2L,
K EIY + B ¥ W Vol.37,No.3
2000 4 8 A ACTA PEDOLOGICA SINICA Aug., 2000

Ttk 5 E S SR A
NEAE BR# %—F ¥ B

(ALK RFESHEBER, REHE  712100)

# £ EFRANBEEAGT,HETIRKENKSESR M, SREYH, FER—
BEFAAT, RETHKETHMERERN AR, BEREA L >, AR LREK

BORAETT S h0 IR AL AT SR R AR R ok 2R, K RIR BN E (%)ﬁj: >R &t +

WA AKR—EN, B HRER B B3 (A A FIAXHRBE/RIZZE [A (AR A, 138
M PRRBHEA, FASHHERL > 4, BABHNHTRE/RBHEEAWLG]
A RERIBE [AQOD] 5 HRERMPREFE, BABIFHERE,

XA BAERE, KK, LK

PRFIAE  SI52

AR LK BF, BHHEA L “REEE” S ERK TR, R R RREK ¥
LA ZEFER—MERNFTE, ERRRIBALS R A G AN TR KITEROY
W, LK FER—-MERITE, S EAER R, TR L RKSWEBRE, €
KEFBRER—EREAGN LEKIERRZBHFENR R, WRELHKD>RBA
FE5 LKA FREE, R TRk SR, BRAE ERERYE.
EXHOKTEHREF, LRAKFZHEHE LHKRE (BKB) XEZHAF RS R
H. HiBkGEsh5SHNERHEXR, BRIMRERD, BRIE EENFAXT LR
K Bsh ERAFERROB RS, #R LRGP FERE. AR B HRE REN
LR FAR, %t BB L EARBE. KE (FKE)RET, WEH#TIEBRM
THOKF B SR E RN FRER AWM.

1 AR

HRRTT AR L AERES L FA LR ER R, HEANFILE 1.
RARARENE L HERMIAREED, Z£H72 80mm, K 138mm # LR+,

* BRARBFELSHHTE (F B 5. 48970035)
o RERMENNTEEAR T
WA B 39 1999-02-24; W B 308 B 31 1999-10-05



3 M XEES. RN WK B3 R FRBXRENKE 389

£ 1 il HNEERER

Table 1 The basic properties of experimental soil

R | BE AHE WRE BEEBHEE
Soil Depth  Organic  Specific Particle composition
(cm) matter  surface (g/kg)
(g/kg) (mzlg) Size:mm

1.0~0.025 0.25~0.05 0.05~0.01 0.01~0.005 0.005~0.001 <0.001
%t 0~20 11.4 278 9.6 74.0 403.0 136.0 176.0 2020
&t 0~20 9.15 246 27.0 182.0 525.0 64.0 870 116.0

EANE—ERRATEE; KRA—Z B ZBRHE; RS E—REE

FAEE 2mm FEFL A A, B K 130mm WA T 14, EEAEE KR 1.35g / om®, B4+
Bt REEREKE 24%. EENE EOBE/DBRASEAKEREK S H (8 L9
REYEZ URER), MRS EH, RAEREA, FK A LEEETHN, Rt
ERAABE-BET, EEBTVIFE. PEE AERKIH - RO EHEHEIEASE A
R ARER, FRALEREFANRED, TEPHKDNESH THRLN RERE R
B, AREERELIHEAKSEEBTh, 25 ICRA-BET, 8 KEN24% TR
23.5%. 23%. 22%. 21%. 20%. 19%. 18%. 17.5% Bf #9 7K 7 HiE B A e & & 7k B A4k B BBt
TR R LK ERE/E. HIBHEH WMNK—402 28 B 55 32 5 00,

THIERAKNESRRSRAKNZEHAE - FBFA R ER. LK RE
BE5ERAWKEBERER. £—EKFLES, TEN—RREBAGRENEREME,
AREEL —EKENTEUREREORRESE. DRERNIARAKXN.

AWe+24+L

T Ate S- 20k

A k—RAKE(m/ ), AWV—BKKREE (g), L—K AT HH L% Z RE
B (cm), A— PR FRE B [E] 8] B (h) , S—— R KB (cm®) , Ah—— I Pl B8 3k (] O Ay 2=

k

(Pa)
het: YO WEL T U ANIE-ST F-w al L
. . - 5f 0z T
AG= —V- 1, AS = V(@T)’ AH=AG+T*AS

AW F— iKW RERER (m’ / mol), r—— 1 AKR S (Pa), T—HXHRE
(K), AG— K KET R BK MM xR B /K B i 88, AS——KSUET 80K 89 # xf w2
R, AH—RSET 13K AR X RBE IR IA .

2 ZREITR

2.1 SRR R Rk E
HTHRLRKFEFH SHAFREHRR, HEAHREBE., RS S5EEHN LR
Koy RKBEER.
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Table 3 Thermodynamic functions of soil water under different temperature and water potential
BE SkE # + Lou soil ¥4+ Cultivated loessial soil
Tempe- Water 1 4 AG AH AS k 1 4 AG AR AS k
rature content  (Pa) (J/mol) (¥mol) (J/mol « K) (><10'3 (Pa) (J/mol) (¥/mol) (J/mol * K) (><10_3
(K) (%) cm/d) cm/d)
17.5 -—87565 -1.576 -—8.115 —1.26 2487 —60789 —1.094 -5.126 -—0.795 11.496
18.0 -—84969 -1.529 -8.010 -—1.24 3.196 —57986 —1.044 -4788  0.745 12.564
19 —79967 —1.439 -8.065 —1.22 4.094 —51984 —-0936 —4.680 —0.725 13.882
20 —70274 -1.265 -737 -1.18 5.249 —42672 —-0.768 —4.512 -=0.716 17.498
288 21 —56780 —1.022 -0.629 -1.03 6.383 —30867 -0.555 —4.011 -0.683 26.573
22 —44666 —0.804 —6.020 —1.00 8.563 —19768 —0.356 —3.236 -—0.543 35.868
23 —34079 -0.613 -505 -0.86 15.181 -13023 ~0.234 -2.826 -0511 51.873
23.5 -—28064 -0.505 —-4.537 -0.78 21.097 —-9981 -0.180 -2.196 -0422 60.901
24 -21902 -0.394 -4224 —0.74 —-7487 -0.135 -1863 0315
17.5 —80552 -1.450 -8.101 -—1.26 4.523 —56837 —-1.023 -5.125 -—0.795 13.663
180 —78435 -1412 -8.000 —1.24 4937 —54486 —0.981 —4.790 0.745 14.492
19 —-71738 -1.291 -8.03 -1.22 6.894 —48923 -0.881 —-4.690 —0.725 16.213
20 —60467 -1.088 -7.30 -—1.18 8.002 ~39964 —0.719 -—4.528 -0.716 20.016
293 21 -49270 -0.887 -6.25 —1.03 9.467 —28679 -0.516 —4.032 —0.683 30917
22 -39776 -0.716 -6.02 —1.00 13430 —17798 -0.320 -3.250 —0.543 42.769
23 -28792 -0.518 -5.03 -0.86 22987 —10856 —0.195 -2.832 —0.511 58.698
23.5 -23986 -—-0432 -4.534 -0.78 27.324 -7598 -—0.137 -—-2.888 —0422 68.027
24 -18045 —-0.325 —-4224 -0.74 -5513 -0.099 -1.857 -0315
175 -73790 —-1.328 -8.093 -1.26 6.657 -5219 -0.940 -5.112 -0.795 15.556
180 -71538 —1.288 -799 -—-1.24 6.805 -49979 -0.900 -4.774 0.745 16.521
19 -60748 —1.183 —-8.04 —1.22 8.191 —44961 —0.809 -4.683 —0.725 18.798
20 —57382 -1.033 -735 -1.18 9.542 —35989 —-0.648 -—-4.522 —0.716 23.689
298 21 —46660 —0.840 -629 -1.03 11.370  —24780 -—-0.446 -4.022 -0.683 35.901
22 —35371 -0.637 -6.03 -1.00 16770  —14782 —0.266 —3.246 —0.543 48.765
23 —25111 -0452 -504 —0.86 26.270 —7812 -0.141 -2.823 —0.511 66.861
235 -19734 -0.355 -4.527 -0.78 29.935 -5035 -0.091 -2177 -—0422 75681
24 —14844 ~0.280 -4.243 —0.74 —3829 -0.069 -~1.857 —0.315
17.5 —-67895 —-1.222 -8.10 -1.26 9.276 —48561 —0.874 -5116 —0.795 17.456
18.0 —-66107 -1.190 -8.01 -1.24 9.877 —46477 —0.837 -4776  0.745 18.389
19 —59923 -1.079 -805 -—~1.22 11.097 —41743 —-0.751 —-4.690 -—0.725 20.594
20 -50991 -09518 -0.734¢ -1.18 13.565 —33492 -0.603 -4.542 -0.716 26.560
303 21 —40680 —0.732 -6.28 -1.03 15987 —22541 -—0.406 -—4.042 ~0.683 40.021
22 —28970 -0.521 -6.01 -—1.00 27413  —12398 —0.223 -3.253 -—0.543 55498
23 —20487 -0.369 -504 —0.86 36.432 -5650 -—0.102 -2.829 —0.511 74.597
23.5 —15682 -—0:282 -4.524 -0.78 44383 -3467 -0.062 -2.183 —0422 83.789
24 -10677 -0.192 —-4223 -0.74 —2789 -0.050 -1.868 —0.315
175 -62378 -1.123 -8.115 -1.26 11.864 —45057 -0.811 -5.123 -0.795 19.623
180 -59953 -1.079 -801 -124 12.763  —43367 -0.781 —-4.785 -0.745 20.581
19 —54169 —-0975 -8.06 -1.22 14.487 37704 -0.679 -4.683 -—0.725 23.085
20 —45560 -0.820 -7.35 -1.18 16.067  -27987 —0.504 -4508 -0.716 31.867
308 21 -35677 -0.642 -6.28 —1.03 23.767 —16872 -0.304 —4.000 -—-0.683 48.011
22 -24913 -0448 -6.02 -1.00 35.191 —8894 —0.160 —-3.240 —0.543 68.566
23 —16775 -0.302 =505 —0.86 47.087 —2841 -0.051 -2.823 —0.511 81.492
235 -12685 -0.228 -—-4.54 -0.78 56.236 —-1503 -0.027 -2.183 —0.422 90.094
24 -7158 -0,129 —-4.225 —0.74 —1967 -0.017 -—-1.865 —0.315
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HE2AEH, BEMTEARAAFHENRER, BEAS LB KAER. EFR
THEKBREE,BREAR, TEIERMFPKEHBEZ R, XEEBEFE, KK
WEMBERDREAE, 2EAER LB SIAEEREZIR SN BLEMEL
WA KB, KE YA FKE LR ESN (BEZL 1 BAM5IE LK ARIKERY
BEZ WA dY / de B dk / de RoR) FEAR. BRPTHLLEE, kL U B KB BERN
MMEE, BRESE T KEAEENREENRY, BEEAR LB KA RERBEX,
XEgELRMEE, FIRTBREEA X",

T K SR B T MUK BB B K, RROK S8 R AR R LK 5B 3 R IR 3 A
E—2REAUT . HRAHNSKEEEA, F/HDEHEHE T HKERE, FAREHL
WA, EARREEAGT, A—HEEKE, FRM BRI IFRAERAL > 1%
T. SERFLFHR, KILRBEH XY,

22 TMAPRNFEREESKE

22,1 HRTERELIKSRAFER  ACRAMIHRER B BE QG . 58 (AR . B
(AS) = /b #h A7 2 R %, IR [0 1T 2 e 438K 43 B B BOR AR AE. AR AR /R IS Rk £
K URMERRA Y K SRR AR/ B B 88K R 1K 2 F B R K&K
AR BE R R B £ Ok FRE FRED,

BHEITR, A LEARRAKS, RAREETH LK R D2RPE wAE, XX
B £ 3K A A xR BE R B B B IS AU B B MK R, X 5 Low AR —EMY, |’
EMAGREHEMEW, ERFS/KEN, W LS ERAEREAR LRAKSAGHH
SHE W/, B 3K REE /R B B B3 K i Re .

HEgmm R, AR —SKEAGT.AG. AR ASHEEEE T > 2+, XEW. &
A—EKERGT, RA LK EHER, K4 SBERE, MM KD FIRELE
BR, ARFER/D. HRELKS B AR, SEEHRE, K9 FRELE /D, FFHERET,
RERGHEINSRER, LRABRAKRBEDHXH.

222 TBUKSGMIWMEREHBESFARHXRE LR IEITKEEMN24%FF
HREZRR, ARERK KR, FTITRAKES KB FBHXR, 5IALBAL
FA XM EE/R B B BB7E [A (AG) 1B, B A MM & K& (24%) WER, U HE KRG
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Fig.1 Relationship curves between [A(AG)] and Fig.2 Relationship curves between [A(AG)] and

water transmitting rate (k) in lou soil water transmitting rate (k) in cultivated loessial soil
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—TWEKBHMERAHEAGHEE 1WA KE 24% MRE/R 8 B8 (AG), B Y%
A KR R B KA X REE/R B HBBZE, [A (AG)] = AG — AG,.

A 1L,20 0, 5~ L BBERGT, BE LK REE/R 8 HEET [AAG)]#
A, TREMMPREAR,[AQG)] 5FKE(HEEMRE, XEHT KIS HHE
BRBK, »f WK EF S MK, TRERM ARG ERA, HEst.
RALAIBEN, ER—MIREREHEBET, RELEBRMIARRTFEL, XRHET
R —KFZEHHESNT, A LR, RKILEE, K-S ZRM A/ MR, 2L R
H,/MLUREE, KSEs1Z M A8,

¥ FKE (k) 5AAG) #ATET, B —4A Ink 5AAG)ZRFTR (LK 4). -

R4 THBKE ) SHEMHREEREBEEA(AG HEXHE

Table 4 Correlation equation between soil water transmitting rate (k) and
relative partial molal free energy variation [A(AG)]

et | BE HXTE HERK ki ke Tk
Soil Temperature Correlation Correlation %1073 x107 %10~
(18] equation coefficient (cm/d) (cm/d) (cm/d)
288 Ink=—3.8504+1.673508 r=0.975 8.2813 8.1061 —-0.0752
293 Ink=—3.5414+1.6523f r=0.985 12.1955 12.0390 —0.1565
= Ju 298 Ink=—3.4546+1.5442p r=0.990 14.4425 14,3144 —0.1281
303 Ink=—-3.0559+1.6314p8 r=0.989 21.0041 20.7988 —0.2053
308 Ink=—2.7820+1.73078 r=0.971 27.1828 27.0683 -0.1145
288 Ink=—2.8293+1.77288 r=0.992 28.8319 28.9338 0.1019
293 Ink=-~2.6925+1.80318 r=0.995 33.0994 33.2409 0.1415
¢ 298 Ink=—2.6005+1.8489p r=0.997 37.7215 38.0129 0.2914
303 Ink=-2.5117+1.92188 " r=0.998 42.1130 42.2894 0.1764
308 Inf=—2.4276+1.95508 r=0.998 47.9225 48.0978 0.1753

Mk R TR A AR LR AR TS5 o0 R T R 4K AR Ink S (AG) X RRH 8 Bk
HFH{H; f=A(AG)

MR TTRAE H, FIf LK Ink 5 [A(AG)] iR TR B3 i IEAR X, [ At i % 4
TR, EFRERMET, AR OKITREESNUEEZ MKNERB/D (FKkE<21%). 6
W EKEN20% 8, 298Kt k, -k = —0382%x 107 (em/ d), ALk, — k, =
- 0762x 107 (cm / d).. FRAERBBERGR—EEFKBEEN. L EABG]IH
LW RA RAFHERE, 7T é LK S xR BE R B b BRZE HESR AR R L3 K %,
223 HHUKSHMRMEREES FARHXR  5AAG)] KR, LMK R
BEIRIGZE [A (AH) ] BAEAE— DR & KB XHRBE RIS (AR W & L& K& 24% p9Axt
1REE/RIE (AH), BNA(AF) = AH - AH,.

AE 3,4 TUE W, £/ — LR E KT, lBF LK MR RS [AAA)]
HIER, TSR FARME K, [AQH)] 5KK ) 2EMR. X5 1K) SR
EAEA, W LK IEZ M ERBARE X, HHER —HMRERBZERGT, B4
TIEREHMIPREATHL.
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Fig.3 Relationship curves between [A(AH)] and Fig.4 Relationship curves between [A(AH)] and
water transmitting rate (&) in lou soil water transmitting rate (%) in cultivated loessial soil

5ink- [AAG)] XAXHF, BHIFAR(nL) 5 [A A WL TR ILES.
#5 TMSAE () SHEMRERBTNAHHEXHE

Table 5 Corelation equation between soil water transmitting rate (k) and
relative partial molal enthalpy variation [A(AR)]

+in ¥ 3 BT HEREK fa ks k—h
Soil  Temperature Correlation Correlation %107 %107 x107
(K equation coefficient (cm/d) (cm/d) (cm/d)
288 Ink=—3.7880+0.5125 r=0.975 8.2813 8.1668 —0.1145
293 Ink=~-3.4864+0.4598 ¢ r=0.973 12,1955 12.0028 -0.1927
23 298 Ink=—3.4007+0.4098 r=0.980 14.4425 14.2936 —0.1489
303 Ink=—3.0003+0.4216a r=0.978 21.0041 20.7571 -0.2470
308 Ink=—-2.7267+0.4274« r=0.988 27.1828 26.9379 —0.2449
288 Ink=—2.4739+0.6125a r=0.988 28.8319 28.5134 —0.3185
293 Ink=—2.3488+0.5984a r=0.985 33.0994 32.8620 -0.2374
Bat 298 Ink=—2.23134+0.5907 r=0.981 37.7215 37.5130 —0.2085
303 Ink=—2.1292+0.5887a r=0.980 42,1130 41.9326 ~0.1804
308 Ink=—-2.0176+0.5795a r=0.969 47.9225 47.7464 —0.1761

B B TR & K IR SRR T e 5 B T AR K R Aink—[A (AE) 16 R R EH B
REHME; o=A (M)

ME SR BAUEFH, AR LB Ik 5[A O] BB TE KT FKIEMX,
AR S TR, EFRERMGT, FKEG WELHTAESHBEZ ANZERRM(E
AE<21%), EFAERBBES — T THSKEEH. Ik 5 [AQHD] WHXTBEEEK
FRER Y. HRBAET 5 AQHD]IWERBHT HE.
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STUDY ON RELATIONSHIP OF WATER MOVEMENT AND
THERMODYNAMIC FUNCTION IN UNSATURATED SOIL

Liu Si—chun Lu Jia-long Zhang Yi-ping Zeng Biao
( Department of Resources and Environmental Science, Northwestern Agricultural University, Yangling, Shaanxi

712100)
Summary

Effect of water movement by soil potential under different temperature was studied.
The results showed that unsaturated water transmitting rate was rising with the
increasing of soil potential in case that temperature was constant, the rising value in
cultivated loessial soil was larger than that in lou soil, and was rising with temperature
rising in case that soil water content was constant, the value of temperature effect of

unsaturated water transmitting rate (?T]:) in lou soil was larger than that in cultivated

loessial soil. Water transmitting rate of unsaturated soil also increased with the
increasing of relative partial molal free energy variation, [A(AG)], and relative partial
molal enthalpy variation, [A(AH)], in case that soil water content was constant. The
increasing of water transmetting rate in cultivated loessial soil was larger than that in
lou soil. The equations were regressed between [A(AG)] and [A(AH)] and k, they had
better suitable.

Key words Thermodynamic functions, Water transmitting rate, Soil potential



