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Abstract

Rotational upland fields with heavy clay soil in Hokuriku area often face the problem on

drainage of surplus water, due to both the rich precipitation during winter and poor permeability

of water in soil. We made some experiments about improvement of the soil pore structure by

planting some winter crops, and its effect on drainage of water. Four experimental plots, each of

which differs in planted crop or period after conversion from paddy to upland field, were set : (1)

wetland rice-Italian rye grass-soybean (2) wetland rice-barley-soybean (3) wetland rice-fallow-

soybean (4) wetland rice-Italian rye grass-soybean-barley-soybean. On each plot, tensiometers

were sel and the suctions of soil moisture were recorded. Soil survey were also conducted before

sowing soybean, and some soil physical properties were measured. From these experiments,

following results were obtained :

1) During autumn and winter, soil never dried more than the field capacity ; improvement of

permeability in plow layer proved to be effective for rapid drainage of soil water to the ditches on

the surface of the fields.

2) By planting winter crops, volume of soil macropore in plow layer increased and hydraulic

conductivity raised. Especially as the first winter crop after conversion from paddy, Italian rye

grass grew well and its root zone contributed to the development of remarkable macropore in

plow layer.

3) At the plot No. (4) where one year and a half passed after conversion from paddy, the soil

structure at plow layer highly developed. As the result, the surplus water was drained smoothly

and soil dried rapidly in spring.

4) Transpiration from winter crops plays an important role in drying of the field in spring.

Transpiration rate is so deeply related to the growth of the crops that drying rates of fields depend

on the condition of crops.
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Table 1 Summary of planting and management in each experimental plot
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Table 2 Saturated hydraulic conductivity of soils

(cm/sec)
Date of soil sampling
Experimental plot
May 9 1995 |June 111995
Plot @ Ocm| 3.8x10°% | 2.5X1072
Barley 10cm| 4.4%x10°% | 7.5x107*
20em| 1.6X107°% | 8.6x10°°
30cm 1.0x1075
Plot @ Ocm| 1.1Xx107?
IR* 10cm| 2.4%x10°3
20cm| 2.7x10°7
Plot ® Ocm| 6.7X1077
Fallow 10cm | 1.1x1077
20cm | 1.3Xx1077
Plot @ Ocm 2.4%x1072
IR-Soybean-Barley 10cm 4.9%1072
20cm 1.6Xx10°°
30cm 5.7%x107¢

*IR : Italian rye grass

25cm TiE, EHR1IFEHOKX (OKX) ol
pF3O0DIFTOMRARE bEL H->T WD, XA
REEAEE-2 R 6 IR cHEST 5 &, 0~5
cm TRED LV, 10~15cm TRIEWE2FEHOD

Volumetric water content (cm®%/cm?)
0 02 04 06 038

(D First year
0~5cm
10~15¢m
20~25¢cm e
30~35em

(@) Second year
0~5cem|
10~15cm|
20~25cm
30~35cm

O Sawraion~pFL5 B pRl5~pR30 B OverpR30
{ Saturation~~3.1kPa) {~31kPa ~~98kPa) (~98KPa~}

K-8 #zi 2 FH ORI B B IEOHKEE
(1995 4 6 J1 11 TT30EHRID

Fig. 8 Water retention characteristics of soils
in plots O and @.

KON A—F—KEL B -TED, HRoEEs
L DEARATNE I ENbhE, £/, HEX20cm
PAT Ofafnd ki, S orme B U TRk 2
FEHOAEBNEL LTV B,

3 (eI E

(1) REONE
NEDONBEAH-3 B L I, BERUFEHOX (@
K) o0 TRBBRKOEUARIA (ENEhH4
m?), E#L 2 A OK (@K K> W TIREEHN S &R (£
nZENK3mMD) DAY OFERTH 5, EHAIE] &
2HEAEL S DX GIBENIZH U Td 34, WEHIEH
OEHRE, BTXERI2TFHD /4BETH -1,
%, M2 EHTRARMAHORZONBEOEVE
KE LIV, BEEAEH T KA & KBS R T IX
BICKEIBVHHTYL B,

2) RKEONRE
KGOWRAEF-4 1R L 2o KU ORI, BEEFE
HoK (O~@) oW TREK 3 (FhZFhig45
mY), 2 A O TRBISNG & (ZFhZhi4m?)
DAY DERTH 5, WTFEEIRBEPEHOA ¥
U7 v5 455 20X (@QK) T, E2EHOE
R (@X) EBEAELEDLLTENTH -7, LixL,
FEBOAE F 0 X (D X) 13, ¥R 6 T 19 HEE
CH -t & bBIRAL THEEERK (B, IR H 10
) khIEBRDE, -T2, SBREXANTOREEAR
DEV IOV, HEENOERX (DX) oK



LS @R IR R SNOR SR DR VN NER] - L2102 S ROk ¢

®-3 AKEE (1995 f)
Table 3 Yield of barley in 1995

MO 4 & WTEH F?*\/%
(/m?) (kg/a) (kg/a)

Plot®@ GEEAFH)  BEKEH 203 46.6 20.8 33.5
R 188 35.5 15.5 31.1

KRS 181 24.7 10.6 30.0

N | 191 35.6 15.7 31.5

Plot@ (Rl 2 4:0)  BEKEEMI 467 139.9 65.0 35.5
” 440 129.4 59.1 36.3

ok 397 120.9 55.7 35.5

Fi/KEEHI 437 130.4 59.2 34.3

” 405 125.1 58.3 34.1

. | 429 129.1 59.5 35.1

R4 KEoE (1995 4)
Table 4 Yield of soybean in 1995

IR BTHEE TIRLE PANITAES

(kg/a) (kg/a) (2) (%)

Plot@ (GEIOIELD  BeKEH 54.6 28.1 28.8 68.6
KZBR (2= 3 52.1 26.5 27.1 49.9
FKES I 37.2 19.1 26.8 43.6

A < | 48.0 24.6 27.6 54.0

Plot®@ (E#%IEE)  POKIEA! 84.0 38.5 29.0 72.9
120 % ook 8.2 34.7 27.3 53.4
FKES I 78.1 35.0 29.0 63.3

Ty 80.1 36.0 28.4 63.2

Plot® (EstffneeH)  BRkEgdl 79.5 30.5 30.9 81.0
PRPRIER ook 76.6 30.9 29.6 72.0
F7KES R 84.2 33.0 29.4 70.4

. | 80.1 31.4 30.0 74.5

Plot@ (it 2 42H) HEKEEM 67.2 35.9 30.5 73.8
A ” 69.5 37.7 30.2 74.8
3 71.7 38.6 29.4 69.2

RIKERRI 71.0 38.1 29.5 72.9

” 68.5 36.4 30.5 71.0

A 69.6 37.3 30.0 72.3

RBH A9V T V475 20E (OX 1995 4E)
Table 5 Yield of Italian rye grass in plot @

AERE  wYIE E B O HREEER
(kg/a) (kg/a) CA/m?) (#/m?) (%>

HERERAU 456.0 77.0 1,431 1,076 75.0
ek EE % 0 436.0 72.3 1,327 1,051 79.0
HR KBRS 0 407.0 69.6 1,460 1,103 76.0

HIKEEHI 422.0 68.5 1,448 972 67.0

N % 430.0 71.9 1,417 1,051 74.3
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Fig.9 Potential evapotranspiration (ETo) for 5 days estimated using Pennman formula and

measured precipitation.



12 Fig oy 53

BLHCHEZORAAKA-THOTH S, 4HH O
55 30 [1F TORBHBRAIFREE 05 (1 1EHEE
FHht 4Amm/day, PENORIMIIET I, HHBRERY
IR BE, L Lo s oMER) S LTREbLY, B
KEE DL ZEHT 5 &, 20mm Mok biulb, HifF
WEPH FRELREORAREEZHFELRTHE, <O
BRI BES TR T AR EF TRV Ebh
3, §HbL, K-3imashizLd 4[] MO
@, @ XoRES KNS IO FFE, () oEF
B ES, ORISR 05 BRE, S 10 RE
FCHMLcbDE LTHERTE S, i, (REE
4ASNPMEL0 & L CERBBAEEL, BEFEONXK
EiHET &, 60mm BREED LA & &0, +4
W HESERT 5 LI B,
OXTHOKEGULEZEHBTHLICbDODLT
K-3m&En 5 A5 HEE ¢ HEOWEAEE T, KN
X (@X) LU E-7ENEL TS, THIZDWT
i, OXOARKFEDERI @ KITHAIEFICHEL, KHX
CRIBEORRBIC LI S EEZ LN
3, THbL, BBk s LEOHRE, (FHoLEHO
BRI b KECEBBINE I EMbh 5,

5 HbH VU IS

o & h T ToRH, BENELL, »o [0
B TR O IEPERISE o F R T ERiRlic B LT,
e OrEM T kRIc L 3 TR EORE Lz o R
WTHIEMIOR L, Z0OREEE LD 2L

@© 11 ALBORLIIZ, HESHEEAKEIT i
Q@ ELBOBRKEERET S L
X0 B A R D I HIAC NPT RICE T ETE,
FRIE DSBS 5 T L& S ZIRERI 5 & & ARHATAE
B & 2 A OB SIS i - g

@ KMok offloliMREEHEmL, &
K¥EDRLEA R ST, il 1 BV TRINEYED

76 7 (1997)

WA ST 3475 ZDETTHEEFT, BERAT
FE L o OB OB E Lin - 712,

@ R 2 R[] T IARE N LMK B L1 Lk
BOFEN X O A OB KR R T AE O E B
LI, 20U, ¥k X 2 HHAEL L, AHoH
BOwERIE AL, 20—4T, TBTE, TR
PEDTEBDEE T L, BUEESEIL 72,

@ HEWoOWIROERI IO RO RN ER
WALEA L B, G BMMOETIREE bbb
b, ERSEOE EOBBREES IV, FHAED
By, BORYEASE G Skl A 1 2 2 ORER
[BOWENES THEORESRLT 5,

51 A X ®

FAO (1977) : Crop water requirements, Irrigation and
Drainage Paper, 24 (lb#di t i BB
RO,

WEFE L (1978) - (ARG TOKII oD Mo 5 13k
YiBEvEOHER,  bRREELIEREGEAY 21 p. 63~94.

BEIMOKFEEMN B HHER (1974 @ fEAE O f2b DK
HI DR N D HENT IS T 2H9T  DFFURkE
£ 80 p. 204.

EMOKPES Bl 8 ) (1984) - Bxifill = £ & &
DN oM IC T SRR OTER, B
RO ED F &0,

BRKESEMSEESER (1987 iM% HikE 4
B I O RELIC BT 2 AT, W2 1
BROEDE &,

R -~ (1986) : il [38h ook s, HiEoY
P 53 : p. 13.

WD (1986) : im#al o TR S ATEM O AsE I
jts, L3O PBYE 53 1 p. 2.

TRAEA 1T 1996 4E 11 H 11 H
TIPS 19974E 3 H 9 1





