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Effects of Land Use Patterns on Grassland Biomass and Soil Properties in
Three-river Headwater Area
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Abstract: The four land use patterns, alpine meadow steppe, degraded alpine meadow steppe, degraded al-
pine steppe and artificial grassland, were selected to study the effects of land use pattern changes on alpine
grassland, and the differences in biomass, soil bulk density and soil nutrients, soil organic carbon, total
nitrogen, total phosphorus, available nitrogen and available phosphrous content were determined in Qum-
alai county, Three-river headwater area. The results showed that total biomass presented the order of al-
pine meadow steppe>>degraded alpine steppe>degraded alpine meadow steppe™>artificial grassland. Total
biomass decreased significantly after degradation and artificial planting, especially the root biomass. The
root biomass of degraded alpine meadow steppe, degraded alpine steppe and artificial grassland were only
31.9%, 54.8% and 13. 9%, and the total biomass were only 32. 8%, 49. 4% and 29. 5% of alpine meadow
steppe ,respectively. The above ground biomass of artificial grassland was the highest, but the root bio-
mass was the lowest, which led to the lowest total biomass in the four land use patterns, only 29. 5% of
alpine meadow steppe pattern. Soil bulk density in 0—10cm soil of the artificial grassland decreased signifi-
cantly, and degradation had no significant effect on soil bulk density. The variation of soil bulk density in
the soil profile of the three natural grassland types was not obvious. Soil carbon, nitrogen and phosphorus
content were at a low level in the area. Degradation mainly caused heavy decrease of soil carbon and nitro-
gen in surface soil, and 53.0% and 52. 4% loss of the alpine meadow steppe, respectively. The available
nitrogen and phosphorus of the four types were all at a lower level, which could not support plant growth.
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The degradation had little effect on soil total phosphorus and available phosphorus.
Key words: Alpine meadow steppe; Degraded alpine meadow steppe; Degraded alpine steppe; Artificial
grassland; Biomass; Soil nutrients
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Table 1 Grassland situation of the different land use patterns in Qumalai county
Land use patterns Geographic coordinates Altitude/m Grassland situation
N 34°1269, E 95°8420 4884 , . (Kobresia pygmaca) .
Alpine meadow N 34°1295, E 95°8398 4886 (Stipa purpurea) . (Ptilagrostis dichotoma) | (Leon-
steppe N 34°1256, E 95°8398 41888 topodium leontopodioides) s 80%.
N 34°1275, E 95°8396 4270 .
Degraded alpine N 34°1301, E 95°8399 4272 (Saussurea undulata) | (Poa pratensis) . (Oxytropis ochro-
meadow steppe N 34°1254, E 95°8400 4270 cephala) N . 20%
N 34°8130, E 94°9961 4322 s , (Pedicularis
Degraded alpine N 34°8126, E 94°9955 4326 Linn.) . (Herba Taraxaci) . (Ajania tenuifolia) .
steppe N 34°8134, E 94°9938 4314 . 10%., 90%~95%.
N 34°1265, E 95°7996 4270 ,2002 (Elymus nu-
Artificial N 34°1292, E 95°7991 4276 tans) , , , <30%,
grassland N 34°1310, E 95°7986 4274 45 cm, 65% .,
1.2 50 ecm X 50 cm )
6
\ \ cm 0~10 cm,10~20 cm, 20~ 40
4 . cm,40~60 cm ) )

3 ’ ( <5O)9 2 mm )
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Table 2 Biomass of different land use patterns

Biomass/ g * m™?

Land use patterns Above ground Root Total
178. 0£20. 6° 1168. 4455, 92 1346. 4448, 32

Alpine meadow steppe
68.4+8.7¢ 373.3418. 2¢ 441, 7421, 4¢

Degraded alpine meadow steppe

24,742, 54 640.5426. 3" 665. 2433, 5"

Degraded alpine steppe
235. 6415, 8" 161.6+11. 8¢ 397.2413. 74

Artificial grassland
+ : (P<C0.05),

Note: The data represent mean® standard deviation. Different small letters in the same column indicate significant difference at the 0. 05 level

among different land use patterns. The same as below
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1
Fig. 1 Soil bulk density of different land use patters
(P<C0.05)

Note: Different small letters indicate significant difference at the 0. 05 level among different soil depths

3 0~10 cm 10~20
. 10~20 cm cm 20~40 ecm  40~60 cm . 4
20~40 cm 0~10 em  40~60 cm , R
3 N

Table 3 Soil organic C, total N and total P content of different land use patterns

Land use patterns Soil layer Soil Organic C/g « kg™! Soil Total N/g + kg™! Soil Total P/g « kg™!
0~10 cm 9.0340, 428 0.2140.01"8 2.0240, 17
10~20 cm 12.4040. 564 0.3040.01bA 2.3540. 204
Alpine meadow steppe 20~40 cm 7.854-0. 54<C 0.2040. 024 2.324-0. 184
40~60 cm 4.5140. 22 0.1240. 01 2,040, 247
0~10 cm 4.25+0. 25% 0.1040. 01 1.8140. 12<¢
Degraded alpine 10~20 cm 20,4040, 3727 0.4840. 02 2.9140. 28
20~40 cm 16. 10420, 75 0.45+0. 02 3.024-0, 22¢A
meadow steppe 40~60 cm 4.2540, 31« 0,110, 01 2,620, 320A8
0~10 cm 7.4240, 50 0.204+0. 018 3.2240, 228
10~20 cm 5. 6640, 284 0.1740. 01« 3.20740. 318
Degraded alpine steppe 20~40 cm 5.0140, 234 0.2340.01°A 3,850, 45bA
40~60 cm 4. 9940, 198 0.1640.01 3.5140, 27"
0~10 cm 24,8041, 36%A 0.6340. 03 4.8140. 31
10~20 cm 14. 1040, 748 0.45+0. 02 4.7240. 36
Artificial grassland 20~40 cm 10. 1020, 46%¢ 0.2540. 01 4.5240, 300
40~60 cm 2.9740. 12 0.1740.01%¢ 4. 24740, 40°A
(P<0.05),

Note: Different capital letters indicate significant difference at the 0. 05 level among different soil depth of the same land use patterns. The

same as below
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Table 4 Soil available N and P content of different land use patterns

10~20 cm

Land use patterns Soil layer Soil Available N/ mg « kg™! Soil Available P/ mg * kg™ !
0~10 cm 62. 743, 9 4,640, 34
10~20 cm 61. 745,20 5.5%0. 224
Alpine meadow steppe 20~40 cm 34.343.5F 3.740. 2%
40~60 cm 28.543. 0% 3.040. 2%
0~10 cm 14.94£3. 19 4,440, 2%
10~20 cm 121. 0410, 1#4 5.340. 3%
Degraded alpine meadow steppe 20~40 cm 84,544, 08 5. 740, 3%
40~60 cm 65. 244, 7% 4,570, 3B
0~10 cm 30. 142, 5P 5.940. 404
10~20 cm 43.7+4. 6 5.140., 2
Degraded alpine steppe 20~40 cm 19. 62, 39 4,040, 208
40~60 cm 14.0+£1. 8¢ 3.440.28
0~10 cm 94, 748, 0% 8. 60,24
10~20 cm 74,046, 3B 4,040, 18
Artificial grassland 20~40 cm 58. 842, 8" 4.340. 1"
40~60 cm 29.4+3. 1P 4,340, 2%
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