of the exposure
period the tubers were placed on clean filter paper
in clean petri dishes and moistened with 10 ml of
distilled water. The number of sprouted tubers, the
number of sprouts per tuber, and sprout length
were recorded at the end of the exposure period
and at 16 days after treatment initiation.
Tubers in the first set of the second series were
exposed to 0.1, 1, 10, 100, and 1000 M solutions
of metolachlor, in addition to the water control
treatment. The petri dish cultures were then
wrapped in black cloth and put in the growth
chamber. Tubers in the second set were exposed
to 0.5, 1, 5, 10, and 50 M solutions of metolachlor, in addition to the water control treatment .
Additionally, this set consisted of another set of
variables: light and dark. One set of treatments was
wrapped in black cloth to exclude light. The other
was not wrapped, but exposed to light.
These date were analyzed as a split plot by

Table 1. Number of sprouts per mature yellow nutsedge tuber
produced in response to various concentrations of
SD-8339 and herbicides. a
Concentration ( M)
Treatment

1000

SD-8339
Herbicideb

2 .8 a

100

10

1

Water

0.1

Control

----------------------------(No.)------------------------------1.5 be 1.4 be 1.1 c 1.8 b
1.5 be
2.0 ab 2.2 a 1.9 ab 1.4 c
1.5 c

aMeans in each row with the same letter do not differ significantly at the 0.05 level according to Duncan's multiple
range test.
bHerbicides used were metolachlor, alachlor, and perfluidone. Numbers shown are mean values for the three herbicides used .
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While the number of sprouts per tuber remained
statistically unchanged, shoot length increased
from 0.3 cm at day 2 to 9.4 cm, 10.5 cm, and 7.9
cm at day 16 for the check, 0.1 M, and 1 M of
metolachlor, respectively, each of which differed
significantly from the other. That shoot number
and shoot length are inversely related is to be
expected.
The average number of sprouts per tuber from
petri dish cultures exposed to light was significantly greater than cultures in the dark (Table 2).
There were also more sprouts produced by the
water controls in the light than in the dark. There
were significant differences in numbers of sprouts
per tuber in response to metolachlor concentration, both in the light and in the dark, with the
greatest reponse being centered at 5 M and
decreasing at higher and lower concentrations.
Note especially that all rates of metolachlor differ
significantly from the control, both in the light and
in the dark. There were no significant differences,
however, in response to duration of treatment
when data for 2, 4, 8, and 16 days of exposure
were recorded at 16 days after treatment initiation.
The only significant interactions among the three
independent variables of this experiment were
those of duration of exposure by herbicide concentration in cultures exposed to light, and in the
combined data. At the lowest .concentations, the
greatest number of sprouts were produced from
the shortest duration of exposure. However, the
opposite occurred at the highest concentrations
where the fewest number of sprouts were

Figure 1. Number of sprouts per mature yellow tuber produced
in response to various durations of exposure and
specific concentrations of metolachlor in petri dish
cultures.
3.0
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Shoot length remained statistically unchanged
from day 2 to 16 at the three highest concentrations of metolachlor, ranging between 0.2 and 0.7
cm per shoot, while the number of sprouts per
tuber increased as previously indicated in Figure 1.
The converse was true for the check treatment and
the two lowest concentrations of metolachlor.

Table 2. Number of sprouts per mature yellow nutsedge tuber produced
in repsonse to various durations of exposure in the light and the
dark to specific concentrations of metolachlor in petri dish cultures. a
Light Term
regimen
Dark
Light

Metolachlor concentration ( M)
0.5
1
10
5

Avg

50

(Days) -----------------------------------(No.)----------------------------------------Avg 1.8 c
3.1 a
3.3 a
3.3 a
3.2 a
2.5 b
2.9 b
2
4
8
16
Avg

Mean

Water
control

2
4
8
16
Avg

2.2
2.5
2.4
2.3

j
g-j
hij
ij

3.3
3.2
3.2
3.1

c-g
c-h
c-h
c-i

3.7
3.4
3.6
2.9

a-e
c-f
b-e
e-j

4.4
3.9
3.0
3.2

ab
abc
d- j
c-h

3.1
3.2
3.8
4.5

c-i
c-h
a-d
a

2.7 f-j
3.3 c-g
3.0 d-j
3.3 c-g

2.3 c

3.2 b

3.4 ab

3.6 a

3.6 a

3.1 b

2.1
2.1
2.0
2.1

3.6
3.0
3.1
2.9

3.6
3.3
3.5
2.9

3.9
3.8
3.0
3.2

2.9
3.3
3.7
3.8

2.4
2.9
2.8
2.8

h
h
h
h

2.1 d

a-d
ef
def
fg

3.2 b

a-d
b-f
a-e
fg

3.3 ab

a
ab
ef
c-f

3.5 a

fg
b-f
abc
ab

3.4 ab

3.2 a

gh
fg
fg
fg

2.8 c

3.0

avalues within each set of data with the same letter do not differ significantly
at the 0.05 level according to Duncan's multiple range test. Consider the
averages separately.
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produced from the shortest duration of exposure
(Table 2). This is illustrated by ranking the days of
exposure in decreasing order according to the
number of sprouts per tuber. At 0.5 M and I M the
order is 2, 8, 4, and 16 days, while at 10 M the
order is 16, 8, 4, and 2 days . The extreme values
relative to days of exposure at all concentrations
of metolachlor differ significantly from each other.
Several references indicate that sprouting was
not inhibited by metolachlor, but no mention was
made of enhancement of sprouting. The number of
shoots from yellow nutsedge tubers previously
treated with metolachlor in soil cultures, then
washed and potted in untreated soil, that subsequently emerged significanltly exceeded the
number that emerged from the untreated controls
(3). As little as I M metolachlor resulted in 50 percent reduction of shoot growth in four-day-old
propagules of yellow nutsedge in solution culture
(9). However, metolachlor did not inhibit
sprouting of tubers. It was further noted that
yellow nutsedge tuber sprouting was not
significantly inhibited by metolachlor at 3 . 5 M (8).
These latter references indicate that sprouting was
not inhibited, but no mention was made of
enhancement of sprouting.
The data presented here support the hypothesis
that metolachlor exerts a cytokinin-like effect on
mature tubers of yellow nutsedge by causing buds
to break dormancy and by inhibiting sprout
elongation. This effect is similar to that produced
in purple nutsedge by perfluidone (6).

6. Bendixen, Leo E. 1975. Cytokinin effects
induced in purple nutsedge by perfluidone.
Weed Sci. 23:445-447.
7 . Bendixen, L. E., and U. B. Nandihalli. 1987.
Worldwide distribution of purple and yellow
nutsedge (Cyperus rotundus and C.
esculentus). Weed Technol. 1:61-65.
8. Cornelius, A . ]., W. F. Meggitt, and D . Penner.
1985. Activity of acetanilide herbicides on
yellow nutsedge (Cyperus esculentus). Weed
Sci. 33:721-723 .
9. Dixon, G. A. and E. W. Stoller. 1982. Differential toxicity, absorption, translocation, and
metabolism of metolachlor in corn (Zea mays)
and yellow nutsedge (Cyperus esculentus).
Weed Sci. 33:225-230 .
10. Fernandez Muniz, B. and R. Sanchez Tames .
1982 . Seasonal patterns of growth regulators
in tubers of yellow nutsedge (Cyperus
esculentus). Weed Sci. 30:83-86.
I I.Garg, D . K., L. E. Bendixen, and S. R. Anderson.
1967. Rhizome differentiation in yellow
nutsedge. Weeds 15:124 128.
12. Holm, L. G .,]. V. Pancho,]. P. Herberger, and
D. L. Plucknett . 1979. A geographical atlas of
world weeds. John Wiley and Sons. Pages
114-118.
13. Holm, L. G., D. L. Plucknett,]. V. Pancho, and
]. P. Herberger. 1977. The world's worst
weeds. Distribution and biology. Univ. Press
Hawaii, Honolulu. Pages 8-24,125-133.
14. Jansen, L. L. 1971. Morphology and photoperiodic responses of yellow nutsedge . Weed
Sci. 19:210-219.
15. Lapham,]., D. S. H. Drenan, and L. Francis .
1985. Population dynamics of Cyperus
esculentus L. (yellow nutsedge) in Zimbabwe.
British Crop Protection Conf.- Weeds.
Pages 395-402.
16. Rehm, S. and R. El-Masry. 1976. The effects of
growth regulators and herbicides on purple
nutsedge (Cyperus rotundus L.). I. The effect
of sprout and root formation of dormant
tubers. Z. Acker- und Pflanzenbau 143:98-108.
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Biochemical Changes in Sprouting of Metolachlortreated Yellow Nutsedge (Cyperus esculentus) Tubers
Leo E. Bendixen and Ujjanagouda B. Nandihalli
Department of Agronomy
Abstract
of herbicides. However, since the syntheses
of nucleic acids (RNA, DNA) and proteins
depend on a continuous supply of metabolic
energy in the form of ATP, they might be
inhibited secondarily'' (7).
Ultrastructural modifications in apical meristems
of metolachlor-treated sorghum [Sorghum bicolor
(L.) Moench.] may have resulted from inhibition of
lipid synthesis or by alterations in membrane
structure (6). Another chloroacetamide, alachlor,
affected membrane permeability of mesophyll
protoplasts in oat, leading to membrane leakage
and decreased ion absorption (16). Metolachor
treatment also affected membrane permeability,
causing solute leakage from oat cells (10).
When untreated yellow nutsedge tubers were
induced to sprout successively, over 60 percent of
the dry weight, carbohydrates, starch, protein, and
oil present in the original tubers was exhausted
during the first sprouting (14). From 6 to 18 percent of those constituents was depleted during the
second sprouting and from 2 to 10 percent during
the third sprouting. It was reported that the shoot
material generated during each sprouting was
slightly greater than the corresponding loss of
tuber weight.
Since metolachlor induced buds of yellow
nutsedge tubers to break dormancy and caused
dwarfing of sprout growth in preliminary studies,
similar to responses of purple nutsedge to applications of cytokinins and perfluidone, research was
undertaken to define in greater detail the biochemical changes associated with metolachlor
treatment in sprouting yellow nutsedge tubers.

Yellow nutsedge tubers were incubated in the
dark for 14 days in 0, 10-7, 10-6, and 10-5 M of
metolachlor. Resulting sprouts were counted,
excised, dried, and weighed. Sugar, starch, protein,
and lipid content of the tubers was determined. A
positive linear response was observed between
metolachlor concentration and the amount of
sugar, starch, protein, and lipid respired during
sprouting, as also the number of sprouts produced,
but a negative response was observed for sprout
weight. The conversion of respired tuber constituents into sprouts had a calculated efficiency of
3 7 percent for the 1o-5 M metolachlor concentration and between 87 and 90 percent for the 0,
10-7 and 10-6 concentrations. Nomenclature:
met~lachlor, 2-chloro-N-(2-ethyl-6-methylphenyl)N-(2-methoxy-1-methylethyl)acetamide; yellow
nutsedge, Cyperus esculentus L.

Introduction
Metolachlor caused buds of yellow nutsedge
tubers to break dormancy and caused dwarfing of
sprout growth similar to the responses of purple
nutsedge (C. rotundus L.) to applications of
cytokinins and perfluidone [ 1, 1, 1-trifluoro-N[2-methyl-4(phenylsulfonyl)phenyl]methanesulfonamide] (2, 15). Napropamide[N,N-diethyl-2( 1-naphthalenyloxy)propanamide] inhibited sprout
and shoot development in purple nutsedge (11).
Alachlor [2-chloro-N-(2, 6-diethylphenyl))
-N-(methoxymethyl)acetamide] did not inhibit
sprouting of yellow nutsedge tubers but it inhibited
and killed newly emerged shoots (1).
Various chloroacetamide herbicides inhibited
growth and disrupted cell division and enlargement in test plants (3, 12). These responses may
have been caused by inhibition of protein synthesis
(5). Alachlor and metolachlor applications inhibited
growth rate and reduced mitotic indices in oats
(Avena sativa L.) and peas (Pisum sativum L.)
presumably resulting from an inhibition of cell
division and enlargement (4). The assumption that
herbicides have a direct effect on protein and
nucleic acid synthesis has been challenged,
however.
"The syntheses of nucleic acids and proteins
in plants have, with two exceptions, not been
proven to be primary targets for the actions

Materials and Methods
Tubers were collected from the field, washed,
surface sterilized in a 5 percent (v/v) sodium
hypochlorite (Clorox) solution for 10 minutes,
then stored at 4° C for at least 14 days to break
bud dormancy. Sets of 10 uniform tubers were
weighed and put in petri dishes on a sheet of filter
paper to which was added 20 ml of 0, 10-7, 10-6,
or 1o-5 M solutions of metolachlor in four
replicates. The petri dishes were wrapped in black
cloth to exclude light, then kept on alternating 12hour periods of 28° and 22° C for 14 days. Following treatment, the number of sprouted tubers and
the number of sprouts per tuber were
11

recorded. The sprouts were excised from the
tubers, oven dried, then weighed. The tubers were
frozen and lyophilized, then ground and assayed
for sugar, starch, protein, and lipid.

Figure 1. Number of sprouts and dry weight of sprouts produced
by yellow nutsedge tubers incubated in specific
concentrations of metolachlor in the dark for 14 days,
plus the controls.

Sugar and starch analyses. A 0.2 g sample of
ground, lyophilized tuber was homogenized and
the sugar extracted with 80 percent ethanol (17).
Starch was extracted from the residue with cold 72
percent perchloric acid (9) and sugars were
estimated colorimetrically by the anthrone method,
with glucose as the standard (17). Values were
expressed as a percent of the original sample
weight .
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Lipid analysis. A 0.5 g sample of ground,
lyophilized tuber was homogenized for three to
four minutes with 6 ml of a chloroform:methanol
(1 :2, v/v) mixture. To this mixture, 2 ml of
chloroform was added and blended for one
minute, then 2 ml of water was added and blended
for one minute. The homogenate was filtered, with
slight suction through Whatman #1 filter paper on
a Buchner funnel, into a pre-weighed test tube.
The filtrate was allowed to stand until separation
and clarification were complete. The alcohol layer
was pipetted off and discarded. The chloroform
layer containing the lipids was dried with a stream
of nitrogen gas, keeping the sample in a water bath
at 50° C. The residue was dried further in a
vacuum desiccator. The weight of the residue was
determined by difference and expressed as a percent of the original sample weight.

c;;

.s
~
~

~

"C

s

:2

a.

en

Metolachlor concentration (1 o-· M)

affected utilization of tuber reserves in sprout
growth. Furthermore, even though more buds
broke dormancy and sprouted, the sprouts were
increasingly smaller as metolachlor concentration
increased.
Initial dry weight of the treated tubers averaged
75, 66, 72, and 68 mg/tuber for the 0, 10-7, 10-6,
and 10-s M treatments, respectively, while the
unimbibed tubers averaged 72 mg. The unimbibed
tubers contained 5.4 percent sugar, 36.5 percent
starch, 8.2 percent protein, and 5.5 percent lipid.
Only about 0.1 percent of the original dry weight
of the unimbibed tubers was respired during the
14-day course of these experiments.
Positive correlations were seen between
metolachlor concentration and loss of all tuber
constituents, when the loss of those constituents
during the sprouting process was calculated on the
basis of sprout dry matter production (Figure 2).
About 83 percent of protein loss, 86 percent of
lipid loss, and 88 percent of carbohydrate loss during sprout production could be attributed to
metolachlor treatment. In comparing utilized
energy of plant or animal constituents, glucose
produces about 4 kcal/g, protein about 4 kcal/g,
and lipid about 9 kcal/g. From these data and the
amounts of each constituent lost during sprouting,
an adjusted value was calculated for the constituents respired per unit of sprout produced. As
expected, this value was positively correlated with
metolachlor concentration (Total, Figure 2). About
87 percent of the response was attributed to the
treatment.
The Gibbs free energy change at pH 7 for complete oxidation of 1 mole of glucose (180 g) is
12870 kj (686 kcal), which is the energy in the
reactants of respiration, considring production of
36 mooles of ATP (13 ). The Gibbs free energy

Protein analysis. A 0 .2 g sample of ground,
lyophilized tuber was analyzed for organic nitrogen
by micro-kjeldahl digestion. Protein was estimated
as 6.25 times the nitrogen value and expressed as a
percent of the original sample weight .
All data were evaluated by analysis of variance
and by regression analyses. The experiment was
done three times.

Results and Discussion
The significant differences in number of sprouts
produced per tuber by the end of the treatment
period were positively correlated with herbicide
concentration (Figure 1). About 99 percent of the
response could be attributed to metolachlor treatment. However, the number of sprouts produced
per tuber by the controls was not significantly less
than for the lowest herbicide concentration of 1o-7
M . In contrast, sprout dry weight per tuber was
negatively correlated with metolachlor concentration, with about 97 percent of the response being
attributed to treatment. Also, in contrast, sprout
dry weight per tuber for the control was significantly greater than that of the lowest metolachlor
concentration. This illustrates that even the lowest
rate of applied metolachlor (I0-7 M) adversely
12

amount of energy was being dissipated as a result
of tissue exposure to metolachlor at the 1o-5 M
concentration, but not at the lower concentrations.
Research cited previously, relating metolachlor
toxicity to its effect on protein synthesis, lipid
metabolism, and cell mitotic indices, and any
associated response lag phases (8), seems not to be
directly relevant to the results presented herein.
While there was a continual decrease in sprout
weight with increases in metolachlor concentration
(Figure 1), the amount of tuber proteins and lipids
respired during sprouting per unit of sprout dry
matter produced was relatively constant for the
two lower concentrations, but increased at the
10-5 M metolachlor concentration (Figure 2).
The results of this research show that yellow
nutsedge tuber metabolism is drastically altered
when tubers are exposed to metolachlor concentrations approaching 1o-5 M. These alterations include accelerated metabolism of proteins and
lipids, as well as carbohydrates. This altered
metabolism results in dissipation of about 2.4 times
as much energy in sprout production at 1o-5 M of
metolachlor as occurs in the control and the two
lower metolachlor concentrations. As a consequence of altered metabolism, surviving sprouts are
weak and but few would emerge through the soil
profile under field conditions. These results suggest
further that tubers in the field must be exposed to
metolachlor concentrations approaching 1o-5 M if
tuber metabolism is to be altered and this weed is
to be controlled effectively.

Figure 2. Mg of carbohydrates, proteins, lipids, and an
"adjusted total of constituents" lost per mg of sprout
produced during incubation in specific concentrations of metolachlor in the dark for 14 days, plus
controls.
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change for hydrolysis of the terminal phosphates
of those 36 moles of ATP is about -1140 kJ, which
gives an efficiency of about 40 percent. The
remaining 60 percent is lost as heat . When the
calculated conversion efficiencies of ''total tuber
dry weight loss" to "sprout dry weight accumulation" are compared, the conversion efficiency is
about 3 7 percent for the 1o-5 metolachlor concentration and between 87 and 90 percent for the two
other concentrations and the control. If conversion
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Chlorimuron for Yellow Nutsedge (Cyperus
esculentus) Control in Soybeans (Glycine max)
Krishna N. Reddy and Leo E. Bendixen
Department of Agronomy
Abstract

foliar-applied herbicides in soybeans has been
rather inconsistent. Bentazon [3-(1-methylethyl)( lH)-2, 1, 3-benzothiadiazin-4(3H)-one 2, 2-dioxide]
selectively controls yellow nutsedge, when applied
in split applications 10 to 14 days apart and with
good coverage of the foliage by the spray solution
(14,16).
Since yellow nutsedge is sensitive to shade,
nutsedge control in soybeans was better in narrow
than in wide interrow spacings (4, 7). Therefore,
chemical control, coupled with planting soybeans
in narrow row spacing, can provide effective
nutsedge control.
Chlorimuron is a new herbicide for selective
weed control in soybeans . It controls many
broadleaf weeds and appears to be effective on
yellow nutsedge (5, 6, 8). The objective of this
two-year field study was to evaluate the efficacy of
chlorimuron to control yellow nutsedge in 25- and
76-cm interrow spaced soybeans.

A two-year study was conducted to evaluate
preemergence and postemergence applications of
chlorimuron for yellow nutsedge control in 25and 76-cm interrow spaced soybeans . Yellow
nutsedge was controlled more consistently by
postemergence than by preemergence applications
of chlorimuron. Soil type and weather conditions
influenced phytotoxicity of preemergence applications of chlorimuron. At least 80 percent control
of yellow nutsedge resulted from preemergence
application of chlorimuron at 80 g ae/ha and at
least 78 percent control from postemergence
application at 25 g ae/ha. Nomenclature:
chlorimuron, 2-[[[[(4-chloro-6-methoxypyrimidin-2y l)amino ]carbonyl]amino ]sulfonyl]benzoate; soybean, Glycine max (L.) Merr.; yellow nutsedge,
Cyperus esculentus L.

Introduction
Yellow nutsedge is a persistent weed in the
United States (3, 9, 11, 15) and throughout the
world (3, 9). It infests many agronomic and horticultural crops . In 1975, approximately 1.7
million hectares of soybeans (12 .6 percent) were
infested with yellow nutsedge in the North Central
Region of the United States (1) and the weed was
spreading. In the United States, yellow plus purple
(C. rotundus L.) nutsedge rank fifth in seriousness
among all weed species and second only to quackgrass [Agropyron repens (L.) Beauv.] as perennial
weed problems (9). Yellow nutsedge infestations
can seriously reduce crop yields. In soybeans, yield
losses up to 87 percent have occurred due to
yellow nutsedge infestation alone (10, 12, 17).
The ability to reproduce by tubers and rhizomes,
removal of annual weed competition from increased
use of effective herbicides, and erratic yellow
nutsedge control by herbicides, all acting together,
have contributed to its rapid spread.
Among the soil-applied herbicides, alachlor
[2-chloro-N-(2,6-diethylphenyl)-N-(methoxymethyl)acetamide] and metolachlor [2-chloro-N(2-ethyl-6-methylphenyl)-N-(2 -methoxy-1-methylethyl)acetamide] can provide satisfactory control
of yellow nutsedge in soybeans (2, 7, 17).
However, they are more effective with preplant
incorporated than as preemergence applications .
Their effectiveness is often erratic on coarse textured soils (13). Yellow nutsedge control with

Materials and Methods
Yellow tmtsedge control in the field was
evaluated at Canal Winchester and Columbus,
Ohio, in 1985 and 1986, respectively. The soil
type at Canal Winchester was Kokomo silty clay
loam with 4.5 percent organic matter, whereas the
soil type at Columbus was Celina silt loam with
3.5 percent organic matter. The areas were naturally
infested with yellow nutsedge. The land was
plowed, disked, and then leveled with an S-tine
cultivator during the spring. 'GL-3610' soybeans
were planted in late May in 25- and 76-cm interrow spacings using conventional equipment . Plots
were 3- by 7-m and treatments were replicated
three times in a split plot design with interrow
spacing as main plots.
Metolachlor and bentazon were included as standard treatments for comparison . Preplant herbicides were applied just before planting, then all
plots, including those not treated, were immediately tilled to a depth of 5 to 7 cm with a Danish
S-tine cultivator with two rolling-basket levelers .
Preemergence applications were made within two
to three hours after soybean planting. Postemergence applications were made on June 26,
1985, and June 21, 1986, when soybeans were at
the third trifoliate stage and yellow nutsedge at the
four- to six-leaf stage . A non-ionic surfactant (X-77,
a blend of alkylarylpolyoxyethylene glycols,
15

were ineffective in controlling nutsedge in either
year. At 25 g/ha, postemergence applications of
chlorimuron injured soybeans initially. However,
they recovered from apparent injury within a week.
The results of this research give promise that
chlorimuron may offer a more effective alternative
for yellow nutsedge control in soybeans than was
heretofore available.

free fatty acids, and isopropanol) was added to the
spray solutions at 0 .2 percent (v/v) or postemergence applications. All herbicides were applied
broadcast using a C0 2 backpack sprayer calibrated
to deliver 236 L/ha. After planting, no further
cultivation was done.
Metribuzin [4-amino-6-( 1, 1-dimeth y leth y l)-3(methylthio)-l, 2, 3-triazin-5(4H)-one) at 0 .28 kg ai/ha,
and chloramben (3-amino-2,5-dichlorobenzoic
acid) at 2.3 kg ae/ha, were applied preemergence
as a tank mix after soybean planting to all plots for
general grass and broadleaf weed control.
Yellow nutsedge control was rated two and four
weeks after the postemergence application by
visually estimating control in the treated compared
to untreated plots . A rating scale of 0 = no control
and 100 = complete control was used .

Table 1. Yellow nutsedge control two and four weeks after
postemergence (POE) herbicide application, as
affected by chlorimuron rates and application times
in 25- and 76-cm row soybeans in 1985 and 1986.

Herbicide .
Chlorimuron
Chlorimuron
Chlorimuron

Rate
(g/ha)
40
60
80

Metolachlor

3400

PPI

33

33

63

63

5
15
25

POE
POE
POE

35
40
46

56
72
78

47
65
66

55
72
82

1100

POE

Results and Discussion
Yellow nutsedge control was better in the 1986
season than in the 1985 season (Table 1). Differences in soil type and rainfall probably influenced
the degree of nutsedge control. Rainfall during the
seven days after soil application was 1.42 cm in
1985 and 2.97 cm in 1986. Perhaps the lower
organic matter and adequate rainfall for herbicide
incorporation contributed to better performance of
the soil applied herbicides in 1986.
Nutsedge control did not differ significantly
between interrow spacings in either year (data not
shown). Other workers have reported better
nutsedge control in narrow than in wide row
spacing (4, 7). This may be due, in part, to differences in locations, varieties, etc . Nutsedge control in each row spacing was rated with reference
to its respective control, whereas a rating with
reference to a common control might have
revealed the row effects on nutsedge control.
Preemergence applications of chlorimuron
effected significantly better nutsedge control than
metolachlor (Table 1). Among the rates, control
from preemergence application of chlorimuron at
0.080 kg/ha was over 80 percent in both years at
both rating dates. In 1986, there was over 81 percent control at both rating dates for all three
preemergence rates. Further, differences in control
between the 60 and 80 g/ha rates were not significant, but control from both were significantly
better than the 40 g/ha rate. At 40 g/ha, chlorimuron had no apparent toxic effect on soybeans
(data not shown). At 60 g/ha and above, soybeans
were injured slightly initially, but they recovered.
At four weeks after postemergence applications,
chlorimuron control was significantly better at 15
g/ha and above than bentazon in both years. At the
second rating in 1985, control by chlorimuron was
significantly better at 25 g/ha than 5 g/ha, whereas
all three rates differed significantly from each
other in 1986 . Chlorimuron at 5 g/ha and bentazon

Time after application (weeks)
1985
1986
Time
2
4
2
4
-----------(% control)--------PRE
61
81
81
63
PRE
67
68
93
93
81
PRE
80
98
98

Chlorimuron
Chlorimuron
Chlorimuron

26

50

55

60

Control

Bentazon

0

0

0

0

LSD (0.05)

22

22

9

8
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Soybean (Glycine max) Competition Helps Imazaquin
Control Yellow Nutsedge (Cyperus esculentus)
Ujjanagouda B. Nandihalli and Leo E. Bendixen
Department of Agronomy
Abstract

one 2,2-dioxide] has selectively controlled yellow
nutsedge in soybeans, particularly when applied in
split postemergence applications, 10 to 14 days
apart (11).
Since yellow nutsedge is shade intolerant, early
chemical suppression, coupled with increased
competition from planting soybeans in narrow
interrow spacings, can significantly reduce
nutsedge populations (10). Narrow interrow
spacings also increase crop yield, decrease weed
yield, reduce or eliminate tillage, and reduce herbicide application rates (2, 6, 14, 15).
Imazaquin, used mainly for broadleaf weed control in soybeans, also is toxic to yellow nutsedge
(9) and can be applied preplant incorporated, preemergence, or postemtegence. Preplant incorporated
applications have most consistently controlled weeds
(9). In a comparison of imazaquin application
methods, preplant incorporated treatments acceptably controlled of yellow nutsedge better than
postemergence or preemergence treatments (5, 7).
The objective of this two-year field study was to
investigate the effects of imazaquin rates and application methods and soybean interrow spacings on
yellow nutsedge control.

Field experiments were conducted during 1984
and 1985 to evaluate the effects of imazaquin rates
and application methods and soybean interrow
spacings on yellow nutsedge control. At 30 days
after planting, nutsedge control between the two
row spacings did not differ. However, at 60 and
90 days after planting, nutsedge control in 25-cm
rows was significantly better than in 76-cm rows.
Application method did not affect yellow nutsedge
control. In wide rows, preplant incorporated was
better than postemergence application in 1984 but
not in 1985. Nutsedge control among imazaquin
rates in narrow rows did not differ. Regrowth
from foliar treated nutsedge plants was evident at
herbicide rates of 0.25 kg/ha and lower.
Nomenclature: imazaquin, 2-[4,5-dihydro-4-methyl4-( l-methylethyl)-5-oxo- lH-imidazol-2-yl]-3quinolinecarboxylic acid; soybean, Glycine max
(L.) Merr.; yellow nutsedge, Cyperus esculentus L.

Introduction
Yellow nutsedge ranks as one of the major weed
problems in the world (4). In 1975, yellow
nutsedge infestation in soybeans in the United
States was estimated to be 1. 7 million ha ( 1) and
had been increasing rapidly (12). The spread of
yellow nutsedge has been attributed to its
reproduction by tubers and seeds, removal of competition by other weeds, and lack of effective herbicides for nutsedge control. The general perception is that tillage has not effectively controlled
yellow nutsedge but has increased the problem by
distributing tubers across larger areas ( 1).
Several soil and foliar applied herbicides have
provided variable yellow nutsedge control in soybeans (7, 8, 11, 13, 16). At present, soil applications of the chloroacetamide herbicides alachlor
[2-chloro-N-(2,6-diethylphenyl)-N-(methoxymethyl)
acetamide] and metolachlor [2-chloro-N(2-ethyl-6-methylphenyl)-N-(2-methoxy-l-methylethyl)acetamide] seemed to control yellow
nutsedge in soybeans satisfactorily (3, 15).
However, these herbicides require soil incorporation, either mechanically or by the leaching
ction of rainfall. Foliar applied herbicides have not
consistently controlled nutsedge in soybeans, often
requiring repeated applications (13) . Bentazon [3(1-methylethyl)-(lH)-2, 1, 3-benzothiadiazin-4(3H)-

Materials and Methods
Experiments were conducted in fields infested
with yellow nutsedge at two locations, Columbus
and Canal Winchester, Ohio, during 1984 and 1985,
respectively. Soil type at Columbus (Site I) was
Celina silt loam with 3. 5 percent organic matter,
whereas the soil type at Canal Winchester (Site II)
was Kokomo silty clay loam with 4.S percent
organic matter. Th~ land was plowed and disked,
then leveled with an S-tine cultivator.
lmazaquin rates of 0, 0 .125, 0.188, 0 .250, and
0.313 kg ai/ha in 1984 and 0, 0.125, 0.188, 0.250,
and 0.375 kg ai/ha in 1985 were applied with a
C0 2-pressurized backpack sprayer delivering 230
L/ha. The same rates were used for postemergence
as for preplant incorporated applications, except that
0.375 kg/ha replaced the 0.188 kg/ha rate in 1985 .
Treatments were made at the third trifoliate stage of
soybeans and four-leaf stage of yellow nutsedge.
Standard treatments of metolachlor at 3 kg ai/ha
(Preplant incorporated) and bentazon at 1 kg ai/ha
(postemergence) were included in the study for
comparison.
18

A surfactant, oxysorbic (20 postemergence)
(polyoxyethylene sorbitan monolaurate), was
added to the spray solutions at 0.25 percent (v/v).
Incorporation was accomplished by one pass with
a Danish S-tine cultivator with two rolling baskets,
set at a 5-cm depth. 'GL-3610' soybeans were
planted in 25- and 76-cm interrow spacings, respectively, in 3- by 7-m plots. A preemergence broadcast application of metribuzin [4-amino-6-(1,1dimethylethyl)-3(methylthio)-1,2,4-triazin-5- (4H)one] at 0.25 kg ai/ha, plus chloramben (3-amino-2,
5-dichlorobenzoic acid) at 2.0 kg ae/ha was made
for annual grass and broadleaf weed control.
The experimental design was a randomized
complete block, with four replications.
Yellow nutsedge control was rated visually at
30-day intervals after planting. A rating scale of
0 = no control and 100 = complete control was
used. Plots were evaluated three times in 1984,
but heavy rainfall damaged the plots after the
second rating in 1985 and a third rating was not
made.

sooner when the soybeans were planted in 25-cm
row spacings than in 76-cm row spacings. This
facilitated herbicide effectiveness in the 25-cm row
spacings, since nutsedge lacks shade tolerance.
However, since the soybeans in 25-cm row
spacings had not developed sufficient canopy by
30 days after planting to suppress nutsedge
growth, nutsedge control between 25- and 76-cm
interrow spacings did not differ.
In 1984, imazaquin applied preplant incorporated at 0.188 kg/ha and above controlled yellow
nutsedge acceptably in both row spacings for t_h e
initial 60-day period. However, control was less in
wide than narrow rows at 90 days after planting,
except at the 0.313 kg/ha rate. Overall, a similar
trend occurred in 1985, except that the rates in
narrow rows at either 30 or 60 days after planting
did not differ. In wide rows, 0.25 kg/ha controlled
significantly better than 0.125 kg/ha.
When imazaquin was applied postemergence in
the 25-cm rows, effectiveness of nutsedge control
among herbicide rates did not differ during either
year. However, in the 76-cm rows, the 0.313 and
0.375 kg/ha rates controlled significantly better than
0.125 kg/ha. At rates of 0.25 kg/ha and less, tillers
were produced from the bases of nutsedge plants.
Metolachlor applied preplant incorporated provided better season-long control than imazaquin.
Also, in comparing nutsedge control in wide rows,
it seemed metolachlor was more toxic than imazaquin to yellow nutsedge. Foliar applied bentazon

Results and Discussion
Nutsedge control was significantly better in 25than in 76-cm interrow spacings at 60 days after
planting both years and at 90 days after planting
in 1984, but not at 30 days after planting (Tables
1 and 2). A total soybean canopy developed much

Table 1. Percent control of yellow nutsedge in soybeans at 30, 60, and 90 days
after planting (DAP) in response to imazaquin rates, application methods, and
interrow spacings, 1984.
30 DAP

Herbicide
lmazaquir;
lmazaquin
lmazaquin
lmazaquin
Metolachlor
lmazaquin
lmazaquin
lmazaquin
lmazaquin
Bentazon
Control

Rate
(kg/ha)
0.125
0.188
0.250
0.313
3.0
0.125
0.188
0.250
0.313
1.0

ppi
ppi
ppi
ppi
ppi
poe
poe
poe
poe
poe

60 DAP
90 DAP
lnterrow spacing (cm)
25
76
25
76
25
76
----------(%control)--------76
76
75
58
70
48
92
84
82
75
75
60
93
86
84
73
76
65
96
91
85
74
81
75
91
94
100 96
100 96
50
70
41
85
85
48
79
50
84
60
78
58
85
66
80
54
84
95
86
91
0
0
0
0
0
0

LSD (0.05)b

Row spacing (means)
LSD (0.05)c

11
74

72

4

11

15
77

63

4

appi=preplant incorporated; poe=postemergence.
bLSO for comparing herbicide by row interaction means within a given OAP.
cLSO for comparing row spacing means within a given OAP.

19

71

58

3

4. Holm, L. G., D. L. Plucknett, J. V. Pancho,
and J. P. Herberger. 1977. The world's worst
weeds. Distribution and biology. The Univ.
Press Hawaii, Honolulu, p. 125-133.
5. Kapusta, G. 1985. Evaluation of fenoxan,
imazaquin, and AC-263,499 for weed control
in soybeans. Proc. North Cent. Weed Control
Conf. 40:86.

Table 2. Percent control of yellow nutsedge at 30 and 60
days after planting (OAP) in soybeans in response
to imazaquin rates and application methods and
interrow spacings, 1985.
30 OAP

Herbicide

Rate
(kg/ha)
lmazaquin
0.125
lmazaquin
0.188
lmazaquin 0.250
Metolachlor 3.0
lmazaquin
0.125
lmazaquin
0.250
lmazaquin
0.375
Bentazon
1.0
Control

Tim ea
ppi
ppi
ppi
ppi
poe
poe
poe
poe

lnterrow spacing (cm)
76
25
76
----(% control)-42
65
45
63
65
75
50
55
65
65
78
68
72
73
73
83
43
60
67
50
63
67
62
67
0
0
0
0
25

LSD (0.05)b

Row spacing (means)
LSD (0.05)C

60 OAP

21
53

7. Landwehr,]. S., and G. Kapusta. 1985.
Evaluation of imazaquin application methods
in soybeans. Proc. North Cent. Weed Control
Conf. 40:86.
8. Obrigawitch, T. ]., R. Abernathy, and
]. R. Gipson. 1980. Response of yellow
(Cyperus esculentus) and purple (C. rotundus)
nutsedge to metolachlor. Weed Sci.
28 :708-715.

20
47

8

6. Lacroix, M., and A. K. Watson . 1986.
Cropping to suppress yellow nutsedge. Abstr.
Weed Sci. Soc. Am. p. 5.

62

50
7

9. Orwick, P. L., P. Martin., R. R. Fine,
0 . Baroni, and R. G. Rowcotsky. 1983.
Field studies on AC 252 214-A new broadspectrum herbicide for soybeans. Ninth
Asian-Pacific Weed Control Conf. p 461-466.

appi =prep Iant incorporated; poe=postemergence.
bLSO for comparing herbicide by row spacing interaction
means within a given OAP.
cLSO for comparing row spacing means within a given OAP.

10. Peters, E. ]., M. R. Gebhardt, and J. F. Stritzke.
1965. Interrelations of row spacing,
cultivations and herbicides for weed control
in soybeans. Weeds 13:285-289 .

was superior to foiliar applied imazaquin in 1984
but not in 1985 .
Overall, nutsedge control was better in 1984 than
in 1985 . This appears to be due to differences in
soil type and weather conditions between the two
locations and years. Site I was a well-drained
upland soil whereas Site II was a poorly drained
soil. In 1984, there was a drought from June to
August whereas during the same period in 1985
rainfall was adequate and evenly distributed.

11. Stoller, E. W., L. M. Wax, and R. L. Matthiesen.
1975. Response of yellow nutsedge and
soybeans to bentazon, glyphosate, and
perfluidone. Weed Sci. 23:215-221.
12. U.S. Department of Agriculture. 1972 . Extent
and cost of weed control with herbicides and
an evaluation of important weeds, 1968.
USDA-ARS, Headquarters, ARS-H-1.
13. Wax, L. 1975. Control of yellow nutsedge in
field crops. Proc. North Cent. Weed Control
Conf. 30:125-1 28.
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