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Spatial variations in nutrient accumulations within the tundra zone on Changbai

Mountain
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Environmental Sciences, Chinese Academy of Sciences Beijing 1000855 2. City Planning Bureau of Pingyao County Shanxi Province, Pingyao.
031100,China). Acta Ecologica Sinica,2004,24(11) :2360~2366.
Abstract : It is important to better understand the biogeochemical cycling of the alpine tundra zone on Changbai Mountain as this
ecosystem plays an unique role in ecological services in the region, such as protecting water and soil from erosion for three
major river systems in northeast China. However, little attention has been paid on biogeochemical distribution and storage of
the alpine tundra on Changbai Mountain. In 2003, we conducted a field study to investigate the distribution and storage of N,
P and S in plants (above-ground vegetation), litters and soil of the tundra zone at elevations ranging from 1 950 to 2 650 m on
Changbai Mountain, lying along the border of China and North Korea. We set up 4 random sampling plots at a 100 m interval
of elevation along a transect between 1 950 and 2 650 m on Changbai Mountain. The plot size is 0. 2X 0.2 m. All the plants
inside a plot were harvested. The soil bulk density was determined by the cutting-ring method to a depth of 5 cm and 15 cm,
respectively. The soil, litters and plants were re-sampled, and N, P and S contents in them were analyzed. The nutrients were
compared among five tundra types: Stony Tundra (ST), Typical Tundra (TT), Swamp Tundra (WT), Meadow Tundra
(MT), and Rocky Tundra (RT).

The contents of N, P and S in plants varied among the five tundra types and followed an order of ST>TT>WT>MT >
RT. The total nutrients for plants, litters and soil as a whole follow an order of WA>TT>MT>ST >RT. The average
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accumulation of N, P and S in plants was 72. 46 kg » hm™*, of which 48. 55 kg * hm *was for N, 10. 33 kg * hm™ *was for P,
and 13.61 kg * hm “was for S in plants, respectively.

The litter biomass was between 1. 258 and 2. 543 kg * hm™ *with the average of 1. 96 kg « hm . The total accumulation of
N, P and S in litters was as follows: TT>WT>RT>MT>ST. The average accumulation of N, P and S was 82.5 kg -
hm *, of which 46.28 kg « hm *was for N, 21. 14 kg « hm *was for P, and 15. 08 kg « hm *was for S in litters, respectively;
the average accumulation of N, P and S was 39.6 t + hm “in soil (0~20 cm), of which 23.76 t « hm *was for N, 5.86 t +
hm ™ *was for P, and 9. 98 t « hm ™ ?was for S in soil, respectively.

The soil pool was the major pool of the nutrients in the alpine tundra zone of Changbai Mountain. The total accumulations
of N, P and S was 40 644. 98 kg * hm ?in the tundra zone, of which 24 734. 85 kg « hm *was for N, 10 018.7 kg * hm *was
for P, and 5 891. 43 kg * hm *was for S, respectively.

Key words :nutrients; vegetation type; alpine tundra; Changbai Mountain

:1000-0933(2004)11-2360-07 : Q948 A
) 3 oy, CO,
Lz=sl) ( ) .
. 1702 , ,
95.8% N . . ) ;
) ’ LG";JD
. . 3 . , , s,
) L‘)J’
i) []O‘H]o
1
1.1
. B2, . . 3 ,
, 506.6 J +cm? s a !, 2295 h, —7.4C, (1 )
—23.8C, 7 ) 8.4C, 19.2C, —44C( 42°01'N,128°05'E, 2623
m), 1950~2691 m 15860 hm?, 41°53' ~ 42°04'N, 127°57' ~128°11'E,
15195 hm?, 95.78% 1950~2650 m .
1.2
5 (RT); (ST); (TT);
MT); (ST,
2003 8 1950,2050, 2150, 2250, 2350, 2450, 2550 2650 m
) 4 . 0.2mX0.2m, . )
5 cm 15 cm o s s 4
. K,Cr,0,-H,S0, ; ; HNO,-HCIO, +
BaCl, o
; ; K,Cr,0,-H,S0, + BaCl, .
L), C,=BDXC.XD; C, (t « hm %), BD (g +em™), C,
(%).D (cm),

T (p=<<0.05), SPSS .



2362 24
2
2.1
1 5 o
N (ST,2.05%) s (RT,1.34%) ;P N s
(0.65%) ST RT(0.27%) . S (WT,0.49%) , ST
(0.31%) o N N.,P S
s 3 (STH)> (TT)>
(WT)> (MT)> (RT)., T o
1 %)
Table 1 Concentrations of nutrients in different parts of different vegetation types in Changbai Mountain
Nutrients
Vegetation type Components .
Total nitrogen Total phosphorus Total sulphur Total
RT Belowground 0.2940.12 0.0540.02 0.224+0.12 0.56+0.05
Aboveground 1.0740.78 0.134+0.03 0.14-+0.02 1. 3440.07
ST Belowground 0.53+0. 14 0.27+0.16 0.18+0.08 0. 9840. 06
Aboveground 1.524+1.10 0.3840.43 0.1340.11 2.03£0.10
T Root 0.55+0. 05 0.0940. 04 0.10+£0. 06 0.74+0.02
Stem 0.50+0.23 0.09+40.07 0.15+0.10 0.74+0. 06
Leave 0.82+0. 34 0.1240.09 0.20+0.12 1.1440. 09
MT Root 0.36+£0.12 0.1240.08 0. 08+0. 04 0.5640.03
Stem 0.27+0.13 0.0840.03 0.17+£0.12 0.52+0. 07
Leave 0.66+0.21 0.1240.11 0.18+0.09 0.9640. 02
WT Root 0.56+0.23 0. 0540. 04 0.11+£0.07 0.7240. 04
Stem 0.52+0.13 0.0740. 04 0.19+0.11 0.7840.07
Leave 0.54-+0. 36 0.15+0.11 0.19+0.16 0.88+0.02
RT: Rocky tundra; ST Stony tundra; TT: Typical tundra; MT:
Meadow tundra; WT: Swamp tundra; the same below
2.2
s 72.46 kg + hm ™%, 48.55 kg « hm %, 10. 33 kg « hm™ %,
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Table 2 Biomass and nutrient accumulation of different vegetation types
Nutrients (kg « hm~2)
. . Biomass
Vegetation type Components . .
(kg » hm %) Total nitrogen Total phosphorus Total sulphur Total
RT Belowground 23.82+2.84 0.07 0. 01 0. 05 0.13
Aboveground 36.1847.18 0. 39 0. 05 0. 05 0. 48
ST Belowground 177423. 91 0. 94 0. 45 0.32 1.73
) Aboveground  734-13. 81 1.12 0.28 0. 09 1.48
TT Root 1160.32+110.8 6. 34 1.09 1.21 8.63
Stem 1204.724+98. 6 6.02 1.08 1. 81 8.92
Leave 594.96+75.2 4. 86 0.71 1.21 6.78
MT Root 1722.64+110. 45 6. 20 2.07 1. 38 9. 65
Stem 655.4+98. 4 1.77 0.52 1.11 3.41
Leave 522+32.17 3.45 0.63 0. 94 5.01
WT Root 833.98+212.7 4. 67 0.42 0.92 6. 00
Stem 753.48+78.3 3.92 0.53 1.43 5. 88
Leave 1632.54+213.7 8. 82 2.45 3. 10 14.37
Total 9390 48.55 10. 33 13.61 72.46
2.3
[16,17]
b o
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9 b o
5 3. s WT
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82.5 kg « hm™?, N.P S 46.28 kg « hm %, 21.14 kg * hm * 15.08 kg « hm ?,
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N ;P TT s >
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( b
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Table 3 Biomass of litter and nutrient accumulation of different vegetation types

Biomass of litter

Vegetation type

Nutrients (kg + hm™?)

(kg * hm—?) Total nitrogen Total phosphorus Total sulphur Total

RT 1.378+£0.78 11.16 4. 27 1.1 16.53

ST 1.415+0. 21 5.3 1. 81 1. 06 8. 17
TT 2.356+3.41 11.31 7.54 4.47 23.32
MT 2.154+2.17 10. 34 2. 81 3. 01 16.16
WT 2.476£0. 89 8. 17 4.71 5. 44 18. 32

Total 1. 98(Ave.) 46. 28 21. 14 15. 08 82.5

2.4
5 4, (0~20 cm) .3
39.6t+hm ?, 23.76 t « hm 7, 5.86 t+ hm 2, 9.98 t » hm ?,
(@D (0~10cm), RT,ST TT , MT
, (p<<0.05), (0~10 cm) 10~20 cm .
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Table 4 Concentrations and accumulation of nutrients in different vegetation types

RT ST TT MT wT
Soil 0
/J‘ 0, U‘ U]
Nutrients depth O ) Accumulation | % ) Accumulation | h ) Accumulation A ) Accumulation  Conce-  Accumulation
Concentration B Concentration . Concentration _,. Concentration _, ) _
(cm) (t«hm—?%) (t*hm—2?) (t « hm—?) (t+hm—?) tration (t*hm—2)
o~10 O 3.33 0- 32 2. 62 0- 32 2.49 0o 4.1 093 2.05
N €0.07) ’ 0.03) ’ (0.02) ’ 0.15) ’ 0.14) ’
0.22 0. 24 0.23 0.34" 0.18
10~20 2.02 1.94 1.63 2.55 1.01
(0.02) (0.03) (0.02) (0.03) (0.03)
0~10 0. 06 0.59 0.03 0.25 0.08 0. 62 0.1 0.76 0.18 0. 62
P 0. 05) ’ 0.02) e (0. 06) ’ 0. 06) ’ (0. 03) '
0. 05 0.03 0.09* 0.12* 0. *
10~20 ? 0. 46 0. 24 ) 0. 64 12 0.9 14 0.78
(0.03) (0. 01) (0. 04) (0.03) (0. 06)
0~10 0.12 118 0.11 0.9 0.11 0. 86 0.17 1. 29 0.11 0.68
s 0.01) ’ (0. 02) o 0. 01) ’ (0. 04) o 0.03) ’
0.08 0.12" 0.11" 0.3" 0. 06
10~20 0.74 0.97 0.78 2.25 0. 34
(0.01) (0. 06) (0. 04) (0. 36) (0.01)
~20 — 113.65 — 115. 36 — 128.19 — 162. 05 — 108. 1
Total
TN Total nitrogen, TP Total phosphorus, TS: Total sulphur; Values in the parentheses are standard deviations of samples

from four sites in one type of vegetation; * Means that this value is significantly different with that in RT of Alpine tundra at same depth (p<<

0.05)
(3 MT (p<<0.05). MT( ),
. (p<<0.05), MT . WT TT.
N S WT P MT . ,
, N N P
P . MT S.
2.5
5 3 40644. 98 kg « hm 2, 24734.85 kg « hm 7,
10018. 7 kg * hm~2, 5891.43 kg « hm 2 5),
) N>S>P . N
MT>RT>TT>ST>WT; S MT>RT>ST>TT>WT; N MT>WT>TT>
RT>ST, . 95%
3
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N 17] F19~2ﬂ7

o



11 : 2365

[22,23] ., RT MT R
. RT MT . ;
N ; .
5 (kg » hm %)

Table 5 Accumulation and distribution of N,P and S in Alpine tundra ecosystem of Changbai mountain

RT ST TT MT WT
Nutrients Components Total
N Plant 0. 46 2. 06 17. 22 11. 42 17. 41 48.57
Litter 11.16 5.3 11.31 10. 34 8. 17 46. 28
Soil 5350 4560 5020 6650 3060 24640
Total 5361. 62 4567. 36 5048. 53 6671.76 3085. 58 24734. 85
S Plant 0.1 0.41 4.23 3.43 5.45 13. 62
Litter 1.1 1. 06 4. 47 3.01 5. 44 15. 08
Soil 1920 1870 1640 3540 1020 9990
Total 1921. 2 1871. 47 1648.7 3546. 44 1030. 89 10018. 7
P Plant 0. 06 0.73 2. 88 3.22 3.4 10. 29
Litter 4.27 1.81 7.54 2. 81 4.71 21.14
Soil 1050 490 1260 1660 1400 5860
Total 1054. 33 492. 54 1270. 42 1666. 03 1408. 11 5891.43
(0~20 cm) 5.86t+ hm ?,
[24]
) . )
[20,25]
., b b o
N o ST MT (10~20 cm) . MT
WT o
(0~20 cm) s 9.98 t « hm ?, o
0 S B ) 1) ) EZS:u
s o S
, S P , o
s N,P S R
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