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Macropores Governing Water Movement in Soils of Agricultural Fields
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Summary

Macropores in soils of agricultural fields make the soils nonuniform and also govern the water movement
phenomena occuring there. We examined the pore size which divided macropores from micropores and the
sample size when sampling from soils with macropores. The former, we statistically analyzed relationships
between saturated hydraulic conductivity and pore characteristics of undisturbed cylindrical soil samples. The
latter, we simulated the sample size which represent the crack length in a unit area when sampling soils with
cracks.

The results of the statistical analysis showed that saturated hydraulic conductivity was correlated best with
the porosity for the pores whose equivalent diameter was greater than 0.1~0.03mm. And, the result of the
simulation showed that the representative sample size for the crack length in a unit area had to contain 20~50
units of mesh.

On the basis of such results, we discussed an approach to make clear water movement phenomena in soils with

macropores. And, following 3 subjects were proposed to be investigated.

@ understanding of macropore system

® water flow in each macropore

@ size of block and governing law when averaging water movement phenomena in a field soil.
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Table 1 Undisturbed cylindrical samples used for statistical analysis

SOIL TYPE UTILIZATION SAMPLING LAYER SAMPLING DATE
MIKAZUKI alluvial paddy plow layer, subsoil June, November
MIKAZUKI alluvial rotational plow layer, subsoil June, November
CHIKUGO alluvial rotational plow layer, subsoil June, November
MIZUKAMI residual orchard plow layer, subsoil July

FBoORRe U s ) EErBEELERTHEY, ZD
&9 AHEEICOWTIHAHELZEN S W, T4 bbb,
macropore (HLREIRE) OfESZMMELTAZ &I, £
HUEDERELRE L ER 59,

AT, TH—LEBLERIC BT 2 KBBHR L
BT 57200013, TR EBBEOME & BES ¢ Tt
BT L LBEETHL ENMNEY L, TH—1BHD
KBHBER~DT 7o0—F2BERLLLNTHSE, BEK
i iE, MAEAKEANFE LS EThREESIND
T¥EFBE | s BAE T 202 ED, 100e A RELSEL 2 B
WTRE L7, F72, [H—] & [T —] »RENKE
BIKETAHENEEETH L BB, BREEY
O —% +tETRREEE (BAERL) nRRES)
RHIET 2EAIC OV, REREIBLNIEBOKRE
XEREL, 2510, INLOBREEZ 2T, HH
WE et BhOKBBHRICET 25 ROMEL A
DT 7,

n. % &

1. 100cr PAIWEBOBMIEKE~DEEH 5 &7 MK

X4 22w T higlt

TIERIRK I B L LR 2R T AT, RIRIEHIAR 2
Hwiug, FhrB0RLsE S NEFORE L T
TENC IR TR 5, BILEAMEIC DV TR, KRE LM
NEFTEHRERE %3 EEZ LMY, KEEOTRE
FIBRETNEY, FLELENL ) L TRIIFET
LDDIZ D THEICRET 21T - 72,

MR H W T — 213, 188D 100ce B REL
A pF-RGE & SFEKRETH 5. AR 2R
72 & 2 DBOLE L OB - IR L 72 R Hud,
PREAOKE 1, MR 2 B L OB AL E
W14 -iTH), BUEIEEPLTREITEEN
Twb, ERERCEHEME R T, F—EHTE6
RE1LBo 2 BEREL 72,

Z 0BT, FREOTRE oF ) 252, £nll
Fo®EE-OMBE L B KRR BRENUR % KD

5LNTHd, S22 TREZLIZRY AKX KE
5755, FOFHHEEBRZLBMNCT 5 TRESEFET S
DPEPRE L7, B, 22T [HEE] »i3, #HEx
(%) #BH®RL T3,
BARIICIE, & % pFEICHIGT 2 BUKHIBE (x) &
s AR (Ks) oflickREMEL,

(1XEP) (1)

logKs = aX+b (
(2%l (2)

logKs =aX?+bX +¢

EHa, b c ¥B/NERETRS, EUROTFHHER
# (B) %,

E—-L13(si—v> @
ViEdlRic & 5 logKs n#EEE
yrSERIE
n7T—%

TKRD B,

pF % &2 TRUEHE 2T\, pFEE FHHERE
OBFEE7ay P LIz,

2. RELRERRT I 70y 20K & 20/

HES23, BEXLERICBIT2FEE 7Y 7I2DWT,
B#1.5m ¢ —=lz L, E&#%5.0m, 2.5m, 1.25m &
LR TTRRE L BROKNOBAFT ERETL, wih
DEXORLSICLKBERRICER RN o122
PHEL TWD, ZORRIL, 2 £ $1.5X1.25m=1.9
mh U, FHNLBAREZRIAL B L 2RLTEY,
BHTARE—r AL SN BBEEFULLIEICOVWTY,
RENAKEZEZEZ LI EIRE-TH—ERZZEHT
5, REMEIEBLNDZEETEL TNV,

L»L, REEIrELNLIABOKRESHOTR AR
DOWEYE & OBURIC OV TR T\, 22T, B8R
PIEFRICHEET 2B ABEL, AREE (B
LN OBENES) NREMZHE D LOICLBELRMD
KERIZOWT, ¥YIab—iagVIZLWREIL 72,

Pial—i a3 rOENER— LIRLZ2FLELPD



¢ - B RO KB E) & R 2 MRS

start

i

xy¥HELELICHEE20cm
OB T#HEE

yvZ¥E (R) ORE

2Oo0HETY) VI OH
DO (x, ¥) 28%E

DY JRREBEEFHh LIRS
OFx (L) 258

BRAFE=L /T R?

Yes

Piav—¥3araEiEn
Flow of the simulation

®—1
Fig. 1

FETFIC BT 2BHEESI0M/0 BETHEZ L
b, BERE20em NEFRICHEET 2B EREL
ZOLRBEREIC, HI2KEED ) IEF LT ACEN
2R, ZOFIEINLBBOEILHHEL 72, BN
I2iE, MEZ N22HR20em DB F 2 FOFHEICHL T,

== First order

------ Second order

07

Standard estimation error

>N
(g

1 2 3 4

PF

B—2 SfEKRE Nl —MEEMROEDNR
DI HEERE

Standard estimation error of the approx-
imated relationship between saturated
hydraulic conductivity and pore volume
emptied at each pF-value.

Fig. 2

2 DONEETY v I ORLERERD, FOMEBEICED
Nz 7ONBITH 2BRTOERI FEHE L, F—n
KEED) > TIZ20nTiE, RAMLEE T LKL
T600RIREL 72, 1 2D Y > ZR/ICHOW T REEE#T
% VIO EREZTRLBELENRL .,
NI Iav—rarEREPL K, VOB
(EH) L RBEE (RoR/EH) OBkl & B/IMED
ZEOBGE,» L, BEBEOREELBLHICLEL))
YITNDREEEREL 2,

Il BREUER

1. 100ce AREBOBIMEKE~DES DS &7 MK

X4

X— 23, SHLERBEONEIES, pF EioxHiET 2
BAKBBRED 1 AR 2 ROEFHEUR TED L 12BN
FHHEREFRL LD TH 5, ENURNTFHHEE
2%, MBREZ K 2 B0 TRIE (pF ) 12 & » TE(L
TAERFERLL TS,

BB REIC DV TR Z & > TW 728, Hitdh
DFHJHEEBRZRI A — %2 Eb LT3, EXHER
F#130.65~1.00F —F—&, H»% D KEREERL T
5. ZHZE—OMBEERIZ T 2 8ALE KRS O EBIE
HRENWZERERDLL TS,

2, LXER (DR &9 2K%EM (QR) magsx
HRE L, TXRERITE pF 2.0, 2 XEMTlt pF 1.5
TREIBNE > Twb, Thbb, pF1.5~2.0(%
fii#£0.1~0.03mm) & V) K& VIR 2 FH\V 728, F—n
PRI N § 2 ALE KR O LB HL /IS 2B 2
EDTRENIZ, THEN L KRELHBEN A TIIEED K



HEOWEE H 66 5 (1992)

5, MELBEEMZ T EEBMITRES LT
<o

LU, & TOMBESRED LT E BT ThIL
ZOREBMERFEET, MR TEL L2ENR
PELEELFNE(TE, LidT, ZoERE, &
KFERED & pF1.5~2.0THA S N2 MK THiafliE K
BRIz KELFEETHILERTLELLNG, 22T
FRE N7 pF 1.5~2. 0l AT % ZiMi#E (0.1~0.03mm)
LLEDEE, HEKENDEEIRENI L, LI
BRI Ch 5 &z, HHEE] SIPLZ 22T 5,

zonk iz, pF 1.5~2.0TBKE 2 B (SEfE
0.1~0.03m) ¥ %2, BWHBKE~NFELRL D L\
SERIE, HBEOKE IDEND, Dhh ) EESDRE
HOEMDBAEREES Z L 2RBL TR, 22T, HH
B LT oK MR, R, BRILME I 300
RE2 |2 DT, £ OREE EORE R KB B~ DORR &
LTH%,

SRR, BRI ORI & £ o ZEHIRVERSIIC &
DMLY L-METH), BAANE THE LY 7
PUHRK - EAKE S VBB TEETH L LML NTY
29, B TOFEEBIC OWTE, AP LBEER O
SESEBRE L L0 BB THI DL, £ ah-
Twiwv, L L, EREEnREl 28T, B
FEIRSIR & FRI R Dk & IR0 b7 ) I RERYH 1,
FNHKBEICHEYRITTERE 2> TW5E I &4
LT3,

BEI TROBRIC D DHEEE»HRINS I
+8cE L 2ENETHY, )y 7 AN

(b} AUG. 9 {c} AUG. 12

(a) JULY 16

Width of crack
—_ ~10m
— 10m~ 5

— Sma~

Y t 4
Sl v LY

M—3 EPEEMICREET ZBHEORIY
Fig. 3 Cracks on the soil surface of the test field'’
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(a) Cracks on the vertical profile
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Fig. 4 Cracks in the subsoil of the test field'?
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Table 2 Development of cracks on the soil surface

11)

DATE LENGTH OF CRACKS OF EACH WIDTH (m/mt) TOTAL LENGTH AREA

~1m 1~3mm 4~6mm 7~ 8m ~10mn  1lom~ (m/me) (cm/ m?)
7.10 11.5 8.2 1.1 0 0 0 20.8 275
7.16 5.5 9.5 6.5 0.5 0 0 22.0 579
7.25 3.4 9.2 6.1 3.4 0 0 22.1 754
8.9 4.1 6.4 7.3 1.0 3.2 0 22.0 869
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Table 3 Anisotoropy of hydraulic conductivity in paddy field plowsole!®

DEPTH cm TEXTURE Kv* cm/s Ky** cm/s K¢/Ky
FUKUSHIMA 15 SiC 1.61X1075 2.01X10°7 8.0
BIWAKO 15 SiC 4.67X107* 6.86x107° 68.1

* Ky ! hydraulic conductivity for vertical direction
**Ky . hydraulic conductivity for horizontal direction
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