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Belowground biomass in Tibetan grasslands and its environmental control factors
YANG Xiujing, HUANG Mei ", WANG Junbang, LIU Hongsheng

Key Laboratory of Ecosystem Network Observation and Modeling , Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of

Sciences, Beijing 100101, China

Abstract: Belowground biomass ( BGB), contributing 80% of total bhiomass to grassland in Tibetan Plateau, plays an
important role for grassland carbon cycling. Understanding the relationships between BGB and its environment factors is
crucial for grassland resources management and predicting the future influence of climate change on Tibetan grassland
ecosystem. Many previous studies have investigated the relationship between BGB and its environment in Tibetan grassland,
however large uncertainties still exist, and some research results are even controversial due to limited ground samplings.
This study overcomes the previous sampling problem, analyzes the relationship between belowground biomass and its
environmental factors based on a large scale of field survey conducted in August 2010.

Total 32 field sampling plots were selected along two transects in Tibetan plateau: the North-South transect from the
Huangyuan county (36.4°N, 100. 96°E), Qinghai province, across 7 latitudes southward to Bomi county (29. 64°N,
96.72°E ), Tibet Autonomous Region, and the East-West transect mainly located in Xigaze area, Tibet Autonomous
Region, along the Yajiang Valley, starting from Saga county (29. 33° N, 85. 38°E) across 7 longitudes eastward to
Gongbujiada county(29.69°N, 92.27°E). Statistical methods were used to analyze the relationships between the observed
BGB of grassland in Tibetan Plateau and the environmental factors including observed soil moisture, annual precipitation,
annual mean temperature, soil organic carbon and soil nitrogen contents.

Research results show that soil moisture is the most critical controlling factor which influences the spatial distribution of

grassland BGB in Tibetan Plateau. It is positively correlated with Tibetan grassland BGB, explaining 52. 76% of total
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variation in Tibetan grassland BGB. For these two transects, the grassland BGB is more significantly correlated with soil
moisture in the East-West transect (R>=0.6744, P<0.01) than in the North-South transect ( R>=0.4081, P<0.01).

The connection between grassland BGB and precipitation is complex. For all Tibetan grassland plots, only 7. 95%
(P<0.01) of the variance in BGB can be explained by precipitation. Grassland BGB increases with increasing precipitation
(R*=0.1910, P<0.01) in the East-West transect, but the correlation between the two variables is insignificant in the
North-South transect. Such discrepancy between the two transects is partially due to fluctuant topography in this region,
causing large differences of evaporation and runoff over a large area, and thus significant differences in grassland BGB.

The relationship between grassland BGB and temperature is weak with no significant correlation between temperature
and grassland BGB in the East-West transect. Along the North-South transect, the temperature is negatively correlated with
grassland BGB, and explains only 11.86% (P=0.0397) of the variation in grassland BGB.

Tibetan grassland BGB is positively correlated with surface soil organic carbon (R*=0.3094, P<0.01) and total
nitrogen content (R*=0.2081, P<0.01). The positive relationship may be explained by the fact that increased below-
ground biomass is related to increased amount of root litter in the soil, thus increased organic carbon and total nitrogen
content in the soil. Comparison of the relationships between grassland BGB and the soil organic carbon in the two transects
indicates that the correlation coefficient (R’ =0.6751) and the confidence level (P<0.01) in the East-West transect are
higher and more significant than those (R*=0.1445, P=0.0222) in the North-South transect. The grassland BGB is also
closely related to soil total Nitrogen with the R* and confidence level in the East-West transect 0. 4593 and less than 0.01,
respectively, much higher and more significant than those (0.1050 and 0.0539, respectively) in the North-South transect.
The reason for more significant relationships in the East-West transect is still under investigation. Overall, this study
demonstrates the strong relationships between BGB of grassland in Tibetan Plateau and its environmental factors, and these

relationships vary significantly over large spatial scales.

Key Words: Tibet Plateau; belowground biomass; transect; alpine meadow; alpine steppe
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Table 1 Location, vegitation type, altitude, MAP and MAT at grassland plot sitts

i 1% e/ s/ e I s AP C
Site number Location Latitude Longitude Vegetation Altitude Mear,‘ f‘““}‘al Mean annual
type precipitation temperature
1 2 ffe 30.49 91.07 e 4313 537 0.3
2 F/FF 30.07 90.47 [N 4316 510 0.4
3 T4 29.34 89.29 o FE L 3806 394 4.3
4 PR AR 29.16 88.54 (BN 3973 375 5.1
5 BEMNAER 29.05 87.85 o FEFL 4058 378 3.9
6 VLR R 29.3 87.15 T FE A 4357 385 2.8
7 BRI 2R 29.33 85.38 [HEE N 4498 497 0
8 e AT P 29.43 85.9 e FE 4915 484 -0.5
9 — 29.48 86.51 [SELN) 4671 442 0.2
10 LIRSV 28.55 86.16 o 4991 543 -0.4
11 — 28.75 86.35 [0 4427 494 0.8
12 28.6 86.67 [ 4327 463 1.2
13 EHR 28.65 87.19 [HEE N 4358 425 1
14 — 28.92 87.43 R E 5104 423 0.9
15 BT 29.84 91.73 T FE ] 3972 528 4
16 29.69 92.27 R E ) 4412 617 0.7
17 — 29.64 96.72 [ L] 4415 778 -0.5
18 Hiks 30.27 97.27 e FE HLR) 4134 587 2.1
19 £ A 30.61 97.08 [N 4343 587 1.9
20 ERLY L 31.42 96.43 (e 3993 601 1.6
21 Hfdt 32.34 96.43 Te FE T ] 3674 583 1.5
22 THiF 32.74 96. 64 1o FE ] 4063 571 0.4
23 32.89 96.76 R FE LA 4202 559 0
24 Rt 33.18 97.4 (e 4025 541 -0.9
25 FrZm 33.34 97.4 EFE i) 4230 536 -1.3
26 AL 35.36 99.16 [SESSNE 4181 448 -3.1
27 NTE!N 35.63 99.55 o FE 3938 450 -2.5
28 35.83 99.65 o FEHL 3756 422 -0.6
29 MV 35.78 99. 88 [SESINE 3562 410 0.8
30 MR 35.66 99.93 o FERL 3443 407 1.2
31 gk 35.88 99.96 o JE 3357 400 1.6
32 (R R) 36.4 100.96 i FEHL 3303 446 1

1.2.2  FHESKE
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THESEE Al WIS E DU AT 105 CCHET  FREHE T LT EE S, , B A RIS K W
W=(S,-S,)/S, (1)
1.2.3  EHEEHLK
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K, DA AT By Matlab $00FS28E
2 #REITR
2.1 WFRE KR T A Y E ST R R

X6 T R e D Ml b AR S AR AR R (AR ARR AR R K TR B RIS K R
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Fig. 2 Regressions of belowgrownd biomass to soil moisture content, surface soil organic carbon, surface soil N and mean

annual precipitation
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Table 2 The environment variables diffrences of north-south and west-east trasect

_ SPEPEFR L ORI R 22 SPE R FRA 2 ARk EIN i FiSiivs
RN . Lo
T . Average The max altitude Annual mean  The max tempreture ~ Mean annual The max precipitation
T name
asect hame elevation/m difference/m tempreture /°C difference /°C precipitation/mm difference/mm
LAY North-south trasect 3910 1112 0.3 5.2 527 378
IRPAREMNF West-east trasect 4328 1299 1.8 5.5 465 242

4 JrR T AR B T A W) S AR R K S AR IR AR PYAE R MR A e S K
A TEAR DG 2, e RAGAE 0. 1910, P KSR fE/NT 0. 01, X —BFS8 4550 5 5 SC2r 8 NP %y 52y il
R A i s )8 S R R IS 2 SRAR L (EL S 2 AR (RIS 45 RAR L, A 5T e W] v FE Rl b
A=Wy SREK B R UGG R . TR LR R A= ) i SR K IR IR A ADCOC R, X 5 UL E
WA IR, LA EAFSEES R0 22 57 ] REJ2 Fh AT ST IX AR AR AU IR 25 1 L 325 1F 2R IR A S DAY, th
AP I 7K ) e S A R 4 P B SR 2 S AN s
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Fig.3 Regressions of belowgrownd biomass to soil moisture content with west-east trasect trasect and north-south trasect
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Fig.4 Regressions of belowgrownd biomass to mean annual precipitation with west-east trasect trasect and north-south trasect
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Fig.6 Regressions of belowgrownd biomass to surface soil organic carbon with west-east trasect trasect and north-south trasect
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