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Abstract : In order to explore the management measures to improve the biodiversity of mixed forest of Larix principis—rupprechtii,
through investigations and monitoring of understory plant communities in mixed forests of Larix principis—rupprechiii subjected to four
different thinning intensities — control group ( I ), light ( II ), moderate ( Il ) and heavy (IV) — within the Beijing Forest Farm, this
study analyzed variations in understory vegetation. Results revealed that under the four thinning intensities, the number of understory
shrub species were 5, 7, 7, 6 respectively, while herbaceous species were 11, 11, 10, 12, respectively. Shared species encompass
species included Rubus crataegifolius, Corylus heterophylla, Spiraea salicifolia, Deutzia scabra, Deyeuxia pyramidalis, Carex tristachya
Thunb. , and Crepidiastrum lanceolatum. As the forest canopy closure decreased, the number of shrubs and herbaceous plants in-
creased. In the moderate thinning intensity plots (Il ), the number of shrubs was the highest, while in the heavy thinning intensity
plots (IV), the number of herbaceous plants was the highest. Increased thinning intensity prompted a rise in light—loving shrubs such
as Zabelia biflora, Sambucus williamsii, and Forsythia suspensa, underscoring the sunlight’s impact on vegetation. Significant varia-

tions were observed in the ranking of importance values of shrubs and herbs across different thinning intensities. Notably, species like

Yr#s H #3:2023-10-08

BEE TR : S AE LT E RS 50 H (YZQN202302) st st iR bk AR AR BeH AR MR 455 H (STXF20220811) .

FE—EFEB AN AU, SR TR, W57 R BRMIE T . E-mail; 53925437@ qq. com

« BIEEE S L, L, SR TR, DR 5 R ZRMR T RELE 288 . E-mail : hufanzi@ 163. com

51 3TAE S AUBUT  XIFIEE W L, 55, Ay i FATRASARAR T AEL A 8 4R X ] A me 1 [ ] AR AR TR, 2024,40(3) -
47-55.

ZHU SW, LIU L X, HU X F, et al. The effects of different thinning intensities on the understory vegetation characteristics of

mixed forests of Larix principis—rupprechtii[ J]. Forest Engineering, 2024, 40 (3) :47-55.



48 Aok T

F40 &

Spiraea salicifolia and Rubus crataegifolius consistently ranked among the top three in all intensities. However, Corylus heterophylla on-

ly appeared in the top three at control group ( I ), while Forsythia suspensa was exclusive to heavy thinning (IV). In the herbaceous

layer, Deyeuxia pyramidalis ranked among the top three in light and moderate intensities, with a particularly high value of 37. 16 in the

heavy intensity (IV). Analysis of species diversity, community similarity, and understory diversity suggested that different thinning in-

tensities influence species composition and diversity, increased thinning intensity positively impacted diversity, especially in the herba-

ceous layer. The results of this study provide an important reference for optimizing the management strategy of mixed larch forest of Larix

principis—rupprechiii to improve the conservation effect of biodiversity.
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intensity . . o .
height height composition density
I 0 16.0 14.3 1003 il i 11 AL 8 FEAHL 2 L 1224 0.8
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Tab. 2 Table of community similarity levels
W HAAR{ HAEAAE L Fh AT AR G ERD!
Evaluation grade Extremely dissimilar Moderately dissimilar Moderately similar Extremely similar
accard FIRAR 0~0.25 0.25-~0.50 0.50~0.75 0.75~1.00
Jaccard similarity coefficient
®3 PRsHEERESLHRD
Tab. 3 Table of species diversity threshold levels
AN AR JEHEE £H Btr — 2%
Evaluation grade Extremely rich Rich Quite good Ordinary Inferior
FfE >3.5 3.5~2.6 2.6~1.6 1.6~0.6 <0.6

Threshold
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Tab. 4 Comparison of understory vegetation species in mixed
forest of Larix principis—rupprechtii after

four thinning intensities

R LR

Layer Plant name

I I I I\

PRI NEEEVERRVARRY,

Rubus crataegifolius

1
Corylus heterophylla v v v v

FNIEA
Zabelia biflora v v v
SRRk v
Clematis brevicaudata
HEAZ b2
Shrub A VAREVARRVARN,

Spiraea salicifolia

biEd v v

Vitex negundo var. heterophylla

layerlayer

g v
Forsythia suspensa

L vV v VvV

Deutzia scabra

EAEAR v vV

Sambucus williamsii

e
E v v VY
Deyeuxia pyramidalis
JEFARE
HAR Thalictrum aquilegiifoliumL. v v
Herb
layer It v/

Aconitum barbatum var. puberulum

i
Rubia cordifolia v v v v

HgR4a
B b E A

Layer Plant name

VINAR | v v v

Chrysanthemum chanetii

Viola philippica
i VvV
Carex tristachya
ERK v
Isodon amethystoides
Phryma leptostachya
HES \/ V/ v/
Cynanchum bungei
KT y
Leibnitzia anandria
R y
Lysimachia fortunei
RAR
Herb X vV

Artemisia argyi
it v

Artemisia sylvatica

o VARV

Potentilla chinensis

layer

SR NIV

Dioscorea nipponica

Polygonatum odoratum

RER v
Pennisetum alopecuroides
o y

Crepidiastrum sonchifolium

it iZ v v vV

Crepidiastrum lanceolatum

=i v

Aster ageratoides

UV R R A AR R

Note: "V indicates the presence of this species in the plot.
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Fig. 1 Comparison of understory vegetation quantity in mixed forest of Larix principis—rupprechtii

after different thinning intensities
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Tab. 5 Comparison of importance values of understory vegetation
species in mixed forest of Larix principis—rupprechiii

after different thinning intensities

Il?lffjif JZW HL) 2 7 lmfo%fce ﬁrﬁ
intensity Layer Plant name value Sorting
Gk 33.01 1
HEARJZ Ih 2% 28. 12 2
LR =JiiN 23.72 3
: ST 28.35 1
TR BRIk B2 23.03 2
X 10.70 3
Gkl 40. 83 1
HEAZ HE 17.36 2
A4S 13.63 3
! T 26. 87 1
FARR T 20.79 2
INET 4G 9.26 3
geksy 33.57 1
AR 4 Z i 24.05 2
I Wi 16. 85 3
T 24.98 1
FARZ INET B 17.13 2
B 16.92 3
ER=3iiN 42.08 1
HEAR)Z FAH 26.33 2
5 9.70 3
v T 37.16 1
FARZ W 16.79 2
b8 6.97 3
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Tab. 6 Species diversity index of understory vegetation in mixed forests of Larix principis—rupprechtii

after different thinning intensities

A
Shrub layer

i) Pl B

Thinning intensity

Shannon—Wiener
T58(H)

Shannon—Wiener

ERERB(R)

Richness index

Pielou $4J2] (J)

Pielou evenness

AR
Herb layer
Shannon—Wiener . e
w0 AR

Richness index Shannon—Wiener

Pielou evenness

index index
I 0.64+0.15 b 0.91+0.15 a 0.65+0.09 b 2.07+0.18 a 1.42+0.25 a 0.71+0.04 b
| 1.23+0.20 a 0.99+0.20 a 0.63+0.10 b 2.01+0.26 ab 1.40+0. 14 a 0.75+0. 16 ab
I 1.29+0. 14 a 0.91£0.15 a 0.85+0.07 a 1.67+0.12 b 1.59+0.15 a 0.85+0.07 a
v 1.04+0.19 a 0.96+0. 16 a 0.62+0. 14 b 2.12+0.19 a 1.60+£0. 19 a 0.74+0. 18 ab

T R PRI AP B AR E2E AR SRR AR 5 J2 U AR T RERORTE 0. 05 AKCF B2 AR AR FRER 2R 2%, TR,

Note: The data in the table are presented as mean + standard deviation. The same letter within the same level of different types of plots indicates no

significant difference at the 0. 05 level, while different letters indicate a significant difference. The same below.
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Fig. 2 Similarity of understory plant communities in mixed forest of Larix principis—rupprechtii

after different thinning intensities
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Tab. 7 Threshold of species diversity in understory vegetation of mixed forests of Larix principis—rupprechtii

after different intensity of thinning intensities

=1 v/
Al I I i}
Layer
E*Eé 1.3920.11 a 1.52+0.13 a 1.07+0.12 b 1.53+0.15 a
Shrub layer
Rk 2.01+0.09 ab 1.86+0.05 b 1.87+0.09 b 2.15+0.06 a
Herb layer
3 e ZIA AR T AR T A 28 5 X5 RN T AR
e

OBt mT LA 5 3 52 ) R AR 4 1 ) b A
FZREE S 5340, G BR IK o 35 53 J2: AR Mo 9t
WYReh o3 AT M Z2 R B E R A W] Y 28 & 4 it %
ICSE PR K 2 10 B0t 255 AR Bt A B
TEAS[R) B) A5 B2 T A A d b v A TR SS AR AR A
PLAYFR I B I A7 A 25 5 X SE 22 53 L 1 AN [+
[F1) A3 Xof A AR ) o 2 RO AR P AR 50

TEARWTSE 1A 1 04 HE AR 9 50 A Shan-
non—Wiener ¥ 5% 51 , 10 A b %) A A 40 K0 A
Pielou ¥J5) [ f5 i, 31X 2 B ALE [A] A0 B 3 b 9 15 0
N = | ) W VA oy o 7 NI % S 6 7/ B L 2 B
oA ¥ 5 e m . AL 2T, 24 TE] Ao i ik
I AR RN ECE RN 2 PR PR R ( 1 b ) o TRl
SRR I A T3 A AN (VR |
i 2 G g OO N ve Y A

MR Jaccaded FHARLPEFEE Y A ) [A] (58 5 Y
A5 WA TR AS AR b 22 [R] A7 75 5 A ] B2 B2 9 A1
IR AR, 18] £ 58 5 B A (] ] B8-S BORE 1

MRZEEAE PR 7 ) 52 T 7 15 It ALK 52 3 Sl s i £
THEERNSH, D KRR B e SRR M VR 50
WE ML RGERMERE, #E— P05 IR R A
7] 1) e 2 of AR AR 40 A v D e 2R 25 AR Y R
Wiy , -4 B B PR AR A AR R

AL v AR TR S MR B AR AR B b 22
REPE VA AT, 50 4 [ A5 B2 X A 2 A B AT
BRI, AEASBIETE A, 8] 58 fie K9 R M A
HEARZAFAZ R T H v 1 W) b 2 REPE (R
EAh  ANTR] A58 B T HOHE A SR W) b 2 R AR
AT — K- T A J= W) b 2 REPEAR G B, X
SEZERAR AL T 3¢ T8 $75 it 4 4y b 22 A 4 1) i 22
f5 5, ARG B AE B A ) 5 0 7 SRS R £ 4 4
HEr St TR AR BE— 2P A 5T AT AR ]
st B2 55 AN TR J2 U o 2 Ak 2 ) B PR G AR
IRt — 2D A A T SR W L3R TR W) 2 R AR A
HER

L5 LR AN [R) [l A5 B AR b v - R SS AR
AR TEARTS AE ) B Vi 2EL 1 T A A W 10 1 22



54 Aok T

F40 &

T AS I () i 2 %o L 0 R 7 %) S i) ] LAY By R
ﬁﬂmﬂﬂﬁwmﬂimﬁﬁoﬁgﬁ%ﬁ%ﬂ
PIEFEAN IS & it X P Fh 2 R 1 A A T ge A

*%Q%E@W%ﬂﬁﬁET%§MMM%E
PR ISR 22K . DL Ab, FRAR ] £ B2 8 25 5%
M) - 3 7y P LR 2 1 T, AT 0 — 205 5 W 0 14
ARG, mRERE SREEIEAREREN, -
AT HLJTT B A AN A S R Ak A N R ) 8L 2E Fn i
PRRFPEARAE T ke Ak 4 5 U PR 1 R A
AR R R R A O T S A R T R R 4 4
Ko™ Rk, 78 Kok Rk s sl 2
Jmﬁﬁ%?ﬁ%ﬁ% SFAF RN 4 S ELAL M TR,
TR B ARG IRI AR, LA 52 TR O e A 22 2k 2 AR 2

A
4 émlb

T X VG MR ) R IX 55 R R AR R TR AR
A BE (R AK 4 ) A5 BT Ay ARdb I AR TR A MROMR
T RE R R A RN I R A3 A BT AR B S AR
i, SR ERMT,

D TE 4 FOAFEREREE (T 100 IV) At
o EEARFIZEAT N 5.7 .7 .6 Bl FAFNE 351
Sy 11.11,10 12 B, A YR A5 2 1Y Ll it
BT R LM, DL AR R S
BHEAEEHZ,

2) B ARSI P JEE (Rl ), PRI L 1% 98 R AN
FARKGE BRI, 59 ARGRE (1) FHEAR
MR A it de 2 v B TR AR B2 (L) T B AS A 4
Wi, Bl AR AN, B 6K oK iE
AR FEFARRGE BB 2, 5 01 BHOGIE s 4
B 5 M 1% A

3) EEE MR, AR E R T AR
AW EEEHTF AR, SLAMER
JHE R 4 i a] AR A b g DL A o E R AE Y I
ZRAUHEXTREIX i B ( 1) R b A EE B HE Sy T —
FVEE A 1 v 5 3% AN A 5o B TR AR B (IV) R
TEEZEHT AT = AR BHE 2D,
P B R A M b 34 Ry S RS RE A, U A R
[ ARSR EE (IV) ekl b A 8 2R A SAEH

4) WFh Z R FEVRARUPE FIAR T P Z 41k
PEAG B T4 SRR W AS [R1 6 75 8 B2 6T T 40 ol 28 B
MZFEvE B B 5, (AR 5238 A B 742

IR Z R R R EAR T R

(& % x W]

(1] FRT WORH], XIGE, 55, Z2 i AU I8 M AR TR AR T A
LR SRR ). A5 R,2011,30(6) :618-623.
WANG W W, OU J L, LIU X, et al. A survey on regen-
eration of trees in Larix principis — rupprechtii forest[ ] ].
Ecological Science, 2011, 30(6) ; 618-623.

(2] 2t ATIREAR , il A, 45, ARL T I RA R IR UL E AR T B
Efﬂml?u 1. FRAR SIS AR ,2020,40( 6) :588-596.
LI J, SHI X D, GAO R M, et al. Regeneration and affect-
ing factors of Larix principis—rupprechtii natural secondary
forests[ J]. Journal of Forest and Environment, 2020, 40
(6): 588-596.

[3] A& W53, Bt A ARTT AR I v 0 X e [ 9

T RAAAR L3 CO, &Ry AIR M [ )], JE iAol

#%2,2021,43(3) :55-65.
GAO M L, MAN X L, DUAN B X. Short—term effects of
understory vegetation and litter on soil CO, flux of natural
forests in cold temperate zone of China[ J]. Journal of Bei-
jing Forestry University, 2021, 43(3); 55-65.

(4] Ml AR AREEL 55, B8 b 3l i BB 75 1 2 M1

B AL PR R AR [ ] A A PREE 241, 2021,
30(11):2130-2141.
LIN L, DAI L, LIN Z B, et al. Plant diversity and its re-
lationship with soil physicochemical properties of urban for-
est communities in central Guizhou[ J]. Ecology and Envi-
ronmental Sciences, 2021, 30(11) . 2130-2141.

(5] FARLE, B0, 3K, 55, (0] A58 B2 X BT 7K 48 L R AR AR T
FREEENA (1], A2 25540 ,2022,42(23) :9761-9768
WANG J J, HE T, ZHANG Y, et al. Effects of thinning
intensity on understory plant of natural forest in Altai
Mountains, Xinjiang, China[J].
2022, 42(23): 9761-9768.

(6] BME ARARAE BLR A SRV MR IEIR[T]. AR E R,
2021,41(10) :4226-4239.

Acta Ecologica Sinica,

HUANG L. Research progress on the ecological effects of
forest management[ J]. Acta Ecologica Sinica, 2021, 41
(10) : 4226-4239.

(7] &P BSCR B, . ANIR] % 2 AR AL 3 i A AR R 4K
SR B HSZ AN [T B AR A5 541, 2022, 33 (10)
2687-2694.

WEL S P, LIANG W J, WEI X, et al. Natural regenera-
tion of Larix principis—rupprechtii plantations with different

densities and its influencing factors[ J]. Chinese Journal of



%53 3]

BT, 45 A T I FAE SSAMOPR T AL R 28 A A X [ A 1 v 1 55

(8]

[10]

[11]

[12]

[13]

Applied Ecology, 2022, 33(10) ; 2687-2694.
UK 1EIFE SRR 4. (] Hnik B2 X AR b v R KR B
FresEm[J]. AR A2, 2023,34(5) : 1169-1177.
FENG Y H, YAN J, GUO Y, et al. Effect of thinning in-
tensity on natural regeneration of Larix principis—rupprechtii
[J]. Chinese Journal of Applied Ecology, 2023, 34(5) .
1169-1177.
XFIES, F L, E /Mg, 55 AL 5T Pl i X PR AR K 2 B
FE LIPS R B[], AL, 2018(6) :129-132.
LIU L X, WANG W, WANG X H, et al. Evaluation of
regional carrying capacity of resources and environment in
western mountainous area of Beijing — a case study of Bei-
jing West Forest Farm[ J]. Journal of Green Science and
Technology, 2018(6) : 129-132.
] % o s e B e e Ry , v [ [ R b AL P
Byge. AR MO SR OO W I B BLTE : GB/T 30363—
2013[ S]. db5t . i EFRAE H AL, 2014,
General Administration of Quality Supervision, Inspection
and Quarantine of the People’s Republic of China, Stand-
ardization Administration of the People’s Republic of Chi-
na. Technical specification for forest vegetation monito-
ring: GB/T 30363—2013[S].
of China, 2014.
EA AR R AR RS AR TR A )1 B DO [l
SARFROR IR A MR eV AR [ 1] WV AAR R 2
2£412,2020,37(4) :720-728.
WANG L, CUI M, ZHOU M L, et al. Plant community

Beijing: Standards Press

characteristics of natural secondary forest with different
restoration years in Karst Area of Xichuan County, Henan
Province[ J ]. Journal of Zhejiang A & F University,
2020, 37(4) . 720-728.

AFF BULIR, 2 2%, 55 AR LA RE 1 IXOR
[FIFE AR R XA R Z REPE R R [ T]. A2 524k,
2019,39(15) :5584-5593.

SHI D, NI J P, NI C S, et al. The effects of different
restoration years on plant diversity in Wushan “s alpine
emigrant region[ J]. Acta Ecologica Sinica, 2019, 39
(15): 5584-5593.

RIFUR, BN A bR e 3 R 52 400 30 bK T AR
FAIELT]. PEAEMR B4 ,2022,37(5) : 155-161.

[14]

[15]

[16]

[17]

(18]

WU X J, AO X P. The characteristics of understory vege-
tation in the early stage of restoration of burned Pinus
tabuliformis forests[ J]. Journal of Northwest Forestry U-
niversity, 2022, 37(5) . 155-161.

ST HUN IS TR R - ) Z R SE [ D], H B
H TR K2, 2006.

CAI'Y H. The diversity of marine phytoplankton in Hang-
zhou Bay[ D]. Qingdao; Ocean University of China, 2006.
Rk T AW, I, 2. S F ) i BE XS/ 2
WA AR R R S MR R J2= 2 A AR T A e B9S2 [ ]
ARAEARL 222440, 2021,49(2) :24-30.

SONG X Y, DONG X B, QU HF, et al. Effects of tend-
ing and thinning intensity on canopy structure and under-
story vegetation of natural conifer and broadleaf mixed
secondary forest in Xiaoxing’an Mountains[ J]. Journal of
Northeast Forestry University, 2021, 49(2) . 24-30.
SRR, F IR 0] 3K, S PR X 1R S8 i 3
S N T ARV 25 A A Fp 2R PE RS2 [ ]
R PSR A H2E 4R, 2022,28(5) 1144-1150.

SUT C, WANG Y Y, XIANG L, et al. Effects of forest
management on community structure and species diversity
in poplar plantations of the Chengdu ring expressway area
[J]. Chinese Journal of Applied and Environmental Biol-
ogy, 2022, 28(5): 1144-1150.

JEIE L FE KA, R, A R AN [R] AR 8 R A N T AR
MR PR R PR L A BT [ ) ). N S PR AR
Y144, 2021,27(3) 1 742-748

ZHOU R H, TANG Y B, WANG M, et al. Species di-
versity and soil physicochemical properties at Eucalyptus
robusta plantations of different ages in Weiyuan[ J]. Chi-
nese Journal of Applied and Environmental Biology,
2021, 27(3) . 742-748.

Brese, A, I, 55, P07 [ A0k /N 2% 22 K
SR TR SR AN [ L SR TR EE B3 FR A B [T ], 7R
bRl K 22598, 2022,50(12) :66-71.

MAO L. L, DONG X B, QU H F, et al. Effects of
thinning on soil nutrients at different depths of natural co-
nifer and broadleaved mixed forest in Xiaoxing ~ an

Mountains| J|. Journal of Northeast Forestry University,
2022, 50(12) . 66-71.



