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Abstract

Aims Exploring the seasonal dynamics in leaf carbon (C), nitrogen (N) and phosphorus (P) concentrations and
their ecological stoichiometric characteristics will enhance our understanding about physiological and ecological
processes such as plant growth and development and nutrient uptake and utilization as well as dynamic
equilibrium relationship among plant stoichiometry.

Methods Here, we collected leaf samples of 18 dominant plant species semimonthly through growing season
(i.e. from June 2nd to Sept. 2nd) from a long-term fenced site in a typical steppe in Xilinhot of Nei Mongol,
China. Leaf C, N and P concentrations were measured. Seasonal changes in leaf C, N and P concentrations and
their ratios were explored and their differences between different species groups were analyzed using one-way
ANOVA. The relationships between leaf C, N and P concentrations and their ratios were analyzed using
correlation analysis. Lastly, the allometric relationships between the concentrations of different elements were
analyzed using Standardized Major Axis.
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Important findings
each other and also differed between different functional groups. Specifically, the variation of leaf N and P
concentrations for all functional groups showed obvious dilution effect. Monocotyledons and perennial grasses
had lower leaf N and P concentrations but much higher leaf C:N and C:P mass ratio than dicotyledons and
perennial forbs, respectively. Leaf N concentration was positively correlated with leaf P concentration while leaf

Seasonal trends in leaf C, N and P concentrations and their ratios were not consistent with

C:N and C:P mass ratios were negatively correlated with leaf N and P concentrations respectively, indicating the
internal coupling mechanism between nutrient elements in plants. Allometric analyses showed that leaf N
concentration and C:N mass ratio, leaf P concentration and C:P mass ratio as well as leaf N and P concentrations
all maintained the same growth rate respectively among species through most time of growing season.

Key words seasonal dynamic; stoichiometry; allometry; leaf; typical steppe
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B(C)s Z(N). BEP)E P A Y EE A foc
RO EEMENE, 2010), MHEDMEMEK. &
BIEBNMES RGN E AT RS =2 EH
(Westheimer, 1987; Elser et al., 2001; Han et al., 2005;
W R AR A, 2005). AE AR AEK TR R
HILEK, C N PZ 5HEYK & WU AR,
H =2 8% YA 5 (Niklas et al., 2005; Reich et al.,
2006; FKINEE, 2014). CRMEYITYIR MR LT,
2 AR, SR A K e AR
(EAMAR R, 2011; 5KIM5E, 2014; XI5 845,
2015). MINFIPRHE DA A BT b 75 I BR P25 77 7T
Z (Vitousek, 1982; Elser ef al., 2010). i1, NZHEY)
MM AR RN ARITER, HE 5 Gk
R, IS Y6 EE FH IBE ) R AR
(Field & Mooney, 1986); Pl & A2 4 4H o 4% FR At 1)
B Ty, R 20 S SR e R 308 A AR e A A
5 2l Ak o2 B M E H (Dawson & Curron, 1998;
Lambers et al., 1998). fHYINITLRAR ST H Hist
TR PRI ER (R . LIEFR I AR KK
BB sz, B R BRI AR R (Aerts &
Chapin III, 2000; Reich & Oleksyn, 2004; Han et al.,
2005; Kerkhoff et al., 2005; He et al., 2006, 2008).

VENEEM AR, C. Ny P=Fuc R it &
HE R A MR IRE . C:NFIC:PH B T RAE
TR BAL TR /- (NS PYFEAGER IV RE 1, BP %450 F)
R (ST 4, 2009; R4E51%, 2010a), TMN:P
DUPRT DA Jse AR ) A A T 85 5% 2 32 A0 S5 R ) 155
Bl —MIAA, 2 ANP/ANTF10 (3145, EYE
K E NS, N:PRT20 (=16)m ] 3= 22 PFR
il (Aerts & Chapin III, 2000; Elser et al., 2000a;

Giisewell et al., 2003; Niklas et al., 2005). t4h, BT
R, EYIC. N. PRILHAEIE AT DL SR s B A= 4
F2 90 AR I [ Bk e ) e 37 0 FIIRAS (Han et al,
2005; Wieder et al., 2015; ZEFi%E, 2018), LAK fifks
T & N M) b 1] 55 4 5 L A7 1) 98 &R (Elser et al,
2000b; Hu et al., 2019). Kk, IRBMEDAENHICN,
PE & L IER B FINREBANES RGN LA
Thfe LR GRS BR HPIR B o R 1 AR (1) B T 55
WE, TREESTIE, BN T IEFERAESSFI
FUII R
ABNFTTRERES RA LS EEGH R
N ¥ (Reiners, 1986), AL IS AT ERAE
SHTAFE, BERRES ARG RS 2 M
JCERMIC. N, P)EKFER R, BAESRGIRAE
AR FIEE BEEFAES RS ERR —EREER
&, 2010). B RSB R FEITREAS
F4i(Redfield, 1958), XJFfith =2 Rt 5e L P
B, IEHJLER, RTRHAS KRG ESHT
THEEHE S 7 F R (Reich & Oleksyn,
2004; Moe et al., 2005; He et al., 2006, 2008; {F+7%
%, 2007, 2012; H3CHAE, 2009), 7EFRIE, AEHILE
THE R R, FEA R RA AFE R
MR RGNS JE RIS TR K E(Han et
al., 2005; = ="F%, 2007; He et al., 2008; XI|/j{&
25,2010, XIPIASE, 2010; ZFAESE, 2012; 15 H4%,
2013; FEIEE, 2017), BRI A FEB R X R
FEREI FCy Ny PR A b oy S LA B 3R 3
[Xl-F-(Han et al., 2005; He et al., 2006, 2008), fHY1#E
WA RS B Y E oo R = o (& =F
&52007; 16 BB, 2008; XIS 2010; AREEEG
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2 2010; HIRTFEE, 2014; J&IERA TAE5E, 2016),
T3 I IO RE ) 5% 43 v 8 0% AR 11 5 1) (9 59 %2 5%,
2013; M IESESE, 2013)RA Rt R F i ERFEEA
5] Th RESSHERL Y 18] 1) 2 5 (Han e al., 2005; He et al.,
2008; kLS, 2010; FKIIEE, 2014)% . TR
R, EARRREW B, YR B IR 1) FH 5 A7
S, WM Cy Ny PRITHFESEAEAF A K
HH 22 18] 7T B H B O BB AE RS, 2012; ZR19 3
& 2013; X JGHELE 2015). SR1, AW KZ -
TR FCy Ny PALSE T ERIE 1 PR L B2
PG, ZAL T Y B e R T R R E R ZE
A, MM FCy Ny P ERHIEMZET 31T ge Y
M5 BT E PE . R, AR TR RE R
TE &5 F4 F1 Tl B8 S %o R85 (193 B v b B A A AU
(KCESE, 2010), FHf, R ocR S E R ER
RS LER — DI Re R R T — 2, T
TEAS R T BEHFAE A (8] ) 0T & AN [F] (Han et al., 2005).
SRIM, KT F e ER & & &I BRI 2T AR
R IATEAN A D) Re R F] 1) 2 A A et A

b A PO kR, HEA 3 RHE R
R YIAL 1 R AR A BB R, 45 AR S 2t
RIFEAWIRE. ERESFZT, HESKHIE
2 5 A AT S (MTE) 45 4 T A7 A 1 Sk 2 K
R, SRR A& SRR R A R Rk,
X MAMA KT I A 25 2 G2 0] (4 5 RN 6 1 3 3k 4T
T ¥4 (Vanni et al., 2002; Elser et al., 2010), #Ezh T
WYCER S E LI T . HEY) 5 EE KT
T AEYEEAFRSEZ WP A7, @ EA
) 25 B AR AR KO ZE A [R5 (Bertalanfy, 1999).
H AT Sl A KA 7 O 2 21 GO0 1 356 R 7K S

B Z WA 75 R G KF-(West & Brown, 2005), i,

T PR 1 S0 A K O R Bl A SR B 9 44
Fi(Niinemets ef al., 2007; Li et al., 2008). M F
C. N. P& R E R EE R ek,
FNS P RAE it G 5 itk Bk 5 I D R MR IR T e )
72 K (Wright et al., 2004). 1B H B H <M FFoR &
B2 AR KT 9T 2 4R T ROR A AR A=) o
Hr(Wright et al., 2004; #AREE, 2011), MNRER:
HAE KOG R ZE BT T ST E D .

P F T2 X P9 52 R I R
J2 BRI B Ji B B (0 41 3 43, R A 3RS A Al R
o AT T LA AR A L Y B ORI SN G, SRAR
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AHIF TR N SR o B MR R R A B
FLIX o AHPI A RE S AR AR PR B B R AR N 5
TR A R G0 R AL (DL R RTAR P9 52 B
) 1 ke Ab K U Rl Fr0 L s M 7R R SRR b, R R A
F5H43.63° N, 116.7° E, #4R1 187 m. iZAFHutth 3%
SEHH B N T50), THA 25 hm? (500 m x 500 m),
H 19794 T ARl B4 . 1% X 2 i A il 7Y
R ERETEAMX 2 —, BTETEA%, &
ZIEA T, EFIRRIEHE, R EMAT N
0.9 C, FPEKEMAP)YN333 mm; 54 H N1AG,
SFEREA-21.4 °C, A RNTA G, FHRIEN
19.5 C; BokEFBEERERZ6-8H), 252K
IKI163% (K1), S AU B N C ) S IR T R,
FEVE RSP MM 2 A I 2 AR AR R, il dn =
¥i(Leymus chinensis)s Nt =F(Stipa grandis)~ F15%
(Achnatherum sibiricum)=% .
12 HEXESTENE

20194 KZE6-9H, MRS KIET—IK
P REEEREHN6H2H. 6H17H. 7H2
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BN FENEES N m x 1 mif/NRETT, EFRTRETT A
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Fig. 1 Monthly average temperature and precipitation during
the growing season in the study area in typical steppe in Nei
Mongol (mean + SD).
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AR, EBACH RAF. [FH. Jom F R
Fh5-10%k), FEMRRAES-1SHEL & se B ik JE5 DA
T R RN e (AN & A ) IR & — A
FE df(Cornelissen et al., 2003) . EARREEYIFH I 4 FR
PG IC T VE IR T KR BRI Fr LLAR BT
BEERAAIFREUZ 5 =, E65 CHRM T2
fE . BT 5 R o I ER B AT B, S J9)h
a4 LTS0S, K B AR RO A o 100 H O, 7E+
B D E NN SR AF . A C NEEHITRED
M4 (vario EL cube CHNOS Elemental Analyzer,
Elementar Analysensysteme GmbH, Hanau, Germany)
M (VLA S, 2006); M FP£ &R I HNOS ¥ fif -
ICP-OESVE(TK 4N EE, 2017)ill5E, KH M3 A H
JEH A 55 B T OR B 6IE X (ICAP 6300 ICP-OES
Spectrometer, Thermo Fisher, Waltham, USA). FTH
DX 28 H o B R 2 B AL AT T BT 23 A 3k e 0 58
o
1.3 #UES

fhEGMED P Cy Ny PEERHIER
FEMEM AHCL Ny PEEXRHIRES R, &itEl
BRI SR L) bRt e 22 AN AR ALY [ o 72 BRI L,
K PTR A BYIRE R G R T R BT I

R ONFN R SUREEMIFD (AR THRESERE. 5 S R ]

W AR TR B 0 N 2 AR A R BRI 2 A A e
PRI SRS IR D). R, RS EA
PRI Cy Ny PE & & ER P IE IS
WHRRMEG T, BT CEA AR A R
A A TSR o AR IR, RS AR
[F I RhZH L b e

NIRRT A Cy N. PEr& S L LA IR R & o6
&, AR Persontl 4T, 48T THFCy Ny P
SRZB AL SITREIEZMPXR. FHEKT
BMRIER Iy = o, HREPHLG X B 15
Fllogy = loga + Blogr. HAXMYREAFMTHETE
br, BRI IEA KIS HpHI1ZMAFREER,
M EFRAR AR R EA KK R MO iR S &
Je AR AT DLLON SIS X Bt 6, A FL0 2 IEAS
I3 A Ja AT PR PR S AR K b . AR KRR
LB K F b o Sl [] I (SMAA) R 7 32%, 76 e 7t B
IR 112 FPE(Warton e al., 2006) 455
SR KRR R I B A5 X A (Pitman, 1939), /5
FIFBAA LA 56 5 72, RS 3 Rh F 70 A K 2= A 1A
2 8] §) 57 J5i M (Warton & Weber, 2002).

o RS DR R B A (A 2 T AR AR b
TGS, TATRA T i/ — 375 (OLS)

Table1 Sampling species (species names, functional group and phenology) and sampling time in typical steppe in Nei Mongol

PyFd Species

KB A Phylogenetic group

HEyER Life form

6/ June 7H July 8H Aug. 9H Sept.

FI3F Achnatherum sibiricum
KAEWZ Adenophora stenanthina
VKL Agropyron cristatum

¥%4E Allium anisopodium

WAL Allium condensatum

WdE Allium senescens

M Allium tenuissimum
/NHERIS L Caragana microphylla
KB T B Cleistogenes squarrosa
P Aster hispidus

KMk Kochia prostrata

[Y/&15E Koeleria macrantha
EE Leymus chinensis

ZMIITT Nepeta tenuifolia
TR Potentilla bifurca
WkAE3k Klasea centauroides
KEFSFE Stipa grandis

JENERAEL Thalictrum squarrosum

HLFIH Monocotyledons
XFt Dicotyledons
¥ Monocotyledons
HF I Monocotyledons
HFIH Monocotyledons
HFIH Monocotyledons
HLFIH Monocotyledons
¥ Dicotyledons
#.-FH Monocotyledons
¥ Dicotyledons
X T Dicotyledons
HF1H Monocotyledons
HLFIH Monocotyledons
XF Dicotyledons
XF Dicotyledons
AT Dicotyledons
HFIH Monocotyledons
KT Dicotyledons

Z A REL Perennial grasses A A B,C D
ZHEHEJRKEL Perennial forbs A A B B B,C
ZAEARE Perennial grasses A B,C D D,E
ZAFEA 422K Perennial forbs A,B C D D
Z 4 J KB Perennial forbs A,B C D D
Z 4 J B Perennial forbs A,B C D D
Z A4 Perennial forbs A B C D D
- B C C D
Z K Perennial grasses A A B,C,D D,E
ZAFEJRIEL Perennial forbs B,C C C,D D,E
- A B,C CD D,E
Z A4 R E Perennial grasses B,C D D D,E
Z A REL Perennial grasses A B,C C,D D,E
ZAFEA 442K Perennial forbs A B,C C D
Z KT Perennial forbs A, B B,C C,D D,E
ZAFEJRIEL Perennial forbs B,C C ()] D
Z A4 R E Perennial grasses A A B,C C,D
ZAEHE AR Perennial forbs A B,C C D

A, BRI B, BLE; C, JEI0; D, JU E, Az,

A, vegetative stage; B, unopened buds stage; C, flowers stage; D, fruit stages; E, senescence stage.
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BHATEIESHT, CASAL AT B R bR IE MR AR &, 1
HUREIS [ (LA IS H R m) N AR B RS
THEIEPRBEE T AR AR S, RATRAH T —
TR REHATIG IR — R —it
FabRE A KA AR 2 5, FRAMER T &R
7250, R A 2 B T V(Tukey’s HSD)i#E4T
BRI . T AR HUREIT ) e 3 AL
AR A E R AR R TR, R
IR T ¥ 7 Z 8T (ANCOVA), DLEAL 21T 545
PR RN &, CATHRESRHAE. HUREI ) (LAfR g H &

MR M HAERE N B A &, N &1L
St EARPRBE T AR AR, T E b
LT EURE IR ] () — IR IR R I

BT 43t Az 135 #E Rstudio 3.6.1H 58 i

2 #£R

21 MHC. N, PEERHEITE HERBIREHE

P LR R R A C. N PR E AT
I ELAEAEAS [ b R 2B A FR [ B TR A AR 3R
A2, MR, HH, HANL PEE. C:NFIC:P

2 AWEE AR R DI RERBE A RO AWN). BEP) S & it R

Table 2 Leaf carbon (C), nitrogen (N), phosphorus (P) concentrations and ratios among different functional groups of typical steppe in Nei Mongol

ThRER T PR PHIME HeMA BAE WiERE BRERH
Functional group Sample Mean Minimum  Maximum  Standard  Coefficient of
number deviation variation
e == RE KR i-F I Monocotyledons 70 431.87° 391.36 468.83 18.2 0.04
C trati Phyl ti B
(mag SRRt Dicotyledons 56 43543 369.88 47475 21.03 0.05
HEgE T ZAEERE Perennial grasses 42 443 .66" 413.25 468.83 11.36 0.03
Life fi _—
e form ZAEHE 44285 Perennial forbs 70 429.13° 390.53 474.75 19.89 0.05
A3 Al 126 433.45 369.88 474.75 19.51 0.05
A= REFEH ¥-F-IH Monocotyledons 70 24.69 15.30 48.14 6.35 0.26
N tration Phyl ti i
m??le)" rAton FAYIORCENCHC ETOUP 397t Dicotyledons 56 32.33° 20.90 53.79 8.29 0.26
R [ RAY CE cerennial grasses . . . . .
ARG ZHELRE P ial g 42 23.50° 15.30 35.25 5.13 0.22
Life fi . . a
e form Z4FEJ4KH Perennial forbs 70 29.85 17.00 53.79 842 0.28
A3 Al 126 28.08 15.30 53.79 8.19 0.29
W REHH 71 Monocotyledons 70 1.41° 0.80 3.09 0.44 031
P trati Phyl ti
(Iz;’f;?l)l anon  TYIOBenclc grouP - 59 71t Dicotyledons 56 1.75° 1.04 3.60 0.49 0.28
R [ RAY CE cerennial grasses . . . . .
ARG ZHELRE P ial g 42 1.22° 0.80 1.99 0.25 0.20
Life form L4 AR SKEL Perennial forbs 70 1.75° 1.08 3.60 0.51 0.29
A All 126 1.56 0.80 3.60 0.49 0.31
CN aES #.T1H Monocotyledons 70 18.55" 8.48 30.23 443 0.24
Phyl ti
YIOBENEUC 8IOUP 5y 2t Dicotyledons 56 14.32° 8.33 21.85 3.59 025
AT ZAEA R Perennial grasses 42 19.76" 12.36 30.23 4.28 0.22
Life fi .
e form L4 KB Perennial forbs 70 15.44° 8.33 23.09 3.99 0.26
43 All 126 16.67 8.33 30.23 4.58 0.27
C:P REIH HFIH- Monocotyledons 70 330.93° 130.66 573.06 91.16 0.28
Phyl ti
YIOBENEUC 8IOUP 5y 2t Dicotyledons 56 267.19° 11813 423.14 70.72 0.26
AT ZAEAREL Perennial grasses 42 378.07* 218.89 573.06 74.78 0.20
Life fi
e form L4 KB Perennial forbs 70 26279 118.13 42314 68.44 0.26
438 All 126 302.60 118.13 573.06 88.31 0.29
N:P Va-ESi 71t Monocotyledons 70 17.95% 12.81 29.33 3.52 0.20
Phyl ti
YIOEENEUC 8IOUP 4y 211 Dicotyledons 56 18.78° 13.76 26.99 2.80 0.15
AT ZAEAREL Perennial grasses 42 19.50° 14.26 29.33 3.59 0.18
Life fi _—
e form ZAEHE 44285 Perennial forbs 70 17.16° 12.81 23.62 2.34 0.14
23 All 126 18.32 12.81 29.33 3.24 0.18

SFEHE SR A RVNG FEMUR AR D Re R | FrCy Ny P& ik & HUAH7E0.057K P L2 7 B

Different lowercase letters following mean values represent significant differences among leaf C, N, P contents and ratios of different functional groups (p <

0.05).
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1A S ok, HEKEMB/MEMZEIRZL L K
UORN:P, o KA Al /IME 2 A AH 22 1A% T

RN RN BATE, 126 EYFEA R
i C B AV N 369.88-474.75 mg-g !, “PHIME
N433.45 (£19.51) mg-g ', M ANE R/ AGTEE N
15.30-53.79 mg-g ', “F¥I{E ~28.08 (+8.19) mg-g';
IH- Py P2 B 10 43 A1 V6 B9 0.80-3.60 mg-g !, “TiMH
N1.56 (£0.49) mg-g s W C:N 2 A 5 Fl N
8.33-30.23, “FIME N16.67 (+4.58); ™ C:PHIS i
Y FE M 118.13-573.06, “F#1{E N302.60 (£88.31); It
FrN:P 43 A7 X 18] v 12.81-29.33, “F 118~ 18.32
(£3.24)(#2).
22 MHRC. N, PREERHITEERNXR

H A CEESPE R . CNMCPIETEAE R FH

IR (] < 0.45, p <0.05), TINE &R SCN,
C:P, PEEECP. C:N, C:N5SC:PUUANEG & 5P
B (A3 5282 HBGR AR R(r > 0.75, p <
0.05)(Kl2, E3). FIANG &EECP. PREEECNK
C:NECPZ X RENGPH 8K R 14,
WL TR R AE KT EECHENS ESCN, P
TESCPUANSPEHEEZEM KR, 4RRY,
VIR ANES &2 S5CN T A PEESCPRL LM
N5 P& & 8] 5¢ 2 PR3 AE A KA [F] I H 8] 35 6
BEERER3). HAHANEESCNR LR
HN-0.99 (95%E A5 X [A]: CI = —1.03— —0.95), " HP
HEECPHILFFIR N-1.04 (95%E 5 XE: CI =
~-1.07--1.01), M A N&ESPEH =N ILFE RN
1.11 (95% B 5 IX[d]: CI=0.97-1.26); X =K &4}
R ARHES 51.0T0 8.3 % 7 (p > 0.05), W=
HRRNEREK LR

23 ARIEHMAC. N. PEERITEIENSTT
T

FHT RS YRR RS0 B RBL S N Tl
BT 42 ARG R 93 R 2 A A R B 2 AR AR
RKEWRGERD. dRER, HWHCEHEEER, T
H-EHEIA] TC 2 2 5 (p > 0.05), TN, PR
M A B2 Rp < 0.05)(3K2), HH, BT
HAEP N, PE & BT XFHHEY(p < 0.05).
- C:NL C:PAEHL XU IHEY) (AR 2 3 22 57,
Horb B 7 IR I CNANCP R 2 v T 01
(p<0.05); AHJ, M N:PTEIX A8 1) (] G & 3
PEZE R (3K2).

TEAEKZEN, BFHED I CE =R K
FMHER 2% LIS NRES, EHIET AR

1.0
C |0.8
0.6

004 N ‘ ‘
L0.4
~0.24 P ‘ 0.2
Lo
Wi 093 —0.79 [KeB ‘ L o
~0.4
WAk 075 —091 080 JKeAg
0.6
_ -038
035 019 —034 —-0.19 042 NP
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B2 PSSR EEEY T RO BN). BEP) SR K
THE HAE A AR SSHE

Fig. 2 Correlation between leaf carbon (C), nitrogen (N),
phosphorus (P) contents and their ratios in a typical steppe in
Nei Mongol.
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Fig. 3 Relationships between leaf C:N and nitrogen (N) concentration (A), C:P and phosphorus (P) concentration (B), and N and P

concentration (C) among species in a typical steppe in Nei Mongol.
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R=3 WZEHBAEFREYYT A REARCNSEAN G E. BLC:P) 5HE) & & LEN) S & 58 P) & B AT H(SMA) BlH S8 A [ ZEH

%5

Table 3 Parameters for leaf C:N and nitrogen (N) concentration, C:P and phosphorus (P) concentration, N and P concentrations in different developmental
stage of typical steppe in Nei Mongol analyzed by Standard Main Axis (SMA) regression

5% C:N-N C:P-P P-N
Group F# Slope R p #HE Slope R P #F Slope R P
06-02 —1.04 (-1.16,-0.93) 0.96 <0.001 —1.04 (-1.11,-0.97) 0.99 <0.001 1.68 (1.26,2.23) 0.70 <0.001
06-17 —-1.00 (-1.10, -0.90) 0.96 <0.001 -1.03 (-1.12,-0.95) 0.97 <0.001 1.16 (0.87, 1.53) 0.71 <0.001
07-02 —0.95 (-1.03, -0.88) 0.98 <0.001 —0.98 (-1.06, -0.90) 0.97 <0.001 0.98 (0.72, 1.32) 0.67 <0.001
07-17 -0.97 (-1.07,-0.87) 0.96 <0.001 —1.05 (-1.15,-0.96) 0.97 <0.001 0.97 (0.68, 1.38) 0.54 <0.001
08-02 —0.97 (-1.05,-0.89) 0.98 <0.001 -1.02 (-1.12,-0.93) 0.97 <0.001 0.90 (0.65, 1.24) 0.62 <0.001
08-17 -1.03 (-1.17,-0.90) 0.94 <0.001 —1.10 (-1.23,-0.98) 0.95 <0.001 1.08 (0.76, 1.54) 0.54 <0.001
09-02 -1.03 (-1.13,-0.93) 0.97 <0.001 —1.08 (-1.16,-1.01) 0.98 <0.001 1.13 (0.80, 1.60) 0.55 <0.001
LR R LR R R U LR R FUE

Common slope Heterogeneity of slopes

Common slope

Heterogeneity of slopes ~ Common slope  Heterogeneity of slopes

4 All —0.99 (-1.03,-0.95) p=0.77

~1.04 (-1.07,-1.01)

p=0.58 1.1 (0.97, 1.26) p=0.10

FE5 BB N RER95% K B X A .

Data in brackets is 95% confidence interval for the slope.

AV, MR T HEYI I CE R M ET
A RE (K4, IR B BT AR AN
PEH R EENZW S, BEMHAIBE
[ A TE A [FAD (B4, BRI By BT IHfE
AN PEEEBNMEKEY RN EES, (Hp-r
Y AN PR EIET A RS A Wik B H AR, 8
Aoz G XA BT Byt AN, P& &
W BEZETRESE T B, 7E9 A WIE B

B, XTI A CNL C:PEEAKZRTY
RIK LTSS, HEFHAEYH 7 C:N. C:P¥TE
THIK8 AWIA B Gy, WAEZ G AT N WF
AR CNL C:PIIRREE ETF, 759 A Wik B i i
(El4; PSRN XTI HEPIRINPIG R 2 1 2= AR
%, BT I RN PIE A K 2R R R 5 R
NS I,

HFC. Ny PEEMIFFCN, CP. N:PEZ
FARE., ZAEAESRER ARSI 2 5 B3
(p <0.05)(F2). Htp, ZEAREH AN, PEET
FRTZEAELRIKHEP < 0.05), 1M FCHEAM
C:N. C:P. NPRFE ST ZHEARIKH(p <0.05) (5
2).

HFC. PERNET UL EERES
AR R A IR (K5, BRI Z4E4
REMFC. PEEMIEEZNENIEAESA,
BEAEKZHER, ZHEARIETFCHEREL R
FHE T RerEs, AR IETH RS AY], PEESR
S NG LRy, 7 ARS A WA R, M
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NG ENEN A ZFEREE ZF A SRR
WA REUE 2, BARRINH AN BEAKZE
AT WZ M N %, 767 H S8 A WL BIRAR, MIEZ
Ja XA B EFH(ES; BRI,

Y NI ZET RN Z FAERES 24
AR R R R EUA 2, BARRI M v CNAEAEK
ZERTHIRET BT, 757 H IR 8 H Wik B i e, 1fiAE
2 Ja X g FRE(ES; MsRID. MR, B C:Py N:P
BEZET AR 2R AR B 2 AR AR J R B M A
F30 . KRS, ZFEAREH FCPLREEDR
e, N:.P2 N, 1244 8 KB 5 C:P,
N:PE%e EFHE T RErES, WEEAE 5 HIET H R
SHMIATH Ay (ElS5; BRI,

24 MHC. N, PEERITELENBATRO MR

MR Cy Ny PE & KT RS2 R A I (] A3
RERBE 2 P FE FEAN A (3R 4) o 1E BT IH AR 17
ANRBEN], KA 2 A Cy Ny PERZF IR
KK (p < 0.05); HHN. PEEWZRKERBELL
RAERS (B AR B R A EAE B3 )y
C:N. C:PIAE 7 3= B2 R AFEIS [A] () s m, HIROA K
BRB A HNZHER . NP R EER
ERRER 18], FEON RBER AR R & 2R BER 2 HAE
H(FR4A).

TEZAFERE, SRR B,
FC. PEEMCP. NPT FERE AR, H
UCONRFERTE]; Forh, P& B AINPHIR 7652
A T BRR AR T [B) ) 52 FLAE F 520 (3R 4B
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B4 A S SRR R A R R(C) BAN) BEP) S E(A. By O) KT RIHE(D. E. HIMFEWIIECHE
fHEFRER22) . [R1)A PE IR S AR 58 D RE SRR RS S8 v B AR bR A K IHER AT 2 2 (p < 0.05), MELFRRRHEDIRE
KRB FrE T R br b AR KRR A 14 B & 2B H1(0.05 <p <0.1).

Fig. 4 Seasonal dynamics of leaf carbon (C), nitrogen (N) and phosphorus (P) concentrations (A, B, C) and their ratios (D, E, F) in
monocotyledons and dicotyledons in a typical steppe in Nei Mongol (mean + SD). The solid line in the regression diagram indicates
that the specific index of certain group has a significant change trend with growing season (p < 0.05). The dashed line indicates that

the specific index of certain group has a marginal significant change trend with growing season (0.05 <p <0.1).
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H 3 Date
ZHEHIREL Perennial grasses A BHEHZISEL Perennial forbs

B5 S R SR AR A ZAE AR R I A BR(C). BN BE(P) T E (A By O KITEIMED. Ev PHIXFETIZIE
CPEIEEPRHER ZE) o 101 VA S22 2 7R R 8 D RE SRR 8 THE TR ARBE AL KT HERS A B2 R (p < 0.05), BEZFIR
R 5E DI RERBE I3 THE TR AR A KR AU & B E R WEH(0.05 <p <0.1).

Fig. 5 Seasonal dynamics of leaf carbon (C), nitrogen (N), phosphorus (P) concentrations (A, B, C) and their ratios (D, E, F) in
perennial grasses and perennial forbs of typical steppe in Nei Mongol (mean + SD). The solid line in the regression diagram indicates
that the specific index of certain group has a significant change trend with growing season (p < 0.05). The dashed line indicates that
the specific index of certain group has a marginal significant change trend with growing season (0.05 <p <0.1).
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NE B ANCN A8 7 32 BER R AR a], HONE
TER(R4B).

3 Wig

31 MHC. N. PEERITE LEREAFHE
C. NFMPRHEMEKKER VTR RETER,
HAb 22 ERHIE e S AR 7% 20 R AR BL A T 3R
SPAETRAE . A FT AN Rl A B 1 8P L AR )
NS, 8 T A Cy Ny PEE LT RIK
AR, 2REI, M F
C. N. P& ES 5 N433.45 (£19.51). 28.08 (£8.19)

FN1.56 (£0.49) mg-g ' PN 5% ot i AR I 5 B JEU AR A it
R CE BT EAL T S AE Y AP C A E (438
mg'g ', He et al., 2006)%: A —F, KT 43R4
W PP C & (464 + 32.1) mgrg ', Elser et al.,
2000a; p < 0.05). XRHREILT7 B AE RS RGH
FCHEEFEM T &M A S KA R T HKF,
WiAE AT RE I 55 o T P 5 oty BRI A S SR A P
NE &% & TRETFEKFE202 + 84) mgg,
Han et al., 2005; p < 0.05), T &R FHKF
((20.6 £ 12.2) mg-g ', Elser et al., 2000b; p < 0.05).

XA 8 A R A Y 5y il B o B R AR TE T R T

R NFE R FORFER A EAVEE A M FR(C) . BIN) BEP) & S E LA U 7 220 BT (ANCOVA) S HL
Table 4 Parameters for leaf carbon (C), nitrogen (N), phosphorus (P) concentrations and ratios among different phylogenetic groups and life forms of typical
steppe in Nei Mongol analyzed by Analysis of Covariance (ANCOVA)

2% Parameter

KB B Phylogenetic group

ARSI Source of variation BESETSS W MS F
e K EJHE Phylogenetic group 396 395.9 1.15
C trati o -
(mcgo.récle)n ration SFBE A 1? Sampling date? 2867 2867.2 8.33
SKEEH] Sampling date 1741 1740.6 5.06"
PR B HBEXFRE 31 Phylogenetic group x Sampling date® 169 168.6 0.49
KRB RBKFEH I Phylogenetic group x Sampling date 1088 1088.4 3.16'
B KB X Phylogenetic group 1815 18152 61.89™
N trati o
(m;o.gcne)n o A HP Sampling date® 491 490.7 16.73
KFEA W Sampling date 2280 2279.7 77.73""
KRB HRFE H 1 Phylogenetic group x Sampling date 93 93.1 3.17"
KB RERFEH W Phylogenetic group x Sampling date 184 183.7 6.26"
e REHEE Phylogenetic group 3.48 3.48 2278
P trati o )
gy b I Sampling date? 2.18 2.18 1425
SKAEHA Sampling date 4.86 4.86 31.82"
KRB HRFE H 12 Phylogenetic group x Sampling date 0.03 0.03 0.20
RERBHCRFEHM Phylogenetic group x Sampling date 1.40 1.40 9.18"™
CN % H KM Phylogenetic group 554.8 554.8 56.52""
ke H H1* Sampling date? 1352 135.2 13.78™
FAEH I Sampling date 696.9 696.9 70.80""
R B L BECRRE H 317 Phylogenetic group x Sampling date? 47.8 47.8 487
RERBHCRFEHM Phylogenetic group x Sampling date 5.5 5.5 0.56
C:P K EIHEE Phylogenetic group 126 456 126 456 23.29™"
A 917 Sampling date? 42 934 42 934 7917
KFEH M Sampling date 118 984 118 984 21.92"
KB HBEx KL H 1 Phylogenetic group x Sampling date? 5798 5798 1.07
RE B A Phylogenetic group x Sampling date 29 439 29439 542"
N:P KB IHE Phylogenetic group 20.9 20.9 2.13
AR 3 Sampling date? 0.2 0.22 0.02
KFEH W] Sampling date 51.5 51.5 526
R B B KRE H 1 Phylogenetic group x Sampling date 14.7 14.75 1.51
KB RBHCKFEH M Phylogenetic group x Sampling date 46.9 46.9 480"
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R4(EE) Table 4 (continued)

S ¥ Parameter AESERY Life form

Az 53R Source of variation BEFHRSS B1J7 MS F
i a A3EH Life form 5542 5542 20.83"
(Cmcgo.r;le)n tration TAEF2 Sampling date? 2512 2512 9.44™
KEEHY] Sampling date 1810 1810 6.80"
A2 3% B SRAY: H J1 Life form x Sampling date? 10 10 0.04
AEVEADCRFE H ] Life form x Sampling date 38 38 0.14
BoE A3 Life form 1060 1059.6 3175
gq;?gﬂe)mmﬁ"“ STREF 2 Sampling date® 526 5255 15.75™
KAEHA Sampling date 1833 1832.8 5492
Az 3% B SRA: H J1 Life form x Sampling date? 3 3.1 0.09
ATEEDCEAE H I Life form x Sampling date 78 78.1 2.34
E R AR Life form 7.54 7.54 59.98""
})nfg,‘;?;mﬁo“ SR H 87 Sampling date? 228 228 18.17™
KFEH ] Sampling date 3.53 3.53 28.10™
A% SRR H W Life form x Sampling date? 0.58 0.58 458"
ATEEDCEAE H I Life form x Sampling date 0.76 0.76 6.07"
C:N 4357 Life form 490.9 490.9 48.07™
SKBEEUP Sampling date” 149.0 149.0 14.58""
KFEH ] Sampling date 614.6 614.6 60.17°""
Az 35 xR U1 Life form x Sampling date 2.1 2.1 0.21
AETEEDCRAE H A Life form x Sampling date 33 33 0.32
C:p A3 % Life form 348 869 348 869 88.98""
SKBE A 1? Sampling date? 49510 49510 12.63™
KAEH I Sampling date 82 881 82 881 21.14™
Az 35 xR U1 Life form x Sampling date 1157 1157 0.30
AEIE AR RE H W Life form x Sampling date 3377 3377 0.86
N:P A& R Life form 143.7 143.74 19.92™
A H 3 Sampling date? 0.5 0.46 0.06
KEEHY] Sampling date 733 733 10.16™
HEIE R R BE H 1 Life form x Sampling date? 34.8 34.82 483"
AEIECRFE H A Life form x Sampling date 32.8 32.80 455"

SRR I ARERLS: y ~ R T R H R H R T R HI + R T 2EBOCR B H I iy ~AE VG R0 H U R H 0+ A i

R E P ARG EDCREE N, SS, B2 PR MsS, 77, Ffais EANARE

#* p<0.01;%, p<0.05;1,p>0.05.

R AR AV AR SR R 2 THEE AR ARSI ) S 35 AR *%, p < 0.001;

Regression models used are: y ~ Phylogenetic group + Sampling date” + Sampling date + Phylogenetic group x Sampling date’ + Phylogenetic group x
Sampling date; or y ~ Life form + Sampling date’+ Sampling date + Life form x Sampling date’ + Life form x Sampling date. SS, sum of squares; MS, mean
squares. Different symbols in the upper right corner of F' value represent the significance of the influence of different sources of variation on a particular index:

*k < 0.001; **, p<0.01; * p<0.05; T, p>0.05.

X, BEAKEAN D, TR T R B
A RCR R, DK R A T 7 2
M. X5 CMERFF RIS A —5, BIfEAE %
AERRE bE A XY A N BB
(Elser et al., 2000a; Han et al., 2005). AHF 5t N 52
SR I A B R A A P RS T A P A K
F((1.46 £ 0.99) mg-g ', #HCEFEE, 2009), 1H %%
BAEZEE > 0.05); “HEEHKTEERTEKF

((1.99 £ 1.49) mg-gfl, Elser et al., 2000a; p < 0.05). &
it 70 (Aerts & Chapin I11, 2000; Han et al., 2005)i\A,
Y FPEEFEZ HEPEE XS, MRE L
Iy HLIX LIPS EAE R KF 2T, XA RE
Fe R E A P B BRI A SR K 2 —(Han et
al., 2005; fEHAEE, 2007).

T C:NAIC: PR AL U 77 8 3= H
KIFMLCHIRE ST, BRI B FAE S mAs ¥ 7% 23 F1
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ORI FahR(Sterner & Elser, 2002; #3CHF4E, 2009;
RG T, 2010a). AWFTTRIN, A5 LY R AR
Yyt S 5 CN R F AR T 2 BT 1 K- (16.67 +
4.58 vs. 22.5 + 10.6; Elser et al., 2000a; p < 0.05), 1
C:PIU & 3% & T A BRP 47K °F(302.60 + 88.31 vs
232 + 145; Elser et al., 2000a; p < 0.05), i B 3 [F i
R i XA N B R B A BRAE D AR, TR PR
R AR W E . Y AN PEFRILER
FEOR A L8, o RIENTSRIER N Z, 1t
HEP IR 45 I U A o — (1) L 2R 55, 2008), T2 %2
JET 250 BRI R RIIRR A o A 5ty B 28 T b Ak
RAETR-ETRX, BRI, ERF LIS
BRI RIS k2% 1 T IEPHIRE I (He et al., 2008; K
B, 2012). K, iZH X AEYIAE KR B BT 7 N
BONF RPN BLZ, XA A8 & 1% X 4P A H
AL v TN AR BRI R R 22—

NFIP— M A N2 Pl A & RGP R Kk
B PR B 5, A A i NP B SR PE A AR
W52 NBCPAH XS R il (1 0L, AEAS [E] 49T R AN )
NP BB K H € ALY E FR e = PR AIE B . filan,
KoerselmanfllMeuleman (1996)%g i, N:P/NT 141
T ZNHIFRH, NPT 16 Z PRI & . 1M
Giisewell (2004) 138 =t 0 HA 7t AE S48 A 30, N:P/NT-
100, FEPAEKSZNIRS], NPT 200 U 3= 2 7P
PR IXECREFEU R, FORBAEAEYIN . PRRHHRFE
(FIN:PIlfe 5 LUAETE AN 2 1 o T i s i, I
FLEE 1040120 B AE Y 14 A0 1611 35 22 KUK i (Yan et
al., 2017). TEARBFICH, A5 BLAY B (1) 18 Ff i
DAY P AR NPT 10899, tAFTE
NP T 14 B NE 24K T 23R 327K 1
HEY(ED; FR, HANPAT16 A A PE &k
F BV YA AP N 12F, & TR TR ) 72%,
A N:PKT20 Bt P& &K T 2 BRF 3 K 1)
TV R3F, o5 BT FERR 1 17% (BSRT) . IX e 4h 5
BB, AR LA X AR R, P SR
BB AR T e BE 5 2 PRR il o

DIAEE IR, B AN, PR EREA
KE AR RS, (HNP IR I BE 1R
SEPE, SR T R FIN:GPIG F R B A B R e R R
Il 5 L AT 52 P (Santa et al., 1997; Agren, 2008). {H
RATHIGE BB BoR, NP ZE3 AR b #a e A
FRBE EE B 2R Hd, WrrEymmeas
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A AR B A NPREE T AR A B E, 5oE
IR S5 10—, W E FRu R IR O R BEE
WRA A R B R AR 2 A A R
AN:PIIBEZE T 222 NS, X5 DR
SR Horr, P HHEYIINP A K ZE R
220 FRERAKFERFHL16, T2 FERTER
N:PHAEKFRN22.5 FEEAKTFREHNZ17,
B R AN 2 A AR R B NP R M
B, BANX PR E R TR ERKEA
[ B A A AR AR (5 PR ), (HE 7R 70 2 IR Il 2
AU ERE SRS - AT E 2 5 P e P S S
SR NP BT AE ) 5% 70 2 BR 45 DL INF, v it
T B R AR 1219

DIAERRF 70 R B, AL HC. N, PEE AR
THE LB AL W3 A DG, XM M S B 1 A
YAk N B 9% o0 2 ) N AE IR A AL (Elser e al,
2010), AR FE—DHNE [TIX—W i Hr, nt
ANEEEHCN, HAPEEECPULM NG &S
PEEHE BE AR, WHHEMT AN, P
TCRA G RIHR B E KR, MEYT FCE
5N, PEEZEHRRIE HERKR, Wil
HCN. CPIFEIERAEIC-N. C-PRFE R R,
M HIX MRS R R B AN, PHERE S, X4
HHAG5EE2013). M5 (2010) 15K 3CZ 55(2010)
FIRBL—E. REMH AN, PEREMCN. C:PHFEZ
WA, EAFEIhReRBE A BE 2R, A
ANEESCN, HAPERESCPLUAMANEG RS
PEHEHMEIHERAE KRR, BEAKFNAFH
IR AR e . X — Rt PHHE T
Y FC-N. C-P. N-PZIEINER G R
32 AEEFEEYHAC. N. PREERHItEE
RETTH

WS BURELE R Cy Ny PR At
T E A BE A KT AR A, TEAS R Th e 28 B )
WAATERKZER . 75T FUCF 15 S 28 (],
HHC. N, PEEMCN. C:P. NPHA G435
K RFEIT (B AN R, T 2 A R BN 2 AF A
FENA], B AN EAICN AR 5 35 5 52 K ke
[ IEEIE 2 Ah, I Cy PEEACP. N:PHIAS S
FERAATERIARR . BT SRR ] (1R [F] i 5
o AT E AR I E e R B R T E S
TEAS RV i B IR AR W0 5 REAE, 10 D BRS04k
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SRR AR S I 3 BRI T DR RN E R0
FIRSCR R R I TS RN, 24
AR R BN 22 A A J R A AR i B R I AT B
AR 8 77 706 2 R SOR FH AR

BERSE A LA & CTERE A I F EAEE T A,
FEAEK TN RO G AR BR, 1R RS EH
P E B P, FEREANRKER R, BRI
TR DA R 2 A AR R AN R R C R AR A
KEFTWIA L b, maEEKFRY, oAt
HAEFIRES, M AR A AR B — e
FERIRE, BRIMA SR CE =AM &
RN O B KEAF NI AA — 2 2K,
H5H AN, PEEME, HHCHEENZYE R
NG IX G5 FEIE T AR A A S RGRA IR I
Bl A3 HEEE (2013 )W BT 47 2 e L X 6 ZEEA
Y Rt RSB RRIL, W CERERZET
B ENTN PER; WX EEQoIS)FR T
W TH 2 XU S R I AR o R A AR - CL NS P
MR Y E KR B AR, BREL
CHEMIARAR T/, XSt IR T CE N
YRR KR B I R BRI, 2 A
SRR IIREETC R N, PERUN,

YENThREMEICER, AN, PEESHEYAEK
S BT REAT I B AR B Th e R AR ARk, DR
EAEKENAFN AR RZES . DEET—RM%
REER B R R A B a5 R, 0 208 T4k
S EFHE TR R, X ] REIG N AR A 7T
AT E . EAEKZERT, B AR A
PAK Z AP AR BERIZR R N, PE &I s, b
EAEKTHER BT REH . RG515(2010b)HF
Fo TN R 3 PR A AN P
ERIETAL, RIM AN, PEEIEAKYIIE
FRT HARAK T, MRS (2012) K IR E 2L
bR I N B R B A K R T RS 2 B RN )
Ak, RBFTLE RS 2 FAL.

FEAEKZERTI, Y R an i 2 A P o 2 G
77, B KRN PYITR A AR AR IR R 5
DLAn P gE, B AR KT AN PE
R (PN RIRRR 2, 2001; REi5%%, 2010b).
BEE YRR, A 4 AR AN AR K i e
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Supplement I  Seasonal variation of leaf carbon (C), nitrogen (N), phosphorus (P) concentrations in 18 common plants of

typical steppe in Nei Mongol, China

YFh IR H BB AEE WA R
Species Sampling date C concentration (mg g ) N concentration (ngg™) P concentration (mg ¢ %)
FlE1E Heteropappus hispidus 2019-06-02 397.90 38.22 2.04
#4E Allium anisopodium 2019-06-02 403.74 42.53 3.09
VKEL Agropyron cristatum 2019-06-02 437.45 28.58 1.08
f& 5 75 Cleistogenes squarrosa 2019-06-02 435.60 32.82 1.99
ZRFR Potentilla bifurca 2019-06-02 439.92 41.27 2.55
L2 Allium condensatum 2019-06-02 414.37 34.90 2.03
ZH3RFF Nepeta tenuifolia 2019-06-02 403.08 29.20 1.53
Jkft3k Serratula centauroides 2019-06-02 408.13 38.46 2.36
Mk Kochia prostrata 2019-06-02 398.96 35.52 2.47
[H#A]% Koeleria cristata 2019-06-02 435.75 35.25 1.45
tFE Allium senescens 2019-06-02 427.39 31.67 1.82
gurtEE - Allium tenuissimum 2019-06-02 408.19 48.14 2.95
/N7 )1 Caragana microphylla 2019-06-02 447.62 49.40 218
2£EE Leymus chinensis 2019-06-02 434.32 32.03 1.56
SIZF Achnatherum sibiricum 2019-06-02 425.68 33.00 1.28
JEAEFAEL Thalictrum squarrosum 2019-06-02 448.27 53.79 2.82
KAE¥Z Adenophora stenanthina 2019-06-02 425.28 49,52 3.60
KEHSF Stipa grandis 2019-06-02 453.76 26.33 1.29
HilE4E Heteropappus hispidus 2019-06-17 415.01 38.68 1.89
#&4E Allium anisopodium 2019-06-17 417.03 36.21 2.30
VK¥E Agropyron cristatum 2019-06-17 443.94 24.54 0.99
f& 5 75 Cleistogenes squarrosa 2019-06-17 429.54 25.78 1.57
TRZBSE Potentilla bifurca 2019-06-17 440.64 36.95 1.97
FAEZ Allium condensatum 2019-06-17 409.62 22.62 154
Z4HJ15F Nepeta tenuifolia 2019-06-17 419.40 27.15 1.48
J#k1Ek Serratula centauroides 2019-06-17 390.53 36.47 1.91
AHbJPk Kochia prostrata 2019-06-17 369.88 30.87 151
[*/#A1% Koeleria cristata 2019-06-17 413.25 21.24 1.05
1idE Allium senescens 2019-06-17 425.10 20.87 1.13
ZHm-4E - Allium tenuissimum 2019-06-17 418.28 29.53 1.73
/NHARRS )L Caragana microphylla 2019-06-17 449.28 45.84 1.99
%L Leymus chinensis 2019-06-17 436.00 28.46 1.40
%% Achnatherum sibiricum 2019-06-17 436.21 23.44 1.34
JEFFEFA L Thalictrum squarrosum 2019-06-17 450.46 49.91 2.49
KAE¥bZ Adenophora stenanthina 2019-06-17 421.18 42.63 2.60
K4 stipa grandis 2019-06-17 450.92 25.81 0.88
HiEAE Heteropappus hispidus 2019-07-02 437.53 29.76 1.37
#4E Allium anisopodium 2019-07-02 413.75 30.07 1.81
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Pfip BUREE & HEE R
Species Sampling date C concentration (mg g ™) N concentration (ngg™) P concentration (mg ¢ %)
VKEL Agropyron cristatum 2019-07-02 438.63 23.67 1.10
FEF&F . Cleistogenes squarrosa 2019-07-02 442.96 24.89 1.22
ZRFTESE Potentilla bifurca 2019-07-02 439.23 28.96 1.95
H AL Allium condensatum 2019-07-02 406.94 20.14 1.46
A3 Nepeta tenuifolia 2019-07-02 435.72 25.10 1.43
J#k{E3k Serratula centauroides 2019-07-02 434.69 34.48 1.46
AHfik Kochia prostrata 2019-07-02 408.94 30.30 1.76
[H/7A1% Koeleria cristata 2019-07-02 427.35 20.30 1.09
1idE Allium senescens 2019-07-02 415.88 19.15 1.15
AH-EE - Allium tenuissimum 2019-07-02 424.67 26.87 1.63
/NIHRRS )L Caragana microphylla 2019-07-02 445,95 42.28 1.80
S£H Leymus chinensis 2019-07-02 432.63 24.96 1.33
%% Achnatherum sibiricum 2019-07-02 457.66 33.98 1.84
JEFEFAEL Thalictrum squarrosum 2019-07-02 470.34 37.37 1.98
KAE¥Z Adenophora stenanthina 2019-07-02 430.19 39.70 2.33
KEF3# Stipa grandis 2019-07-02 448.56 20.01 1.02
FiEAE Heteropappus hispidus 2019-07-17 445.00 37.40 1.75
#4E Allium anisopodium 2019-07-17 404.24 27.79 1.48
VKEL Agropyron cristatum 2019-07-17 447.53 21.95 1.05
FiF& 75 Cleistogenes squarrosa 2019-07-17 446.83 19.82 1.39
TR Potentilla bifurca 2019-07-17 452.81 29.20 1.69
1L Allium condensatum 2019-07-17 405.07 20.20 1.19
ZHRFT Nepeta tenuifolia 2019-07-17 452.04 23.05 1.38
J#k1Ek Serratula centauroides 2019-07-17 433.33 30.64 1.66
AHbBk Kochia prostrata 2019-07-17 413.13 27.25 1.84
[*/7A]1% Koeleria cristata 2019-07-17 445.85 18.20 1.02
114E Allium senescens 2019-07-17 421.82 18.27 131
4tk Allium tenuissimum 2019-07-17 431.05 24.20 1.53
/XS )L Caragana microphylla 2019-07-17 452.60 39.36 1.73
2£EE Leymus chinensis 2019-07-17 448.94 21.32 1.08
1% Achnatherum sibiricum 2019-07-17 460.79 2332 1.29
JEAEFAEL Thalictrum squarrosum 2019-07-17 474.75 33.00 1.46
K% Adenophora stenanthina 2019-07-17 439.20 36.77 2.05
KEHSF Stipa grandis 2019-07-17 458.45 22.63 0.80
FlktE Heteropappus hispidus 2019-08-02 443.80 23.95 1.33
#4E Allium anisopodium 2019-08-02 423.49 25.70 1.38
VK¥E Agropyron cristatum 2019-08-02 458.89 20.56 0.97
fF&F B Cleistogenes squarrosa 2019-08-02 452.11 17.96 1.22
ZRZERSE Potentilla bifurca 2019-08-02 419.97 21.05 1.33
#AEZ Allium condensatum 2019-08-02 405.32 18.02 1.19
Z4F3H 7T Nepeta tenuifolia 2019-08-02 459,28 22.18 1.10
J#1Ek Serratula centauroides 2019-08-02 442.79 26.41 1.32
Ak Kochia prostrata 2019-08-02 421.89 2343 1.17
[H/#A]% Koeleria cristata 2019-08-02 443.10 18.92 1.30
LidE - Allium senescens 2019-08-02 423.29 20.43 1.34
4Hm-3E - Allium tenuissimum 2019-08-02 437.05 25.49 1.94
/NIHEERS )L Caragana microphylla 2019-08-02 455,25 35.03 1.53
“EH Leymus chinensis 2019-08-02 449.98 24.14 1.42
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Species Sampling date C concentration (mg g ™) N concentration (ngg™) P concentration (mg ¢
312 Achnatherum sibiricum 2019-08-02 449.11 2261 1.19
JEAFEFAEL Thalictrum squarrosum 2019-08-02 461.40 39.47 2.20
K702 Adenophora stenanthina 2019-08-02 454.54 30.64 1.83
KEFSFE Stipa grandis 2019-08-02 462.51 15.30 0.97
At Heteropappus hispidus 2019-08-17 441.11 26.90 1.40
#4E Allium anisopodium 2019-08-17 413.20 29.90 2.09
VKL Agropyron cristatum 2019-08-17 437.57 19.84 1.29
f&la 75 Cleistogenes squarrosa 2019-08-17 447.37 18.93 1.16
TR Potentilla bifurca 2019-08-17 458.56 23.74 1.68
#1674 Allium condensatum 2019-08-17 397.51 21.47 1.58
Z4H315F Nepeta tenuifolia 2019-08-17 457.94 21.54 1.09
J#k1E3k Serratula centauroides 2019-08-17 444.54 23.36 1.39
AHbk Kochia prostrata 2019-08-17 407.10 22.50 1.29
[*/A]1% Koeleria cristata 2019-08-17 433.15 23.49 1.36
tFE Allium senescens 2019-08-17 405.23 21.76 1.38
gurtEE - Allium tenuissimum 2019-08-17 413.53 22.83 1.49
/NHRRS )L Caragana microphylla 2019-08-17 434.36 29.89 1.26
2£% Leymus chinensis 2019-08-17 443.65 22.46 1.25
SIZF Achnatherum sibiricum 2019-08-17 460.86 21.51 0.99
JEAEFFAEL Thalictrum squarrosum 2019-08-17 448.05 34.76 1.93
K702 Adenophora stenanthina 2019-08-17 455.91 35.56 1.84
KEHF stipa grandis 2019-08-17 468.83 18.50 1.05
FilE4E Heteropappus hispidus 2019-09-02 442.20 25.48 1.35
#&4E Allium anisopodium 2019-09-02 405.14 29.50 2.26
VK¥E Agropyron cristatum 2019-09-02 431.50 18.50 1.12
il 75 Cleistogenes squarrosa 2019-09-02 439.69 15.78 0.92
THZBSE Potentilla bifurca 2019-09-02 442.25 26.57 1.70
H 1L Allium condensatum 2019-09-02 391.36 17.00 1.33
Z4F3R7F Nepeta tenuifolia 2019-09-02 456.60 20.90 1.08
J#1Ek Serratula centauroides 2019-09-02 429.13 21.27 1.21
AHbJPk Kochia prostrata 2019-09-02 405.78 2251 1.29
[HA1% Koeleria cristata 2019-09-02 438.13 26.77 1.39
LLidE - Allium senescens 2019-09-02 414.26 22.09 1.40
4iirt3E - Allium tenuissimum 2019-09-02 420.21 34.01 2.25
/NH-EERY )L Caragana microphylla 2019-09-02 430.91 28.05 1.04
2£EE Leymus chinensis 2019-09-02 447.12 20.55 1.05
3% Achnatherum sibiricum 2019-09-02 446.86 16.17 0.99
JEFL FEFATL Thalictrum squarrosum 2019-09-02 438.91 30.05 167
K4E¥b2Z Adenophora stenanthina 2019-09-02 440.95 26.54 1.84
KEFSF Stipa grandis 2019-09-02 434.80 32.48 1.44
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Supplement Il Parameters of seasonal trends for leaf carbon (C), nitrogen (N), phosphorus (P) concentrations and ratios of
typical steppe in Nei Mongol, China, analyzed by Ordinary Least Square (OLS) regression
HA & y oy Rk ThRe A a b c R p
Dependent variable Classification Functional group
standard
o EMETRLEY RERM HF I Monocotyledons -9.88' 2.88 431.87 049 011
Seasonal trend of C Phylogenetic group X7 Dicotyledons -16.04" 18.53" 43543™ 076  0.03
A ZAEAERE Perennial grasses -11.51' 8.64 44366 052  0.10
Life form ZARA 4L KH Perennial forbs -13.14™ 11.84™ 42913™ 089 0.0
AEEMNET RS RERM BAFI Monocotyledons 7.26" -8.40" 2469™ 092  0.00
Seasonal trend of N Phylogenetic group  X{-FI Dicotyledons 2.68" -14.83™ 32337 098  0.00
A g L4 RHE Perennial grasses 517" -7.85" 23507 092 0.0
Life form AR JIE Perennial forbs 6.07" -12.41" 2085 097  0.00
B ENE R MBS RERM B Monocotyledons 0.38" -0.27" 141" 080  0.02
Seasonal trend of P Phylogenetic group  X{-T-I Dicotyledons 0.30 -0.83™" 175" 096  0.00
A ZAEAERE Perennial grasses 0.13 -0.19' 122" 060 007
Life form ZARA 44 KH Perennial forbs 0.52" -0.64" 1757 093  0.00
BRAII TR RERH #.-7i+ Monocotyledons -4.20" 5737 1855™ 095  0.00
Seasonal trend of C:N Phylogenetic group XU Dicotyledons -0.92 6.847" 1432 096  0.00
A iE A ZAEA R Perennial grasses -3.52 6.78" 19.76™ 093  0.00
Life form AR I H Perennial forbs 277" 585" 1544™ 097  0.00
RBELL AR Y KA R HF1- Monocotyledons —64.89" 45,13 330937 074 0.3
Seasonal trend of C:P Phylogenetic group X7 Dicotyledons -28.77" 126.52"" 267.18™" 097 0.0
A E A ZAEA R Perennial grasses —44.65 53.22' 378.07"" 057 008
Life form ZAFEJRIEE Perennial forbs -62.21" 83.23"" 262797 097  0.00
BBELLIFE A RAEEH #4-71+ Monocotyledons 0.70 -3.147 1795 082  0.02
Seasonal trend of N:P Phylogenetic group %I+ Dicotyledons -1.12 0.11 18777 022 027
A g L4 RHE Perennial grasses 1.73 -3.99" 1951™ 079 002
Life form ZAEA 43 Perennial forbs -1.31" -1.03" 17177 080  0.02

TR EE (), —IXIRH(0) 1 HUH () A LA AN RIS AR AN R AR R R YR R g T TR AR A NA (K R 3 R =+, 0 < p < 0.001; **, 0.001 < p < 0.01;
*,0.01<p<0.05 t,005<p<0.1,

Different symbols in the upper right corner of the quadratic term coefficient (a), the primary term coefficient (b) and the constant term (c) represent the
significance of the influence of different sources of variation on a particular index: ***, 0 < p < 0.001; **, 0.001 < p < 0.01;*,0.01 <p <0.05; t,0.05<p<0.1.





