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ABSTRACT

Effect of the herbicides atrazine, cotoran, and
gesapax on carbon, nitrogen, and phosphorus contents of
clover hay humified in an alluvial clay soil (pH 7.9) was
studied at a moisture level of 607 WHC and mesophilic
incubation (25 %+ 2°C) along 150 days.

Application of herbicides resulted in diminising the
content of humified earbon in soil. The severest effect
was shown by atrazine, whereas cotoran and gesapax came
respectively lower. Humic acid predominated over fulvic
acid in all soil treatments. Ratio of HA/FA was ever more
than one, and it was decreased with the addition of organic
material, but increased with the application of herbicides.

Mineral N, as NHY and NO3, produced via decomposition
of the organic material was increased progressively with
advancing the incubation time. Incorporation of herbicides
into the soil unsupplemented with organic material declared
the superior inhibitory action of cotoran over gesapax and
atrazine on the microbial activities contributing to the
humification process of the native organic fraction.

Available P was increased with the addition of each
of organic material and herbicides. The amount of availa-
ble P was promoted to reach a peak within 45-75 days of
incubation, thereafter, started to decline. The effect of
herbicides on P availability showed the order: gesapax >
cotoran > atrazine.

INTRODUCTION

It is well known that cultivation practices affect directly and
.indirectly the availability of nutrients in soil. Since the applica-
tion of pesticides is one of these practices, it is expected to play

some role in nutrient availability, at least through the impact on
the microorganisms contributing to the various biochemical processes
in soils. The beneficial role of microorganisms on soil fertility
and plant nutrition is undoubted. However, the effect of pesticides
on soil microorganisms is contradicatory, depending on molecular

structure of the compound, dose, frequency, and method of application,
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likewise on the soil properties, kind of microorganisms, and culti-
vation practices (Walker, 1967; Helling et al., 1971; Cervelli et
al., 1978).

Upchruch and Manson (1962) observed that soils high in organic
matter require high rates of herbicide application to maintain
a given level of herbicidal action than do soil low in organic matter.
Harris (1967) showed that degradation of atrazine proceeded more
rapidly in soils with higher organic matter content and suggested
that the degradition process may be closely associated with the
organic matter. An important factor which may affect atrazine adsorp-
tion by soils, but which has received little attention, is the nature
of the interaction between clay minerals and the native soil organic
matter.

There is still a conspicuous lack of information on the influence
of herbicides on the elemental content of organic matter in soils.
Therefore, the present study was carried out to demonstrate the effect
of three herbicides (atrazine, cotoran, and gesapax) used in Egyptian
agriculture, where they are directly applied onto soil surface on the
changes of carbon, nitrogen, and phosphorus contents during humifica-

tion of organic material added to an alluvial soil of Egypt.

MATERTALS AND METHODS

Surface sample of an alluvial soil (0-30 cm) was taken from the
Experimental Farm, Faculty of Agriculture, Shebin El-Kom. The sample
was air-dried, ground to pass through a 2-mm sieve, and analyzed. Some
physical and chemical properties of the investigated soil sample are
presented in Table (1).

The herbicides cotoran, atrazine, and gesapax, usually applied

onto the soil cultivated with Egyptian main field crops, are tested
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herein. Structure and recommended rate of application of such herbi-

cides are shown in Table (2).

A number of polypropylene containers (7-cm wide, 5-cm high) was
assigned to this study. In each'container, 100 g of soil crumbs were
packed. The soil containers were splitted into two groups for the
following treatments:

A. No organic material added.

B. Organic material added.

Each group was further divided into four sets to satisfy the

following subtreatments:

a. No herbicide applied.
b. Atrazine. -
d. Cotoran.

c. Gesapax.

Pulverized clover hay (C 49.4%Z, N 0.84%Z, and P 0.12%7), was
employed in this study as an organic source and was added at a rate
of 3%. The herbicides were applied to soil at their recommended rates
(Table 2). To each container of all sets, an activating mixture
(1 mg superphosphate + 0.05 mg potassium sulphate + 0.0l mg urea) was
applied. These supplements were thoroughly mixed with soil crumbs.
10-ml of fresh fertile soil-water suspension (1:5) were introduced
into each container to serve as inoculum. Moisture content of the
soil was brought to 60% of the water-holding capacity by deionized
water. All treatments were run in duplicate. Soil containers were
left uncovered and incubated at.the ambient room temperature (25+2°C).
Periodical sampling was conducted along 150-day experimental duration
for C, N, and P determinations. Moisture losses were compensated

every three dpys with deionized water.
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At certain incubation intervals, soil samples were dried at
70°C, then again ground and sifted. The non-humified materials were
electrostically removed, using rubbed plastic plate according to
Turin method (Alexandrova and Naidenova, '1976).

I

The samples were then subjéctﬁd to éhe following technique:

50 g of soil sample were placed in a 1000-ml polyethylene
hottle, then 250-ml of freshly prepared 0.5 N NaOH were used as
axi.actant and 2.5-ml of concentrated Sn Cl, were also added (Choudhri
and Stevenson, 1957). The mixture was shaken by end-over-end shaker
for one hour, then left to stand over night (16-18 h) at room tempera-
ture. The suspension was shaken vigorously and 5 g of Na,S0, were
added as coagulating agent for polyvalent cations. The mixture was
centrifuged for 15 min. at 3000 rpm, and|the supernatant was trans-
ferred to a 250-ml volumetric flask, wheleas the soil residue was
discarded (Khalifa, 1979). i

Contents of total organic carbon and humic substances carbon
vere determined by means of Walkley and Black method (Jackson, 1958)

taking in consideration the recommendation of Kononova (1966).

Available nitrogen (amonium and nitrate) was extracted by 1.0 N
KCl.Nﬂt—N was determined by steam distillation using Mg0 and after
collection in 3% boric acid, 0.01 N H,S0, was used for titration.
NO3;-N was determined in the residue of distillation using the reduc-
ing agent Devarda alloy (FAO, 1980).

Available P in soil was extracted by 0.5 N NaHCO, at pH 8.5,
according to Olsen's procedure and determined colourimetrically using
stannous chloride (Jackson, 1958).
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RESULTS AND DISCUSSION

The effect of herbicides (atrazine, cotoran, and gesapax) app-
lication on contents of carbon in soil, i.e. total humified, extrac-
ted humified, and distribution among humic substances appears in
Table (3). In the treatment having no organic material, all forms
of native carbon diminished with incubation time, due to minerali-
zation that took place by microorganisms resulting in carbon loss to
the atmosphere in the form of CO:; However, in the soil treated with
organic material, the content of total humified carbon, and extracted
humified carbon showed gradual increase to reach a peak within 30
days of incubation, thereafter, started to decline. Such pattern -
1; ascribed to the conversion of carbon from non-humic raw material
to humic matter during the first phase, then its liberation to gase-
ous CO2 in the latter phase.

The soil samples treated with atrazine revealed lower values of
both total humified and extracted humified carbon when compared with
the control, while the samples treated with cotoran and gesapax gave
higher values of the same constituents than those of the control.
This may be due to different action of the herbicides may applied on
microbial activity of the soil used. For instance, some pesticides
serve as sources of energy and nutrients for the chemoorganotrophic
microflora in soil, thereby they are beneficial (Martin, 1972). Other
pesticides may be of no effect or are detrimental to microorganisms
(Chandra and Bollen, 1961, Abo El-Ghar and El1-Shinnawi,1978). Nardi and
Dell'Agnola (1984) found, in laboratory experiment, that atrazine,
dalapan, and propanil increased mineralization of organic matter but

not humification of plant residues, molinate increased both processes.

Data also show that humic acid predominated over fulvic acid in
all soil treatments (Table 3). Such results confirm those of Khalifa
(1979) and Khalil and Amer (1986). The ratio of humic acid to fulvic
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acid (HA/FA) was more than one in all casés, and it was decreased
with the addition of organic material. Abplication of herbicides
to soil treated or untreated with organic material promoted the
HA/FA ratio. One or more of three possibilities might contribute
to the increment of HA/FA ratio, namely, rate of humic acid forma-
tion exceeds that of fulvic acid, fulvic ;cid was more readily

mineralized by microorganisms than humic hcid. or adsorption of
herbicides on humic acid molecules which bight reduce the oxidation
rate of humic acid. !

{

Humin content (Table 3) revealed sliéht promotion by advancing
time of incubation. The increase in humin content does not reflect
any absolute increment, but due to diminution in both humic and
fulvic acids contents. Application of each of the herbicides and
organic material reduced the humin component.

Data of Table (4) denote that amounts of NHt—N had been fluctu-
ated within the experimental duration. Such values tended to.be.in-..
ﬂftéﬂséd-till 75-105 days then started to be decreased in the soil
receiving no organic supplement, whereas no definite trend could be
observed for the organic—material-treatedisoil. However, amounts of
ammoniacal nitrogen detected in the enriched soil were lower during
the first 75-105 days of incubation than those in the deﬁrived soil.
This does not indicate a lower rate of ammonification but rather
a high extent of nitrogen immobilization by the intensively proli-
ferating microorganisms at this stage. Since, figures of NH:-N
appearing, at any incubation interval, represent the net amounts
resulted from the contradictory processes, namely, the providing
ammonification and the consuming assimilation and nitrification, it
is difficult to ascertain the effect of a particular treatment on
the chemoorganotrophic ammonifying agents as such.
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Changes in mineral N (mg/100 g soil) in soil as affected
by application of organic matter and herbicides.

Table (4):
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NO3-N revealed augmentation by advancing the incubation time
in all variables of the experiment (Table 4). Accumulation of such
form of nitrogen in the enriched soil had shown lower values than
those in the deprived soil during the first 105 days of incubation,
thereafter started to excell. This is correlated with the extent
of nitrogen assimilation. The herbicide gesapax seemed to be of no
effect on the chemolithotrophic nitrifying bacteria, whereas the
other compounds tested, i.e. atrazine and cotoran had a slight de-
pressing action on nitrification in the soil under consideration.
In this connection, Marsh and Greaves (1979) and Schmidt (1982)
reported that some herbicides stimulate ammonification but most of
them inhibit nitrification.

Contents of mineral nitrogen (NHt~N + NO3-N) had shown promotion
with time in all soil treatments (Table 4). Figures of enriched
soil had been lower during the first 75 days than those of the de-
prived soil, thereafter surpassed them. The herbicide cotoran was
of slight inhibitory influence on N mineralization, while atrazine
_and gesapax;were,not»depressive~but~rather*éomeﬁﬁat’stiﬁﬁlatory. The
presence of fluoride in the structure iof cotoran (Table 2) may stand
behind its injurious action on the miéroorganisma contributing to
such N transformation (Wilson, 1983). ' Worth while that, the herbi-
cides used contain nitrogen in their molecular structure (Table 3),
yet this could not contribute to the interpritation of results since
the amounts of such structural N are two minute to be negligible.

The effect of herbicides application on. available P in the soil
during the humification process of organic material is illustrated
in Fig. (1). Available P was increased with the addition of each of
organic material and herbicides. The amount of available P was rais-
ed to reach a peak within 45-75 days of incubation, thereafter start-
ed to decrease. Increase of available P could be explained by pro-

duction of CO, and thus formation of H,CO;, during organic matter
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i

breakdown, which contributes to phosphate solubility. Likewise,
compounds resulting from organic matter decomposition, particularly

organic acid, are active in rendering P more available.

Application of herbicides augmented the content of available
P. Order of herbicides effect on P availability was gesapax >
cotoran > atrazine. Bayoumi and Waly (1983) studied the effect of
some granular insecticides on the availability of P in soil supple-
mented with different sources of organic matter and found that the
availability of P was increased with applifation of both organic
matter and insecticides.
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