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Effects of long-term increased soil N on leaf traits of several species in typical

Inner Mongolian grassland
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2 State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, the Chinese Academy of Sciences, Beijing 100093, China
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Abstract ; Increasing atmospheric nitrogen ( N) deposition is one of the hot topics related to global climate change. This
change has altered soil N availability and is expected to affect plant N economy. For terrestrial ecosystems where N is a
limiting factor, increased N deposition may lead to a shift from N limitation to P limitation, possibly resulting in changes in
plant P use strategies. Research into nutrient conservation responses to increased N gradients is important in exploring the
effects of global climate change on the nutrient economy of plants and thus on ecosystem-level nutrient cycling. We studied
the responses of several leaf traits in relation to nutrient conservation strategies, including specific leaf area (SLA), N and
P concentrations in green leaves, and N and P concentrations in senescing leaves. Our objective was to investigate the
potential effects of increased N deposition on N and P use strategies for dominant species of temperate grasslands. This
study was conducted during 2003—2006 and compared plant responses to N levels of 0, 1, 2, 4, 8, 16, 32, 64 g/m’.
Five temperate grassland species of Inner Mongolia belonging to three different life-forms were studied: Stipa krylovii
Roshev. (grass), Cleistogenes squarrosa ( Trin. ) Keng. ( grass), Ariemisia frigida Willd. ( semishrub ), Potentilla
acaulis 1. (forb) and Allium bidentatum Fischer ex Prokhanov & Ikonnikov-Galitzky (forb). The results show SLAs in
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A. frigida, P. acaulis and A. bidentatum increased with increasing N availability while no obvious trends were found in
the two grasses. N concentrations in green leaves of the five species increased significantly, while the P concentration
change in green leaves were species-specific. The P concentration in A. bidentatum initially decreased but increased with
higher N levels. The other four species showed insignificant relationships with N addition gradients. In senescing leaves, N
concentrations increased significantly for all five species. The response of P concentration to increasing N availability in
senescing leaves was also species-specific. P concentrations in A. frigida, P. acaulis and C. squarrosa initially increased
and then decreased at high N levels; however, no obvious trends were found in S. krylovii and A. bidentatum. The SLA and
nutrient concentrations in A. frigida were higher than the other species but they were lower in the two grasses. These results
offer basic data useful in forecasting the potential influences of increasing N deposition and associated changes in P
availability on ecosystem nutrient cycling in the temperate grasslands of Inner Mongolia. The generally increasing trends in
green leaf SLA and increasing N concentrations in both green and senescing leaves indicate an increase in N deposition
enhances N uptake for these species but decreases N reabsorption, therefore decreasing the ability of plants to conserve N.
In contrast, the effect of increased N deposition on P use strategy is species-specific, reflecting the flexible adaptation of P
strategy of plants in relation to changes in N availability. Consequently, increased N deposition changes a plant’s N and P
use strategies, which causes further changes in N and P cycling in plant-soil systems. These species-specific responses will

strongly influence community structure.

Key Words: grassland ecosystem; leaf traits; N deposition; nutrient conservation; nutrient cycling
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116°55" E, 41°46'—42°39 N, {1l FeBg HiSh , W4 7E 1 150—1 800 m Z (8], J& TAMERIX , Hild T
SRR PRI, KRR, AR R 386 mm, AEYIZR LN 1 748 mm, AFEFEKEN 80%
P 6—9 A o MmFEIRIE N 3.6 Co IBEH (7 H) PR 18.9 C, ¥ H (1 A) RN -17.5
C, MW 100 d 724, =10 CRURHN1917.9 C, IR (CRA L 70% ), ML Tl iy 8y
¥R, FE O R E S (Stipa krylovii) (& E (Artemisia frigida ) | 5 & % B 5% ( Potentilla acaulis ) VK #
(Agropyron cristatum ) “F# R |
1.2 it

N RS X B T 2003 45 7 H o FEZAEWKE A R0 /s JE T 7 ol -+ = LR 2\ PR i i, PR
FRRLF b FAV-30 AR 5] 0 B, TR R S A0 N Bt R B b T 5 R E 8 S N K-,
0.1.2.4.8.16.32.64 ¢ N/ m*, FRA0BE 8 YRE A, 3L 64 N/NX, A/ NX TN 15 mx10 m, £5/NX 2 [A]5 8
4 m FERAR PG I By, R LA T Z I B E . it N B & N46% (IR EE (CON,H, ), TARAEA K ZE ] (7
A M) #im N g 1w,
1.3 kR ik

PLs A BA RN Z LR FY R (508 3 DATE ) RFFE X G REE ) b [ ROk 5 1 51
( Cleistogenes squarrosa) ,jEﬁgi,E%éﬁiﬁ@iﬁ(Alhum bidentatum ) ;ﬂéig*,‘(v"%o F 2006 45 A¥tE
PIRIRITF 46 4 ZF 0 TR IME T N B R 6 MBS B RBORBIN SRS T H bR iC . 40311 T 2006
AE 8 HWIA 10 A A, WFRICH BRI 6 BRAMA T BELIESE 3 Bk FFHL I 5T T, /A7 2 08 A DR A Pl
BRI SLEG R, FESCERE AN 8 AR R BR o8 A SR IF AR N 10 3 FE i P s R w A B A i A
FRIEBIRE, BT Lk AR AL IR 38 3 SigmaScan 5.0 (SPSS Ins. , Chicago, IL, USA) 35 &
AR, HET A Frkrt J (65 °C,48 h) RJa T, TR0 40 B Tk, RAH2A
Sl [ E 2L ( Kjektec System 2300 Distilling Unit, FOSS Tecator AB, Hoganas , Sweden ) Il %€ T#£ 4 N ¥k &, 4
BT AR E TR A PR |
L4 Stk

SR SigmaPlot 10.0 1 SPSS13. 0 £udfs 7 M Fc /0 e b A7 IRz il Ange it 3, ity He i T AR AN
FROPUCTERA N RN FE R 25 AL R 343 R AR Bl A A B TR B s R T35 (£ B3 1% ( Mean +
SE) o RJHHHEJ5 229347 (One-way ANOVA, LSD #4720 1 LLEL ) HLALASHE BR7E W) R ] ) 22 5 , R I PR &
J5 225381 (Two-way ANOVA) S ARl Al N 7KF B H A8 5 AR I 25 F8 bR By 520
2 #R

i N K-, i SLA AR A3 2 B Wb 22 Sk (I 1) - s IR 5P MR [ B4kt SLA B AL LA B
B.(P>0.05) , MHE 3 MRt SLA BHEUE M, PRhIE] P SLA KR/ IMKUCR & > B B2 B 58
SKERR RS AESFIREN S (R 1)

*1 FEFHNEERFEDTERCRH LSD #1172 LK)
Table 1 Test of One-way ANOVA (LSD for Post Hoc Test) for each index

£t N B i REREXR (ES

Index S. krylovii C. squarrosa A. frigida P. acaulis A. bidentatum
FEM AL SLA/ (em®/g) 67.3+0.6 a 200.2+2.7 b 243.8+3.0 ¢ 228.3+1.9d 107.6£0.9 ¢
4 N Ng/ (mg/g) 24.0+1.7a 26.3+1.8b 34.1+2.1c¢ 33.8%2.2 ¢ 27.822.0b
Lt P Par/ (mg/g) 1.23+0.03 a 1.44£0.04 b 1.89 £0.05 ¢ 1.82+0.04 ¢ 1.86 +0.08 ¢
A5 N Nsen/(mg/g) 8.1+1.0a 8.3+1.0a 14.3+2.0b 13.4+1.6b 5.2+0.2 ¢
Hitt P Psen/(mg/g) 0.31+0.02 a 0.38+0.05 a 0.68 £0.09 b 0.54%0.05 ¢ 0.1220.01 d

AN R IR R ) 44550 5t RIS JR R B (P > 0.05)
Tt N 7K 2R N R BESE SRR S, imisgnt P B iy A (L SR B M P 22 e (18] 2) bl et P
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y=95.0912 + 31.9500(1 - exp(-0.0570x)) y=194.0577 + 76.0531(1 - exp(-0.0798x)) y=181.0384 + 112.3335(1 - exp(-0.1525x))
2 =0.8006 P =0.0500 2=0.89890 P =0.0500 ”2=0.9283 P =0.0500
ol . b obmmo . .
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NI IS BE N addition gradient/(g/m?)

Bl1 45 4a(2003—2006 4F) T 15 N R Xt 5 MIFGEH SLA BI#00
Fig. 1 Effect of soil N supply of 4 years (2003—2006) on SLA in green leaves of five species
B w3 N I bR R

Tt N KOF Al N RE SR IR S A P vk BE AR AR S B R OR TR S (& 3) T B S R A
M PTG AR AR TS 3 MR PR SR e NS FEAR R R B, R a] v R BB RCR
it N R PR SR AP AEAS T N R PR B SR AIG 1 S0 R AT SE AR R T A TR (£ 1),

PIFPAT N KX P8R B, 3 038 BAE X SR SLA FIAfin: N A P i B 5 25 (E X gt
N A1 PRI E (£2),
3 it 5%t

e I T RS e T A A BRI IR A BE T, E I TR R A A B P RS R A BE A O TR L TR AR
(R AR ) I B e M 1 R A0 PR R BE ) B M N A AR, ol SR A IR N RO | kA )
B R AL SR E A A RE ST, T T R A, R AR R, i R R R, R 8
TRAIFEFRRCR T R AR IR IO RE A . ARSI FE R, B RASRH b L i T BB N A R A28 1L TG
SR T 3 AR L AR B3 BT R SR 3 AR A N AR R e LR R A
AT A R BRI R A BB BB FRAR, — I &, R AR e A TG B R LA IR L
AR ARG R BN R 2R Rl (v LG AT 26 AR e T 50 ) L i B B R T R B R/ (IR F )
AV CEHEAR) | (HRS B 5 He i A T bk (AEPR R0 | Sl T 4R 30058 N7 J] el 3R 5% 100 b - k4

AL

SR IR S T AR AR UGR M I RE ) Y LSRR R RE T BRI, 2R IR U A Sk T
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0 SEERELSE S krylovii 3 01 RERRTFEE C squarrosa 3 507 Wk A. bidentatum 13
) G b )
= 40 Y - = 40 2
£ g E E E g
5 125 % 25 3 122
5 % E 2 22 2
£::d = =G £::d
¥ 20t X ¥ ¥ ¥ o0} ¥
Z 11 & = 115 = 11 &
101 r2=0932 P=0.008 10r r2=0923 P=0.001 10f 12=0972 P=0.001
r2=0.491 P=0.393 2=0.708 P=0.143 ?=0.903 P=0.015
ob— ..y o .y —_
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
50 1 BEBRWEH P, acaulis 13 501 Wi A. frigida 3 N JB B N addition gradient/(g/m?)
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= 40 | Lo 2 L0
£ ? £ 3
5 - % 5 22
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0 L L L L L L L L L L L L L L
0 10 20 30 40 50 60 0 10 20 30 40 50 60
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B2 L 4a(2003—2006 4F) T1E N R XT 5 TR 5240 K BB
Fig. 2 Effects of soil N supply of 4 years (2003—2006) on N and P concentrations in green leaves of five species
Bl s R VI E e hr R
30 WwKEHSF S krylovii 0.6 307 W13 C. squarrosa 110 157 WhHE A. bidentatum 103
& & 2@ @ 2 c)
on =t on = eh ~
5 3 ls5 3 ] ] i
z 2z 2z 2
=B 028 E ol w2 o5 0 lo =
=9}
n2=0977 P=0.001 = n2=0994 P=0001] n2=0.536 P=0.0039
r2=0468 P=0424 72 =0.864 P=0.033 2 =0.405 P=0.512
] R ) 0 0 o
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
. . )
30 . BEEBE P acaulis 10 30 ¢ Wl A frigida 15 N AR FE N addition gradient/(g/m?)
® 3 @ 2
H 2 Eof 102
g 0.5 5 B 3 o NJ&JBE (1) N concentration (r)
% i g { i‘z « PYKJE (%) P concentration (r,%)
r 10.5
r2=0.953 P=0.004 r2=0.994 P=0.001
r?=0.959 P=0.003 12=0.944 P=0.006
0 0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60

N A BE N addition gradient/(g/m?)

B3 L 4a(2003—2006 4F) L3 N #ERZ 3T 5 N FhAS AT 3543 7K BE B 8200

Fig. 3 Effects of soil N supply of 4 years (2003—2006) on N and P concentrations in senescing leaves of five species
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TR BRI 0 TR A BRI, S 5770 W JEE L B 22 A1, AL AR A K 3R O (D, e 5
SR FIRCR TR A i 55 43 B2 S R 0 368 IO 50 A B A R 2 — ) Rk ge b SR N W n e g
A 1 N RN L N ALHE R R TR R R AR 2R A A KR N AR R R A 1 4 ]
(%, L 5 PRk N BEEREAE N S misE N 53 —Jr i, SN N BNl fe i Ik 11 pH {H R
5 HIEE TR (A ZKOF, SRR ALP AL S WIRTTRE, BR3P = Hd R N BANE T+
HEARL P I bR SR T Pk BRI N RS 02 B SERRARE B (1 2) , RUMIE N B
fem TR P ARFFBESI AN P B AR . AR TEBYIA] SRR ARV B A AR R AP it N AT PR 3%
TP RARY T R ITHTE RIS IO RE SR, S ERFTEE RAR L 2

*2 FERNBERFESNE
Table 2 Test of Two-way ANOVA for each index

FEHR Index HIH Source df F Sig.
LT AL SLA / (em?/g) L/ 4 252.952 0.000
N k¥ 7 10.601 0. 000
PIFIXN 7K 28 1.995 0.006
£ N Ng/ (mg/g) Yy 4 60.610 0.000
N kF 7 52.632 0. 000
PIFhxN K- 28 0.954 0.538
G P Pgr/(mg/g) LUE 4 42.219 0.000
N k¥ 7 3.230 0.004
PIFhxN 7K 28 0.051 0.811
#H N Nsen/(mg/g) Hypp 4 95.606 0.000
N kF 7 43.048 0. 000
P xN 7K 28 3.392 0.000
it P Psen/(mg/g) Yy 4 56.433 0.000
N 7K 7 8.773 0.000
PIFIxN K 28 2.074 0.004

M 243 BE AR T A IR 43 (3540 IO ) B RE T, LB AR 3 WA AR ) (R 5 35 2 IO R ) i 7
ARWEFEH S AP N AR RIRE N A3, RHBEE N nTR B i N R RE
FIBEREAR , SH AR 2 A AR N BERE AR Y 4 R — B, KW N SR, v AR S K
— ARG N BREIEEAS R PORREI S Rk, N I eT BE S S ECE Y I P RE SR, (HA RS RN
At Pl BE B R B RS TR S0 ARIRES b WY N OINKOF, v FC AT S AP AR AN i P vk BE TG
AR R T 3 AR PR S SRS R AR A A R BAK N SR E T N R P P
W, (E R N ERINS:EL P Sz BRAER N, R 3 P PRI A b . DA R ES R E—ESC T N B
XSt PRDSRE 52 e AT B R B A 22 SR R AR I NOHRBEE AT PR ARSI T 7 mg/g F10.5 mg/g
A EA E i R BRI AR ST R 2 SARAEH A REP IR R e WA R B B 1 N R P RN
AETT .

DL ARSI N DORERG N DL e T R G IS ) P A2 BRAE R] L, X P9 52t i 5 SR A S R 57 50106
IO AE S I PR — SO IR AR N AbSER 5 NP Fhaknt SLA kit N AP kB, DUJORG I N AT POV
M AR BEFAEE N UG & 1 X R WA S N R ) (HEEAR T e AT+ N Al N 987 .
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MR 1 5 NIRRT NKESBEIARE
App.1 Piecewise regression equations of nutrient concentration in green leaves of five species
X B 1 Region 1 X BZ 2 Region 2
o FRET N e regionl (1) = (17.9214x(10. 5488~1) region2 (t) = (28.7415x(12-1) + 29.0127x
S. krylovii N concentration +28.7415%(1—11) ) /( 10.5488-11) (t-10.5488) ) /(12-10. 5488)
P ik JE regionl (¢) = (1.1807x(33.3812-¢) + region2 (1) = (1.2954x(12—-t) +
P concentration 1.2954x(1—11) ) /( 33.3812-11) 1.3367x(1-33.3812) ) /(12-33.3812)
i 73 regionl (1) = (20.7959%(19. 0224~1) + region2 (¢) = (34.7414x(12-1) +
C. squarrosa N concentration 34.7414x(1-11))/( 19.0224-11) 29.7076x(1-19. 0224) ) /(12-19. 0224)
PV regionl (¢) = (1.6080%(2.6542-1) + region2 (1) = (1.3790x(12—1) +
P concentration 1.3790x (¢1—11) ) /( 2. 6542-11) 1. 4049% (1-2. 6542) ) / (12-2. 6542)
B \W7idE regionl (1) = (26. 6506x(9.0926—1) + region2 (¢) = (38.9297x(12-1) +
A. frigida N concentration 38.9297x(1-11))/( 9.0926-11) 40. 6049x(1-9. 0926) ) /(12-9. 0926)
P e regionl (¢) = (1.8464x(41.6060-t) + region2 (¢) = (1.9494x(12-1) +
P concentration 1.9494x (1—11) ) /( 41. 6060-11) 2.0786%(1-41.6060) )/ (12-41. 6060 )
BEZKX N e pE regionl (1) = (26.3543%(9. 6217-1) + region2 (1) = (38.2347x(12-t) +
P. acaulis N concentration 38.2347x(1-11))/( 9.6217-11) 41.6891x(1-9.6217) ) /(12-9. 6217)
P e regionl (1) = (1. 7488%(35. 6598~1) + region2 (1) = (1.9955x(12—t) +
P concentration 1.9955% (1-11) ) /( 35.6598-11) 1. 8954%(1-35.6598) )/ (12-35. 6598 )
Wik N W regionl (1) = (22. 6353x(21.4988~¢) + region2 () = (33. 1009x(12-1) +
A. bidentatum N concentration 33.1009% (t—11) ) /( 21.4988-11) 37.0391x(1-21.4988) ) /(12-21. 4988)
Pk regionl (¢) = (1.7002%(35.2957-1) + region2 (1) = (2.0207x(2-1) +

P concentration

2.0207x(t=t1))/( 35.2957-1)

2.3642x(1-35.2957) )/(12-35.2957)
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App. 2 Piecewise regression equations of nutrient concentration in senescing leaves of five species

X Bt 1 Region 1

X Bt 2 Region 2

b (G 735 regionl (1) = (5. 1312%x(12.4985-1) + region2 (1) = (11.3974x(12-1) +
S. krylovii N concentration 11.3974x(t-11) ) /( 12.4985-11) 12.1700%(1—-12.4985) ) /(12-12.4985)
P regionl () = (0.2838%(56.9438-1) + region2 (¢) = (0.3165x(2-t) +
P concentration 0.3165%(1=t1) )/ ( 56. 9438-11) 0. 4212x(1-56. 9438) ) /(12-56. 9438 )
R pa 7 N e regionl () = (5.2789%(20.5809-1) + region2 (¢) = (13.1892x(2~¢) +
C. squarrosa N concentration 13.1892x(t—t1) ) /( 20.5809-¢1) 10. 2334 x(1-20. 5809) ) /(12-20. 5809 )
P e regionl () = (0.2546%(34.0396-1) + region2 (t) = (0.6378x(2-t) +
P concentration 0. 6378 (1=t1) )/ ( 34.0396-11) 0. 5466% (1-34. 0396) ) /(12-34. 0396)
wE N W regionl () = (7.3199x(11.3299-¢) + region2 (1) = (20.2733x(2-t) +
A. frigida N concentration 20.2733x(t=tl1))/( 11.3299-1) 19. 9484 x(1—11.3299) )/(12-11.3299)
Py regionl (1) = (0.4423x(22.3325-1) + region2 (1) = (1.2312x(12—t) +
P concentration 1.2312x(t=t1) ) /( 22.3325-¢1) 0.6152x(t-22.3325))/(12-22.3325)
RERKK N e regionl () = (8.9498%(20.5256-1) + region2 (1) = (18.7551x(12-1) +
P. acaulis N concentration 18.7551x(t=t1) ) /( 20.5256-t1) 19. 3829 (1-20. 5256 ) ) /(12-20. 5256)
P e regionl (¢) = (0.4038%(32.0720-1) + region2 (t) = (0.7788x(2~t) +
P concentration 0.7788x(t—tl))/( 32.0720-t1) 0.7222x(t=32.0720) ) /(£2-32.0720)
fibdk N e regionl (1) = (4.4772%(8.0000—¢) + region2 (1) = (5.5255%(2-1) +
A. bidentatum N concentration 5.5255x(t=t1))/( 8.0000-1) 6. 0880x(¢—8.0000) )/ (12-8.0000)
P i JE regionl (¢) = (0. 1056%(40. 1388-1) + region2 (¢) = (0.1451x(2-1) +

P concentration

0. 1451x(t~t1))/( 40.1388~11)

0. 1582x(¢-40. 1388) ) /(12-40. 1388)
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