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U ERk-TIERGE P EFRAEMITHR

FwE wlE

(PEMFEB R R TR, 210008)
] E

70 SO i B4 B B 3 BF 2 T 5 46 0 /K P MR SR CaCO,. MgCO, 9
VIR SR, BT HORM SRR, AR R R, 4 2 CaCO,. MgCO L I% 5 R
TR AG (o0 G0 W H T B B4 WA A TSR, P SRR, R L P
CaCO,. MgCO WM, 11 L3k B b Ca®*  Mg?* & . 72 B I A T 90 8 A 4 O
Na ™t G, 30, W0 + 48 K Na* IR,

X@ia  EMK-TRAR WTREMZR

T, 2RETWHEKERA 1.4 x 10°km’, HAFIHKRK 3.5 x 107km’, & BHEKE 2.5%".
BEE TRV EBRAMADOAHIEK, RKEHEHBEK. RERD A EERBK 480—1060 12
m'Y, BAKETEHARLFELRY. FATR. ETEMEBBX N TIKEH
FEJEBEY. Hugo Boyko BFFTIESL, A E MY RS A A B 4K, ¥ L i3 Z 07 F A K
B, BET, ERSMER BT KBRS KRS RS BT E#T T RSB, W
FAKER SRS, B kS T E FRRE L, FRBRD. AXALIRRITEN
FH 6]V R IR 5, X3 B 4k K T MR id BB P CaCO,. MgCOLHY UL I8 55 W %, B8 F 19 TR Y 55 i R st
TTHEHR.

1 AR5 %

1.1 8

L1 #R+%  RATEEHES RETHTHEY RS L (RS BN 33.6%),
AN FERE L.

112 #iE/EY /NFE (85 H133); B (T4 301). FIEAWEAKRRERM, 5HE G LAE KRR
R4,

1.2 A

121 HREFHKERRE AFEHERSEESRERBSEHT. BHRE 49cm. & 108cm, K
FEHEKRE24MEA LS. AAHSHHEREHE, KEEARAGFREN 3cm, K L RFEBHLA

« A EMERER TR RT1993EFKESRRITE.
WREE B 1995-09-17; WEIBBEAM. 1997-02-17
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—RBREHETRAE 1.5g/ e’ EE £ 85em, HF H/Z 20cm BHEBEM — 4% 3.7g, RE 9.0g. THP®
BANE dom. B 13cm T BHE, DS Gk (KRB AH KR ER I KERE).

#1 IO FERER

Table 1 The chemical properties of soil used in the experiments

B3R k5 BFAR (cmol/kg)

EC Total salt . Composition

HCO; SO NO;
(s/m) (g/kg) cl K" Na® Ca*” Mg2+
0.015 0.74 0.59 0.03 0.06 0.02 0.01 0.21 0.38 0.25
pH CEC Exa” CaCOs MgCO; OM.
(cmol/kg)  (cmol'/kg) (g/ke) (2/ke) (2/ke)

8.44 10.15 0.17 106.2 10.1 9.2

1) $5S B,

(1) AEERRL. EEEHNER/DE 200 8, BEFEH 100 #. BIB/NEFAIRSHLA D
2 0 AL FI ZRAB K, KRB L HEK 92-10G3H K 60L). /N BB G 0-10. 10-20. 20-40. 40-60.
60-85cmAr ERE T HE, RKEFHN 1992 11 H4HE 19934£6 A 1 H.

(2) EHEEBIAR. EEBBAER 406, T 8 Bk THHK, RFEFELRZ 40cm A KB BB
KB 50% £/ (UER — 60kPa). 3 xt B AKBK, HAEN LB A 92-10GH K 48L. FE
ke, 5/ R RS RRBLHE. RKETEIN 19934 5 A 30 HE 10 A 30 H.

UEWMARE N 4 M0, MBI KRER (R 2), GENERGIHEN 3 KER N T 4.

®2 HEERLBLE

Table 2 Treatments of field irrigation experiment

LLEES L & KK R (NaCl g/L)
Treatment No. Crop NaCl content of irrigation water
Fw," INE 0
FW, N 2
FW, UNY 4
FW, 3.1 2
Fs,” Fiif: 2 0
FS: 3K 2
FS; 3¢ 4
FS4 Bt 2

1) FW,. FS 3R & NaCltty & 18K K.

122 THWESESNTE RKLHN SIIREE, COIT L HCO . Ca’ T Mg A E RS .
SO;".NO,; Al T ik,
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2 ZRE{TE

2.1 CaCO M1 MgCO,HIiLiE S BMR
REXH L FTES AR HHEETH CaCO,. MgCO,. EE/KHA LR, 5 1%
H1 CaCO,. MgCO, A — M EHE T FEAK R,

CaCO, = Ca™* + CO; ™ +-+-e- (1)
MgCO, — Mg** + CO; ™ +-+--- )
CO;” + HLO—HCO; + OH ™ «-+--: (3)
HCO, + H,O = H,CO, + OH ™ ------ 4

CaCO,. MgCO,HL B 1 iy COY™ 4P #EAT /K, 10 (3). (4) =X, ENTHI A B % %o 518 -
[HCO, ] - [OH™]
Koy = [CO ]

_ [H,CO,] - [OH]
Koo = [HCO;)
TE/K iR & o, [ B 7278 H,0 A1 H,CO, i H B 7.

HO—H" + OH :----- (5)
K, =[H"]+[OH"]
H,CO, — H" + HCO, -+-+- (6)
[H*]+ [HCO; ]
Kooy = [H,CO.]
HCO, — H" + COj «----- 7
[H*]- [CO:™]
«» = " [HCO; ]
BXLHER, W18 CO B — S KB E
K, == \

" Ka )

K

2 (2)

B Ky Ky Ko K

a(l)®

) K

a(l)

WH CO B — B KMERATHE 5, B —

ﬁj@ an(l) > I<ar(2)ﬁ)?l))l Kh(l) > Kh(2)°
oK gk E, M ] ZAit.
WA R R R, FE— VT8 R R B BB AR YR R A A R T AL,
AG = AG’ + RTInJ,
AG’ = — RTInk,
K AG— R P PRHE B B BE (J / mol)

K— R EHE
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T—#3HRE (K)
J—HER
REE (1), &5t HEF A3
Acp+ * Qoo
AG = RTIg —KapCaCO;
A ace. = mee * fopo s Aeoi- = Meg:- .ft;.‘oi'
m—— K Ca’* M CO BE/RWEIE, a—— B, f—WEEREL Ko
CaCO, & UK #. ;
Y AG o, < OB, MK B K A CaCO, B, AG ., X {H LK, T BE/K Xf 13
CaCO HI TE MR HE 1 38,

YAG ., = 0B, EHKS LHH CaCO LT FHRE, BE CaCO B, ITK
e Ca’ " VLIE.

HAG
L

5t MgCO,FIK ¥ Mg * *# i B M AW CaCO,. NARYE:

X kK, [HCO;]+[OH"]
WK L [CO:"]

a(2)

> 0 Bf, BKE K CaCOSIBAM, AG, ., BK, /KW Ca™ B UL HES) M

CaCo,

K,=[OH ]+ [H"] pH= —log[H"]
xf b HEFAE.

Gegr- = [HCO, ] 'cho; ‘(K 107 ERK

A ag ——CO; " M7 B, [HCO, |—

—HCO ) % B e /R WK I £ —— e

HCOME R B K, ,—HCOM = [ o 25 canmn |22 am

Y4B % B, pH—— MK 19 pH AL g Gt i il
WA — L EWR I Ca -

Mg* B A FENE 1 FR, -
oy L, % LR A (F %28;

/) B Ca™s Mg™, MR EHZ. 1
YRR C Mg B RARKEERS Ml EEK—TE—EYRATE. &

R E I, WHEY R R . R, o T AT HE A

B Ca”, Mg UL & 7, W F/R P Figl Conceptual model for transport and equilibrium of
., +tiEmREREMH. EETFES calcium and magnesium in irrigation water—soil—crop system
PR EBEK R B R . ERKE R L T AEYREH Ca” Mg" SRR
PORERENEG TR LR P HEN Ca" Mg B, ISR (R 4)RY, 92-10GH 93-8G
HEEKHA TS, 5 KB Ca’r Mg T R, BB CaCO,. MgCO, ik, X 5% 3 3
WHHEAG o AGyyeo B HIEMH—B. AR ABAUBH, AG o > 004G, > 0 HI R
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F3 AEEBKEIAGC.co, - AGumgco, B F R
Table 3 AGcco,, AGumgo, and chemical property of different irrigation water
uT EC
_ , PH cor  HCO; O 507 Noy 0 Ca Mg”" K N
on sm
BTFWE [92-10G"|0.11 837  0.08 082 024 022 003 0.22 0.20 0.005 0.68
93-8G” |0.13 828 000 086 023 0.5 0.00 0.19 0.21 0.005 0.60
94-3G" |0.11 8.77  0.05 059 021 013 002 0.04 021 0.006 0.71
94-3R" [0.04 723 000 008 002 0.10 002 0.11 0.03 0.007 0.03
BFE | 92-10G| - - 0.558 - - - - 0.577 0.600 - -
ERA® | 938G | - - - 0.731 - - - 0.599 0.620 - -
943G | - - 0.605 - - - - 0.621 0.640 - -
94-3R | - - - 0924 - - - 0.737 0.746 - -
92-10G| - - 446x10™* - - - - 1.27x107° l2x10” - -
BTEE | 938G | - - 672x107° - - - - 789x107  130xl0 - -
{cmol/L) | 94-3G | — - 303x107* - - - - 248x107*  134x10” - —
94-3R | - - 704x107 - - - - 8.11x10™*  224x107* -~ -
92-10G 1.32x10°
AGeico, | 93-8G 1.30x10*
(J/mol) | 94-3G 8.15x10°
94-3R —-3.94x10
92-10G 6.76x10°
AGygco, | 93-8G 2.27x10°
(J/mol) | 94-3G 6.07x10’°
94-3R - 1.34x10°

1) 92-10GHRRFE1992FE 1083 7k; 2) 93-8GHF19934FE8H H7K; 3) 94-3GIRF 1994538 FK; 4) HW-3RfLE
19944F3 B Rk
BAKHA TR BB, UL KB G Mg BME.
2.2 WLREBARLMAEYE Ca’ Mg KR

4 NaClBEE KA TS, —FE Na* 5 BB Ca° . Mg’ #HTE F3c 8,
F LK Ca’r  Mg? " B3 n; 55 — 7 M, NaCl 7= 4 #8052, ff CaCO,. MgCO, %5 % [
e, 7 At KA Catt Mgt (R 5).

BN EEEERRTENBERTIMASHEAR B FHO RSN, B TR FRE
WK, HE R B A 22 A R, OB 55 R MR P S T R [ B A T A B, T M O L R R Y
AR, AT 1,2 AR, LR AR CaCO,. MgCO,M A R PR .. EER
T, 8K CaCO,. MgCO #I ¥ tH B 4> 5125: 5.3 X 10" °mol / L #1 1.87 X 10~ *mol / L.
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Fa4 WTELHOKBEES. R ER (cmol/kg)
Table 4 Deposition of soil soluble Ca’* and Mg’* after irrigation with ground water (cmol/kg)

i3] EAE(L) BT L REEAFARTIRBELAREYREBES LHBR SR
Irrigation Soil before Added by Desorbed Uptake Soil after Deposited
water volume Ion imgation imgation from soil by crop irrigation after
water absorbing irrigation
Treatment 92-10G 938G complex
FW, 60 0 Ca™* +Mg’"  0.38+0.25 0.06+0.05 0.01 0.0140.01 0.19+0.13 0.41
(cmol/kg)
FS; 60 48 Ca"+Mg”  0.38+0.25 0.09+0.09 0.16 0.01+0.04 0.29+0.14 0.49
(cmol/kg)

RS THAKEB LWOKBIEC. Mg IR

Table § Effect of irmigation with mineralized water on soil soluble calcium and magnesium

THRgh# REEHEC K B HEMg™ Ca i & Mg &
d%: ] (g/kg) (cmol/kg) (cmol/kg) (cmol/kg) (cmol/kg)
Treatment Salt content Soluble calcium Soluble magnesium Increase of Increase of
of soil of soil of soil soluble calcium soluble magnesium
FW, 0.76 0.19 0.13
FW, 1.26 0.28 0.24 0.09 0.11
W, 1.87 0.42 0.33 0.23 0.20
FSy 0.81 0.29 0.15
FS, 2.11 0.62 0.38 0.33 0.23
FS; 3.39 0.57 0.39 0.28 0.24
fE2g /L NaClWEHH, BFIREN: .

u= %zc, Z? =0.0342

A u—BFRE C— B FHRERERKE; Z—B THAM: i— B F CaCO,.
MgCO @ LB F MR, EitH v AT ZAIT.

] — AZNu
T Bru
AP f— BTEERYCAB—® B 5REA X, E25CH, 4=0.5. B=0.329;

Z— W SETAGRME R, BATHER S =053, /.. = 0.56,f;- = 0.511%
CaCO, % f# i # Ca’* 7 x mol / L, M.

RYE
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Koo, = [ fopo * [M + fop- = 2.8 x 1077
x= 102X 10 "*mol / L

Bl Ca’* I PE B 1.02 X 10 *mol / Ls R A HHE H Mg M BB S 3.5 X 10 *mol /
L. EEAHEH CaCO,M MgCO,7E 4g / L NaCl B #F Ca?* Mg B (K 6). B
THHE LR, CaCO,  MgCO,7E 2g / L. 4g / L NaCl ¥ ¥ 1 f) 75 fft B LA 38 m , 33X 547 K k19
B —B,

6 CaCO;. MgCOZENaCIE B PHAMRE

Table 6 The solubility of CaCO; and MgCO; in NaCl solution

NaCIF # K CaCOy ¥ i Ca™ g R mCa’* MgCOs ¥ i i Mg™ Eh R hnMg”

(&/L) (cmol/L) B (cmol/L) A5 %
Concentration Ca” dissolved Ca” in water Mgz* dissolved Mg2+ in water
of NaCl solution from CaCOs Ca” in NaCl solution from MgCOs Mgz‘ in NaCl solution
’ ~4 -4
0 0.53%10 1.87x10
2 1.01x10™* 191 3.50x10™* 1.87
4 1.23x107* 2.32 422x107* 2.26

o H B SRR Ca¥ R ERE I I Y Xt Nat . Cl™ B TRt B AR ) b b 36 &Y
B, R R, PRI AR KRB, R 3 KT NO, AP R TR, 8 et
A Ca R, RIFHEYEEMSER: BE NaCl 3t K EHRBREYHHE.

23 BTHRMAER
231 BFEMABERENERITE Na " BEEMAKHEARLKELHEG, 5Ca°".
Mg* " R R
r . R RPN | 24

E/[ag“ +2Na =§: +5 Ca 4 Mg
Na* R G, TEP KBS Na " BHERD. BT G 8RR E DT 2R, 8t
AW Cl™ A Na* W EE R EEH M, X360 BEK R A NaCl BE##9, k5 L 0
Na*BE/RWENAHS, EHG, SAB A M Na " WBEONAESE, st—P ¥k, H
. HECH +ERICC - R Cl - EEKCl = EAKRBH Na® + Tt
Na® + fEYIRUK Na* — JR46 138 Na* — JEME/K Na*. BTRL, Z#ME Na*t = 13 Cl- +
YEYIRL 1~ — B £38 Q1™ — MK CI- — HHOUKHHE Na* — YR Na* + JBlA
13 Nat + /K Na~.

LRt ER, BEFEMAMYEER. BELEFIHESHENE Na" REM R ET

BB FOXHEPEE NI EY Na "HRHE, gt Ca?* Mg BIRE, B
A cmol / kg . '
2.3.2 Na* Bt ARG LN, DIEPETFHRE RHESHEZE N
THEMCPFHE. EHAKP Na" FATES THRHE Ca2* M KERX#,
Na* B RH A TP Na*. REERGE ) ER, EBAEALTEN Nat 8%, gL %K
B Na* i, K G Mg 5.
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RT TUAEBRE LM KBRS T HRIER

Table 7 The soluble and exchangeable sodium of soil after irrigation with mineralized water

it i1 T YEH (cmol / kg) 2 P #(cmol /kg)
Treatment Soluble sodium Exchangeable sodium
FWw, 0.37+0.02 0.19+0.02
FW; 0.93+0.08 0.64+0.06
FW; 1.55+0.50 1.14+0.30
Fw, 1.62+0.16 0.87+0.09
FS, 0.02+0.06 0.51+0.05
FS, 2.19+0.06 0.66+0.06
FSs 3.90+045 1.22+0.07
FS4 2.19+0.70 1.17£0.16
E: FHE+SE.
+3E I HE F R R A Gapon J5 &
Na/ [Na™]
Y
Ca.” + Me, \/[Ca“] +[Mg*]
2

A, Na . Cal" Mg, " F/R LB BB FRE, [Na” ], [Ca2* ], [Mg? " 18R LW
hETHRE. KAER RET HEHER, E% R 0.010-0.0159,
MBI ) LEKEME Na* . Ca Mg &, TS KB ERITEBHRRHME Nat.
Ca’* Mg’ & &, P18 Gapon 718 % 1 K MR B2 AR ME B th BE R L BAGS. &
BREHOMAEUER (R )FRW. FEYHM HEX Na* WIRHWH T AR TEE H35, 8
EYBREART KH, B/ Na* fIRE,
#8 ITHMNa'REMEIGapenHEE K FAG’
Table 8 Gapon constant k£ and AG® for adsorption of sodium in soil

‘38
FW- FW, Fw, FS2 FSs FS4
Treatment
0.0065 0.0073 0.0138 0.0036 0.0039 0.0101
k
+0.0003 +0.0022 +0.0019 +0.0005 +0.0004 +0.0029
AG <10’
12.48 12.19 10.61 13.94 13.74 11.38
(J/mol)

NEMRIAB P EE RN K EBA AR, BAITRBERAK, 5 ERHHE
ERATEM.

H AT, R B EEEY A F 5 R Na© B S, Na* M H Gapon ¥ 3k &
FTLREMER. YRR WYl R A LR AR B AR PR P4 CO, B M+ 1
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R9 GaponHBAAITIRE

Table 9 Tstatistical test of Gapon constant &k

L

FW:-FW; FW,-FW, FW.-FS4 FS2-FS4
Treatment
TR | 1) 0.624 6.648"" 1.85 3.82°

H: HAREE T, [1)005=2.776. |1],0=4.604

CaCO,. MgCO B B MULie T 8. fEYERMSUE T LKk HEsMmE. g —um
SEEMFELEEREBELROESR, ATZ W Na* RIFK K EFHE.

SR E—H, £ Na* HWRH SRR UAEERRIEA. RIVETARFK

AT Na* R EIIRHE E BB BAGH ITEME, B TIHEAG, HIW AR /KR -7
EBK Na* A D3GR g R, AT L8 Hhd Na* S &; BB R HExHY
Na* &0, FR{K B3tk Na*.

A O

3 % X W
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REACTIONS AND EXCHANGE OF IONS IN MINERALIZED
IRRIGATION WATER-SOIL SYSTEM

Li Jiahong and Yu Renpei

(Institute of Soil Science, Academia Sinica Nanjing, 210008)
Summary

Through theoretic calculation and field irrigation experiment, the deposition and
dissolution of CaCO, and MgCO, of soil and the adsorption and desorption of ions in
mineralized irrigation water-soil system were studied in this work. A calculating
method of AGCva and AGMSCO)
CaCO, and MgCO, was established according to the theory of electrolyte solution. The

for judging the deposition and dissolution equilibria of

measured results in field experiment confirm to the theoretic calculating results of
AGCaCO’ and AGMECO’ of different irrigation water. The solubility of CaCO, and MgCO,
of soil was increased due to salt effect of mineralized irrigation water. The soluble
calcium and magnesium contents of soil increased after the soil was irrigated with
mineralized water. Planting reduces the K value of sodium adsorption Gapon equation
and decreases the adsorption of sodium from irrigation water by soil in field condition.

Key words Irrigation water—soil system, Ionic reaction and exchange



