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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.
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1 NEEN
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

LMF SMF RMF R/S ratio
Source df
F P F P F P F P
2 7.14 < 0.01 138.09 < 0.001 72.73 < 0.001 61.33 < 0.001
Species
3 1.78 0.173 6.32 < 0.05 0.37 0.777 0.16 0.920
Site
X 6 1.64 0.171 8.30 < 0.001 4.71 < 0.01 3.34 < 0.05
Species X Site
2 NI ( % )

Table 2 Comparisons of LMF SMF RMF and R/S ratio of the individual plant

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

Species
Transplantation Biomass allocation
site parameter
Polygonum viviparum Elymus nutans Kobresia humilis
LMF 0.099 + 0.017a 0.161 + 0.008a 0.066 + 0.008a
Lanzhou
SMF 0.104 = 0.031b 0.280 + 0.038a 0.064 = 0.017b
RMF 0.797 + 0.037a 0.559 + 0.036b 0.870 = 0.013a
R/S ratio 4.317 = 1.089a 1.299 + 0.200b 6.854 £ 0.774a
LMF 0.104 = 0.012b 0.187 + 0.011a 0.121 = 0.022a
Xini
e SMF 0.065 + 0.016h 0.215 + 0.005a 0.016 + 0.007c
RMF 0.831 + 0.027a 0.598 + 0.011b 0.864 = 0.024a
R/S ratio 5.409 + 1.027a 1.492 + 0.067h 7.043 + 1.396a
LMF 0.112+ 0.004a 0.127 £ 0.017a 0.076 + 0.014b
Haibei
e SMF 0.114 + 0.012a 0.034 + 0.021h 0.021 + 0.004c
RMF 0.775 = 0.013b 0.569 + 0.027¢ 0.904 + 0.010a
R/S ratio 3.482 + 0.250b 1.348 + 0.145¢ 9.668 + 1.273a
LMF 0.115 + 0.005a 0.120 + 0.018a 0.092 + 0.009a
Guoluo
SMF 0.206 + 0.055a 0.176 + 0.048a 0.001 + 0.001b
RMF 0.679 = 0.058b 0.704 + 0.041b 0.907 = 0.009a
R/S ratio 2.305 + 0.524b 2.504 + 0.479b 9.903 + 0.944a
: ( Duncan P < 0.05)
Note: Different letters indicate significant differences among species ( Duncan post hoc test P<0.05) .
SMF
; RMF °
SMF o 2.2 NN
RMF

RMF :
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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 +5) 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.

3 N
( 1. A)
( 1:B) ( 1:0)
( 1:D),
( 20A B) ( 2:Q)
( 2:D),
( 3:B) N

3.1 NN
Poorter et al (2012)

( Jackson et al
1996; Cairns et al 1997; Gill & Jackson 2000;
Schenk & Jackson 2002; Vogel et al 2008; Luo et
al 2012; Poorter et al 2012) ,

( )

( Vancleve et al 1983; Vancleve et al 1993; Reich
et al 1997; Korner 1999; Gill & Jackson 2000) .

(0.864 ~ 0.907 g * ")



6 : 773

( + )
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 +s5) and the results of one-way analysis of variance ( ANOVA)
for LM 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 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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