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Understory plant diversity and its relationship with soil physicochemical properties

in different plantations in Yunding Mountain
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Abstract; Five plantations ( I ; Cupressus funebris and Pterocarya stenoptera forest; I ; Ginkgo biloba and Phoebe zhennan
forest; Il : Swida wilsoniana and Cinnamomum camphora forest; IV : Pt. stenoptera and Alnus cremastogyne forest; V : Cu.
funebris forest) were utilized in the Yunding Mountain, Chengdu, as the research objects to focus on the differences
between understory plant diversity and soil physicochemical properties and the relationship between them. The results
showed that the species with the highest important values in the shrub and herb layer of five plantations were different. S.
wilsoniana and Ci. camphora forests had the richest understory plant composition whereas G. biloba and Ph. zhennan forests
had the poorest. In the shrub layer, the Shannon-Wiener diversity index H, Simpson dominance index H', and species

richness index D of the different plantations were the largest in the S. wilsoniana and Ci. camphora forests, whereas the
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Pielou evenness index J, showed no significant difference. In the herb layer, the H, D, and J 6 among the different
plantations were the largest in the Cu. Funebris forest and the smallest in the G. biloba and Ph. zhennan forests, whereas the
difference of the H' in the different plantations was not significant. There were visible differences in the soil pH value and
contents of organic matter, total nitrogen, total phosphorus, available potassium, and available phosphorus in the different
plantations. The pH value and total phosphorus contents were the highest in the Cu. funebris and Pt. stenoptera forests, and
the organic matter, total nitrogen, available potassium, and available phosphorus contents were the highest in the G. biloba
and Ph. zhennan forests. The soil factors that significantly affected the species diversity of the shrub layer were the organic
matter and available phosphorus, whereas in the herb layer these factors were the pH, total phosphorus, and available
phosphorus. In summary, the overall levels of understory plant diversity under S. wilsoniana and Ci. camphora forests were
the highest; therefore, the construction of such a plantation is conducive to the maintenance and development of understory
plant diversity. Meanwhile, soil pH, organic matter, total phosphorus, and available phosphorus were the main soil factors

influencing the understory plant diversity in the study area.

Key Words:; plantation; understory vegetation; species diversity; soil physicochemical property; redundancy analysis
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20 fhed 50 AFAUK, &2 RIVNER” RN IR
HETAEREN  ROAR S AR | BRI 3" A AT Al
UL R MRAR 1 52 B F 22 ™ BER , 21 60 AR URI ], AR
MR E AR, 1963—1965 4F | Jy BF I AT« 8% I B1 ZHlEeE
I:EI \Z:Ei . %%—- ” 7‘5‘%1‘ , m ”I fé\ é . fé\ ﬁﬂ‘{l‘_ z D/_\’gi i)ﬁ ‘,[Z‘ Zﬁ Fig.1 The geographic location of Yunding Mountain
TR AR DRI 4 i L 5 O SR AR TT R 1 RS
FORE R AR Bl 23 TO0 LU AR ol R A 4 00 463 % 5 A 11, 292 1100 BR/hm?® ) 3 R Fl AL 45 2 MK ( Cupressus
funebris) ZRA ( Ginkgo biloba) M4 ( Pterocarya stenoptera) K& A (Alnus cremastogyne ) . 36 K Bk A ( Swida
wilsoniana) KT 15 ( Cornus controversa) 55 , 2 AN [GI R P S BCIR A AR A . J5 0 A 25 Ol 3ol dH 20N B3 A48
AN EE SR/ N

A A AR, = DULAR B R =5 LIS [ A I 5 T 0 i) i ¢ ] bR i S B bR S BT R TR 52
MR E | [FETRAR)Z BT A8 ( Broussonetia papyrifera) B AN ( Celtis julianae) MEHE ( Eriobotrya japonica) .
JNFAM(Alangium chinense ) X5 G PR FEAE A RAFIY £ H AR, N TARTE V& AE ] A= AREE V& 5 Il . X
MY &, £ EZHEARA IR (Viburnum dilatatum) | A1 1 ( Reinwardtia indica ) . W ( Distylium
racemosum ) . T W HL 87 ( Parthenocissus quinquefolia ) 55 ; 2 B R AR M WA ¥ 5 5 ( Scutellaria indica) . 2l % bR
( Boehmeria gracilis) \Z£ 5 ( Setaria chondrachne) 33 #¥% ( Lysimachia christinae) 5% .
1.2 RERIA A SRR AR o B

2018 4F- 9 A MAE K 2= 50 (IR FE T ik, Mo 25 TOULL a0 A 7SI b 4 A B A, SR P SR ol o o i BP9 X
2O AT 5 FOTARCE 2) AIARRAAR( 1) ARERARC L) SCRBRARFERARCIL) SAZREACIV)
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Fa ) 2 REPE I 1 SR W Fh = BE R 8 ( D) \Shannon—wiener ZFEPEFE B (H) | Simpson (EHEFEE(H') A
Pielou ¥ BEARER (], ) , HE )2 S BL(EH S Y Fh Z AR VERE B0 TR A U0 EORERS
1.3.2 B ik
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x1  FMEDR
Table 1 General situation of the sample plot

I T ol W W

Plov  Plantations ), levation/m - Slop/ (%) Aspeet/ (%) diameter/cm height/m and their proportions

1 I 54 926 15 NW45 0.8 25.78+1.90a 16.26£1.02a HK Cupressus funebris(35.7%) )
2 I 54 925 15 NW50 0.8 21.612.12ahed 14.17£1.27ab ~ §#% Prerocarya stenoptera( 27.0%

3 I 54 925 15 NW45 0.7 23.15+2.19ab 15.81£1.12a

4 I 54 923 15 NW50 0.6 20.09+2.25ahede 13.02¢1.27abe

5 I 50 908 3 NW40 0.8 19.27+1.94abede 13.99+1.14ab 4R Ginkgo biloba(35.3%) ,

6 I 50 906 3 NW35 0.8 20.78+2.65abede 12.84x1.18abed 7K Phoebe zhennan(28.7%)

7 I 50 908 3 NW30 0.7 22.924+2.51abc 14.62¢1.32ab

8 I 50 908 3 NW40 0.8 25.63+2.5% 15.76£1.30a

9 I 54 941 12 EF 0.8 15.24+1.69def 10.23£0.78¢de  FBBR Swida wilsoniana A(37.4%) |
10 I 54 941 12 IEF 0.8 1085+ 1.07f 8.42+0.64e F¥H Cinnamomum bodinieri( 26.4% )
11 I 54 934 12 IEF 0.9 16.46+0.95hedef 11.73£0.56bcde

12 I 54 941 12 IET 0.8 1643+ 1.4dbedef 11.780.86bcde

13 v 56 767 5 SEd4 0.8 1471+ 1.04def 9.46+0.47cde B Prerocarya stenoptera(40.3%) |
14 Vv 56 770 5 SE45 0.9 13.46+0.86ef 9.35:0.4lcde  FEAK Alnus cremastogyne(34.6% )

15 v 56 771 5 SES0 0.8 14.25+0.88def 9.29+0.46de

16 v 56 774 5 SE45 0.7 15.271.39def 8.74+0.60e

17 v 58 841 16 SW40 0.7 17.010.89bedef 10.24£040cde  HIAK Cupressus funebris(87.3% )

18 v 58 841 16 SW46 0.8 15.66+0.92def 8.5320.42¢

19 v 58 837 16 SW48 0.7 13.640.96ef 9.130.50de

20 v 58 835 16 SW50 0.8 15.89+0.67cdel 9.39+0.30cde

1 HABUAAK Cupressus funebris and Prerocarya stenoptera forest; Il : SRARIAM Ginkgo biloba and Phoebe zhennan forest; Ill : Y Jz Bk AT MM Swida wilsoniana and Celtis sinensis forest; IV ;%
&AM Prerocarya stenoptera and Alnus cremastogyne forest; V- KA Cupressus funebris forest; NW . Pt Northwest; SE: 4R Southeast; W PG Southwest; A Fl/ING FEE R E 0.05 KT 1 EA B,
xR

FJHH CANOCO 5.0 H 8 TTAY3HT ( Redundancy analysis, RDA) 55 AR TARHEARZ  BA 2 Wy Fh ZAENE
RS H AT T C R IRl I SRR I8 B B 10 0 2 R el 2 R AR O R T, Ko W
FACI 8 0 — 360°3 18] J5 (i 1 i T A A G R 0 — 1 22 181 A3 1A B0, BB R R

TRASP =1-cos[ (7/180) (aspect—30) ]/2

2 HREH

2.1 ARRELCTMOM N AR 20 % e A

5 FORFEICTMOME 2R B S B W3R 2, HEARJZ AR B AR R A e AR o B Bl A i
MRABICSEREAAL Y 35,25 .42 Fl, WCRERSFEIX 3 R N TAR b (9 3 B2 35 o0 fi K, 4351 o0 0.1302,0.3402
0.1427 ; AZAE ARG FIAR ST BIC SR ARKL Y 34 35 B, A1 WAL B ( Vitex negundo) 43 J&3x 2 Fp AN TAK
HEERKMBFN, 73900 0.2859 ,0.3596 , HEAZ 1 HIARIAG MR AL 10 SR AT Y 31 Fh, i 17 22 H B (H i
K, 0 0.2861 ; ARAFIH A St BRAR T AR G R AR G IR G0 SR FEAAE ) 27 (45 41 41 Ff ZERAE
X 4 PP AR TR S By HH S T 0.0844—0.2581 Z[H]

2.2 AFEN TR A 2%

H 3 3 W 0L,5 AN TAREEAR)Z I ZREE 85 0 RSB 17 5 BT D HA W2 5 (P<0.05) ,
HEAFRI AR A3 R R SRR RIS K T AR, — 35 H H' D B ERTHR3IFMAT
M AR TARTEAR Z R 5 850 T, C R EZE R (P>0.05) . BARZEMH D J, 2% %35 H.J RN
RIS PUAGHE A S S B2 BRA T BEARS ARG RS R A T A AR, D FEBM ARSI B2 bR A 7 bR > A7 R R
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Fig.2 Illustration of vertical structure of different plantation communities
1 MAA Cupressus funebris;2 : ¥4% Pterocarya stenoptera;3 : 4845 Ginkgo biloba ;4 : 8K Phoebe zhennan;5 : Y62 MR Swida wilsoniana ;6 . &1 Celtis
sinensis;7: FE K Alnus cremastogyne; 8 ; LgB ) Distylium racemosum; 9, EifTF argesia spathacea; 10 $5 18 24 Lonicera pileata; 11 F. 1 Hi i
Parthenocissus quinquefolia; 12, K74 Trachycarpus fortunei ;13 AR Reinwardtia indica; 14 . 383% Viburnum dilatatum ;15 LTI Vitex negundo ;16
JiAT 2% Iris confusa; 17 . KR Cannabis sativa; 18 : 41T R Boehmeria gracilis ;19 ; FE Setaria chondrachne ;20 : ¥ {555 Scutellaria indica ;21 . $E4E 2
Globba racemosa ;22 : L 5 Leonurus artemisia ;23 : 125 Achyranthes aspera ;24 ; 11358 Asystasiella neesiana ;25 : =AE3E Caryopteris terniflora

MSFAARPAG IS ER A SR THEAZ B TR E 25,
2.3 AFEA TR R 5

H 2 4 AT UL ORTRCTARAY 4338 pH (A A PLBT 2% 20k A0 s B W35 25 55 (P<0.05) , 1%
FOKE  RERE W RRA R (P>0.05) , 1 pH HEIRT 7, BESIIE UGS AR pH (R AR T H
il 4 BN TARSEHY  FHUT R AR, 2B ART FA M &, AAZ RS A FE A MRS AIC T4R

PAAM, S BB G A AR . BRI AN S AT R AR S FRA AR A A IS S B
PRARTF RIS R0 5 B R AL AL — B, SR BN A R AP .35 5 T A 4 R N TTbR, BB AR Al R
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Table 2 Species composition and important values of main species of understory vegetation in different plantations

R Feml FEY T B B FE
Layer Type Main species and their important values Sum value
AR I BCEEAF(0.1302) +#47(0.1047) + 2518 244 (0.0990) + 141 (0.0810) 0.4149
Shrub layer Distylium racemosum+Fargesia spathacea+Lonicera pileata+Acanthopanax trifoliatus '
I s R (0.3402) + T HBAR (0.1530) +A747 (0.0995 ) +HIHEI# (0.0614) 0.6541
Distylium racemosum+Parthenocissus quinquefolia+Trachycarpus fortunei+Celtis julianae ’
" IS REAR (0.1427 ) + 85 IR .44 (0.1037) + A HEHL(0.0969 ) + FRE 1 (0.0800) 0.4233
Distylium racemosum+Lonicera pileata+Reinwardtia indica+Celtis julianae ’
v FIVEHL(0.2859) +Hi 47 (0.0910) +323% (0.0831) + 57 i 44 (0.0736) 0.5336
Reinwardtia indica+Fargesia spathacea+Viburnum dilatatum+Premna microphylla ’
v B (0.3596) +41 HEH(0.1148) +343 (0.0994) +#1E 4 (0.0982) 0.6720
Vitex negundo+Reinwardtia indica+Viburnum dilatatum+Lonicera pileata ’
L VN I JAT24(0.2861) + K FR(0.1457) +41HEF R (0.0817) +H5 B 2 (0.0725) 0.5860
Herb layer Iris confusa+Cannabis sativa+Boehmeria gracilis+Elatostema involucratum ’
KPR (0.2303) +2EH0(0.2181) +HE{FHH (0.1310) +41%FR (0.0503)
I o . o 4 o 0.6297
Cannabis sativa+Setaria chondrachne+Scutellaria indica+Boehmeria gracilis
o B (0.2581) +#h{E 5 0.0814) + 542 (0.0586) + 52 (0.0501) 0.4482
Setaria chondrachne+Scutellaria indica+Globba racemosa+Solanum lyratum ’
v JEH(0.1614) +H 4 (0.1032) +2£ 5 (0.0844 ) + 24 (0.0721) 04211
Leonurus artemisia+Achyranthes aspera+Setaria chondrachne+Ophiopogon japonicus ’
v BETT(0.1818) + I (0.1161) + =4EFE (0.0558) +32 4 (0.0488) 0.4005
Setaria chondrachne+Asystasiella neesiana+Caryopteris terniflora+Ophiopogon japonicus '
®3 FRAINERRSEXRYMSEFEIERLE
Table 3 Comparison of species diversity indexes between shrub layer and herb layer of different plantations
- . SRR e FAIEH D WS AR,
JER PN/ < . . . I .
L Plantati Shannon-Wiener Simpson dominance Species richness Pielou evenness
2T ntations
e antatio diversity index H index H' index D index J,
HEARZ I 2.136+0.043a 0.822+0.014a 20.25+1.601ab 0.713+0.022a
Shurb layer | 1.591+0.061b 0.704+0.027ab 14.75+0.629¢ 0.594+0.033a
I 2.236+0.099a 0.825+0.020a 24.50+1.848a 0.701+0.027a
v 1.677+0.159b 0.652+0.068b 18.25+0.854bc 0.578+0.054a
\ 1.885+0.144ab 0.761+0.032ab 18.00+1.080bc 0.655+0.053a
AR I 2.186+0.093bc 0.846+0.022a 16.75+2.057be 0.783+0.022ah
Herb layer I 1.887+0.113¢ 0.790+0.025a 15.25+1.652¢ 0.696+0.025b
I 2.515+0.163ab 0.865+0.036a 24.25+1.797a 0.790+0.042ab
v 2.556+0.179ab 0.870+0.045a 23.25+1.652ab 0.813+0.049ab
\ 2.756+0.054a 0.908+0.011a 24.50+1.658a 0.865+0.028a

2.4 YR 2R S RS % RDA 404

S5 MK 3 AT, #EOKRZd, RDAT il 32 %2 s B A5 ML BT ( Organic matter, OM ) | 24 4! ( Available
potassium , AK) BEZLH ( Available phosphorus, AP) 3% (Slop) HJ7AE 4L, 7E RDA1 &l I B OM  AK AP Jg />
Je Slop i, ZHEEFE 8 H AR H' 1w BEAR B D S5 BEAR R0, YR I, RDA2 Bl 32 %8 e e+ 39 5%
7K 3 (Soil water content, SWS) FJZE{L 7 RDA2 Bl I, B SWS /b, D Wi/, i H H' . J, 4380, SErRig
BRI AR L] OM (AP J2& B E R Z YR Z e 1) R T
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Table 4 Soil physicochemical properties of different plantations

3

Sl possenica o ! I m ¥ v
SWC/% 22.33+1.66a 26.17+2.56a 27.15+4.39a 24.31+3.32a 18.31+2.14a
SBD/(g/cm’) 1.220.03a 0.99:0.08a 1.3020.18a 1.08£0.14a 1.1420.17a
pH 7.80+0.08a 7.70+0.08a 7.65+0.03a 7.36+0.05b 7.60+0.07a
OM/ (g/kg) 36.681.73ab 47.65£0.73a 20.79£2.62¢ 41.01:x1.45a 26.86:£4.98bc
TN(g/kg) 2.15+0.03ab 2.86+0.42a 1.83+0.06b 1.96+0.02b 1.77+0.17b
TP/ (g/kg) 11.3920.40a 8.190.89%ab 7.1320.51b 9.74x1.18ab 8.1421.40ab
TK/ (g/kg) 15.69+0.54a 17.25+0.41a 17.51+0.52a 15.79+0.72a 15.12+1.25a
AP/(mg/ke) 180.182.13h 383.9320.06a 127.78£10.50h  188.95:39.19b 107.63:4.34h
AK/ (mg/kg) 0.23x0.08b 0.64:0.10a 0.020.01b 0.03x0.02b 0.01x0.01b

SWS: + 1 & /K i, Soil water content; SBD: 13 %5 5, Soil bulk density; pH: 1.3 pH, Soil pH; OM: 7 #L i, Organic matter; TN 4= %, Total
nitrogen ; TP : 27 , Total phosphorus; TK; 42, Total potassium; AP ; 3 , Available phosphorus ; AK ; %4 | Available potassium

% 5 P 4 vl AR Z d  RDAT Bl F 2t AP pH  AK 2= ( Total nitrogen, TN) 3% 5] ( Aspect )
AEAL, 7E RDAL %l | K% AP pH  AK TN 341l 2 Aspect Wl/IN, H H' D J,, ¥J98i/In, RDA2 %l 32 %2 iz e 42 49
(Total potassium, TK) [AZAE1L , 76 RDA2 i I, BiE TK 9D, Dy, i H . H' . J 3600, AP pH TP J& i &5
M B A 2 A A 22 R Y -3

x5 TESTM(RDAHIFRZSFEERMIEER

Table 5 Results by Redundancy analysis ( RDA) ordination with the first two axes and Monte Carlo permutation test

HEEAT AR Shrub layer HARJZ Herb layer
Environmental factors RDA1 RDA2 F P RDA1 RDA2 F P
FHEEIKE SWS 0.2881 0.3358 <0.1 0.888 0.2137 0.0846 1.2 0.28
+ 45T SBD 0.2561 0.062 <0.1 0.864 -0.3851 -0.3029 1.3 0.288
pH 0.1136 -0.2886 <0.1 0.766 0.6718 0.1565 9.0 0.010
AP oM -0.7341 -0.0838 20.8 0.002 0.4760 -0.2557 0.4 0.588
A TN -0.3985 -0.0509 0.6 0.458 0.6088 -0.3613 0.4 0.556
A TP 0.0569 0.1223 <0.1 0.792 0.2832 -0.2493 5.7 0.048
480 TK 0.0184 -0.0020 0.2 0.692 -0.0995 -0.5746 3.4 0.076
A AP -0.4641 -0.0392 4.6 0.042 0.8231 -0.2389 32.6 0.002
B AK -0.5533 -0.0308 0.7 0.430 0.6183 -0.1533 4.2 0.056
133K Elevation 0.3218 -0.3281 <0.1 0.970 0.3578 -0.1803 0.4 0.550
W Slope 0.4856 -0.2983 1.0 0.330 -0.1975 0.2450 0.3 0.588
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FEIFZ4L Characteristic parameter
HHEY Eigenvalues 0.6407 0.1275 0.9244 0.0118
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Fig.3 Redundancy analysis (RDA) biplot of shrub layer

S-H: #E A )2 Z # ¥ 38 X Shannon-Wiener diversity index of shrub
layer; S-H' : i A 2 354 8 48 %X Simpson dominance index of shrub
layer; S-D : #E A JZ 2 5 BE 464X Species richness index of shrub layer;
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Fig.4 Redundancy analysis (RDA) biplot of herb layer
H-H; %A 2 2 B P35 30, Shannon-Wiener diversity index of herb
layer; H-H' ; 572 J2 {) #4438 %4, Simpson dominance index of herb
layer; H-D ; A2 £ & BEFE X, Species richness index of herb layer;
H-Jgy - AR FEFEEL, Pielou evenness index of herb layer
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