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Abstract

Aims Understanding ecological implications of plant functional traits is helpful in exploring community assem-
bly under different environments of nature and human disturbances, and then to reveal the maintenance mecha-
nism of the ecosystem services. By analyzing vegetation and soil data derived from field observations in Leymus
chinensis steppe of Xilin River Basin in Nei Mongol, we aimed to explore the responses of plant functional traits
to changing soil nutrients at different degradation stages.

Methods We observed 69 plots for both plant community structure and soil attributes using quadrat and
soil-drilling methods. Five plant functional traits, namely the specific leaf area (SLA), leaf dry matter content
(LDMC), leaf carbon to nitrogen ratio (C:N), leaf lignin content (LLC), and maximum height (MH), were meas-
ured for each plot. We also tested soil attributes, such as total nitrogen (TN), total phosphorus (TP), available ni-
trogen (AN), available phosphorus (AP), and organic carbon (OC). The sixty-nine communities were classified
into four groups (undegraded L. chinensis + forbs, slightly degraded L. chinensis + Stipa sp., moderately degraded
L. chinensis + Cleistogenes squarrosa, and heavily degraded L. chinensis + Artemisia frigida) using TWINSPAN
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software. The relationships between plant functional traits and soil nutrient variables were analyzed for the four
community groups using the Pearson’s correlation test with SPSS 21.0 software.

Important findings (1) The soil nutrients decreased with the grassland degradation process and there were sig-
nificant differences in TN and TP between the undegraded L. chinensis + forbs and heavily degraded L. chinensis
+ A. frigida communities; (2) plant functional traits also showed strong differences between the degradation
stages. MH and C:N decreased with degradation. A significant difference was observed in MH between the unde-
graded L. chinensis + forbs and slightly degraded L. chinensis + Stipa sp. communities. The difference in C:N
was also significant between the undegraded L. chinensis + forbs and heavily degraded L. chinensis + A. frigida
communities; (3) the effects of soil nutrients on plant functional traits changed with grassland degradation. AN
was negatively correlated with MH, LLC, and C:N in the slightly degraded L. chinensis + Stipa sp. community. In
the moderately degraded L. chinensis + C. squarrosa community, those three traits mentioned above showed sig-
nificantly positive correlations with TP; (4) while analyzing the degraded grassland, different relationships be-
tween plant functional traits were found. In the slightly degraded L. chinensis + Stipa sp. community, LLC was
positively correlated with all other traits. Moreover, positive correlations also occurred between C:N and MH, C:N
and LDMC, and C:N and LLC. In the heavily degraded L. chinensis + A. frigida community, all traits demon-
strated the most significantly positive correlations.

Key words plant functional traits; soil nutrient; degradation succession; the Leymus chinensis steppe; Xilin
River Basin
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TEY) Dy RE MR R K ST A BRI 3 S () 77
Y, FHEEAERGEE RN R R RV (L5
25,2007, >JHTRAE, 2011). BEVE PO FIMIRRECIR 1)
I3 AT e AR B I i -5 Al T ARABL A R o 3 ) 4 ) 5 SR
(Diaz et al., 1998; Bernard-Verdier et al., 2012), #H ]
VIRRAEAN [F) R o (R PR 22 e DU SRAE 1 L3R B ] 22
YE(Violle et al., 2007; >J¥i##%k, 2011). H W, 4
DIRE TR IR R I EE Al . TR, 1EAM
B - 8L 0 R BRI YE, Y DhRetR B M H
F 7 AH 4Pk B (Gachet et al., 2003; P T A5 i,
2008) 5 i A fi% HE 2 (Barboni et al., 2004), A4 &K
(R IFIFSE, 2007; REHSE, 2013). FFEME(L
T 5, 2011) 55 AU I T

A RN K7 ) D R MR IR S R B 5, 27
FAZ RESAFCRE . B /K 5E)(Roderick et al.,
2000; ARALT5F, 2012). HUBHIIROEK . B,
) 45 ) (A BAESE, 2015) 5 H AR BN 1, DA RS
TEBN(FEHSE, 2000; 2574 R4, 2015)% AN T
T, BIER T H5EY RO R KT AR AL,
HEWRWAAR . HIEW 2R E) ThREE
ARG F 2, A9 U T B P AR S R 1 28 S R
7 33%-60% (Becknell & Powers, 2014), 5
LA S IR 5 (Liu et al., 2012). fHAZ, ik
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EVERME R IFRE — SN R ES RS
ME, T3S KEM AR BRI i
I PRAR ) ) e MR A S 1 = R IR 3R (T 4%, 2011);
TMAE AT AR E R R, R OB T i) 2 LA L
J R A R (SRS, 2013). HET/NRE
A RGP H S R I, HIRE(N). BE(P) & &
i N P& &2 A B0 3% 2 (Fujita et al,
2013), INER B E w7 EAEYH FNK S
B, BN EIE Y 0w SRR B R (T AR A
2008). 771, ISR RENE 51 K Z AN BhSL T RE
PR R SR, 90 35 AE 5 Le TR R o A
N. PEEIEAR, 5 EE. HFY5 & &5l
K, HIECINR EEMYE K T (Jager et al., 2015);
SRIM, TS B AR A G L S Y ThRe R 1)
KER, [EBEFRFMEEN, TENS ES
T AR 5. 2 fUkH 9% (Garcia-Palacios et al., 2013). ] i,
T SRR R R B A, MR DL
WAL R B L S TR A AL, 3]
FELA) I8 A [ (1 5 W DAIE S A [ R PR 55 (Kuhner &
Kleyer, 2009), 4R & AL 7] 68 2 138 77 70 1
FH T A vE A 1 B L 2 —, gk s 2 A
B ARG TR 5L 2 (Schellberg & Pontes, 2012).
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Fig. 1 The distribution map of observation sites.
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Gordon, 2003). UbAk, Bk, B EEMEHTERS
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Fig. 2 Comparison of soil nutrient among different degradation stages (mean + SE). I, Leymus chinensis + forbs; I, Leymus chinen-
sis + Stipa sp.; 111, Leymus chinensis + Cleistogenes squarrosa; IV, Leymus chinensis + Artemisia frigida. ns refers to no significant
difference at p > 0.05. Letters in each subgraph indicate significant differences between stages (p < 0.05). AN, available nitrogen; AP,

available phosphorus; OC, organic carbon; TN, total nitrogen; TP, total phosphorus.
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Fig. 3 Comparison of plant functional traits among different degradation stages (mean + SE). I, Leymus chinensis + forbs; II, Ley-
mus chinensis + Stipa sp.; 111, Leymus chinensis + Cleistogenes squarrosa; 1V, Leymus chinensis + Artemisia frigida. ns refers to no
significant difference at p > 0.05. Letters in each subgraph indicate significant differences between stages (p < 0.05). C:N, leaf carbon
and nitrogen ratio; LDMC, leaf dry matter content; LLC, leaf lignin content; MH, maximum height; SLA, specific leaf area.
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RL BTSSR EEYIIEEMIRZ MR R

Table 1 Relationships between soil nutrient contents and plant functional traits

HA EGELA Ko A £ A A HLRK
Type Index TN AN TP AP OoC
SRR SLA —0.074 —0.208 0.128 -0.247 0.007
Leymus chinensis + forbs MH -0.118 0.098 0.031 0.048 -0.167
LDMC 0.225 0.297 0.208 0.090 0.244
LLC -0.361 -0.196 -0.218 -0.316 -0.268
C:N -0.275 05717 -0.043 -0.534" -0.126
B SLA -0.051 -0.305 0.106 0.147 0.019
Leymus chinensis + Stipa sp. MH -0.398 -0515" -0.037 -0.214 -0.395
LDMC 0.061 -0.349 0.204 0.142 0.054
LLC -0.384 -0.667" -0.102 -0.126 -0.382
C:N -0.203 -0.697" 0.068 -0.114 -0.208
FRHERE T 5 SLA 0.052 -0.078 0.034 -0.103 0.144
Leymus chinensis + Cleistogenes squarrosa MH 0371 0.210 0477 009 0222
LDMC 0.306 -0.257 0.376 0.293 0.049
LLC 0.509" -0.066 0514 0.181 0.286
C:N 0.223 -0.362 0.562" 0.262 -0.029
B ERS SLA 0.519 0.127 0.309 0.280 0.416
Leymus chinensis + Artemisia frigida MH 0.432 0.140 0236 0.254 0332
LDMC 0.404 0.305 0.202 0.159 0.329
LLC 0.354 0.144 0.132 0.143 0.250
C:N 0.608 0.342 0.441 0.260 0.526

** p<0.01;* p<0.05. C:N, H}THR%ELL; LDMC, M+ &; LLC, A AR RS & MH, K& SLA, M.
** p<0.01; * p <0.05. C:N, leaf carbon and nitrogen ratio; LDMC, leaf dry matter content; LLC, leaf lignin content; MH, maximum height; SLA, specific
leaf area. AN, available nitrogen; AP, available phosphorus; OC, organic carbon; TN, total nitrogen; TP, total phosphorus.

B A A e R B DR 3R (251, 1997, FEMESE, 2010). KF
G vy I RCHOR] F A R kb b AR ) 1 PR,
TR S5 R R AR AR, HESD AT IR, B B B A2 0k
AT A, SRS E, MRS RS
SR, HIFEAE RGREThAE.

TR AT B TR IR S AR A B
T AELAA) P DATER Jok 855 41308 TR 5 5 W) B P 8 A BEARRAE
R IE MK PRI, I R X Fh AR AR B E AR ) T R
PEREFAE_E (D AKZ4E, 2008; 2B 4%, 2011). 341
RO, BEE KT Y ThRe IR b B kAR
TR, A K v A i G L o TR A R R S I
Fefftadh . fok B B AR — 5 TH nT fe 5 A4 53 Bic
HMEA e FE A, HEY) 20 e B AR,
PR BN B R o SR AL TR & &, LA
A 77 J1 B B KAk (Westoby et al., 2002); % — 75T,
TP I S AN AR ) i AR, PR B R B (E
Jh4E 2000; ZEEEESE, 2012). ME AT
FEVE b, SRIRSE PR AR L 1) = RN, DAIRAS
B % ' BE AN 1 5% 2 5 it 77 (Ackerly & Cornwell,
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2007; Bernard-Verdier et al., 2012). ¥ H A L
A RN PRNCE TR PR AR K RE /1, 1E— %
& b T RIS FER FRCR, RIS T
+ 458 [ 7 %5 3 355 A% 4K (19 3&E B (Thompson et al.,
1997), TEARMIFR 614 T, MDA K BRGNS
B35 50 R R icm, A & i b (9 B Jom
FAHM, 2011), AR IUFEYIH: Fr ik & LG B A R AL
B IBWTR N, 5 E LR, (B EIRL
B B I SR B, X AT RS Ik BRSO Ok . il
7Y AR, BE N AW (415
L, 2011), TR YR A R AR AR E, TR RE
VIR A LG TE 2 52 B A B R RS, (R IR
FETE HLIR LG U B B IR (R R 55, 2010; 215
& 2011).
32 EMRWHTTHIEFRSSEEEYIEEN
Rz EHXFR

T T RE MR B % 2 U0 1 e B A ok 1 38 45 411
BREREE e B 5 3E B (Mclntyre et al., 1999). J& X}
TIRA BRI AR A B e N (M s R R R,
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Table 2 Relationships among plant functional traits

D NS R R FN FLRALR BRI S DI RETEIRI R R 997

HA £z A IC YN TR R AR RS R R L
Type Index SLA MH LDMC LLC C:N
B/ SLA 1 0.015 -0.435" -0.050 0.268
Leymus chinensis + forbs MH 1 -0.005 0527 0.309
LDMC 1 0.021 -0.102
LLC 1 0.575"
C:N 1
ESCRa SLA 1 0.434 0.425 0.603™ 0.406
Leymus chinensis + Stipa sp. MH 1 0518" 0.681" 0565
LDMC 1 0.493" 0.634™
LLC 1 0.693"
C:N 1
2R T B SLA 1 -0.128 -0.080 0.088 0.184
e e 1
LDMC 1 0.735 0.356
LLC 1 0.388
C:N 1
By NS SLA 1 0.961" 0.838™ 0.935” 0.944™
kﬂ’;?nﬁ;hf'ﬂ‘;?j: * MH 1 0.854™ 0.919: 0.892:
LDMC 1 0.953 0.842
LLC 1 0.906™
C:N 1

** p<0.01;* p<0.05. C:N, H}THR%ELL; LDMC, M+ &; LLC, A AR RS & MH, K& SLA, LT,
** p<0.01; * p <0.05. C:N, leaf carbon and nitrogen ratio; LDMC, leaf dry matter content; LLC, leaf lignin content; MH, maximum height; SLA, specific

leaf area.

2015). fERLMIAR RGH, KA KKE FEZ
AR (Bai et al., 2010; LeBauer & Treseder,
2008). B T A UTREI IR, B AR R R
FH PR W 4 7] 52 0. B[R] BR A1 (Craine et al.,
2008). FEBMEAFLLAHTIAR . MR TR R
BRI RS 3 B I (% IR )5, 2005; Ji%
Hi%, 2008; FAEEE, 2014), s IncHHEA )3 R 1
AREZM B K (& ik 4E, 2016). A WL H3EE . BEAKP
Ak, Relg gl B Y D e MR 2 (B
%, 2014; B4, 2014). AR, FERHIKTEL
A — EARPR AP B, TR A S Y
iR TR 2 2 AR O, T AR A i L
B2 IR RG], g LIRS BRI,
Vit B S R DS, TR S R T A
FOEYEYUE T MY B i G BE 2 3G (R 98 5 55,
2010; 4195145, 2011). 53— 7 1Hl, Bl F B E R
B, HEAR BB (E2), BHERAEEE,
FEVR I R B 2 RN v B A 2 RN e 34 (13) . B
BERRTEAE, FIBREE R WA, Fik

FEVE [ — Ler Y Dh RE TR B R 2R T B0 o LA,
IR T RE R PR VE H A 2 R A R
N R ORI B T F ) SRR TR I B
T8 IR SRS Y D REVEIR Z TR 5% R B
B IR N 52 B AN [R] 388 FRou R A IR, I
HAEBAGE R b ) — 3 R S DI RO A Rk . B
NGNS P NI R e A PRy K s
Y573 BE KA AR MR D R MR, 72 3 B+ 55
= SRR E R, AR R R T
EREET, ZEH NS e B, #—BRY
T AT REVEIRNS T IEFR R BUR TR . 1Y)
THRETER R REVE PR AL RS 25 IR AIE (Ackerly &
Cornwell, 2007; Cornwell & Ackerly, 2009; Bernard-
Verdier et al., 2012), AJ I, 75208 b IR LY
B, THEFRERRR B, ST RENE RS E
S, AT B T REVE IR (38 2 5E 5 2
(Bernard-Verdier et al., 2012). 7FHFIBLH)ER+
AEREEN B, LR SV DR IR 2 A
EEARNE, AR W T Uy I R AL R AR

doi: 10.17521/cjpe.2015.0465

O 4 #2414 Chinese Journal of Plant Ecology



998 WA 244 Chinese Journal of Plant Ecology 2016, 40 (10): 991-1002

NGNS R R, BRI, 1SR A i ik
1 F ©L 4320381 58 /. (Bernard-Verdier et al., 2012), #
¥ EHIE S RE T BRI AR 5 L, DRI
B AU, S3—T7 1, R HAh AR
WS WU S IR I R AR T B AR
1%, 1997; SKAEE MRS EFF, 2010), HFEEH THEY
DhRetiR, HISS 1 3380 X Y D e MR 52 0,
91 1 2 B+ A B R VR 1) R TV T AL
33 EMIRWEE TEIEEMIEE MK < B et
VEEER

T DR PR NT L 398 2% A1 AR A, 1R ey 2 ANAAN
W AE AR B 7R 40 b, R BPE Th R IR 2 1] () 21
4 L (Kihner & Kleyer, 2009; 1T =%, 2009; #4%
M5, 2012). HIABFFLERM, AR rER Z F A7
LRI FEC R, HSKESE. MEREFS
BISAE T, BRI e T AR 5 80 v R 0 G Tl e Ak
R, DLIE B 2 4 Fh L A7 (1 58 4 1 2R 58 (45 AK 40 4%,
2008); {EGHIRTT Z HIZFAE T, BUNE I AR FIER
KI5 AR R i 80 AR B, DA vy
A F A R 55 Y (Bernard-Verdier et al., 2012).
PAVRI, EFEHEFRETH AR ES
FoAth A IR 23 IR ARG, IREL SR Km .
TV E R A RBR S B R EIEMRK, Y]
FEFERPIAELIRIL T IX P FH D) BEIE IR 5 HAR IR 2 18]
SRR (F5 22 90 L 7, 2008). fESE L+
AERE S, IR ER 2 )3 2 A% 83 IR ARG
KFR, RPEFH ™ HIR RS T, Y 2
by e R P P ] AR S Bt B2 R R FH 5 4 TS
TS, LARSEXS B o ) 3 2% A1 (AR £ 5%, 2008; 2]
BromsE, 2011; P4 4%, 2015).

gr BRIk, REHBAAMY R AR T S5 1)
e A7 1R AETT I, T2 3 R 5
Breg PR, VR Y DI RETE IR R IE R AR TR Z
(ARAY . BEAE R AT IR, 3855 43 B,
Y DIRe R R A T B3 AR, T35 51
DIRE MR Z 8] ) 5% 2R ORI ), R W] 335 3 et
VDR tER BA EE W THIEIEH . B Rt —
AR T TR A SRR JFR A T A F LA
SRR R L], A B TR AR
B G, X TG 3R A R B R, (R B AR S
R E 5 RISt B H EESEME.

RSB ERE 5B KRR Q73 1)
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(2012CB722201). A%+ A8 RKAHE K F R A= H
K B RAH A £(31460154).
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40 Var0 040  I1——1111-————————-31-11112 1211 1 14133332- 1010
56 VarQ 056 11-—4 1211-——-2-—-1 1 5232212- 1010
44 Var0 044 1 1-1 1 111-111-1- 10110
81 Var0 081 —-1 1 1-——-2 21-111--1 10110
36 Var0 036 1 1-111--- 10111
48 Var0 048 -—1--111 1 13 1 11-144333151 10111
55 Var0 055 1 1 11 2-111-—— 10111
7 Var0 007 -——————- 1-11-4-1---12---1111--1-2--111---3114-1--121-2--13531113233321 11000
12 Var0 012 1 11 3 11000
13 Var0 013 ——-1 1-1 11001
21 Var0 021 4-221 3-453-4445----245545545-4325452352-3-333445 11001
58 Var0 058 1 1 1 11001
52 VarQ 052 1 141 4-1-111--— 11010
20 Var0 020 1 110110
41 Var0 041 1 11 110110
50 Var0 050 1 110110
60 Var0 060 1 ISSIES108EaeSS 110110
65 Var0 065 3 110110
66 Var0 066 ———- 1 110110
76 Var0 076 1 2 110110
86 Var(0 086 22 1 121 110110
87 Var0 087 1 11 110110
33 Var0 033 1 1 1- 110111

11 Var0 011  -1111141121115322151144223535153-213-1-154545541455554455551414344434 111

00000000000000000000000000000000000000001 111 TTTTTIIITITITILIITIITTLIT1L1
000000000000000000000011111111111111111100000000000000000000011111111
000000000111111111111100000001111111111100000000000000000001100000001
00000001100001111111110000111000000011110000111111111111111 0000001
0011111 000000011 0111111 000000000000111 011111
01111 0011111 011111 000001111111 00001

T AT B F PSR G S, IR 19, 61, 262 6FEHL; f—ATRIAMBTIINZRF, & 2H)REE WSS, HhVarZ B8 NS, H
M0 VAT 732, 3 v AR 73 (R 87 5 R Z AR R R A b (Y EE 24, 54&?%&@%. TR T LU, R EIBI64T A7) 45
A, 0. VIREAFZEE, w5t 2 P (EIRR61T), 12 FR(BIBEREAT) RN RIRPIA IR R (M%), TERAN R, DL,

Site numbers are shown in vertical sequence (top—down) by the first two lines on the top of the table. The first three sites coded 19, 61, and 25, for example, are
at the very beginning on the left, and the last one is site 6 on the right end. Code of plant species is shown on the very left (the first 11 chars, including blanks)
for each line. Var is the abbreviation of “variable”. A group of 0 and 1 on the right demonstrates the classification of plant species; Numbers and dashes ap-
peared in the central part of the table indicate the value of species in sites. The number 5 refers to the most important, and the sign of dash illustrates that the
value of species in sites can be neglected; Results of site classification are summarized by the last 6 lines at the bottom of the table, 0 and 1 refer to differentia-
tion. At first, all sites are categorized to 2 groups shown in the line 6 from the end. And then, these two groups are classified further into 4 groups (in the line 5
from the end) by means of dichotomy, and so forth.
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