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) rupprechtii) (Picea meyeri)
(Polygonum viviparum)
(Fragaria orientalis) (Kobresia
1 myosuroides) x
1.1
(38°27" ~ 39°15' N
112°48' ~ 113°55" E) 1.2
1.2.1 2015
9 (HL) X
—42°C 880.6 mm (YH) (CD)
3 061.1 m 20m x 20 m
5 HL YH
1 30cmx30cm
x CD
(Larix principis-rupprechtii) 0~10 10~20
(Rhododendron 20~50 cm 1 kg
micranthum) (Potentilla fruticosa) 100 cm’ (
(Poa annua) (Polygonum 5 cm) 3
viviparum) (Hypecoum leptocarpum) 3
X (Larix principis- 1
x1 MREMEKRIEFER
Table I Basic information of plots
pH
(m) ) (g/kg) ( /hm’) (%)
CD 2 500 19.60 6.37 689.80 - -
HL 2 440 21.50 6.22 734.71 4417 81.93
YH 2 400 27.50 6.38 669.90 3000 75.04
<0.002 mm 0.002 ~ 0.05 mm 0.05 ~2 mm C/N
(kg/m?) (cm) (g/kg) (g/kg) (g/kg)
CD 1.00 - 12.80 111.57 602.14 286.29 13.82
HL 0.92 0.311 49.50 136.60 613.13 250.27 14.80
YH 0.90 0.457 57.10 109.54 651.14 239.33 15.50
pH
1.2.2 (SOC) (CD YH
(TC) - P<0.01 HL P<0.05
(TN) ) 3 SOC 0~ 20 cm
73.91%(CD) 76.55%(HL)
pH 75.39%(YH) CD SOC
(SOCD) GB/T 157.71 g/kg HL (210.51 g’kg) YH
33027—2016 301 (214.75 g/kg) (HL YH)
31 SoC (CD) 3 SOC
Microsoft Office Excel 2007
3 10 ~
2 20 cm SOC (P<0.05)
1 3 SOC 2 3 SOCD
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HL SOCD 0~ 10 cm SOC (D
(P<0.05) 3 SOCD [41-42]
20.35(CD) 28.33(HL) 28.66 kg/m*(YH) SOC SOC
(HL YH) SOCD (CD)
SOC 3 SOC
0~ 20 cm SOCD
50.42%(CD) 48.71%(HL) 54.95%(YH) (3.9, 29,32]
140 S0C
Aa
120 Aa
% 100F 40 Ab
= o9l Bb m0~10
H\fﬂj 80 Ac o [10,13,37,41,43-43] SOC
5 60 ChAD Ac 0 10~20 cm
R 40 ® 20~50 cm C/N (P<0.05)
20
0 SoC
CD HL YH [4,13.22]
Pt
ORI SR Fl— - J2 SOC A e /R A e 22 5 535 YH SOC
(P<0.05), R[AI/NG FRERFE R — R A 12 SOC &2 5 i ( 1 1) SOC
#(P<0.05)) U yH HL (D
1 AEE#HTEENRESE
Fig.1 SOC contents under different vegetations YH HL
’ CD )
Aa [25.46] YH SoC C/N
201 Adyy [38,47-48] 1 CD
T Ab
2 5y Aa H0~10 cm CN SOC
é/ 1ok Aa 010~20 cm SOC HL YH
2 Aa A M20~50 cm SOC
C Aa
Sk [21,39.,44]
0 Nel®
CcD HL YH
FE YH
(RRKS TR —+ 2 SOCD 7EA A4 ) 2 57 1. 3 (P< ( D
0.05), AF/NG FREREK R —HIBEAF )= SOCD Z 5t i 3 pH
(P<0.05))
2 FRBHETIEENREE (3.5.18.43.45.40]
Fig. 2 SOCD under different vegetations T SOC pH
3 pH
3 SOC << »> SOC [8.43]
[3,32-36] SOC
0~50cm
[1,21,37,038] (21 CD SOC
SOC
SOC
[39] [32]
[240] CD 10 ~ 20 cm 1
SOC HL YH 3 Lo
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[12] . [33]

SOCD CD YH

(4] [9]

SOCD

3 20~50cm
SOCD CD
4.84 kg/m* YH

10 cm

SOCD

3.36 kg/m* HL

4.30 kg/m’ 0~20cm

SOCD(CD 5.13 kg/m*

HL 6.90 kg/m* YH 7.88 kg/m?) 3
0~ 20 cm SOCD

50.42%(CD) 48.71%(HL) 54.95%(YH) socC

€ 7 . [33]

10 cm

[39] 3
SOC

SOCD

3 SOCD SOCD(8.01
~19.05 kg/m?)P*% 1 (2]
[33] [38] [39]

SOCD SOCD
1C

SOCD 3.3%2%

[51]

SOC

SOC

SOC
2 2
/ SOC
47.50 ~ 331.00 g/kg SOC
157.71 g/kg (331.00 g/kg)
(208.07 g/kg)
(179.90 g/kg) / SOC
(162.65 g/kg)
(121.98 g/kg)
/ SOCD 5.4 ~48.22 kg/m®
SOCD  20.35 kg/m®

/ 78.72%(25.85 kg/m?)
1.37 (14.89 kg/m?)

/ SOC** i 0 ~ 20 cm SOC
SOCD 50.32%
40.90% / SOC
C/N (P<0.05)
(P<0.01)
(P<0.05) SOCD
C/N (P<0.05)
(P<0.01) (P<0.01)(
2
) C/N
socC SOC
C/N
(P<0.05)
SOC
2
/ SOC
SOCD 0~20cm
SOC
(49.54 g/kg) (72.82 glkg)( 2
) /
SOC
77.00 ~313.85 glkg ( 2)
SOC 212.63 g/kg
SOC (204.53 g/kg)
(175.12 g/kg)
SOCD  3.80 ~ 74.48 kg/m’
SOCD 28.50
kg/m’ SOCD
(29.27 kg/m?) SOCD
(8.68 kg/m?) 3.28
SOC SOCD
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Table 2  Soil properties near alpine timberline in various regions on earth
SoC SOCD C/N ME MAP  MAT
(g’kg) (kg/m®) (cm) (m) (mm) (C)
- M 90.33/17.13 7.95/0.42 (14.70) 12.57/10.85 63 3733 1427 197 [181,[32],
(99°46'~104°10" E (141.82) (11.85) [407,[48],
27°47"~ 33°02'N) F  161.88/30.85  10.64/1.16  21.85/13.60 64 354625 147843 3.75 [52]
(238.13) (17.15) (16.78)
M 17.80/77.20 7.12/4.26 8.07 65  4169.67 464.40  2.55  [3],[14-15],[22],
(73°18752"~104°46'59" E (47.50) (13.15) [51],[53-54]
26°00'127~39°46'50" N)  F 81.44/2820  10.51/8.28 19.68 * 60  4198.75 116220 —1.52
(225.66) (24.52)
M/G  77.27/28.18 8.85/7.07 13.38/8.52  67.50 3547.90 506.67 —1.05 [4],[7-10],
(97°20~ 10212’ E (208.07) (24.88) (10.13) [12-13],
37°28'~ 39°04' N) F  79.13/51.73 2.17/1.22 13.83" 60 3022 47127 0.66 [55]
(195.66) (9.54)
(86°00~ M 74.60% 6.67/18.13 - 100 2400~ 550 2.70 [50],[56-58]
91°00' B 46°00'~ 49°00’ N) (48.22) 2680
F 109.40% 16/26.25 - 100 2400
(74.48)
(79°53' ~ 96°06' M/G ~ 50.98/31.24 33.82# 17/8.01 5625 2928.36 43048 -5.70 [11,[33-38],
B 42°51' ~ 46°12' N) (89.81) (11.62) [59]
F 114.12/34.56  12.19/1.75 15.04/15.47  61.67 2633.33 56833 —0.53
(180.04) (28.59) (14.01)
(105°00' ~ M 98.75 15.75 17.14 20 2980 418 -0.99 [21.[28],
106°41'E 38°19' ~ F  74.34/25.70 5.30/8.02 16.24° 6333 2679 37025 2.6 [45],[49],
39°22'N) (142.54) (20.79) [60]
(107°22725"~ M 49.54 6.93 14.66 10 3420 69420 —1.89  [16],[61-64]
107°5130"E  33°49'30"~ F  101.98/43.54  4.64/12.34  15.67/15.06 70  3305.50 900.07 —1.89
34°0735" N) (249.57) (31.39) (15.56)
(118°45'1" E M 86/31.500 - 13.44/18.53 60 1910 400 2 [47]
44°11"13.77 N) (331) (15.83)
(127°9' ~ T 120.46 7.08 16.52 20 2063.75 124143 -7.38 [11],[17],[19-21],
128°55'E  41°5'~42°28' F 65.21/20 - 13.34" 60 194867 1147 3.3  [291[43L[65]
N) (180.21)
(121.28°E F  124.90~8.33 - - 49 3176 2941 6.50 [66]
24.15°N) (208.20)
M 76.88 # 16.91 # 11.86 # 37.19  2120.19 1512.50  3.46 [67-69]
F 111.50/3  2.40/1.64(5.96) 30.40" 110 1640 71430 -3
(134.50)
M 69.25 8.71 10.40 18 3666.50 1000 - [70-71]
M/G  54.03/17.20 - 12.46" 90  1365.25 1589.75 6.35 [72-73]
(144.23)
M 59.17/24.24 5.404% 13.90/13.60 70 3364 890.50 -2.03  [42],[74-75]
(86.91) (13.75)
F 63/1.50 3.80# 100 3200 775 —0.25
(77)
G 94.25/9.80 8.36/4.61 16.75/12.20 70 3566 2061.67 8.53 [76-78]
(179.9) (22.37) (14.32)
F  120.2/36.85 3.76/5.46 17.15/14.98 70  3386.50 2061.67 8.93
(313.85) (16.29) (15.60)
(112°48'~  CD  76.98/41.15  4.09/10.09  1220/1441 4410 2500  880.60 —4.20
113°55'E 38927~ 39°15" (157.71) (20.35) (13.82)
N) HL  93.01/49.37  3.91/14.53 13.91/15.99 5170 2440
(210.51) (28.33) (14.80)
YH 99.41/52.83  3.88/12.91 15.11/17.01  51.70 2400
(214.75) (28.66) (15.50)
SOC SOCD / ( ) CON ) (ME)
(MAP) (MAT) M M/G T G F
cennn coyns
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4) / SOC
/ C/N (P<0.05
SOC / SOCD P<0.01) /
/
(P<0.05)
SOC “ 72 0~
20 cm SOC SOC
53.12% SOCD 29.34%
SOC
(P<0.001) MAP( (1] ’ > > ;-
) MAT( ) ON (P<0.05) Ul-
(P<0.05) o ,,2006, 30’(4): 545?52 |
(P<0.01) SOCD 1. ,2012, 21(3): 54-60
(P<0.01) (P<0.05) C/N [3] , , ,
(P<0.01)( 2 [J1.
) ( ), 2013, 41(1): 91-96
S0C / (4] : - 0
(MAP MAT) (P<0.05) 2018, 40(3): 426-433
4 [5] . ,
[J]. ,2018, 50(1): 122130
1 3 SOC (6] s .
[J1 , 2007, 25(6): 714-720.
SOCD (7] ’ ’ o o
3 0~20cm SOCD _ . ,
50.42%(CD) 48.71%(HL) 54.95%(YH) SOC 2016, 53(2): 477-489
73.91%(CD)  76.55%(HL) [8] > ) .
75.39%(YH) cc > [J1. , 2009, 20(3):
518-524
SOC SOCD
cc 3 [9] ’ ’ ’ ’
[1. , 2008, 27(5): 681-688
2) 3 SOC [10] R , ,
YH (214.75 g/kg) HL [J]1. , 2009,
(210.51 g/kg) CD (157.71 g/kg) - 31(4): 642-649
SOCD YH (28.66 keg/m’) HL [J]? 200524 (12): 13801382
(28.33 kg/mz) CD (20.35 kg/mz) [12] , ) L
(HL YH) SOC / CO, 1.
SOCD (CD) SOC , 2013, 35(4): 848-856
SOCD Nele [13] ’ o
[1. , 2013, 34(2): 668-675
[14] , , ,
SOCD 1.
, 2006, 30(3): 441-449
/ [15] Guan S, An N, Zong N, et al. Climate warming impacts on
3) 3 SOC soil organic carbon fractions and aggregate stability in a
SOCD Tibetan alpine meadow[J]. Soil Biology and Biochemistry,

2018, 116: 224-236
[16] . [DI.
,2014
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Soil Organic Carbon Under Typical Vegetations at Alpine
Timberline in Wutai Mountain

LIU Nan', HAN Jinbin®, ZHAO Jianru?, LIU Min®

(1 College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2 Shanxi Wutai Mountain Arboretum, Shanxi Provincial Forestry and Grassland Administration. Xinzhou, Shanxi
035500, China; 3 CPECC Southwest Electric Power Design Institute, Chengdu 610021, China)

Abstract: Under the background of global warming, soil organic carbon (SOC) has become one of the most important
issues in study of global carbon cycle and global change ecology, especially in the alpine timberline ecotone with sensitivity of
climate change. Therefore, both of SOC contents and density (SOCD) were studied under subalpine meadow (CD), Larix
principis-rupprechtii forest (HL) and Picea meyerixLarix principis-rupprechtii mixed forest (YH) near the alpine timberline in
Wautai Mountain. The results showed that SOC contents of all three vegetations were decreased with soil depth. SOCD values of
studied soils were increased with soil depth. SOC and SOCD were mainly concentrated in surface soil, showed surface assembly
effect. As the same as the subalpine soils in China, in our study region, total SOC contents and SOCD of subalpine forest (HL,
YH) soils were both larger than those of subalpine meadow soils (CD). But it was different from subalpine soils in other
continentals except Asia. Total SOC contents and SOCD in subalpine soils of Wutai Mountain were approximately equal to the
mean total SOC and SOCD of subalpine soils in China, and they were larger than those of other continentals except Asia. The
differences of significant impact factors (P<0.05) on subalpine SOC were observed between Wutai Mountain and global scale. On
the global scale, soil depth and climate factors (P<0.05) in subalpine forests had more significant effects on SOC than subalpine
meadow/grassland (P>0.05). Thus, in Wutai Mountain, subalpine forest soils have more capability of carbon sequestration than
subalpine meadow soils. Their total SOC contents and SOCD are both approximately equal to the mean values of Chinese
national scale. Carbon pool of subalpine soils in China takes a leading position from a global view. However, more researches are
desired in order to reduce the uncertainties in multi-scale studies.

Key words: Soil organic carbon; Alpine timberline; Subalpine; Forest; Meadow; Climate change
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