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The Effect of Paraquat on Some Grasses and Other
Weeds Commonly Found in Rubber Plantations

P. RIEPMA KZN

The contact herbicide, Paraguat, 1,1'-dimethyl, 4,4'-bipyridylium-dimethy! sulphate was
tested against a number of weeds. Digitaria longiflora, Panicum nodosum, Axonopus com-
pressus and certain species of Scleria were found to be susceptible to the chemical, being
controlled by application of 0.4 gal. per ucre of Paraguat. Pueraria phaseoloides is also
susceptible, bur Paspalum conjugatum and Mikania scandens, although initially affected,
were found to regenerate quickly after application of Paraguat.

Against mixed grass populations the volume of application of Paragquat need be no more
than 50 gal. per acre, and for optimum effect 0.5 pint of Lissapol N wetling agent should

be added to every 50 gal. of spray liquid.

In 1955 some quarternary ammonium com-
pounds were found to show high herbicidal
activity (CrONSHEY, 1961). One of these com-
pounds, ‘Paraquat’ (1.1’-dimethyl, 4.4’-bipy-
ridylium-dimethyl sulphate}, has been shown
to have considerable promise as a contact her-
bicide for use in rubber cultivation. It is very
soluble in water and is rapidly absorbed by
the plant leaf, In the plant it interferes with
the oxidation-reduction system and exerts a
very rapid and toxic effect; nevertheless the
effect is not persistent and regeneration may
be rapid.

This paper presents the results of a number
of experiments in which Paraguat has been
tested against common weeds found in rubber
plantations.

EXPERIMENTAL

Experiments were carried out to test the her-
bicidal effect of Paraquat on certain plant
species, and also the influence of wetting-
agent concentration and of volume of applica-
tion on the effectiveness of Paraquat. Lissapol
N, a non-ionic wetting agent is recommended
for use with Paragquat and has been used as
the standard wetter in this work. Details of
the experiments are given in Tables I and 3.
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Estimates of the percentage cover before
and after spraying, using the point quadrat
method (RIEPMA, 1962), for the main species
present and also for the total plant popula-
tion, enabled the respective percentage mor-
lalities to be determined. Estimates of cover
in the control plots throughout the course of
the experiment enabled adjustments to be
made for any increase or decrease due to
natural causes (Franey, 1952).

RESULTS

The Effect of Paraguat on Various Plant
Species

Paspalum conjugatwm. Only one irial
against P. conjugarum (Experiment 1) is re-
corded in this paper (Table 2). Recordings at
thirteen days after spraying showed that good
control of this grass was obtained with con-
centrations of Paraquat ranging from 0.4 - 1.0
gal. per acre, but this effect was not persistent
and at forty-five days after spraying only a
poor measure of control was found. After
spraying, the leaf of the P. comjugatum is
burnt but it appears that the stem may remain
unharmed and regeneration can be rapid.
Further, unreported work has since confirmed
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that P. conjugatum is not particularly sensi-
tive to Paraquat.

Axonopus compressus. Two experiments
on A. compressus are reported (Table 2).
In Experiment 3, Paraguat was sprayed
against almost a pure stand of A. compressus.
Recordings at eighteen days after spraying
showed that good control was achieved by
spraying with 0.6 gal. per acre and above, and
recordings at sixty-five days after spraying
showed that the effect was rather more per-
sistent than that found with P. conjugatum.
In Experiment 2, 0.4 gal. per acre of Para-
quat was found to give a high level of control
at nineteen days after spraying. In this experi-
ment rain fell during the afternoon and night
after the spraying but this evidently had no
adverse effect. Concentrations of wetting agent
varied between these two experiments, but
they do not seem to have had a large effect
on the results and 0.4 gal. of Paraquat per
acre would seem to be an adequate concen-
tration to control A. compressus.

Panicum nodosum. The effect of Paraguat
on this grass has been recorded in three ex-
periments. In Experiments 5 and 6 rain fell
after application, but even so good control
was achieved using 0.4 gal. per acre Paraquat.
This is confirmed in Experiment 2 and it
would seem that 0.4 gal. per acre is an ade-
quate concentration 1o use against this grass.

Digitaria longiflora. The results of one ex-
periment (Experiment 4) against D. longifiora
are reported. It can be seen from Table 2 that
a very high measure of control was obtained
using 0.4 gal. per acre and this grass appears
to be particularly sensitive to Paraquat. The
effect was persistent up to seventy-three days
after application, and although at this time
there was a significant difference in control
between the vatious concentrations of Para-
guat, this difference was not sofficient to
justify the use of rates above 0.4 gal. per acre.

Scleria spp. In Experiment 6, Sclerie spp.,
mainly Scleria laevis and Scleria sumatrensis,
occurring in a mixed stand with P. nodosum
and other weeds, were shown to be very sensi-
tive to Paraguat. A high level of control was
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obtained using 0.2 gal. per acre, the effect
persisting up to sixty-one days after applica-
tion.

Mikania scandens. In Experiment 5 a
good measure of control over this weed, re-
corded at twenty-five days after application,
was obtained using 0.4 gal. per acre Paraquat.
However, although the leaves of the Mikania
may have been killed, regeneration was rapid
and at sixty-two days after application the
experimental plots were practically overgrown
with the plant. Control of P. nodosum in this
experiment is better than that recorded in
Experiment 2; nevertheless recovery was very
rapid and this may well have been due to the
presence of the M. scandens which, scrambling
over the grass, would intercept quite a large
proportion of the spray liquid.

Pueraria phaseoloides. Subsidiary observa-
tions on P. phasecloides, occurring in mixed
stand with P. conjugatum in Experiment 1,
showed that it was very sensitive to Paraquat.
Persistent control, up to forty-five days after
spraying, was obtained using 0.4 gal. per acre
and it is of interest to note that no regenera-
tion of the Pueraria could be recorded in this
experiment, whereas P. conjugafum regener-
ated quite vigorously.

Miscellaneous weed species. In all of the
above-experiments a variety of weed species
was present in mixture with the main species
under test. Use of the point quadrat method
enabled recordings to be done for each species
present in the population and this was done
where necessary. In Experiment 4 Cynodon
dactylon was found to be quite sensitive to
(.4 pal. per acre of Paraquat, while in Experi-
ment 5 Lygodium flexuosum and other ferns
showed some resistance, poor control being
obtained even with 0.8 gal. per acre, although
this may have been partially due to intercep-
tion of the spray liguid by M. scandens.

In Experiment 1, FEleusine indica and
Paspalum scrobiculatum were present as
secondary weeds, and recordings (not shown)
indicated that these grasses may show some
resistance to Paraquat. Further work is need-
ed, however, before this can be confirmed.
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The Effect of Lissapol N Conceniration, and
Volume of Application, on the Effective-
ness of Paraquat

In Table 3 details are given of three experi-
ments carried out to study the effect of con-
centration of wetting agent, and volume of
application, on the effectiveness of Paraquat
against miscellaneous weed species.

In recordings carried out in Experiment 7
{Table 4), data suggest that the most favour-
able Lissapol N concentration for control of
P. nodosum is 0.2 pint per 50 gal., although
some interaction between Lissapol and Para-
quat concentrations occurs. At 0.5 gal. of
Paraquat per acre, differences in results for
the various Lissapol N concentrations were
not shown to be significant, whereas when
using 0.25 gal. of Paraquat per acre 0.2 pint
of Lissapol N per acre gave optimum control.
In the same experiment it appeared that 0.1
pint of Lissapol N per 50 gal. of water gave
the best effect with Mimosa pudica, when
using 0.25 gal. or 0.5 gal. per acre of Para-
quat. This experiment confirmed that P. nodo-
sum and M. pudice may easily be controlled
by Paraquat, and the addition of 0.1 or 0.2
pint Lissapol seems to increase its effective-
ness.

In Experiment 8 (Table 5) three concentra-
tions of Lissapol and three concentrations of
Paraguat were fested in an area where Scleria
species, mainly Scleria hebecarpa, were the
main weeds. A mixture of other species was
also present and the effect of the herbicide on
general weed control as well as on that of
Scleria has been estimated. It can be seen that
the mean percentage kill of Scleria was ex-
tremely high and was not influenced by the
different Paraquat concentrations or by Lissa-
pol concentrations. This confirms the data
given above in showing that Scleria species
are very sensitive to Paraquat (Experiment 6).
For general weed control the addition of Lis-
sapol N at 0.5 pint in 50 gal. tended to
increase the effect of Paraquat. Three weeks
after spraying, the mean results for 0.5 pint
Lissapol were significantly superior to that of
the control (no Lissapol) at the 5% level. Two
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months after spraying, there was only a non-
significant indication that 0.5 pint Lissapol N
was acting beneficially on the activity of Pata-
Guat.

The influence of volume of application and
of concentration of Lissapol N on the effect
of Paraquat against A. compressus was tested
in Experiment 9 (Table 6). There was no signi-
ficant difference between the two volumes of
application, although spraying at 100 gal. per
acre gave a rather better effect than at 50 gal.
per acre.

Significantly better control of the 4. com-
pressus was obtained using 0.5 gal. per acre
of Paraquat than 0.25 gal. per acre, both at
eighteen and at sixty-four days afier applica-
tion.

The effects of Paraquat on A. compressus
are clearly influenced by the Lissapol con-
centrations. Where Paraquat was applied at
0.25 gal. per acre, the addition of 0.5 pint
Lissapol per 50 gallons water showed the best
results for both volumes of water application
and at both recordings. With 0.50 gallons per
acre Paraquat, there is no general upward
trend in results with increasing amounts of
Lissapol.

CONCLUSIONS

The contact herbicide Paraquat can be classed
as generally effective against a wide range of
weeds, but the above work has confirmed
that weeds vary in their susceptibility to this
chemical.

Digitaria longiflora, Panicum nodosum, and
the Scleria species have been shown to be very
susceptible and may easily be controlled by an
application of 0.4 gal. per acre of Paraquat.
The grass Axonopus compressus is not quite
so susceptible, although controllable by 0.4
gal. per acre or Paraquat, but the very similar
grass, Paspalum conjugatum, has been shown
to regenerate quickly after spraying and can
be said to show some degree of resistance.
Incidental observations in the different experi-
ments suggest that Cynodon dactylon is sus-
ceptible to Paraquat, but that Paspalum scro-
biculatum and Eleusine indica may show
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marked resistance to Paraquat. More work is
required, however, before this can be con-
firmed.

The leguminous creeper Pueraria phaseo-
loides, commonly used as a cover plant in the
inter-row areas, has been shown to be very
susceptible to Paraquat, while the leguminous
weed Mimosa pudica can be controlled by the
application of 0.5 gal. per acre of Paraquat.

Paraquat was initially effective against
Mikania scandens, but regeneration was rapid.
The experiments alse demonstrated that in a
ntixed stand of weeds the M. scandens present
may intercept a large proporiion of the spray
liguid and so minimise its effect against the
other weed species present. This interception
can cut down the effect of Paraquat so
markedly that in field problems it would be
better to eliminate the M. scandeny first by
an application of 21b per acre of a 2,4D
formulation before spraying with Paraquat.

The experiments showed that the concentra-
tion of wetting agent, Lissapol N, may appre-
ciably affect the control obtained by Paraquat,
and when dealing with a mixed weed popula-
tion it would seem safest to add 0.5 pint of
Lissapol N per 50 gal. of spray Liguid.

The one trial (Experiment 9) carried out to
test the influence of volume of application on
the effectiveness of Paraquat cannot be said to
be conclusive by itself, but when considered
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together with other information (Riepma,
1962} it can be concluded that 50 gal. per acre
is a suitable volume of application against
mixed grass populations,

ACKNOWLEDGEMENT

The author wishes to acknowledge the assist-
ance of Messrs A. V. S. Nathan, P. Bala-
krishnan and M. K. Raveendran, who carried
out the spraying operations and helped to
record these experiments, and of Mr Wong
Phui Weng who helped with the botanical
analysis. He also wishes to express his appre-
ciation to the Managers of R.R.I.M. Experi-
ment Station, Kepong. Effingham, Klabang
and Sungei Rengam Estates for their co-
operation in carrying out these experiments.

Soils Division
The Rubber Research Institute of Malaya
Kuala Lumpur June 1962

REFERENCES

CronsuEy, J. F. H. (1961} A review of experimental
work with Diquat and related compounds.
Weed Res. 1, 68.

Finwey, D. 1. (1952) Probit Analysis, 2nd ed. Cam-
bridge University Press,

RiIepMa Kzn, P. (1962) The effect of dalapon and
amitrole, alone and in mixtures against Axono-

pus compressus and Paspalum conjugetum. }
Rudb. Res. Inst, Malaya 17, 130.



TABLE 1. EFFECT OF PARAQUAT ON DIFFERENT PLANT SPECIES., EXPERIMENTAL DETAILS

All experiments were laid out as 5 x 5 Latin squares with five {reatments, using plots of 1/200 acre.
Volume of application 50 gal. per acre

i } Date I 1-C(Jnc:. IOI{I i
i | . i Lissapol N, i P,
Experiment | Site Weed species present : of : pints/50 | Cone. of Paraquat,
No. * 1 i . © gal. spray | gal./acre
; SPraymg | iguid |
- - , ‘ ! {7 I
. Paspalum conjugatum with even scattering of i ' .
1 (13/61) Vacant area in the open Pueraria phaseclpides, Other spp.: Paspalum 17.5.61 1 : 0,04, 06, 08, 1.0
: serobicularum and Eleusine indica : :
. i - ; S
! '
2 (i4/61) Inter-row areas of young | Panicum nodosum and Axomnopns compressus A “ 1.56f i 0, 0.4, 0.6, 0.5, 1.0
rubber, no shade ‘
| ? - o
| | |
3 (25/61) Inter-row areas of young| Axonopus compressus 22.8.61 | 0.5 0, 0.4, 0.6, 0.8, 1.0
rubber, no shade |
E |
_ _ L g - e
4 (26/61}) Vacant area in the open | Main weed-Digitaria longifiora, with Cynodon Po271.1061 | 0.5 0, 0.4, 0.6, 0.8, 1.0
dactylon as secondary weed, ) i i
5 (34/61) Inter-row areas of 3-year| Panicum nodosum and Mikania scandens. Other 11.8.61 0.1 0, 0.4, 0.6, 0.8, 1.0
-old rubber, little shade sp.: Lygodium fexuvosum
-
| e . -
i ;
6 (74/61) In partial shade under | Pawicum nodosum, Scleria laevis and Scleria 9.12.61 0.5 % 0, 0.2, 0.4, 0.6, 0.3

mature rubber

sumatrensis

* R.R.ILM. experiment number in parenthesis.



TABLE 2. THE EFFECT OF PARAQUAT ON VARIOUS SPECIES AND ON GENERAL WEED CONTROL

. Time of recording Mean 77 mortality
Experiment . - £
No.* (days after Species Paraguat conc. in gal. per acre 8.¢. O means
’ application ) 0.2 0.4 06 0.8 1.0
13 ) — 76.6 78.4 87.9 923 + 455
e 45 Paspalum conjugatim - 28.2 47.9 64.9 6.6 + 854
( 13 P ) ; I'de ) — 96.5 98.4 93.7 100.0 + 1338
45 uerarta phaseoiotes — 98.2 98.6 100.0 91.8 + 4017
19 Panicim nodosi — 94.5 93.5 98.4 97.9 + 1.184
18 an nodosum . 50.4 445 67.8 69.3 + 6.748
2 (14/61) - . - .
19 P —_ £8.7 75.9 86.0 98.9 + 8068
38 XOMOPUS COMPrESSIs — 51.9 48.9 69.2 93.2 + 11.267
T TR —_ 68.12 78.36 873 82.4 4.864
3 {25/61) 65 Axonqpus compressus _ 46.1 63.3 75.4 68.1 i: 6.264
' 3 o — 99.5 99.2 100.0 209 + 0251
73 Digitaria longifiora _ 94.6 97.4 99.1 99.9 + 1179
4 (26/61) B3] o 95.6 90.8 98.2 98.9 + 2715
73 Mixed stand — 89.2 75.7 92.3 97.8 + 5394
Mikania scandens — 90.1 87.5 88.6 95.2 L 4.578
25 Panicum nodosum — 95.8 86.5 90.8 98.0 + 3.991
5 (34/61) Mixed stand — 63.3 68.8 75.7 38.0 4 7.842
62 Mixed stand R 50 22.8 16.4 36.9 + 9.804
25 . 35.7 61.7 74.0 85.3 — + 6301
61 Panicum nodosum 26.6 12.4 25.8 38.0 — + 10.585
25 . 85.0 90.9 83.9 97.4 — + 6654
6 (74/61) 6l Scleria spp- 89.0 94.5 95.8 99.6 — I 2518
25 . 37.7 54.6 66.2 80.0 — + 4.680
61 Mixed stand 30.3 11.0 14.7 38.1 _ £ 8.689

* R.R.I.M. experiment number in parenthesis.



TABLE 3.

OF PARAQUAT. EXPERIMENTAL DETAILS

All experiments were laid out in plots of 1/200 acre

EFFECT OF LISSAPOL N CONCENTRATION AND VOLUME OF APPLICATION ON EFFECTIVENESS

Experi ) Volume of |Conc. of Lissa-| Conc, of Para-
xpcnr:'lcnt Design Site Weed species present Date ,Of application, |pol N, pints per; quat, gal, per-
No, spraying | gal. per acre 50 gal. acre
“Two (5 X §) Latin | -
;quares intermixed | Inter-row areas of Panicuzgd nodo(s)utg:“ and Mi-
Y TOWS. ‘ mosa pudica. species,
T (21/61) 4 'cones. Lissapol young rubber—no Axonopus compressus and 8.6.61 50 0, 0.1,0.2,0.5 0.25, 0.50
| 2 concs. Paraquat shade Ischaemum aristatum
- i 2 controls
B (al/6]) | uecn saue I B e ber | Srna hebecarpa and other |17 14,64 50 0,0.1,02, 05 04,06, 08
- N Youd Inter - cow areas of
9 @ajey | PG Sauare young rubber—no | dxonopus compressus 21.8.61 50 and 100 | 0, 0.2, 0.5 025, 0.50
i shade
* R.R.ILM. experiment number in parenthesis.
TABLE 4. EXPERIMENT 7. PERCENTAGE CONTROL OF PANICUM NODOSUM AND MIMOSA PUDICA
AS AFFECTED BY VARIATION IN PARAQUAT AND LISSAPOL N CONCENTRATION
Recorded at 19 days after application
Species Panicum nodosum Mimosa pudica
“\i;_\_&sgapol, pints per 50 gal . ]
“\\ 0 0.1 0.2 0.5 Mean o 0.1 0.2 0.5 Mean
Paraquat, gal. per acre T
0.25 92.3 93.8 96.5 91.1 934 81.2 95.5 93.0 85.5 88.8
0.50 96.1 97.6 98.7 98.6 97.7 9.7 98.9 92.8 94.8 94.8
Mean 94.2 95.7 97.6 94.8 86.9 97.2 92.9 90.2
s.e. of diff. between means of Paraquat conc. + 0.602 + 2.00
s.e, of diff. between means of Lissapol conc. 4 0.852 + 2.83
s.e. of diff. between Paraquat x Lissapol means. 4 1.205 4 3.99




TABLE 5. EXPERIMENT 8. PERCENTAGE CONTROL OF SCLERIA AND QOTHER SPECIES AS
AFFECTED BY VARIATION TN PARAQUAT AND LISSAPOL N CONCENTRATION

Percentage control of Scleria spp

Percentage control of general ground cover

22 days after application

61 days after application

22 days after application k
|

Lissapol,r png l ’ ! " l :
wr 50 gal. ! ! i E
S 0 0.1 02| 05 [Mean| 0 0.1 02 05 Mean| 0 ! 0.1 0.2 0.5 jMf:z:mi 0 0.1 0.2 : 3.5 |Mean
Paraquat, . I i |
gal. per acre : i
+ T - —— [
. E ; :
0.4 99.1 | 96.7 | 98.9 | 98.7 | 98.4 | 95.8 | 90.6 | 959 | 93.8 | 94.0 | 88.5 | 90.5 | 92.8 | 927 | 912 | 73.4 | 64.6 r 722 | 82.3 | 73.1
0.6 96.8 { 99.2 1 942 1 99.2 | 974 E96.0 93.0 ’ 957 1945 ! 948 [ 922 | 907 {925 | 9631929 73.6 ' 98.8 | 80.8 | 80.7 | 78.5
0.8 98.5 | 98.6 1 982 | 98.6 | 98.5 | 91.3 | 95.8 | 88.6 | 90.8 | 91.7 | 929 , 92,6 | 92.2 l 98.5 ;94.0 79.7 | 81.2 | 79.2 i 85.5 © 814
. i _ . o .
Mean 98.1 | 98.2 | 97.1 i G8.8 f 94.3 193.2 93.4 | 93.1 91.2 191.3 | 92.5 | 95.8 75.6 | 749 | 774 | 82.8
s.e. of diff. between I
Paraquat x Lissapol
means. + 2.20 + 4.50 4 3.39 + 715
s.e. of diff. between
means of Lissapol conc. 4+ 1.27 + 2.60 b 1.96 ‘£ + 4.13
s.e. of diff. between
means of Paraguat conc. 4+ 1.10 + 2.25 4+ 1.69 + 3.58




TABLE 6. EXPERIMENT 9. PERCENTAGE CONTROL OF AXONOPUS COMPRESSUS AS AFFECTED BY
VARIATION IN PARAQUAT AND LISSAPOL N CONCENTRATION

l |~ .. Lissapol, pints per 50 gal. !
Time of recording \ Volume of application, . Tl N 0 0.2 0.5 Mean
gal, per acre i
( [ Paraquat, gal. per acre -~ i
‘ 0 0.25 447 = 544 65.1 54.7
;’ / 0.50 787 874 | 806 82.2
I e S I _ o o
18 days after application 100 . 0.25 70.4 632 | 802 7.3
@ 0.50 840 70.6 822 | 789
| :
‘ Mean .7 68.9 82.0
S e I N | - S Y A —
: s ? 0.25 6.8 6.9 26.6 13.4
0.50 39.2 56.3 43.0 46.2
64 days after application 100 ' 0.25 12.8 121 38.8 212
i 0.50 377 40.9 71.8 50.1
§
- —_— - . ‘F - — —
| Mean 24.1 29.1 45.0
| ]

18 days after application

s.e. of diff. between Paraquat x Lissapol x vol. of application 4 9.52
s.e. of diff. between means of Lissapol conc. + 4.76
s.e. of diff. between means of volumes of application 4+ 3.89
s.e. of diff. between means of Paraquai conc. + 3.89

64 days after application
4- 122
4+ 610
+ 498
+ 498




