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Abstract; In this study, using four common gardens from high to low elevations, we examined the shifts in the biomass
allocation to leaves, stems and roots of three dominant species Elymus nutans, Kobresia humilis and Polygonum vivipa-
rum in alpine grasslands on the Tibetan Plateau, and explored whether this changes were controlled by the environmental
factors, or by the genetic factors. In 2012, using three dominant species in alpine grasslands from the same provenance,

we established four common garden experiments in Dawu, Guoluo; the Haibei Station, Haibei; Xining and Yuzhong,
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Lanzhou from high to low altitudes. We used the mass fraction of leaves (LMF) , stems (SMF) , roots (RMF) and shoot
to root ratios ( R/S ratio) individually as the variables to describe plant allocation. Our results were as follows;
(1) There were significant differences in the biomass allocation to leaves, stems, roots and R/S ratios among three spe-
cies examined; compared to Elymus nutans and Polygonum viviparum, Kobresia humilis had a higher RMF but lower
LMF and SMF, and thus a higher R/S ratio. (2) During the transplantation from high to low altitudes, for Polygonum
viviparum, SMF apparently decreased while RMF significantly increased, but LMF had no changes, leading R/S ratios
to have an increasing trend; by contrast, for Elymus nutans, LMF and SMF markedly increased while RMF significantly
declined, which led R/S ratio to having a decreasing trend. (3) since mean annual temperature increases and mean an-
nual precipitation decreased from high to low elevations, and there were the same plant origin and soil matrix among four
common gardens, temperature was the main factor driving the shifts of biomass allocation to leaves, stems, roots of Po-
lygonum viviparum , by contrast, water availability was the primary factor driving the shifts of biomass allocation to leav-
es, stems, roots of Elymus nutans, whereas the changes in biomass allocation to leaves, stems, roots of Kobresia humilis
was controlled by its genetic effects. Therefore, under the future warmer and drier conditions, the biomass allocation to
leaves, stems, roots of plant species in alpine grasslands would shift, and this shift would change the acquisition and uti-
lization of resources (such as light, water and soil nutrients) and further change interspecific interactions, and would
lead to changes in community diversity and species composition, and even ecosystem functioning.

Key words: biomass allocation, leaf mass fraction (LMF), stem mass fraction (SMF), root mass fraction (RMF) ,

root to shoot ratio (R/S ratio) , alpine grassland, common garden
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Table 1 Results of two-way analysis of variance (ANOVA) for LMF, SMF, RMF and R/S

ratio of the individual plant by using species and site as main factors

L Yrisiidid ZEih M HOE L
S A LMF SMF RMF R/S ratio
Source df
F P F p F p F p
YFh 2 7.14 < 0.01 138.09 < 0.001 72.73 < 0.001 61.33 < 0.001
Species
HisL 3 1.78 0.173 6.32 < 0.05 0.37 0.777 0.16 0.920
Site
W< b 5 6 1.64 0.171 8.30 < 0.001 4.71 < 0.01 3.34 < 0.05

Species X Site

x2 EUNMMREMHENESEURREUEESNEREZESFE LR CFE + RifEE)
Table 2 Comparisons of LMF, SMF, RMF and R/S ratio of the individual plant

between species at each common garden site (x + s)

BRI TS

TP YRl Species

Transplantation Biomass allocation s i
site parameter R
Polygonum viviparum

TR e

Elymus nutans Kobresia humilis

=y L LMF 0.099 + 0.017a
Lanzhou .

LR L SMF 0.104 + 0.031b

MR R L RMF 0.797 + 0.037a

0.161 + 0.008a 0.066 + 0.008a

0.280 = 0.038a 0.064 + 0.017b

0.559 + 0.036b 0.870 = 0.013a

[y
Xining

S|
Haibei

A

Guoluo

HRIE L R/S ratio
5t & L LMF
i Lt SMF
R 5t RMF
Ryt R/S ratio
it e LMF
LFHE L SMF
Rt b RMF
R R/S ratio

> o

&l

=

> o

i L RMF
AL R/S ratio

4.317 = 1.089a
0.104 = 0.012b
0.065 + 0.016b
0.831 = 0.027a
5.409 £ 1.027a
0.112+ 0.004a
0.114 = 0.012a
0.775 = 0.013b
3.482 + 0.250b
0.115 = 0.005a
0.206 = 0.055a
0.679 = 0.058b
2.305 = 0.524b

1.299 + 0.200b
0.187 = 0.011a
0.215 = 0.005a
0.598 + 0.011b
1.492 + 0.067b
0.127 = 0.017a
0.034 = 0.021b
0.569 = 0.027¢
1.348 + 0.145¢
0.120 = 0.018a
0.176 = 0.048a
0.704 = 0.041b
2.504 + 0.479b

6.854 = 0.774a
0.121 = 0.022a
0.016 = 0.007¢
0.864 + 0.024a
7.043 = 1.396a
0.076 = 0.014b
0.021 = 0.004¢
0.904 + 0.010a
9.668 + 1.273a
0.092 = 0.009a
0.001 + 0.001b
0.907 = 0.009a
9.903 + 0.944a

T AT RFRF A A EZ A BF 2R (Duncan ZH LEHIS:, P < 0.05),

Note: Different letters indicate significant differences among species ( Duncan post hoc test, P<0.05).
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Fig. 1

Changes in LMF (A), SMF (B), RMF (C) and R/S ratio (D) in Polygonum viviparum during the transplantation

from high to low elevation (x +s), and the results of one-way analysis of variance (ANOVA) for

LMF, SMF, RMF, and R/S ratio by using site as a main factor Different letters indicate significant

differences among transplantation sites ( Duncan post hoc test, P<0.05). The same below.
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Fig. 2 Changes in LMF (A), SMF (B), RMF (C) and R/S ratio (D) in E. nutans during the transplantation from
high to low elevations (x + s), and the results of one-way analysis of variance (ANOVA)
for LMF, SMF, RMF, and R/S ratio by using site as a main factor
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Fig. 3 Changes in LMF (A), SMF (B), RMF (C) and R/S ratio (D) in Kobresia humilis during the transplantation from
high to low elevations (x + s), and the resulis of one-way analysis of variance (ANOVA)

for LMF, SMF, RMF, and R/S ratio by using site as a main factor

RS R  AEP YR R R BOR AR 25 A
Yy A AL

Xof EREAE O I, TE MRV R AR Bt R
o RN 2R B b T AR BT & L L
REARR , PRI AR T L 8 25 AR AT 9 ] e el s 1) 3
AL A TR R AR AR
WA i) O W R B 2 AR AR R B PR AR
J1iE MRRA T TEE R 88~100 em, BEFFH H 1 #Y
WRIZK o A8 IR A% A A i v A X5 o v 2t B
W REA, BT IR B R R BT R B T, KA AR
B AT BEA S AR 25 AR o C 1Y) 2 IR
KF. W TREE R R, I B 00 T = mT e i
T AR AL B A R, T BO B L 2R T
I E IR, MR R ERFEML XS
Poorter et al (2012) 430 5 AH—25, BIICIR 2 A
Yy i o e LR ZE A B LL TS AR Y B L, B
I, 7E AR A B A i R, T R T R AR
25 M A S AR Y R AR S P R

AU 4 A4 ey e SR A [R] 9 B4 A ) o el S5 3, &
ARSI 8 i it v FE el 3 o (I A A ) 7 A B
BR R ROMIBRZF IR 2R AR i B
b a] 22 57 | RIVRE w8 75 B A B0 9 HR DA L AR
L, I BLAE I IR B A p i A AT AR 25 iR

M BC AR LE AR R B G ) A TR A AR TR 3
R Rl e =25 I L 3 T vy TR R S AR
ek L A AR T BR 25 U A 22 B AR B A2
g SRR AR 28 AW i B OREAE
E— 2D AR R R R AR 25 ARy
Pie AR 5 R R 7K D e 5 e e
MR ZE A RO AE AR D T TR AR
25 AR g OS2 HOs AR IR i SCE . R, 7
AR LRI , 75 78 g i e MBI AR 2K
A= W 7y BE 22 Al i) BE S U RETE 0 Rl AP
U, BE 2R AL S RGN IRE

SE Mk

CAIRNS MA, BROWN S, HELMER EH, et al, 1997. Root



6 1] FIUIEE ;e I = A OU SR A Py B oy P A 22 A ML 775

biomass allocation in the world’ s upland forests [ J]. Oecologia,
111(1); 1-11.

CHEN H, ZHU Q, PENG C, et al, 2013. The impacts of climate
change and human activities on biogeochemical cycles on the
Qinghai-Tibetan Plateau [ J]. Glob Change Biol, 19 (10) .
2940-2955.

DORJI T, TOTLAND O, MOE SR, et al, 2013. Plant functional
traits mediate reproductive phenology and success in response to
experimental warming and snow addition in Tibet [ J]. Glob
Change Biol, 19(2) : 459-472.

GILL RA, JACKSON RB, 2000. Global patterns of root turnover for
terrestrial ecosystems [ J]. New Phytol, 147(1) . 13-31.

HIJMANS RJ, CAMERON SE, PARRA JL, et al, 2005. Very high
resolution interpolated climate surfaces for global land areas
[J]. Int J Climatol, 25(15): 1965-1978.

JACKSON RB, CANADELL J, EHLERINGER JR, et al, 1996. A
global analysis of root distributions for terrestrial biomes
[J]. Oecologia, 108; 389-411.

KLEIN JA, HARTE J, ZHAO XQ, 2004. Experimental warming
causes large and rapid species loss, dampened by simulated
grazing, on the Tibetan Plateau [ J]. Ecol Lett, 7(12); 1170
-1179.

KORNER C, 1999. Alpine plant life; functional plant ecology of
high mountain ecosystems (M). Berlin: Springer.

LIU XD, CHEN BD, 2000. Climatic warming in the Tibetan
Plateau during recent decades [J]. Int J Climatol, 20 (14) .
1729-1742.

LIU YZ, MU JP, NIKLAS KJ, et al, 2012. Global warming
reduces plant reproductive output for temperate multi-
inflorescence species on the Tibetan Plateau [ J]. New Phytol,
195(2) . 427-436.

LIU YZ, REICH PB, LI GY, et al, 2011. Shifting phenology and
abundance under experimental ~warming alters trophic
relationships and plant reproductive capacity [ J]. Ecology, 92
(6): 1201-1207.

LUO CY, XU GP, CHAO ZG, et al, 2010. Effect of warming and
grazing on litter mass loss and temperature sensitivity of litter
and dung mass loss on the Tibetan Plateau [ J].Glob Change Bi-
ol, 16(5) : 1606-1617.

LUO YJ, WANG XK, ZHANG XQ, et al, 2012. Root:shoot ratios
across China’ s forests: Forest type and climatic effects [ J]. For
Ecol Manage, 269. 19-25.

MA WL, SHI PL, LI WH, et al, 2010. The change of individual
plant traits and biomass allocation in alpine meadow with
elevation variation on the Qinghai-Tibetan Plateau [ J]. Sci Chin
Life Sci, 53(9) . 1142-1151.

POORTER H, JAGODZINSKI AM, RUIZ-PEINADO R, et al,
2015. How does biomass distribution change with size and differ
among species? An analysis for 1200 plant species from five con-
tinents [ J]. New Phytol, 208(3) : 736-749.

POORTER H, NIKLAS KJ, REICH PB, et al, 2012. Biomass allo-
cation to leaves, stems and roots: meta-analyses of interspecific
variation and environmental control [ J]. New Phytol, 193(1) :
30-50.

REICH PB, GRIGAL DF, ABER D, et al, 1997. Nitrogen miner-
alization and productivity in 50 hardwood and conifer stands on
diverse soils [ J]. Ecology, 78(2) : 335-347.

REICH PB, LUO Y, BRADFORD JB, et al, 2014. Temperature

drives global patterns in forest biomass distribution in leaves,
stems, and roots [ J]. Proc Natl Acad Sci USA, 111(38);
13721-13726.

REN HB, ZHENG SX, BAI YF, 2009. Effects of grazing on foliage
biomass allocation of grassland communities in Xilin river basin,
Inner Mongolia [ J]. Chin J Plant Ecol, 33 (6). 1065 -
1074, [fEIMFEZ, ABEZ, FOKK, 2009, FCHO 520 Bk
TRV AR MR P A ) 25 A e IR BC RS2 ()], FE
AR, 33(6), 1065-1074.]

SCHENK HJ, JACKSON RB, 2002. The global biogeography of
roots [ J]. Ecol Monogr 72(3) : 311-328.

SHI FS, WU N, WU Y, 2010. Responses of plant growth and sub-
stance allocation of three dominant plant species to experimental
warming in an alpine grassland, Northwestern Sichuan, China
[J]. Chin J Plant Ecol, 34(5) . 488-497. [ A5, 2T, 2
B, 2010. PG e FEE 3 Fb 2 BAE M) 10 A 4 S ) i 43 BT
XPREETHR IR [J]. AP, 34(5) « 488-497.]

VANCLEVE K, OLIVER L, SCHLENTNER R, et al, 1983. Pro-
ductivity and nutrient cycling in Taiga forest ecosystems
[J]. Can J Res, 13(5): 747-766.

VANCLEVE K, YARIE J, ERICKSON R, et al, 1993. Nitrogen
mineralization and nitrification in successional ecosystems on the
Tanana River Floodplain, Interior Alaska [ J]. Can J Res, 23
(5): 970-978.

VOGEL JG, BOND-LAMBERTY BP, SCHUUR EAG, et al,
2008. Carbon allocation in boreal black spruce forests across re-
gions varying in soil temperature and precipitation [ J]. Glob
Change Biol, 14(7): 1503-1516.

WANG SP, DUAN JC, XU GP, et al, 2012. Effects of warming
and grazing on soil N availability, species composition, and AN-
PP in an alpine meadow [ J]. Ecology(11), 93. 2365-2376.

WANG SP, MENG FD, DUAN JC, et al, 2014. Asymmetric sensi-
tivity of first flowering date to warming and cooling in alpine
plants [ J]. Ecology, 95(12) ; 3387-3398.

WANG YZ, WANG D, LIU Y, et al, 2015. Biomas alocation of
Miscanthus sinensis and Panicum virgatum response to diferent
water conditions [ J]. Pratacult Sci, 32(2): 263-240. [ E4R
HE, £, XE, 5, 2015, AREKGEEEE T GEEVEY)T R
MR A= i oy B A (1], wlbBk#, 32(2) : 236-240.]

WU GL, CHEN M, DU GZ, 2010. Response of biomass allocation
and morphological characteristics to light and nutrient resources
for seedlings of three alpine species [ J]. Acta Ecol Sin, 30(1) ;
60-66. [ BfbK, PR, FEEIKE, 2010. —FliRZERPIL L

M BRI IE X O IR AN SR A e g [J]. A EaR,
30(1): 60-66.]

WU XW, DUFFY JE, REICH PB, et al, 2011. A brown-world
cascade in the dung decomposer food web of an alpine meadow ;
effects of predator interactions and warming [ J]. Ecol Monogr,
81(2): 313-328.

XU B, WANG ]JN, SHI FS, et al, 2013. Adaptation of biomass al-
location patterns of wild Fritillaria unibracteata to alpine environ-
ment in the eastern Qinghai-Xizang Plateau [ J]. Chin J Plant
Ecol, 37(3): 187-19. [ &k, &4, A &M, %,
2013. T 8 i S AR R 1 I 5 DL R A Wk 3 A JR 0 i 1
BIEEWIEN [J]. 4SS, 37(3) : 187-196.]

YAO T, THOMPSON L, YANG W, et al, 2012. Different glacier

( T%%%5 798 U1 Continue on page 798 )



