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Abstract: The changes of plant biomass allocation patterns reflect the adaptation strategies of plants under different
environmental conditions. Under the future climate warming, plant production and biomass allocation will change
significantly in the alpine ecosystems of the Qinghai-Tibet Plateau. However, up to date, little information has been
available on the plant biomass allocation and its responses to climate warming in the alpine scrubland on the eastern
Qinghai-Tibet Plateau. In order to investigate the effects of climate warming on plant biomass allocation patterns of the
alpine scrubland, open top chambers (OTC) were employed to simulate warming in this study. We examined the effects of
the simulated warming on the plant biomass allocation patterns of shrub, herbaceous layer and community level of the typical
Sibiraea angustata alpine scrubland on the eastern Qinghai-Tibet Plateau. The results showed that the simulated warming
increased the air temperature and soil surface temperature by 0.6 °C and 1.2 °C, respectively, but decreased soil surface

water contents by 2. 7% throughout the whole growing season. Simulated warming significantly increased the aboveground

BEWE VYRR LIR30 H (18Q047)
1 #% B #7:2020-04-08 o) 4 t AR B 3 :2020-12-24
# WIRAER Corresponding author. E-mail ; feng281@ 126. com

http ://www. ecologica. cn



1422 A E = 41 5

biomass of herbaceous layer and community level by 57.8% and 7.2% , respectively, as well as significantly increased the
root biomass of shrub, herbaceous layer and community level by 42.5% , 105. 6% and 45.6% , respectively. However,
the simulated warming did not significantly affect the aboveground biomass of shrub layer. Simultaneously, the simulated
warming not only significantly increased the total biomass of shrub, herbaceous layer and community level by 25. 6% ,
85.7% and 28.4% , respectively, but also significantly increased the root:shoot ratios of those by 33.2% , 30.4% and
36.0% , respectively. The results implied that the simulated warming promoted plant biomass production, and also
significantly increased the proportion of plant biomass allocation to belowground roots in these alpine scrub ecosystems.
Moreover, Pearson correlation analysis revealed that plant biomass allocation of alpine scrubland was significantly and
positively correlated with air temperatures, soil temperatures and soil nitrite nitrogen contents. Multiple linear regression
analysis also showed that air temperatures, soil temperatures, and soil nitrate nitrogen contents explained more than 50.8% of
the variation of plant biomass allocation in the alpine scrubland. The results indicated that plants in these alpine scrubland

could adapt to future climate warming by modulating their biomass allocation patterns on the eastern Qinghai-Tibet Plateau.

Key Words: simulated warming; alpine scrubland; biomass allocation; aboveground biomass; root biomass; root:

shoot ratio
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Fig.1 The effects of simulated warming on air temperature, soil surface temperature and soil surface water content in the alpine scrubland
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Fig.2 The effects of simulated warming on biomass allocation in the alpine scrubland
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SRR EREIN T 25.6% 85.7% F128.4% (P < 0.05) ., MR FHEAR BAZMBETEHRIE LN
1.22 1.41 A1 1. 23 BB RHEAR 2 | R 2 FIREE At B 5 m, A3 il R 2 | AR 2 R,
M B 8 T 33.2% 30.4% F136.0% (P < 0.05)
2.3 EIEHEMMEY AP RS B Z RO R

FFEREMMED AW RIS R E T Z RIS R WER 1, MR 1 AT, BREARZ M L AR i DA, = €
TENFER 2 AR 2R I5 A ) 451 bR 1 5 2 AR B A - R B 2 ) 2 B IEAH GG R (P < 0.05) 5 3%
ARG =S EEENTE Y8R 2 MR B EACER (P < 0.05) s RHOK & M S A &
SR EHEMNEY R RS R Z R EM R (P >0.05), [FIN, 2 FE 0 A Wyt 43 e 5 A8 DA 1 22 ] Y
Z IR PE BT 45 R W | 25 SR | R R IR S A S B R E R E AR Z RS
T B AR S A R R IR B 50. 8% LU (£ 2) .
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Table 1 Correlation between biomass allocation and environmental factors in the alpine scrubland

?FIZT"/T—\ Index SAG SR SR/S ST (;AG GR GR/S ST CAG CR CR/S CT
Airy 0.687  0.959** 0.932°* 0.971"* 0.946"* 0.975** 0.920** 0.972"* 0.809" 0.963** 0.906""  0.975*"
Soily 0.661  0.978** 0.939°* 0.984"* 0.956** 0.975** 0.902** 0.974"* 0.791* 0.980°* 0.933**  0.987°"
Soilyy 0.608 0.472  0.430  0.516  0.686  0.568  0.304  0.604  0.675  0.484  0.365 0.530
NH;-N 0.256 -0.09  -0.126  -0.054  0.065 -0.021 ~ -0.200  0.004  0.225 -0.091  -0.184 -0.046
NO3-N 0.815" 0.989"* 0.942"" 0.988"" 0.963"" 0.985** 0.918** 0.983"" 0.755" 0.991"* 0.957"*  0.911°"

Sacs TEARJZM 149 Aboveground biomass of shrub layer; Sy, AR R L4 Root biomass of shrub layer; Sy s, HEAJZMRIEH Root: shoot ratio of shrub
layer; Sy, MEAJZBAEYIHE Total biomass of shrub layer; G, HASZH A ¥) Aboveground biomass of herbaceous layer; Gy, FAJZAR R MR Root biomass of
hetbaceous layer; Gy g, FAYZMRTELL Root:shoot ratio of herbaceous layer; Gy, FAJZ BAEYHE Total biomass of herbaceous layer; C ., FFV&H 144 Aboveground
biomass of community level; Cy, Ff %M REWE Root biomass of community level; Cy g, FFEMRTELL Root: shoot ratio of community level; Cq, Ff 7% 5441 Total
biomass of community level; Airy, 23S Air temperature; Soily, THEEE Soil temperature; Soily, 18K/ & Soil water content; NHI-N, +3 AR A& Soil

ammonium nitrogen content; NO3-N, HIERHZAA & Soil nitrite nitrogen content; * , P < 0.05; *% , P < 0.01.

®2 BEEMEYESRSHERFZENEERDH

Table 2 Regression analysis of plant biomass allocation and environmental factors in the alpine scrubland

[F1J575 2 Regression equation R? 5752 Regression equation R’

Syc =0. 478 Airy+0. 188Soil+0. 282N03 -N 0.508 Gp/s=1.049 Air; +0. 007Soil; +0. 024NO3 -N 0.895
Sg =1.043 Airy+0. 049S0il,+0. 088 NO3 -N 0.988 G =0.974Airy+0. 068Soil,+0. 036NO3 -N 0.982
Sps =0.977 Airy+0. 032S0il+0. 061 NO3 -N 0.905 C, =0.615Air;+0. 619S0il;+0. 286NO3 -N 0.689
Sy =1.107 Airy+0. 071S0il;=0. 040NO3 -N 0.982 Cy =1.037Air;+0. 051Soil; +0. 074NO3 -N 0.991
G, =0. 853 Airy +0. 063Soil; +0. 218NO3 -N 0.973 Cp/s =1.106Air; +0. 007Soil; +0. 186NO3 -N 0.953
Gy =0.974Air; +0. 068S0il; +0. 036NO3 -N 0.979 Cyp=1.011Airy+0. 071Soil,+0. 022NO3 -N 0.988

3 iFie

3.1 RPN e TEHE AL AR e B R

L) A Wi A 7 5 0 IC SR AR R TR N7 D S BRI A A 1) B SR 2 — AL ARV TS [ A PR3 2 v ]
RERIBOCAN [ (4 A e A 7 A O A BRI A I 3o T v R L (R W A 7 1) BV RN 1
Bk 1 SR oA R A TR T, TE AR 22 M52 el i A= 25 R G RIS AR i A R G R AR T
TR e A A6 o S DX, A R R AR A R A At A S AT R SR S A R R I FE R 2K
R FRPEIR A LR S R G I il m] (AR v 2R 0 S e v, DTt b AR R AR W i AE K 2y
SN2 PR RS R GE T , R IR A 7 A 7 iR A3 B, TRTGE AR A A i 3 AR R AR 2 SR AR
WFFEAE R s AU BR T REA R 3 b A= i B2 RS 385 LASE (AR Z R AR AR Wi R 2 b By
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AR 2R 4 ik LA B A b 3505 93 FAR 2R A 2 R S 0 (11 2) X 0 R X el ) i 8 12 Do 7 38 e
HEMNES RS, LK S RA BRI RS A= EE N7, 8RS8k & R /MR A
SRR RS A7 i AR (BT 1) o SR, et i FERT |y T e o) L s R vy FE ) (R A SR 45 SR L, AL )
W AEYRES KA SR 2 B IEMESCR ™ srH R R AT RE A b X 5K 4 i B AR T AT
X3, HERE KR e AR KT AR B0, B R A i B S A2 b oA i (1B 2) L
AR B35 43 A 1 T e IR 1 i 7 T BEAS A0 AR 2R A e A AR 2 A e R S S e 7 R AE G S X
g LR AR IR X = FEE N S R G b A B RS A A R 25 5 S EEANE S R SR
B2 ML 1 A e X R IR 4 e 1 L AR 2 AR, XN AR A A K2 K ( Cunninghamia lanceolata ) N T.
MRAES RGP R B, AR SEARJZE A B B R A R L L R 2 SRR SR, 2R A AR A R B A AR
HE AR H 0] IR (+5°C) EBIAARHI Y e [ R R A i AR AR L R A
S i A, X AT BB P AN R 0 e X e SR 1 g S8 A [) LA R AN ) ) BT A A A A 85 T S 3
ZHBHAE R R TR X S S R AR S R SR A B, AR FE R E AR R AR R A R %+
BERATE (1.5—2.5°C 1 3.0—5°C ) YR HEVE T, (B 14 5 X M1 A= 49 B 02 9 10 P I L it 5 B fn 16 . T
R 22 A 00 et A 1 IR I/ NS R (R 2R A T 224 003 18 e A R, AR 2R 24 0 3R 2 T o ) 40 1 DU
ZENPNH X R T i S DX A YR XA 4 AN TR A A ) S T T RE A — A B, H b A
HEFR R AR AR 7 5 4 A R B R A e A ] G (] BB A AE I B 22 5, IRl — A AN [ 248 B 0T
ek 8 72 b ) AR AT B (1t v BE A AE T M 25 57, B IR A 20 A PR 8 oy T o S R A S AR 2 ( Stipa
breviflora ) =143 B AN R HGIREREE (0, 1.5, 2.0, 4.0, 6.0°C ) FR0 W AT 5T 25 SRS B | SR fdi 4 A0 158 Bk
Y AR R AW hn, 25 FAR e b 43 S0 7E 1. 5°C F1 4. 0°C J5 FEXE IR i/ . 70 #ey M A S R 5
SR AR 0 PR MR A R AR Y L D R AR T AR R L i AR R L RIR AR ) LR
TR (R FE T A 2 R G0 R 0 4 SR A T RS AU R AR R A A R
B, HIMIRFIE S SR, X A L, ASEDLE TR 0 3 I 2 e LAY i FE R K B R e B, £
BEmSAS RS i R T RIS AL T A e - R A A S R A Y R B
SR RN A SO A S P O IR A O R R R T AR R R A R T L T B SR T R MR, A
AR IR e A r= R AR AR (R A WA 25 SR R | 76 75 00 S s JE ) A S R e b BT 7+
R R MRS, - HeE RO W R A, BRI TR BEE SR, T S BU s A r= A
FRLEFFAR" | phIM T DL 33305 o) 1 2 [X ok 4 398 St A 0 52 i 2 0L B £y, AT I T A0 A i 2 7 5 4 it ot
TR E 1
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