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Effect of Changes in Soil Moisture Content on Soil Physical and
Chemical Properties of III-drained Paddy Fields

Kaname MAEDA

Hokkaido Prefectural Central Agricultural Experiment Station
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Table 1 Comparison of soil physical and engineering properties between Well-
drained and ill-drained paddy fields
Distribution of soil Water Shrinkage factors P bl
three phases (%) T . ., Permeability
Soil and sampling date Horizon ——— - content — p I Shrinkage Volumetric = ocfficient
Solid Liquid Air by weight limit change (g, cm/sec)
phase phase phase (%) (%) (%) w
. Plowed soil 284 561 15.5 74.8 0 0.21 32.9 30.3 3.3X1073
gfj;riig Gleysolls g\ hourfacesoil 285 505 120 802 0 029 391 205 2.5x107
(May 4) Gley UplandPlowed soil 324 626 5.0 72.0 0 0.23 40.2 24.2 4.2X10™
Y soils Subsurface soil 334 566 100 62.7 19 047 40.0 30.0 3.3X1078
After Gley soils Plowed soil 326 629 4.5 72.3 0 0.22 42.1 32.7 9.4X1077
surface Y Subsurface soil 340 625 3.5 70.5 09 047 38.9 359 4.0X1077
drainage Gley UplandPlowed soil 276 677 4.7 93.3 0 —032 46.3 57.3 4.7X107¢
(Sept 3) soils Subsurface soil 358 626 1.6 65.4 1.7 041 40.6 28.5 6.1X1077
Before
plowing Plowed soil 36.7 468 16.5 475 25 128 38.6 9.6 1.8X107
May 7) Brown
After surface Lowland
drainage soils Plowed soil 359 547 94 63.0 2.1 108 40.9 10.2 2.5X10™
(sept 17)
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Fig. 5 Relationship between air percentage and
permeability coefficient in heavy clayey ill-
drained paddy fields.

Q Gley Upland soils

501 @ Gley soils
- 00 o 000
Qﬁ
-
:_E. 40+
.8
k]
-9

30}

K 7 =0.766""

] 30 40 50 60 70 80

Water content by weight (%)

Fig. 6 Relationship between water content by
weight and liquid limit and plastic limit in
heavy clayey ill-drained paddy fields.

SPCPG Dec. 1987




40

TEOWHENE ST

127

10

S
o

2 r =—0.765""

0 L_; (ln =20)

0 77 40 60 80 100

Pressure breaking strength (kg/c)

Water content by weight (%)

o (n=20)
P . R
[AED) 40

1.0 o o O Gley Upland soils
@ Gley soils
3
% .
E ) '
6 =—0.747"*" E 0,°
50 60 70

Water content by weight (%)

Fig. 7 Relationship between water percentage by
dry weight and pressure breaking strength
and consistency index in heavy clayey ill-

drained paddy fields.

w~lc =0.5 (pF2.0)

20T
16 |
~ _ After the formation of large
E fissure (r=-—0.91***)
12 F D
]
53
c
k<)
ol
S8t 0
Process of simple
PN dehydration
4 (r=—0 678***)
0 s

40 50 60 70 80 90 100
Water content by weight (%)
Fig. 8 Relationship between hardness of land sur-

face and water content by weight in Gley
soils.

WHE L ASEORICEME (7 =-0.893%**) 2580
Sh, EADOBAIIME S TEASIAETHL 2ITET
LTWwh, 252, ARELEKMRBEOEETI (Fig.
H,W%WK%E&EE@(y—O%w“)ﬁﬁ%n
DI IR HIEEIRIE D KBGO L - TR
@WK%@EkT%%?%mL(w%O

DX, HESKEETHENEEEAEOMEKTT v ¥
— RN TEBTHBE (Fig.6), mEtELE b TBEEK
A370% LUF O #F N T & KO TICHE - THMER
R, EEREFOCTROGETTHHEAICHD, ThboD

CIEEASVWEOHBEEK (7 =0.700%**, 7 =
0.766%**) 2fFHN T b,

—}, Fig.7 »oWe kL Hiz, LEOHMIES, ¥
7 b NEMEWEITEE ) & B LT 5 RO
BB L Plek SAklbE OFICIZWTRSEMEE (y=—

SPCPG Dec. 1987

0.765**%%  y ==0.747"**) »E6h, HEEGKILOE

W o THRSGREE, [eASEE I AT 5,

Lz, 794 EBIUY S/ BEIcBLTAR
BHETTERZHEOa Y VAT v 158 (BT
0.5) #3501 LE L TEEKLOMEIZIZIZE1I% L
TThh, T OROIEEFHMEE LS ke/on” R
TH b,

BB, 74 EICBWThESKILE BRI OEEL
HOMERHOBRERERE (L) & ORREIRE LA
£ (Fig.8), MEMIIIBVEREIE oA, [H-—
EARILTH T LALE % (b W EM A BUKBRIZ
hF LALE (pF 2.0 LLEOBE) 2L B RF L VAR
HOREFEFEEEEZR L,

Tabhbh, cfE05KXBITAMETMOEEME LR
MLBET 6mm, BT LAET 4 mm TH -7,

DX ﬁ%v«»kkﬁ%iﬁﬁmmmﬂﬁ#
TEOHEITF li BB EbOTREL, U
ﬁﬁﬁ@%%mktLt@%@i%%ﬁ%ﬁ@oif,
GARROBELLIEELEEL LD EHTE ML,

4, WEBLUAREFTICRIFITLRERORE

IR AR A T B L PR LD, ]
B O IR FAIERTH L, T/FOT LIFEHAICS
FARROMPHEEFARERD-->ThH 5,

s A Wik 2 KA R+ SR LB IZ B
T, HEEKIREE & BT A OMLEDTHRK RO KH iR
CRIFTREBIIOWTHRE L.

T3, BREATICKEBIL € ORI & EEE O T8
WHPEIZ W TRET L2 R % Table 2 IR L7,

FhEALE, EHIMIRECERICHA AR RS T
FRET LD BREALMEL, POoTEBREORENR



41

TG OLE L YE - LEEORI

FThh, MEROLBERFZEIZETLIETER
LTWwWh,

O, kB0 R EEPS 8 A LUTE TORIE
(HHE 10 cm) R IRIRED19834E & BIREDI9B4ED
25 EIIh R DAL /2EE (Table 3), RiRE TIAN
TEBTORABLERIRO LNV, BIRETIHE
VERIZ B ITTH O F 5% 100°C (1.6°C/day) HLEd 1
HoTwva (BlEAH71HH, HPoREE @ EEH
------ 1,802°C, &ICH---+++1,614°C),

T, KEOWHATS L OPNE D ERITEFEHIY

BICH O 05 5 HE S - 72,

E502, AR o754 EBL0T 54 BHED
HEAMMERBERE IBVTLY, Pkl (B
BRE, BEL TR TIRELE (REkoLERED
&) WHNTBOEBRIRIFC, KROWHEFTILC
BE - REBRSCTROM LT 5% S OBMNA LR
720

INEOREENS, A-LERTH - ThLERER
SN HEEREEOBEVIC L - THEOBREREIE
ROETAHZ EPHEES N, KFREROBELEZHE

Table 2 Comparison of soil physical properties between conven-
tional and converted paddy fields (April 26)
istributi f soil .
Bulk Water content Dtllsl:z:u::;lez (;())1 Air Permeability
Soil Horizon density by weight P percentage - coefficient
(g/100 cm3) %) Solid  Liquid Air (%) (K, cm/sec)
phase  phase  phase
. Plowed 94.1 67.8 311 637 5.2 76 6.7X1077
Conventional soil
paddy fields g;ﬂ)surface 106.6 53.8 306 574 30 50  12x107
Plowed _
. 98.9 410 34.9 40.6 24.5 37.6 9.9X1075
Converted soil
paddy fields S:i}’surface 117.3 450 28 527 45 79 33x107
Table 3 Comparison of soil temperatures between conventional
and rotational paddy fields
Soil temperature (in 10 cm depth, °C)
Year Soil June July Aug  Accumulated
Early Middle Late Early Middle Late Early temperature
Max 1792 1774 1842 2025 2044 2265 2155 1,389.7
Conventional Min 141.8 1485 1574 1775 187.6 2133 206.5 1,232.6
paddy fields M‘laa“ 1605 1630 1708 190.0 1960 2199 2110 1,311.2
1983 value
Max 180.8 1779 1855 206.6 2109 2313 218.0 1,411.0
Rotational Min 1456 1524 1574 181.2 192.7 2167 210.0 1,256.0
paddy fields VMa‘;f‘l‘e‘ 1632 1652 1715 1939 201.8 2240 2140 13335
Max 191.7 2163 216.6 219.2 216.8 255.3 240.3 1,556.2
Conventional Min 170.1 198.3 1943 205.0 2057 244.1 229.3 1,446.8
paddy fields M*f"‘“ 1809 2051 2055 2121 2113 2497 23438 1,501.5
1984 value
Max 208.7 2294 234.0 240.6 2414 2815 266.6 1,702.2
Rotational Min 175.9 1914 196.8 221.0 2267 264.5 249.4 1,526.1
paddy fields xﬁz 1923 2104 2154 2308 2342 2732 2580  1,614.2
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Fig. 9 Effect of water content of various soils on
available nitrogen.
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Table 4 Effects of air-drying of soil on growth and absorbed nitrogen of rice plant

Ordinary paddy fields Rotational paddy fields
Soil Plant length (cm) Number of tillers ~ Dry weight (g)  Plant length (cm) Number of tillers  Dry weight (g)
June9 July19 June9 July19 July9 July30 June9 Julyl9 June9 Julyl9® July9 July30
Field-moist soil ~ 22.7 45.3 4.4 104 2.00 8.50 23.9 46.5 4.1 8.8 1.83 7.10
Air-dry soil 26.8 50.0 5.2 15.6 3.51 13.08 272 49.7 5.4 16.1 3.09 14.42
Ordinary paddy fields Rotational paddy fields
Soil Nitrogen Percentage (%) Absorbed nitrogen (mg) NHN (mg) Nitrogen percentage (%) Absorbed nitrogen (mg) NH,-N (mg)
July9 Juy30 July9 July30 Pot  MCUF qulyo  July30 July® July30  Pot Incuba-
10n tion
Field-moist scil ~ 2.00 1.60 38.2 134.2 1.58 5.13 1.85 1.64 335 117.3 1.40 531
Air-dry soil 2.38 1.72 84.0 226.7 5.40 13.75 2.45 1.68 75.6 242.2 5.09 12.62

Incubation *:Period.....28 days, temperature.....25*C
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Summary

A study was carried out to clarify the effect of changes in the soil moisture content on the soil physical and
chemical properties of ill-drained paddy fields.

A high negative correlation was obtained between the liquid and air phase in terms of the soil three phases,
and also a positive correlation was observed between the hydraulic conductivity and air capacity.

The liquid and plastic limit of wet soils decreased with the decrease of the moisture content.

On the other hand, the soil crushing strength and consistency index (Ic) remarkably increased when the
moisture content decreased.

A high negative correlation was obtained between the soil hardness and soil moisture content. The soil
compactness was higher in soils which had been subjected to midseason drainage.

In the Gray Lowland soils, the soil temperature was higher in converted paddy fields than in ordinary paddy
fields.

Based on these facts, it was concluded that soil drying and the development of a structure affected
considerably the increase of the soil temperature. Furthermore, both the amount of available nitrogen in soil and
the amount of nitrogen absorbed by the rice plant increased with air-drying in ill-drained paddy soils.
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