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Background organic carbon sorage o topsoil and whole prdfile of soils from Tibet

Didrict and their spatial digribution

FAN Yu, LIU Shi-Quan ’ , ZHANG Shi-Rong, DENGLiangJi  (Colege d Resources and Environment , Sichuan Agricultural University
Ya' an 625014, China) . Acta Ecologica Sinica,2006,26(9) :2834 2846.

Abdract :As the main part of Qingha-Tibet Hain, the Tibet digrict has a vag territory with high dtitudes, cold dimetes and
widdy distributed frozen soils. Its il organic carbon pools (SOCP) are gpecid and inportant conponents of Chinese SOCP and
ooud dfectively dfect and sendtively respond to the gobd dimate change. Therdore, the basdine vaues o SOCP and their
goatid digribution in Tibet are critica to a good understand ng and accurate prediction o the gobd climete change. However , a
conmplete and accurate SOCP database for Tibet is dill to be determined. Inthis sudy , the basdine values of il organic carlbon
dendty (SOCD) and reserve ( SOCR) were determined for the entire Tibetan regon and the SOCD geographic di sribution meps
were drawn usng organic carbon data from 2607 il prdfiles and the digtized 1 2,000,000 Tibetan il mgp , both obtained from
the il survey in Tibetan Autoronous Regon. The said digribution of SOCD and SOCR vaues was determined usng the
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digitized SOCD geographic digribution mgp. In edimation of SOCD and SOCR, the internationd =il classfication sygem was
adopted. In condderation of the large regond variation in SOCP, il prdfile data (thickness of il layers, organic metter
contert , buk dendty , gravel content as well as il profile geographica location, devaion, vegetation cover and © on) were
oollected by =il subgroups, the charting units in il mgps. The corresponding il profile database was d < edablished. In
recognition of the fact thet the degree of weathering is low and grave content high for al Tibetan sils, the il organic carbon
contenrt for each il layer was corrected for its gravel content in SOCD edimeation and the SOCD o the whole il prdfile was the
summetion of the individua il layersin each prdfile. The SOCD of each regon or each il type was a weighted average based
on actud il acres which is do the bads for egimating SOCR. Fndly, il organic carbon richness rate index (R) was
cdcuaed to eva uate the sorage capacity of organic carbon by various il types and in different regons. The mgjor findings were
summerized asfollows: (1) The SOCD of the whole il profile varied from 0. 48 kg m™ 2 to 50. 71 kg m™ ? with an average of
7.48kgm 2, less than the average value for China (8. 0-10.5 kg m™ 2) , and much lower than that of the world (12. 1kg m™?) .
Therefore , Tibet isone o regonin Chinawith the lowest il organic carbon dendity. (2) The SOCD v uesfor different il types
varied subgtantialy. For examples, the SOCD val uesfollow the order : Ferro-dlitic ils(29. 2 kgm™?) > Huwid ils(16. 6 kg
m %) > Alpine meadow ils(12. 2 kg m™?) > Semi-dwid wils(9.2 kg m™2) > Alpine seppe ils(3.7 kg m %) > Figd
frozen wils(1. 6 kg m™?) and Alpine desert ils (1.3 kgm %) . (3) The SOCD of suface il layers (0 20cm) varied from
0.05 kg m *to 26.0 kg m 2 with an average of 4.27 kg m™?, accourting for 57 % of the average SOCD for the whole il
profiles. This percentage is obvioudy higher than the corregponding average value in China ( < =48 %) , inplying tha the
Tibetan il organic carbon pools have a high ingahility and might be nore sendtive to the goba dimate change. (4) The SOCD
vauesd Tibetan ils had a unique horizontal regond digribution pattern; it decreased gradualy from the outheas to the
rorthwest Tibet. The wils can be divided into four zones acoording to their SOCD vaues: high () , medum () ,low ( ),
and extremdly low () , correponding to average SOCD vauesof 21 kgm' 2, 10 kgm ?, 4 kgm ?and <2 kgm 2,
regoectively. Within each carbon density zone, there is d a unique verticad digribution pattern. Frsly , il organic carbon
dendty was higher a low dtitude and decreased asthe dtitude increased. Secondy , the end zone of various vertica patterns was
aways the extremdly low carbon densty zone (alpinefrog wils) at the highest dtitude. (5) Total SOCRfor Tibet is822. 76 x 10t
(8.23Ry , about 9. 14 % of the nationd vaue (about 90 Ry) ; O that , the SOCR of il surface layers (0-20cm) in Tibet is
469.08 x 10t (4.69Ry) . The atia ditribution of SOCR vauesin Tibet is extremely imbalanced , which is rot only related to
the large variation of SOCD va uesin various il types, but d < due to the norr uniform di stri bution of il types. Frdly , thefour
kinds of silswith the highet SOCR vaues, namdy Fdty sils, Rigd Cdcic sils, Dark felty sils and DarkBrown Earths,
acoount for 24 %, 22 %, 15% and 9 % o totd SOCR in Tibet, repectively , or dtogether for 70 % of totd SOCR in Tibet.
Therdfore , they are mgjor types o ils asfar as SOCPis concerned. Next , the SOCR vauesfor SOCD zones , ,
acoounted for 25 %, 50 %, 22 %, and 3 % of the totd SOCRfor Tibet , reectively. The richnessindex ( R) which reflects the
capecity of il to dore carbonwas 282, 1.37,0.53, 0.23forone , , , , repectivdy, totdly condgent with the
change inthe SOCD vadues. Although the areadf the Zone | and  wasonly for 45 % of the totd il acres, the SOCR accounted
for 75 % df that in Tibet. Therefore, Zone | and  are the mgjor reservoir of the SOCPin Tibet. With regpect to SOCR of various
regons, Naqu is the greates , while Lhasa is the smdlles one. In terms of carbon dorage cagpacity , the order is: Linzhi >
Shannan > Lhasa> Qamdo > Zigaze > Naqu > Ali , which is mainly determined by R of predonminant il typesin each regon.
The results will dfectively support the research of doba change and the work of regond environmentd assessmernt.

Key wor ds:tibet ; il organic carbon dendty ( SOCD) ; il organic carbon reserve ( SOCR) ; oatid distribution

(il organic carbon pools/SOCP) ,
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1.2.3 (Richness rate index/ R) '* ,
R = (SOCR/SOCR)/(Ai/A) (4)
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1 (soCD) ( )
Table 1 Satigicsd SOCD and itsreevant factors o different soil typesin Tibet ( mean value)
OM (gkg™ )

-2
OM(gkg™") Correct OM Buk @ tom ) 0 20cm
il type Percertae Armuﬂ o  Depth _ Qave ity SOCD
(%) prcfiles (cm)  Wholeprdile (%) 0 20cm Whole (gomd) 0 20cm Wole (%)
prdile prcfile
Figd frozen ils 10.99 46 36 9.20 52.54 5.63 4.37 1.70 1.11 1.55 71.6
Alpine desert il 0.55 12 45 4.60 31.63 3.79 3.15 1.57 0.69 1.29 53.5
Figd desert ils 0.31 6 39 5.90 26.98 4.67 4.31 1.57 0.85 1.53 55.6
Qld desert ils 0.24 6 50 3.42 37.71 0.03 2.13 1.57 0.48 0.97 49.5
Alpine geppe il 49.43 858 73 12. 67 44.94 12.52 6.97 1.26 1.83 3.72 49.2
Figd cdcic sils 46. 32 220 65 13. 68 46.6 12.00 7.30 1.30 1.81 3.58 50.6
Qld cdcic Dils 2.50 369 71 13. 26 19.48 14.09 10. 68 1.26 2.06 5.54 37.2
@ld brown cacic il 0.61 269 82 15.54 23.59 19.15 11.87 1.22 2.71 6.89 39.3
Alpine meacow il  24.40 657 68 49. 39 47.85 57.33 25.76 1.20 7.98 12.19 65.5
Fety sils 16. 53 343 58 49. 67 44.84 55.17 27.40 1.20 7.68 11. 06 69.4
Dark felty sils 7.87 314 Vs 59. 29 54.18 61.78 27.17 1.20 8.60 14. 56 59.1
Smi-dwid il 1.66 313 75 31. 66 51.10 30.87 15. 48 1.36 4.87 9.16 53.2
Gay-cinnanon il 0.86 129 71 39.04 49.76 41.18 19.61 1.30 6.21 10.50 59.1
Ginnanon ils 0.80 184 79 25.17 52.53  20.97 11.95 1.41 3.43 7.72 4.4
Hwid <ils 5.76 141 81 66. 02 57.32 73.18 27.75 1.19 10. 19 16.63 61.3
Dark-brown earths 3.65 56 92 71.55 61.72 77.02 27.39 1.22 10.9 17.83 61.1
Brown earths 0.84 413 71 56.3 34.42  75.69 36. 92 1.32 11.59 20.07 57.7
Yellow- brown earths 1.27 42 80 56. 46 50.75 60.43 22.72 1.03 7.22 10. 86 66.5
Ferro-dlitic ils 2.69 61 89 64.74 21.4 94.58 51.29 1.11 12.27 29.23 42.0
Yellow earths 1.28 35 95 60. 17 31.18 87.7 41.41 1.04 10. 58 23.73 44.6
Red earths 1.41 26 83 68. 88 12.52 100.82 60. 26 1.18 13.8 34.23 40.3
Pimitive ils 1.74 119 57 12.13 55.35 2.75 4.87 1.42 0.45 1.29 34.9
Neo-adlwid ils 0.22 35 81 9.79 83.33 311 1.63 1.33 0.48 1.02 47.1
Aadlian ils 0.23 35 88 3.93 5.58 5.02 3.71 1.51 0.88 2.86 30.8
Lithosols 0.84 33 10 14.97 60. 79 0.31 5.87 1.41 0.05 0.48 10.4
Seletd ils 0.45 16 50 12.25 57.68 5.93 5.18 1.41 0.97 2.12 45.8
Other gils 2.78 400 79 57.73 31.86 74.53 45.37 1.29 10. 13 20.74 48.8
Slonchaks 0.53 a4 90 10. 41 55. 65 8.25 4.62 1.39 1.33 3.3 39.7
Meadow ils 1.59 223 80 35.29 30.91 45.42 24.38 1.34 7.06 15.16 46.6
Bog Qils 0.62 87 60 158. 32 13.98 209.31 136.19 1.07 25.98 50. 71 51.2
Huwo-aguic ils 0.4 46 86 15. 65 32.4 18. 00 10. 58 1.37 2.86 7.23 39.6
/ Total /Mean 100. 00 2607 69 — — — — — 4.27 7.48 57.1
2.1.2 som 3654 ( )
( ) , SOCD .
: ( 2
SOCD ,
(1) socp SOCD , ()
() () ()4 ( 2 :
[10,30] [31]
[10,32]



0 : 2839

60 T2 E Soil depth (cm)
——0 5071
50 —A—20
—m—40
To40 ——60
g
2
8 30
S)
A
20
10
0
TR Soil type
1
Fg.1 Pdile dsiripution: of il organic r=rkoii dendty of mgjor il typesin Tibet
1: Figd frozen xils;2: Frigd calcic sal5;2: @ld cdcic ils;4: @ld brown cacic ils;5: Fdty 2ils;6:
Dark felty ils;7: Déi % tiown earths;8: Gay-cinnanon ils;9: Brown earths;10: Annaon ils; 11: Yellow browvn
earths;12: Yellow earths;13: Bog ils; 14: Meadow ils; 15: Auwo-aguic ils
() :
, 9%, SOCD 20kg m'? , 21
kgm?( 2 o]
, ( ), 87 % , 12%
[31]
[32]
() :
, 36 % SOCD
, 10 15kgm? , 0kgm?( 2)
[31]
( 57 % )
( ) : :
SOCD ( 2 :
, 85 % ,
[33]
SOCD , , SOCD
() : :
41 % SOCD 5kgm?, dkgm*( 2)
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[10]

77%) , 4kgm ?;

2

Table 2 SOCD zones and their soil cover congituents in Tibet

95 %

() () ()

()

High SOCD zone Medium SOCD zone Low SOCD zone Extraclow SOCD zone
il type SOCD SOCD SOCD SOCD
(kgm™® Percentage(%)  (kgm"?) Percentage(%) (kgm ) Percertage( %) (kg m”2) Percentage( %)
Ferro-dlitic ils 27.93 32.56 — — — — — —
Yellow earths 23.69 19. 49 — — — — — —
Red earths 34.25 13.07 — — — — — —
Buwid wils 26. 67 32.65 13.50 5.46 — — — —
Dark-brown 38.72 15.98 12.54 3.8 — — — —
Brown earths 22.43 4.96 15.78 1.62 - — — —
Yellow-brown earths 12.01 11.70 =~ N — — —
Semi-dwid ils — — 9.37 4.56 — — —
Gay-cinnanon ils — — 10. 65 2.64 — — — —
Gnnanon Sils — — 7.61 1.92 — — —
Alpine meadow-form 13.68 22.37 12.85 57.57 7.65 4.9 — —
Fdty sils 12.54 4.33 11.82 38.90 7.65 4.95 — —
Dark felty sils 13.95 18. 04 15. 00 18. 65 — — — —
Alpine seppe-form — — 6.47 9.48 371 78.44 1.72 71.34
Figd cdcic Dils — — 4.87 3.09 3.75 77.02 1.73 70.84
@ld cdcic ils — — 7.50 4.34 182 1.43 0.80 0.50
@old brown cacic Sils — — 6.72 2.05 — — —
Alpine desert-form — — — — 2.17 0.47 1.41 1.82
Figd desart ils — — — — — — 1.53 1.54
Qld desert sils — — — — 2.17 0.47 0.73 0.28
Figd frozen ils 1. 47 11.45 1.57 16. 62 1.56 8.06 1.38 14. 40
Primitive ils 134 0.80 175 2.94 1.36 3.93 0.78 9.79
Other gils 25.40 0.17 33.58 3.37 10. 96 4.15 0.80 2.65
/ Total /Mean 21.08 100. 00 10. 26 100. 00 3.94 100. 00 1.74 100. 00

* .
’

Rimitive ils include

Lithools, &eletd ils, Aedlian ils, Neordlwid ils; Other ilsinclude Figd plateau odlonchaks, Bog ils, Meadow ils, Huvoraguic Soils, Irrigation

slting ils and Paddy ils

() ,
: 14 % ( ) ( )
2
() « )", ( 719,
(<2kgm?) , , SOCD 2 kg m % (
) , - - , 10 %
(0.8 kgm?) SOCD
(2) soco ,
, ( ) , ,
, ( )- ) - | ) -

[30]
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3 (socD)
Fg.3 Verticd digribution of SOCD in Tibet
1: Figd frozen sils;2: Fdty sils;3: Dark felty sils;4: Dark-brown earths;5: Brown earths;6: Yellow brovn
earths;7: Yelow earths; 8: Red earths;9: Gay-cinnamon ils;10: Annanon ils;11: @ld brown cdcic sils;12:
@ld cdcic wils;13: Figd cdcic ils;14: @ld desert ils;15: Figd desert <ils
2.2
2.2.1 (il organic carbon reserve/ SOCR) 3 ,
822.76 x 10't (8. 23Ry , PCP C ( org ™) 9.14%; 0 20cm 469.08 x 10't
(4. 69Fg) , 57%, SOCD SOCR 4 (
) ( ), 2% 2% 15% 9%,
70 % , SOCP 4 SOCD ,
11 18kgm ?, , 8% oD (3.58 kgm'?)
’ 46 % ’ 2 3
, , SOCD ( 10 50kgm?, 1), SOCR
( 23 %) , ( 11 %) , SOCD
, SOCR , SOCD , SOCR
2.2.2 SOCR , SOCD ,
SOCR ; (R)
(1) socr , SOCR( 3) SOCD ,
SOCR 26. 65 %, ; , 3.81%,
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, SOCD SOCD , ( ),
SOCR , 9.45% , SOCR )
( R) L R 1
(2.26) > (1.98) > (1.59) > (1.42) > (0.96) > (0.80) > (0.38)
; R (3.90) >
(2.22) > (1.63) > (1.23) > (0.50) > (0.21) >
(0.17) , socD( 1)
3 ( SOCR) (R
Table 3 Soil organic carbon reserve( SOCR) and richness rate index( R) in different digtricts o Tibet
SOCR(101)
. Area R
il type P
(x10°kM) i Senren Qe Lhesa  Zigae Naqu Ali Tibet
Figd frozen ils 12.09 2.04 0.68 1.52 0.82 5.49 3.12 511 18.78 0.21
Alpine desert 0.6 — — — — — — 0.77 0.77 0.17
Figd desart ils 0.34 — — — — — — 0.52 0.52 0.19
@ld desert Dils 0.26 — — — — — — 0.25 0.25 0.13
Alpine geppe 54. 36 — 4.87 0.09 1.33 37.47 98.91 59. 32 201. 99 0.50
Frigd cacic ils 50. 4 — 0.45 0.09 0.04 24.59 98.91 58.03 182.11 0.48
Qld cdcic ils 2.75 — 2.22 — — 11.75 — 1.29 15.26 0.74
Qld brown cdcic il 0.67 — 2.20 — 1.29 1.13 — — 4.62 0.92
Alpine meacow 26.84 46.11 32.26 82.18 27.8 58. 52 75.34 4.95 327.16 1.63
Fdty sils 18.18 20.14 20.68 23.88 20.59 48.01 62. 87 4.95 201. 12 1.48
Dark felty wils 8.66 25.97 11.58 58.3 7.21 10.51 12. 47 — 126. 04 1.95
Semi-dwid ils 1.82 1.71 1.33 13.65 — — — — 16. 69 1.23
Gay-cinnamon il 0.9 0.21 0.68 9.03 — — — — 9.92 1.4
G nnamon ils 0.88 1.5 0.65 4.62 — — — — 6.77 1.03
Hwid sils 6.33 74.37 19. 69 7.83 — 2.33 0.903 0.15 105. 27 2.22
Dark- broan earths 4.02 54.61 8.26 6.81 — 0.91 0.90 0.15 71.64 2.39
Brown earths 0.92 10. 17 5.95 1.02 —_ 1.36 0.003 — 18.50 2.68
Yellow- brown earths 1.39 9.59 5.48 — — 0.06 — — 15.13 1.45
Ferro-dlitic ils 2.9 43.2 42.71 — — 0.56 — — 86. 47 3.90
Yellow earths 1.41 15.3 17.65 — —_ 0.56 —_ —_ 33.51 3.18
Red earths 1.55 27.9 25. 06 — —_ —_ —_ —_ 52.9%6 4.57
Rimitive ils 1.93 0.10 0.07 0.01 0.002 0.28 1.58 0.44 2.48 0.17
Other ils 3.05 0.05 0.59 2.35 1.38 12.37 39.4 6.99 63. 13 2.77
am  SOCR(10t) — 167.57 102.21 107. 62 31.34 117.01 219.27 77.74 822.76 —
Percentage ( %) — 20.37 12.42 13.08 3.81 14. 22 26. 65 9.45 100. 00 —_
Area( x 10%km?) — 9.93 6.90 10.10 264 1621 3670  27.50  109.98 —
Percentage ( %) — 9.03 6.27 9.18 2.40 14.74 33.37 25.00 100. 00 —
R — 2.26 1.98 1.42 1.59 0. 96 0.80 0.38 1.00 —
(2) soCcr SOCR (R :
, ) SOCD ,  SOCR
, 25% , R 2.82 , SOCD
,  SOCR 50 %, R 1.37 , SOCD ,
SOCR 2% , R 0.53 SOCR )
45 % , SOCR 75% OCP

2.3
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SOCD SOCR , 4 (' SOCR) (R
Table4 SOCR and richnessrate index( R) o the four SOCD zones in
Tibet
Area SOCD SOCR
2.3.1 11 . R
(8] . oD 2es  (10'kn?) () (M) oy (%)
SOCR : 99.27 x 10 10.00 9.1 2108 211.09 257 2.8
k', 55cm, SOCD  15.4 kg m'?, 30.70 3.1 1026 407.44 49.5 1.37
45.09 41.0 394 177.74 21.6 0.53
SOCR 154 x 10t
. 15.18 13.8 174 2649 3.2 023
96.62 x 10" km' , 6lcm, SOCD Totd  109.98  100.00 7.48 82.76 100.0 —
6.4kgm >, SOCR 61 x10't ,
, SOCD  SOCR ,
5 ( 5, 4
5 @ SOCD
Table5 Comparison of SOCD and its rdevant data o major grasdand soils in Tibet of this paper with those o literature!®!
(cm) cm 3 . oM (gkg %) ~ SOCD
(g _ ) oM (gkg™Y) _(g g_) >
Mean depth Bulk dengty OM in topsoil (kgm™9)
. FH‘OEHI@
Sl type b b b b (%)
a a a Sanples( n) Mean Weighted mean a
Frigd frozen ils 25 3 170 170 16.8 4.37 81 15.6 15.6 4.14 1.55 62.6
Figd cadic Dils 60 65 130 130 19.8 7.30 186 20.4 17.8 8.9% 3.58 60.0
@ld cddic Dils 70 71 128 126 27.9 10.68 114 22.8 19.0 14.50 5.54 61.8
Felty wils 50 58 106 120 94.5 27.40 374 61.2 61.5 29.05 11.06 61.9
Dark felty ils 70 7 112 120 767 27.17 463 74.6 83.4 34.88 14.56 58.3
* (1992) ;

It isthe dataof OM of dl ronarable ilsfrom Land resources data et of Tibet Autononous Regon (1992) ;

Mean gandsfor mean OM content of al observed value of OM content of topil sanpleswithin a il group. Weighted mean gandsfor subgroup arearweighted mean

vaue of dl mean OM contents of topsoil sanplesdf subgroups within a group ;a: this pgper , b:[8]
2.3.2 0CP
2607 , 23.7 /10" knt ,
SOCD , SOCD
0.4%, , SOCD
, SOCD ,
, , SOCD ,
( /10'kn) , (84.6) , (53.9) (41.3)
(40. 4) (26.0) (12.8) (7.7) , SOCD
, , 1521 1122 584 /10'km’ ,SOCD (ov)
46.2% 54.4% 41.1% ( )  SOCD ,
6.4 /10'knT SOCD OV  37.4%; SOCD 24.3
79.4 /10'kni, SOCD OV 52.0% 51.6 % , ,  SOCD

v 50 % ,
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(1) (

57 %, ;
(2 SOCD
(29.2) >
3.7 > (1.6)
(3 SOCD

()4

2607
SOCD  SOCR,
) SOCD

, 95 %
(16.6) >
(1.3

, SOCD

0.48 50.71 kgm 2,

,0  20cm

(12.2) >

2

1 200 ,
7.48kgm %,

SOCD 4.27kg m'?,

., SOCD (kgm™?)
(9.2) >

: ()
2 <2kgm'2

)

() 4kgm?

21kgm ° 10 kg m’
SOCR 822.76 x 10't (8. 23Ry) , SOCR ( 9ORy ) 9.14%;
SOCR  469. 08 x 10't (4. 69Ry) SOCR , SOCD ,
, SOCR 4 ( )
24% 2% 15% 9%, 70 % ,
SOCR ,
(R) 2.82 1.37 0.53 0.23, SOMD
: 45 %, SOCR 75%,
0CP , (2.19R) , (0.31R) ;
(R) : > > > > > >

(4)
20cm

( ), SOCR
SOCcP :
25% 50 % 22 % 3%,
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