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Abstract

The effect of adding Frigate (*), an adjuvant developed pri-
marily for use with the isopropylamine salt of glyphosate
(Roundup),® to improve the eradication of ratoon sugarcane
under minimum tillage is discussed. Results are presented from
replicated trials conducted over three seasons evaluating the
effects on cane regrowth of adding Frigate to recommended
and low rates of Roundup. Results are also reported from 15
field-scale observation trials which confirmed the findings from
the replicated trials. The addition of Frigate at a concentration
of 0.5% of the total spray volume consistently enhanced her-
bicidal activity when Roundup was used in the application
range 6 to 10 £ ha'.

Introduction

The eradication of sugarcane using Roundup 1n the mini-
mum tillage system for replanting cane fields has shown in-
creasing acceptance on the erodible slopes in the coastal areas
of Natal. The advantages of minimum tillage compared with
conventional land preparation have been widely discussed. Re-
cent droughts and torrential rains have demonstrated con-
vincingly the necessity for implementing this practice on a larger
scale. Further acceptance would be encouraged if the reliability
of the treatment with Roundup, especially at lower rates, could

be enhanced.

Extensive research and development in Europe and Canada
has indicated that the addition of the adjuvant Frigate to the
isopropylamine salt of glyphosate (Roundup) enhances the ac-
tivity of the herbicide. This has been demonstrated for Couch
grass Agropvron repens (Turner and Loader,* Orson?) and due
to the mode of action at certain rates and under certain con-
ditions, reduced rates of Roundup have proved successful.

Work at Reading University (Midgley') with 'C labelled gly-
phosate and Frigate on Agropyron repens. Elymus repens has
demonstrated that the addition of the adjuvant significantly
increases the uptake of glyphosate into the leaf. With the ad-
dition of Frigate there is 2 marked increase in the amount of
glyphosate found in the cuticle (120 times), and in the leaf tissue
(18 times) when compared with glyphosate used alone. It has
been shown that the waxy cuticle is an important barrier to the
uptake of glyphosate. Improved penetration of this layer and
the resulting rapid uptake of glyphosate by-the plant minimises
the adverse effects of rain in the period immediately following
application, ‘

It was considered important to investigate the effect of Frig-
ate on the activity of Roundup at recommended and reduced
rates when applied to sugarcane in minimum tillage situations.

Eight fully replicated small plot trials have been conducted
over the past three seasons, in addition to a large number of
field-scale observation trials.

Method
Replicated small plot trials

During the 1982/83 season, three trials were conducted with

each treatment replicated four times in a randomised block

design. Plots consisted of five rows 10 m long with the three
central rows being used for evaluation. The sugarcane varieties
NCo 376 and N55/805 were sprayed when the mean leaf height
was between 450 and 650 mm. Roundup was applied at 6 to
10 £ product ha-' with and without the addition of Frigate, the
rates of which varied between 0,5 and 1,5% of the total spray
volume. The treatments were applied using pressurized or man-
ually operated knapsack sprayers fitted with floodjet nozzles
and delivering approximately 300 € ha-' at an operating pres-
sure of 100 kPa. The sprays were directed over the upper leaves
of the cane row.

In the following season a further three replicated trials of
similar design were sprayed. Generally Roundup was applied
a1 6,7 and 8 £ ha-! alone or with Frigate at 0,5 and 1,0% of the
total spray volume. The spray volumes were varied (100, 283
and 333 ¢ ha') by using different floodjets fitted to a constant
pressure sprayer.

Two further small plot trials were conducted in the spring
of the 1984/85 season. Application volumes were constant at
300 £ ha-', with Frigate being tested only at the single concen-
tration of 0,5% of total spray volume.

The results were assessed using a visual rating of percentage
cane killed to assess initial efficacy, and subsequently the cane
regrowth up to four months after treatment was assessed.

Observation field-scale trials

Due to the diversity of climatic and soil conditions, cane
varieties, application methods, equipment and the follow-up
operations normally encountered, it was considered necessary
to monitor the activity of Frigate with Roundup when applied
by growers to commercial fields of cane.

Selected growers were supplied with small quantities of Frig-
ate. Depending upon local experience and the cane variety in-
volved, Frigate was added at the rate of 0,5% to the total spray
volume (1,58 /300 @ spray mixture ha-'). The application rate
of Roundup was reduced by 2 £ ha-' below the rate normally
used.

A total of 28 observation sites sprayed mainly during sum-
mer on areas ranging from 0,1 to 1,0 ha was monitored within
the coastal sugarcane belt. Comparisons could be. made be-
tween Roundup with and without Frigate, with the application
rates of Roundup being set by the sugarcane grower according
to his local experience within the range 6 to 10 gha-'. Treat-
ments were applied by means of knapsack sprayers or by hand-
lances connected to tractor-mounted equipment. Application
volumes were about 300 £ha-' and sprays were directed over
the rows. In most cases the cane leaves had reached a height
of about 500 mm and tillering was well advanced.

. The treatments were evaluated for cane regrowth at varying
intervals afte_r application using the hoe unit method of as-
sessment of live shoots. Ten sites within each treatment area

Frigate(®) is the registered trademark of SDS Biotech (U.K.) Ltd. and contains 500 g Tallow amine ethoxylate 2!
Roundup(®) is the registered trademark of Monsanto and contains 359 g acid equivalent glyphosate -
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were randomly selected and an effective row length of 100 m
assessed per treatment. The areas receiving different treatments
were always adjacent to one another and treatments were usu-
ally applied on the same day.

Hoce unit method of assessment

It was necessary to develop a practical quantitative system
that allowed acceptable regrowth limits to be defined on a per-
centage basis. The hoe unit is a 250 mm length of cane row
within which the actual number of live shoots is not considered
lo be important, as the presence of one shoot (or more) is
recorded as a positive count or one hoe unit. It is furthermore
assumed that this surviving cane stool would in practice be
removed by the single hoe action of one operator.

In the replicated trials, cane regrowth was evaluated over
8 m in each of the three central rows of a plot. A length of
string 8 m long divided into 250 mm sections was placed next
to the row of sprayed cane and the total number of sections or
hoe units having shoots (regrowth) was recorded. Therefore,
24 m per plot replicated four times was equivalent to an effec-
tive row length of 96 m per treatment. With four hoe units per
metre there were a total of 384 hoe units per treatment (384
= 100% regrowth). A total of less than 40 hoe units recorded
per treatment (ie about 10% regrowth) was regarded as being
a commercially acceptable kill.

In the observation trials, an effective row length of 100 m
(400 hoe units possible) was assessed per treatment at each site
and the same threshold of 10% regrowth was taken as being
commercially acceptable.

Results
Replicated trials
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TABLE 2

Regrowth of sugarcane variety N55/80S following treatment during warm grow-
ing conditions (November 1982)

Dose Mean % cane regrowth
Treatment @ ha™)

82 days 120 days

6 6 10

Roundup 8 b 8

10 3 5

6+ 15 4 6

6+3 4 7

Roundup + Frigate 8+ 1,5 3 5

8§+3 2 4

10 +3 1 2

In the third trial during this season it was possible to make
only a visual assessment of the initial kill of the sugarcane. No .
meaningful differences between treatments were noted and as
the degree of regrowth could not be assessed the trial is not
discussed further.

The results of two replicated trials conducted during the 1983/
84 season are presented in Table 3. Cane in the third trial was
well tillered and was sprayed under very hot mid-summer con-
ditions. All treatments proved extremely effective with negli-
gible regrowth.

TABLE 3

Initial cane kill and regrowth in two trials with variety NCo 376 sprayed under
warm conditions

Regrowth figures expressed as hoe units for two trials con- Tcr(i)zlsllal‘ gﬁg{a{f "
ducted in 1982/83 are summarised in Tables 1 and 2.
Dose Mean % | Mean % Mean
TABLE 1 Treatment (@ ha-') kill regrowth shoots
. . . . 35 days 67 days per metre
Regrowth of sugarcane variety NCo 376 following treatment during cool growing after after 40 days
conditions (August 1982) treatment | treatment after
0 treatment
Dose Mean % cane regrowth
Treatment N 94 19 23
@0 | g4 days | 120 days § 9 i1 3
Roundup (HV)* ?
8 98 9 1,3
6 8 16 9 - - 1,1
7 7 14
Roundup 8 8 14 6+ 15 96 9 1,6
9 3 I 6+ 3 94 12 L1
10 b 13 , 7+15 92 10 1,4
Roundup + Frigate 743 97 2 16
6+3 6 13 (HV)* 8+ 15 92 6 1,0
7+3 5 12 8+ 3 - - 1,8
Roundup + Frigate 8§+ 3 4 11 94+ L5 _ . 0,7
9+ 3 5 11 4
0+3 3 10 Roundup (LV)** 6 88 17 1,8
: 7+ 45 5 12 . ; -
Roundup + Frigale HV high volume 300 £ ha
P ¥ 9 +45 6 10 * LV low volume 100  ha-"
TABLE 4
Cane regrowth recorded at 15 observation sites during 1983/84
Cane % regrowth per trial site Mean %
D regrowth
Treatment 0se Site no. + 70 days
(@ ha-1) after
4 5 9 10 11 12 15 16 17 18 19 23 25 26 27 treatment
Round up 8 8 8 3 15 0 4 22 4 2 6 11 2 2 5 3 6,3
Roundup + Frigate 6+ 1,5 2 10 19 10 1 3 5 2 4 4 9 2 1 6 4 5,5
Details of trial
Days after treatment 81 77 55 1 107 49 49 75 56 64 77 50 57 85 96 89
Time of treatment Nov } Oct | Nov| Sep | Nov | Nov | Dec | Nov | Dec | Nov | Nov | Dec | Nov | Nov | Nov
Cane variety 376 | 376 | 376 | 310 | 376 | 376 | 376 | 376 | 376 | 376 | 376 | 376 | N7 | 376 | 376
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Results from one of the two replicated trials conducted in
the 1984/85 season showed a similar trend of a better kill when
Frigate was added, but no response to adjuvants was evident
in the second trial. These results are shown in Figure 1.

Observation trials

The results recorded from 15 of the 28 large-scale observa-
tion trials where the effects of Roundup at 6 § + Frigate 1,5 £
ha' were compared with adjacent treatments of Roundup at 8
R ha-t are shown in Table 4. A considerable amount of data
were obtained for other comparisons and from the remaining
trial sites but these cannot be discussed meaningfully as there
was insufficient replication of individual dosage rates for the
determination of reliable regrowth figures.

/ R:::d:: + Frigate 0,5%
¥ 54 %
%
_
g
_

7,5 10
Application rate of Roundup (€¢/ha)

FIGURE 1 Cane regrowth 49 days after a spring spray application.
N55/805 sprayed 12/10/84.

Discussion

It has been demonstrated (Turner®) that the efficacy of
Roundup when applied as an eradicative spray on cane is ad-
versely affected under certain conditions of season, dosage rate,
and active growth stage of ratoon crop. The results from the
late winter application in August 1982 shown in Table 1 tend
to support this view, but nevertheless demonstrate a positive
effect from Roundup alone and the Roundup + Frigate treat-
ments. Roundup applied alone at the reported rates did not
provide an acceptable kill when assessed four months after
application. The addition of Frigate invariably improved the

activity of Roundup, except at the 9 @ ha-! dose when Frigate
had no effect. All rates of Roundup with Frigate were com-
mercially unacceptable although the kill at the higher rates was
almost acceptable.

When similar treatments were applied under the more suit-
able conditions of late spring the results were better. From
Table 2 it will be seen that all treatments gave acceptable con-
trol of cane four months after application. A clear response to
increasing rates of Roundup with or without Frigate was evi-
dent, and in all cases Frigate improved the activity of Roundup.
No meaningful conclusions could be drawn regarding the con-
centrations of Frigate in the total spray volume, 1% (or 3 ¢ ha-")
being about equal in activity to 0,5% {or 1,5 £ ha-!).

The results, summarised in Table 3, from replicated trials of
the 1983/84 season also demonstrated improvement in the ac-
tivity of Roundup due to Frigate. The addition of Frigate at
1,5 £ ha-' improved the efficacy of the treatments for both high
and low Roundup rates. The application of Roundup at 6 ¢
ha' in a lower spray volume (100 £ ha-') was better than the
same dose in the normal spray volume (300 2 ha') but the
adjuvant effect of Frigate outweighed this benefit.

One of the 1984/85 season trials, summarised in Figure 1,
demonstrated clearly the improved reliability of the Roundup
effect early in the season when Frigate at 0,5% by volume was
added, although no response was evident in the other trial,
probably because it was sprayed before full tillering occurred.

In some trials, an occasional negative response was recorded
with increasing rates of Roundup when Frigate was added at
concentrations higher than 0,5% (or 1,5  ha!). It has been
suggested (Spranklin®) that this maybe due to the high com-
bined level of surfactant and adjuvant present in the spray
mixture reducing translocation, notwithstanding an increase in
the actual penetration of the leaf surface.

Under varied commercial application conditions the results
obtained on a large number of sites adequately confirmed the
findings of the replicated trials.

Although assessments were made on the 15 field sites over
a wide time period (50 to 110 days after spraying), there were
virtually no differences in efficacy between Roundup used alone
at 8 £ ha-' and Roundup used at 6 £ ha' together with Frigate
at 1,5 £ ha™. It is unfortunate that Roundup at 6 £ ha-' alone
was not included in the field-scale observations. Under the
summer conditions when most of the treatments were applied
to well-tillered crops, it is possible that low rates of Roundup
alone might also have proved satisfactory. Nevertheless, very
acceptable results were achieved, with and without Frigate re-
sulting in only a 5 to 6% regrowth about 70 days after appli-
cation. Experience has shown that greater reliance can be placed
on results obtained more than 65 days after spraying.

Conclusions

Results from field-scale observation trials confirmed repli-
cated trial results and showed that under most conditions the
activity of Roundup was enhanced by the addition of the ad-
juvant Frigate at 0,5% total spray volume.
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