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Abstract

The effect of additives to a commercial formulation of glyphosate on the uptake of added 14C labelled glyphosate
by Cyperus rotundus (purple nutsedge) was studied in the laboratory. Both 1% ammonium sulfate and 1% diesel
oil plus the surfactant Triton X-45 improved penetration 24 h after treatment but not after 1 or 2 h. The mixture
with ammonium sulfate and Triton X-45 was tested for the control of C. rotundus in the field. It was not
significantly better than the unamended formulation at 1.5 kg a.e. ha'1 but lower application rates (0.75 and
0.5 kg a.e. ha"1) were at least as effective as mechanical control.

1. INTRODUCTION

The objective of this phase of the co-ordinated research programme was to evaluate the effects
of adding oil and ammonium sulfate to a commercial formulation on the foliar penetration of
glyphosate in Cyperus rotundus (purple nutsedge) 1, 2 and 24 hours after treatment and to
select the most effective mixture for a field test of toxicity to this weed.

2. MATERIALS AND METHODS

2.1. Laboratory experiments

Three experiments were carried out from August to December 1995 based on the protocols
developed at the second Research Co-ordination Meeting.

Tubers of Cyperus rotundus were collected from the CORPOICA (Corporation de
Investigaciones Agropecuarias) Research Station "Nataima", located on the Tolima Valley,
Colombia. Plants (one plant/pot) were grown in the glasshouse of the Agronomy Faculty,
National University of Colombia, Bogota. The temperatures recorded in the glasshouse were
14°C (min.) and 38°C (max.). We selected uniformly developed plants at the 5-6 leaves
stage, and the second youngest completely expanded leaf was treated with 8 |iL of 14C-
glyphosate solutions (experiments 1 and 2) or 4 (xL (experiment 3). In all cases, each plant
was treated with 1.48 kBq (0.04 uCi, 88 000 dpm) of 14C-glyphosate. Twenty four, 1 or 2
hours after treatment, the treated leaf was washed with 3 mL of the following two solutions:

1. Distilled water + surfactant Agrotin (0.5%).
2. Distilled water (9%) + Acetone (1%) + surfactant Agrotin (0.5%).

Radioactivity in the washes and 14C-glyphosate solutions (to check the application rate) were
counted in a Beckman Scintillation Counter. Ten (10) mL samples of a scintillation cocktail
for aqueous solutions were used. Also, C. rotundus injury was recorded at 15 and 30 or 36
DAT using a visual score (Table 1). Ten (10) untreated C. rotundus plants per repetition in
each experiment were used as controls.
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TABLE 1. PHYTOTOXICITY VISUAL SCALE (J.C. Caseley, 1995, pers. comm.)

7 = Untreated control.
6 = Slight inhibition of growth, chlorosis or epinasty.
5 = Clear inhibition of growth, marked chlorosis or epinasty
4 = Stunted, extreme chlorosis and necrosis, and twisting steams.
3 = Extensive stunting, necrosis, few leaves green and twisting steams.
2 = Extensive stunting, some collapse, necrosis, very little green tissues (desiccated plants).
1 = Moribund plants, but some green tissues. Buds may be alive.
0 = Dead. No green tissues.

The amount of Triton X-45 needed to emulsify 1% oil in "Roundup" in the presence of
ammonium sulfate (1%) was estimated. A concentration of 0.2% of Triton X-45 held this
mixture in a stable emulsion for 5 minutes; 6% was needed to maintain an emulsion
overnight.

2.2. The field experiment

"Roundup" + ammonium sulphate (0.5% w/v) + Triton X-45 (0.2% v/v) was the most
economical and practical option to increase glyphosate penetration in C rotundus in the
greenhouse studies. Therefore, this formulation was tested for efficacy of control of
C. rotundus under field conditions in 1996-1997. Three glyphosate rates were evaluated and
compared with the unamended commercial glyphosate formulation "Roundup".

The field experiment was conducted at the International Center for Tropical Agriculture
(CIAT) located in Palmira, Cauca Valley, Colombia. Average temperature is 24 °C and
average annual rainfall is 1000 mm.

The following treatments were evaluated in cropped (rice) and uncropped plots :

1. Untreated.
2. Hand weeded control (three times: 15, 31 and 61 days after rice sown).
3. "Roundup" at 1.5 kg a.e. ha"1 unamended.
4. "Roundup" at 1.5 kg a.e. ha"1 amended with 0.5% w/v ammonium sulfate and 0.2% v/v

Triton X-45.
5. "Roundup" at 0.75 kg a.e. ha"1 amended.
6. "Roundup" at 0.5 kg a.e. ha"1 amended.

The glyphosate treatments were applied at 9 a.m. to one set of plots and at 9 p.m. to another
set.

The seed bed was prepared by ploughing and harrowing on October 2 1996 and immediately
flood irrigated. Cropped plots were 3.5 x 4 m and uncropped plots were 3.5 x 2.5 m. One day
before spraying glyphosate, numbers of C. rotundus shoots were counted on four 0.25 x
0.50 m quadrates per plot. Glyphosate treatments were applied on November 6 1996 using an
AZ sprayer with Tee-jet-8002 nozzles at a volume rate of 300 L ha"1 Three days after
glyphosate application, rice (c.v. Orizical) was sown in cropped plots. Irrigation was
maintained according to local practice. Nitrogen (urea 46%) was applied broadcast at a total
rate of 110 kg N ha"1. This dose was divided in three applications (November 22, December
19 1996 and January 12 1997).
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C. rotundus control was assessed in cropped plots 30, 60 and 90 days after treatment (DAT)
using a 0-100 visual scale (0 = no control; 100 = total control). Also, density (tillers m2) was
recorded 0, 30, 60 and 90 DAT and dry weight at 30, 60 and 90 DAT in cropped plots, in four
0.25 x 0.50 quadrats per plot. Samples (quadrats) in each plot were selected randomly at each
date of evaluation. In uncropped plots, C. rotundus was harvested in four 0.25 x 0.5 m
quadrats from one half plot 30 DAT and from the other half 60 DAT. Two weeks after harvest
number of shoots of the C. rotundus regrowth was recorded. Rice harvest yield was not taken
because an iron deficiency severely affected the crop.

3. RESULTS AND DISCUSSION

3.1. Laboratory experiments

3.1.1. Twenty-four hour 14C-glyphosate penetration

In the first experiment, absorption of 14C-glyphosate from mixtures of "Roundup" with
additives at the concentrations set out in Table 2 ranged from 58% to 45% 24 hours after
application, and 28% without additives. The mixture of diesel oil + ammonium sulfate did not
increase glyphosate uptake compared with ammonium sulfate or diesel oil alone, so there is
no advantage for this mixture. Diesel oil and ammonium sulfate improved glyphosate
penetration equally. In general, there were slight differences among treatments in
phytotoxicity to C. rotundus. Phytotoxicity scores ranged from 4.5 to 5.0 15 days after
treatment (DAT) and phytotoxicity increased to scores of between 3.0 to 4.0 at 36 DAT. The
greatest phytotoxicity was obtained with ammonium sulfate + Triton X-45.

In the second experiment, ammonium sulfate and diesel oil both in mixture with Triton X-45
were tested at different rates (Table 3). Glyphosate uptake with ammonium sulphate
treatments ranged 37% to 42% and with diesel oil treatments 36% to 38.5%. Thus, at least a
10% increase in glyphosate penetration was obtained with ammonium sulphate or diesel oil as
additives compared with glyphosate + Triton X-45. C. rotundus phytotoxicity scores 15 DAT
ranged from 4.0 to 4.5. At 30 DAT scores were from 3.0 to 4.0. Considering both glyphosate
uptake and C. rotundus phytotoxicity, there were no differences among ammonium sulfate
rates but with diesel oil treatments the best result was reached at 2.0%. Thus, for the third
experiment ammonium sulfate at 0.5% and diesel oil at 2.0% were selected.

3.1.2. One and two hour l4C-glyphosate penetration

There were no differences in either l4C-glyphosate uptake (20% to 22.5%) nor purple
nutsedge phytotoxicity (4.0 to 5.5, 15 DAT) among ammonium sulfate and diesel oil
treatments, and among 1 and 2 HAT. Apparently, both additives do not improve glyphosate
uptake during the two first hours after treatment, as compared with glyphosate alone
(Table 4).

As a general conclusion, both ammonium sulfate or diesel oil in mixture with Triton X-45
improve glyphosate uptake and C. rotundus injury. Ammonium sulfate could be used at 0.5%
and diesel oil at 1.0% or 2.0%. The use of ammonium sulphate under field conditions has the
advantage that the mixture is easier to prepare.
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TABLE 2. 14C-GLYPHOSATE UPTAKE IN CYPERUS ROTUNDUS L. FROM MIXTURES OF "ROUNDUP" WITH ADDITIVES 24 HOURS
AFTER TREATMENT (HAT), AND PHYTOTOXICITY 15 AND 36 DAYS AFTER TREATMENT (DAT)

No. Treatment solutions Uptake (%)
24 HAT Phytotoxicity
x ±s.d. 15 DAT 36 DAT

A. Glyphosate (14C-G + Roundup)
B. Glyphosate + Ammonium Sulfate (1.0% w/v)
C. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v)
D. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v) + Amm. Sulf. (1% w/v)
E. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v) + Diesel oil (1.0% v/v)
F. Glyphosate (I4C-G + Roundup) + Triton X-45 (0.2% v/v) + Amm. Sulf. (1% w/v)
+ Diesel oil (1.0% v/v)

Data are means of four repetitions and 5 plants per repetition.
Phytotoxicity was evaluated using a visual scale (Table 1).
Uptake (%) = dpm in 14C-solutions - dpm in washes /dpm 14C-solutions * 100.

27.8 ± 8.6
53.5 + 7.7
45.2 + 7.2
58.3 ±9.9
57.3 ±9.4

44.9 ± 3.4

4.8
5.1
4.9
4.4
5.0

4.9

4.2
4.1
3.6
3.3
4.0

3.7



TABLE 3.14C-GLYPHOSATE UPTAKE IN CYPERUS ROTUNDUS L. IN MIXTURE WITH AMMONIUM SULFATE AND
DIESEL OIL AT DIFFERENTS RATES, 24 HOURS AFTER TREATMENT (HAT), AND PHYTOTOXICITY 15 AND 30
DAYS AFTER TREATMENT (DAT)

No. Treatments solutions Uptake (%)
24 HAT Phytotoxicity
x ±s.d. 15 DAT 30 DAT

A. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v)
B. Glyphosate (I4C-G + Roundup) + Triton X-45 (0.2% v/v) + Amm. Sulf. (0.5% w/v)
C. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v) + Amm. Sulf. (1.0% w/v)
D. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v) + Amm. Sulf. (2.0% w/v)
E. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v) + Diesel oil (0.5% v/v)
F. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v) + Diesel oil (1.0% v/v)
G. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v) + Diesel oil (2.0% v/v)

Data are means of four repetitions and 5 plants per repetition.
Phytotoxicity was evaluated using a visual scale (Table 1).
Uptake (%) = dpm in l4C-solutions - dpm in washes / dpm 14C-solutions * 100.

27.9
38.7
41.7
36.9
35.7
36.5
38.5

±
±
±
±
±
±
±

3.3
12.5
8.7
13.2
12.1
11.4
11.8

4.4
4.2
4.4
4.5
4.1
4.5
4.3

3.9
3.3
3.0
3.3
4.0
3.8
3.3



00

TABLE 4. EXPERIMENT NO. 3. MC-GLYPHOSATE UPTAKE IN CYPERUS ROTUNDUS L. IN MIXTURE WITH AMMONIUM SULFATE AND
DIESEL OIL 1 AND 2 HOURS AFTER TREATMENT (HAT), AND PHYTOTOXICITY 15 DAYS AFTER TREATMENT (DAT), 1995

No. Treatment solutions Uptake (%)
1HAT
x ± s.d.

2 HAT
x ± s.d.

Phytotoxicity 15 DAT
1 HAT 2 HAT

A. Glyphosate (14C-G + Roundup)

B. Glyphosate (14C-G + Roundup) + Triton X-45 (0.2% v/v)
+ Amm. Sulf. (0.5% w/v)

C. Glyphosate (I4C-G + Roundup) + Triton X-45 (0.2% v/v)
+ Diesel oil (2.0% v/v)

12.2 ±6.3

20.1 ±7.1

21.9 + 5.8

21.7

22.5

22.0

± 6.2

±5.1

±3.2

5.0

5.0

4.0

5.0

5.5

5.0

Data are means of four repetitions and 5 plants per repetition.
Phytotoxicity was evaluated using a visual scale (Table 1).
Uptake (%) = DPM in 14C-solutions - DPM in washes /14C-solutions * 100.



3.2. Field experiment

3.2.1. Tiller density

The density of C. rotundas was homogeneous in the experimental area before the glyphosate
was applied. This was verified when significant differences on the density were not detected
among the plots (Table 5).

TABLE 5. CYPERUS ROTUNDUS DENSITY (SHOOTS nT) IN CROPPED PLOTS

Treatment

1. Untreated
2. Mechanical control
Glyphosate application at 9 a.m.
3. Glyphosate
unamended
4. Glyphosate
amended
5. Glyphosate
amended
6. Glyphosate
amended

1.5

1.5

0.75

0.5

kg

kg

kg

kg

a.e.

a.e.

a.e.

a.e.

ha"1

ha"1

ha"1

ha"1

Glyphosate application at 4 p.m.
7. Glyphosate
unamended
8. Glyphosate
amended
9. Glyphosate
amended
10. Glyphosate
amended

1.5

1.5

0.75

0.5

kg

kg

kg

kg

a.e.

a.e.

a.e.

a.e.

ha"1

ha'1

ha"1

ha"1

Days after treatment

0
143.4 a1

122.6 a

148.0 a

128.0 a

117.4 a

132.0 a

136.0 a

140.0 a

150.6 a

131.4 a

30
313.5 a
147.0 bed

131.5 bed

108.5 cd

233.0 be

189.5 b

132.0 bed

92.0 d

154.5 be

135.5 bed

60
275.2 a
172.5 b

91.5 b

97.0 b

75.5 b

118.0 b

97.0 b

95.5 b

119.0 b

156.0 b

90
294.6 a
180.5 b

116.0cd

129.0
bed
108.0 cd

143.0 be

81.0d

97.0 cd

146.0 be

152.5 be

%of
increasing (+)
or reduction(-)
of the density2

+105.0
+47.0

-22.0

+0.8

-8.0

+8.0

-^0.0

-31.0

-3.0

+16.0

'Means in the columns followed by different letters are significantly different (p <0.05).
2Percent of increasing (+) or reduction (-) of the density 90 DAT as comparing with the density 0 DAT.

Thirty and sixty days after the glyphosate application, the density of C. rotundus was
significantly higher in the untreated plots than those treated with glyphosate or hand weeded.
The statistical differences between the different glyphosate treatments were not significant
except at 30 DAT when 1.5 kg ha"1 in either amended or unamended formulations was
superior to lower rates.

At 90 DAT, the results were similar to those at earlier dates. A significantly greater
C. rotundus shoot density was recorded in the untreated plots, compared to those treated.
Also all 1.5 kg ha"1 glyphosate treatments, regardless of formulation, produced significantly
lower densities than the hand weeded control. The density of C. rotundus increased two fold
in the untreated plots during the time the experiment lasted; it increased from 143 to 295
shoots ITT2 on the course of 90 days. In the hand weeded control plots the purple nutsedge
shoot density also increased 47% in this time. Meanwhile the general tendency with the use of
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glyphosate was to reduce the purple nutsedge population or at least keep them stable during
the period of the experiment. The glyphosate treatments at the high rate (1.5 kg ha"1)
produced the greatest decrease of the C. rotundus population, e.g. 30% to 40%, when the
herbicide was applied at 4 p.m.

The amended formulation of glyphosate at 1.5 kg ha"1 controlled C. rotundus somewhat better
than the others at the beginning of the experiment (30 DAT), particularly when applied during
the afternoon. However, the effect was not statistically significant and disappeared by
90 DAT.

3.2.2. Visual assessment (percent of control)

The hand weeded treatment only produced a 40% to 50% control, while the glyphosate
treatments gave over 60%. The best purple nutsedge control (80%) was recorded 30 DAT
with a dosage of 1.5 kg ha"1 using the amended glyphosate formulation applied at 4 p.m.
(Table 6).

3.2.3. Dry weight

The general tendency of the response of this variable to the treatments (Table 7) was similar to
that of shoot density (Table 5). A significantly greater dry weight was obtained in the
untreated plots than hand weeded and glyphosate treated plots (Table 7). This response was
specially clear 30 DAT but not so after 60 or 90 DAT).

3.2.4. Density ofC. rotundus re growth

Purple nutsedge regrowth 15 d after cutting 31 DAT, was lowest in glyphosate treatments at
rates of 1.5 and 0.75 kg ha"1 applied at 4 p.m. (treatments 7, 8 and 9) and with the 1.5 kg ha"1

rate of the glyphosate amended formulation applied at 9 a.m. (Table 8).

In general, the density of regrowth after cutting 61 DAT was no different in the untreated plots
than those treated with the herbicide (ranged from 44 to 64 shoots m"2). But the number of
shoots in hand weeded plots was about double this (114 shoots m~2).

TABLE 6. CYPERUS ROTUNDUS VISUAL ASSESSMENT (% OF CONTROL) IN CROPPED
PLOTS (MEAN OF 4 BLOCKS)

Treatment Days after treatment
30 90 90

1. Untreated
2. Mechanical control
Glyphosate application at 9 a.m.
3. Glyphosate 1.5 kg a.e. ha"' unamended
4. Glyphosate 1.5 kg a.e. ha"' amended
5. Glyphosate 0.75 kg a.e. ha"1 amended
6. Glyphosate 0.5 kg a.e. ha"1 amended
Glyphosate application at 4 p.m.
7. Glyphosate 1.5 kg a.e. ha"1 unamended
8. Glyphosate 1.5 kg a.e. ha"1 amended
9. Glyphosate 0.75 kg a.e. ha"1 amended
10. Glyphosate 0.5 kg a.e. ha"1 amended
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0
52.5

76.2
56.2
76.2
65.0

77.5
81.2
75.0
78.7

0
40.0

72.5
70.0
66.2
62.5

76.2
73.7
78.7
65.0

0
40.0

67.5
67.5
73.7
65.0

76.2
71.2
83.7
62.5



0.96 a
0.32 b

0.40 b
0.32 b
0.48 b
0.48 b

0.40 b
0.32 b
0.48 b
0.32 b

1.5 ab
1.9 a

1.5 ab
1.6 ab
1.5 ab
1.0 b

1.5 ab
1.4 ab
1.4 ab
1.4 ab

0.9 ab
1.3 a

1.2 ab
1.0 ab
0.9 ab
1.0 ab

1.0 ab
0.8 b
1.4 a
1.1 ab

TABLE 1. CYPERUS ROTUNDUS DRY WEIGHT (grrf2) IN CROPPED PLOTS

Treatment Days after treatment
30 90 90_

1. Untreated
2. Mechanical control
Glyphosate application at 9 cum.
3. Glyphosate 1.5 kg a.e. ha"1 unamended
4. Glyphosate 1.5 kg a.e. ha"1 amended
5. Glyphosate 0.75 kg a.e, ha"1 amended
6. Glyphosate 0.5 kg a.e. ha"1 amended
Glyphosate application at 4 p.m.
7. Glyphosate 1.5 kg a.e. ha"1 unamended
8. Glyphosate 1.5 kg a.e. ha"1 amended
9. Glyphosate 0.75 kg a.e. ha"1 amended
10. Glyphosate 0.5 kg a.e. ha~' amended

Means in the columns followed by different letters are significantly different (p <0.05).

TABLE 8. CYPERUS ROTUNDUS DENSITY (SHOOTS m"2) AS A PERCENTAGE OF
THE REGROWTH IN UNCROPPED PLOTS

Treatment Cutting: 31 DAT1 Cutting: 61 DAT1

Assessment: Assessment:
15 DAC2 15 DAC2

1. Untreated
2. Mechanical control
Glyphosate application at 9 a.m.
3. Glyphosate 1.5 kg a.e. ha"1 unamended
4. Glyphosate 1.5 kg a.e. ha"1 amended
5. Glyphosate 0.75 kg a.e. ha"1 amended
6. Glyphosate 0.5 kg a.e. ha"1 amended
Glyphosate application at 4 p.m.
7. Glyphosate 1.5 kg a.e. ha"1 unamended
8. Glyphosate 1.5 kg a.e. ha"' amended
9. Glyphosate 0.75 kg a.e. ha"1 amended
10. Glyphosate 0.5 kg a.e. ha"1 amended

'DAT: days after treatment.
2DAC: days after cutting.

As a general conclusion, amended formulations did not control C. rotundus significantly
better than glyphosate at the rate of 1.5 kg a.e. ha"1 in the unamended formulation applied at
the afternoon.

Hand weeding was not effective in controlling purple nutsedge. It lead to an increase in shoot
and percent control was poor (40% to 50%). Mechanical control caused breakage of the tuber
chains with a consequent loss of apical dominance so that large numbers of tubers germinate.

17.6
14.0

18.6
8.0
12.0
14.0

10.6
10.0
8.0
14.6

51.0
114.0

64.0
53.0
54.0
45.0

50.0
51.0
50.0
44.0
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