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Shrub and herb diversity at different ages of Pinus massoniana plantation

CUI Ningjie, CHEN Xiaohong, LIU Yang, ZHANG Jian“, YANG Wanqin

Key Laboratory of Ecological Forestry Engineering in Sichuan Province, Institute of Ecology & Forestry, Sichuan Agricultural University, Chengdu
611130, China

Abstract: Understory plant species composition and diversity were researched at different forest age of Pinus massoniana
plantation in the hilly area of the upper reaches of the Yangize River by typical sampling method. The results showed that
plant species composition, diversity index and evenness index had an obvious volatility with increasing stand age, the total
number of understory species was minimum at 5 years while maximum at 14 years; Rubus pirifolius in the shrub layer had a
large advantage in different stage, Quercus serrata and Mallotus japonicus were dominant in middle-aged forest (14a),
Rubus pirifolius and Melastoma normale were superior in mature forest (37a.39a). Miscanthus sinensis and Dicranopteris
dichotoma in the herbaceous layer were the dominant species at different stage of plantation. Both simpson index and the
shannon-Wiener index of shrubs and herbaceous showed exactly the same trend that fluctuated at early stage, then declined
at medium stage, at last increased and became stable at mature stage. There were less common species between the
communities of early age (3a, Sa, 8a) , however, there were more common species between the communities of mature
stage (37a, 39a) which increased the similarity coefficient of understory plant community, the maximum similarity
coefficient reached 62.1% , showing that level of similarity of understory plant species were closer and the ecosystem habitats

were tend to be stable of the mature plantations.
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Table 1 Sample plot and forest conditions
j:A_,/_‘_\' i 1
LR g B W R wew DEER TR
Forest  Elevation . . Slope Conopy  Tree Row + 3 pH . .
Longitude Latitude N Aspect . . DBH/cm density organic
age/a /m /(°) density height/m space /(g/em®) /(&/ke)
3 417 104°33'43"  28°35'49" 18 NW - RidE 1.3 2.4 2mx2m 4.17 1.39 25.02
5 511 104°33'58" 28°36'10" 22 NW 0.2 4.2 5.0 2mX2m 4.11 1.51 34.64
8 515 104°34'02" 28°36'06" 22 NW 0.6 4.6 5.8 2mX2m 4.16 1.42 20.96
14 522 104°33'92"  28°36'02" 18 NW 0.8 9.3 10.9  2mx2m 4.02 1.34 40.69
37 458 104°33'43"  28°35'49" 25 NW 0.5 15.2 16.5 2mx2m 4.14 1.55 20.75
39 430 104°33'41" 28°35'47" 20 NE 0.6 16.0 174  2mX2m 4.13 1.46 60.60

2.2 FAEA IR AT

T 1o Y A A B A B K R AR R
FEY) ) EAE, P T ZRE R BT R, W R 2 A
P 7 F8 BR — Mo = B BEFR AL R, L Simpson $5 £
Shannon-Wiener 754X . Pielou 5] & 5%k . Alatalo ¥
515 BRI E TS AHALL 2R BU Sorensen FEEUE

(1) HEARZ A2 EEE

1V= (FER 55 BE +AE X = B ) /2
(2) F 5 FERE
R,=S
(3) Simpson T5 %%,
D=1- ipf
(4) Shannon-Wiener $5 %% .
H =- 2 PInP,
(5) Piolou ¥ FEFE #5155
Jsw= (- Y PlInP,)/In'S

(6) Alatalo ¥J5) EEFE %15 .
AL=[1/Y,(P,)* = 1]/[exp(- X, PInP,) - 1]

(7) BEVE AL ZRBL Sorensen FEEL

1S=[2¢/(a+b) 1x100%

b, PO A X EE, S M RE T B RS W) R R
[0 S Hr— AR R R b S — A

x2

FEHOARIFNEL ¢ ik BTSRRI A R

% F] EXCEL2003 £ &1, SPSS19.0 47 404 5¢
T, XA [EAR 8 B FEFA AR T 9 4 i 22 5 PR P 0 A
K7 2255 H1 (Oneway ANOVA)

3 ERESH

3.1 HEMATMM T Y2 il e 2l

LA T VA PO AR X A Y — 25
GRBR, AT DL G55 4 1T 9 S 0 AR B AS 7] & & B 1 ol
FELEREE TP (10 T i b A7 00 B A8 8 95 v 1 0 A s
Jat L AR, SR A T AT B A
Fhh 43 BL 60 J& 67 B, HrfoRAHEY) 23 #} 33 )&
38 Filv; HAAEY) 20 Bl 27 J& 29 Fh, Xt EAS A TR
BETE NN EAR 2 A AR 2 ) Y b i 2 E A T 41
(F2MFE3) , B RRI, A P IR BB
TFAEASIRIEARIT T A RS, i T
FURR PR (5 A A X3, B A AR E 23% L 1,
b B A /N A BRI A 22 RN K A
PR LABL ) 7 R BEF AP F2 . FARZE it
FIPE AR A RIS AR A3 T # o A7 da XP AR 3, Sl B R
PIPLIAF , Db ) B ZAE I AE 25% ) |-, 3a 1
AN N TARAKAB I, 15 HAA XT3/ | Sa JG o A
IFAT , AT 1 3 5 32 W 1 o, 1 ) v e A R A
R, TR B, AR R 40% 54,

ERAETEMMANREEEE %

Table 2 The main species composition and important values of the shrub layer

i Forest age

£ Species

3a Sa 8a 14a 37a 39a
5 Croton tiglium — — — 6.03 — —
2% Camelia sinensis — — 14.61 1.69 5.13 —
BEM 24 Vernonia seculenta - — — — 1.97 —
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4 Species Mg Forest age

3a 5a 8a 14a 37a 39a
ZEYET Viburnum setigerum — 1.67 — 5.93 5.55
YA Aralia chinensis — 3.35 0.26 10.53 2.54
HIR Ficus tikoua 0.40 — — — 0.64
MIKE Quercus serrata — 35.26 8.49 24.33 — 7.15
X1 Eurya groffii — 7.88 — — — —
B Pueraria lobata 6.23 0.83 6.34 — —
Y Broussonetia papyrifera — — 1.24 5.31 —
FeM ¥4 Pittosporum glabratum - — 0.26 — —
B Albizzia julibrissin — 2.69 1.04 — —
53] Vitex negundo - — — — 5.16
# LR Symplocos laurina — 0.82 4.47 0.55 — 5.87
MAFAK Sinoadina racemosa — — 1.81 — —
RWHE Ficus henryi — — — — 2.77
4R AL Lonicera japonica — — — — —
E#¢ Eucalyptus grandis 26.96 — — 3.56 —
FUH AT Rubus pirifolius 15.41 12.75 5.03 — 15.69 7.72
ZUNHE Ficus laceratifolie 1.10 0.84 4.26 1.78 4.06 2.97
¥ A Eurya japonica — 0.58 1.31 — 3.93
AKRIFEF Litsea cubeba — 15.35 6.50 — — —
2K Cunninghamia lanceolata — — 8.60 — 12.20
IKAT Phyllostachys heteroclada - — 1.10 — —
BT Glochidion puberum 1.73 — — — 1.54
BRAF Myrsine africana 1.14 9.58 1.49 2.30 0.81 4.85
Y531 Sapium sebiferum 3.85 7.73 0.65 — —
530, Rubus multibracteatus 4.37 7.46 3.80 1.57 6.42 7.93
FAb B2 TE Millettia dielsiana — 0.47 — 2.45 — —
FHE Cinnamomum camphora 3.32 — 6.03 7.16 —
Y KA Urena lobata — 3.48 0.12 1.19 1.05
A Rhus chinensis 14.57 — — 8.19 1.90
Y Toxicodendron succedaneum — 7.01 — — — —
BPHA Mallotus japonicus 8.28 2.58 26.57 28.21 4.57 7.50
WL Cinnamomum longepaniculatum 5.64 — — 3.15 2.65
JEEHT4E P} Melastoma normale 7.00 3.48 — 16.33 12.80
YET Gardenia jasminoides — 0.97 1.29 — 3.28
PrHH Zanthoxylum planispinum — — 1.04 — —

®3 EXAERETEYMERREEEE %
Table 3 The main species composition and important values of the Herbage layer

F14 Species Bt Forest age

3a 5a 8a 14a 37a 39a
45 Eleusine indica — — — 2.95 —
IRYTM Lophatherum gracile — 1.32 0.74 — 0.31 5.40
FLARIE Polygonum perfoliatum 0.69 — — — —
¥iB BR Woodwardia japonica — — 4.69 — —
W47 Lygodium japonicum 3.86 0.58 — 1.79 1.22
AarhE JEBR Plagiogyria euphlebia — 1.33 0.33 — — —
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M Forest age
4 Species <N a8
3a Sa 8a 14a 37a 39a
5 Heteropogon contortus 4.63 - - - - -
AT Centella asiatica 1.70 — — — — —
2% Cymbidium ensifolium 0.81 — 1.23 0.99 1.98 0.67
4B R Parathelypteris glanduligera - 21.77 9.62 — — 6.52
FEEL Arthraxon hispidus 6.58 — — — — —
FHIFF Schizonepeta tenuifolia — — — 2.07 — 1.32
Wk Miscanthus sinensis — 18.78 — 13.24 10.43 3.74
I,J% Digitaria sanguinalis — — 6.14 — — 5.97
WiER Hypolepis punctata — — — — 2.25 —
X Diplopterygium glaucum — — — — 1.98 —
5 Miscanthus sinensis 52.02 27.49 39.42 15.96 22.47 13.86
I Dicranopterts dichotoma 7.00 29.31 23.78 47.42 49.51 38.46
M T R Phytolacca americana 8.34 — 14.14 — — —
Pyl Paspalum thunbergii 10.53 — — — — —
BRIk Adiantum capillus-veneris 2.07 — — — — —
L% Stenoloma chusanum — — — 2.37 — 9.58
58 %F Cayratia japonica — — — 0.59 — —
AR Capillipedium parviflorum — — — 4.18 — —
S Curculigo orchioides — — — 2.86 — —
7 Cyperus rotundus — — — 2.96 0.72 —
IINUEYEYN Veronica serpyllifolia 1.77 — — — — —
B - B . B B B
Arachniodes rhomboidea ’
4R Setaria plicata — — 2.75 2.67 5.61 13.26
3.2 A[RIBREE S AR YRR R AL O g
RSB TR PR E sttt g B[ TRE
I = N g < £ 30
T 22 S M B HER AR Y R BCR BN LT 2
. N s 25+
e BN AR, Jr 223 A R BT, O ARk TA] 2 .,
ALK AR AT RS B,
(P<0.01, /1,3 5) . KA MBS 58 i, HE 504 ol
HOE S R, Sa 5 B JE 4 BRI, Ba B "
B LRI TR 14a BHA B EOR , Z 5 X BEARIE O e
ST B W, BRI 150 37a o B 0 o 3 i Fors e/

EECUH TR, &2 L, 14a IHEAR | FAH
ST R R R BORN 3 8a XA D 25 S (P<
0.01),37a F1 3.8.39a AY¥E AR FLE M HE 5 3= 5 FE T8
HE 5 % (P<0.05)

3.3 OR[RIBRES AT R AR 2L
LA B A JZ B Simpson 8 £ A1 Shannon-
Wiener 5 B REARIS O3 A2 AL &I L —3, AH
RIS A LA 1 Shannon-Wiener 5 8022 7 i % ( P<
0.05,K 2,52 5) , {0 Simpson I8 EF AN W& (P>

1 AEMEDEMRHTEEFEERRH
Fig.1 The species richness index of Shrub and Herbage under

the different ages of Pinus massoniana forest
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ZR(P<0.01,K 2,55 5) , ¥7E 8a Bk B ey, 5a Bf ik,
—e— HASimpsontiE —— JEARSimpson$i %
10 - —a— HiASimpson-Wiener{g%{ —e— #EAKSimpson-Wienerfg % 20
0.9 | 4138
0.8 | {16
»
) 0.7 b 114 ﬁ@
g g 05F 11023 %
EE 04f los &8
A 8§ g
03} 106 85
02} 104
0.1} 402
0 I I L 0
3 5 8 14 37 39
i Forest age/a
B2 FAEHBSERHKTEESHEIEL
Fig. 2 The species diversity index of the Shrub and Herbage under the different ages of Pinus massoniana forest
R4 HMBWNEANELSERSHEIBHOZMW
Table 4 One-way ANOVA for shrub and herbage diversity index affect by forest age
A hr J2I A th I Yo7 P P
Variables Layer df Sum of squares Mean square
FEEHRHR, AR 5 79.343 15.869 5.874 <0.001
FA R 5 28.450 5.690 4.709 0.002
R 5 158.263 31.653 6.104 <0.001
Simpson 844 D AR 5 0.354 0.071 3.979 0.006
LW N 5 0.093 0.019 2.273 0.067
Shannon-Wiener $§%¢ H AR 5 2.897 0.579 5.942 0.001
LN 5 0.687 0.137 2.496 0.048
Pielou 548 Jgy N 5 0.053 0.011 1.102 0.376
RO 5 0.140 0.028 2.837 0.029
Alatalo 854 AL HEARZ 5 0.008 0.002 0.086 0.994
FAJR 5 0.183 0.037 3.517 0.011
P<0.05 #5383 P<0.01 ZFMWEE,P>0.05 273N EE
3.4 OR[EIMRES S REANAR R JE I 5] BEFR 4K 11 12
_ . 1.0 _
RN R IT RO, RTM I B AR Jsw 46 ol 1
HORI ALK A B35 22 57 (P<0.05, 1813, % 5) & £ 0 foo %
NN s S e E ' a =
[E RIS RIEAZ Jsw FEECR AL F8800C 18 3% 25 5% (P> : g-g g~8 ;;
) =407
0.05,/ 3, 5) ., BAR Joo SRR AL $8EUSAE ¥ o {os &
S L T] . 2 03
3a B AIX, ZJ5 Jsw FREXFEARIE AW 57, 76 14a 3K 0.2 -~ Eﬁﬁ@? +7§$%§&g 705
. . - - 404
i E R A T 7E 37a J5 OB Brml 71 AL 55500 0'(1) . . . . 03
e " - 3 5 8 14 37 39
1E 8a M fe i, WEARJZE Jsw FEEUH AL 5 B AR 1Y BIS Forest age/a

ARSI  YI7E Sa BHRAR, 37a IR, &
L, 3a kBN TR EEAR R Jsw F8 50
AL 8 505 H M 45 MRS 19 5 A 2 Jsw 38 BRI AL 45
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B3 AE#H®RSEMKTERSSEEY
Fig.3 The species evenness index of the Shrub and Herbage
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BRI B2 5 (P<0.05) ,5a F1 37a LA
THEERE Jsw B 5 ERRBEA B E2ZER (P<

0.05) , A MU 18] O HE AR AL X550 BE 48 B2 5 1
ANEE(P>0.05)

x5 DEMAIRNBEERURKIS

Table 5 The coefficient of community similarity IS of Pinus massoniana forest

M Forest age/a 3 5 8 14 37 39
3 32.6 47.3 32.8 52.8 49.1
5 7 56.5 38.5 40.9 50.0
8 13 13 56.3 57.1 70.0
14 10 10 18 48.4 54.5
37 14 9 16 15 62.1
39 14 12 21 18 18
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TR, BEALIE 5, DR g e 2 AR K B B sl e, (H
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