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Abstract ; In order to find out the change rule of different grade rocky desertification (RD) on plant community species
diversity and leaf traits of dominant species, and to explore its response to environmental factors. Taking plant communi-
ties in non, slight, moderate and intense RD areas as research objects, the species diversity and leaf traits change rule
on RD gradient were studied by diversity indices such as Shannon-Wiener diversity, Margalef richness, Pielou evenness
and Simpson diversity, and leaf traits of dominant species such as LA, LT, LDMC and 8"C. The results showed that
there were 188 vascular plants belonging to 69 families and 141 genera in 36 plots. As the degree of RD intensifies, the
diversity index of each species generally showed a downward trend; The diversity of RD species in different grades was
arbor layer > shrub layer > herb layer. The dominant species LA decreased with the increase of RD degree, while LT,
LDMC and 8" C showed an increasing trend, and the leaf traits of dominant species of different RD grades were signifi-
cantly different ( P<0.05). Combined with CCA analysis, soil thickness (ST) and soil water content (SWC) were the
most important factors affecting the spatial distribution of plants in RD areas; Through RDA analysis, there was a signifi-
cant correlation between species diversity index and environmental factors, among which available K ( AK), SWC,
available nitrogen (AN), ST and soil organic matter (SOM) were the dominant factors affecting species diversity and
leaf traits of dominant species. The research results had certain theoretical significance and guiding value for the ecologi-
cal protection of southwest karst vegetation and vegetation restoration of RD ecosystem.

Key words: rocky desertification degree, community dynamics, plant ordination, redundancy analysis, Guizhou Province
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PR A SR, LR XS AR S R G A AR B
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—SE PR HAE A BEAL L X B 2 REVE S S 1Y)
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WL DAL T 5 M A8 B8 15 T 4RO A A IR
TR X & B O XS T e, b BT B R 105°
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XN 73 A 2 v TE B 3 R AN () 55 A Ak B, 3
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T 10 CAERR N 3 717 C AR FHSRE AN 13 CL
A AERE LR 900 ~ 1 000 mm ZJA], F A h7E
7—9 A AAE B RGRBE IR , FATER TR, IR
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MR 5 - S DL Oy = NER  oh BAR . IX
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1.2.1 #7 % ES5HMEAE 2018 4F 6—7 A, 1F
XA DX A Ak o3 A AT T i A SR DA
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(2002) f1 BAGSR BE 73 bR e, 75 N SETE S8 1Y
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ARARDL,
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Table 1 Basic information of sample plots
S AV Aty " . % L5 G S b i
ARILTE R O 5 A I s st
Rocky desertification - . . Number  Center longitude Altitude A
Community dominant species . Aspect Position Slope
degree of plots and latitude (m)
TATEAL AR + FERS + HLK 2 105°05'40" E, 2091~2 110  FEdk Pimgdk T 12°.5°
NRD Pinus armandii + Rhododendron 27°16'43" N South slope, Middle,
simsti + Ainsliaea glabra southwest slope middle
SEMHE + R JE A+ R 2 105°05'12" E, 1920~1930 ZRREHE FRFGHE Lo 250070
Betula luminifera + Rosa omeiensis + 27°14'03" N Southeast slope, Up,
Pteridium aquilinum southeast slope middle
WA + KRS + P L 2 105°05'01” E, 1843~1852 Py vl NG 31°.26°
Populus alba + Rhododendron 27°14'09" N West slope, Middle,
simsii + Arthraxon lanceolatus west slope middle
WA + K+ RS 2 105°05'09" E, 1803~1811 ZKHiH Amihk ok 210140
Populus alba + Pyracantha for- 27°13'20" N Southeast slope, Middle,
tuneana + Festuca elata southeast slope up
REABHE ZE + PR - AR 2 105°04'29" E, 1 742~1756 AR AR LN 17°.13°
SRD Pinus yunnanensis + Quercus 27°13'43" N Southeast slope, Down,
fabri + Paspalum thunbergii east slope down
FEHHE + S 2Bk + HEER 2 105°05'06" E, 1 848~1 860 R NEaE . 35°.26°
Populus alba + Hypericum monog- 27°14'31" N South slope, Middle,
ynum + Fragaria nilgerrensis south slope middle
eI + P 2 105°04'07" B, 1870~1878  PHpghl Popgby S 30° 24°
Pinus armandii + Castanea seguinii 27°14'34" N Southwest slope, Middle,
southwest slope middle
Bibk + diezqp + B 2 105°05'32" E,  1677~1683 AR MK Eof 7°.10°
Juglans regia + Rosa roxburghii + 27°14'09" N Southeast slope, Up,
Fragaria nilgerrensis south slope middle
B AL JIRE + S 2 105°06'09" £, 2017~2025  ARpgdk ARmidk T 30° ,33°
MRD Corylus heterophylla + Galium aparine 27°15'51" N Southeast slope, Middle,
southeast slope down
A+ 3 2 105°04'52" E, 1 714~1728  Apghk ARmahk S 17° 26°
Pyracantha fortuneana + Artemisia 27°13'16" N Southeast slope, Up,
argyi southeast slope up
PRI T + SEHA 2 105°03'49"E,  1810~1825  VHWIHE PHmIHL H 15°.22°
Cotoneasterfranchetii + Fragaria 27°15'00" N Southwest slope, Middle,
nilgerrensis southwest slope middle
disg gy + = 2 105°05'52" E, 1 860~1 869 Y PP o 17° 11°
Rosaroxburghii + Trifolium sub- 27°15'15" N South slope, Middle,
terraneum south slope middle
HER g + R 2 105°04'59" E,  1840~1854  VHmgdk . Pimidk HUF 26° .35°
Quercus variabilis + Arthraxon hispidus 27°14'05" N Southwest slope, Middle,
southwest slope down
EEE AL LBk + WK 2 105°04'59" E,  1795~1800  PHRgH  FaRg TF 38° 31°
IRD Hypericum monogynum + Pleris cretica 27°14'34" N Southwest slope, Down,
southwest slope down
0% + 4 B4 2 105°04'58" E,  1820~1830 Phdtd Fadbd o 26° 36°
Coriaria nepalensis + Galinsoga parviflora 27°14'07" N Northwest slope, Middle,
northwest slope middle
HPACE 2 105°05'18" E,  1742~1750 AR KW HH 12° 23°
Artemisia lavandulaefolia 27°14'19" N East slope, Middle,
east slope middle
A= 2 105°05'09" E,  1934~1940 IR IR .k 19° 32°
Trrifolium repens 27°14'41" N East slope, Up,
east slope up
IR 2 105°05'40" E,  2070~2 085 ZREAH ARFadk e 240 340
Conyza canadensts 27°16'40" N Southeast slope, Up,
southeast slope middle
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(1) Shannon-Wiener ZFEHFEEL. H' = —épilnp i

(2) Margalef & FEFEE. R=(S—1)/InN; (3) Pielou
WS EEFRE . E=H'/1InS; (4)Simpson ZFEMEFEE. A =
1—;211(%)20

Arp, PO L AR BAMR B e, S
R RETE TR, N R A PRl S A BB
1.3.2 SRR PBFERNFR, LAY
R, A 2, AL 3 (I R ek 4 e,
2000) , B RHLLT 7 4HKF,00~0.5° K,
0.5°~2° MR, 20 ~ 5o ML, 5° ~ 15° Jy A}
Wi, 15°~35° BEYE, 35° ~ 559 MU, 55° ~75° K
e 1 BE (A7 EARAE,2018) o B R HTHF 0° ~ 360°
()5 L F G 30 O ~ 1 1 TRASP 8 80 ( X Bk B %,
2006 ) , HoAF AR 15 B B 1w 6 i 1) PH 3, R =2 BT
B, Hodr 0 AFRILm A 30°, 1 FRE R 75 30°,
N .
1 — cos[ w(aspect — 30)/180]

2

Krh, TRASP N3 $8 481, aspect TR .
1.4 #IESH

FIIH Excel 2016 G141 FE R PR 0 F 24
ARFNIASE K7, P10 b ) B A R 2 A 1 4R 4L
FEXRFAN [ 585 A A0 ) ol 22 5 1 i ORI AL 35
Fr AR PEAT B R 5 22 43 BT (one-way ANOVA) K&
LSD £ %538 5 SPSS 22.0 #F 5¢ p, I JH]
Sigma Plot 14.0 K], CCA FI RDA HEJ¥ kAW
BTt 2f 3R R A ) Vegan 840 3047 58343
BT, R ggplot2 FRAFALNT — 4EHE 7 45 5L 5

TRASP =

o

2 HER5440

2.1 EYIBENYMAR . SHEERFIENH R
HHE

G 36 R PRSI, B b b AT 4E 4
Yy 188 F K JE T 69 Bl 141 J& , P BR2EAH Y 14
BH17 )@ 18 i, ol b BB JE ey 20.29% |
12.06% .9.57% ; ¥ F A4 2 Bt 2 J& 4 B 9 4
56 Bk 122 J& 166 i, 7351 b7 B g R 81.16% |
86.52% .88.30%

VA A A XN A W) BE Y% B9 Shannon-
Wiener 2 £ P4 $8 5 . Margalef 3= & i 45 %0 . Pielou
BI5)BEFE UM Simpson 22 FE PR 5 B0 A BEAL A5 2
) A A R el e AR — B3, BV 4% 95 B0 O A AL
b DX B, I AR B A AL M X B AIK, Shannon-
Wiener ZFEVEFE B Margalef 3 & FE 45 BUCR 8L R
HAZRSHEARESTARZ (B 1:A,B) Ir G 5=
MNZE R B Shannon-Wiener 2 # 14 18 0 f1 Margalef
FEERBAAEANF SR A B EERKH R,
Pielou ¥4 2] J& 15 B Simpson £ £ % 48 ¥ 16 7+
R R RABONE(E 1:.C,D), BEAB
LML IX B Margalef 3= & B85 LASE , Hidr 3 482K
FERLRFEAJZ B b B A Bk > B A Ak, B3
FAE R 255 (P<0.05) .

TN [R]85 A AL FE W VR 1 14 AR 3 Fh
AT I IR A B, L R JR B LT %) 43 A S L 7
0.12~0.66 mm Z[], Bl % A B A6 T B 09 m sl LT
SRR E S oA B S E R LT 22
% (P<0.05), LA £ 0. 60~44.62 cm” 2 4],
it 5 A A R A IR LA AR 5 B8
LDMC 7£ 0.27~0.53 g - g Z 6], ¢ 5 & A1 34k 3t
X LDMC ek, H5HA 3 M 25 8% (P<0.05)
SUC i, 5 AL FER R IEM R, EEE
A AL X A B Bk,

22 EYBESH . SHEMEERERFHXER

XA X 36 NAEHLE 188 MEW 5 15
AIEE B AT B HE Y (CCA) 15 Z4EHE P A,
i Sk s PR B R -, 5 HE P il e A 10 I R 8
PR 55 HE 3 b %) A O R B 5 Sk 19 4 e 0 B 2R
Bi ¥ S YR Is B CRRBE 15 /> BRI i
BT 75.26% 1 4 Al FEAEAE 23 1) 0.833 1,
0.639 0.0.603 4 F10.535 3,01 CCA /M Hrigisfit
TR o AE P 1 V5 25 W) 43 A1 5 48 R 1 6 & (4
WFIFAE,2019) , pH FIA AR EE R SHEP 1 1
AR, 2 B M (P<0.01) , 5 2R
B K A ML B0 AH G B e, H AR
EM(ER2,E3) U B R R T
FEYITEAR R A SRR AR B0 1 A8 Ak, BRIV & 4k 1 A
4 2R SOKE A PLEZE SN, A A
PREE M pH AW . HEFP Rl 2 53 | BUE
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Note ; leferent letters indicate significant differences (P<0.05). The same below.
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A - 39 5 K R R 4 2 5 B 2 b DX R ) B R ) 43
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Variation of plant community species diversity with rocky desertification degree

3 A 0 R A TS T B A R LT
HE TR Z R G R X & R 2R
B AT DCA 48, 153 4 AN HERE AR R K E N
1.669 9, /NF 4, B, SEEOITA 208 (RDA) #E47
HEF 2 B, 15 8 HT 4 A HE 3 Sl i 58 AE 43 0 R
2.955 6.1.3327.0.346 7 F10.065 7,4 il Fl 5 &
FRIEME Y 92.30% , Ut W HEFF BOR R4, 5 HE 74l
1 1EAH M dee v A HILS R A58, S50 1 H e B
AHOC R AL A R EE R (R 3, Bl 4) , RITHEF
Bl 12 R A R 5 R R A R R AT ML
AR, SHET 2 EAH X R &S
B S 2 g SOAE DG A R BE pHL, R BRHE T A 2
WIS 28 & e, hE 4 A, e
JFEMEARRES 2R 55 K & 5 L IE AR
K HERZ Z VSR B0 S A HL T | 3 AP 5 TE A
K AR Z Z AR B0 S RS A pH S IE AR G, 1M
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Fig. 2 Variation of leaf traits of dominant species with rocky desertification degree
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F2 . K B 0T R R D L M ) S VS L 3 A
(25 55, 2016) Flig A b 2% = B (9K K 52 46,
2015) WYL RS, 45 SR 22 W1 A Ak 28 355 F W R
B R L R SRR ) B IR RIS T AR O XA )
WA LG = A R A B HoR W AR B R N A AL (E
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Table 2 Significance test of CCA ordination environmental factors

S S HERE R AT G &K N
5 T Correlation (:oefficfjniﬁaigdieﬁnjizi:i[xjrﬁf ;fofrs and sorting axis Cff/fifn;ﬁof E% PERE
Environmental factor determination Significance test
CCA1 CCA2 (R*) (Pr)
pH 0.993 5 0.113 5 0.258 8 0.004
2% TN -0.998 8 -0.048 2 0.062 2 0.293
WA AN -0.936 7 -0.350 1 0.046 1 0.399
28 TP 0.383 8 -0.923 4 0.3129 0.003 s
R AP 0.546 2 0.837 7 0.463 6 0.001 s
24 TK 0.071 2 -0.997 5 0.437 7 0.001 s
RET AK -0.560 6 -0.828 1 0.400 2 0.001 s
AL SOM -0.975 1 0.2219 0.319 9 0.002 s
TR Altitude -0.747 3 0.664 5 0.282 5 0.002 s
Y37 Position -0.962 3 0.272 0 0.180 2 0.027 *
i 1n] Aspect -0.748 0 -0.663 7 0.152 4 0.049 =
i % Slope 0.196 5 0.980 5 0.090 9 0.172
JRIEE ST -0.991 1 -0.133 2 0.483 5 0.001 s
HAABEE R Rock 0.932 3 0.361 7 0.717 0 0.001 s
T AR E SWC -0.955 8 -0.294 1 0.592 2 0.001 s

T s FTIRTE 0.001 KF E R, =« FIRTE 0.01 /K ERZE, = FRTE0.05 KF %, T,

Note: *** means correction significant at the 0.001 level, #* means correction significant at the 0.01 level, * means correction significant

at the 0.05 level. The same below.

A % Species ‘ T
FEHLPlot . *
2= » EEE{LNWRD A " =
BEEEML SRO A
HE AEAL MRD RS 4
® ERAEL RD AP A
1= Alﬁfide wWE [ A EEREZ

HILE
S O~ iemp
o ST
T Ek
SWC
_1 -
24
TK
-2 -
A
I | 1 1 |
-2 -1 0 1 2
CCA1

B3 AR F G B T R CCA HEF
Fig. 3 CCA ordination of different grades of rocky

desertification samples and plants

Fh 20 5 = o BB W, 5 AR 45 2R — 5,
A HLT R R R ER R 2R
AR R T A KR A A H X ) 2 B A
JEZZ T e R sl A E oY R (2B L AR,
2009 ; EIZREEAE ,2010) , 7E—E FR I L3 i 5 0
L ARG, I8 B 5 A Ak 2L R 4R 2 8K 0 A
Wi R %, B0 A B X A K = AR, AR
FF AR 3 7 55/ AL
3.2 RBFM KRR R EE R A E A0

LT BERS 5 7~ HL ) 038 o7 X 5, LA J& i s i
AR KN EZ b, — R FdRkE T
YA KPS (T 24 ,2014) ,LDMC 7] RAEAE
YIXE IR A FE ST ( Yang et al., 2014) , #h1yi&
S5 (2018) BF 9T & AR A ) A PEIR 278 LT LA
A LDMC {8 50 % 4 0.17 mm . 17.74 cm® Fil
0.40 g - g, ABFFEH, LT LA Al LDMC #JF 14
43514 0.36 mm 12.87 em®F1 0.42 g - ¢, 8
SEWFIE XD REMER , AR BFIT XA BT 5 1 LT
LDMC,{H LA 84, WiHb#0)E T kb g | (035
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Table 3 Significance test of RDA ordination environmental factors

B R 715 HE 7 Sl R DG R P 2R .
FR AT Correlation coefficient between environmental factors and sorting axis Coefficient of B EGR
Environmental factor determination Significance test
RDAI RDA2 (R*) (Pr)
pH -0.408 7 -0.912 7 0.302 4 0.003
4% TN 0.817 1 -0.576 5 0.194 6 0.032 =
B, AN 0.824 9 -0.565 3 0.3327 0.002
AW TP 0.980 5 -0.196 7 0.020 3 0.741
AL AP -0.960 9 -0.276 9 0.276 5 0.006 s
440 TK 0.410 3 0.912 0 0.309 4 0.002 s
LA AK 0.972 6 -0.232 6 0.688 1 0.001 sk
A LB SOM 0.992 0 -0.126 6 0.393 4 0.002 s
3K Altitude -0.898 6 -0.438 8 0.002 1 0.971
i Position 0.960 4 -0.278 5 0.014 6 0.794
Y1) Aspect 0.992 5 0.122 4 0.138 4 0.097
Wi B Slope -0.284 2 -0.958 8 0.144 7 0.073
RIS ST 0.853 1 0.521 8 0.662 8 0.001 st
F AR EEF Rock -0.905 3 -0.424 9 0.888 2 0.001 sses
+HEE K E SWC 0.887 6 0.460 6 0.790 4 0.001 s
JE 2 BE AR ELRE TR B 3K, M) R DR A AR B0

AR A B 2% I IR SE MR, A F R XA ) 2 02 A
VSR RSIE N R A T NI K5 37 - IR 7/ DR
BEIRANR] 35 7 VE AR AL F MG R 2 AR5 IX
AR TCA B M X Z ANk F b B2, B R
B (BT AE,2016) , A M 2 TR0 (%) /N4 08 47 7R AR
i > VE AR S A Bk M > A AR, PRIIE, A RIS X
FE WA 1 3R LT LDMC /N LA | 38 Fi A <7 0 AR

4 0 i P B IPUEH AFAE AWFFE XN A TR A 35
RDAI . !
A 35 T A0 Fe A R PR R AF AR 25 R, LT AN
I R MargalefﬂEE‘;;lé‘ri;;. Pielou ié]éug.i%é; LMDC 25 45 BEAb TR B (0 in B AR S B 1 T a3
H. Shannon-Wiener 5% 5 A\. Simpson = N -
. 8 SRR B M i LA S B0 F M a3, J6 A B g vl e | o A A
Note: R. Margalef richness index; E. Pielou evenness index; b B}fjﬁﬁ‘ﬁlﬂ LT.LA i@ﬁﬁﬁ%%ﬁ_ , %\% ED% LJFI E i

H. Shannon-Wiener diversity index; A. Simpson diversity index. T A M X A ) LA A 1 A K 3k S T

a. Arbor layer; h. Herbal layer; s. Shurb layer. . - g PR

3T RBNA AR, 08 C R BRI K 4

4 ARSI SRIERI DAY 0 e
Fig. 4 RDA ordination of species diversity indices of AT IRWR, A ELSC e
different grades of rocky desertification plants R A R v A B8 K i B Oh B % (Bello et

al., 2006) , AMWFFE4E R R, 8" CH A B H R
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ZFEMER I RO Re MR AR R R R 5K
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Y TE AR AL, 3 8 R o A
B, 2018) o VU R MR J AR 1l DX A BB 1 A
AR S 2R AR SRR B
R TR 0 E A (SR ,2015)

A 1) 5% 5 1 5 i 32 G AR 5 O A 1) R T
T o A A ) Ty R R ) 2 2R 5 AN [R) AR BE A
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