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W = TR Rt XA A PE R pH S CaCOM S & it Z R —E R 5, A H Ay R
IR pH 5 CaCOMH Y4 % 1 Z (B 19 06 R S M IR 28w R B B o DA L Wik, Rk in . +
B R A Dy AT T R E P A R T p H S CaCOMH MY S B Z I KR,
SRR, BRIk H 5 CaCOLH 4 & it Z MIAE7E 0 F MR ARG, pHEE T CaCOLMH 5 &
MBS TS, MCaCOMM MY & & T @ B 5 —FMAG, pHIEIERERAL, m&BTRE;
AFXE . Mk B8 R R D U, pHY CaCOM W) 7 5 22 1) i AH JC 8 B AN ]
RN L P HG CaCOL S R B3 IEHISE, TRIF AT 4R 55 1% X A pH 5 CaCO, 77 B =2 ) 2L 3 1E A
X, AN+, it HWEE . SR pHS CaCOE B EIEASE, vkiidy . AW . R
KB EHEpH S CaCO & i HA M B IEM S, TR U0 pHS CaCO & I R AN R
MR, Wk . 99, BB A A T, pH S CaCOM 9 & i iy fe A MUHBERUA R, A
FERRBBAR | — U TR A | — o0 IR R R PR R

KR j:t%%pH; CaCOMI 2%y ; BT i dak

FESES S153.4

pHHAICaCOA 4% & ( CaCOM YWt +
HEh & 2K PRIRER, U1CaCO,. Na,CO,. NaHCO,,
MgCO Wi, LU FRFRCaCO, & i) & H IR M
ANEEREME, FmE LTRSS NASE. -
el U R R A T TRETREIX
() L R B CaCOM A KPE I > 2 K
PE R pH S CaCO T B Z M HEA —EM X R, W
HCaCO, &5 3w (pH>7) M EEFRKZ
— ol XA U xR B4 1 T 105 )2
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PO AT R g A 127 4% )E LA (pH 6.3 ~ 8.8,
CaCO; 5.5~42.3 ¢ kg') pHAICaCO&F R A G 1T
ST LA BB g S v R A R R A R e
J#£CaCO, (pH 5.5~8.0, CaCO, 7.7~227 g kg™")
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R, N Tk AR v PR Y b S o A
JEARHA B 45 T 0 o

1 PRSIk

1.1 #UEkRIRE
2012—20134E 89 7—8 H I £ R4 T B i
WA 2494 T AR S 1 0934 KA 2B HFE (
1), SREEREEN1.2 mo B3 LR m (YR
JE < 1.2 mif) , Hr 108 AES, 4714

HREs ETSASHIERE S, 3024 £ AE; Fiif664
TR A, 320 1 FE . FESAR IS T HARRAE DT
2, GAEFET AW EXARRMBENE) | P
L . AR, ORI R 32
i Al Ik Pk
WA B &1 5] 18T V25 LA A A 0 2 T 45

P E ARG ER D, 24945 T Y £ 1
KW AL, At TEREE. Slt. BE
<) - w1170 1 1 o e e o I 57 o D B
AL, 2412 5242,

96°E 98°E 100°E 102°E 104°E
N
“Fii# Downstreams .A >
™ —
< ﬁ FAN ii; <
7
(=] (=)
) //’ M
&3] Legend
% pH<7
g A I<pH<8) z
= *
* 8.5<pH<pP
0 100 ® pH=9
L—Jkm \:l it At [ Valley boundary
96°E 98°E 100°E 102°E 104°E

P SRR g S A A AR R R 5 2 ) 23 A

Fig. 1 Spatial distribution of representative soil sampling sites in the Heihe River valley

1.2 SWAE®E

pHR A AN E (/KT :2.5) , CaCO,
FEERJAAEENE
1.3 iR

Bfn ab 2 WE 5> B 5 6 R - Microsoft
EXCEL2013, IBM Statistics SPSS 20.0fIR3.1.3 for
Windows, pHFICaCO 7 & 1Y 57 5 {E 5 B 4% 1 Y {8
+ 3 x bRifE2E T AT .

2 ZERHTHE

2.1 1iEpH5CaCO, & EWMSEIHIHE

TR B R . e . R R EpH
MCaCO, TR ARG IR . AR L EpH
M F6.3~10.1Z[0, FIEH8.2; CaCO, T HAT
F0.5~261.2 g kg ' 2], FHHR85.54 ¢ kg™,
THELRW . hEM TP AR EER
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(p<0.05) . TifpHim (CFHENS.6) , D
FEAApHR T10, XL A IEFEHRS L (REh
BAR LR L R R BRI
4 , HEPNaEFEE . PHECaCO, i
(FEER112.4 g kg™ ), —AEEJEFEHH
25 51 H 5 CaCOKIERE; FECaCO, 7 2 eIk
CFYIMEN64.78 ¢ kg™ ), JEB R Tl £ 20 -
TR YRR R, WURCHL, R R R 2 S A

T, BRERES K AR R, — B 551k o A
H BWFCaCO & A T A FiiFZ M (SF¥E
H82.24 g kg™t ), AR PR RH XA A A A TR A T
W CaCO MR . T pH - E 37 2 T W
T, HCaCOyF e b Rl AR (b AL — 5L,
I I 4k p H 5 CaC O 75 2 10 96 £ R 32 31 Hofth i
EASE AL

2 R AN [R) R X [B] () £ Ep H AT CaCO4 7 &2 1)

F1 BT EpHMNCaCO, & 2 W IR FiTHFIE
Table 1 Descriptive statistics of soil pH and content of CaCO; and equivalents in the Heihe River Valley
Eiekan X Jak TR /ME IRRAH B + brife 22
Index Area Soil number Min Max Mean + SD
pH i 434 6.3 9.6 8.0+ 0.6¢
Upstreams
i 298 6.7 9.5 8.3 +0.4h
Midstreams
i 316 7.2 10.1 8.6+0.7a
Downstreams
EoRl R 1048 6.3 10.1 8.2+0.6
Whole Valley
CaCO; (gkg™") i 434 0.5 259.2 82.2 +68.4h
Upstreams
iy 298 9.3 261.2 112.4 £ 48.5a
Midstreams
i 316 1.6 236.0 64.8 £47.1c
Downstreams
ot RC 1048 0.5 261.2 85.5+60.1

Whole Valley

e FAARNG F LR RARZREE (p<0.05) . [ Note: The different lowercase letters in the same column mean

significant difference between groups (p < 0.05) . The same below

ARG AES, Hk T2 E  RE RN R . VIR
TE905 ~4 318 mZ b, pHEEHRZ M FRHH T 2
FER A ENE (r=-0.45, n=1 048 ) SpHAHIL,
CaCO, & i BRI S AR R S 2%, W
Z AR F B B2 A A G

F3RAFE WA pHA CaCO, & 2 T AR 581
i (KRB RPN S H LT don, EH A —k
FARE S HCR R MANMESE ) o gkt T
BEMEL. BREFARZ, SIFAELR
190% ., pHF-YIE H = 2AUVK I E il + > 18

Bt>TEREL> ANLE>HlL>MEL > HEL
>AHLL, HopHE Tom HRELZEh s+ .
T 5 A TR X AE L, B R A 2 iR
+.omE. TREERKERE L MCaCO, 7 i H &
Z2RIKK AR L > TRESGELS>HEF L >
B> H L > gL > APLE, BlcaCo, & i
A p I et R, X R TpHECaCo,
TR ZM IR R

T4 R AR L HA H R pHE CaCOL & B 4
WG EE R . pHT-YIE = 2 AR Ry H A+ b
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Table 2 Descriptive statistics of soil pH and content of CaCO; and equivalents relative to altitude
o o ) pH CaCO, (gkg™)
it A LR — —
) . . e /ME R BIEH + brifE2 I ZN I N[ YA = bRifi 22
Altitude (m )  Profile number  Soil number
Min Max Mean + SD Min Max Mean = SD
<1 000 23 102 7.3 10.0 8.6 £ 0.6a 6.5 236.0 78.3 +£48.9¢
1 000 ~ 2 000 98 452 6.7 10.1 8.4 £0.6b 1.6 261.2 86.5 £ 54.3b
2 000 ~ 3 000 39 182 7.0 9.1 8.3+£0.4b 5.5 232.2 116.1 £51.2a
3000 ~ 4 000 67 292 6.3 9.6 7.9+0.7¢ 0.5 259.2 65.8+67.1c
>4 000 8 20 6.4 8.6 7.6 £0.6d 1.0 258.5 111.9 +78.8a
R3 TRLTHNpHFCaCO,Z E IR IS
Table 3 Descriptive statistics of soil pH and content of CaCO; and equivalents relative to soil order
- pH CaCO; (gkg™)
4 Sl RS — ~ —
. : . /M R WME bRk /M BRME B« briEE
Soil Order Profile number Soil number
Min Max Mean + SD Min Max Mean + SD
Lt 1 1 6.4 6.4 6.4+0 0.6 0.6 0.6+0
Histosols
ANkt 7 34 7.9 8.7 8.3 £0.2ab 30.2 234.7 112.2 + 53.5a
Anthrosols
TH5+ 72 331 7.2 10.1 8.4 £ 0.6ab 3.9 236.0 96.1 £ 52.6ab
Aridisols
N 17 102 7.3 10.1 8.6%0.7a 1.6 229.0 82.3 + 60.3abc
Halosols
wEL 1 3 8.1 8.8 8.5+ 0.4ab 45.8 161.2 85.4 + 65.7abc
Gleysols
)+ 11 74 6.7 9.6 7.8 £0.6¢ 0.5 259.2 44.0 £ 57.6¢
Isohumosols
4T+ 82 350 6.3 9.6 8.1+ 0.6bc 0.6 261.2 92.9 + 63.7ab
Cambisols
B+ 43 146 6.6 9.7 8.2+0.8b 1.1 258.5 63.6 £ 53.3bc
Primosols
> P > Fohb > PRoib > e b, Fbh b S p HE S NTE N

X, ARKESS . RRENEMEY, EkHE
TEEA0% ~ 60% . M 3 p HAR R A DX def AR
AR, ZRERM, Na WS aE, Zht;
CaCO, & 2 H i 2RI b > FE i > Fobth > H
fl 3t > A, BICaCO, & iy + MR 2R A pH
ARt s . HeAh, AFE LA IR T I CaCOs
H2EEFDEE, HCaCo, & EBE, pHAYZE S

FSNANR R A B I pH S CaCO4 7 4l
WG EER . pHT-E H & 2 AR XY >
R > PR - v B > BR R -B AL > VKA,
1M1 CaC O, f FH 8 AR U HERR - v R > FRFH -
WA > BIRY > KFRY) > kY, BlCaCo, & i
o R = R S AU N i p HOR IR R . R, vk
i) . SRS A I B B CaCO, & i 22 ] 22
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Table 4 Descriptive statistics of soil pH and content of CaCO; and equivalents relative to land use type
pH CaCO; (gkg™)
4 Hb T TR
Land use type  Profile number  Soil number e/ ME R M+ bk Fo/ME BRME M« bR
Min Max Mean + SD Min Max Mean + SD
F 125 519 6.3 10.1 8.2+ 0.6bc 0.6 259.2  92.9+64.7ab
Grassland
B 20 94 7.7 8.7 8.3 +0.2ab 9.3 261.2 109.8 + 50.6a
Farmland
Jit H 6 37 7.2 8.6 8.1+ 0.3bc 27.6 167.9  84.6 +39.5h¢
Wasteland
MH 10 87 6.7 10.1 8.1+£0.9¢ 0.5 216.1 39.1 +38.3d
Woodland
Hpb" 70 301 6.7 10.1 8.4+0.7a 1.6 246.0 78.3 +53.9¢

Other land

Feo1) EBE g EE . FEEL Mainly stands the gobi and desert

#5 A EBRpHIMCaCO,d 2 WA FITHFIE

Table 5 Descriptive statistics of soil pH and content of CaCO; and equivalents relative to soil parent material

(T

W +Hiindd 348

R v pH CaCO, (gkg™)
R ) T +REEL — —
. . ) w/ME O RORME YME = i o/ME IRME ME + bRz
Parent material Profile number Soil number
Min Max Mean + SD Min Max Mean + SD
VIS T 22 83 6.4 8.6 7.4 £0.5e 0.5 258.5 29.4 + 49.0b
Till
FRF-3 B 62 268 6.3 9.2 8.1+0.6d 0.6 259.2 91.2 +65.1ab
Residue—slope wash
K 7 54 7.6 9.9 8.9+ 0.6a 8.0 200.0 46.1 +40.7¢
Eolian deposits
LR R 123 544 6.7 10.1 8.3+ 0.5¢ 1.6 261.2 96.7 + 54.6a
Alluviao—puluvial
) 21 99 7.3 10.1 8.6+0.7h 1.6 220.9 77.7 £57.1b

Lake deposit

SRR, HpHZ M EH B B EER, HEWHT
pHE CaCO; i Z A AR M &R .
2.2 TiEpHFICaCO, R EHEJIHEE

MR T A S pHS CaCO, & & 2Z [0 /Y
KFR (E2) ATAEH, WHEZRE IR LML
£ HHEpHBEE CaCO L7 A 1S i 32 i 7 i
14 CaCO, FHTEEE MG (4130 g kg |
pHIE IR R AL, pHERZBTRE . WM
i +H3EpH (y) H5CaCO, &4 (x) Z[AI S H i
TR M OG, R e R A R R R B AL (o

M HAy=7x"", R*’=0.24"", F=284.92; y=7x"",
R’=0.62"", F=704.00) , {H2"H iz M FlitpH5
CaCO, % i Z A A A, Xt R WA i ilp H
5 CaCO, 7 5 22 [H] A dnb 35 RH DG M 2 pR 1 30 R 2 22 1]
2 B AR OGP TR E 1Y

FIFHIBM Statistics SPSS 20.0% 4 v il £k At i1
Uige, o AEARNESR . B kBRI A ]
M FEEfrpH (y) 5CaCO, &8 (x) Z[afy[al
50T, REUW AL RNEE R DL k6 . 7. F8H
9.
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2 1 M REE . PEILRITRE A+ HEpH S CaCOAH 449 & i R AFSE 349
= R FoRW, ANIEEEK X EpHS CaCO,F
X B2 EA BE A, W <1 000 m, i
N 7 [ S 760 43551y — 6 = Wkl A D5 B 5 HEHR T 000 ~
= 2 000 mA12 000 ~ 3 000 m, FefE: [l AA R Jg— 50 —
PARA 5L s ¥F4K3 000 ~ 4 000 m Al > 4 000 mitf,
= S ] U A TR Sy o bR BRI

0 50 100 150 200 250
CaCO M4 41# & Content of CaCO, and equivalents (g kg™)
E2 B pH 5 CaCO, i X R
Fig. 2 The relationship between soil pH and content of CaCO;

and equivalents in the Heihe River Valley

RTERW (TR EMRIE, AL
HETFA, ZRAESTE ) o TR W
HEAGE T, pHE CaCO,F it Z [MIA A
(4SS T /NG S 07,/ 7 w9 70 o L s
pH5 CaCO5 % Z M HA WEA NE, Hh Ay
b FER A A R [ A Y Oy — 8 =k [l 07 7

%6 AEHIKpHFICaCO,SEHEIHEHR

Table 6 Regression models for relationship between soil pH and content of CaCO; and equivalents relative to altitude

HEE1d T AEEL [ )7 462 7Y e AL
Altitude (m) Soil number Regression model Decisive coefficient R*
<1000 102 y=8+0.02x+3 x 107x’ 0.12
1 000 ~ 2 000 452 »=9-0.005x+1.6 x 107x> 0.037
2 000 ~ 3 000 182 =8+0.01x-2.7 x 107% 0.27
3 000 ~ 4 000 292 y=7x"" 0.62
>4 000 20 y=7x"" 0.79

*7 FRLTHpHICaCO,ZEHIEIHEE

Table 7 Regression models for relationship between soil pH and content of CaCO; and equivalents relative to soil order

(] 15 1

Regression model

.. . 2
Decisive coefficient R

149 TR
Soil order Soil number
N
34
Anthrosols
£
102
Halosols
)
74
Isohumosols
AfEIE 1
350
Cambisols

»=8-0.01x-3 x 107'x’ 0.3

y=8+0.02x+4.9 x 107"x’ 0.1
y=Tx"" 0.57
y=Tx"" 0.59

P49 65 - NS A A i [ U A 25 g T R A 2R
KW, WY ( FZATE T ilE ) At
v B ( £ 23 A e i AR ) P28 A B
JRA pHS CaCO 7t 2 0] BA A S, 1 vk fist 47)
(=oAL ) o S-SR ( EE A fe
B W (EESAGTE T ) = AR

pH5CaCO & i B W ARG, B ALl A AL 535
h— T SRR | R BRI AR R 2 MR A
FKOKW, A L H A H T pHFCaCO, & HZ
(B I FAAE 0 2 A DG . Hirp, Rodh ( FEE5 M7
i) AT AR O T pR AR, AR L
Moo T HoAh M ( FREARLEPUER T ) 1
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Table 8 Regression models for relationship between soil pH and content of CaCO5 and equivalents relative to parent material

B R mUEY:eir] hE RAL
Parent material Soil number Regression model Decisive coefficient R”
iSo:t7] )
83 y=7+0.02x-3 x 10~'x’ 0.56
Till
- WA 0.04
268 y=Tx" 0.58
Residue—slope wash
A
99 y=—156.3+27.3x 0.1

Lake deposit

%9 FRETHFHpHINCaCO, 2 EHEIHEE
Table 9 Regression models for relationship between soil pH and content of CaCO; and equivalents relative to land use type
- b H TR [m] = LAY RIE R
Land use type Soil number Regression model Decisive coefficient R*

T 519 y=Tx"" 0.48
Grassland

L 94 y=8+0.07x-3.25 x 107°x*+4.84 x 10’ 0.15
Farmland

Tt 37 y=8-0.01x+6.43 x 107°x’ 0.25
Wasteland

Mt 87 ¥=7+0.07x-0.001x°+2.07 x 107’ 0.61
Woodland
Hofth At 301 »=9-0.005x+1.36 x 107x’ 0.05
Other land

SR A AT AR 5353 Ry — I8 IR IR AR — T =k
[ AR

3 0 ®

REMR LW LEPHE CaCO,F HBMIE
WEA B —5rE WE e B
MEIEOC R o AP RV B ik - pH
CaCO, &5 it 2Z [a] B bt 5 B b i) — B0k, i HL
WHE— R TANFE X . BT, AR
T Hb AT H I, W Z 8] 8 AS R AR DGR BE AN
IFi] F) e A2 [T I AR AR

AU L £ pH S CaCOL % 2 52 I 35 1E AR
K, ABTER R N M AOCHEAN . R
Sy PR R B AR E L X, TR TR,
R A B s, HHE CaCO, F AR, X
R ol T £ pHE B2 CaCO B M . 1 il 3=

BRI, ARRHZE WS E & CaCOMKHERE,
FECEIEP CaCO TR, INZ&E M Eie 5]
e AL ), XSS P H S CaC O, B
ZIE A OCFR o I A b R S A 32 Bk e BE R
B, SETR, UK BARLEER T, OH”
5 ¥ F K1 COL 0 N JE LA A 7K op & i AN &
CaCOJTTERR R 7, MAh— 4045 7T e i 4k 17
B, XWEHIFCaCo, & &5 HEpHZ ] it 5%
. nAMREY, £TRHX, HYAE LKA
OMEPE AR BRI B 5 R HECaCO B Y,
A 23 1 A A HLT RS CaC O, 0, Xt
Sy g CaCoF &, dEmgmE LiEpH S
CaCO, T Z AR,

PR B A p WO A i AR B Y 3 g
W, X5 TR0 XN R v v SR B
HEPRAL M I (ST 45 SR — B (HARHESR K BLCaCo,
TR AR AR LR R e, R T EEE
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AERIEWR A T1 000 ~2 000 mAy R e X, X
—HL X PR A AL AR AT R
TR MR R R, E-ERE LR
CaCO, & i X pHI S M & 24k 12,

M HERARRE, TREEGMRERNEYR
SR, AT, Mg, T2 EmEmR
FEMERIMES 2 o AT 5, RS Y % B Ak
FHBEI] . IR CaCO B, H2HT
B R 5 ) K AR A, R EpHIF AR SR, ™
B . W E B A R IR 22 K S T A%
PR, SRl AR R IR Bk, RS AT R
FALFIVR PR AR, (R TR 0 S S AR it A HILTE
P, ARG EANR, KR AR
TR A, S A K5, H T K
B AR OLT, HHEpH5S CaCO, i A AH M
WAE o B R PR L, AR
& R T AR . BRSO R B
B0 AN o i = S e o 27 D 1 S /SO LR/ |
b+ HECaCO Frm i m, HpHI AL shi R,
RAAR T P 25 22 ) A AH DG

A LA 7 2R pHAS CaCO, & 1 22 ] #4 B
AW E M, R RAERIEAAIANE, i+
b I FH X 2 22 8] B AR SR R M L /N, R 25 ) i
FE R R

A 5 AR TR B T LA AE F 9% 48 R B p H
B CaCO, & MM AR ke ¥, B pHY
CaCO, Py i 2 [ fef [ A R 2 2l 2, Rl
H R RBE R | — o0 SRR | — T R AR AL 2R
PR, SOR R T X 4 4 70 45 i g B — {5 JoR
B, AR SR M GE o B i TR R ) 2 AR
5%, WATRE S A ST X S = P 2R - R A AT AR
AR, BORE, RIS R, R
FER . M FEM R A%, pHECaCoO,
i 22 ) ) B AT A AR AR 22 R A B 2 A B

4 45 it

o], B E i R pH 5 CaCO & it
HEREIEMSC, AFEMEHREXEpHS CaCo,
SEZ YA EMEE, At it ¥
i+ AR EpH S CaCO & i L IEA G, KR
Y. SRE-YERY . IR A E B £ pHE CaCo,
TR EAWNEEMEHE, LHAH T pH Y

CaCO,F HM KR LM/, pHECaCO, T &2 1Y fi
AR S 2R E, AR RBUE R . —Jt K
PR —JC =AY | PR, R LIRS AS
IR ARSCrP X Ttk . BERT.
HERA . B pH S CaCOL 7 8 Z 0] ¢ & v
BTN R SN, ZNESA G SEH T AE S
AT .

2 % X Wk
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Relationships between pH and Content of Calcium Carbonate and Equivalents
in Soil of the Heihe River Valley, Northwest China

LIN Ka" *> LI Decheng'" ZHANG Ganlin'
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China )

(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract [ Objective] Content of calcium carbonate and equivalents and pH are two important
properties of the soil, which will affect availabilities of soil elements and nutrients, and consequently
soil fertility and quality. It was demonstrated in previous studies that content of CaCO; and equivalents did
affect soil pH and some other soil properties. Generally speaking, with increasing content of CaCO5 and
equivalents, soil pH gradually rises and levels off in the end. What’ s more, their relationship could be
described with an inverse function model. This study was carried out in the Heihe River Valley, which is
the second largest inland river valley and a typical one, located in the western part of the Hexi Corridor in
the arid region of Northwest China. In this area, the relationship between soil pH and content of CaCO; and
equivalents may vary and was therefore analyzed from the aspects of region, altitude, soil parent material,
soil type and land use. [Method] Based on the data gathered during the 2012—2013 soil survey of the
valley, correlation analysis and regression analysis were performed of variation of soil pH with content of
content of CaCO; and equivalents. [Result] Results show that soil pH had a significant nonlinear relation
with content of CaCO; and equivalents as previous studies disclosed, i.e., soil pH gradually rises with the
increasing content of the substance, declined in its rising rate when the content reached a certain level,
and leveled off in the end. However, the relationship between the two varied in degree with region,
altitude, soil parent material, soil type and land. Specifically, soil pH was significantly and positively
related to content of CaCO; and equivalents in the valley as a whole and in the upstreams of the river, and
in anthrosols, halosols, isohumosols and cambisols, regardless of elevation and land use. However, no
significant relationship was found in soils derived from aeolian, diluvial and alluvial deposits. In addition,
the optimal regression model for analysis of relationship between the two varied with the region, altitude,
soil parent material, soil type and land use, and may be a power function model, a quadratic model, a
cubic model or a linear model, instead of a simple inverse function model as obtained in previous studies.

[ Conclusion] The relationship between soil pH and content of CaCO; and equivalents in the Heihe River
Valley is complex, which may be related to its vast spatial span, great altitude gradient, different soil
forming factors and diversified soil types.

Key words Soil pH; CaCOj; and equivalents; Heihe River Valley
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