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Undergrowth Species Composition and Diversity of Pinus massoniana and

Schima superba Mixed Stands with Different Proportions

LI Fang'® ,PAN Ping' ,NING Jin-kui' ,GUO Xiao-yu' , WU Zi-rong' ,OUYANG Xun-zhi'* ,CHU Xin'
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Abstract: Schima superba seedlings were planted in aerially-seeded Pinus massoiana plantations with 4 pro-
portions: type I: pure P. nassoiana (10) ,type [l (8 P.massoniana + 2 Schima superba) ,type [l (7+3),
and type [V (6+4) to compare and analyse undergrowth species composition and diversity. Following re-
sults were obtained:1) from type I to type IV ,the number of plant species increased,11 species were found
in type I,and 28 in type IV ; with the increase of the proportion of S. superba,the dominance status of helio-
phytes increased and then decreased gradually or disappear,while the dominance status of the hygrophytes
increased gradually and even become the dominant species. 2) Shannon-Wiener diversity index, Patrick rich-
ness index and Pielou evenness index of the understory shrub and herb were in the order of type [V > [l[ >
I > 1. 3) The correlationships of the proportion of S. superba with Shannon-Wiener diversiy index and
Patrick richness index of derstory shrub and herb were significantly positive (P<C0. 05) or extremely sig-
nificantly positive (P<C0.01) ,and not significant (P>>0. 05) with Pielou evenness index; simulations indi-

cated that Shannon-Wiener diversity index and Patrick richness index reached the maximum value when the
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proportion of S. superba were 0.43,0.54,0.57,and 0. 43,respectively. The fitted curve showed that the di-

versity of undergrowth reached maximum when aerially seeded P. massoiana plantations replanting with

439%—57% S. superba.

Key words: aerially seeded Pinus massoiana plantation; mixed proportion; undergrowth; species diversity
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Table 3 Undergrowth species diversity of P. massoniana in different types
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Fig. 1 The optimum fitted curve of S. superba mixed proportion and species diversity in shrub
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Fig. 2 The optimum fitted curve of S. superba mixed proportion and species diversity in herb

4 w5

ABIFSE XK AR 2 R A 22 ) b B 1) 5 2 A
V28R I > 280 [ >280 T, Lm0 s A T R RN
/S A T R e LR B S E N N
TR AT BRIAR N MW Z A A [ o B A A L 5] 38
HEARZ FEAH A SR IAR T BT AR
Wi R AT T R R OK R AR B 2 AL
FH A L Y L A0 T TG I A B I R Dy Bk
AW OGRS, KA ] BRMN VRS TE
FF A= A6 400 A0 320 3t A5 3 B Ay g 48 5 P 2% T Ok 5583 B8 T
KM T ARK AT IR AT AF — 2L B A ) 10 £
B TE 2 RO A AT RE R R O T AN — K
o7 TR S8 MK PN 1) 2 SRS B 1 T S R A Al AR

PR K E K HERJZE % 2 R Shannon-Wiener
Z RSB Patrick 5 B8 B SR B Sl il | T
P T FZA S I BRIV > 2R [T > 287
I >2580 T s, 5 gUa " SR S B2 m—
AR SEHER AR ZZHEA R E S T HREM
AlUbR ) 45 R T 3 20 R AN — R i TR S RObR T
AR HEAR 2 2R 0 R — SR A S R AR AR T Ab
REAA S 3405 8 9 0 8 O ik U i 0 4 o fige AR
SRR A R TR v R A i DR
R A 090 % P AT A3 P b b 3R R A HEIR L
JE R — ARAHRASAREE S T D B S A AR
FRAE . B 5) S BUE B 5 BT YA iR A RIS T
Fbo (A5 ZH A AT A B I SRR R R
Tt 22 R v T T I TR B2 MK 0 4508 AN TR BIF 5 4 R AN
— B0 G FE T RE R A ST XM ALY R
BV MRS R TR Z R A S AT R SR N
WA 10 a BAESRGE, bR, R — 3 AR %5
IR TR S MR At b ke 150 IS PAD 8 BT vy S EROBRCR O IR S
PFE 2% AN F T AR A A Y A A T AR BIF 5T 5 X R
L A H U A A PAT R AR T PR Ol R 2R A 2 R A
NG 2 F B IRAF R OR 22 5. Plelou ¥ 2] B 45
AR R B8] T B 35 22 5, nl B J2 A O R A

A TE P 43 A1 3 B R 32 JL R0 A0 2 5 e i

B I 1R S PR R 5 Ay BHAEL 1 3 AR = B T PR
B YR Z AR ) Bl 2R VE RS G A 2
ARG EENE A AT IR A ISR EE Y 2R L 1 0R
KERFEDIRES Y AR R TR, S REM—AK
o7 VR S MR AR T A B ) b 2 R PR A T 5 R AL Sl AR
AR H 5] 5 AR R 2 BA Shannon-Wiener £
FEPEREOM Patrick 5 B2 45 B 5 12 3% 8l 3% 1E
G Y Pielou 2] I ECA B E MG, H G
T il Ze 005 AT & 28 A0 E AN BRI R A L B 5
BOEMAERREAMBE AEERENSH. A
Shannon-Wiener 2 ¥ ¥k 5 %k . Patrick 3= & & $8 %L
PG RS b i #E K Shannon-Wiener Z2H: %
550 . Patrick F & B 8 % L) & B A& Shannon-Wie-
ner Z FEPEFE R, Patrick = 5 B 45 50k 06 (5 /9 A 1o
He B 435 A 0. 43,0, 54,0, 57.,0. 50, 25 & % JEMRT
WER 2R 20 2 R P d BORM R R fir FL 9] 7
43% ~57T% | iE., X582 % (Picea mariam) 5
WE AR 1 2 1 I A IR SS AR REARAE W) 2 A M I
B DL B 2R A Y 24 VE A (Larix gmeli-
nii) FUEEEA T 5+ 5 1 7 ¢ 3 Z ARl T bk 2 4
TR S5 1R AH I .

MR PR T R Bl b 22 R M R BIL R A5l 52 % L AR
TP R 2V R 2 N ER TR AR AR
AF 5 AN 2 70 A b 455 IF 42 1) X bR AR 22 4 52 i
BER B ST W S5 A 3 BE B A7 bR G %86 B 45 A ) B AH
LI 25 AT Bl 2% R i LU 51K [ L Z20m T A G A
TR/ 22 S R AR R 0 52 0 PRI L 7R SR Y BIF 5
TP RAEAEL - LR VIR N A B 2 A S R
MR 2Z B KR

SE K

[1] KERNS B K, OHMANN ] L. Evaluation and prediction of
shrub cover in coastal Oregon forests (USA)[]J]. Ecological
Indicators,2004,4(2) :83-98.

(2] K& A& AR ZE A5 ORH A B 20 00 A0 D RE AT 58 4 e [T ],
FMOBFSE . 2014,27(5) ; 24-30.



5648 2

F7 AF R AR A [R] E )8 S8 AR T AR 4 40 Ao 2 B 2 R A 39

(3]

[4]

[5]

(6]

(7]

(8]

9]

(10]

[11]

[12]

ZHU X,HE Z B,DU J,et al. Function and composition of un-
derstory vegetation: recent advances and trends[ ]J]. World For-
estry Research,2014,27(5):24-30. (in Chinese)
PRI X B3 TR RE. A [R) bR e A% S AR AR T A 2 AR PR 5
LI ol K2 240 B AR RH# i, 2011, 35(3) : 16-20.
LIN N,LIU Y,YU H Q. Study on the diversity of understory
vegetation in different age aerial seeding forests[ ] ]. Journal of
Nanjing Forestry University: Natural Science Edition,2011,35
(3):16-20. (in Chinese)
Mer, T B e . 8+ ORI A T Ak R 22 66 1 B
FEL)] A I 2E 1, 2010,19(4) : 843-848.
QU H,WANG B T,WANG D,et al. Research of artificial for-
est plant diversity under different configuration of loess area
[J]. Ecology and Environment,2010,19(4) ;843-848. (in Chi-
nese)
FE T BR/NEL L RV L AR AN ) AR R P N T ARORR T S R A
FARZREELT]. AR, 2014,34(15) :4313-4323.
CUI N J,CHEN X H,LIU Y,et al. Shrub and herb diversity at
different ages of Pinus massoniana plantation[ J]. Acta Ecolog-
ica Sinica.2014,34(15) :4313-4323. (in Chinese)
VERMA R K,KAPOOR K S,RAWAT R S.et al. Analysis of
plant diversity in degraded and plantation forests in Kunihar
forest division of Himachal Pradesh[ ]J]. Indian Journal of For-
estry,2005.28(1) :11-16.
RAMOVES B V,ROBERTS M R. Understory vegetation and
environment responses to tillage,forest harvesting,and conifer
plantation development[ J]. Ecological Applications, 2003, 13
(6):1682-1700.
HER NS KRR, AN AR B R 2T ). AR
% ,2015,35(14) :4652-4657.
YUAN W J,LU X L.,ZHANG W R. Plant's diversity of differ-
ent vegetation types[J]. Acta Ecologica Sinica,2015,35(14):
4652-4657. (in Chinese)
ZooB AR X B0RK TR AR 2. K N T ARORR T R B 2 R )
WEFELT . FAAT S B F ) 2 4, 2003, 11(3) : 223-228.
QIN X S, LIU Y Q. XING F W. Species diversity in under-
growth of artificial forests on lower hilly land[J]. Journal of
Tropical and Subtropical Botany, 2003, 11 (3): 223-228. (in
Chinese)
EE T BURE T X AT HE 4L T I JE R R AR AR
ZREME R A AL ] UL AR MRRE B R 2 4 AR R
fiR,2013,41(11) :67-72.
WANG S L,HE K N,LIU K X,et al. Diversity and niche of
different plantation configuration in alpine region in Qinghai
Province[ J]. Journal of Northwest A&.F Unversity; Nat. Sci.
Ed. .2013,41(11):67-72. (in Chinese)
ik TUBE L Bk TLAE L3 S0 S5 MW AR R ET B E S8 MR AR ) 22 A
QRN ). K AR R BFST . 2014,21(6) 1 122-128.
ZHANG W Q,ZHANG W H.PAN W.,et al. Effects of euca-
lypt plantation and conifer-broadleaved forest on plant biodi-
versity[ J]. Research of Soil and Water Conservation,2014,21
(6):122-128. (in Chinese)
AT, X0 b T S 45 B R ARTRE ¥ Bl Kb A 280 98 BE A
TR FE LT ], PG b AR e 24 2008, 23(1) : 134-137.
XIAO H S.LIU F L.XIANG S C.et al. Effective width model

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

of fire-preventing forest belts for Pinus massoniana[]]. Jour-
nal of Northwest Forestry, 2008, 23 (1):134-137. (in Chi-
nese)

MREE SR E L BRI AR AE L TR B R AR Sl AR RME A A
SRS M e SR AR L) ] AR AL ARl K A 2 . 2015, 43
(7):136-139.

LIN H Z,GUO X Y,OUYANG X Z, et al. Variation of soil
enzyme activity and soil nutrients in aerially seeded Pinus
massoniana plantation replanting with schima suoerba [ ]].
Journal of Northeast Forestry University,2015,43(7);136-
139. (in Chinese)

THABLAESE BY L AF. R R D R A ROPR T A R S B XS £
S A RE ML) ], K R RFRIT Y. 2014, 21(3) - 31-36.

DING S,YING X L,LU D,et al. Effects of understory vege-
tation coverage on soil quality of aerial seeding Pinus masso-
niana stands in south of Jiangxi province[ ] ]. Research of Soil
and Water Conservation,2014,21(3):31-36. (in Chinese)

T HA BRI A E A BT RGBT IR T
b 2 R 56 AR LT Aholl B J45 7L, 2010(1) < 68-72.

YU JJ,CHEN L H,GU ] C,et al. Application of grey se-
quence to study on the relation between environmental factors
and species diversity[ ] ]. Forest Resources Management, 2010
(1) :68-72. (in Chinese)

Ty 5 X0 K WL A W B T 2 T 0 B T TR T 22 R 1 1
BN AL RErE.1994,2(4) :231-239.

AL, HGe I, DI IR S AR JHLBE R BT )], JE s Ak
M R 2R 4R . 1997,19(2) : 11-18.

KOU J L, TIAN X R. Studies on mechanism of fire resistance
and benefits for coniferous and broadlesf mixed forests[]J].
Journal of Beijing Forestry University,1997,19(2) :11-18. (in
Chinese)

RO KR TR 0, AR JOUEVR U S R S AR L Rl 4y
RWwh ZREVELT]. £ %23 .2015,34(9) :2381-2389.
TANG M Z,ZHANG C,HAN R Y, et al. Community type
classification and species diversity of Pinus massoniana forest
of Dayuan Creek[]J]. Chinese Journal of Ecology. 2015, 34
(9):2381-2389. (in Chinese)

MRAE AR S AR B R ANBRT # [ B S R AR ) L SR
43O 5 K JRV A i TR) g AR AR LT . Aol B2, 2005.41(6) :10-18.
LIN D X, FAN H B. Changes in amount, nutrient contents
and turnover time of forest litter after interplanting hardwood
species under masson pine stand[ J]. Scientia Silvae Sinicae,
2005,41(6) :10-18. (in Chinese)

B 55 BRI W 5. B R A AR A AN TR Lb 49 1R 32 b Al ¥4 4 Al
AR KPR B AT LT ). YL VS AR0ME R 4. 2015,37(3)
454-460.

YIN S, ZHAO F,OUYANG X Z. A comparision on water-
holding capacity of forest litter and soil of mixed forests of
Pinus massoniana and Schima superba in different propor-
tions[ J ]. Acta Agriculturae Universitatis Jiangxiensis, 2015,
37(3):454-460. (in Chinese)

G SCHR L, BRSZ W B . /NS IR DR AP X R MR TR 95 2 2 Bk
AL 2R SELT DL bR MO BB R A 4. 2015,35(3)
14-17.

JIN W B,QIU S, TANG W D. Study on classification of forest



40

75 b bR B 272 4l

31 %

[22]

[23]

community and diversity of understory plants in Xiaoqinling
Nature Reserve[ J]. Journal of Central South University of
Forestry & Technology,2015,35(3):14-17. (in Chinese)

2R X5 S0 AF L IR R AR AR AR AL B R R
Wi (AT 5 LT 1. Pa AR Bt % 4k . 2007,22(3) : 105-110.

LI G L,LIU Y,GUO B,et al. Effect of reserve density on un-
dergrowth development of aerial seeding Pinus tabulae formis
stands[ ] ]. Journal of Northwest Forestry University, 2007,
22(3):105-110. (in Chinese)

BRI EARAE R L AEL /NI PR DA [ 4% 8 il A A AR
MRF YAl ZREPERF LT ]. 7 b AR AR BB 2 = . A SRR
AR .2010,38(11) :49-56.

LU J X,WANG D Y.ZHANG S Z.et al. Study on the species
diversity of undergrowth in the different stand densities of
Pinus tabulae formis plantation of Xiaolongshan area[ ]].
Journal of Northwest A &. F University: Nat. Sci. Ed. ,2010,
38(11):49-56. (in Chinese)

[24]

[26]

FE AR AR5 AN R 3 8 MO X BRI R0 S A K A
BrlT]. bk 2A e 241, 2013, 28(3) - 126-130.

WANG Q T. Environmental effects and growth analysis of
the mixed forest plantations of Fokienia hodginsii and Pinus
massoniana[ J]. Journal of Northwest Forestry,2013,28(3):
126-130. (in Chinese)

JOBIDON R,CYR G, THIFFAULT N. Plant species diversi-
ty and composition along an expeirmental gradient of northern
hardwood abundance Picea mariana plantations[ ]J]. Forest E-
cology and Management,2004,194:209-221.
BELVRADR A, TR Z IR R E RS A
M 5 VR 2 A5 — DA BT R bR X R B LT ). AR 25 4 4, 2012, 32
(16) :4943-4949.

LIJ,LUO Y Q,SHI J. The optimum mixture ratio of larch
and birch in terms of biodiversity conservation:a case study in
Aershan forest areal J]. Acta Ecologica Sinica,2012,32(16) ;
4943-4949. (in Chinese)

(k4% 29 7))

9]

[10]

[11]

(12]

[13]

[14]

VT 22 RH 2R . 2422 95 iR &)y | b bk A R Y B
FELID AR UMl K 22441 . 1990, 18(1) : 1-7.
JIANG Y Y,LI F R, LI C S. Drowth and yield of young and
middle age stands of dahurian larch[ J]. Journal of Northeast
Forestry University,1990,18(D :1-7. (in Chinese)
FESFIE. J7VE R L R A 4 MO R A R R T LT . Ak
Ar A2 AFSE 19914 (Supp. 1) :8-13.
TANG S Z. The whole growth model and its application of
Guangxi Mount Daging [J]. Forest Research,1991,4 (Supp.
1) :8-13. (in Chinese)
S T GADOW K, 48, AR N TARICRAE B R G i
WEFELT]. MRk B2 BT 58, 1994, 7(4) - 354-358.
HUIG Y,SHENG W T,GADOW K,et al. Study on the yield
modelling system of Chinese fir plantation [ J]. Forest Re-
search,1994,7(4) :354-358. (in Chinese)
R B AR K 2R 52t bR A MORE A AR D % T ]
AT #2251 58, 2012,25(2) : 201-206.
HONG L X,LEI X D,LI Y C. Integrated stand growth model
of Mongolian oak and its application [ J]. Forest Research,
2012,25(2):201-206. (in Chinese)
L, B /B bR X H 7S RS N ObR SRR 7
ELT . G JE k2% B 241 . 2013, 28(6) : 20-24.
YUAN Y C,WANG D X. Characteristics of canopy intercep-
tion of Larix kaemp feri in Xiaolongshan Forest[]]. Journal
of Northwest Forestry University, 2013, 28 (6): 20-24. (in
Chinese)
AN XSO S/ 5 45 /N Bl bR X A AR A 7 48 R T 4
FERWEFE LT ], PR A BE 2441 . 2012, 27 (4) . 73-T6.

[15]

[16]

[17]

(18]

(191

SHI X L,LIU W Z,GUO X L,et al. Community interference
index of Quercus aliena var. acutiserrata in Xiaolongshan
Forests[J]. Journal of Northwest Forestry University, 2012,
27(4):73-76. (in Chinese)

RN XSO SR AR L A5 /N Bl LUk X 14 A D5 A AR T 1
25 W) 54 A E [ ], 6 b A ARRE £ Q2 24 e B AR RL 22 R
2014,42(11):106-112.

GUO X L, LIU W Z,ZHANG S Z, et al. Spatial structure
character of Quercus aliena var. acuteserrata primeval forest
on Xiaolongshan Forests Area [ J]. Journal of Northwest
A&.F University: Natural Science Edition,2014,42(11):106-
112. (in Chinese)

FESFIE W2, 250 25 0 0 AR W 80 BB 55 (ForStat
HAHLIMI Jbat B Rk, 2009, 343-354.

FURNIVAL G M, WILSON K W JR. Systems of equations
for predicting forest growth and yield[M]// PATIL G P,
PIELON E C, WATERS W E. Statistical ecology. University
Park:Pennsylvania State University Press,1971:43-57.
ZEK A FESF IR Al BE 1R 2 A5 R A S MO TR 2 B A T
FELTT. e stk %24 . 2006, 28 (1) :23-27.

LI'Y C, TANG S Z. Parameter estimate of the whole stand
model with measurement error[]]. Journal of Beijing Forestry
University,2006,28(1) :23-27. (in Chinese)

ROSE C E,LYNCH T B. Estimating parameters for tree bas-
al area growth with a system of equations and seemingly un-
related regressions [ J]. Forest Ecology and Management,

2001,148 (1):51-61.



