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Abstract

Aims The temperate grasslands in Inner Mongolia, representing a great diversity in vegetation types (desert
steppe, typical steppe and meadow steppe) and function groups (grass/herb, legume/non-legume), are ideal places
to test the hypothesized functional trait relationships among plant organs. Our main objective in this study was to
test whether plant functional traits vary in a coordinated fashion both within and across organs.

Methods Based on the field observation during July and August in both 2006 and 2007, we measured suites of
ecophysiological traits of 42 grassland species from 19 sites in Inner Mongolia. The longitude of the study region
ranges from 112.82° to 120.12° (E), and the latitude ranges from 41.76° to 49.89° (N). N and P concentrations,
N:P ratios of leaves, stems, reproductive structures, fine roots (diameter < 1 mm) and coarse roots (diameter >
1 mm) as well as tissue density of leaf and fine root and specific leaf area/specific root length were determined.
Important findings At both population and interspecific level, N and P concentrations were positively correlated
within each organ. Specific leaf area was negatively correlated with leaf N and P concentrations and tissue density
at the population level but not at the interspecific level. Specific root length was negatively related to fine root
tissue density at population level. Plants with low leaf or fine root tissue density had leaves or fine roots with high
N concentrations and large specific leaf area or specific root length. N and P concentrations as well as N: P ratios
were also consistently correlated across all organs, but no correlation between specific leaf area and specific root
length was observed. At the population level there existed a weak negative correlation between leaf and fine root
tissue density while at interspecific level this relationship disappeared. Grasses had lower N and P concentrations
than herbs in leaves, reproductive structures and roots, but not in stems. Legumes had higher N concentrations
than non-legumes in all organs, but they showed no significant differences in P concentrations.

Key words ecological stoichiometry, plant organ, specific leaf area, specific root length, temperate grassland, tissue
density
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sibiricum), 3 A& K H 2 F E AR, W 2E
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mica) MM (Sanguisorba officinalis).
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Table 1 Study site descriptions

SISl e SR AN ] 5 TR DO RE IR IR ORI 9

b G i Tk Hi

Site Longitude (° E) Latitude (° N) Altitude (m) Grassland type

1 120.20 49.35 669 HA 5 Meadow steppe
2 119.99 49.89 730 HATREJE Meadow steppe
3 119.56 46.58 1213 HATREJE Meadow steppe
4 118.66 46.53 997 LA 5 Meadow steppe
5 118.66 45.75 879 LR ELJR Typical steppe
6 118.18 46.15 970 LB R Typical steppe
7 118.11 4436 1136 A H . Meadow steppe
8 117.36 4451 1062 LAY E R Typical steppe
9 117.13 4532 865 LAY E R Typical steppe
10 116.82 4351 1433 A H 5 Meadow steppe
11 116.74 43.60 1213 HIYELJT Typical steppe
12 116.74 43.60 1217 HIYELJT Typical steppe
13 116.28 44.07 1075 HHF Typical steppe
14 113.40 4381 1003 ST EL R Desert steppe
15 112.73 42.95 1037 ST EL R Desert steppe
16 112.59 42.84 1087 S EL R Desert steppe
17 112.23 4331 1018 FEHIE L Desert steppe
18 111.99 43.61 943 JCEEE R Desert steppe
19 111.82 41.76 1435 FEHE R Desert steppe
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Fig. 1 Comparisons of leaf (Le), stem (St), reproductive structure (Re), fine root (Fr) and coarse root (Cr), mean N concentrations
(A), P concentrations (B), N: P ratios (C), specific leaf area, specific root length (D) and tissue density of leaves and fine roots (E)
among different function groups and vegetation types in Inner Mongolia grassland. Differences between each group were tested us-
ing a One-Way ANOVA with a Tukey post hoc test of significance; significant differences at p < 0.05 are indicated by different
letters. Errors bars are standard errors. SLA, specific leaf area; SRL, specific root length.
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Table 2 Pearson correlation coefficients for functional traits within different organs in Inner Monglolia grassland

FpHE/KF Population level

PFh7K T Interspecific level

N P N: P SLA/SRL N P N: P SLA/SRL

ey P 0.79 P 0.81
Leaf N:P 0.19 —0.46 N:P 0.31 -0.30

SLA -0.21 -0.30 0.19 SLA -0.22 -0.26 0.07

TD -0.21 -0.24 0.08 -0.37 TD —-0.08 -0.23 0.26 -0.35
£ P 0.73 P 0.77
Stem N:P 0.50 -0.23 N: P 0.59 —-0.06
GasE o =] P 0.87 P 0.83
Reproductive structure ~ N: P 0.24 -0.27 N:P 0.43 -0.15
AR P 0.69 P 0.69
Fine root N:P 0.60 -0.14 N: P 0.65 —-0.01

SRL —-0.03 -0.07 -0.04 SRL —-0.14 -0.04 -0.20

TD —-0.35 -0.13  -041 -0.29 TD -0.41 -0.18 -0.42 -0.14
R P 0.46 P 0.49
Coarse root N: P 0.58 -043 N: P 0.64 -0.35
SLA, FLHFTIRL SRL, UMK TD, HSUHE; Re: ABIHSE . BN B (p < 0.05).

SLA, specific leaf area; SRL, specific root length; TD, tissue density. Bold coefficients denote statistical significance (p < 0.05).

Fehh, K SN, PAE . N:PRIZ LU
HBAT B E AR R (EI3).

EFBERI R AT b, B TR P o &
TEMIFIACY EBAT B3 A GG R Ah, Ny PE L
JON:PAE I R AN 7] 3 1 18] 30 42 3% 1EAH 5C(3R3).
BeAh, R FIANAR I AL 2% AR R K Y LR
FHOR(EI4B), TEDFKT 13 B AR
(E4D); Lhm T BURI LEAR K AE AN ZKF AR 3o 2
HIHHI KR (E4A. ©),

3 iht

BT NS IR AT S 19 b AT L 42 Rh A
T EF AR, AR IS 2% B NFIP 5 & 1E
FHIE, N. PEr LLAN:PALEAN [ 4% B TRt — SUEAH
K, 1XEKerkhoff25(2006) 1) 45 B —3. 1 H A4l
RSB A EL M A EEAR K . LU ) S {2
NS PEERAINP)Z IR KR

AWFGEA, A HPFEING PE 5 426.4F1
1.7 mg-g ', 5He%:(2006b, 2008)% H [E &b KR 57
ZER M H27.6. 1.9 mgrg YT, T Thompsons
(19975 4G H B [H B HB N P& & 20 70l 4 27.8 11
2.7 mgg ', B UL AR R R P R 3 I
(He et al., 2006b), FEMWIFLXANP (16.5) T4

BRAH M 113 K F-(13.8) (Reich & Oleksyn,
2004). S EAEOAHLE, OCT R RO REMEROL
FORA AL BO) BT A, AT BRI T AT T
AT N R S PR N AEAL IR A T AT
AIARIN. PE R 50 10.9510.7 mgg ', 4Bk
PR B FEINS PACE(A 30117111 mgg ™)
(Jackson et al., 1997)AH Lk, N7 EAHUT P AR [F]
I, 4R, FHHE. ZEMON. PEBAR T A AR ar 46
K, AN, P EIEA B BB B (9 51k
23.5H12.38 mg-g Y1/2. X TAFERIThAERE, B2k
N, P AEARFERI AR RS M %A 0 1 2 R,
HAb AT (s AR SE R AR AL N, P
TRERIN: AERESRAL, SAEGRHAL, SR
R AH Y 3 B A 3 S NS i, TP A W
HIZES . DT RETER A e S W T 412345 R A
DR BT (Tilman et al., 1997), MIMAEALZ
Kb, RELGARRE, ARG RMEY L G RMEY) R
A 5 = 19753 B HRCR (Tjoelker et al., 2005).
TEARFEE N, Ny PEEZMBIEAAL. X—
Jit B AR S R I TR, FRERER
HI =R IR LR (ATP) (Chapin, 1980), %5 —J7 Tt
R T IR AR (157 53 70 2 I S P (Glisewell &
Koerselman, 2002; Sterner & Elser, 2002). It4h, 4f
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Fig. 2 Relationships between specific leaf area (SLA) and leaf N concentrations (A, E), P concentrations (B, F), N: P ratios (C, G),
tissue density (D, H) at two levels across all species in Inner Mongolia grassland (type II linear regression). A-D, population level;

E—H, interspecific level, using species means.
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Fig. 3 Relationships between specific root length (SRL) and fine root N concentrations (A, E), P concentrations (B, F), N: P ratios
(C, G), tissue density (D, H) at two levels across all species in Inner Mongolia grassland (type II linear regression). A—H see Fig. 2.

MRS AN REE S XR, XfReLhmT
T AR g A (T 54 I A A0 AR A R I it A7 T 2
N. PA52 47 1 fig JJ(Chapin et al., 1990), M ifij 5 #74
AL JSUR ) R SR L, R R R ) B AR B TR
BN, {HI NS PE R AT . R, FRATTAR L
YN TR LU FEAAH G . Tjoelkers5(2005)%f
AW AARN S B 5 LR K T 53 45 B AR R
k. MUMEMBFFURZ NN, HIRK SR RIS
W DA B AR [ 73 fivf3 K (Eissenstat et al., 2000), %l
Pregitzer’%(1998)MReichZ%(1998) (K 57 # B A A

MY AR BOR, RN SZ . 55— 7T, My
FAR A LIEE Z A — B R, L
AR 5 LEAR KA A O, 1X 5 Craine5(2001)F1
Tjoelkerd5(2005) 45 AL 8. I FIANAR ¥ 2 4%
FE B AT 8k . CraineMILee (2003) % HLH P4 2230
AN 240 B AR P - 2H 2R R AR A AR
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Table 3 Pearson correlation coefficients for N and P concentrations and N:P ratios among different organs in Inner Monglolia grass-

land
FiE/KF Population level PP Interspecific level
oy £ GR = AR YAy £ A E R
Leaf Stem Re Fine root Leaf Stem Re Fine root
N
X Stem 0.75 0.82
ATHAE Re 0.80 0.62 0.81 0.62
Z#R Fine root 0.65 0.41 0.53 0.72 0.49 0.55
FHAR Coarse root 0.58 0.54 0.38 0.70 0.58 0.51 0.35 0.72
P
2% Stem 0.67 0.73
BT Re 0.80 0.57 0.66 0.40
##R Fine root 0.58 032 047 0.50 0.24 0.36
FHH Coarse root 0.58 0.45 0.55 0.75 0.51 0.31 0.36 0.69
N: P
2% Stem 0.69 0.74
ETHASE Re 0.75 0.73 0.82 0.70
4i#R Fine root 0.42 0.55 0.53 0.48 0.54 0.60
FHHR Coarse root 0.46 0.71 0.54 0.64 0.54 0.70 0.52 0.74
SRR B A (p < 0.05).
Bold coefficients denote statistical significance. Re, reproductive structure.
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Fig. 4 Relationships between specific leaf area and specific root length (SRL) (A, C), tissue density (B, D) of leaves and fine roots, at
two levels across all species in Inner Mongolia grassland (type II linear regression). A, B, Population level; C, D, Interspecific level,

using species means.
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