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pH(H20)< 6.5 0%, ( ) : (4.8~ 6. 1), (4.7~
, 6.2), (5.0~ 7.0), (4.4~ 7.0),
, (3.6~ 6.0), (4.5~ 7.0), (4.7~ 6.8),
pH4.5~ 5.5 pH - - = 5
. 61%; pH5.5~ 6.5 (1 —
31%;pH< 4.5 8%,
[
( ) pH .33 (
( ) 50%) pH s
( ) pH .
(1 , pH
1 pH

TaHel Satstical data about the pH and potential acid and exchangeable base in acid ik of Tibet

1) (n) pH oM Clay FA (anol ke~ 1 EB (anol ks CEC NEA
Soil type Number of (H,0) —(g ke y)— —(anol kg~ 1) — BS(%)
Ttem A13+ % C 2+
soil layers Total ’ Total !
4
14 4861 5~1&% 70230 0353 6-~98 L0~ 180 0.6~ 40 60~390 L0~ 10.0 11~ 91
Yellow earths Range

8t57 19X 21%X20 8*12 85F6.0 60FX60 15190 25%X30 7021

Averae
(5
Yellov 2 R 47~6.2 4~245 42~310 03~78 58~98 10~280 0.1~ 1.0 30~390 1L0~2L.0 10~ 76
ange
brown earths
w6t 11979 26E20 8*F11 49F6.0 37E50 173%100 10 2+8.0 31E23
Averge
(7)
Brown 25 50-7.0 5~218 68250 01~66 6398 10-320 1.0~ 140 80~400 02~17.0 8~97
Range
earths
BER 126E£37 19%20 #E12 82170 67%X60 17.8£70 78k50 4ER
Average
(16)
Dark brovn i3] R 47-7.0 5~413 31~243 02~76 53~98 20~ 240 1.0~ 200 50-740 01~ 17.0 14 R
ange
earths
76%87  125%*52 21F30 79F14 11 0*13086F100 188F140 5680 60X
Average
(9
Podzolic 20 . 3660 6~22 54180 06~150 7297 1080 01~60 50~340 20~20.0 11~ 37
ange
soils
g7+t73  111x4 52140 RE7 26+20 16*1L0 214F120135%9.0 1510
Average
(20
Dark felty 73 N 4570 3~36 27~272 01~ 68 5598 20~ 5.0 0.7~ 460 50-580 01~ 160 12~ 9
angc

soils

A 9175 192+5% 16X20 78*18 120%£1209.4%X100 184120 50X50 5829
verage
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b (n) pH oM Clay FA (amol kg™") EB (cmol kg™ 1) CEC NEA
Soil type Numba of " (H20) —(g kg™ ) — . i —(anol ke~ ) — BS( %)
soil layers o A" % Gt
Total Taal
. (-110) 20 i 47-68 29 30-20 0219 60~92 10-20 1.0~2L0 30300 01~90 26~ %8
elty soils ange
R 4141 13%53 0705 7BEI0 76%60 63%53 11.2£70 29%30 65E2
verge
“(]66) 257 N 36-7.0 2~413 27~310 01~ 78 53-98 10~ 5.0 0.1~ 460 30~740 01~2L.0 8~ %
otal ange
A 71 %71 13057 20%24 81F+15 90%x11.0 74*83 173110 62*70 53131
verae
1) The data in the brackets are number of profiles
2.2 pH (EH") , 2% ~ 47%
2.2.1 F-H* A ,EH® < 5% 5% ~
. pH(< 7.0) ) 20%  20% ~ 47% 18% 42% 40%
H*, (9]
(PA) ( potential total H* AP? , EA
acidity),  CEC (EB) Lel, la , u
, , Al A . EAP?
(E1) (NEA) 4, JEH' : . A
pK a « ) [8] , FA
EA  pKa PA, pH5.5~ 6.0 ALY JEHT ,
(1mol L™ ')KCl H* AP, FA < Semol kg ' .
AT (AP , ( 1b)
53% ~ 98% (1) H AP
{ d
100 b
_: - il 11341 -i._|r;-]1‘_=‘:j‘](-_‘1,¢‘u‘-..1 ) \“ _
“ 11994 ] N :
E :: p I3AL (%0)=8 95Ln(EA)+8(1.68
£ & F=0785

H=02=001T{(EA )M
.|l'..'.i\in4l'-\|..( MMEA)
o *

H (=14 2% EA)

e
0 3 10) I3

ZEM Exchanpeable acid (emoal ke EHMER®R Exchangenble soid (emol ke

1 H* APY (EA) ( n= 257)

Fig 1 Relationship between exchangeable H* , AP* and exchangeable acid (EA) i soik
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NEA  pKa A,
8.2 Al
H Al ovalent bond H and Al)! 1281

H ( associated H)

pH7.0

-AlY ( complexes) ' FA  NEA
2.012.4 62%x7.0aolkg (1),
EA< NEA, 120%  113%
222 pH (EA)
(NEA) \ pH  EA
NEA(anol kg™ ) ., pH EA
p NEA (2
( n= 257):pH= 6.22— 0.141
EA- 0. 24 NEA ( R= 0.759;

r(EA)= - 0.20" ,r(NEA)= - 0.276 , ),

FA (0. 141) NEA(0.04) 5.9
, EA pH NEA
. .pH
EA, NEA FA
2 pH (EA)
(NEA)

Table 2 Cormelation of pH wih FA and NEA i acid wik of Tibet

r

1 (FA NHEA, anol kg~ ‘) Canplex  Partial correlation
Soil type Gradual regressive equation ~ @rrelation
pH= a+ b EA+ b,NEA k EA NEA
(14 .
5.93- 0. 221 FA 0.916 -0.782"- 0 375
Yelw earths
(22
Yellow- brovn 5. 83— 0. 049N EA 0.800 -0.342 _ 053"
earths
(29
6. 74— 0. l66FA— O O55NEA  0.848 - 0.606" - Q 571
Brown eart hs
(63)
Dark brown 6. 2- 0. 175EA 0.732 - 0.552"- 0001
earths
(20 "
. 5.56- 0. 087FEA 0.800 -0.742"- 038
Podzolic soils
(73 6.32- 0. 188EA- 0 B9VEA  0.811 0.631"" - 0 3%™
Dark felty soils N ’ e T
(40 :
. 6. 64— 0.087FA- O 33ONEA  0.791 - 0.347 - 0 4%
Felty soils
(57 )
6. 22— 0. 141FA- O 024NEA 0.759 —0.5207- 0 2%
Total
1) The data in the brackets are number of layers

+

HY ALY (cmol kg ]) ,
:pH= 6.21- Q 149 1/3A1* - 0.055H" - 0.023

NEA(R = 0.760; r(AI") = - 0.445 , r(H ) =

- 0.016,r(NEA)= - 0.253" ), (
) :pH= 6.20- 0.155 1/ 3AT" - 0.023
NEA (R= 0.760; r (Al )= - 0.514" , r(NEA) =
-0.2537) , pH EA
A13+
[8, 10,11] ) 7 7 pH
FA NEA r
pH FA NIA
, b1
(EA)> ba(NEA),
pH EA , NEA
pH  NEA , EA
pH .
(EB) ,

cpH= 6.11— 0.129EA — 0.024NEA +
0.010EB( n= 257, R= 0.774), pH ~ EA NEA  EB

- 0489 - 0275
0.2317; (b), pH (
) :EA(0.129) > NEA(0.04) > EB(0.010),
KM pH
2.3
( )
H+ A13+ « »[ 8]
3. EA(emol kg ) (gke )
. (gkg™ )
,EA
H* AI* (OM)
2 , JEA H
A13+
H+ , A13+
[9] [6, 11] H+
Al EA (cmol kg™ 1) (
- 07977 0785, 1b),
(g kg™ ) ( 0.1% - 0.194",
2) \ H* AI* ,

EA )
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3 NEA ,
Tale 3 Patial corelative coefficient of potentinl acid with OM ( ) 6
and clay in acid soik of Tibet ’
; (3
(EA) (NEL)
1) Exchangeable acid Nonexchangeable acid
, (FA+ NEA)
Soil type [3]
’ NFA
oM Clay oM Clay
( )
14
il ( h) 023 03% 0.742° 038 H Al NEA
ellow earths
pKa 3~ 5, pKa 9~
(22 4
. 12, NEA H*
Yellow brown Q 403 - 0206 0.603"° - 0278
earths H, pH7 0 8.2
[6]
(29 Q035 0062 0.6R7" 0 067
Brown eart hs ’ 2.4 pH
(63 2.4.1 pH
Dark bravn 033" -0187 0.306™ - 0254 (BS EB CEC ) (PA= FA +
carths NEA) ( P\ CEC )
20 © o S
Podzolic soils 0 62 0761 - ool ) NFA , BS ( %)
(73 ’ p pH BS ( o )
Dark felty 0 031 Q0% 0.331" Q0 136 ’ pH NEA
soils EA NFA pH7 0
(40 , EA/CEC — ( FA
. 0 001 0098 0.230 0 138
Felty soils ) pH 4.5~ 5.5 el
(37) -
0311 - 0046 0.468° - 0 159 10¢
total I
pH=4 9240 02( EB)-4 3x10°(E5)
1) The data in the brackets are number of layers _ *E
_Lé g_j 75 r=0741
g‘,:”(.} o NEA
100 " ] B ) 28y EB
13417 (9)=75 5340 086(0M) —107 oMY 25 &
r=—0194"" - § 50
5ok 5
75 25 ﬁé pH=6 40-0 02 (NEA)+4.7*>:IO (NEAY,
0 _ B 5ie r= 0635
= <T R g° 25
B2 £ %
£l o E4=m'+1341"
g gl 0r W pH=6,36-0 06 EA1+0,0006(Z4)
K & H*(%)=20.51—0 08B(OA) +107 (OArY 0 J=—0678""
<= r=0196"" 44 49 54 59 64 69
T -
£ 5 T 25 pH
g + ﬁ:j-
E= g
3 pH (%)
00 100 200 300 IE)O Fig. 3 Relatiorship baween pH and cation saturation
T EHUE Soil orangic marter (OM, gkg') (percentage) of soils
2.4.2 pH
2 H AY A Ca2t
2
Fig 2 Relatonship of percentage of exchangeable H* and . Ca2+ >>Mg2+ >K''> Na' ( 4)
. 2

AI* against FA with OM of soils
* ( CEC )
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40.9( £25.8)%,7.7( £5.4)%, 2.3 (£2.0)%, 1.7 0.749) , pH  BS(%)
(1. 8)% pH  BS(%) , pH  Ca™

(r= 0.744 ") pH  Ca™ Mg™ pH  Ca’
K* Na' ( Ca®* Mg®™ K Na*  CEC Mg** r , ;
) , : pH= pH Ca™ Na*
5.02+ 0.018 Ca™ (%) —0.02 Mg™" (%) + 0.011 :
(K" + Na®) (%) ( n= 251, R= pH Ca®* r
0.751) pH Ca™ , pH
( r=0.62"), Mg Ca™ ,
K" Na® (4, Na* Mg2+ )
:pH = 5.05+ 0.018Ca™ (%) (n= 257, r=
4 pH
Table4 Composition of exchangeable hase ( EB) and correlation of pH with baseion saturation i acid soik of Tibet
pH (EB  CEC ) r
N ( ) Correlation coefficient of pH with base ion
Composition of exchangeable base( %) saturation( percentage against CEC)
Soil type
N 24 + + at ~ 24 2+ + a*
Ca Mg K N Total Ca Mg K N
(14) »
61.0 18.3 10 1 10 6 Q0 873" 0 546 0. 324 0.004 0.075
Yellow earths
(22)
64.3 20.8 70 79 065%™ 067" 0170 - 06007  0.747"
Yellow brown earths
(25) .
7.5 13.3 62 30 08x%™ 056 -002 -019 0.356
Brown earths
(63)
4.2 16.3 57 38 Q703" Q0 86™ 0. 103 0.219 0.031
Dark- brown earths
(20) - . .
Poduolic soils 56.7 16.6 14 8 119 0513 0 503 - 0. 406 0.133 0.59
(73) -
. 76.2 15.0 53 35 0 759 0 566 0.8 - 0160 0.176
Dark fely soils
(40) ~ )
X 81.0 11.9 32 39 048" 056~ -0.184 - 0.007 0.350
Felty soils
(23
73. 1 15.5 63 50 074" 062% -0.012 0.017 0.076
Total
1) The data in the brackets are number of layers
FEA NEA , EB ,
3 (b) g A,
NFA  EB
1) 1/5, 3) FA Al , HY
, EA
;pH< 4.5 45~55 5.5-6.5 , EA , AT H
8% 61%  31% , A
2) ,pH Al ; pH  EA
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pH Al
4) A
H Al
H* ’ AP
H* , AT
. NEA A
NEA ,
, NEA -
H Al
5 pH EA ().
NEA () pi
() pH  NEA
()
6) Ca”
pH  BS(%) ,
Cat ’
Na* Mg2+
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ACIDITY OF ACID SOILS IN TIBET

Liu Shiquan Zhang Zongjin Wang Changquan Zhang Shirong Deng Liangji
( Colloge ¢ Resowrces and Environment, SichuanAgriaulturd Uriversity, Yaan, Sichuan 625014, China)

Abstract Based on the analytic data of soil samples colleded from 257 soil layers of 66 soil profiles under 7 soil types
in Tibet, characteristics of the acidity of the acid soils were explored. Acid soils, accounting for one fifth of the total land area
of Tibet, are mainly distributed in the southeast of Tibet, under the vegetaion of mountain humid forests and alpine shrubby
meadows. Soil pH is detemined mainly by exchangeable acid in potential acid, especially, exchangeable AFP* . which is in

I** increases with the irr

dominancy, while norexchangeable acid has less mpact on that. The propoition of exchangeable A
crease in exchangeable acid, but decreases with the increase in OM. However, the relative proportion of exchangeable H™ shows
a reverse trend Non exchangeable acid comes mainly from OM ( through disassociation of H and Al from humic acidic functional
groups) . Soil pH is in near linear negative correlation with the saturation of exchangeable acid and in norr linear one with the sa-
uration of nonexchangeable acid, but in nonlinear positive correlation with base saturation, which is mainly restrained by the
dominant exchangeable base Ca”" .

Key words Tibet; Acid soils; Exchangeable acid( EA ) ; Nonexchangeable acid( NFA ) ; Exchangeable base( EB)



