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Adaptation strategies of different plant functional types and their composition
along a vegetation restoration gradient in a forest-steppe zone in the Yanhe River

catchment, Shaanxi, China
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Abstract ; Ecological success under different environmental conditions and interactions among organisms may require plants
to share certain common functional traits, allowing for the classification by plant functional type ( PFT). The objective of
this study was to explore the adaptation strategies of different PFTs and the change in number of species in each type along a
vegetation restoration gradient in a forest-steppe zone in the Yanhe River catchment, Shaanxi, China. We placed emphasis

on PFT dynamics and variations during vegetation restoration of an abandoned farmland in this area. Our goal was to provide
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helpful information to better understand how plant adaptation strategies change as vegetation restoration progresses.

This study used a spatial sequence approach instead of a temporal sequence one. We measured four leaf traits
(thickness [ LT], specific area [ SLA], tissue density [ LTD ], and nitrogen concentration per unit mass [ LN]) and three
fine root traits ( specific length [ SRL], tissue density [ RTD], and nitrogen concentration per unit mass [ RN]) for each of
the 39 species belonging to 16 families in 33 plant communities across five vegetation restoration stages in a forest-steppe
zone in the Yanhe River catchment. All species were classified into one of the three PFTs based on the seven functional
traits using cluster analysis. One-way analysis of variance was used to describe the variation among the PFTs. We then
analyzed adaptation strategies for each PFT and compared the changes in the functional type composition along with the
vegetation restoration stages.

The results showed the following. (1) Based on the seven functional traits, which showed large variations across all 39
species, the plants were classified into three functional types (PFTI-III). (2) Plants in PFT-I had higher LTD and lower
LT, LN, and RN; plants in PFT-II had higher RTD, LN, and RN, and 39 species showed large variation. (3) Plants in
PFT-I had higher LTD and lower LT, LN, and RN; plants in PFT-II had higher RTD, LN, and RN and lower SLA and
SRL; and plants in PFT-III had larger LT, SLA, and SRL and lower LTD and RTD. (4) According to the C-S-R triangle
theories of Grime, PFT-I, which invested more energy in defense and had an intermediate growth rate, adopted the “stress

1

tolerance-ruderals” strategy. PFT-II adopted the  stress tolerance-competitiveness” strategy, which allows survival in
resource-poor environments by maintaining the nutrient balance in the body. PFT-III devoted large quantities of nutrients to
growth and belonged to the “competitiveness” strategy. (5) PFT-I was dominant in all vegetation restoration stages and
increased in prevalence across the vegetation restoration gradient (from 61% to 80% ), while the percentage of PFT-II
decreased from 25% to 15% and that of PFT-III from 14% to 5%. The dominant species within PFT-I also changed over
time. SLA of the dominant species in PFT-I decreased markedly, and LN and RN of the dominant species in the early
restoration period were bigger than in later stages. Although the nutrient content of the soil increased along the restoration
gradient, the environment has not been sufficiently improved to eliminate stress during the 40 or 50 years of early vegetation

restoration. Thus, PFT-I, with adaptation strategies favoring stress tolerance over rapid growth, were dominant. These

results may help guide species selection and restoration planning.

Key Words:; plant functional traits; plant functional types; plant adaptation strategies; Yanhe River catchment
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Table 1 The selected plant functional traits and implications

YRR RIS E X
plant functional traits Implications of each trait
I O AR S 6 S A

eaf thickness

Fo AL (mm?/mg) B P AR AR 9 DR P 4328 Bl S0 3 400 o S 1 e A A e 1200 — A A g o A e
Specific leaf area AR R EE SO XA R AR AT A AR,
HARK/ (m/g) HOARK SR SR AR R AR 22— A A JEAB 0 T bR i Eem i AL 20) AR e i %k 43
Specific root length FEOP I AEM R Y SRR 3E 4 ) B S5 BR 1T
LB/ (mg/mm®) SR B AT LA WA AR I 25 T v o A e 1) SRR 2R U B A L Ay R
Tissue density A
M AR AR A (k) AP AR KT I E IR FIAR 2R 09 ZU & 2 A A 38 T ks e
Nitrogen and phosphorus concentration iz (33 s [EJﬂﬂ‘}iFﬂ%T$E%iﬂ£$ﬁ$ﬂiﬂ?%ﬁ%ﬂﬁiﬁ%&ﬂ,*E%%%%%Hﬂ}iﬂ_%%?&““
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Table 2 ANOVA testing variance of community biomass, soil water and soil nutrients during the restoration process

PRS2 15} [ FEREL A FEIE 5/ % TR/ (g/kg)  HHEAPUE/ (/kg)  HIEEE/ (g/kg)
Time/ (yr) Number of sites Degree of freedom Coverage Soil moisture Organic matter Total nitrogen
1—5 8 7 35.63+6.78 9.1751£0.5754 4.2770+0.4444 0.2677+0.0194
8—15 9 8 45.56+13.33 9.8992:+0.6462 4.4678+0.3495 0.2547+0.0168
16—22 6 5 47.00+7.68 10.1705+0.7082 5.0436+0.2747 0.2606+0.0178
25—30 6 5 86.25+6.29 7.6147£1.1620 5.6858+0.6381 0.3747£0.0312
40—45 7 6 84.29+13.67 7.4788+1.0269 6.7983£0.7202 0.4096+0.0450
F 15.235*** (4) 2.246(4) 4.446%" (4) 6.780"** (4)
PRI I (] RS i TR/ (g/kg) LIAMEA/ (vke) LHEBEWE (o/kg) LI/ (g/ke)
Time/ (yr) Number of sites Degree of freedom  Total phosphorus ~ Available nitrogen ~ Available phosphorus  Available potassium
1—5 8 7 0.5222+0.0139 16.827420.9588 0.8018+0.1135 38.9483+3.9813
8—15 9 8 0.5443+0.0111 16.41511.4732 0.5420£0.0472 42.7652+3.6726
16—22 6 5 0.5711x0.0288 17.7853%1.7162 0.5104£0.0771 42.0873+4.4392
25—30 6 5 0.5427+0.0182 24.8813+1.9467 0.5714+0.0603 62.4400+7.0635
40—45 7 6 0.5536+0.0197 27.8398+2.8934 0.7434£0.0948 65.2943+4.4459
F 1.002(4) 7.860** (4) 2.323(4) 7.563 "% (4)

7 P<0.001, ** P<0.01, * P<0.05.4&5 N BT A H

2.2 HWIIEE IR A3 A FLE

AR T 44 /90F  SR 16 B35 AR XEITAT B 10 RE | W A3 R
ik AR ARSI A it 7 RS AR A FRBRPESE T (32 3) . SRS, U FOK T 1 Hy 7

AR 4 D BRI (R ) A2 AL T R BK
2.3 BT SCHRISGE MY T RE R 026

SR FHA ) SR SRS X AW FE T R A BP0l (T F08 /N T 3 ARl AR B 39 R ) HEAT IR R I
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o6 K 39 MPIRKIE 7 IR DI REVER 10 22 57300 70 AN R D RE L . SREASR LIRRAR e i th (181 1)
MIBLALHS A AR50 o 3 4528, O ik— 28 OB M A S BE VIR AE AN [R] DI RE R ] 9 22 5, IR SR S
AIAEAR XA R S RE R A Y SO REMR A T AN IR T 22 il (3 4)
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Table 3 The distribution pattern of plant functional traits in a forest-steppe zone in Yanhe River catchment

GELZ/ I IHA KRN HEAR B2z R/ME RKE SR +pR R brifii2E
Plant functional traits N Range Minimum Maximum  Mean+ Std. Error Std. Deviation
D H [H

T/ 44 2.44 0.77 3.21 1.479£0.0786 0.522
Leaf thickness

24U ¥/ (mg/mm® )

’ _ 44 0.20 0.02 0.22 0.086=0.008 0.050
Leaf tissue density
i} Al 2
Lt 1“.@75\/(111111 /mg) 44 39.63 5.29 44.92 15.426+1.184 7.853
Specific leaf area
M A5 (o ke
HR A/ (gke) 44 34.92 7.85 42.77 21.665+1.169 7.756
Leaf nitrogen concentration
F[:*Ei.{y (m/g) 44 32.70 0.25 32.95 9.007+0.787 5203
Specific root length
IH 411 3% BE 3
*E’H"_‘&E/ (“,‘y mm-) 44 2.73 0.13 2.86 0.397+0.062 0.409
Root tissue density
B (g/k
AT/ (¢/ke) 44 21.95 2.20 24.15 9.805:+0.885 5.869

Root nitrogen concentration

R4 EUREBHRAERREMIIEEKETR IR Z B

Table 4 Comparisons of plant functional traits in a forest—steppe zone in Yanhe River catchment among different functional types

% 2] 21 %% i L RTIpA IRy K YU AahE
i i A W ML AT MRS & AR TR LU RA G
PFTS Number N T/ LTD/ SLA/ LN/ SRL/ RTD/ RN/
< mm
of species (mg/mm?) (mm*/mg) (g/kg) (m/g) (mg/mm>) (g/kg)
PFT I 24 23 1.36+0.08C 0.10+0.01B 15.04+1.52AB 17.54+1.02B 8.60+0.56AB 0.34£0.03A 6.32£0.46C
PFTI 11 10 1.50+0.08C 0.09+0.02B 11.62+0.68B 28.76+2.27A 6.40+0.64B 0.40+0.06A 18.07£0.99A
PFTII 4 3 2.59+0.26A 0.03+0.01A 18.19£1.77A  26.59+4.42AB  10.68+2.01A 0.24£0.055A 10.80+2.22B
FfH 16.736 """ (2) 3.4337(2) 2.014(2) 13.939 "% (2) 4.3547(2) 1.620(2) 65.456 7" (2)

PIRVERE % DI RE ST & AR AL, " P<0.001, ** P<0.01, * P<0.05, ZT A IRl — 18R MR F AR IR —PERIE BRAE 0.05 AP EA R 15
SRR A

R E I Z0 I R R 55— HE 20 282 2% ( Potentilla bifurca) , %M 2282 2% ( P.tanacetiflolia
Willd) , £ 7 % ( Stipa bungeana Trin) , )\ 4= Bt F L ( Cleistogenes caespitosa Keng ) , Hb #i ( Parthenocisus
tricuspidata) , IR AR F- ( Lespedeza juncea) , BkFT15 (Artemisia gmelinii) , 1 =F- 5 ( Bothriochloa ischaemum) , &
B (Artemisia scoparia Waldst. et Kit.) ,#15 ( Leymus secalinus ( Georgi) Tavel) , \VJWK ( Linum usitatissimum) , T
¥ (Syringa pekinensis) , K% 3 (Stipa grandis) , #1135 ( Rehmannia glutinosoa ) , ¥LMI ( Periploca sepium) , P47 ¥
( Siphonostegia chinensis) , B /R Z& 4184 ( Heteropappus altaicus) , HEARERZESE ( Clematis fruticosa ) , TR ( Zizyphus
Jujuba) , %5 (Artemisia giraldii) , 7 25 ( Phragmites communis ) , f & ( Incarvillea sinensis) , 5¢ 1 & ( Artemisia
mongolica) , ik WK F ( Lespedezadavurica ( Laxm. ) Schindl) , H: L[ RR1E A HA BN A & & 8 5 408
R E, 5 BRI 5 (Caragana intermedia intermedia) , V0¥ ( Hippophae rhamnoidessi) , ¥ %i 5. ( Vicia
sepium ) WP G. ( Oxytropis gracillima) , J#R ( Black Locust) , FEANEL ( Thalictrum aquilegifolium L. var. sibiricum
Regel ) , Rt M 85 & ( Astragalus scaberrimus Bunge ) , & 2 $| ( Sophora davidii ) , & AR MR 36 & ( Astragalus
melilotoides) , H 5 ( Glycyrrhiza uralensis) , #% %1 ¥54E ( Thermopsis lanceolata) , 55 — JIRERIFE Y IL IR R E 94
BREOTASESMRA S =, B/ m S AR K, 5 =205 /N 0 ( Circium segetum ) , HH 2
( Dracocephalum moldavical ) , %37 (Salsola collina Pall) ,YV¥THE (Astragalus adsurgens Pall) , X YY) 1Y 3[R
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Fig.1 Clustering analysis of 39 species in a forest-steppe zone in Yanhe River catchment
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R PES AL, EKEZ R (1—5 4F) , THARERY T A ECE: 5 i A 0 619% , SHBUIR 2 11 T 5] 40—45
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Table 5 Percentage change of three functional types between different vegetation restoration stages

P44 % S [R] DIRE R 2H A %
. _ TR AT i
WAL IH] HERUEK Average number TS i Percentage of three PFTs
Time/ (yr) Number of sites e Dominant species
of species PFT | PFTII PFTII
1—5 8 7 TR B T 61 25 14
8—15 9 6 KGR KR AT 69 19 12
16—22 6 5 Ko hE BT 5 5 BT 63 26 11
25—30 6 6 RN NEES NG SN L 79 16 5
40—45 7 7 REFZE BATH 55 BT 80 15 5

ANTFIA Sl RE T AR X T (9% ) SR [RIA D R B RN B L IR S R B 4

3 Fig5itie

3.1 ATE] S RE AR BRI )3 N SR

L) AR 255 AR R ) 15 B 5 AR OIS TP A B, AR ) D RE IR S5 AL 14 A A SRmes R B 5UR P e 0 )
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DIRE R AP PHA B Lo AR AN LEARS /N i 2 2V R e T AR FUAR IR A U AR ) M R
S SIRES AR U — A AR A X AR K ORI TSR T AR R U R
FOI TR 38 A 5 Y B T BRI EC AR B B o B 8 7K 23 IR e PR A 3, AT A B ey
(R 5E 4 7 M AR R R i 2020 A e RN AAR L 2 S AR B A AR A G, e LS B (R A M
2 TP Sfid a6 T B D25 (B BV (B i BE SRR &5 ) AOAa s, it 4 25 88 v (R AL ) 70 IO 4 22 1) SRR 3
ik 0 BE P LA B 1l e T e A R Aokl 20 e T AR 2 2 RS S A i
K AET FMBE IR T, A58 i R BRR AT L i T AR A SR, ] ASEAN I R PR K 73 1) I R 2 T 130 B 5
B, LA R ARAR P R P 7K A4 0 0 Lo it TETRR DS/, it AR BRI Bt/ 8 i 2L U B R O, LA
B Ik JRoKad 2 A I R 2R S0 U AR A A R0 R, 7 S g s 5 SR 5 ) PAY B SE A 7 225 119
HMERIREE , BAT 5 B AR PN 35 43 VA (1 BB 0 SR BT B IR SRS RO R T T Re A T A i A AR A
A, W IR AT UR AR AN 2 SHRERY 1 A 52 95 o0 Wil fe o 2 HE . (HARBIESE XS RE Y 1T AR
Yy BRI BRI A RS AR S 1, AR RO A AR i Ry, DI RERY I AR 43 o SR , SR
WA SE TSR AT AR T, AR T R A R S O AR AR R X, A R R LA E 17
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Table 6 Plant functional traits of dominate species in PFT I

LRI A A W LiK A HAR
w0 e EOR QR B O

e " gty VO g (e (mg/mm) (k)
1—5 WES 4 0.92+0.27 0.10+0.05 23.27+0.90 29.83+3.96 11.26+1.90 0.32+0.03 5.38+0.26
8—15 AL EHIET 5 1.21£0.11 0.11+0.03 12.27£1.07 24.73£1.06 8.00+2.38 0.38+0.04 12.38+0.41
17—22 Kt 3 1.16+0.12 0.20+0.09 9.9£1.01 11.60+0.49 7.78+1.12 0.70+0.29 4.56+0.58
25—30 ekt 4 1.57+0.31 0.09+0.03 22.93+£10.74 18.04+0.85 6.48+0.65 0.31+0.02 5.21+0.36
40—45 KEF 5 1.71£0.28 0.06+0.01 10.54£1.05 7.85+1.34 5.98+0.47 0.38+0.03 2.20+0.45

F {8 0.84(4) 0.43(4) 0.62(4) 22.51"%%(4) 0.662(4) 1.213(4) 60.798 *** (4)

% P0.001, ** P<0.01, * P<0.05. 555 NIEUTE N F i B

x7 AEHMEMBREIZERZYMOENIRIERESNEE FRZ S EEEE P EAREDR)
Table 7 Linear regression model of plant functional traits and environmental factors in different vegetation restoration stages

E20N B [l A

Traits Linear regression model k r P
HJEL R LT/ mm LT=0.981+1.193 TN 0.348 0.047 4.262
H-2H 4195 & LTD/ ( mg/mm®) LTD=0.001-0.062 AP+0.28 TP 0.496 0.015 4.882
Fe i AL SLA/ (mm?/mg) SLA=30.401-31.828 TP+5.344 AP 0.497 0.014 4.917
A S LN/ (g/kg) LN=47.799-48.68 TP 0.397 0.022 5.804
FEAR K SRL/ (m/g) _ — _ _

WAL RTD/ (mg/mm?*) RTD=0.159-0.252 AP+0.849 TP 0.643 0.000 10.581
A8 RN/ (g/kg) RN =12.948-0.554 SW 0.490 0.004 9.802

SW (soil water) 137K 43, TN (soil total nitrogen) 3422, TP (soil total phosphorus) 134> , AP (soil rapid available phosphorus ) & 3E 80

Brigh S b AR B K S RIS 22 JEOK L RIFER G iR ol 18 B A0 T A v 25 7 19 SO 5 TR P AL A bR}
PR G IRIAEL A el O AR SR e i B P 45 T B9 B
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