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Introduction

Organic matter decomposition is one of the
most important processes occurring in soil.
Any major change in its rate and extent can
cause marked practical problems for agri-
culture. For example, any reduction in de-
composition of straw and stubble may re-
sult in the accumulation on the soil surface
of trash which may harbour plant pests
and pathogens (Jeater and Mcllvenny 1965,
Moore and Thurston 1970). Other implica-
tions include the potential transfer of herbi-
cide residues from treated trash to subse-
quent crops (Jeater and Mcllvenny 1965).

Grossbard and Cooper (1974) demon-
strated that barley straw sprayed with
paraquat (ata rate equivalent to 1.7 kg ha™)
and subsequently buried in soil, decom-
posed at a markedly slower rate than un-
treated straw. This is not surprising since
Wilkinson and Lucas (1969) previously
demonstrated that fungal colonization on
potato haulm was reduced following
paraquat treatment. When applied to soil,
however, this herbicide showed variable
effects on cellulose decomposition and
number of microbial propagules (Tu and
Bollen 1968, Grossbard et al. 1972, Szegi
1972, Camper ef al. 1973).

In studies on cellulose decomposition,
artificial substrates such as cotton cloth or
filter paper are usually used because they
are easier to handle and results are more
reproducible than those obtained with
naturally occurring cellulosic materials.
This paper reports the results of experi-
ments in which an artificial cellulosic
substrate was used to investigate the effects
of glyphosate and paraquat on cellulose
decomposition. Artificial cellulose sub-
strate degradation may resemble the deg-
radation of crude cellulosic waste in the
soil, but it may not be exactly analogous
because crude cellulose contains other ma-
terials besides cellulose that may degrade
at different rates.

The rate of cellulose decomposition in
soil is affected by many factors such as soil
type and climate. As yet little is known
about the interaction between herbicides,
organic matter decomposition and soil

factors. Bearing in mind the importance of
the organic matter cycle in soil, especially
in light of increasing use of minimum till-
age procedures, it is essential that more at-
tention be paid to the side effects of herbi-
cides on organic matter decomposition.
This paper examines the effect of two her-
bicides on the breakdown of cellulose.

Materials and methods

Soil sample and herbicides
Soil samples were obtained from a farm at
Universiti Pertanian Malaysia, Serdang,
Selangor. They were sifted througha 3 mm
sieve and placed in black polythene bags.
The soil used was of the type Serdang Se-
ries (68% sand, 3% silt, 29% clay, pH 4.1).
The cloth, which was specially made for
soil burial tests, was obtained from British
Textile Technology Group. The plain woven
cloth contains 100% cotton yarns in a two-
folded form. Further technical details of the
cloth can be obtained from the British Tex-
tile Technology Group, Manchester, UK.
The paraquat used was supplied under
trade name GCramoxone®, containing
200 gm paraquat per litre. Glyphosate was
supplied as Roundup®, containing 360 gm
glyphosate per litre.

Treatment of the substrates

A single layer of the substrate was
sprayed on either side with herbicide at
rates equivalent to 0.24 and (.96 kg ha"! for
paraquat, and 2.16 and 8.64 kg ha’ for
glyphosate. The substrate was then cut

into strips 2 cm x 11 cm and mounted
onto glass slides for burial in soil as de-
scribed by Greaves et al. (1978). Five cloth
covered slides were placed sideways in
the soil in a box. The box was filled with
more moist soil using a glass rod to make
the soil firm between the slides, thus en-
suring good contact between soil and
cloth. Ten replicate strips of cloth placed
in two boxes of soil were prepared for
each treatment. The boxes were then
placed in polyethylene bags which were
secured in place with elastic bands and
then inflated using a compressed air sup-
ply. Each box was weighed and incubated
at 27°C for up to 8 weeks. The moisture
content of the treated and control soils
was adjusted to 80% of field capacity.

In another set of experiments, each her-
bicide was mixed thoroughly with the soil
to give final concentrations of 20 and 150
ppm for paraquat and glyphosate respec-
tively, on dry weight basis. Untreated
substrate was then buried in the treated soil
either immediately or after the treated soil
had been kept for 4 weeks at 27°C. The
substrate was incubated for 4 or 8 weeks
before weight loss was determined.

After incubation the slide-mounted
substrate was carefully removed from the
soil, and soil particles were gently removed
from the cloth using a small artist’s brush.
The cloth strip was air-dried for 18 hr at
27°C in a desiccator and then weighed. The
weight loss was calculated as a percentage
of the weight of an initial weight of cloth
which had not been buried.

Results
The effects of paraquat and glyphosate on
decomposition of cellulosic materials bur-

-ied in soil immediately following treat-

ment of either the soil or the substrate are
shown in Table 1. The results seem to in-
dicate that paraquat reduced the decom-
position rate of the substrate. This reduc-
tion corresponded with the increase in
paraquat concentration and was more
pronounced after eight weeks of incuba-
tion. Treatment of soil with 20 and 150
ppm of the herbicide reduced the weight
loss to 28 and 18% respectively, as op-
posed to 39% observed in the untreated
control after eight weeks of incubation.
Similarly, weight loss was reduced to 23

Table 1. Weight loss of substrate (as percentage of initial weight) after 4
and 8 weeks of burial when either substrate or soil were treated with

either paraquat or glyphosate + S.E.

Burial Herbicide Treatment of soil Treatment of substrate®
period (ppm) (kg ha)
i 0 20 150 x ax
4 Paraquat 13£0.5 12403 10+0.6 11+0.8 6+0.9
Clyphosate 13405 14+1.8 15+1.0 8+03 1001
8 Paraquat 39415 28+15 18+1.1 23+1.1  18+1.2
Glyphosate 39+1.5 4619 44+15 50+1.6  51+1.1

4 x = 0.24 for paraquat, 2.16 for glyphosate 4x = 0.96 for paraquat, 8.64 for glyphosate
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Table 2. Weight loss (as percent of initial weight) of substrates buried in
soil preincubated for 4 weeks after treatment with either paraquat or

glyphosate £5.E.
Burial Herbicide Treatment of soil
period (ppm)
(rshel) 0 20 150
4 Paraquat 18+0.5 16+0.3 13+0.1
Glyphosate 18+0.5 17+0.7 20+0.3
8 Paraquat 37+1.1 21+0.4 20+0.3
Glyphosate 37+1.1 47+1.4 51+1.3
and 18% when the substrate was is reduced. This may explain why the in-

pretreated with the equivalent of 0.24 and
0.96 kg ha' of paraquat respectively. In
general, however, when the soil or
substrate was treated with glyphosate, the
rate of decomposition appeared to be en-
hanced with the exception that decompo-
sition was slightly reduced when the
glyphosate-treated substrate was incu-
bated for only four weeks (Table 1).
Incubation of the treated soil for
4 weeks before burial of the substrate did
notappear to reduce the inhibitory effects
of paraquat on cellulose decomposition in
soil (Table 2). The reduction in substrate
weight loss, as in the previous experi-
ment, was proportionate to increasing
herbicide concentration. However, after
eight weeks incubation, no significant fur-
ther reduction was observed when the
amount of paraquat used was increased
from 20 to 150 ppm. In the case of
glyphosate-treated soil, enhancement of
substrate decomposition was again ob-
served. This enhancement was more pro-
nounced when the substrate was incu-
bated for 8 weeks in the treated soil.

Discussion

The results of this study showed that
paraquat slightly inhibits cellulose de-
composition when applied either directly
to the substrate or to the soil. The known
antifungal action of paraquat probably
explains, in part, the inhibitory effect on
the degradation of cellulose. It was re-
ported that paraquat could reduce the de-
composition of pure cellulose, calico
(Grossbard 1974). This could be related to
the fact that paraquat kills cellulolytic
fungi which normally colonize the
substrate. Paraquat treatment has been
shown to inhibit the colonization of po-
tato haulm by saprophytic fungi
(Wilkinson and Lucas 1969). Grossbard
and Harris (1979) have reported that in
pure culture, cellulose-degrading fungus
is sensitive to low concentrations of
paraquat when applied directly to the
cellulosic substrates. It is also known that
paraquat is weakly absorbed by cellulose
but strongly absorbed to the soil
(Damanakis et al. 1970). The strong
adsorption of the herbicide to soil means
that its deleterious effect on soil microbes

hibition of cellulose decomposition after
the substrate was incubated for 8 weeks
was less significant when the herbicide
was applied to the soil, as opposed to
when it was applied to the substrate. The
decomposition of the cellulose was, how-
ever redeemed when the treated soil was
preincubated followed by a longer period
of incubation of the substrate, probably
due to such factors as biological and
chemical degradation of the herbicide.

The present work also showed that
glyphosate has no significant adverse af-
fects on the decay of cellulosic substrate
in soil. This agrees with the results of
Grossbard and Cooper (1974) who
showed that not only did glyphosate fail
to inhibit, butactually enhanced degrada-
tion of barley straw. However, Ismail
et al. (1988) showed that glyphosate could
decrease decomposition of cellulose in
peat soil. It is obvious that factors such as
soil type, the time of the year when the
soil was collected, storage time and mois-
ture content can influence the response of
the cellulolytic soil microflora to this her-
bicide. These factors may modify the de-
composition activity of the microflora and
so alter their ability to colonize and de-
grade cellulosic materials.
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