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A special meeting on the new aspects of tran-

sport phenomena in soils T&H » 7z,
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@® Openning Speeches :

S. Nakagawa ( Director General of Na-
tional Research Institute of Agricul
tural Engineering )

N. Nakano (President of Research Asso
ciation of Soil Physics, Japan)

® Morning session : Effects of macropores
on water and solute movement in soils.

R. Hatano and T. Sakuma ; Significance
of the interpedal macropores in the
movement of water and solute in

heavy clayey soils.

Morning session

Ir. J. Bouma ; Characterizing water and
solute movement in heavy clay soils.
@® Comments by H. Inoue snd H. Narioka
on the morning session.
® Afternoon session : “Flow of solutes in
soils ”
B. P. Warkentin ; Contaminant transport
in solis--an Overview.
T. Tabuchi ; Percolation loss of nitrogen
in flooded rice fields.
® Comments by 8. Otoma on the afternoon
session,
@ General discussion : The chairman was

Dr . T. Woodhead.

3. gmEiconT

Tarsaic@irlict—-<=K, v—-4rrvsrvEkEL
TYy Fry FRIE, BCEREHES L TYIESICS
MLTHE-7dDTHB, £, ZHKKE, SEOH
HEDTF — < RKECERERE > TR EFENITE SR
53HELT, EUAEHERD O OMBEBLEEV L L
TCHFELLSDTH S, KBBMLIAL DHMED
AEAZLE, s, oMEE TRIEC BOohzD b
TR D TH - 12

The Significance of the Interpedal Macropores in the Movement of Water and Solutes

in Heavy Clayey Soils.

Ryusuke Hatano and Toshio Sakuma

Hakkaido University

Most theoretical analyses of the material transport phenomena in the soil-plant-atmosphere sys-

tem have been made on the assumption of the existence of homogeneous Soil profiles. Heavy clay-
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ey soils, however, have heterogeneous profiles which are characterized by coarse and dense pris-
matic or blocky :peds and very coarse interpedal macropores. Consequently, we are not able to
adapt the methods of analyses of homogeneous soil profiles to the heavy clayey soils. This report
attempts to evaluate the role of interpedal macropores in the movement of water and solutes in
heavy clayey soils, based on the idea that the heterogeneous soil system can be regarded as a
cluster of homogeneous fractions.

The water infiltration experiment in a Pseudogley soil indicated an extremely irregular distribu-
tion of percolating water. That is, the soil water suction in the deeper part of the Cg horizon just
above the impermeable layer decreased more rapidly than that in the upper part of the Cg hori-
zon. We consider that such a phenomenon is due to bypass flow when most infiltration water
moves into a part of the interpedal macropores. We have therefore developed a simulation model
that consists of the following four submodels : 1) vertical infiltration into the peds: 2 ) bypass
flow ; 3) lateral water absorption into the peds through the macropore walls; 4) accumulation
of water in the bottom of the macropores.

With regard to solute transport, its irregularity was also observed in breakthrough experiments
using Cl" in undisturbed soil cores with shrinkage cracks. Breakthrough curves are characterized
by a very rapid increase of concentration during the initial stage a significant tailing during the
later stage. Since breakthrough curves failed to fit to the fundamental diffusion-dispersion transfer
equation consisting of diffusion-dispersion term and mass flow term, we considere the possibility
of a source-sink term. The source-sink term was evaluated by a graphical method assuming that
pore water was divided into two phases : a mobile phase a stagnant phase. Consequently, we
concluded that the rapid increase in the initial stage of the breakthrough curve was caused by the
bypass flow, while the tailing in the later stage was caused by the interdiffusion between the
mobile phase and the stagnant phase. Furthermore, when the initial salt concentration of the soil
solution was low, solute transport through the mobile phase was accelerated owing to the salt
sieving effect which occurs in the interpedal micropores and the decrease of sink volume in the
stagnant phase.

Heavy clayey soils are characterized by such very poor physical properties as high bulk density,
high stickiness and poor permeability, We therefore considered that physical improvements in drain-
age, for example the breaking up of the subsoil, are indispensable for the utilization of such heavy
clay soils as upland fields. As we have already suggested, however, macropores generated by the
breaking up of the subsoil are considered to be effective in not only helping rapid drainage but
also in increasing the retentivity of the subsoil layer, owing to water absorption of peds from
water which has accumulated in the bottom of the macropores. The plant roots which elongate
preferentially through the macropores can effectively utilize water and nutrients which exist there.
In this sense, it can be said that the interpedal macropores developed in subsoil layer play an im-

portant role in providing favorable conditions for water and nutrient supply to plant roots.
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Characterizing Water and Solute Movement in Hervy Clay Soils.
J. Bouma
Dept. Soil Science & Geology, Agricultural University, Wageningen, The Netherlands.

Porosity patterns in heavy clay soils are highly variable : shrinkage upon drying and swelling
upon wetting create a constantly changing pattern of macropores, notally cracks between peds.
Water movement is highly influenced by these cracks and the talk to be presented will focus on
different procedures that can be used to adequately represent these changing conditions. These
procedures are unique in that they emphasize the use of both physical and morphological techniques.

Many standard soil physical techniques for measuring hydraulic conditions don’t work in clay
soils. Measurement of water-tables in unlined augerholes (3) and of pressure heads in the soil mat-
rix (6) may yield unrepresentative results when macropores are intercepted. Alternative procedures
can be defined after considering macropore-patterns to be obtained with morphological technigues.
The same is true for obtaining optimal sampling volumes (2). An important aspect of the hydrology
of clay soils is bypass flow, which is movement of free water along vertical macropores through
an unsaturated soil matrix, Techniques were developed to measure bypass flow (4,1) and data
obtained can be used in simulation models, bylowering effective rainfall (5, 8). Detailed simulations
considering a single shower can also be made. This includes consideration of lateral infiltration
from the macropores into the adjacent unsaturated soil matrix (7)., Such models require data on the
total vertical area along which bypass-flow occurs. This area can be obtained with morphological
techniques. Formation of horizontal cracks upon can have a major drying amajor effect on the
unsaturated, upward flux water from the watertable to the root zone. A staining technique was
developed to allow quantification of the air-filled horizontal cracks as a function of the pressure
head (1,8).

So far, studies discussed covered the physical behaviour of specific structural conditions at a
fixed point in time. Dynamic characterization of the flow system in time is still very difficult
because small changes in be continued. Physical processes have to be characterized primarily by
physical methods. However, morphological techniques are crucial when defining specific physical
boundary conditions of the flow system.
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Afernnoon session
Contaminant Transport in Soils--an Overview
B. P. Warkentin

Contaminant transport in soils is usually described by models, because this is the best way to
deal with complex systems. Models attempt to predict the distribution of the contaminant in space
and time. The more a model represents the nature of soil, the more complex it becomes. Increased
complexity often does not mean increased predictive power. Prediction of the actual paths of
contaminant transport through soils is not yet possible. Simple models, with estimates of soil
parameters, serves well in predicting relative movement of classes of contaminants, Complex
models allow study of processes, aid in understanding the systems, and allow study of how
variation in specific combinations of characteristics affect transport. Because of the nature of
variability in soils, stochastic models based on probability of certain values of soil properties at
certain points are seen to be more useful than deterministic models that describe mechanisms.

The models for contaminant transport in unsaturated soils are based on transport equations that
have terms for mass or advective flow, diffusion and  or dispersion, and retardation due to
sorption, degradation or volatilization. Each of these terms depends upon soil properties that vary
in time and space. Examples are distribution of organic matter on a micro scale, pore-size
distributions, or changes in soil particle coatings. Average parameters may be valid for some uses
but not for others.

The nature of variability of soils in the field must be part of our mathematical descriptions of
natural processes. In man-made materials we attempt to increase uniformity ; in nature the rule is
diversity and variability.

Typically, in ten cores taken in a field, one will show that a contaminant has moved to 3 meters,
2 will show the contaminant at 30 cm and 7 will show no contaminant below 5 cm. Our task is to
describe that produces such a distribution.

It is usually desirable that the soil interacts with contaminants in such a way that transport is
restricted. This may involve sorption of the contaminant, or biclogical degradation. Sorption
may be a simple exchange reaction, or involve physical-chemical reactions that are poorly
understood and generally called “specific adsorption. ” In either case there is a limit to the soil’s
ability to retain contaminants; and soils must be managed in such a way that their “buffer
capacity” for attenuation of contaminants is not exceeded.

Degradation is generally considered to occur only at the soil surface, although microorganisms
have beem found at depth. It may be possible to make conditions suitable for biological
degradation at depth.

A particular example of contaminant transport in soil that depends upon reactions not well
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understood arises in schemes for ultimate disposal of high level nuclear wastes,

The wastes are contained in metal canisters, with swelling clays filling the remainder of the
cavity in solid rock a thousand meters below the surface, When the canisters fail, the clay 1is the
second line of protecition. The canisters have a temperature of several hundres degrees centigrade,
while the pore water in the rock is saline and is under a hydraulic gradient. The problem is to
predict movement of radioactive elments in the clay over several hundred years under a
temperature gradient, with a swelling pressure modified by temperature and pore water. The
diffusion process is modified by exchange and by changes in pore size distribution of the clays
due to swelling and shrinking. A simple macroscopic diffusion coefficient is an imprecise
average; bulk water has a different diffusion coefficient from film water on clays. Fluxes due to
temperature, pressure and solute gradients are poorly understood, and need further investigation

by soil physicists.

Percolation Loss of Nitrogen in Flooded Rice Fields
Toshio Tabuchi
Ibaraki University
1. Introduction

Excess percolation causes fertilizer loss of nitrogen and groundwater pollution. Finally it flows
out to rivers and lakes. If the concentration of nitrogen and phosphorus increase in lake water,
the lake will be eutrophicated. Many kinds of plankton grow abnormally in the lake and the
lake water change to like a green paint. It becomes undesirable to use the water for drinking and
irrigation. In some cases fish culturing will have a great damage due to the dead water by the
decrease of dissolved oxygen. Accordingly percolation loss of nitrogen should be controlled.

2. Difference between flooded rice fields and upland fields

There is a great difference between the percolation loss of nitrogen of flooded rice fields and
that of upland fields. In flooded rice fields, surface soil is saturated and oxygen is little; reduced
condition, Then NH, is main form of nitrogen.

Contrary to this, in upland fields soil is unsaturated and oxygen is abundant. Then NH. changes
to NOs, which flows out from soil easier than NH,, Furthermore there are many kinds of crops
which need large quantity of fertilized nitrogen in upland. Accordingly, nitrogen loss is larger
in uplands than in flooded rice fields.

3. Saturated type and unsaturated tyre

There are two types of rice fields. In saturated type, soil is saturated and little oxygen
condition. In unsaturated type, surface soil is saturated but subsoil is not saturated and water
pressure is negative,

In saturated type the concentration of nitrogen in percolating water of 40 cm depth was less
than 2 mg ¢ and its main form was NH: and organic nitrogen.

In unsaturated type main form of nitrogen of percolating water was NO; and NH. was little
(Furuhata 1979) . Usually percolation loss in this type is larger than in saturated type.

4, Inflow and outflow of nitrogen

In rice fields not only outflow of nitrogen but also inflow of nitrogen exists. Inflow consists of
irrigation water and rainfall. Outflow consists of surface outflow and percolation.

Inflow and outflow of nitrogen were measured in 58 fields in Japan. Both outflow and inflow
are in the wide range. In some rice fields inflow is larger than outflow. We call this type of rice

fields as a absorber type. On the other hand, rice fields where outflow is larger than inflow are
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outflow type. Outflow type should be changed to absorber type by percolation control and

improvement of water management and fertilizer application.

5. Nitrogen removal in flooded fields

Flooded rice fields have a function of nitrogen removal by denitrification. ¥ NO, flows into

flooded reduced condition, it will be removed by denitrification. Lots of rice fields remove nitrogen

in the process of natural water flow from upland to lowland. From the viewpoint of environment

as well as food production, rice fields should be conserved in Japan.
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