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Effects of the Application of Cow Manure Slurry on the Formation of Soil Aggregates and
Physico-Chemical Properties of Soils

Seiichi Yasui, Kiyoshi Tsutsuki, Norimune Akashi* and Yoshiaki Kimura**
(Obihiro Univ. Agric. Vet. Med., * Zukosha Co. Ltd., ** Hokkaido Pref. Cent. Agric. Exp. Stn.)

Slurries with different chemical characteristics were applied to the soil packed in Wagner pots. Used
slurries were untreated cow manure slurry, aerated slurry, and anaerobically digested slurry. Plotg treated
with compost and chemical fertilizers were also installed for the control. The ratio of humic substances to
the total carbon was higher in the order of digested slurry > aerated slurry, untreated slurry > compost.
:I‘hese materials were mixed in the upper 9 cm of the soil in the pots, while the amounts of carbon contained
In these materials were adjusted to the same amount. Three consentive crops of Brassica campestyis subsp.
hapus var. komatsuna were grown in these pots. Application of slurries increased the organic matter contents
and CEC of the soil, as did compost. The number of fungi colonies and the weight of crop roots also increageq
remarkably due to the slurry application. The application of slurry also increased remarkably the amount of
macro aggregate (> 250 ym) in the soil, and the amount was larger in the order of digested slurry > aerated
slurry > ugtreated slurry > compost. When macro-aggregate was disaggregated, both the particulate
organic matter fraction (> 53 ym) and mineral-associated organic matter fraction (< 53 um) increased in
the slurry-treated plots, while the increase in the mineral-associated organic matter fraction was tremendous.
jfhe distribution of carbon among aggregates with different sizes revealed that the carbon was accumulated
In the mineral-associated organic matter fraction in the macro-aggregates in the slurry applied plots, which
Was presumed to be due to the contribution of fine humic substances in the slurry. On the other hand, when
Compost was applied to soil, only the weight and carbon contents of particulate organic matter fraction in
the macro-aggregate increased, but this did not lead to the formation of macro-aggregate. Weights of crop
roots and the numbers of fun)gi colonies both showed positive correlations with the amount of macro.
aggregate. Application of slurries also brought about the decrease in soil bulk density, apd t.he Increase in
Porosity for gravitational water and saturated permeability. As shown above, the application of slurries
tmbroved physico-chemical characteristics of soils, which was caused by the increase in mineral-associateq
Organic matter fraction due to the humic substances contained in the slurries as we_]l as due to the formatjop
of acro-aggregates, due to the increase in the number of fungi colonies and the weights of crop roots, These
mechanismg were different from the méchanism estimated in the case of compost application.

K - .
€Y words  cow manure slurry, humic substances, macro aggregate, fungi, crop root

(Jpn. J. Soil Sci. Plant Nutr., 76, 269-276, 2005)
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Mechanism of Soil Aggregate Formation by the Application of Cow Manure Slurry
—Effect of the Physical Properties and Humic Composition of Cow Manure Slurry on the Formation of
Mineral-Associated Organic Matter—

Seiichi Yasui, Kiyoshi Tsutsuki, Norimune Akashi* and Yoshiaki Kimura
(Obihivo Univ. Agric. Vet. Med., Zukosha Co. Ltd., ** Hokkaido Pref. Cent. Agric. Exp. Sin.)

Three types of cow manure slurry (anaerobically digested slurry, aerated slurry, and untreated slurry)
were applied to fine textured brown lowland soil packed in Wagner pots and aggregate composition of the
soil was compared with plots amended with chemical fertilizers and compost. Due to the application of slurry,
formation of macro-aggregate was enhanced, and their amounts increased in the order of the plots treated
with digested slurry>aerated slurry>untreated slurry>compost=chemical fertilizers. When macro-
aggregate was disaggregated, organic matter was accumulated in the mineral-associated organic matter
fraction (<53 um) and the formation of macro-aggregate (>250 pm) was enhanced in the slurry-treated
plots. In this paper, the slurries used in the pot experiment were fractionated according to particle sizes, and
viscosimetric characteristics and soil permeability were examined to clarify the physical characteristics of
slurries. In addition, humic substances were extracted from the mineral-associated organic matter fraction
of macro-aggregates in the soil amended with slurry. From the chemical characteristics, the origin of humic
substance in the mineral-associated organic matter fraction was estimated, and the mechanism of soil
aggregate formation due to the application of cow manure slurry was estimated. Solid fractions contained in
slurries were low in the coarse fraction (>500 pm) while high in the fine fraction (<53 pm). The propor-
tions of fine fractions were larger in the order of digested slurry > aerated slurry > untreated slurry >compost.
The fluidity of the slurries and permeability into soil were larger in the order of digested slurry =aerated
slurry > untreated slurry. Humic acids extracted from mineral-associated organic matter fraction of macro-
aggregates belonged to type A in the plots amended with chemical fertilizers and compost as well as in the
original soil (<53 pm). On the other hand, the humic acids extracted from slurries and compost belonged to
type Rp. Furthermore, humic acids from the mineral-associated organic matter fraction in the macro-
aggregates of the soils amended with digested slurry, aerated slurry and untreated slurry all belonged to type
B, indicating the decrease in the degree of humification compared with the plots amended with chemical
fertilizers and compost. It was estimated from the FT-IR spectra of humic acids and PVP-adsorbed fulvic
acids extracted from mineral-associated organic matter fraction that humic acids with low degree of
humification were accumulated in the mineral-associated organic matter fraction of slurry-applied soil. From
the above results, it may be concluded that the formation of mineral-associated organic matter was enhanced
by the binding of soil particles and humic substances in slurries, which led to the further formation of
macro-aggregates. It was also clarified that the formation of macro-aggregate was influenced by the physical
properties of slurry, and the fermented slurries were more effective in the formation of macro-aggregates.
Therefore, it became clear that cow manure slury functions effectively as soil improving material like
compost and farm yard manure.

Key words cow manureslurry, physical characteristics of slurry, mineral-associated organic matter, humic
substances, aggregate formation mechanism

(Jpn. J. Soil Sci. Plant Nutr., 76, 277-284, 2005)
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