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Studies on Evaluation of Heifer Excreta Contribution

on Grazing Pasture Fertility

by

Tomoyuki HakaMATA"

SUMMARY

The purpose of the studies was to obtain information for the development of rational fetilization
methods for grazing pasture 1) by analysing the characterisitics of the nutrient cycling system of graz-
ing pasture, 2) by constructing system models, and 3) by determining the contribution of heifer excreta

to pasture fertility.

& 1. Nutrient cycling on grazing pasture

Fertilizer management should be rationalized based on the knowledge of nutrient cycling. In Japan,
however, nutrient cycling in a pasture has been little investigated from the view point of the relation be-
tween soil, plant and cattle, because a convenient method by which subsystems and/or the pathway of the
cycle can be combined as a pasture system has not been developed. This study was initiated to desingn a
mathematical system model aimed of representing the verious aspects of nutrient cycling in a grazing pas-
ture.

The improvement of grassland productivity by fertilization was discussed in considering the nitrogen
(N), phosphorus (P) and potassium (K) cycles.

The results obtained were as follows:

1) In a grazing experiment on volcanic ash soil in the Nemuro district, Hokkaido, N—P—K fertiliza-
tion improved the productivity of herbage yield and heifer growth compared with only K fertilizaition.

2) In the N—-P—K cycles, 1 ) the cycling nutrients were mainly affected by standing crop, i) the
nutrients removed amounted to 14—16% (N); 3.5— 4 % (P) and 12— 14% (K) of the cycling nutrients and
ii1) the rate of nutrients returned to soil as excreta was N, 46 —53%; P, 58 —65% and K, 47 —55%.

3) It is concluded that N—P—K fertilization removes the limiting factor associated with a low P
supply, meets of the vequivements for N and compensates for the loss of the fertilizing effect of excreta in
case of patchily aggregated return.

4) The patchy aggregation of nutrients should be analysed to identify precisely the contribution of

nutrient cycling to pasture and to evaluate the fertility effect of heifer excreta.

.

The Hokkaido Prefectural Konsen Agricultural Experiment Station, Nakashibetsu, Hokkaido 086-11 (Present
Address: The National Institute for Environmental Stndies, Yatabe, Ibaraki 305 Japan)
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§ 2. Excreta dispersion models and conditions of application

The dispersion characteristics of heifer excreta on a pasture were investigated and analyzed quanti-
tatively. Dispersion patterns were examined by fitting the theoretical distributions to the observed excre-
ta frequency distributions and by using the MorisITA's [8 —index. The results obtained are as follows:

1) Most of the excreta clumps occupying a 2 — 8a quadrat were associated with the use of grazing
equipment, e.g., watering points and salt racks. Excreta dispersion including these clumps was more
aggregated, but less aggregated when the clumps were removed.

2 ) Frequency distribution of excreta per quadrat was represented by the Poisson or negative bino-
mial models after the clumps associated with the use of grazing equipment were removed.

3) When a significant number of clumps associated with the use of grazing equipment was re-
moved, the conditions of application of the two kinds of models were divided into three groups based on
the relationship between the quadrat size and the mean density of dung and urine, and the ‘common £’ of

the negative binomial model estimated for dung was 4.40 (confidence limits: 4.00—4.88).

§ 3. Simulation studies on uneven excreta dispersion associated with a grazing equip-
ment

The dispersion of heifer excreta in a flat and square pasture ( 1 ha) surrounded by fences with a
watering point at one edge was examined, and the relationships between the excreta density of a site and
“its distance from the watering point were derived as decreasing exponential functions. Dispersion pat-
terns of dung and urine in a pasture with the same phape as the field previously described were simu-
lated by using the above mentioned relationships to define the formation process of excreta dispersion. It
was shown that grazing equipment, e.g., watering points, causes uneven excreta dispersion, and that,
when the spatially biased densities are formulated mathematically, the unceven dispersion of excreta can

be represented by the Poisson model.

§4. Nutrient movement in soils to which heifer urine is or is not applied

A lysimeter experiment was conducted during a period of 36 days to determine the content and dis-
tribution of ions in a soil solution. Three factors were considered: urine vs. no urine; anion froms, chlor-
tde (C) vs. sulphate (SO4); and planted vs. bare soil.

1) The results indicate that Cl in the soil solution moved downward more slowly SOy, and that the
nitrate (NOs) concentration increased at all levels with time. By comparison, monovalent cations (K and
NH,) remained in the upper three layers (0 —15c¢m) and divalent cations (Ca and Mg) in the soil solution
moved into the lower layers (10—25c¢m) with time.

2 ) The multiple regression analyses showed that the amount of K present in the soil solution is
mainly controlled by the concentration of the anions and that NH4 concentration is controlled by the ClI
and SOy levels. In addition, K and NHy contents are regulated by the corresponding contents of exchange-

able cations. Divalent cations are present in such proportions that electroneutrality is balanced, although
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their contens are controlled by those of Cl and NOs to a certain extent.

3) Canonical correlation analysis showed that the lst two canonical variates are positively and
highly correlated with the concentration of each ion, and are considered to be weighted means of anion
and cation concentrations. Summation of the respective anions or cations multipilied by the weights indi-
cated a high correlation among them. This relationship may reflect accurately the electroneutrality in a

soil solution.

§5. Release and transfer of nutrients from heifer dung to soil and forage

The release and transfer of N—P—K from heifer dung to plant and soil was studied in order to evalu-
tae the effects of heifer dung on soil fertillity and plant growth.

1) Fresh dung contained relatively high levels of the water soluble fraction of N-P—K which was
released rapidly. In contrast, after 30 —40 days dung released N-P—K slowly. Potassium present mostly
in the water soluble fraction was readily released and leached into the deeper soil layers. However, in
dried dung, K was retained and was released slowly during three months. The level of the water soluble
fractions of N and P in the soil was lower, and the release of N and P was associated with dung decom-
position. Most of the N and P that was released did not leach into the lower soil layers, but was retained
in the surface soil immediately beneath the dung pile.

2) Forms of N—=P—K in the soil after release: N was mostly present as nitrate; after 30 — 40 days
the soil contained large amounts of P soluble in 2.5% acetic acid; while K was present first in water solu-
ble form and then in the exchangeable form. The exchangeable form of K was mainly present in the soil
under the dung compared with virgin soil.

3) Forage growing inside a radius of 50cm from the center of the dung pile contained very high
levels of N and K.

§ 6. Persistence of the effect of patchily aggregated reduced excreta

“Fertility effect” of excreta refers to the ratio of the plots where excreta are applied to the plots
where no application was made, in relation to the content of the nutrients and yields.

1) A large quantity of N is contained in the dung and urine, but its fertility effect is not clear. K in
dung and urine affected rapidly and significantly the K content in the pasture plants, whereas K in dung
only lost its effect rapidly. A comparatively large quantity of Ca is contained in the dung, but its effect is
related to the activity of K. The effect of P and Mg in the dung was comparatively significant and du-
rable. Since Mg shows a strong antagonism against K in the absorption by grass plant, the effect of Mg
became apparent when the effect of K decreased.

2) As for the characteristics of the effect of excreta on yield, it was observed that urine increased
clover yield and decreased grass yield, and that dung in particuler increased the yield of these plants in
July of each year.

3) The effect of the excreta, particularly on the K content, persisted until August of the fourth year
in the longest case. The duration of the effect (more than three full years) ranks as the longest in the re-

sults ever reported.
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§ 7. Dynamic model of dry matter production and K cycling in grazing pasture

K cycling model consisted of two subsystems related to dry matter production and K transport pro-
cess. In this model, dry matter of grass or legume is produced in proportion to the average comparative
growth rate (CGR) in eastern Hokkaido and is distributed into the tops and roots of herbage, a part of
which being dead. When heifers are introduced into a pasture, they eat some portions of top and excrete
them. K distributes from the solution phase to exchangeable sites and wvice versa in five soil layers in this
model. The amount of K which is absorbed by plant roots from the soil solution is proportional to the
amount of top dry matter multiplied by K concentration in the solution, to the increament of the surface
area of root and to the amount of K in the soil solution. K is transported reversibly to the roots and tops.
A part of K is grazed by heifer and a part of it is excreted as urine or dung. K concentration of top
affects dry matter production.

These processes can be described by 23 differential equations. Parameters in this model are deter-
mined on an experimental and empirical basis.

Herbage production and K uptake in a growing season were simulated by using the two models.

§ 8. Evaluation of excreta contribution on pasture fertility by simulation studies

1) Two system models (the K cycling model described previously and the excreta spatial dispersion
model described in § 3 ) were constructed to determine how biased dispersion of K and herbage yields
occurs in a pasture. Eighteen conditions [(no excretion + (urine, dung) X 4 excreted months) X (grass +
legume)] were simulated by the K cycling model to define the standing crops of K and herbage at the end
of a growing season. The standing crops per 1 m? were calculated in all the quadrats in the pasture by us-
ing the excreta dispersion model. The standing crops in each of the 18 cases were assumed to be normally
distributed.

2) The frequency distributions of absorbed K and herbage yields on the whole paddock deviated
from the normal distribution, but extreme variations and biases which are observed in a pasture were not
recorded. This finding indicates that the non—normal distribution of K accumulation is reflected in the
process of its cycling through cattle, especially urine, soil and herbage which are structured in the cy-
cling model. The non—normal dispersion of herbage yields actually observed is contributed by the fertil-
ity effect simulated above, as well as by the lack of residual herbage associated with the grazing behavior
of cattle.

3) This suggested that these system models which were constructed on the basis of observation
and experiments in this study may account for the process of nutrient cycling and excreta effects on pas-

ture fertility.





