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Ko AHERIUK, BEMSERT BRA. AHERIRE, HHAS R NEEYRE
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B EBANS TR EN; BRAOGERENK, TESHERNIMERENY
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REEERETFEEHE. A HERLR, FES, BREESISEFH TR, 3#
WBE RT3 17 MBS K BRI, ERELMKS . REKRISHETHEGZHT
BN B RATELR, |

A HELE 0—15 B ROK M B, B BT i+ BB R RIS R AL TR 5, A
THOK S B AR ARIERR ARER DT L HERKS DAL ES 6, LK
B RERE. LA SRS EFRBSNERRTFREER K. BIEREE T
KGRI B R - Sk e h 5 L ME RS RIOBRE,

— A B ¥ &

1979—1981 £ HE &% (0—1 B)MENRE(—15 E)R EBBRDKE AKX
P RELBTRE. FEE.FRE. FRLE 7 ABELH. SRR E. P . ER=FR
(% 1), #HT TR, '

KRB LA, BRTRED 1 BXFEL, REEN T4 6 T, BACKRERN/NGHKS,

* MEERESSBAEXTE, -5 B LRk RaTENERARIAARRECKREDBRNE, ¥
BEEHo
1) #8%,1979: T Bz, RRKMLNERREAKFEFLREF 1-10 K,
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Bl EAMEEREMMAEAR (1978 FRME, B %)

Table 1 Mechanical composition of main soil types in Shanghai area (Tested in the end of 1978)

B K 4 K (K& mm)

Particle distribution

+ W 2K —oor|  mesk

Soil type 1—0.25 | 0-25— [ 0.05— | 0.01— |0.005— <0-201 %E&ﬁ*ﬁ Texture
2519.05 |o0.01 |o.005 [0.001 | M ;

Clay {Physical

clay

¥ X # L
Percolasing paddy soil | 0-41 [15-92 | 59.30 | 7.96 | 9.87 | 6.54 | 24.37 Light loam

® XY
Percolanng poddy soil | 041 | 5-66 | 49.89 | 8.92 | 19.97 | 15.15 | 44.04 | Megium loam

51.06 H i

Heavy loam

w®E X
Permeable paddy soil | O+#1 [ 3-26 { 45.27 | 11.52 | 20.01 | 19.53

0.41 | 1.61 | 42.70 | 19.03 | 18.53 | 17.73 | 55.28 K

nTe
Permeable paddy soil Heavy loam

0.31 4.64 52.26 { 11.55 | 13.62 | 17.62 | 42.79

" ®E
Permeable paddy soil Medium loam

0.15 | 3.08 | 51.04 | 11.51 | 15.86 | 18.36 | 45.73 L

*xXE
Waterlogged paddy soil Heavy loam

0.30 | 3.67 | 36.54 | 12.57 | 21.27 | 25.67 | 59.49 X

%k
Waterlogged paddy soil Heavy loam

%2 ERMEKERNES ALK

Table 2 Some physical properties of main soils in Shanghai area

LR R 8 (% <0.01
am, o, kR Porosity mhepg| LR
T 2K (g/em®) (%) |(m?/mg soil)
" (%) Specific| BILIR | EHAR* EERIR <0.01mm
Soil type oM. Bulk gravity Total | Capillary Nol‘l‘a_ capi- hvsi Specific
density . . £y physical surface
porosity | porosity | porosity clay
v xR
Percolanas paddy soil | 174 | 1.25 | 2.69 | 53.6 | 47.5 6.1 24.4 0.45
L IR 4
Percolating paddy soil 2.27| 1.20 2.66 54.7 47.3 7.4 44.0 0.92
R CIES X
Permesble peddy soil | 3+17 | 1.15 | 2.67 | 57.1 46.2 10.9 51.1 1.12
wWT R
Permeable paddy soil 2.54 1.19 2.68 55.5 46.2 9.3 55.3 1.05
5 RE
Permentle uidy soil | 374 1.15 | 2.66 | s6.6 47.5 9.1 42.8 0.99
® X E
Waterlogged paddy soil 4.19 1.12 2.66 57.8 49.5 8.3 45.7 1.04
# R+
Waterloages maddy soil | 5-03 | 111 [ 2.60 | 57.2 | 49.7 7.5 59.5 1.41
* ERILREREE 60 co KR I T RE,
Mt RERDIBRARRBE RFHN 2, BE NN 2 AR:
2.3 2.3 2.3 )
be =y I b B2k ey - SRR RBRRR %5 D RBF IR B (mm),
»
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BA—XE 11 BEXEAGNAEERLZBKDBR D, RL8A—HBEE, DIRMX,
WIERIAE 1.10—1.25 B/ EXLBETFERN, ZANEE. HBEEEMA, NESHLE
BHEHZEHRR L, T EE HET AL XHILEBTER, B8R LS 8 WIRE, H L 9
W, B 700 ZXFEEG 1L, HLEH 1 BEATEE DS EKE&XRBAT B K
R RIB/RMAK 20—30 BF-LH 12—24 /i, B8R L4 8 NRE, HUN SR D, B
SRMAL, B 1 EATERASEORKEE, 1—15 B LEBKIER K& R
EABRRENE, HHE 7 HLBENEIR.AE EEFLURRE, IHE TS RE (&

2)o

ZOHE R aw

1. AELSAEKEERERARASE RIVOE, 1R KR T RRE K

%)

Soi| water content ( Dry soil

[1] S S S S P TS TS T TN laaa.l 1 ..1L1L1.LA1‘1.111‘1.|.1X
0.1 03 0.5 1.0 2 3 4 5 6 7 8 Y 10111213415
ik amh (B)

Soil water suction (bar)

1. B+ 1+ Waterlogged paddy soil 2. HRELN Waterlogged paddy soil
3. #ERLN Permeable paddy soil 4. #ERLLm Permeable paddy soil
5. B TR Permeable paddy soil 6. Fxpwiiw Percolating paddy soil

7. PpREFLE Percolating paddy soil

A1 REXERTWKEE

Fig.l Moisture retention curves of main soils in Shanghai area
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SHEES, THRBANEHRET LB SREKS Freema T3 HM LMK —

SHREEENERERNDEES DUR LHERENFRAEREESEY, iRk

BHTEENGLS, EAERAT, THBEKEBERAIEBNEKEREEY, BH

DLHES 2, LR P RAT BB KB FZR T RO AE@E D,
RELEHX EE M0 KiL, M Z2H 2 FiHENS TR L W% H

(X) 54K& (Y) HRAERXAS:

WM. Y = 42.0350 + 3.6885X — 22.7251X1
HkpTM: Y —43.890 + 3.197X — 20.515x%

LM Y = 45.404 4+ 3.205X — 19.821X*

WFRLM: Y = 43570 + 2.485X — 17.239X*
FERBLM: Y —45.744 + 3.127X — 19.393X*
BRELH: Y = 48363 + 2.979X — 18.841x%

HRI:FiM: Y =480983 + 3.056X — 18.532X1
W EAEL 1.1—1.25 B/ EXEEASR LB ERAUSHO L # % A1 (RE K

BB R IREKBGERED), ALUESAE N, 77 H8RKHE, STLUMNED

SHAKROBREER/DN, EHERERBESHT LK OHE. NITHKIRAHITHES pF

B, RBATAA LB BRBAA S BEBEORFELY MR IBH, AELEE

— K EBFRHEN K>S ERARN, R, S KERE. EMNLEKS 5

B3 FHMRFTELMLBHKIOER (B T1%)

"

Table 3 Water content of main soils in Shanghai area (Dry soil %)

EHHAK
Gravitational A ?‘;Ebl K (u%ﬁﬂ()
water vailable water (Capillary water) ERA
T AR .
y U labl
. EHBUK  E A oAb K 1B 3 e ok | Y ailable
Soil type (< 60{(0—60 vailable Available water| Rapidly Slowly
b b ava : for normal available available (>15 bar)
mbar) jmbar) (gaogr_ growth water water
15.bar) (0.06—1 bar) [(0.06—6bar)] (6—15 bar)
Percolanns pody soil (>389 49 | 30.4 17.7 2.5 2.9 <7.6
Percola%ng*pﬁdy soil >39.4[ 6.0 28.2 14.4 25.2 3.0 <l11.2
Permegleiapa(gfdy soil >40.2[ 9.5 25.3 13.8 22.0 3.3 <14.9
Pormertle potly soit 7388 78 | 5.8 10.9 21.3 4.5 <13.0
PermeEleﬁ)aadEdy soil >41.3| 7.9 25.7 14.4 22.1 3.6 <15.6
WaterloEge%lE Z‘Eddy soil >44.2|-7.4 25.8 4.1 22.1 3.7 <18.4
Waterlongas piady soil [>44+8 6.7 | 233 13.6 21.0 2.3 <21.5
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VR0 B R U, R R E BOK BB E THIR LM, i Frik BT BOKHR
Do

Et S KNER RMOTAR-RARA LSS KED S L HELE. . EEH
BR. <0.01 BAYEU KN L REF, A TQ-21 MPUR Z-2H Mo FitEM#TH
X4 (R 4) BHl:

TRAEVREES L ERKENE 0—15 EAERERBWIEER, HXANER
0.924**+0.047, HEALMAIRAS, THPRFKS EHRBHENRERE, L
BEKRAR, Fit, 1K BORNRAZ L MAVROEMN,

TFH S MK BE BN R R RAXRSINEH, THRKES <0.01 BX4
TR R AEL R ERIAER A RS> 504 0.768* £0.134 F010.872% £0.090, FRILH T MFH
A E, TSRk B, RN dh LA th &R,

x4 LEBXERTRKRSKEHREROARE (7

Table 4 Correlation between moisture capacity and some physical
properties of main soils in Shanghai area

.01
THAABRAE) | AENESAKR | BELARSAAE %;H"n Eakm | HRESSKR
Soil water suction .0, M.and water Capillary pore space <01;01ml:; physical Specific surface area
content and water content clay and water and water content
content

0.01 0.980** 0.818* 0.567 0.771*
0.10 0.953%* 0.870* 0.504 0.671
6.20 0.951%* 0.828* 0.574 0.731
0.30 0,993%* 0.727 0.698 0.817*
0:40 0.924%* 0.624 0.798* 0.884%*
0.50 0.908** 0.579 0.852* 0,925%*
0.60 0.894%* 0.554 0.875%* 0.942%*
0.70 0.883%* 0.544 0.883%» 0.948%*
0.80 0.860* 0.519 0,897%% 0,952%*
0.90 0.840* 0.491 0.506** 0.953%*
1.00 0.876%* 0.538 0.860* 0.916**
3.00 0.933%* . 0,557 0.820* 0.917*=
6.00 ).958%* 0.603 0.778* 0.894**
15.00 0.984%* 0.680 0.749 0.893%*

7 0.924%x* 0.638 0.768* 0.872%

S5 +0.049 +0.126 +0.134 +0.090

F: n=N—=2=35, roo =0.875, 740, =0.755, rs, = 0.669,

THEEARYBES VS LM KBBE—EIEMERX, HX ARG 0638101260
FBERR AT (<0.2 EDMEXRAMBE, 150.839*£0.028, HBAMRERA T LWsK—
EBRE LRRTEEARNEEEFER MR,

LA, DR D EERET LRA IR & B R, Rk EBELRK
Bo ERBAT, FRRET LHAANBERRBIERALUR T REROEW. BHERNOF
B LK RRBENZ A VRERME AR mst, £5 RPN & B Ll
RERD T3 HBRAERABELX Fo
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N AN ERSEMS, THEAVR, <0.01 XA, L XERE S
FA2ERK (0.06—15 BRFHEE) GEBEH K (0.06—6 BRAHER) EREE
ARUK (0.06—1 BERAHE) FREBAMERE, TS5 >15 ENERKEREBFWEH*X
(7 = 0.8738%*+0.1200) (% 5), RIEXEE, €AHBK (F= —0.9074**+0.0528)>
BEMERERAK (F=—0.8458%+0.893) > EHETAE XK (F=— 0.6233+0.2900),
S RBEFRAK (6—15 BERABEDMARER (F = —0.1101£0.0177), REFZMKE
THHEXEE, D <0.01 XMEEENEBANREE (r — —0.8887**+0.0201), 1
bhEE®XRZ (r = —0.8539%+0.1353), AR SENEWMENEE (r = —0.6339+
0.2932),

2. THIERARAARREMEAR ITHERIARYHERAKENIEE,TH
KSR R REBEEZRRANMBHAFRT, ¥ FTHRIEISAEK, LK
DRFBHURKIBRENEZEEER L

M 6 B, 7E 0.06—15 B & HBUKTEEN, ¥EBILE 0.06—3 BN, BH T MERG
BROKILBRAR RS , R/ ERKFLER (<0.0002 k) AN 8D R 2 ¥R
THERNVE R AR R L BOEE, MERKILBRUAEN ML, SEXITEH:

%6 ERBRIMEIMAYALLI MR (BA: %)

Table 6 The distribution of available pore space of main soils in Shanghai area

_ K 4 B 5 (B) Water suction (bar)

0.015— 0.06— 0.3—] 0.6—
3.0

o—| 6.0 0.06
+ M &K <0.015{ p'06" | 0.3 0.6 0

15.0 |15.0 >15

3.
6.

Soil type ) . #2 (mm) Diameter of pore space

0.2— | 0.05— | 0.01— | 0.005—| 0.001—10.0005—] 0.05—
>0.2 1505 {o0.01 |0.005 |0.001 |0.00050.0002 | 0.0002 [<0-0002

Pc,coli'ﬁnfpaﬁ,y wil | 34| 28 |00 ] 67 | 144 | 30 | 37 | 39| 95
Percolnstortty il | 46 | 27 | 93| 34 | 124 | 43 [ a0 | 335 | w0
permopleoadiy it | 78 | 33 | 79| 34 | 74| a5 | a3 | 24| 186
Pe,m;ﬁle:ﬁ,aﬁy soil 6.6 | 2.6 6.0 | 3.4 | 105 | 45 | 5.6 | 30.0 | 16.3
permerblo bty il | 62 | 27 | 82 | 48 | 75| 34 | a5 | w2 | 195
w“e,ﬁgeﬂe pEdy wil | 62 | 19 7.5 | 5.2 5.3 | 41 | 47 | 2608 | 22.9
Waterl(igezig pjfldy wi | 48 | 25 7.3 | 4.1 49 | 3.9 | 2.8 | 23.0 | 26.9

& R >0.2mARbkeRAKS BHER, EBSREF; 0.2—0.05 ILBAKATHR AR W & B3 0.05—
0.005 i3 K4 AT X i AR A, BahR 4, B/ ERE; 0.005—0.0005 gy K 3 A RAFIA, MEHER
#; 0.0005—0.0002 g3 %7K 4 A MARRIA, BHK; 0.05—0.0002 HFHAHMR; <0.0002 XELHAL
IR
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0.06—15 W% F73% EAY 0.05—0.0002 X HRMLEMAILIRE >15 B #Y <0.0002
A EROEZOKILERI R EHR B0 HAER, BRABH—0.972* (A 2), <0.0002 &
KERNERAKILRE RIS 0.05—0.0005 B R FRA B ATLRBREYHMER (r =
—0.934**) BA/NLBRE XMW Ko MR ITIBA, TRKFLERS 0.2—0.05 B KBS FLIR
LI 0.0005—0.0002 2 K8 B0H K FLERR B HEX Ko

Y

(]
[

2

Available water pore space

HBOKFUE (0.65 ~ 0.0002 mm) (%)
nS
({3

82

o
(=]

8 12 16 20 24 28 X

FRBUKFLAK (< 0.0002mm) (%)

Unavailable water pore space .

B2 ARKIRMEIKILIREX

Fig.2 Correlation between available water pore space and unavailable water pore space

(FRARTFHERERILREROENEE, RMO9 55 LME HLE. <0.01 %
KRR R RL . <0.001 BRMEN, TR HLRESHTTHEXITEBH, >0.05 BXKE
FESAFLBREL K 0.0005—0.0002 B KAEBEABKILEZ ERRTFHERE /N, M
WA H PR FLER (0.05—0.0005 Fk) X2 AHBKFLER (0.05—0.0002 FX) £ B 5
WA PR, <0.01 ZRMEBH KR, <0.001 BXRMER TR XREHBAEE, KBXR
B4 B35 —0.905%* +0.038, —0.846%+0.013, —0.951%*+0.016, —0.943**+0.013, 5
FBOKFLER S B 0.984%%,0.749 (p = 0.1), 0.921**, 0.893**, XRHE, L MAVLAMK
%, T Ak, 1M R AE KR AL, BN ERKILBRES .

3. THABEREEMAR  LERSASWEDOERE, RETEXKENE
&> METFT LMK BAOKD. FEAKSBRAORVEDREZABRARCESALRE

P RAveE B E AR, BERRBRA—H. —RU T MEKLRFE -3% (6%&

K, s ATMTH),BIAKER (BUEKE) ZRRIEAFRHRBAGKR. A
TR KRR IFLEN, RERNDEENAKFREAESE. AEORDE, REAR L
MRHARRS (FARAKFEED; BB DN TR HKRED, EHRKFERERK RS
ERRENER. ¥ TARRBN LR, PRIERBENEE, BROXILBES,
B b3k o LR A3 B BB, K A B K TR R - MR R B K Y 8%, IR S
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27 LABEZIRIMOARRERRAE

Table 7 Water capacity and evaporation intensity of main soils in Shanghai area

AR (EF/E - 1) Soil water capacity (ml/bar-g)
_ _ 6.0—15.0 &, EEEE
+ M 4 W 0.015—0.06 [, 006 IOOE, 0.06—6.00 BB R K
spaack | wwwank | SEETEK g5
(B, EHAN B R LERA 0| (R BRR) (PR—ABR) |
Available water for| Rapidly available ow?y available Evaporation
Soil type Move easily ) water(temporarily) intensity
g normal growth(fieldjwater (field capa-| - .
gravitational capacity-retarding | city-temporarily wilting point-per- (mm/day)
water point for growth)| wilting point) menent ~ wilting
point)
P X HE
Percolating paddy soil 0.489 0.188 0.046 0.003 1.77
AX¥
Percolating paddy soil 0.511 0.153 0.042 0.004 1.83
iR X ‘
Permeable paddy soil 0.622 0.147 0.037 0.004 1.94
nF R 7
Permeable paddy soil 0.489 0.116 0.036 0.005 1.87
#EE 5
Permeable paddy soil 0.533 0.153 0.037 0.004 1.97
L
Waterlogged paddy soil 0.378 0.150 0.037 0.004 1.96
® % L 5
Waterlogged paddy soil 0.489 0.145 0.035 0.003 2.05

IR /NFLBRER S , M Rk B ARATI B P4, MUK BB AR 8N (& 7),

RA—RDHEENKEERRBSEERRRER DN EY BARNKSER, HEAR
DTUBIREKBERNERE OB, ZHTLIAHZ R, B ERFYIERR, AXANK
% 0.974** +0.029,

THKBERRES L MANFERIMABE —EXR. KB 0.06—1.0 EHRHTH
EXN4EEKERURK 0.06—6.0 B A TEBKKEZRS AN K., <001 Z XY HE
HERER . <<0.001 BEHKEEW LR E AR RS RI% —0.5354+£0.337,—0.880%*+0.025,
—0.786%+0.177, —0.803*+0.149, MHEXBERE, T BTN RS R ERHE
e, B ARG R B AR B T A HLR O R R NIARRS h—22, BEHLE. L8R R
?LﬂﬁmHﬁibﬂ(:keiu&ﬂ%tﬂ(ﬂ(eivﬁﬁfﬁimﬁaéﬁ (% 8o

4, LTHREZBEUREMRAER ITHAXRREATHERRESRERNERT,
BRKET BERShEAPELE, HERRBERSSKFGEXRN, &5 8%
- REEEKERERRERHAXE R FLBS A EIUR. RBSET EIX R

WL WA KBARR, 1R R BERE - 8E /K BAMEMKITIERERK, —FrHEX
AREE X 0.968** (n = 18) (B 3), HM, THMERBAY (=1BMERE/KEERZ)
TRREE T A K BASMEMRI 0.8 0.1, 5 HEIE/KBHEXARBINE X 0.969** (n = 18)

e KRN iy — di BIBEK
D Rk R = T REAE(E)
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%8 LENMETWIMASRSILHIMMEKEREE (r)
Table 8 Correlation between water capacity and some physical properties in Shanghai area
AR <0.01mm <0.00lmm S&. 3]
it = (%) [PREMEE) W (%) | (m'/mg soi)
Treatment <0.0lmm <0.00lmm Specific surface
O.M. physical clay clay area
0.015—0.06 ER AT ARL WA R
(®AK) —0.227 0.105 0.08 |, 0.077
At 0.015—0.06 bar suction soil water
capacity (gravitational water)
0.06—1.0 ER AT AARCER£EHK)
At 0.06—1.0 bar suction water capacity | —0.297 —0.862* —0.660 —0.697
(normal growth water)
0.06—6.0 ER HT K& RGERA)
At 0.06—6.0 bar suction water capacity | —0.773# —0,897%* —0,911%* —0,908%*
(rapidly available water)
6—15 BER AT KB’ GR%KAK)
At 6—15 bar suction water capacity —0.207 0.372 0.116 0.157
(slowly available water)

B: n=35, roq =0.8745, ry o = 0.7545, ro, = 0.6694,

Y
5.0t

-
o

el
=3

[
ot

w
=)

Soil evaporation intensity ( mm/day )
THEER BT (¥EK/K)
N
o

l.or *, r=0.968¢*
n=18
0.5 R t=16.417> ty.01=2.878
A1 N 4 N bt X
0 5 10 15 20 25 30 35 40
LINRkR (%)

Water content

A3 LHXRBENLIRSKRER

Fig. 3 Relationship between the evaporation
intensity of soil and its water content

Soil evaporation capacity fEvaporation capacity of

y
0.9
0.8 ¢
0.7
-
0.6}
4%
£ %05
8 ﬂ 0.4
-
g
+03
0.2 r=0.9697*
n=18
0.1 t=16.628>7¢.00=2.878
0 510 15 20 25 30 35 20"
TIAAE (%)

Water content

‘ i———%ﬁi S5+MAKEER

Fig. 4 Relationship between the ratio of soil
evaporation capacity and evaporation capacity of

water surface and soil water content
(DREF7 FH LML, 19794 7 A 238 A 10 HEKHAZIE)

MEFRLE: BRU.422.0 /N xR 81.141.9%, RUiK 3.9+1.3 %/#h, KEXK8.0+£1.2 mm/E,
(The avarage of 7 soils, tested in the field from July 23 to August 10 of 1979. Tested condition:
Sanshine 11.44+2.0 hours; relative humidity 81.1419%; wind speed 3.9 + 1.3m/sec, eveporation

capacity of water surface: 8.041.2mm/day)
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(& 4),

7TRIBHRRBEIIAERT, THEREBEREESIRGERANEINXAR, 24
XD, HEEHRAESBRIE % K FLIK (0.05—0.003, 0.05—0.0005 F1 0.05—0.0002 =&
*) BREYIAAER (r = — 0.900%*£0.095), ifi51 8% K 04 /~FLER (<0.003,
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Fig. 35 Water suction curves of the soils with different textures
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STUDIES ON THE CHARACTERISTICS OF MOISTURE
RETENTION OF MAIN SOILS IN SHANGHAI AREA

Yang Jin-lou, Zhu Lian-long and Zhu Ji-cheng
(Institute of Soil and Fertilizer, Shanghai Academy of Agricultural Science)

Summary

The characteristics of moisture retention of main soils in Shanghai area have been
studied by tension plate method (0-1 bars) and pressure membrane method (1-15 bars).
Results showed that: In general, soil water suction was conversely correlated with soil
water content., Under the low water suction, the soil water-holding capacity was depen-
dent mainly on the content of organic matter, the adsorption of organic colloids and the
influence of soil structure; while under the high water suction, it was closely related
to the soil texture (i.e. the content of clay) and the molecular attractive force of speci-
fic surface area as well as the adsorption of organie colloids.

The soil water content was decreased with the inerease of soil water suction. How-
ever the evaporation intensity of soil was decreased with the decrease of soil water con-
tent. Soil water content, evaporation intensity and soil water suction were closely re-
lated to soil texture. The heavier the soil texture, the more small pores were formed;
the higher the evaporation intensity, the faster the water suction rised. For the same
amount of water absorbed by crop, more energy were consumed by crops on the clayey
soil than that on the sandy soil. Therefore, the crops on the clayed soil is liable to suf-
fer from drought, and adequate irrigation is even more urgently needed for the crops
on this soil.



