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Patterns of biomass partitioning across alpine shrubs in the Three-river
Source Region™
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*Key Laboratory of Tibetan Medicine Research, Chinese Academy of Sciences, Xining 810008, China
*University of Chinese Academy of Sciences, Beijing 100049, China

/Nigiwet  Above- and belowground biomass allocation not only reflects plant growth adaptations to environment variations,
but also impacts carbon input to the soil and thus terrestrial carbon cycling. Here we investigated biomass allocation patterns
of alpine shrubs at both community and species in the Three-iver Source Region, China. Meanwhile, we explored the effects
of climate factors (i.e., mean annual temperature, MAT; mean annual precipitation, MAP) on the biomass partitioning pattern.
Our results showed that, the aboveground biomass of the community varied from 209.88 to 3 632.34 g/m’, the belowground
biomass varied from 178.81 to 2 262.03 g/m” and the shoot/root ratio (R/S) was 0.40 to 2.57. Among the species, the three
biomass variables ranged from 1.83 to 3 632.34 g/m’, 1.22 to 2 262.03 g/m” and 0.23 to 2.63, respectively. The slopes of the
allocation equations were 0.66 and 0.96 for community and species, respectively. These results indicated that the biomass
allocation was allometric for community, but the above and belowground biomass scaled isometricly for the species level.
Moreover, we examined biomass allocation patterns of four typical alpine shrubs, Rhododendron thymifolium Maxim.,
Salix oritrepha Schneid., Potentilla fruticosa Linn. and Sibiraea laevigata (Linn.) Maxim. We found isometric above- and
belowground biomass of R. thymifolium Maxim. and S. laevigata (Linn.) Maxim., but allometric biomass allocation in P.
fruticosa Linn. and S. oritrepha Schneid. Regression analysis demonstrated that the above- and belowground biomass of these
alpine shrubs were significantly influenced by MAT, with R/S not related to either MAT or MAP.

Three-river Source Region; alpine shrub; biomass allocation; climate factor
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Fig. 1 Location of sampling sites.
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1.1 ARXHEER

VTR M XA TR S IR b, R VT T R
YL & U Hb .l A B T-31°397-36°12'N, 89°45'-102°23'E,
3343 450-6 621 m, FEIF H3.63 x 10°km®. 4EH IR }-0.8
C, AEP R TR B 467.6 mm, AE7E K B M1 344.0 mm P72k
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*ﬂﬁlﬁh‘?‘ (5) Mok 223 b AR S5 5 i T, 3k B B 00
WANE I, B B35 m x 5 mYEERETT,
604~ EmEME T I LB Z Al /MBS m, F R EA
#IE50 m. FEEEANFET P, EE mox 1 mfRFRMERETS, 4
WCHIEAR S REA MM AV ST AW . A5
FEVE D\ F2 B2 oM 4 R M (Potentilla fruticosa Linn) #f
% . HHEAEF RS (Rhododendron thymifolium Maxim) BEZ |
et B3 4¥ [Sibiraea laevigata (Linn) Maxim|#EZ . LLZEH]) ( Salix
oritrepha Schneid.) #f & . QK55 4% (Spiraea myrtilloides
Rehd.) BER L K3k AEALRS ( Rhododendron capitatum Maxim. )
FERAE, BEMMINEL

EARZ A : 765 m x 5 mPIFEETT N, 43 BHE SHEA L H
B, Bpk () e F4 . SR, BB 28| WIESE, il
Y. BARRAE: A m < 1 mBE N, IR

x1 B S HENR

Table 1 Basic shrub characteristics of sampling plots

ARSI R L PR, G
HAy ).
1.2 HmRE

TEARJZ : WEARJZ M b AW B OJIE ARG FERE DT
BRI mo< 1T mfRFRMERETT, 63T 604. R A i BEAT IR
H, FE A AL (25 i) FREABUE (27100 ghitkE100
g) , il [l S aE P AR T

TR EYCRITEAZ L b A R R, R T mox
1 mfFEAZ AR X, ﬂii IR BURFELY100 gkt (&
EAEARZ T 100 100 g, BEAL100 gfE FE TR BUR 2
100 g) , 7 o] 52 56 = ML 300 2

TEARZH T AW i 7E b A B e oh, 20—
B RN R ET AR R, FRE ISR R R S HER AR R 2t
F7IX oy, FREL B T T E 20100 ghRE A AAAR, 2fF
[ S 5 2 BT AR AR AL T A ) A5 100 g, FERE

MEZ R ER, Hidw

USRS MHTER LAY 14K (h/m) (LN Wels HEARZE R [ NE S
Sampled county Dominant shrub types Altitude Origin of shrubs Slope position Height of shrubs Canopy cover
BE3 1 HL e R 3740 W i 070 750,
Banma Rhododendron thymifolium Maxim. Secondary Middle-lower ’ °
Py L A=HIHE 2 JRA: R
Banma Salix oritrepha Schneid. 3710 Primary Middle-lower 110 88%
AdR LA MIRE & JEAE i
Tiuzhi Salix oritrepha Schneid. 3720 Primary Middle L15 5%
VNG A RFELATER A IR E
Tiuzhi Rhododendron thymifolium Maxim. 3820 Primary Middle-lower 0.70 60%
/SG) i AL TR A T
Jiuzhi Sibiraea laevigata (Linn.) Maxim. 3738 Primary Lower 0.90 70%
i LA MR 2R JEUAE o [
Gande Salix oritrepha Schneid. 4067 Primary Middle-upper 1.00 60%
H s GEEMER JE A e
Gande Potentilla fruticosa Linn. 4120 Primary Middle 0.35 30%
LR B IEMERER JR A TR 0
Magqin Potentilla fruticosa Linn. 4029 Primary Lower 0.40 70%
% e A RER . SAEAE RS R .
I Rhododendron thymifolium Maxim., 3528 )E‘/T EP‘F%B 0.65 78%
Zeku . . Primary Middle-lower
Rhododendron capitatum Maxim.
ES 2] i L AETE AR A Y
Yushu Sibiraea laevigata (Linn.) Maxim. 4053 Primary Middle-lower 1.20 65%
Eh L R RER 4195 WL fF 0.60 o
Yushu Rhododendron thymifolium Maxim. Primary Middle-lower ’ °
ERY M LHRER J A= R
Yushu Spiraea myrtilloides Rehd. 4002 Primary Middle-lower 1.20 3%
T B IEAMIER A s
Yushu Potentilla fruticosa Linn. 4132 Primary Middle 0.45 60%
2 LB R 28 Bk Ui 055 5%
Nanggian Rhododendron thymifolium Maxim. Primary Middle-upper : °
il SEL AL TR ™ vk T 105 450,
Nanggian Sibiraea laevigata (Linn.) Maxim. ’ Primary Middle-lower ) 0
2 LA M & R A Y
7R
Zaduo Salix oritrepha Schneid. 4114 Primary Middle-lower 0.70 55%
e LR S R 4156 JFE S 0.40 65%
Chengduo Rhododendron thymifolium Maxim. Primary Middle-lower ’ °
Wz LAY £ A AR
Chengduo Salix oritrepha Schneid. 4296 Primary Middle-lower 0.80 75%
IEZ AL AR 3715 JEE L 1.40 70%
Chengduo Spiraea myrtilloides Rehd. Primary Middle-lower .
it BIEMEIER JRAE il
Xinghai Potentilla fruticosa Linn. 3579 Primary Valley 0.65 65%
RN SHE 4244t Chin J Appl Environ Biol http://www.cibj.com/
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m*, 0.23-2.63, HH{E 3 5 4585.83 g/m*, 687.22 g/m’50.96. 5
BEVEAALL , DAk i3t bS5 3R AR p A AL S B K, T N
AT IAR TE L (R/S) HH 2250/,
22 H EFTAEMENEXERKXR

VTR b X S FEHE N b AN A T, R OK
- (#=091) (F2B) HEEKFE (= 038) (E2A) HAH
I LA SR . RMAZS R AT B R, WRKEELE WA B2k
AL EEH0.959 (95%09 E A5 X [7] 24 0.900-1.018) (£3), #l&
REG AR ZEMLER (P> 0.05), F2H] =710 H X M
Yrfhih 1 AW R ST A B A AT A AR A e B S
ATV KT 1 23R4 0.663 (95%I1 815 X ] 4 0.439-0.887)
(B3, MAMRSFERFELELR (P<0.05), =TT
TG X E AR IR K3 [ M T A i i 4 B A & 7 4 i
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TR — AR ST BE TS KO 5 R OKOF B 25 S
JRA, 3 B = VT 05 b [X L 0 ) AR ) LA AL A L R
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Z. IZEMN (#=0.95) (E2D) 54 (°=0.90) (E2E) 4]
KKk R BIEOR T E A MY (= 0.59) (F20)
FEE T AL (2= 0.84) ([EI2F) RIS . RMARY /BT 4%
WoR, EP R OKEE B8 5 e B A A R
LR RS ) 2R0.996 (95%(1) EAF X 1] 4 0.586-1.406) |, 0.911
(95%) 5 X 7] 2 0.613-1.209) , 14 &1 5158 B &1
Z57 (P>0.05), #H _FHH AT EYENSE RN
FEHAM LR S EMS5 I ANIE RS BRI A
0.776 (95% B X [1] 24 0.646-0.905) . 1.132 (95%M E{Z X
[]251.025-1.239) , G RIR S5 FEREEZR (P<0.05),
B3 e 1 N 7 B O N i S R ST U L i ST
23 SEREZEXNEMESREILHI R0

ST b XA PR K A AR A R e S AN R Y. AR
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Table 2 The above-ground biomass (AGB), below-ground biomass (BGB) and R/S for community and specie shrubs in the Three-river Source Region

BE7% Community (m/g m?)

Y Specie (m/g m?)

AWy SHUE L

B S PEAR ROAM RAME PR b BEAR  ROKH BUME OTHIE B
Sample size Max Min Mean Median Sample size Max Min Mean Median
E=N
s b 2L . 60 3632.34 209.88 1127.94 1034.42 98 3632.34 1.83 690.58 585.83
Aboveground biomass
s | ik . 60 2262.03 178.81 1037.11 965.93 98 2262.03 1.22 634.97 687.22
Belowground biomass
R R/S 60 2.58 0.40 1.04 0.96 98 2.63 0.23 1.09 0.96

R3 ZITRMREMB RS EEMEMBTEMENSERR

Table 3 Allocation patterns of aboveground biomass (AGB) and belowground biomass (BGB) for shrub community and species in the Three-river

Source Region

K PRI . . B OS5 <) [
Level Sample size Slope (95% confidence interval) Intercept

HEYE Community 60 0.38 <0.01 0.663 (0.439-0.887) 1.030

Yy Specie 98 0.91 <0.01 0.959 (0.900-1.018) 0.119
HHAEFEHY Rhododendron thymifolium Maxim. 20 0.59 <0.01 0.996 (0.586-1.406) -0.034
LM Salix oritrepha Schneid. 28 0.95 <0.01 1.132 (1.025-1.239) -0.317
4> §&#f§ Potentilla fruticosa Linn. 19 0.90 <0.01 0.776 (0.646-0.905) 0.528
¢ ¥4 Sibiraea laevigata ( Linn. ) Maxim. 11 0.84 <0.01 0.911 (0.613-1.209) 0.911
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B2 STiRM X EEWE (M,) Mt TEYE (M) WEWENEXR. A: #0%; B: W, C. WHEFEAS: D: AN E: &84, F. & 51
Fig. 2 Relationships between aboveground biomass (M,) and belowground biomass (M) in the Three-river Source Region. A: Community; B: Species; C:
Rhododendron thymifolium Maxim.; D: Salix oritrepha Schneid. ; E: Potentilla fruticosa Linn. ; F: Sibiraea laevigata (Linn.) Maxim.

(EI3A) , MAE Y T b A8 I F % BRI (P
> 0.05) (F3B). Zelih, KA X 1R A4 /= 19 52 i 5 %
i F A RS2 MR AR ] R A e S A R R A B i
W (P < 0.05) (FI3C), FHREN RS NP8 2 (A
BAHBERLR (P>0.05 (K 3D). FHHEEZZmi -
A AEY B EEEER, MAEH RN E R R ZERHE.

WAL S5AEYIRE (K3E) F4E4REN & ([E3F) #%A
WERSER (P> 0.05). EXEESEMN M R T AY &
Z AR IE AR G B 6 28, T i IE AR 56 7K m] e S AR AT Y,
PR I 244 90 5 AR A R, AR B L LS R A g R A 1
hn, 5% G (R/S) BYAS{L AR 3.

e W

30 ZIIRESEEMMT S FEMEZ L

P Mokany % i 5%, [t M AW BE R AR R LE (R/S) 2y
1.84 U = YT U5 b X VE A BEYE O AR 7 L (R/S) Sk 0.96 (3
4) . TR Hb DX b Ab 7 5T R JRUVE M, SRR B A T
X 2E . WESTHSEA AR M3 742 m, AFEEIR AL R0.25 °C,

RN SHE 4244t Chin J Appl Environ Biol

http://www.cibj.com/

R4 AEEHLEBMRELL (R/S)
Table 4 R/S of different vegetation types

TR e e ¥ A SCHK

Vegetation type Median ~ Mean Range Reference
# M\ Shrub 1.837 NA  0.335-4.250 [16]
F ] 3l
Grassland of China >4 6.2 0.2-16.0 (21]
(e
Alpine grassland 38 NA 0.8-13.0 (1]
TR R
Temperature grassland 6.3 NA 04-32.2 [34]
P E 2R L ER AR b
Forest of northeast China NA 0.27 0.09-0.67 35]
FIEHI A5
Alpine shrub 0.96 104 040-2.57  ppig study

NA: JC¥#E. NA: no data available.

FIRE 23 BRI E AR R B LR, [RTIN, ARH o b O3 £ B
ZH Y, SRBUE 2 06 IR SRR 1 AR R P,
I, AR T M A DA 3 X G i D DX A B AR O L B
JIN. B T R I FE R AR L (5.8) "OUMIRF NS IR
A R AR HE (6.3) B, SR e S AE TR oL A oh,
W (B 5N ) AR R LG AR T b DX A B (2 3t 5
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B3 TRt X#EN FEYE (AGB) | I TEYE (BGB) | RELE (R/S) EREERZRZ EMER. MAT: FEHHLE; MAP: 4R 4.
Fig. 3 Relationships of above-ground biomass (AGB) (A, B), below-ground biomass(BGB) (C, D) and root:shoot ratio (R/S) (E, F) with climatic factors
for shrubs in Three-river Source Region. MAT: mean annual temperature; MAP: mean annual precipitation.
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RAETE B E A 2S [a A& (7 = —0.4, P <0.05) ", X FfAf
KERT BB B EUR 7 b X A R A B 2. RS &
A AR 5, 1R B A e AR R, PRk =2 (]
1Y 5] VR AT RE 2 5 B0 I R S B8 0 35 Hh 52 i) A 9k AR i
Fe. S —Jr i, Al RES =TT IR AT OT X A A AR Ak 3 B A X A
INE . R B AR AR IE A -2.37-2.61 °C, 4RI FERN A Y AR
ALYE 4 280-572.50 mm, 3 AYAR Ak AR XN, (A5
i LU BE A R R AR AN B 3. B, 7E2RTRNE T,
VTR 2 M X R b b T A I AT RE
SRR E .
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