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Relationship between leaf phosphorus concentration and soil phosphorus availability across
Inner Mongolia grassland
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Abstract

Aims Phosphorus status and N/P stoichiometry in plant leaves have been studied intensively with recent focus
on large-scale patterns and driving factors. Studies of Chinese terrestrial plants found that leaf P was considerably
lower than the global average, resulting in a higher N/P, probably due to the low soil total P content at the national
scale. Inner Mongolia grassland offers a diverse array of taxa and soil conditions to examine the correlation be-
tween leaf and soil P concentrations. Our objective was to determine how and to what extent soil total and avail-
able P modify leaf P across the study region.

Methods Leaf samples of 57 species were collected at 36 sites across Inner Mongolia grassland during July and
August 2007. We determined leaf P concentration, N/P, soil total and available P concentrations and tested pair-
wise relationships between leaf and soil variables at species-by-site, inter-specific and inter-site levels.

Important findings Findings of relatively low leaf P and high N/P across Inner Mongolia grassland were con-
sistent with previous findings. Neither soil total nor available P appeared to be related with leaf P concentration,
although soil available P had a stronger explanatory power than soil total P content. Moreover, Inner Mongolian
grassland did not show a great shortage of soil available P compared with USA, Australia and the global average.
The hypothesis that low leaf P and high N/P of plants are caused by low soil P content do not hold in Inner Mon-
golian grassland. Instead, neither soil total nor available P shapes the pattern of leaf P and N/P across this grass-
land.

Key words Inner Mongolia grassland, leaf N/P, leaf P concentration, soil available P content, soil total P content
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PRI FUAEAN R R L3RR T R P E f AR AN [
Wikt DhRERE AR RGRA Z AR S )
(Vitousek & Howarth, 1991; Thompson ef al., 1997;
Zhang et al., 2003; Reich & Oleksyn, 2004; Han et
al., 2005; Zheng & Shangguan, 2007; He et al.,
2008). Reich#1Oleksyn (2004)i i 73 Hr42 Bk 1 280%H
RV By P&, KT HYPI T R
RREEEY R EL AT A, FEPE BB 4 )
TR R BTN, N/ AN B, iy X
Pl J5 AL . Ak, VP2 E N 2EE W
A o I Y ORISR AR R T AP G 3R ()
SI A FIAR AL A o 1401, Han’5(2005)8F 5% T 13753
k2B MY, KI5 Elser (2000)F1ReichF10leksyn
(2004) 1) A BR A A% Z s AH LG, T EAE Y P &
AXRAR, 3 3N/P AR P34 7K 1« He%5(2008)
X 2 13 R AR Al A B C/N/P U B2 R AT T
WET, [FIFE R I A ] R R 4 1) P 2 A I,
NP ey T JH At e DX PR 2 2R 2 R 4

W, o EREY B P RIS, TIN/PE &
JE A4 2 Han%5 (2005 )HEN A2 iy 15 15 p 7 ==
BARGIE, VAL TN, S 2 2IPIG 3R 1)
Rl ESRENHYF T HEPE S RAEHRA
—Z HIAI M (Aerts & Chapin, 2000; Hedin, 2004).
R R A B P R 4 F AR 28 AN H 338 Pl PRIk
TR 2 SR PP ) A A A
T JE X RYIPA A B R R LT 90
AR, AH 3R 07 A1 BRI 2% F) 53 5T (Schlles-
inger, 1997; Townsend et al., 2007), JX%8 K JOE )
MR R TN R BASE B it ©F
{14) SC R[] IR 108 AR 420 R - 396 P 55 8 6 R IAR 2D, 5%t
TR MEAIRER AR g, GRAIE
AHRAAT TG, AR Z A TURIN - TEAM R
(Foulds, 1993; Verhoeven et al., 1996; Gusewell &
Koerselman, 2002; Bowman et al., 2003; Parfitt et al.,
2005; Frank, 2008). OrdonezZ%(2009)I54E T 45k99
A RLATARPREL ) P M AP R R, R BILAE
IR B IEAPHRRE T T PAR R 48%.  HAT
XF TR L3P & 1) SR R 5 — AR 2
RN B T LK 2P &, MY HIE
A DAMRMSOR FH ) 3847 P i 2R b S I,
T IEA R PLKHER I AN RE MY HEW R, 5
B HE PO FH TR 7K Vs P PN 59 TR W5 1 PR % B
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{Rf%(Lajtha & Schlesinger, 1988; Cross & Schles-
inger, 1995), 71 &M AE A R 48X 40 A T = PIY
9.5% (Cross & Schlesinger, 2001). [ A BEHAEYIF]
FHEIIRH P, AN ARAERDI 206 . AP RER
e IEP A NR B, & I AR R AE A — 2
5j 13 4P (Zhang et al., 2005).

H 1 2 s A ) A P I AH OGO R 5T
ZAR PR AN XA, R RS () B AR sl
1R /b . 1My HOrdonez%5 (2009) S 45 1) 4= BREHE 1)
— K ST 5P AR LG, BAR D E AR
b HEBCH R R 4k FB PG 22\ T (Craine
et al., 2005). NS¢ T R R H b M A 4 3K e K iR
—— WK B R 2R, 2 H AT A B R B e EE R R
SR —, AR B b U I B e AR AR,
PSR T ANFZK A i ERR BN LR A A TN
[ Dy REFEAE Y 5 T3 FRou R I R4t 7 AR
S0 ANBIT TR BERNZK 70 B0 B AR N 5 R AR B
36MFEHCR AR T STAAEY), [ T ety 5 g
(P F & e & AR ITIX 3 T PRI P, H
Wy T v e LRI BE 9T AT 4P [ 9] @ (Cleveland &
Liptzin, 2007), & 76 704t 5 f 584 Ay
PG AR, (8N S LG UF 2 J 2 B i
I P AR . N/PEE e A& Hh S P 2 115
B, MAPE RS B A PR R U .

1 BUREMGE

L1 Rt

A5 DX 3B 46 PN 58 ot DX P 3R R AR S 7Y
i v B R i Y R ORI R ) R R, 28 REVU L b
111.83°-120.12° E, L% 5[ 441.79°-50.19° N, ff
5531 422 m, FPERA-2.6-4.1 C, FFEK
H4147-436 mm (K1), e g e A
FH R NEF (Stipa klemenzii) RV A5 5 (Stipa
glareosa), IHHEAE LT T ¥ (Cleistogenes
songorica)~ 5% 2 (Allium mongolicum) % # Z
(Allium polyrhizum)%; WRLEL ARG Tl A KE 5
(Stipa grandis)~ 3¢ KE 57 (Stipa krylovii)FIS 5L
(Leymus chinensis), 5 {EA K KUK H(Agropyron
michnoi)~ ¥ & (Artemisia frigid) ks Fa 1
(Cleistogenes squarrosa)=s, Jajif BUBUCBGR A 5 v EX
HAEFTD A R FA R Dy DU R B 55 (Stipa
baicalensis)~ £ % (Filifolium sibiricum)f=F 55
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Fig. 1 Vegetation map of the studied region.

AL H BHE (Carex pediformis) FHu ki (Sanguisor-
ba officinalis), JRHA] A PLFH Tl o
1.2 BHERMNERE

20074F7 H20 H-8 H 1S H, ¥H A i 5 RIK 4 bh
JEAERE ST X L5 32 NI B 5% M /N R 367> B
GeBIRRTAS, BALREE3A, Ff B o). JLi
AT STMRN, SR 1TRI38JE . H R (grass) 16
i, 4K (forb) 365, ARAMPI(woody) SFf. &EA
FE L AL B b, REAS DDA $E5-10 R R,
AR ERS-10 A e BE M B o Kb 7260 C
NEETE R, TIC/NIGER I3 HT1%(240011 CHNS/O
Elemental Analyzer, Perkin-Elmer, Shelton, CT,
USA)ME M T IIC. N i, JFHIKH,SO4. Hy0,
HIHERs 730 28 5 PR b (kD g -y (P
H#(Kuo, 1996).

TERFACFE R B 1A KAET7(10 m x 10 m), 7E
KT A BEE -5/ (1 m x 1 m)e 7EREAMEY
IR TILA10 em 24 8] B% 73 )= HL0-10 - 1020 A1
20-30 e ) HHERE Ao B3RS T IR 2 mmi, T
HURHPATES FE M EP LR & . TIPS 2

kS R PE R AR, P
RIRE BN PR HBRD T (7 (Murphy & Riley, 1962)
W5E . FAMETRIZ0-30 cmTIEMI PRI P&
(RERIMEAE b 22 A PRIE P& &, 3NRET I
TP AE P & (1) E AR %A H ) 1 8P
JLEKF
1.3 RS

46, ALK E J7 2 73 #7(One-way ANOVA)
LU 5 A () T G ARF R B M S 70 2 (g A Ay B R
P& w25, HaKR, FiPearsontH G/ AT EFhAE
FEH AN FP3AIKP BRI i Fr A0 3P 5 (A
KKR B ERK A (R Development Core
Team 2007) N5 B af a2 0 B8 ¥ LLTF B b
HEA IS 23 A o

2 R

2.1 FEIEEEEME M REEYM F i IEPE B
BIEEER

52 R AR Bt R A P R AN/P
(P 500 1.51 mg-g ™' 18.5 (K1) Ry
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R NN EEAEY PSR N/P R APAIT AP  E
Table 1 Leaf P concentration, N-P ratio, soil total and available P concentrations of dominant species in Inner Mongolia grassland

AP - HN/P T-Hi4p THEE P

Leaf P (mg-g ™) Leaf N/P Soil total P (mg-g™") Soil available P (mg-kg™)
4= Overall 1.51£0.06 18.5+0.44 0.33£0.02 3.53+0.14
bR 2 SD 0.60 451 0.15 133
TRRE CV 0.40 0.24 0.43 0.37
Uifie#f Functional group
R Grass 1.25 +0.04° 192+0.61° 0.34 +0.02° 3.46+0.19°
FKEE Forb 1.90 + 0.09° 16.3 £0.52° 0.37 £ 0.03* 3.56+0.21°
KA Woody 1.51 £0.20® 19.0+227° 0.31 +0.04° 272 +0.43°
FHSH Grassland type
NI AR Desert steppe 1.60 £ 0.16* 17.9 £ 1.00° 0.28 £ 0.02° 2.22+0.17
SR E S Typical steppe 1.21£0.07* 17.4£0.55° 0.35+0.02° 3.61£0.15
HMH 5 Meadow steppe 1.56 +0.10° 18.9 + 1.10° 0.39 +0.03° 4.12+£0.36°

ANFFERR IR ZE 7 B3 (p < 0.05).
Different letters indicate significant difference (p < 0.05).

F2 NN EERYM P NP LIEAP KPP A RN R

Table 2 Correlations between leaf P, N/P and soil total and available P concentrations of dominant species in Inner Mongolia grassland

R P K YK
Population level Site-mean level Species-mean level
r )4 n r )4 n r P n
Leaf P-STP <0.001 0.99 124 0.036 0.85 33 0.083 0.56 57
Leaf P-SAP 0.094 0.38 121 0.136 0.46 31 0.223 0.12 57
Leaf NP-STP 0.091 0.39 124 0.123 0.50 33 0.085 0.55 57
Leaf NP-SAP 0.247 0.19 121 0.223 0.24 31 0.140 0.33 57

Leaf NP, "} 'N/P; Leaf P, I P i; SAP, LIEH P& &; STP, HIEAPHH.
Leaf NP, leaf N/P; Leaf P, leaf P concentration; SAP, soil available phosphorus concentration; STP, soil total phosphorus concentration.

P AR T 24K 5, N/P T4+ 2K 5 (p < 0.05). K
AFYINP S R AT, P B T AR FERARIE L
6] o A Py P B B N/PAE 3P B 2 70 o] e A
WEZES@ > 0.05), FraWFFFEHLT) L3 aPFIG
P RS 2 B k033 mgeg ! F13.53
mg-kg o FEIH R (1) 13 A PRI AP BT
TR JEUR R ) i LA ) T BE R 1) - R IR 05
KRB QR L ORAA YT A 3B A PRI 3P
TR BE ERERD.
22 MHEPEE.NPSLELPMENPEENER
TERNRE FEHLT- 3 DL A3 K |, 5T
RAREHAEYI 7 P HIEP & R A 2
FIACH R, A N/PIIARA A2 3P B
(K2, K2, K3), 5 I R A OC R AL
ANHERE0.25 (%2). BARM AP EAN/PE LR
PEH RN R T 5 L APH, A L8E%PH
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AR AP R R W .
23 AFRHFRAEHITIEFIPRESHMHEXA
Eb3

AR, PN S i KA P
54 [ e A 1 4 IR, e T O AR
PRI (K 3), (BT 15 13345 B % (Batjes,
1995) B (1) 4 Bk 18P 354 24P =

3 g

Han%5(2005) 58 T v [5 753 e 45 i A= fi 4
FHIN PR 2 S AR I S M L3RS PR SG
P0G &R, AR SR A R S b X A7 /02
FEARARLI N PG T 5 27 A A b 2 ) A7 4%
Ja, AB A E A A BB AR R A P R
(1.46 mg-g ") B FE T AR HE(1.77 mgg ),
M5 3OIN/P (16.3) 45 2 w5 T3k 3 7K (13.8)
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Fig. 2 Relationship between leaf P concentration and soil total and available P concentrations at three levels: species-by-site (A, B),

site-mean (C, D) and species-mean (E, F).

3 NS IR AT AP R AR X AL

Table 3 Comparison of soil available P concentration between Inner Mongolia grassland and other regions

+ 3745 24P Soil available P (mg-g") (no. of observations)

Reference

e 81 3.53 (36) AT This study

Inner Mongolia grassland

o - 3.83(2174) A I A A E, 1998

Chinese soils National Soil Survey Office of China, 1998
2 [H 35 3.41 (27 715) US Geological Survey, 2001

US soils

WRCH W - 458 2.17 (38 895) Gecscience Australia, 2007

Australian soils

AER 415 7.65 (1 125) Batjes, 1995

Global soils

He %5 (2008)3E — A 5T 1 [l 2 4 1R 213 At F4A
Yy, FRERILT E AP S B (1.9 mgg )5
oL [ B (2.7 mg-g ) AH K (Thompson er al.,
1997), TIN/P (15.3) 5 T 9% B #4245 R 48(10.8).
AN G RAR TS TR P IR it P B P 1Y
H41.51 mgg', N/PHIT-HIME 4 18.5, 5 Han%%
(2005) A1 He %5 (2008) 1 45 18 — 2, Rt J P& &K

%, MIN/PE

Hh ] R Pt R 2 b X 17 - 48 A P25 Rl A
A AR TSP B KO (4 [ b A A A
1998) , FHUEHEDN o [H 434 P 7 R T g T80 T A
Y P EAR(FIN/P) (Han et al., 2005). FRAITIHT
GUGE R, PN S b - 3 S R WCR 0%
FH N B VI A P& A AR T A X

doi: 10.3724/SP.J.1258.2011.00001
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Fig. 3 Relationship between leaf N/P and soil total and available P concentrations at three levels: species-by-site (A, B), site-mean

(C, D) and species-mean (E, F).

P m TR ERAW RN, 5—J71mm, Yt AP
AT AP KA P AN HEER R,
5 PSR A R R AR 0.25. LA P
it FPE &SRB S T 2P, e
P AR S AN E10%, [RIFEASREVE A A 2%
Wi Fr P EAR DL 3R Fr

WESR ) PR A S AR 28 A s i llle, At
AR SR P BN IC ? A AT
TUE IR S HAEAR N IR S, it RIS
BoRmk A i is, 2R 2 K s SyE
K T BRI 7 AP, M AR E FRcs. g
Ky WL pH AP TE SN o T 5 445
FoAd PR 2R I, AEADT 3P B (1) i A A P UK
(Chapin, 1980; Chapin & Pastor, 1995; Shaver &
Chapin, 1995; Spink et al., 1998). #x, RIff7E—Lk
T FRIUR IMLIX, R AT DLl R AR 2R oA
PUIR R RIS MR o B8 1 Tl v 1 120 25 SR s
S by L3P A APk (Foulds, 1993), mli# i it
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MO AT R P RO R R AR R
SE MR ICE & B (Aerts, 1996; Richardson et al., 1999);
Ak, EHUES KRG R Y E K (Ma er al., 2008;
Fan et al., 2009), F¥7r BRI T #8731 DI %
(Titlyanova et al., 1999), tEHYH /1R A ] g

2 TEFRY A, A SN RGN E TR
TG T SRR 5, R b3 40 %) g8 Rl
PSP 3 A e W H K (Bowman et al., 2003),
1M H AR 2R LA 1 1 2R mT AP B A 3 v )
AP, 1 SE 5 AT PRI P S TC R [F)
ToWLsSY, FEA T8 AR 5 i nl LLAI (4350
P& & (Macklon et al., 1994; Corona et al., 1996;
Lipson & Nasholm, 2001; Parfitt et al., 2005); It4k
TR HURE R T F e 25 R AR LS — Al
IR, TAEYIAR I PIC 2 I3 SR VP2 WA 3R
K A 45 10 45 R (Gusewell, 2004); M EE K I
F, TIEPH WA AT RE S 2 S R A AR A A
F) 28 1l 77 1Hl (Koerselman & Meuleman, 1996;



Bedford et al., 1999; Stevenson, 2004), i AN &H4)
P o o

R E P, NS O R PRI P
HEAREAERA S W AE Y P &, RN I
P A IR WA T S LA X, PRt 2 i
) LIPS EAL S SR A P& K. N/P
frp IR BB TE N 5 HERL IR AN BT, T HL P
AT (PR I P B S M AN K i P
TREMHEDNRGAE . L AR
ARG R R LR e, CA R4 BRI S R A
FURM], AR RS RN PR A il
F& 145 FR(Wright et al., 2005; He et al., 2008), Hilt
Bk, FEAEHEFERHAPE RN
I, HARE R e [ B AR R A P B AR T
LA DX IR XoF I PR A 4 SIS 28 s b o R K i 38 P
HELT RN, X Rk s RE.

i B R ARHFEE (30870381)Fe A4 E6-BL
B AAE 4 (Sino-EU 0916) %813 B .
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