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FPER 2, DURD 0% 52 0 43 S i B B S5 U S o4 b > OKAE L >k > 20 DURD Ty i 2T LAVR S B FR
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Table 1 Basic properties of the test soils
4R Soil type WHC (% ) OM (gkg™ ") pHBC(H* mmol kg™") CEC(cmol kg™") Ca-SP (% )
211 Red soil 52.78 28.97 38. 61 8.01 8. 69
# + Fluvo-aquic soil 40.90 20. 25 63.61 26. 62 87. 60
#5 + Cinnamon soil 39.83 14.77 24.98 20.92 86. 62
JKAG £ Paddy soil 55.70 19. 17 151. 1 38.73 91.75
g # Soil type EA (cmol kg™") pH(H,0) pH(H,0)-0. 5pCa pH(CaCl,) EC(pS em™")
213 Red soil 7.03 4.32 2.88 3.88 88.18
i + Fluvo-aquic soil — 7. 60 5.57 7.01 140. 1
# 1 Cinnamon soil — 7.75 5.62 7.01 68. 68
JKF& + Paddy soil — 8.01 5.79 7.36 112.3

T WHC, i AR5 K & 5 OM, A LS ; pHBC , R B 2% 1 45 & ; CEC, FH B F 38 ¥ it 5 Ca-SP, A8 40 M 45 1 FI B s EA 28 3 ME R ; pH (H, 0) , KK R 42
5 iy pH ; pH( CaCl, ) ,0. 01 mol Lt CaCl, IZ 42 52 1) pH; EC, B, 53 Note: WHC, water holding capacity; OM, organic matter; pHBC, pH buff-

er capacity; CEC, cation exchange capacity; Ca-SP, exchangeable calcium saturation percentage; EA, exchangeable acid; pH(H,0), soil pH deter-

mined in soil-water suspension; pH( CaCl, ) , soil pH determined in 0. 01 mol L =" CaCl, suspension; EC, electric conductivity

1.2 RKWigit

e — . 2 LA S B AR AR Ch B X £
Ca(NO,), . KNO, MgS0, .K, S0, CaCl, [ KCl, K&
AR REANZ L ESSEEN T 1.0 ~
10.0 g kg ' =2 0] 27 PR AR I g IR
BB $:0.0.1.0.5.1.0.2.0.3.0.4.5.6.0.8.0,
10.0 g kg ™' W T &h b4 pH I K - ek
500, D XT R (Y 35 e R BSR4 vk BE N A 0,0..02
0.10.2.0.4.0.6,0.9.1.2.1.6.2.0 g L™" JFLA
TR v g i 4 T R — 2R 9k R 0 AR RO
P51 48 14, k% 5 min, # & 30 min J5 I &

pH EC, #AAbH 3 REE

B AR A HE X U S KNO, RS . 0
2.3.4.6.6.9 g kg™, A4 T it P9 BFZ 4 HER i
—AE AR AR AU & (S5 R R IR T Y
NREEXPGEVIHAELSER) . BB RS 1%
TRAIIG , FEAR A 4 3 %) S B 15 7K 4 78— 2 it 2K 1H
KA - 4 5 K i 3A B 60% WHC, 78 18 /K 56 34 5 i
W) 3 - RS R E BRI 8T
IR NI SR . A6 A T B0 )
PAB DK A o L 4ess g% 3 A~ H (2012 4R 11
2201341 H) A 1 mm 5 /47
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4 E X IR 8 EC 19 2 5N Ik
1.3 SHFA*x
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B R A G v A R S T R B AR A, TR L
H5:1, EC ¥R —& DDS-11A B S AL 5E ,
T R K ER T3 5 A WL SR M 1
s A v B T EDTA-# £ P 19 1
JH LA A 25 8 T R G5 AL (ICP-AES) s
AEHAHERR AT 1 mol L™" KCI kg il 2 5 B s 7
35 ffe it (CEC) by 28 Mk 46 36 5 7 5 58 4 1k 1 11
s,
1.4 ZELE

iR FH Excel 2003 F1 SPSS 16. 0 #4317 45
T #T, 2 B A Duncan 35 (p <0.05) . f F it
MESE R KT+, = A EE ZHRERD (=
0.05) , R ZELIrfEE b WoR A, L Sch | £ W
AT AR R 22 4R R iR 22 VL R .

2 4 R

2.1 TRt EX L8 pH U E B 0
T E A ER o A B A A B - S R DL £ 23 Y

8.5
7.57&2% :

X

A —A
S 65T
<
55T —— 43 Red soil —— 31 Fluvo-aquic soil
o
45k —4— 3§ +.Cinnamon soil =% KFg 1:Paddy soil
’ H‘O\g " - - .
3 5 1 1 1 J
0 5 10 15 20

KNO, (mmol L")

K1 KNO,#EZL5 pH(KNO,) K%
Fig. 1 Relationship between KNO; concentration and pH(KNO; )

0~10 g kg " Wo R T J5 A [l b 5 ) kAT H 42,6
ERVE WO B A g LT K mmol LT (UL 1 AN
B 2,00 KNO, i) o 24+ 583 5 b A vl i 4k
FEAEIS , pH (salt) (2% Eh £V B2 R (19 pH) A1 ApH
(ApH 1§ pH Ay 28k & , B pH (salt) 5 pH(H,0) Z
22 ) YRt ER e BE (0 1 v LA A AR X BOUE R R (IR T
&3), b v B (B AH DG M 2 . R E S pH
(salt) Z ] i 6 00C & 2 (& 2 AL L KNO, Sy 1] ) /J
DL AN R] 1 & AU FE T 1Y pH o B 47 Wk
U R pH (salt) 5 pH(H,0) (B O &3 fin 4k 22
1) pH) Z I8 AT Ze M40 &, AH G M 2 2 (18 2 LA
KNO, R i) , 2 B3 & #h - 5809 pH 7] DL 53 plioR &
ERET g pH, A LI E AT 1) % #h - 38 pH(H,0) 4T
KEIE , JH B T PR ER X pH I (Y 52 ), O B 4- 3882k
BRIy 520 v] DL 200 . |7 ApH = pH (salt) - pH
(H,0) = axpH(H,0) + b - pH(H,0) = (a-
1) xpH(H,0) + b,a < 1,RUIFEH T pH [F
iX, ApH 23 B K, B0 22 S 9/ s ER VR BE 1 157 L 0 3B
s/, R BB T3 pH BEAIC, 2k BE XS ApH 521
BN, HE s — A (B2 AL
KNO S f5]) ,pH (salt) 5 pH (H,0) {22 5 2 548>
A, M 5 W L o¢, B[R — pH(H,0)
T AT EWE T 19 pH (salt) #1455 (78 A E pH
(salt) Z A1 22 {H /N T 0.01 BFEPAHAE) o AR 6 X — 8
#% M pH (salt) 5 pH(H,0) Z [A] & PEL A 2 = (1
2 AL L KNO, i) |, SR A5 N ] 46 9 vk B8 22 24 0 o5 pH
(H,0) KX ILET Y pH (salt) i1 ApH, WL 5% 3. #hik &
FERON s ApH IV W] 7E — 8 AR BE b R i i R X
pH I A 52 e B2 B B 0 i] A5 A A A R e R
e B AR R R R A R BE , = AR BR R 2 H 2= RO
W14,

%*2 £ pH(KNO,)5 KNO,KE Z B M3 #B&HE
BRERH

Table 2 Natural logarithms regression equation and coefficient of

determination for relationship between KNO, concentration and pH(KNO, )

T e pH(KNO;) = axLN(Cyyo,) + b
Soiltype a b R?
£ 3 Red soil -0.074 4 4.1552 0.986 1"
# + Fluvo-aquic soil -0.130 8 7.520 5 0.976 0~
#5 1+ Cinnamon soil -0.186 8 7.473 9 0.993 6"
JK A £ Paddy soil -0.124 0 7.8122 0.964 3"

%% ,p<0.01 Note; =3 , p<0.01
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8.5 - | mmol L' y=0.9915x-0.121 R*=0.997 7"

5Smmol L": y=0.958 6x — 0.101 2 R> = 0.994 3™
75
S sl
= 6.5
M
T 551
a,
45rF 10 mmol L™": y=10.944 5x - 0.092 7 R*=0.993 1
20 mmol L":y=0.930 3x - 0.084 2 R2=0.990 9
3.5 L L L ! |
3.50 4.50 5.50 6.50 7.50 8.50
pH(H20)
%% ,p<0.01 Note: =%, p<0.01
2 K[ KNO W T pH(KNO,) 55 pH(H,0) 2 [ 13 &

Fig. 2 Relationship between pH(H,0) and pH(KNO; ) as affected by

concentration of KNO; in solution

2.2 WintEHEFHEMRX LT pH IE 8 #0T
I B T FL 7T Ve BE (0 25 109 | fer B0
2) KA AP S Xk 9 pH I RE R A9 W, LA A Bl
o F) T R 9 B O R A AR FE AT AR I (18 3) , O LR R
[F) — IE L 6 B2 R ARl R B ApH HEA P (% 4)
ARUAS [R) 2 20 A R 6 pHL i 5 (14 52 0 A TR AT i 4
HE AN R S, R — IR E T,

213 Red soil

40
jus
(=9
<
-0.6
—~—KNO,  —=KS0, —+KCl
-0.8 ——Ca(NO,), —=—MgSO,  —+CaCl,
-1.0
1F HL.7H7 34 B Concentration of positive charge (mmol L)
# 1 Cinnamon soil
021
0.0 . . . . . . . '
~02 5 10 15 20 25 30 35 40
- —~—KNO,  —=KSO, —+KCl
< ——Ca(NO3), —=—MgSO,  —+—CaCl,
-0.6 [
-0.8
-1.0 -

1F HL7H 3% B Concentration of positive charge (mmol L)

& 3

Fig. 3

%3 pH(salt) RZ IR E WA pH( salt)
55 pH(H,0) % ApH
Table 3 The values of pH(salt), pH(H,0) and ApH when pH(salt)

is free from the effect of salt concentration

KNO, K, SO0, KCl  Ca(NO;), MgSO, CaCl,
pH(salt)  0.47 2.68 1.44 1.34 3.40  3.72
pH(H,0)  0.60 2.79 1.57 1.38 3.38 4.0l

ApH  -0.13  -0.11  -0.13  -0.04 0.02 -0.29

#:ApH = pH(salt) - pH(H,0) Note: ApH = pH(salt) - pH
(H,0)

PR T SR T VB TR 22 S IR PR BT R R
He T S, R A b b gt — R B R X pH
N0 5 F) 52 0 R R o TS B MBS T R AR B T
S S 1 )52 W) R R 0% R T PR AR S T, {ELA TR AR
BT S AR T Z Y 22 S I A BH RS - R ek
R 57

#] 1 Fluvo-aquic soil

——KNO,
——Ca(NO,),

—=—K,SO,
——MgSO0,

—+—KCl
—+—CaCl,

20 25 30 35 40

1E HLfA7 ¥ JiE Concentration of positive charge (mmol L)

KAG 1 Paddy soil

0.0 1 1 1 1 1 J
02 i
= 0.4

-0.6

-0.8 1

—+—KCl
——CaCl,

—+—KNO,
——Ca(NO,),

—=—K,SO,
——MgSO,

-1.0 -

1E HLfi ¥ J Concentration of positive charge (mmol L)

THE PSR IE W GTRE S ApH B R

Relationship between concentration of positive charge added into soil and ApH
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Table 4 Descending order of ApH values of different kinds of salts with the same positive charge concentration

273 Red soil

i - Fluvo-aquic soil

KNO, 2 Ca(NOy), 4 K* <Ca®* KNO; 3 Ca(NOy), 3 K* =Ca®*
K, S0, 5 MgSO, 6 K* <Mg** K, S0, 2 MgSO, 4 K* <Mg**
KCl 3 CaCl, 1 K* >Ca®* KCl 3 CaCl, 1 K* >Ca"
NO; <Cl™ < S0%~ Cl~ < NO, ™ < S03~ S03~ <NO, ™ = CI- Cl~ <NO; <803~
# + Cinnamon soil JKF& £ Paddy soil
KNO, 1 Ca(NO;), 3 K* <Ca®* KNO, 3 Ca(NO;), 1 K* >Ca"
K, S0, 2 MgSO, 5 K* <Mg** K, S0, 5 MgSO, 6 K* <Mg>*
KCl 1 CaCl, 4 K* <Ca* KCl 4 CaCl, 2 K* >Ca®*
NO; = Cl™ < S02° NO; <Cl™ <S03~ NO; <Cl™ <S03~ NO; <Cl™ <S03~

BT R W] ApH R, pH (salt) 55 pH(H,0) 2Z [8] 22 5 /N Note: The greater the figure, the higher the ApH and the narrower the difference

between pH(salt) and pH(H,0)

2.3 TH|ECEH5LIHE pHMEEZHMXE

X ARHNER 73 AN S A JEE 1) N L EC JEdRe sy
PHIE R, AW TEA R R Y] ApH 5 13 s EC
Z ) EAT A O , n] AR A SR BT ApH =
axLN(EC) + b AT AREFRIIIG 3R S AL T 1
MREN LA G50 K IRl — L] — VR (g L) FR

Ry EC 5 ApH 73 5IHEAT V2 SRAG— AR £,
AL BE X RO SUHEAT AR S 1 45 IR A U I
A AU 28 2, T R 0 2H R T AR 4 o
HRlEE R X pH I E R R R (R S) . BAUA A
AR AR 2E VLI R + 0. 13 (£03) | =0.09 (39
+) . £0.08(# 1) . £0.09 (K)o

x5 ApHEECZEMEAXMBERFTERRERY

Table 5 Natural logarithms regression equation and coefficient of determination for relationship between ApH and EC

KNO, #4245 BELE AR
- e Equation of curve fitting of KNO, Equation of curve fitting of six kinds of salt
Soiltype ApH=a xLN(EC) + b ApH” =a x LN(EC) + b

a b R? a b R?
£1 5 Red soil -0.106 8 0.419 7 0.989 5"~ -0.080 6 0.291 1 0.989 6"
# + Fluvo-aquic soil -0.219 1 1.176 8 0.997 4** -0.202 6 1.0415 0.999 4 **
# + Cinnamon soil -0.248 6 1.054 6 0.994 2% -0.214 6 0.855 4 0.997 6**
KA+ Paddy soil -0.187 9 0.862 0 0.999 17~ -0.189 0 0.862 4 0.999 5**

W% % ,p<0.01 Note: ==, p<0.01

2.4 KNO,x} pH Ul ZE & B2 4L iF fl

iH B

T HE &0, 3 5 KA A
s RSP AT P 5 R R0l T R T
7, ot pH I 5 09 5% i AT Be 5 R S PR A . H
(i) it RE ek v, ol S PR 5 7 [T o, vk 43 R R 5T
BRI, 1 &S 0 89 IE B T 5% e #6320 B A AR 3R
o TSR R AT L[] s 2 pE U A AR I Y 5
PRI IH 4 i TR bt A\ 0 b B 3R AW XS pH By K
W5z, 2 6 Z5 R IEMRA A L3 B 3R =4
A f# pH(H,0) .pH(CaCl,) .pH(H,0) -0.5pCa

B S

WETE, B pH(H,0) FREMIEE R ZE® T pH
(CaCl,) F1 pH(H,0) =0.5pCa, 7K ER FIPIHRT Uk R
J& £ pH(pH(H,0) ™" 1 pH(H,0)"*) Hxf AR £k
FIRTE SN EN R SN E AR EATE 5 N@ s
KPEFRALFRRAN ) o BRECIESN, Peh 5 38 pH
FEHAZ KNO, R (9 72 B i B K Tk shan. W—4b
BELWORE VRS 1 pH I {2 & T KRR S pH
W (8 () - BRAM) o

KNO,jiti HE| £ 3 b f5  EC k2 HE k. DUy +
HEfE =4 KNO, N IMAL BE R A9 EC SRy« 41358 (542,997 .
1460 S em ™) 8+ (6621 143 .1 582 uS em ') 18
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1=A
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M I 1 3% 490 ¢ 1303

4(571.1 0551 486 wS em ™) K FF £ (6001 088,
1541 uS em ™), ¥ EC MR AS A £HEERIT 1
R LA 2 R KNO, Sl A AR (£ 5),
3 2 AH R B0 KR A pH DU E 15 A& ApH”
A ApH, i 134 6 1 pH(H,0) — ApH” #l pH(H,0)
- ApH, PIRPMESESE RS 0 BRmAL 3Ly pH(H,0) Z
(B R 2% 55, TE 1338 | 22 (W& K, 7E 0. 06 ~0.23 Z ],
TEHA =Fh 138 |, 22{67E 0.00 ~0.09 Z ], PIFh
A AL A 1 28 5 e R 25 {HAH 0. 06,

PUFh 3R pH(CaCly) 5 pH(H,0) [ 47 . %

— i AR AN O T, pH (CaCly) 5 pH(H,0)
[ (4 22 S 52 6 53 W BB 5 Wi B/ (H o AR R AR R
%, W pH(CaCl,) 5 pH(H,0) [} Y 22 57 F K . ik —
A I A 2R B AT pH (CaCly) 5 pH(H, 0) i) f) 6t
HLOALEEE LIPSO TR R L
SRR AU A0, Ul I 4 B I R 2 SR A Y
W RN 1,3 pH(CaCl,y) 55 pH(H,0)
] f) 22 52 22 B pH A9 FEAR T /1N o
MEAL VA f B2, pH(H,0) 108 2 % 5 45
it m Al LML R B, pH ( CaCl,) \,pH(H,0)

B2 M A DG ME (3R 7)), i I B A o Ak 3 1) ) 3R 38 K -0.5pCa PE&h 2 A T8 B 28 4 52 i 34 7] LA
B, HRF OB mab B, R HE HIEP ARG EH KRB/INRHN R
F 6 KNO,E A + 58 EIEH N2
Table 6 Effects of addition of KNO, into soil on evaluation of soil acidification in accuracy
+ ek KNO, pH pH(H,0) - pH(H,0) - pH pH(H,0)
pH(H,0)*"  pH(H,0)*?
Soil type (gkg™") (H,0) ApH” ApH (CaCl,) -0.5pCa
AR ] 0 4.05a 3.89¢ 3.06a 4.20d 4.23¢
Red soil 2.3 4.03b 4.25 4.28 3.96a 2.92b 4. 44¢ 4.51b
4.6 3.91c 4.18 4.23 3.94b 2.96b 4.54b 4.61a
6.9 3.81d 4.11 4.17 3.89¢ 2.97b 4.58a 4.61a
W+ 0 7.95a 7.18a 6.17a 8. 10a 7.88¢c
Fluvo-aquic soil 2.3 7.61b 7.88 7.86 7.16b 6. 10b 8. 10a 7.98ab
4.6 7.52¢ 7.91 7.89 7.15b 6. 10b 8. 02b 7.96b
6.9 7.47d 7.92 7.91 7. 3¢ 6. 08b 8. 07ab 8.03a
5+ 0 7.83a 7.07a 5.90a 7.61b 7.70¢
Cinnameon soil 2.3 7.32b 7.83 7.84 7.06ab 5.77b 7.67b 7.84b
4.6 7. 18¢ 7.82 7.86 7.03be 5.76b 7. 74a 7.83b
6.9 7.12d 7.83 7.88 7.01c 5.71¢ 7.79a 7.99a
g+ 0 8.0la 7.37a 6.25a 7.95¢ 7.984d
Paddy soil 2.3 7.65b 8. 00 7.99 7.35b 6.07c 7.96¢ 8. 02¢
4.6 7.55¢ 8.01 8. 00 7.35b 6.07¢ 8. 08b 8. 17b
6.9 7. 54c 8. 06 8.06 7.37a 6.11b 8.21a 8.26a

A — 3 th R 6] 52 B R [a] Rl 4 B8 A8 S [6] Al B2 47 /K SR 3k )58 B M 22000 5 5% & K F- Note: Different letters within the same column

means significant difference between levels of potassium nitrate added in the same soil according to Duncan’s new multiple range test, p <0. 05

#x7 pH(CaCl)) 5 pH(H,0)Z (ML HBEFTERRERY

Table 7 Linear regression equation and coefficient of determination for relationship between pH( CaCl,) and pH(H,0)
KNO, pH(CaCl,) = axpH(H,0) + b
(g kgil ) a b R?
0 0.859 5 0.399 3 0.9982""
2.3 0.924 4 0.238 4 0.997 6"
4.6 0.923 1 0.337 5 0.996 8"
6.9 0.920 7 0.386 4 0.996 6"
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EFFECT OF SOLUBLE SALTS ON DETERMINATION OF SOIL pH
AND ITS ELIMINATION

Wang Aihua'?  Duan Zenggiang'" Dong Jinlong'? Zhao Yu' Tang Ying'® Li Xun' Shen Wenzhong’
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Taicang Soil and Fertilizer Station, Suzhou, Jiangsu 215400, China)

Abstract In China, as a result of excessive application of fertilizers, farmland soil acidification has been acceler-
ated in the recent decades, especially in facilitated cultivation systems, and in places where leaching is weak, secondary
soil salinization could be observed. The presence of soluble inorganic salts in the soil has some significant effects on deter-
mination of soil pH(H,0) (pH in soil-water suspension). Since pH is one of the most important parameters in evaluating
soil acidification, it is necessary to study in depth to explore effects of several common soluble salts on determination of
farmland soil pH (H,0). To accurately evaluate soil acidification of cultivated lands under secondary salinization, effects
of six kinds of soluble salts (Ca(NO,),, KNO,, MgSO,, K,S0,, CaCl, and KCl) in farmland soils (fluvo-aquic soil,
cinnamon soil, paddy soil and red soil) , especially in greenhouse soils, on determination of soil pH(H,0) were explored
in this study. Besides, comparison was done between four methods in effect of eliminating the effect of soluble salts, with
potassium nitrate being the object of the study. The four methods were 1) replacing pH(H,0) with lime potential, 2)
using 0. 01 mol L.™' CaCl, instead of de-ionized water in extracting soil, 3) figuring out the effect of the soluble salt on de-
termination of soil pH with a model first and deducting what was figured out from the value of pH(H,0) determined, and
4) leaching out soluble salts from the soil with distilled water or 50°C 50% ethyl alcohol solution first and then air-drying
the soils for determination of soil pH(H,0). Results show that the presence of 10 g soluble salt per kilogram soil may
bring down soil pH by 0. 09 ~0. 87, and both soil electric conductivity and concentration of soluble salts are significantly
related to pH and ApH (extent of the drop in pH) in a natural logarithm manner. The six kinds of soluble salts in the
same soil differ quite much in effect on determination of soil pH and the sequence of the salts in terms of intensity of the
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effect varies with soil type and combination of salt ions in the soil. On the whole, the effects of nitrate and chloride are
greater than that of sulfate, and the effect of calcium chloride higher than those of calcium nitrate, magnesium sulfate and
three potassium salts. However, there is no significant difference between the three potassium salts. The effect of a kind of
salts varies with soil type, and the four types of soils display a descending order of cinnamon soil > paddy soil > fluvo-aquic
soil > red soil. All the four methods can be used to reduce or eliminate the effect of KNO, on determination of soil pH. The
presence of 6.9 g of potassium nitrate per kilogram soil lowers soil pH(H,0) by 0.24 ~0.71, or by —0.38 ~0. 19 when
the effect of the soluble salt is taken into account or eliminated. In terms of simplicity and effectiveness of the four meth-
ods, they follow an order of Method 1) > Method 2) > Method 3) > Method 4). Apparently, elimination of the effects of
soluble salts on determination of soil pH can help improve accuracy of the evaluation and risk assessment of soil acidifica-
tion in farmlands under secondary salinization, and contribute to formulation of reasonable effective risk controlling meas-
ures.

Key words Soluble salt; pH; Acidification; Lime potential
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