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Abstract

Absorption and translocation of l4C-labelled glyphosate was studied from the commercial formulation 'Roundup' to
which three different surfactants, singly or in combination, four different oil adjuvants and ammonium sulfate were
added. Increased penetration of the herbicide was observed after 1, 2 and 24 h by the addition of Triton X-100,
ammonium sulfate and coconut oil. Addition of Neem oil instead of coconut oil also showed increased penetration
after 24 h. Addition of Tween 80 and diesel oil increased the penetration with or without ammonium sulfate;
whereas, Tween 20 with the added peanut oil or coconut oil and Tween 80 with Neem oil increased penetration only
in the presence of ammonium sulfate. Therefore, the absorption of glyphosate seems to be dependent on the nature of
surfactant and the oil (adjuvant) used. Field tests were carried out to study the effect of hand weeding, one dose of
unamended and three different doses of amended (0.5, 0.75 and 1.5 kg a.i. ha"1) 'Roundup' on weed control. The
herbicide was applied at 9 am and 4 pm in cropped and uncropped plots. Visual rating after 15 days suggested better
control in hand weeded plots. However, this may be due to the fact that the hand weeding was performed later than
the herbicide application. Herbicide treatment with unamended Roundup resulted in significantly better weed control
than the amended Roundup plots.

1. INTRODUCTION

Glyphosate is an important herbicide that can be used for the control of most perennial weeds. It
is relatively non-selective and is essentially non phytotoxic as a soil application because it is
tightly bound to most soils and is characteristically unavailable to plants. Studies on the
absorption and translocation of foliar applied glyphosate in perennial weeds strongly suggest that
it is readily absorbed by leaves and is quite mobile via the symplastic system [1-6]. It appears
that the translocation of glyphosate follows the typical source-sink relationship with
accumulation of active ingredient in roots (storage organs) and young growing leaves. The
usefulness of surfactants for aiding in wetting, spreading and sticking of spray solutions to leaf
surfaces has been noted since the turn of the century [7].

Absorption and translocation of herbicides may be increased by the presence of adjuvants, which
include surfactants, wetting agents, penetrants and oils, in the spray solution [8-10]. Adjuvants
enhance biological activity of herbicides by improving deposition and retention of the spray and
penetration of the active ingredient [II].

Plant species differ in response to adjuvants with glyphosate [12] and the interaction of the leaf
surface with surfactants is important for the absorption of the herbicide [13]. Spray carrier salts
have been shown to affect herbicide toxicity [8, 14]. Recently, it has been shown that two
adjuvants, Atplus 201 and Ethomeen T/25, increased I4C glyphosate uptake by protoplasts
isolated from quack grass (Elytrigia repense) [15]. The addition of the surfactant, monoxynol
(o-(p-nonylphenyl)-(y -hydroxypolyoxyethelene] 9 to 10 POE to the treatment solution
frequently increased the translocation of radiolabelled 14C-glyphosate applied to the leaves of
cotton, Gossypium hirsuturn [8].

It is known from several studies that surfactants enhance phytotoxicity [16-21]. Herbicide
retention varies with species, herbicide formulation, and surfactant or oil adjuvant in the spray
carrier [22]. Environmental factors like light, temperature and Relative Humidity also play a
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major role in the retention and subsequent translocation of herbicides. [5, 23, 24] or soil
moisture [25, 26]. The most common symptoms of glyphosate injury reported for a number of
plant species are foliar chlorosis followed by necrosis [4, 27, 28]. These foliar symptoms are
often seen on regrowth following glyphosate treatment rather than on the sprayed foliage. In
perennial grasses, inhibition of rhizome or stolon growth has been reported following glyphosate
application [2, 25, 28].

However, our knowledge on the performance of oil adjuvants with different surfactants in the
presence and absence of (NHLO2 SO4 on the penetration of glyphosate in purple nutsedge
(Cyperus rotundus L.) is scanty. Therefore the objectives of the investigation were to 1) optimise
the mixtures of oils, surfactants and (NH^ SO4 in the formulation in terms of penetration into
purple nutsedge plants in short term laboratory experiments and 2) to identify and test the best
formulation for herbicide performance in the field.

2. MATERIALS AND METHODS

2.1. Laboratory experiments

Laboratory experiments were carried out from July 1995 to 1996 July where additional
surfactants like Triton X-100, Tween-80 and Tween-20 with oil adjuvants such as coconut oil,
peanut oil, neem oil and diesel oil with ammonium sulphate were added with I4C glyphosate
(specific activity of 7.4 kBq/0.02 mL) to "Roundup". The mixtures contained the following:

2.5 mL of 14C glyphosate
25 mL of "Roundup" (diluted in the ratio of 1:12 to give 0.03 mg a.e./mL)
20 mL of ammonium sulfate (5%)
x mL of surfactants (Triton X-100, Tween 80 and Tween-20)
y mL of oil (Coconut oil, Peanut oil, Neem oil and diesel oil)
z mL of water to give 100 ml of mixture.

The values of x and y were determined based on the amount of surfactant needed to emulsify 1 %
of oil. The following are the amounts of surfactants needed for emulsification of different oils:

Triton X-100: coconut oil - 1.0 mL; peanut oil - 0.4 ml; Neem oil - 0.2 mL; diesel oil - 0.1 mL
Tween-80: coconut oil - 0.01 mL; peanut oil - 0.02 mL; Neem oil - 0.01 mL; diesel oil -

0.05 mL
Tween-20: coconut oil - 0.2 mL; peanut oil - 0.2 mL; Neem oil - 0.05 ml; diesel oil -

0.01 mL.

The tubers were germinated and the plants were grown in plastic pots as in the protocol. Three
plants of uniform size were selected for the experiments. Six plants were used for each treatment
which was repeated on four different days. The herbicide application was carried out at 9 a.m. on
each day of application. The second mature leaf from the apex was used for the treatment. The
different treatments consisted of:

(A) "Roundup" alone: 2.5 uL 14C - glyphosate solution + 25 uX "Roundup" (diluted 1:12) +
72.5 |uL water (i.e. 0.185 KBq) labelled glyphosate/ (iL

(B) "Roundup" + ammonium sulfate: As in A 25 uL of water was replaced by 25 uX
5% (NlUh SO4

(C) Roundup + surfactant
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(D) Roundup + surfactant + (MUh SO4

(E) Roundup + surfactant + oil
(F) Roundup + surfactant + oil + (NHO2 SO4.

Eight 0.5 uJL droplets were applied on either side of the midrib in a 2 cm area starting 10 cm
from the tip without touching the leaf. At the same time, 4-uL aliquots were transferred to
scintillation vials to check the application rate. After 24 hours, the treated area was painted with
6% cellulose acetate (prepared in 9:1 acetone/water). The dried cellulose acetate film was
removed with tweezers and dissolved in 2 ml of glacial acetic acid in a scintillation vial and
10 ml of scintillation fluid (Beckman Ready solvent, TM Multipurpose) was added and counted
with Beckman Liquid Scintillation System (Model 1701).

The results of the laboratory experiments indicated that "Roundup" amended with Triton X-100,
coconut oil and (NRO2 SO4, or with Tween-20, coconut oil and (NH^ SO4 produced greater
penetration than other formulations. Therefore, short term penetration studies were carried out
with the above three formulations and the penetration was measured for a period of 1 hour and
2 hours. This experiment was carried out with the objective to identify a mixture which might
improve rain fastness.

2.2. Field experiments

Field experiments were carried out with the over all objectives to reduce dose rate and to
optimise time of application, volume rate and drop size. The laboratory experiments indicated
that glyphosate formulated with Triton X-100 surfactant, coconut oil and (NRO2 SO4 showed
the greatest absorption into the nutsedge plant. Therefore, the field experiments were designed to
find out the optimum dose and optimum time of application of this formulation ("Roundup"
amended as above) and the effect of unamended "Roundup" applied at the rate of 1.5 kg a.e. ha"1

as applied either in the morning or the evening.

2.2.1. Cultivation details

2.2.1.1. Field preparation

The experimental field was ploughed twice with a tractor-drawn cultivator and it was levelled.
The plots were irrigated and kept for 15 days to allow the Cyperus tubers to emerge and grow.

Healthy and well developed seeds of maize variety MHH-69 having a good germination
percentage were sown in 5 x 5 m plots. The spacing was 50 cm inter row and 15 cm intra-row.
Sowing was delayed from 3 day to 10 days after herbicide spraying due to rains. The rate of
fertilizer application was 120 kg N, 60 kg P2O5 and 40 k K2O ha"1. One half dose of nitrogen
and an entire dose of phosphorus and potassium were applied at the time of sowing 5 cm below
and 5 cm away from the seed row.

2.2.1.2. Herbicide application

"Roundup" was diluted with distilled water in the ratio of 1:12 and 5% ammonium sulfate in
distilled water was prepared. The remaining components of the formulation. (Roundup diluted,
5% Ammonium sulphate, Triton X-100 and coconut oil were diluted in water so as to make up
the quantity of spray solution to 600 L ha"1. At the 5-6 leaf stage of Cyperus rotundus, herbicide
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both cropped and uncropped plots. A foot sprayer was used with a flat fan noozle at a pressure of
172 kNm"2.

2.2.2. Assessments

Two days before sowing, weed counts were taken in all the plots inside a 0.25 m2 quadrat. After
application of the herbicide the number of weeds that developed symptoms were recorded at
five-day intervals inside three 0.25m2 quadrats of each plot.

Fresh and dry weights of Cyperus shoots were taken 4 and 8 weeks after application together
with the yield of maize cobs at harvest.

3. RESULTS

3.1. Laboratory experiments

3.1.1. Effect of surfactants and oil adjuvants on the penetration of14Cglyphosate.

The quantity of each of the 3 surfactants, Triton X-100, Tween 80 and Tween-20 needed to
emulsify one percent coconut oil, peanut oil, diesel oil and Neem oil was affected by the
presence of ammonium sulfate.

3.1.1.1. 24 h Studies

With 14C-glyphosate + "Roundup" alone after 24 hours there was 76.7% absorption of I4C.
The mixture containing labelled glyphosate plus Triton X-100, coconut oil and (NH^SC^
enhanced 14C absorption to 99.7%. When coconut oil was replaced with Neem oil in the
herbicide mixture absorption was similar at 99.5 percent (Table 1).

TABLE 1. EFFECT OF TRITON X-100 AND OIL ADJUVANTS ON THE
PERCENTAGE ABSORPTION OF I4C GLYPHOSATE (24 HOURS AFTER TREATMENT)

Treatments Mean DMRT

T| : 14C glyphosate + Roundup

T2 : T, + (NH4)2SO4

T 3 :T , + Triton X-100

T 4 : T 3 + (NH4)2SO4

T 5 : T, + Triton X-100 + Coconut Oil

T 6 : T 5 + (NH4)2SO4

T 7 : T, + Triton X-100 + Diesel Oil

TH : T, + (NH4)2SO4

Ty : T, + Triton X-100 + Peanut Oil

T|, :T, + Triton X-100 + Neem Oil

T , 2 : T : : + (NH4)2SO4

76.7

70.6

84.7

77.0

98.1

100.0

87.6

94.5

77.9

92.9

81.3

100.0

gh*

gh

de

b

a

d

c

fg

c

def

c

*Means followed by different letters are significantly different (p <0.05).
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74.7

70.6

73.6

86.2

77.5

95.6

96.2

66.2

63.7

88.5

74.0

85.4

cd

defg

def

b

c

a

a

fg

gh

b

cde

b

Tween-80 with diesel oil as an adjuvant in the absence of ammonium sulfate resulted in
96.2% absorption, whereas with ammonium sulfate there was only 66.2% absorption
(Table 2).

TABLE 2. EFFECT OF TWEEN-80 AND OIL ADJUVANTS ON THE PERCENTAGE
ABSORPTION OF 14C GLYPHOSATE (24 HOURS AFTER TREATMENT)

Treatments Mean DMRT

T, : 14C glyphosate + Roundup

T 2 : T, + (NH4)2SO4

T 3 : T, + Tween 80

T 4 :T 3 + (NH4)2SO4

T 5 : T, + Tween 80 + Coconut Oil

T 6 : T5 + (NH4)2SO4

T 7 : T, + Tween 80 + diesel Oil

T 8 : T7 + (NH4)2SO4

T9 : T, + Tween 80 + Peanut Oil

T10 : T9 + (NH4)2SO4

T!, : T, + Tween 80 + Neem Oil

T I 2 :T 1 I +(NH 4) 2SO 4

*Means followed by different letters are significantly different (p <0.05).

TABLE 3. EFFECT OF TWEEN-20 AND OIL ADJUVANTS ON THE PERCENTAGE
ABSORPTION OF 14C GLYPHOSATE (24 HOURS AFTER TREATMENT)

Treatments Mean DMRT

T, : 14C glyphosate + Roundup

T2 :T,+(NH4)2SO4

T3 : T, + Tween-20

T 4 : T 3 + (NH4)2SO4

T 5 : T| + Tween-20 + Coconut Oil

T6 : T5 + (NH4)2SO4

T 7 : T, + Tween 20 + Diesel Oil

T 8 : T7 + (NH4)2SO4

T9 : T, + Tween 20 + Peanut Oil

T1():T9 + (NH4)2SO4

T, i : T, + Tween 20 + Neem Oil

T I 2 :T , , + (NH4)2SO4

*Means followed by different letters are significantly different (p <0.05).
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74.7

70.6

84.6

81.0

69.1

68.3

57.1

63.3

73.6

96.9

79.3

56.2

de

ef

b

be

efg

fg

I

gh

ef

a

cd

I



The I4C glyphosate mixture containing the surfactants, Tween-20, peanut oil and ammonium
sulfate caused a higher percentage of penetration of herbicide (96.9%) when compared to
other treatments (<85%) (Table 3).

3.1.1.2. Short term penetration studies

Short term penetration studies for 1 and 2 hours indicated that Triton X-100 with coconut oil
and ammonium sulfate in the herbicide mixture caused 69.1% penetration in 1 hour and
98.5% in 2 hours. A higher level of absorption of 14C glyphosate was also observed in the
herbicide mixture without (NH4)2SO4 (90.4%) (Table 4).

TABLE 4. PERCENTAGE PENETRATION OF 14C-GLYPHOSATE IN THE PRESENCE OF
TRITON X-100, COCONUT OIL AND (NH4)2 SO4 OVER 1 AND 2 HOURS

No
Treatments 1 hour 2 hour

I. 14C-glyphosate + Roundup 32.5 (±1.23) 43.5 (± 2.38)

II. l4C-glyphosate + Roundup + (NH4)2SO4 38.5 (± 1.63) 51.2 (± 1.10)

III. 14C-glyphosate + Roundup + Triton X-100 66.1 (± 1.16) 85.1 (± 0.78)

IV. 14C-glyphosate + Roundup + Triton X-l00 + (NH4)2SO4 60.8 (± 0.55) 84.3 (±1.75)

V. 14C-glyphosate + Roundup + Triton X-100 + Coconut oil 67.3 (± 0.90) 90.4 (± 1.05)

VI. 14C-glyphosate + Roundup + Triton X-100 + Coconut oil + 69.1 (± 0.99) 98.5 (± 0.61)

(NH4)2SO4

Figures in parenthesis are standard errors.

Tween-80 with Neem oil in the presence of ammonium sulfate caused highest percentage
penetration both at 1 hour and 2 hours after application (55.7 and 66.7 respectively) (Table 5).

TABLE 5. PERCENTAGE PENETRATION OF 14C-GLYPHOSATE IN THE PRESENCE OF
TWEEN-80, NEEM OIL AND (NH4)2SO4 OVER 1 AND 2 HOURS

_-—

Treatments 1 hour 2 hour

I 14C-glyphosate + Roundup 32.5 (±1.23) 43.5 (±2.38)

II 14C-glyphosate + Roundup + (NH4),SO4 38.5 (±1.63) 51.2 (±1.10)

III 14C-glyphosate + Roundup + Tween 80 38.3 (±1.11) 42.9 (±3.81)

IV 14C-glyphosate + Roundup + Tween 80 + (NH4)2SO4 40.6 (±1.18) 61.4 (±1.52)

V l4C-glyphosate + Roundup + Tween 80 + Neem oil 44.7 (±2.71) 55.7 (±2.81)

VI 14C-glyphosate + Roundup + Tween 80 + Neem oil + 55.7 (± 2.97) 67.7 (± 7.23)
(NH4)2SO4

Figures in parenthesis represents standard error (±).
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Tween-20 with coconut oil and ammonium sulfate resulted in highest percentage penetration
of 14C glyphosate both after 1 hour and 2 hours of application (Table 6).

TABLE 6. PERCENTAGE PENETRATION OF I4C-GLYPHOSATE IN THE PRESENCE OF
TWEEN-20, OIL AND COCONUT (NH4)2SO4 OVER 1 AND 2 HOURS

N o- Treatments 1 hour 2 hour

I. 14C-glyphosate + Roundup 32.5 (±1.23) 43.5 (±2.38)

II. 14C-glyphosate + Roundup + (NH4)2SO4 38.5 (± 1.63) 51.2 (± 1.10)

III. 14C-glyphosate + Roundup + Tween 20 50.4 (± 1.70) 72.1 (± 1.97)

IV. 14C-glyphosate + Roundup + Tween 20 + (NH^SC^ 48.5 (± 1.71) 79.3 (±2.21)

V. '4C-glyphosate + Roundup + Tween 20 + Coconut Oil 52.4 (± 1.36) 82.3 (+ 0.94)

VI. l4C-glyphosate + Roundup + Tween 20 + Coconut Oil + 58.7 (±1.64) 88.9 (±1.30)
(NH4)2SO4

Figures in parenthesis represents standard error (±).

3.2. Field experiments

3.2.1. Weed control

Field experiments were carried out with three different dosages of amended Roundup (0.5,
0.75 and 1.5 kg a.e. ha"1) one dosage of unamended Roundup at the rate of 1.5 kg a.e. ha-1 and
one hand weeding treatment with two times of application i.e. before 9.00 a.m. and after
4 p.m. both in cropped and uncropped plots.

The visual control rating was carried out 0-100 scale (0 is no injury, 100% complete kill)
(Table 7).

TABLE 7. AVERAGE OF PERCENTAGE WEED CONTROL AS AFFECTED BY DIFFERENT
TREATMENTS AT 15 DAYS AFTER APPLICATION OF HE (0 -SCALE)*

Main plots Times of application Hand
Treat Herbicidal treatments (kg a.e. ha ) weecj
ments

Crop No crop 9 am 4 pm Amended Round-
up

0.5 0.75 1.5 1.5

Mean 59.25 60 57.75 61.55 50 43.12 53.12 68.75 83.12
SE (d) 6.32 2.62
CD% 20.12 5.29

"Rating (% injury) Description of main categories

0 No weed control
10 Very poor
20 Poor
30 Poor to deficient
40 Deficient
50 Deficient / Moderate
60 Moderate
70 Some what satisfactory
80 Satisfactory
90 Very good to excellent

100 Complete.
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There was no significant difference in fresh weight of weeds recorded between treatments after 4
weeks of herbicide application except in unweeded control (Table 8). The results were in
accordance with other findings [29-31]. They reported that one half of the recommended dose of
"Roundup" had almost as much effect as the full dose, overall, the level of control with the full
recommended dose was so good that there was little opportunity for ammonium sulfate to give
further improvements. However, the dry weight of weeds was least with 1.5 kg a.e. ha"1

amended herbicide application in the evening hours and it was followed by unamended
herbicide application at the rate of 1.5 kg a.e. ha"1 in the morning. All the herbicide treatments
were similar, except for the evening application of amended "Roundup" at the rate of 1.5 kg
a.e. ha"1.

Though all the weed control treatments were equivalent as measured by fresh weight of weeds at
4 weeks after spraying, they differed significantly at 8 weeks after spraying (Table 8).

In general spraying the herbicide in the evening was superior to spraying in the morning. As
measured by fresh weight weed control was effective with amended "Roundup" applied at the
rate of 1.5 kg a.e. ha"1 in the evening but it was at par will all the other treatments except
unweeded control and amended "Roundup" at the rate of 0.5 kg a.e. ha"1 applied in the morning.

TABLE 8. FRESH AND DRY WEIGHTS (g) OF SHOOTS HARVESTED FROM 3 M2

UNCROPPED PLOTS AT 4 AND 8 WEEKS AFTER HERBICIDE APPLICATION

No

1

2.

3.

4.

5.

6.

7.

1.

2.

Treatments

Unweeded control

Amended Roundup

0.5 kg a.e. ha"1 (M)

0.5 kg a.e. ha"1 (E)

0.75 kg a.e. ha"1 (M)

0.75 kg a.e. ha"1 (E)

1.5kga.e. ha"1 (M)

1.5kga.e. ha"'(E)

Unamended Roundup

1.5kga.e. ha"'(M)

1.5kga.e. ha"'(E)

After 4 weeks

Fresh
weight

216.75 b

149.0 a

131.0 a

153.0 a

138.0 a

148.0 a

102.0 a

138.0 a

162.0 a

Dry weight

82.13 b

72.56 b

50.35 b

57.35 b

52.08 b

52.96 b

35.13 a

51.16b

60.56 b

After 8 weeks

Fresh weight

132.20 ab

146.20 a

102.50 abc

101.0 abc

120.0 abc

92.5 abc

84.75 be

101.25 abc

99.75 b

Dry weight

78.0 a

67.5 ab

55.0 ac

66.2 abc

55.5 bed

47.75 cd

39.0 cd

64.2 abc

49.75 bed

M - Morning. E - Evening.
Means followed by different letters are significantly different (p <0.05).
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Weed control as measured by dry weight of weeds was effective with 1.5 kg a.e. ha ' of
amended "Roundup" applied in the evening and it was equivalent to all the other treatments
except 0.5 kg a.e. ha"1 amended "Roundup" applied in the morning and unweeded control.

3.2.2. Maize yield

Fresh weight of cobs (four) recorded was highest (377.5g) with unamended Roundup applied at
the rate of 1.5 kg a.e. ha"1 and it was at par with all the other treatments except unweeded control
and amended Roundup applied at the rate of 0.5 kg a.e. ha"1 which were significantly lower
(Table 9).

TABLE 9. FRESH WEIGHT (g) OF COBS RECORDED AT HARVEST AS INFLUENCED
BY THE TREATMENTS

Treatment Means
No.

Unweeded Control

Amended Roundup

0.5 kg a.e. ha"1 (M)

0.5 kg a.e. ha"1 (E)

0.75 kg a.e. ha"1 (M)

0.75 kg a.e. ha"1 (E)

1.5kga.e. ha"1 (M)

1.

2.

3.

4.

5.

6.

7.

Unamended Roundup

8. 1.5kga.e. ha"'(M)

9. U

10. Hand weeding (once)

191.25 c

203.75 c

248.75 be

263.75 abc

273.75 abc

340.0 ab

367.50 a

362.5 ab

377.5 a

268.75 abc

M : Morning E : Evening.
Means followed by different: letters are significantly different (p <0.05).

4. CONCLUSIONS

The laboratory experiments indicated that penetration of 14C glyphosate varied with the type
of surfactant, oil and ( N H ^ SO4 in the "Roundup" formulation. The surfactant Triton X-100
and coconut oil in the presence of (NliO2 SO4 showed faster penetration than other
formulations as indicated by short term experiments.
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In the field experiments there was comparable weed control with all the treatments as measured
by fresh and dry weight of weeds. On the basis of fresh weight of maize cobs the conclusion is
similar although all 1.5 kg/ha "Roundup" treatments, amended and unamended were
significantly better than the unweeded control and 0.5 kg amended "Roundup" applied in the
morning.
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