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Effect of disturbance removal on leaf functional traits of plants in the Inner

Mongolia steppe

ZHANG Jinghui, HUANG Yongmei“ , CHEN Huiying, YANG Hanyue
State Key Laboratory of Surface Processes and Resource Ecology, College of Resources Science and Technology, Beijing Normal University, Beijing
100875, China

Abstract: Grassland is the primary vegetation type throughout the world, and covers approximately 40% of land in China,
most of which has been damaged because of intensive livestock use or mowing. The management of grassland is in need of
tools to diagnose the state of the vegetation, and for this reason, ecologists have begun to study plant functional traits.
Among plant functional traits, specific leaf area (SLA, the ratio of leaf area to leaf dry mass), leaf dry matter content
(LDMC, the ratio of leaf dry mass fresh mass) and leaf nitrogen concentration (LNC) appear to be associated with plant
growth and nutrition cycles.Numerous experiments have tested the effect of grazing and mowing on grassland function and
structure, few attempts focusing on grassland that have been taken out of grazing or mowing. In this study, three types of
sites were selected in different management areas: the control site affected by grazing and hay harvesting, the site with no
grazing, and the site lacking grazing and hay harvesting. Within each site, community characteristics were investigated in
August of 2012 and 2013. The leaf traits measured included; SLA, LDMC, and LNC of 14—15 of the most dominant
species in each site. Our main goals in this study were to examine; 1) whether removal of the disturbance had a significant
effect on soil and community productivity, 2) how plant leaf functional traits are affected by reduced disturbances at the

species, functional group, and community level, and 3) the sensitivity of specific leaf area (SLA) and leaf dry matter
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content (LDMC) to the removal of disturbances.The results showed that the removal of a disturbance had significant effects
on plant leaf traits and community structure but not on soil or community productivity. Most of species in control site had low
SLA, which indicated species usually avoided grazing on the Inner Mongolia steppe. Leaf traits of species belonging to
different functional groups responded differently to the removal of disturbances. There was no change in the SLA and LDMC
of any perennial forbs when grazing was removed. LDMC and LNC of perennial grasses did not change in response to the
removal of disturbances, while SLA of the species from these functional groups changed significantly after the disturbance
removal. The LNC of annual herb increased when there was a removal of grazing and hay harvesting. At the community
level, the control site had the lowest community —aggregated SLA value, which was due to a lower SLA in its dominant
functional group ( perennial grass), while the remove grazing and hay harvesting site had the highest overall community
LNC value. In addition, it was easy to distinguish perennial grasses and forbs by the LDMC values, and SLA was more

sensitive to the reduction of disturbances than the LDMC at the species, functional group, and community levels.

Key Words: community-aggregated traits; functional group; leaf traits; grazing removal; hay harvesting removal
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1.1 RS IR S A 15

SR N SN IR KB ARIE R TT LUR Y B8 HOA 1T (44°10.878" N, 116°22.128' E) , ik 910—1377
m, AP 2.36 °C L RAHATET AN 21.2 C et ATE 1 H-19.4 C 7R 90—115 d, 4F-F 2R
281 mm (1953—2013 4F) , ERAENTE 6—8 J1, IFARIY , 4F 28 K i AR RR I 1 119 5.8 A% L 2012 4FiXIX
SRAE R AR (511.7 mm) ,2013 AR RN BN 273.4 mm,, 32 X0 V- 380 5245 iy VA o KT
FHRE  RIRFEH UL KEF S (Stipa grandis) FZEH ( Leymus chinensis ) M A3 F N, & UL E) W) Fhids G ks Ba 1 5
( Cleistogenes squarrosa) VK%L (Agropyron cristatum) %7 ( Artemisia frigida) \Jii & 5. ( Melilotoides ruthenia ) 4
Ak (Allium tenuissimum ) 55

ARSI R AR B LU 33T 10 a SRAYHCHGR S 1.08 R AR EAEA B, B4R\ TR —IK, 2008
BRI EIE T 2.87 T AW AR ORI DR DN A RO, T 03 A AT R, AR N AT
B WA B AR S AR Ry A LR OHORI B R R AR T () RO A B ST = AR
SEREHb (PR E FALHE CK, Control ) , ZBRUHFE ML (RG, Remove Grazing ) A 2% BR U HORN 1 #0 4 M (RGH,
Remove Grazing and Hay harvesting) , —/1FF Hu[6] 1% U AHBE AN 3L 5 km, S MBS | 308 JR A 3 v S U
AHTA]
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AR AR R PR PRl R - SG EAT LU, L 2012 AEH AR A= M AT LNC THERER R/ & i

http ; //www.ecologica.cn



4 A E = 36 &

(LNC,,,) , LA 2013 AEH R0 RS AL R SLA LUK LDMC $HSEREVE LUt AR (SLA,,, ) FIRER R T4 02 &
(LDMC,,, ) o Xt T2 5 FORE i Ja R fEL, ST SR i 3 SR D5 A9 B8l P 249, AR U5 SRk T L IR & 22 o i
(ANOVA) LA Ab BRI 1Y) 22 5

2 #R

2.1 KBRTHOXT LR AR VR A 7 7 0 5 e

XA R) A T R b 1+ JERRAE T A, S5 5 00 3 0—10 om 20k 2R T T AR LRI
LR (F, =133, P=0.33; F,,=1.26, P=0.35; F,(=1.70, P=0.26, £ 1), 2012 KL, %
B ) R AL = R B 25 (F,4=0.051, P=0.95) , [l FE 45 FAE R K 3238 2457 B {E 1 2013 4F40
I(F, =071, P=0.53,Kl 1),

R1 TR TEFERF AR

Table 1 The soil characteristics and land use of human in different sites

FEdh Lk TR TR E 3 s A T = A I

Sites C.i/ (g/kg) N/ (g/kg) Soil bulk,/(g/ecm®)  Previous land use Present land use

X BRRE M Control 14.89 +4.56a 1.06+0.09a 1.64+0.06a TRCCH B peieinn
s §

ﬂ’*‘mﬁﬁiﬁ 12.87+3.10a 1.24+0.32a 1.5120.05a BB T

Remove Grazing

2 BRTBCHOR R BORE A

11.23 £1.06 a 1.08+0.11a 1.60+0.03a TCEN i3E=)

Remove Grazing and Hay harvesting

BUEIS AR TR FRIRTE 0.05 /K L2853 B3, SR P I (H + bRt 22

22 EEYIFN I R PR AR [ AL B 0 20 -
VAR 13 AN 11 SRR SLA 75 RE ] 20l 2, —r

fPAE2E5E, BIRHCKEUR, SHEARKRRALIE T ] 3 [ CIRGH

(Astragalus galactites) FURG B ¥ % HoEAEHY SLA ¥k ‘\;TD ol ) l ,oa @

B, DN 4 AR SLA SR, KR B2 } 7z

FURIBELLR B SLA B A007 — 80 BRI B0 03 |

EARFERIE SN, S A SLA BXS IR B E R, 5

B UG (RGH BEHL 5 RG BEMLMILL) , 24 Ze 2 OO

HHr 6 Y SLA BB, Z4E A R R Rk S, 1 0

b4 SLA FEIG(F 2) 0 e : i
SAMRE UL 4R 222K B LDMC 14725 Ak 3 Bl 78 I Time

124—360 mg/g Z ], 24 A R F A9 A8 AL i FEl 7E 374— 1 FELHFHAFRTEEN EEnE

506 mg/g Z 8], LDMC A] DL & /4 X 53 P /)~ D BE HE AE Fig.1  Aboveground biomass under different land-uses
Y. 13 PRI 7 AR T4 ab B i, 22 CK . XF HEFEH Control; R : ZEBR U FE M Remove Grazing; RGH ; 22
s o tie e TR E BAEHD Remove Grazing and Hay harvesting; 12248 |-
Bﬂ&m%}ﬁﬁﬁgﬁi%%ﬁﬁw L]?MC %ﬁ%/}r‘%’ EZ?;/J\;ZW{ 0.05 7k;k§%';ﬁ§o émigwi
VKE LDMC 34, K& B2 752 LDMC W8/, 25 BR i ) [T ——
FUR, e 5N B B A (9 LDMC D0/, HC Al ) il
LDMC ZEfEA 35, LBRHIB LS (RGH #E3l Y RG FEHAH 1Y) 5 Fh 24 42 Z4 R0 LDMC & 350/, 4
P ZAEA R B LDMC i E B (% 3) .

A4yl 12 MR AT 5 MEYIR LNC 22 EBR TS AT B A N, 224 A2 A8 R v R AR HE AR
A RIFTPERIAEHL (RG A4 ) LNC FE(IR, 50T BRREHAR LL 78 R BRCHCHI S, —AE A A I ZE s B3R i it
AU RGN, KBREIRLS (RGH FEHL S RG FEHBARLL) Bl 7885 Airt2E R B3R LNC B (£ 4) .
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R2 FEEEMEYEHER (m?/kg) BILLE (F-E{H+SE)

Table 2 Specific leaf area (m2/kg) of selected species in three sites (Mean+SE)

FIFHF75X Land use type

” ] 2 S
i/;fjies HIREE EERBUHR lﬂl ifﬁ‘i{%;ﬁiﬁﬁ d d

Control Remove Grazing Hay harvesting
ZAEAE I HL Perennialforb
ML HE Astragalus galactites 10.87+0.48 11.90+0.35 0.583 0.099
i & 5. Melissitus ruthenica 11.79+0.34b 11.32+0.37b 15.61+£0.29a 49.14 0.000
B IS Cymbaria dahurica 13.25+0.47a 12.10+0.22h 3.293 0.041
Bl Allium polyrhizum 8.67+0.40b 9.99+0.48a 1.199 0.048
B8 Artemisia frigida 14.13+0.40ab 12.87+0.78b 15.06+0.72a 2.82 0.077
kALK Serratula centauroides 9.98+0.48b 10.13+0.36ab 11.25+0.38a 2.90 0.072
gimtAE Allium tenuissimum 10.98+0.49b 9.26+0.29b 13.55+1.06a 9.65 0.001
B4k Allium ramosum 17.05+£0.94b 16.51+0.85b 20.03+0.74a 4.99 0.014
KEBIEES Scutellaria viscidula 15.18+0.57 15.30+£0.52 15.59£1.71 0.04 0.961
LA KRB Perennial grass
VKL Agropyron cristatum 6.26+0.21¢ 9.68+0.27b 11.37+0.22a 123.85 0.000
BERRA T B Cleistogenes squarrosa 10.31+0.29¢ 20.58+0.58a 16.50+0.59b 103.97 0.000
KEFF Stipa grandis 7.70+0.14b 9.38+0.34a 7.05+£0.26b 21.09 0.000
SEEE Leymus chinensis 5.23+0.15¢ 12.25+0.93a 9.93+0.35b 37.82 0.000

BUE G A F F-BERIRTE 0.05 7KF 12857 3

£3 TREMEYH R FYREE (mg/g) BELER(FH(HSE)
Table 3 Leaf dry matter content (mg/g) of selected species in three sites ( Mean+SE)

FIHJ7 3 Land use type

' e
o AR it RO F P

Control Remove Grazing Hay harvesting
Z A4S Perennial forb
HAETEE Astragalus galactites 322.52+5.78 318.64+10.70 1.269 0.754
75 5. Melissitus ruthenica 322.17+5.99a 325.77+7.89a 303.77+4.30b 3.583 0.042
K5 B Cymbaria dahurica 320.80+5.07 329.97+3.13 1.996 0.142
BAE Allium polyrhizum 233.56+5.07 216.87+7.30 0.591 0.077
R Artemisia frigida 336.61+4.84ab 360.07+16.33a 316.33+6.13b 4.384 0.022
WRAESK Serratula centauroides 235.90+4.80 233.08+6.23 238.62+5.71 0.243 0.786
4tk Allium tenuissimum 215.44+13.36ab 240.49+3.63a 189.39+9.97b 6.732 0.004
W4k Allium ramosum 129.00+7.56ab 141.94+2.11a 124.48+5.09b 2.811 0.078
KB HE A Scutellaria viscidula 301.07+5.94a 304.16+3.63a 273.64+3.45b 14.030 0.000
ZAEAE R EL Perennial grass
VKL Agropyron cristatum 374.30+6.61b 419.65+23.21a 400.03+6.50ab 2.484 0.102
REBA T 5L Cleistogenes squarrosa 463.88+9.66a 430.19+9.48b 446.65+5.62ab 3.515 0.044
KEFF Stipa grandis 486.39+7.96 506.71+8.68 501.22+7.69 1.674 0.206
ZE¥E Leymus chinensis 436.15+6.74 441.81x17.75 435.77£13.76 0.063 0.940

BAEE AR FRERIRTE 0.05 K- 2257 W 2

2.3 R[RIAE BT T RERE I R JE AN ZH S 5

XFASTRIRE M D RERE G I SR i AT 2 8 LR, A SRR W 2 4E A AR R R 24 R R B SLA oAb 3L i
B (F, 5,0 =11.86, P<0.001 Fl F, ,;=25.70, P<0.001) , ZBRHUAY 2 AFEH(RG FEHL AT RGH FEHb ) 245
A RFLHY SLA M (P<0.001 F1 P<0.001) , EBRAUAAEI RS, 24548 J KR SLA 1 34 in (P<0.
001) . X EFEHAFIZHEERE I SLA FEAT ¢ K50, 45 53R B . 700 BEAE M RN 25 BRICHORT B e il | 224 4F a2 i
1) SLA B & T2 HFA R (1,,=11.94, P<0.001 Ft,,,=5.03, P<0.001) , 2 FRACHEEHL, SLA 7£ D REHE[H]
ERAREE (1,,=-1.05, P=0.35, K 2a),
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R4 TEHMEYHFESE (mg/g) LR (TF{ESE)
Table 4 Leaf nitrogen concentration (mg/g) of selected species in three sites (Mean+SE)

FIF 3 Land use type

s . o R
Species NRERE A jél;%ﬁk%ﬁiﬂ iﬁzﬁ%mjziiﬂ d P

Control Remove Grazing )

Hay harvesting

LA RIS Perennial forb
WAk Allium polyrhizum 13.63+£1.20b 17.88+0.64a 2.385 0.035
V8 Artemisia frigida 23.89+1.15a 20.01+0.91b 25.15+0.18a 9.883 0.013
WRAESK Serratula centauroides 17.43+£2.27 18.91+0.63 21.33+1.06 1.750 0.252
Mt-HE Allium tenuissimum 21.57+1.83a 13.18+1.17b 20.91+0.79a 12.177 0.008
W4k Allium ramosum 26.41+2.07 22.52+1.38 26.16+2.55 1.121 0.386
ZAEHREL Perennial grass
VKW Agropyron cristatum 19.55+1.69 20.22+1.23 20.05+0.93 0.068 0.935
REBA T Cleistogenes squarrosa 17.97+£1.92 14.87+0.80 15.34£2.17 0.909 0.452
KEFFE Stipa grandis 13.85+1.34 13.90£1.07 14.89+1.13 0.248 0.788
SEEE Leymus chinensis 15.55+1.60 17.48+0.47 19.36+1.67 2.475 0.165
—A4EHE AR Annual herb
ka3 Chenopodium aristatum 9.79+1.57b 14.64+1.54ab 19.03+3.38a 3.938 0.081
#E Chenopodium album 16.84+0.35 20.82+0.89 21.70+2.83 2.227 0.189
T3 Salsola collina 12.99+1.41b 12.01+0.82b 19.36+1.69a 8.657 0.017

BUE G AR FRERIRTE 0.05 KF E2 5 8%

AR ZRICFL I T B i AL B e R BH S (F, 5,0 =3.62, P=0.028) , & BUAE 25 B3 BN 31 B A
b LU S BRBUBORE 3l LDMC IR (P =0.003) , Z4FAE R KL LDMC AERE L] JC 3 25 5 (F, 5= 0.36, P=
0.70) , TEAAEH 24 AL RIH) LDMC ¥ B E MR T 24 R A (14 =-16.70, P<0.001; t,,=-12.26, P<
0.001, Hlt,.,=-19.87, P<0.001, & 2b),

18 - 500
aA aA2A ilé
15 - bA 1 aA 400 1 7
D 12 % % o8 paic
Lo - @\
B % & & 300 |-
EE oL S
i; N cB H‘ Q
RS = 200
n 6 %5
3L 100
0 0 )
FEHAIRIE SRR St Al SR
Perennial Forb Perennial Grass Perennial Forb Perennial Grass

30 -

25+ aA aA

Ea a AB
20 - ;I;
15 + E=A CK
X LZARG
10 ‘ [C_RGH
1

A

iR
LNC/(mg/g)
8

55

9

z’v

P2 eS8 BAEERRE — AR
Perennial Forb Perennial Grass ~ Annual Herb

B2 3HMEREINAERM R B E
Fig.2 Comparisons of leaf traits of different function group in three sites
A IR B MR & B € AU R B CK O R RE L Control 3 R 5 BR BUHORE . Remove Grazings RGH : 25 bR BCHOR ) 0 BE 3y
Remove Grazing and Hay harvesting; AN [F)/ING TR 278 [F] — D BERE A JB MEAERE L ) 22 53 .35 (P<0.05) s AR RS R R R 7E A — R A
[T RERE I B A AE [ 35 25 57 (P<0.05) 5 P Bl Sy - 5 fH s hofi 152 22
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ANTRI T REARE 0 P 2605 e ) Ak BT g i 7 AN [), 2 BRI 2248 A 28 2R B LNC 3808 (P =0.029)
ZAEA R B LNC X4 A ER A i R AR B B (F, 5, =0.28, P=0.76) . —4FAERIYIFE ORI # R4S 25 bR 5 LNC
WEBM(P=0.002) , 7EXFFEEEMI AR A 222K 1) LNC i 25 5 T 24EE R (P=0.001) , Z4EE R HEL LNC
TR (P=0.047) o THRERF/KT- LNC 752 BREUBRE LA W35 22 57 (F, 5, =1.71, P=0.198) , ZBR
T AR Bk Ml AR AR J9 2R B LNC B T 24 RE (P=0.001, & 2¢),

2.4 AS[EAL BT RIS I R ) 5

TREVE 7K P B I T RROX A [ ) Ak 28 7 2 SBURK (F, ¢ = 73.62, P<0.001 ), 25 B HICHORT 2 B JBCHOR 1 B
HUREVR KA SLA 14 18 25 15 T FRAEHL ( P<0.001 F1 P<0.001) T REFS K- F0 I -1y 545 2 D) o) Ak 381G
WAL (F, =232, P=0.179) , #E¥& LNC TE MU 2257 B35 (F, ,=21.73, P=0.002) , R ITE L BRI AR E]
TEREH 3 v T IR AR (P =0.001) FI22 i ke b (P=0.001, 3£ 5) .

£S5 TRBHMBERRE RS (FHELSE)

Table 5 Comparisons of community-aggregated plant leaf traitsin three sites ( Mean+SE )

R FEVE LT AR REVE M T4 B & i R iAo
Sites SLA,,./ (m*/kg) LDMC,,/ (mg/g) LNC,,,/ (mg/g)
Xf B Control 6.84+0.48h 411.76%4.17a 16.24+0.44h
EBRHUBREHL Remove Grazing 12.32+0.16a 413.66+2.65a 16.37£0.60b
23 B HCBORN ) B b

11.47+0.32: 403.04+4.14: 19.98+ 0.26 :
Remove Grazing and Hay harvesting * 4 * 4 * 4

BUE G AR FRERIRTE 0.05 KF B2 50 8%

3 e

T IO F J@ PR iR OB )2 DA TR R AL « TG IO R Ak a2 OO I A 4 A T
WOR O A K R AR o R AR e, ST S, 0 X A 2Pk e 18y 40 o D) 0 0 g A 3 D %, YA I
DA FIPEAR 25 W) SLA BRAK . FEABIZE o BR T AL 305 FORS B 8 5240, H e Wb e 25 BRIBCBORT 1 5
JEHIFPN SLA S 5 16 IH e SR R 2 B A ) SLA B R kR, R AR RS TN A B
TP AR N I IS , R BUAERIRARRE , i AR /NS S | R o i AR A 451 AT S BORE AR 1o B/, 1F
M5 A SLA WREAR, AN Zi RE A AR 4 6T T AORN 0 5 (g me AN [R] 2 B S A 1) 0 ) A b, 22 4 A 2l
() SLA A1 LDMC B4 S (2, 3) H LNC FRAK (E 2) 33X -5 %R i 3 %0 55 1m0 Sk = sha HE ) kb5
S AR RO AR AR R SLA BERIN (RZINHERE LDMC A1 LNC %2258 T4t i
BRI (] 2) , —4EAE MY 7E 25 SR RO B LUS LNC 3600 (3% 4, P 2) , DT (i 75 iR R 7% /K
LNC 3 & THAMM AL (R 5) o

AP F RO AR AR R RO 22 B 0 5 4 e B N — B, KBy Z A 42 R A R BR B H LUS SLA |
LNC 34411, LDMC A (3 2,3,4) . 2 W5 EB] SLA [LNC F1 LDMC 54849 1 A= 1 580 55 116 U5 1) i 38 1 2
BURDIAAC 2 A% SLA (LNC 341, LDMC FAAR T I A 40 110 A < S5 88 i, AR AR B9 VR R s s 7
il G 2 4 A e 2w i v R AR f T RE SR SRR B R B, 4R A R e PR %I %5 LNC . LDMC AZ§,
Ut B 224 A R X SR B R i 1 B A AR . 2B R R A AR ) B P BOnT LA T e
SLA J&— RIS, 3X 1T BB A 224 AE R RO 1 R0 1o 1) — P e B

AR DL T EN R B T R —AEARE, LU TR SLA A1 LDMC R EA MR A B B, X B
FATHFFE P J X B ARG e o0 7 FR RS . AE AR A 11 R AE A A 7 SO 5 SLA &A= i
A5 A 7 AR LDMC A A8b (3R 2,38 3) o FEUIRERE/KF- , Z24F 4R EL SLA XA [RIAEHAE P<0.001
KA MR, LDMC B @K P=0.7; 24 AR e AT |, 2 A BUsk (P<0.001) ,LDMC #) P A
4 0.028, TERETRAKT- SLA,, XA [ b B 1 AU (F {59 111,52, P<0.001) , 1] LDMC,, 76 AN Al i TG
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