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Abstract; Functional traits of bryophytes reflect the response and adaption of bryophytes to the habitat, which is important
to indicate the functional characteristics of the surface soil. However, the relationship between bryophyte functional traits

and soil factors is not well understood at the early stage of vegetation restoration in karst areas. Thus, we studied bryophyte
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functional traits of three vegetation restoration methods ( artificial forest [ AF ], forage grassland [ FG] and a combination of
artificial forest and forage grassland [ FF]) and their relationships with soil factors in a typical karst depression. The results
showed that; (1) according to principal component analysis, the first principal component mainly showed the nutritional
traits of bryophytes, and the second principal component mainly showed the canopy traits and biomass of bryophytes. And
the first axis in FF was significantly different from that in AF, and the second axis in FG was significantly different from that
in AF and FF. The highest canopy mass per area (CMA), canopy density (CD), bryophyte biomass and saturated water
adsorption content were all observed in FG. But the canopy heights of bryophytes in FG were significantly lower than AF and
FF, and the nutrient concentrations of bryophytes in FG were lower than those in AF and FF. (2) Soil nutrients (e.g., soil
organic carbon, total nitrogen, available potassium, exchangeable calcium, exchangeable magnesium, ammonium, nitrate,
and total inorganic nitrogen) and soil water content (SWC) in AF and FF were higher in surface soil (0—2 cm), while
soil nutrients and SWC in surface soil were lower in FG. (3) According to the redundancy analysis, the nutritional traits
(e.g., nutrient concentrations and stoichiometric ratios) of bryophytes were mainly positively correlated with soil factors,
while CMA, CD, bryophyte biomass and related indicators were mainly negatively correlated with soil factors. And the
exchangeable magnesium and SWC were the main soil factors affecting functional traits of bryophytes. The results showed
that bryophytes could adapt to the habitat with different combinations of functional traits under different vegetation types.
And FG was more suitable for bryophytes colonization and growth, and bryophytes could be applied with FG for the

restoration of degraded karst ecosystems.

Key Words: bryophyte; functional traits; karst ecosystem; vegetation restoration; impact factors

Y REVER S SAEY A K BN A A B VI DG — RSB M HON R me b A= F7 B BE 1 284k iR 25 52
AR GEIRE . R DRI A A T RE R AT R T T A AR S R G R B R D) BE AR
SIREE R F 156 R ORI ST AR 0L, (B RS AT S AR ) i = X AR R R (AR )
IREER LR F R R 5T . BN SR B TR AR R G ) 25040 JFEMe S B8ORS R G
Yo T EERESMY . BEAEK R, G RIS KN E Y 2R I AR S R G A T LA
TUESAERETY Bk, BT B SR RE AR S 5 PR A 7 1 O Z X 5 S 2E 28 T R VIR e 59 s A A S
RGUIRE BA R E L,

WFFE R E B 3 A1 AT REVEIR 52 2 S f (Ao IR R EE IR RESE ) | M B ERAE ( AnRRA I BE RN 1) 552 ) |
AR (U3 A R AR AR ) B (Cn - R 2R D) S5 2R R R A R R T Sl R AR
AT EEE " AT AR A () 22 5 2 5 RS ) 2B B /NS A% 14 25 5 0 10 5 i 5 46 43 A S Lk
RFEENS ) HHR B A K IR Z — 30 KA pH B & B oA 0 RO R B AR A E
MF AT, —Jr T, & ESE 6 A W A Y R EURE B ST T iy 7= 40 8400 55 4 i i A2
53— 7 T, 6 BE R I BH S 1~ A2 46 URIUAN i3k 1) 8 Joi 2 A1 HG R I e kA R 3K b T BT R (I NP K
85 MiHAR HHEFR oM/ I S B TR IR S R T C RAEAE R B R Z MR (n B i A
%E}ﬁﬁ( Canopy mass per area, CMA) \TEEEE( Canopy height, CH) \ﬁE%E( Canopy density,CD) &
AR FR 0 RUK MRS B PIAR OG5 B B e M RAR T AT LA R A= B8 2427 | PR Ik 5 i e 2 Mok
5+ERTFHRZWEA A ENE, &% 49 & (Bryophyte biomass, BB) , & #1f] F10¥ /K i ( Saturated water
adsorption content, SWAC) A FRILR FHIEH S5 IR AUK T EAN FEIAEMAR L Ht,
WFEE D RE IR 5 T8 K 1 0 JR ] LAE /R &5 B0 1 SJE A I SR W | DT Sl 3% )2 1 33 25K & $ (LR A

VG T 105 S0 DX TR ] R A AN 55 X 2 — , AP I AR, 843 LA Ak R 1 - bR Ak ™ ) A 3
WhEm e IRBRA MR R T RSN R G R B B R RN T R S B A
ARG TR DR AT B B AR i Rk P BE RS FR 0 AR T B BT A1 1Ak 4 2B 259K
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SR IEVE RO AR — OIS B A R A A K 0 A VAL M XA R K G R LA 5K A
WU AR S AR B AR S R G b B R AR B 05 D RE I S IR S Ih AR R ARG A
W) T RRR AL A A R G 0K, T AR B A AR 9 0 3 s R A R T K JR R 7%, DR T AN )
R J7 2] IR FAEAE 22 0T WFSE A R REBE R F 2 6E D IR B H X S DR 1 4 10, 5 )
THRERAEITERR LA S R G E 28 (U B 8 A as &) o IR, AR S0 LA S 47 06 DA 32 b iR
BhIE AN TR, P R TR+ BB IE S 4, b T B 8 el Z MR B Rk (B IR e &R A i
et ) A AR K B S H et S R A e 57, DA Sy 5 A8 10 P e R AR b A S R Gk A AR A
P

1 #Em7IE

11 WXL

WFFE DAL T PR IR XIR LB B F G 5L R £ ol Rl R St R e DA /N D 38 ( 24°54'—24°55' N,
107°56'—107°57'E) , ZWFFEIXC K}y 376—826 m, J& AT ﬂ"ﬂmﬂll: R 16.9°C , Z AR i
1675 mm, FZAEPIE 4—9 H o HHEONBRIRERL A MALTE MU 85 5047 K &, Hadth P2 1 HER A2 O 50—80 em, 3¢
WP 2 £ SR N 10—30 em, JEE T2 #RER . XX 2002 AFTHIR AT BRI AL B AR AR TR (0 Tk
Mo BB B SR 3 AN TR J7 5, 2350 O B — R N AR YRS A S A 52 ( Zenida insignis ) 5 N T
R K &, PR AR — 5 4L ( Pennisetum purpureum cv, Guimu- 1) 3 Ph S AT 5N T AR B /E #50 5 ((mix-
plantation of Zenia insignis and Pennisetum purpureum cv, Guimu-1)
12 FEACREE

2020 4 5 HBEBURHIETT XN TR O A TR+ 405X = R g, 45 Al i gl S B R ML i B 4 4
FEDT, JE31 12 AFETT  BE T R/ R 20 mx20 m, BENFE T EEETIE (%) FH 4 4~ 1 mx1 m(100 4~ 10 emx
10 em A% ) BIRETRERG B, BEARE T BEALIZE 4 A 1 mx 1 m BBEDT, AR FEBEMLIE T 4 A /NRE DT
(10 emx10 em) , BUEEMEETTRAE 16 A/IMETT HIME S SEYI R 4552 . 7300 BB T PEREHLR 4R 8 1> 10 emx
10 emAY & EERE LT IOREVEIR AN AE | RTINS SRAE & 6E T3 0—2 em L3 85 B HER S50 UFZ e 15
Rl o ICRAEHLARE R AR I B S B R L, Ik 1 B

®1 BEHMEFX TEEMES HEHE
Table 1 Characteristics of vegetation and bedrock outcropping in each vegetation restoration method

N TR+

TEBEAY AT e P
K oo Combination of artificial forest
Vegetation types Artificial forest Forage grass
and forage grassland
A% Rock exposure/ % 13.33+8.46 21.56+5.76 22.81+9.70
FEHE 55 B Vegetation coverage/% 82.50+5.73 92.19+0.79 80.94+8.68
HHETZIE Bryophyte coverage/ % 33.38+10.51 41.25+14.27 37.50+11.83

NIRRT 20T R 3 R P R 0 i 2 SR R

1.3 HEED)Re MR e e

SRAE B EERE TN B EE CH, BRI 8 NE A, T IE DhRe MR 0 & B8R B FH 4liK i Ve T
G, — A FERE 105°CF AR 30 min, f17E 65°C UL+ B E  FREIF ORI E & &, R 5 Bt i, — &6 H
T SWAC Byill5E . HHE Waite FI Sack YT ITIE™  CMA=TEZ E &/ 5&)Z 1, CD=CMA/CH, BB=CMAx
HEETG R, EEESCTE 65°C ML ZE I A, AR AT OK BT E R R AN T K I e A g K
B B EHU AR = (B aE MoK B - S 8T F ) /B #E LT E SWAC = B8 M KR BB &
i C N R A ICER ST ( Vario-MAX P2 ) M2, #&E PR IR G465 (K,S0,:CuSO, = 10:1) fiE1k |
H,SO, TH1L 5 R ShiESHE . & 8F K R H,S0,-H,0, 71 & JE Wkl &, Bi i &8 C N P
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FTK 58 (C ey Noo P MK ) ST C NP K SRR LI A BEA YR

PR T AR i — 0 TES A (NH,) AR (NO;S) A3 5K iy g, — 3 20 W2t 5 T
HABFEFR M E . NH, Fl NO; SR H KCl 2 8E-U sl i S0 2 , SICHLA (TIN) 4T NH; Fl NO; 2 i SF,
KR (SWC) SR AMET IR E , HHEA MR (SOC) SR F F IR Ak - 7Bk 2 |, 3% (TN) R
FH il L Q- s S G o | 4 4 (TP ) A1 80 (TK) SR JH NaOH J il 7351 AR B bt B (-5 4h 9ok
JCREVEFI R FIROEN 2 . TS HME S (Ca™ ) SCHPEEE (Mg™ ) FERUER (AK) SR AT NH,OAc B 42-J57 71
WO A | 0 (AP) SR NaHCO, $& - sl id: S0 5 o 0% pH SR 2.5:1 7K T LGl
1.4 HEEEE S ZHEREOTR

A FH Nikon E100 2% b S e Xt & BERE AR AT 00 EE, 225 (P E B e ) 55 1 i) it Xt
£ NG B AR B R AR R AR R R TR TR S e L MR R
Shannon-Wiener 8% . Simpson 3 & F5 50 H Pielou 5] i
1.5 HdEab iy ot

R Excel 2019 PEATHCHE B B, T H] SPSS 25.0 X B AT IE A4 J7 28 S PEAR 36 0 £l 704 . XA
Rl AR5 2T B2 T bR FH B K 3R 7 22707 ( One-way ANOVA) FldR /)N 8 255 22 51 ( Least significant
difference, LSD) #47TH#, R Canoco 5.0 X} & &£ REMEIR AN+ 3 T4 7 704 40 Hr ( Redundancy analysis,
RDA) . R - FI AR R 2%

2 HREHSH

2.1 AFEHKE 7 A E S REMIR

AT A R B B O BE 11 )& 11 Fh BN EER (R 2) . —MREHAKAZ T T B ER LS R0
ST8E(HZE>0.3) , AN TR S EE LS ML A REGAEE (R 2) . A EEZ IR U A B T [a] 2 0
WEER(E3),

F2 SHEHEMEAXTEHYMEARLEEE
Table 2 Species and importance value of bryophyte in each vegetation restoration method
FEE Importance value

B I Fit AT g N T+
Families Genera Species Artificial Forage Combination of artificial forest
forest grassland and forage grassland

INEERL Pottiaceae BIEEE Trichostomum E B Trichostomum brachydontium — 0.011 —
JREERL Hypnaceae JREEJE Hypnum R KEE Hypnum oldhamii 0.060 0.129 0.062

I RE Taxiphyllum @8 Taxiphyllum taxirameum 0.079 0.100 0.041
FHHIEERL Racopilaceae FEHIEENE Racopilum TERELHAEE Racopilum cuspidigerum 0.337 0.161 0.093
HEER Entodontaceae YHEEIE Entodon SMF2REE Entodon plicatus — 0.028 0.014
FEEER Anomodontaceae 4T EEE Anomodom 458 Anomodon viticulosus — — 0.019
HRER Brachytheciaceae Ik EE g Rhynchostegiella A b g B Rhynchostegiella sinensis — 0.006 —
HEATER} Mniaceae FLTEEIR Plagiomnium B IT#E Plagiomnium cuspidatum 0.481 0.333 0.700
PIEERL Thuidiaceae /NFIEEJE Haplocladium it/ NFI&E Haplocladium microphyllum — 0.003 0.011

PIEEE Thuidium G PIEE Thuidium kanedae 0.042 0.111 0.032
YREER) Bartramiaceae BEEE Philonotis EE Philonotis fontana — 0.119 0.027

X & EEREMIRAE AR A R AT R ARHEAR > 1 T 4 4 A5 RELTTER L 90% |, fig 4 1 s Bk B
AEE(FE4)  MEEIGEMARTEVR 1) F 537 R I FFEAR > 1 AUHT 4 > F 005010 B TTHRRIA 90% , g
SHTAFER (R 4) , BT FERMEEEE TR (EFRIUR &8 LR ), N DA+
FE SRl 2 X TN TR 1) For 88 KA N TR+ A0 I I8 T AN TRk, &78% C.K NP FIN.K 7£
N TR R ERF AN TAHAR(ES) o 5 3 s 5 2 S W 35 & e S22 MR S 2B W i R A, R b 7 55 — il &
F T N TARFIA TAR+CE (B 1) RO E 8 CH N 3% T A TR T AR+ 5 (HE #E CMA .CD
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Table 3 Diversity indexes of bryophyte in each vegetation restoration method

A TR+

Combination of artificial forest

ZREMER R

Diversity indexes

AT

Artificial forest

e

Fors .
orage grass and forage grassland

kb E R Species richness 4.00+£0.41 5.75+0.85 4.25+1.11
Shannon-Wiener 5% Shannon-Wiener index 1.00+£0.10 1.37+0.12 0.87+0.38
Simpson B2 Simpson index 0.46+0.05 0.31+0.04 0.59+0.18
Pielou ¥J%4]J# Pielou evenness 0.73+0.05 0.80+0.03 0.54+0.18
R RTHEIOL 754 T 75 88 2 FERE R B S A B
x4 BHIDBERERS SN
Table 4 Principal component analysis of bryophyte functional traits
B % F Y 2 FHsr 3 ) 4
Bryophyte functional traits Principal component 1 Principal component 2 Principal component 3 Principal component 4
CMA 0.28 0.847 0.417 0.033
CH 0.409 -0.578 -0.161 0.497
CD -0.119 0.803 0.363 -0.247
BB 0.503 0.715 -0.142 0.341
SWAC 0.542 0.536 -0.312 0.374
C 0.789 -0.364 -0.292 0.254
Crea 0.808 0.504 0.099 0.189
N 0.241 -0.836 0.278 0.308
Niea 0.59 0.143 0.695 0.295
p -0.212 -0.653 0.56 0.285
Pea 0.16 0.438 0.84 0.234
K -0.874 -0.166 -0.223 0.339
Kiea -0.656 0.559 0.122 0.399
C:N 0.52 0.547 -0.596 -0.058
C.P 0.757 0.178 -0.586 0.01
C:K 0.938 -0.151 0.058 -0.289
N:P 0.638 -0.446 -0.256 0.12
N:K 0.814 -0.393 0.335 -0.259
P:K 0.744 -0.291 0.489 -0.281
SR 37.356 65.513 82.918 90.834

Accumulative contribution/%

CMA . B Ta AR 56 2 1 X canopy mass per area; CH: R canopy height; CD. W25 R canopy density; BB Py lart /Ry bryophyte biomass ;

SWAC . My I /K 4 saturated water adsorption content; C. k& carbon concentration; C,, ., LB AR C A& carbon per area; N. & & & nitrogen

concentration; N_ . : FLAZTEFL N & & nitrogen per area; P i phosphorus concentration; P : FAALIEIAL P & & phosphorus per area; K8 & &

potassium concentration; K. ifﬁ@fﬁ K &5 potassium per area

2.2 AFEEHIKE T AN T
SOC FRIUN N TARFIN AR+ 4R 25 5 THOR L, Ca® RPN A TR 2 = THCR L (32 6) o TP SWC

Bp7e N TAR+H

T

B A,

IR TN TR R (3R 6) o HoR TR TEA B R G i 2 22 57, [

TN AK Mg™ .pH NH; NO; 1l TIN 7E4{E I B3R 0 N TS N T+ S P (£.6) .
2.3 HEFRerRIR S HIER TR

RDA 748, Mg™ Fil SWC

|ISR=A
FE R

W HEEIREVER I ER LA T (E 2) . HEEEFIIRCEFRICRE

AR L) 5N T EE R EM SRR, w2 MR (40 CMA B0 CD) |, AR W4 I SR HR A6 bR (BB,
SWAC I HIFE SRR & i) 5 RN T BRSO R (E 2) .
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31 AFERHIRE 7 E s ek

SR T B SRR BOC R 2 (A
[FIRLHE L N B RETEIRAFAE 22 5% . & 6F CMA 54
R AL TR R o B AL L, B B R R
ICROK AR A5 5%, CMA BORAT R T4 A7 57 73 AR A7 K
gy, JeZ, AR T 0 g AR ) R HCBE IR BE ) MK g 2k
K, EECD SCAERIA K B EE CH 2
FEEIE R O L K oA DTSR I 3 - R
K A4 B8 CH = CD /N I T & B A ik
(ALK (9 X 3L, 28 R AR ok, S22, 28 AR
59700 RIS EEE CH SR IR A6 B0 A, & &% T
FHOGHE & B 2 o BE IR AR /250 AR b A W i
JET R # BER A 28 9T B[R] N, o 25 5 i 2 6 ] ]
FIDEHIK T A RRH . FEBAIRS A2 5, 5 SERARAETE
JE R AE LUK U 2 m] A O B LUHCR 3 & 8% CH
RARAE CD fe K, A ] T 2 7K o 2% S M 5 0l 5 A

n AT o 4 A& ATHk + i

ABa

PC2 (28.16%)
(=]
|

Bb
b Ab

| | |
-1 0 1
PC1 (37.36%)

E1 =#EHKEAXTEHEIRERERS 27 PCA
Fig.1  Principal component analysis of bryophyte functional
traits in three vegetation restoration methods
ARIRE TR IR =P ek 52 Jr A 5 — E o i 22 57 0.3
(P<0.05) , ARIR/INE FBE /R =R sk 2 75 A5 — F s
225 .3 (P<0.05)

. E8E SWAC 5E#E/KAE A XY Bt B CMA A1 SWAC 8K, 156 B MO ET b 25 85 55 43 % A7 A 25 K
e Sram , TRIBE N MR TR+ R 0 T o 3 A O R A1 | 5 B RE AR B /K 7 R IR &2 [ )t &5 8
CH %15 ,{H. CD .CMA Fl SWAC ¥4/ | E#E BRI BE J15m(H B /K RE 1455, I, B #E7E BT 19 18 17 Al

AAFRE SIS, HE B K BE ) TR B3

R5 BEMKREFXTEHINEEEK

Table 5 Functional traits values of bryophyte in each vegetation restoration method

RErER ATk HMORE N+ e
Functional traits Artificial forest Forage grass Combination of artificial forest and forage grassland
CMA/(g/m?) 357.00+51.62 466.50+43.94 358.75+£10.04
CH/(cem) 1.09+0.10a 0.86+0.12b 1.37+0.13a
CD/(g/cm?) 3.27+0.40ab 5.69+1.25a 2.71+.035b
BB/ (g/m?) 127.10+49.89 196.73+63.81 133.44+41.79
SWAC/ (kg/m?) 1.60+0.64 2.70£1.27 1.94+0.88
C/(g/kg) 324.22+25.87 314.35+32.58 380.32+5.94
Coa” (g/m*) 114.13£15.10 141.22+20.46 136.61+5.85
N/ (g/kg) 12.55+1.04a 9.74+0.28b 13.42+0.83a
Noea/ (g/m?) 4.38+0.44 4.38+0.52 4.82+0.36
P/ (g/kg) 2.18+0.12a 1.72+0.07b 1.97+0.1ab
P,../(&/m?) 0.77+0.10 0.77+0.08 0.71+0.06
K/ (g/kg) 7.25+0.71a 6.06+0.78ab 4.72+0.80b
K,/ (g/m?) 2.49+0.18a 2.63+0.25a 1.67+0.23b
C:N 26.02+1.84 32.14£2.68 28.62+1.62
C:p 150.71+17.29 183.95+20.68 195.07£11.76
C:K 45.30+3.17b 56.01+11.56ab 87.21+13.18a
N:P 5.76+0.35b 5.69+0.31b 6.81+0.10a
N:K 1.75+0.08b 1.70£0.24b 3.06+0.47a
P:K 0.31+0.03 0.30+0.03 0.45+0.07

[EFT A [ /NG FRER R A R R K 2 07 IRl 8.3 22 57 (P<0.05)

http ; //www.ecologica.cn



23 4 A A SRR DA AR B K A2 T 3 B D B IR B HT SR T £ i 9775

F6 BEWKEAXTIEETF

Table 6 Soil factors in each vegetation restoration method

+HENT JNERN L& N TR+
Soil factors Atificial forest Forage grass Combination of artificial forest and forage grassland
SOC/(g/kg) 27.48+1.02a 19.27+2.68hb 25.562.61a
TN/ (g&/kg) 2.45+0.19 2.04+0.22 2.32+0.13
TP/ (g/kg) 1.09+0.06b 1.28+0.17ab 1.56+0.17a
AP/ ( mg/kg) 10.41+1.42 12.76+2.79 11.91+0.64
TK/(&/kg) 9.07+1.01 9.08+1.48 8.04£0.45
AK/ (mg/kg) 62.09+10.79 47.02+3.40 55.20+2.48
Ca2"/( cmol/kg) 15.22+0.67a 11.41+1.21b 13.70+1.17ab
Mg/ ( emol/kg) 0.62+0.18 0.41+0.06 0.54+0.15
pH 6.4520.13 6.1920.16 6.32+0.09
NH}/(g/kg) 3.88:0.50 3.28+0.28 3.87+0.36
NO3/(g/'ke) 0.92+0.20 0.72+0.05 0.74+0.06
TIN/ (g/kg) 4.80+0.46 4.00+0.28 4.61+0.38
SWC/ (%) 25.66+1.37ab 21.44+1.62b 27.43+2.22a

[FIFTARF/ING iR R AR R R R R XA A 38 2 5 (P<0.05) 5 SOC: H3EAHLEK soil organic carbon; TN: 4% total nitrogen; TP 4
total phosphorus; AP J# %L available phosphorus; TK: 2 #4J total potassium; AK: &4 available potassium; Ca®*; 28 #e 45 exchangeable
calcium; Mg2+ . AR exchangeable magnesium; NHZ L EEASA ammonium; NO3 : AR nitrate ; TIN: & JCHLA total inorganic nitrogen; SWC; 1

HES K& soil water content

BECE SRR CEFRCR & LA L) 58 S 5 8 55 00 R SR AR A7 g 0 ) N F P R
AT E AR Mty A K 2 T BT S #E CMA ok, iTRE S il B sk Kad R v s 97
TG RO R B AR N A P /b T A L 35 8% N RN P eIk, Waite F1 Sack OB 78 45 40
B EE CMA R, N AP AR (B B L BIBE CMA i, &8 N F1 P & &I R/ 8 CMA #il
N AN XA — e T R e B R 25 R U, MO A N P i IR TN TR
TR H CoN T C P A, 2% B Rl 25 8 5 00 R R ASOR B . FEBG b, % N. P B{E 14—
167 8% 10—20"Y LAFFEY) N P BRI, AW EEE N. P AL E N 5.69—6.81, ik T FI{E 14 57 10, B
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