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 FE DURTIARAL R K E P& RS N CARAIR A2 o B T 0 R, 43 A B9 A1 58 2 920 m. 30 m. 40 mifiir ik &
AR bR B, FE BT R R AR AR A3 1 R ERE R, o RE M EAT AR FEAR 2 2 R TR A A IR A B . 45 SRR
(D PRI L R B AR 7R, RE33F66E, B 5 HAMM AR RIE L, 20 miE kil ik 218 3387,
FLXGS BB 5 e (At S P S AR AL, B AE AN, A A Rt AR A (2) X TR0 BRI, 20 mERfk
i Pielouds &) i # i in o, SimpsonZ FEE 48 %L, Shannon-WienerZ £ 11 48 KR4 Fh = & 1 1) /2 B A1 1 b s T3 JRURE
M, Frb20 mE A s, IR S TR (P < 0.05) ; (3) 7E H3BAL 2 Ve BRIXT LA i, 3 g9 PE, T34
T A8, 2EMAVLRAE0-10 emL 2 & & W35 T10-20 cm#120-40 cm-LJZ (P < 0.05) . A}, 20 mEfialy 115 4
B AR A EURA LR & i 3 T IR (P < 0.05) ¢ (4) 337 4 5 REA R 4 o 22 Bk 9 4 O 437
ARPRREE S R AR LA HUR R R IEAR S (P <0.05) , H:HipHE £ & FAH5¢ (P < 0.05) , ifiPielou’ ]
FEHRAE 2R ERFE K (P <0.05). 4 EFTA, KAKEHFN TR E QG A Z DR BRI, D)5 2415
fey, TR RGN, S AT 9 FE LA 20 m A B AR R E L JRH AR T EIR IR . (k6 £39)
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Influences of different strip clearcutting on the herbaceous
diversity and soil nutrients of Larix olgensis plantation

TIAN Jiaxin, LIU Sheng , LIU Guanbing, CHENG Fushan, WANG Wanru, ZHAO Shibo & LUO Jian
Forestry College, Beihua University, Jilin 132013, China

Abstract To investigate the effects of strip clearcutting on herbaceous diversity and soil nutrients, we
established survey plots in Larix olgensis plantations regenerated after strip clearcutting at 20 m, 30 m,
and 40 m strip widths, named J20, J30, and J40, respectively. Plots were established in undisturbed forests
nearby as contrast plots (CK). All plots were located at the Linjiang Forestry Company. The species diversity
of herbaceous plants and soil chemical properties, such as pH and contents of total phosphorus (TP), total
potassium (TK), total nitrogen (TN), and organic matter (OM), were measured and analyzed. (1) A total of 71
species of herbaceous plants from 33 families and 66 genera were identified in the sample plots. The number
of herbaceous plants increased after strip clearcutting, especially in J20, with as many as 38 species. The low
community similarity indices between clearcutting plots and CK showed that different environments could result
in different herbaceous species. (2) For species diversity, the Pielou index was not significantly different between
strip clearcutting plots and CK (P > 0.05). However, the Simpson index, Shannon Wiener index, and species
richness of the strip clearcutting plots, of which J20 exhibited the highest values, were all higher than those of
CK. (3) In the comparative analysis of soil chemical properties, the levels of TP, TK, TN, and OM in the 0-10 cm
soil layer were significantly higher than those in the 10-20 cm and 20-40 cm soil layers (P < 0.05). Moreover, the
levels of TP, TK, TN, and OM in J20 were the highest and significantly higher than those in CK (P < 0.05). (4)
The correlation analysis of soil nutrients and herbaceous species diversity revealed that species richness was
positively correlated with TP and OM levels (P < 0.05) but negatively correlated with pH (P < 0.05). The Pielou
index was negatively correlated with TN content (P < 0.05). The species diversity of the herbaceous layer and
soil nutrients of L. olgensis plantation in the study area increased significantly after stripping clearcutting, and
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J20 demonstrated the richest species diversity and the most efficient utilization of soil nutrients.

Keywords strip clear-cutting; herbaceous species composition; herbaceous layer diversity; soil chemical property

BRE R RS RGN E ARG, EENMERR
Girb HAT S B Rl 2 AR TR T 2 I AR i e 4
HHAES RGN A E Y ST LIEAR Ay AR FRK L RiFRK
PR ARG AR R B, e R T AR AR AR 4 S B,
W2 BRI EE T MW LA RRREE T, &
PR AR R PR B (0 B i g K, B R R AR A N IR R4
B U BRI R 2, X ARk PR B i s R R AR RO
B2, BN R I AR 5 AR A R BURE, SRR 5 PR M R
S 5 PR B A MK R R PR AR K, BB RS BN, AN
DA AR T RAR S BT T B0 75 20k R, IR, BRI 92400
PR TR EER, X bR AR PR AR AR Mt AR
S AR 2 ROR AR T b, B AR R I R, B
TEHE 3 P36 AR 43 400 0 2 Bk B s A ) — R AR 7 U
b, AT Bk A B HEAT AR RCR AR, 38 SR AR T T AR
1 A 2 B P L4 e 48 % 4 5 S R I RPF 9 1) A ) A
Z¥[15-16]'

A SRR BN AR SRR Rz —, KA
WA (Larix olgensis) LLIE MESH A K, i FEA S5 HF 1k,
WK BN T RE AR XA T EEE (B, B2 %
K VA SN MRS BEVE 5 R B — | B BOR, AT i HE D
JEAk, BRI 2 REPE TR FR IR Z1E . 3 )R
THEH A, WS BN TS RGN F=RE 7). AT FE4:
PR PEREART. BRI, B m R 2 R (AR AR VA
ARA R NT RN TR RS S, 1EmE
A N ARA M A 77 (R G55 2 2 AN AR AR IR AE 25+ 4L SfbTh
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KA 2 FEME AR JE B, I 20 7R BARE ) AR 0
IRy A RE . BF T 45 A B T T AR R A R A g 5
3% AN [6) 5 P i AR ARG PO L, AT i 5 e B A3 5 5,
B2 5 K (VR A N TR 15 0, PR 3900 7, Sl
PRA3 FR P 45 28 22 8 B (AL T V0 A4 40 R 00 S 4

1 ARXERAEHRS?

11 HRXER

W 72 DXL T 75 0K 8 i Y0 MR SR A AR 37y (126°16'47”-
127°16'51"E, 41°57'48"-42°57'49"N, £ 930-1 054
m) , JEK LR R Bk, % X8 iR B R R
&, EELZW. X E=XKA, 1A &K FHRE-32 C, 7H
By PR32 T, &P ARIES T, PR E
750-1 000 mm, ZAEPAET, 84, I8 3 B OISk IE,
T EEE40 embl b % R DAL R A AR R4
F.HAXEEFANFERIELAF (Pinus koraiensis) .

=1 (Picea asperata) . ¥ A7 M Fa. AKMiM) (Fraxinus
mandschurica) « WiBk#k (Juglans mandshurica) . HAHE
(Betula costata) « 1% (Populus davidiana) %, T %
A A M (Adenocaulon himalaicum) . & R
(Osmorhiza aristata) . K1 (Astilboides tabularis) - 5
JLJ¥ (Cryptotaenia japonica) - i % (Rubia cordifolia) « 7K
4 R (Impatiens noli-tangere) . kM 12k 5 (Meehania
urticifolia) « %% Yk (Laportea bulbifera) . M 43¢
(Rabdosia excisa) .
1.2 I8 w it
T 6 LV R ME AR 37 48K TE, 201645 XK B 75 I A
N CAREEAT 7 R B A%, B AR %6 B2 43 52920 m. 30 m. 40
m, ¥NEEALE R, K 20042 K. 20184 7E20 m (J20) |
30 m (J30) « 40 m (J40) % fF B4R N 85220 m x 30 mix
TH M %38, 78 B U R B 1 R B AR 23 v T 3B ) R R A
(CKD , i sthib it an 1.
1.3 TIEHRPRESNE
T-20194E8H , K FIX M 28 o sl & B2 CFEh DY A7 F0
HGHEBAN D TE & br it N REATEURE, 24 280-10 em,
10-20 cm. 20-40 cm 3L 2, B [ — R R — L 2
HISANFE iR A BN LA, T 3000 = e I A S 1t
I 5E Fa 7 F ZAHE: pH CRAHAIVELY-T 1239-1999) | H il
S CHEAS TR AP S AL — AN FRGELY-T 1237-1999) « =% (FLIK
FEHIELY-T 1228-1999) | A (Bl IE —FH B BULL A ELY-T
1232-1999) | A4 (BJE — MGG E THELY-T 1234-1999) .
1.4 EXEYRAERTE
T-20194E 8 3 % B N FEHL Y MR T B AAEY) 423k AT T
W, AENECIEYFA. R P m R S5
T YA F 2E (important value, 1V) , LlPielous’
5118 %, Shannon-Wiener% B 8%, SimpsonZ F£ i f5
e, Wb E R R ARAR AT AN [R] AT T B B A 2 AR
IV="CHH X 25 J A P AR X 22 ) /3
VIMEEEES: D=8
Shannon-WienerZ #¥£#54: H=-Xp; In p,
Pielou¥g 514830 Iow = (Zp;Inp)/In S
SimpsonZ BEIEIES: H'=1- £p?
FEVE AL 2%: CC=2a/ (b +¢)
Arft: S—WpFh e p—Fh AN A H G B U b AR B LAl
a—2 T A I E B by c—FEATEVE 6] 43 531§ A 1
YRR S0 AU 8 %0.00-0.25 9 H AN AH AL, 0.251-
0.50 84 AL, 0.501-0.758 45414, 0.751-1.00 4%
AEAL.
1.5 it ot
K M Microsoft Excel 2007 %f H i k47 5 B,
SPSS19.0% X H4fs AT 5L IR 3% 5 22 43 . LSD 2 8 L Ik
AT, WEPEKFP < 0.05.

2 ERESH
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EE (Labiatae) « B E R (Ranunculaceae) . 3% 1 R}
(Rosaceae) . Sk} (Urticaceae) WM NT. F25H T %
FEHI A R4 B ME 2 1% A A P R 4L, 7520 m. 30
m. 40 mE AR FRE R IR AR P B B > 1% 00 5 A A A il
4338 Fh . 34Fkh. 32Fh F18Fh, B ARy i M b B A Fl £
A R T BEAE R A, ER3WT DL H ) B
IR ERRE S N AT MR, 2K, R
2 k. 20 m. 30 m. 40 mES AR R B P SR A AR AL, BE
AP 22 BN
2.2 T EIEEEXTAEREDIFZHEM
20 mES R A I (I Pielouts) 515 fe 8 R (£4)

Shannon-WienerZ #1485 M 3 & FE R AN20 mE
el B2 5130 mE ki (P < 0.05) . 30 mi iy i 3% s T
40 MR AICKEEHL (P < 0.05) 5 20 mE A&t #£ 4 Simpson
ZREPEFE B D T AR, —E R E R 20 mE Ry
PN B AR 1R 0k 22 B 1 v T I A R

™1 LI M AR

2.3 TEREEBXKTATIENZ M FRIFE
RS LLE Y, B 1 L3 pHIE 7 T4.72-5.912 1],

4% S GGER P, S AR AR M 3 p HAE 1A K T R R

(P <0.05), BAEF— e A L 2 L gepHiE T B % 7%
. AR5 B 160.339-1.399 g/kg ], 0-10 cm+ =4
& RS T10-20 cmA20-40 cmt 2 (P < 0.05), H20m
E AR A A B 2 T T 40 miES A AU R FEHE (P < 0.05) .
8 4 A B 4E18.237-40.990 g/kg IF], BEE 2 N
SIS, 0-10 em - E A8 & ik, FR20 mEfk
A R . TR A A T0.887-11.544 g/kg [,
BE & 2 DINER A RS B R R AR, AN R AR T R 4
T ERE, H.20 mi R i 4 BN A R . LA L
JR 5 FE7E12.948-111.692 g/kg2 8], [FIFEREE T 2R, A
UL & 2 R B AR 0T34, 34k, 20 mE %y A HLR & & 2
5130 mEfkai fl40 mE{kar (P <0.05) .

Table 1 Basic situations of the strip clear-cutting and contrast plots

903/

FEHL S I P W i) Hiehs % d FE Az FE
Number Canopy density Slop (a/°) Aspect Slope position Elevation/m Mean (DBH/cm) Mean (H/m)
J20-1 0 10 N [ Below 933 0 0
J20-2 0 1 N 1~ Below the average 932 0 0
J20-3 0 10 N T Below 938 0 0
J30-1 0 10 N ™ Below 935 0 0
J30-2 0 1 N 1~ Below the average 942 0 0
J30-3 0 13 N h Middle 951 0 0
J40-1 0 10 N T Below 939 0 0
J40-2 0 1" N F1~ Below the average 943 0 0
J40-3 0 13 N T Below 930 0 0
CK-1 0.98 15 N T Below 1003 18.1 18.5
CK-2 0.9 15 N 1 Middle 1022 171 17.6
CK-3 0.92 16 N I Up 1054 16.8 17.5

#2 TREEERFEREVERE2 1%H9PFER

Table 2 Species compositions of herbaceous plants with important values 2 1% in strip clear-cutting with

different widths

J20 J30 J40 CK
Y4 Species HIEE IV HEE IV HEMEIV P4 Species  HEAH IV
AR R R R SR KR
Urtica angustifolia 5.59 Pterocypsela triangulata 2527 Laportea bulbifera 9.89 Impatiens noli-tangere 16.76
JEME A 5 sop HEEH 017 ML g5 HITHE 138
Rabdosia excisa ) Oxalis corniculata ) Cryptotaenia japonica ) Hylomecon Japonicum )
Ky LCY/N R ST B IR
Astilboides tabularis L Cnidium monnieri a2y Osmorhiza aristata iy Urtica laetevirens a2
K SEIBR I SR i 2L Br2f SRR
Adenocaulon himalaicum 4.23 Meehania urticifolia 5.79 Carex siderosticta 5.69 Laportea bulbifera 7.80
‘ " At
K4z R g LT i SRR
. . 3.49 9 A . 4.80 : ] 5.07 Brachybotrys 7.02
Impatiens noli-tangere Cryptotaenia japonica Urtica laetevirens paridiformis
WL 337 B npo SNk a1 HEK 613
Cryptotaenia japonica ) Osmorhiza aristata ' Meehania urticifolia : Lamium barbatum ’
pilys
L it B 2t
. . 3.22 . L 2.53 - 3.98 Ostericum 6.07
Osmorhiza aristata Valeriana officinalis Rubus crataegifolius grosseserratum
# KT FEM ok [AEROK
Ctenopteris curtisii 3.06 Astilboides tabularis 242 Rabdosia excisa 3.64 Cardamine leucantha 5.69
T BR2E R B SRR Sk B
Plantago asiatica 2 Laportea bulbifera 2t Pteridium aquilinum 2hil Meehania urticifolia 2dtlE
53 ROk AL 55 R TUARAE
Aconitum carmichaelii 2.87 Coniogramme japonica 2.21 Athyrium brevifrons 3.29 Adoxa moschatellina 4.54
i ¥ ogy MMM 013 BT aqa ERBIE A
Brachybotrys paridiformis . Carex siderosticta : Pleurospermum camtschaticum : Pimpinella brachycarpa .
T ] i i USSR
Cirsium pendulum 276 Ctenopteris curtisii 1.99 Ctenopteris curtisii 3.03 Astilboides tabularis 3.58
Rl 274 WENER 198 K&A 203 % 2.79

Ostericum grosseserratum

Saussurea odontolepis

Impatiens noli-tangere

Pteridium aquilinum
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%32 Table 2 (continued)
J20 J30 J40 CK
Y4 Species EEAE IV A IV EE IV YR4 Species EEAH IV
R4 o57 WRT 186 ATH 266 DK 077
Pterocypsela triangulata ’ Parasenecio hastatus ’ Coniogramme japonica ’ Torilis scabra ’
FILE G 250 REE 173 REERL 260 BHE 550
Lilium distichum : Scutellaria pekinensis : Pterocypsela triangulata : Phryma leptostachya :
WA B Y i e
; . . 2.45 i 1.68 2.45  Chrysosplenium 1.93
Coniogramme intermedia Cirsium pendulum Heracleum hemsleyanum lectus-cochleae
BR2F SRR i JEm- TR ok
Laportea bulbifera 2 Rubia cordifolia iy Actaea asiatica = Stellaria media i
i I AR B M2 L A R
Carex siderosticta 232 Rabdosia excisa 164 Rubia cordifolia 210 Prenanthes tatarinowii 1.07
M 9 oa LTI 161 MR 197
Polygonum posumbu : Urtica laetevirens . Oxalis corniculata .
W Ve ARy PNU
Astilbe chinensis 193 Lllium distichum 154 Astilboides tabularis 1.90
GIEN 7SSV 3 e
: . 1.90  Dryopteris 1.31 Ry 1.82
Dimorphotheca sinuata T Bt Cirsium pendulum
i i1 187 % 130 WHRT 1.81
Hylomecon Japonicum ’ Pteridium aquilinum ' Parasenecio hastatus '
EEE T B
Phryma leptostachya ik Plantago asiatica 12 Torilis scabra e
e LR 173 EH 120 WAIZ 162
Urtica laetevirens : Conyza canadensis : Paeonia obovata )
b 168 K&ER 11 AR .
Filipendula palmata : Impatiens noli-tangere : Dimorphotheca sinuata .
A 1e7 M 115 L 156
Crepis tectorum . Adenocaulon himalaicum ’ Geum aleppicum ’
MRSk 167 Bl 108 LK 155
Meehania urticifolia . Geum aleppicum : Cirsium setosum :
FILR B il B 4
; 1.65  Heracleum 1.07 o " 1.44
Arisaema amurense hemsleyanum Cirsium maackii
A 7 ] 7 2 R
Geum aleppicum L Cirsium maackii 1y Lamium barbatum =
R i 155 IEH 103 IZIK 120
Cardamine leucantha ’ Astilbe chinensis ’ Helicteres angustifolia ’
AT 151 1T 102 Fima .
Perilla frutescens : Polygonatum odoratum : Lilium distichum :
s FR 53k
Stellaria media 146 Poa annua 1.01 Aconitum carmichaelii 1.05
i - 4T 140 R 5
Rubus crataegifolius : Crepis tectorum :
i3 ook
Pteridium aquilinum 1.37 Stellaria media 1.00
B
Torilis scabra 1.36
i3
Oxalis corniculata .21
MR 115
Asyneuma japonicum :
= Bk%5 115
Aster ageratoides :

®3 TRTEEERFEARFERMNERY

Table 3 Community similarity coefficients of herbaceous plants
in strip clear-cutting with different widths

R4 TEZEEERFTERENIFH SRR
Table 4 Species diversity indexes of herbaceous plants in strip
clear-cutting with different widths

FE4h Plot CK J20 J30 J40 FEHh Plot Jsw H H' D
CK 1.00 J20 0.96+0.02A 2.75+0.03A 0.93+0.01A 17.50 + 1.29A
J20 0.42 1.00 J30  0.91+£0.03B 2.51+0.15B 0.90 + 0.02AC 16.11 + 3.22A
J30 0.29 0.67 1.00 J40 0.91£0.02B 2.26 +0.22C 0.87 £ 0.03BC 12.00 + 2.53B
J40 0.29 0.6 0.59 1.00 CK  0.91+0.05AB 2.10+ 0.31BC 0.85+ 0.06B  10.00 + 2.00B

2.4 BFERYMSEMSDIRASHERSN
Xt IR BIR R 5 YR 2 AR SR B R i (3R
6) KUY, ZHFAEAFE LMK, MfhEE S %

FP A B bR 2, A FRS TR R AN R R E — LR
[A] 2 % (P<0.05).

The data in the table are mean + standard deviation. Different capital
letters indicate different plot types of same soil layers with significant
differences (P < 0.05).
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Table 5 Soil chemical properties in strip clear-cutting with different widths

FEdh Plot + 22 ¥ Soil depth (6/cm) pH TP/g kg™ TK/g kg™ TN/g kg™ OM/g kg™
0-10 4.72 + 0.20Aa 1.08 £ 0.18Aa 32.39 + 1.75Aa 6.19 + 2.11Aa 104.88 + 10.37Aa
J20 10-20 4.95 + 0.16Ab 0.92 + 0.07Ab 28.93 + 1.16Ab 4.26 + 1.09Ab 68.16 + 2.98Ab
20-40 4.94 + 0.50Aa 0.74 + 0.07Ac 24.47 + 0.83Ac 3.40 + 0.41Ab 49.30 + 7.70Ab
0-10 4.96 + 0.31Ba 0.81+0.17Ba 30.35 + 3.04Aa 543+ 1.57Aa 59.46 + 4.09Ba
J30 10-20 5.25+0.08Ba 0.58 + 0.01Bb 26.79 + 1.84Ab 3.39 + 1.31Ab 38.68 + 11.30Bb
20-40 5.09 + 0.15Ba 0.50 + 0.05Bc 23.56 + 2.22Ac 3.11 + 1.04Ab 32.27 + 3.79Bb
0-10 5.06 + 0.08Ba 0.95 + 0.11Ca 3218 + 3.41Aa 3.54 + 0.01Aa 89.23 + 7.74BCa
J40 10-20 5.20 + 0.26Ba 0.72 +0.27Cb 25.44 + 0.65Ab 3.53+0.01Ab 59.77 + 13.74BCb
20-40 5.19 + 0.04Ba 0.59 + 0.31Cc 23.46 + 2.29Ac 3.53 + 0.02Ab 35.59 + 19.59BCb
0-10 5.70 + 0.21Ca 0.80 +0.13Ca 25.71 + 1.27Aa 440+ 1.63Ba 52.81+ 0.06ACa
CK 10-20 5.91+0.16Ca 0.49 + 0.04Cb 25.05 + 0.34Ab 4.28 + 1.29Bb 38.62 + 3.26ACb
20-40 5.73+0.17Ca 0.43 + 0.03Cc 18.99 + 0.51Ac 3.02 + 0.55Bb 33.01 + 5.41ACb

TP: 2xff; TK: 2 8; TN: 2% OM: FHLE. RPER A T E A 22, ARKS FEER R AR — L B ZE 722 (P < 0.08) , AR/

B REROR A - R R BN R + R M 2 57 82 (P < 0.05) .

TP: Total phosphorus; TK: Total potassium; TN: Total nitrogen; OM: Organic matter. The data in the table are mean * standard deviation. Different
capital letters indicate different plot types of same soil layers with significant differences (P < 0.05), and different small letters indicate different soil

layers of same plots with significant differences (P < 0.05).

*6 FEYMEZHMSTIER S ZEMEX M
Table 6 Correlation coefficient between community species
diversity and soil nutrients

b5 Index TP TK TN oM pH
H 0.575 0.044  -0.381 0.578  -0.493
H' 0.037 -0.212  -0.191 0.006 -0.004
D 0.740*  0.169 0.654 0.779* -0.683*
Jsw -0.574  -0191  -0.682* -0.637 0.63

* AE0.05/KF (D | & EMKL. TP: 40 TK: 44 TN: £ %: OM:
AL

* Significant correlation at the 0.05 level (bilateral). TP: Total phosphorus;
TK: Total potassium; TN: Total nitrogen; OM: Organic matter.

WA A YR 2B IEMHSE (P <0.05), 5HiEpHE &8
FHHMIFK (P <0.05) . Pielouts 5] & 55 4 & 2 5.3 1A 5%
(P <0.05) , HAhFaFr2 A1 T0 2 E KL R,
3 it
31 EXREYFHER SIS REM

s I SR B i PR A AR K (1 N P, T AR A A L
(R D8 AR PR3 1RO I R 2, BF 9 2% B IR 5 AR R 5 0] 1B
T 1t P T V5 FH DA RE A1, DLW VE () Feh 2 R, iX 5
B 7 St B AT v P N bR B AR AR ) () P o AR AT 5 4
SRR, AR BT AR S N R AR R T A K A e
FEAL TS R IR, A1 — e S BHAE 45 3 5 & B AR KR
. 46, 20 mE A AR I B> 1% B A YA 38F,
e LA B e b, 78 38 v X ORI X — 4518 R SR DR AT
fil BN 20 mEARHF SR O IR T30 miEE R Al40 miEfk
i, AR AR AR eV I B AR KT o 3 O £ ARk s ), S EE
AR K AR T AT REPY. 20 mES R Pielouts) 51 i &,
IX 5 P ST 55 X AN [R] 3 MRS QT AT 1 0 4 b 2 B 1 RO 9
gERPTURR), IX R 720 mES AR &M R0 AR o841, 20
mE R 1 2 BE 1 e BRI D = B FR B, BRI 20 migfk
AR RN 2 FE AL T AR, TR DB AR T, o6
T B AR B8 BE RO BT T 2D, BT 258 — U BLRR
Yy v gt A B A i U, A S X AT T 0 £ B A T K
FORRBE (P X T B 18 mZe A5, DRk B 2l A b 22 B f
HE, ZIX B TE N 20 mi Ry, 7 AR I TE, RS
R RUR Y E A K, R T AR A, §

epFhid T op—, TR AR E Y, X5 I A
AT B MAAC N AR AR A 2 A P P 5 e AR — 5
3.2 HIRUFMR

BIF 5 R TS HERE 1 R pH R 35 i T 9 AR R, B ARy
8 PR AT R 5 T TR . X PR D R R SR R
HUR HE N 338, 3 g 1398 R e 1 n %), SX — B 90 4518 B R
AR I PR M V8 P A 1 I () 43 R 3 T AT 7 o 4 R M 1Y
T AW 2. 2R AR BE D BOIEEE T E I
TR P D, KRS AE 2018 4E R A R I L 2 38 (77 40
RPN RE LR E LR M AE R, R
LA TIRR, M IRT R BE TR TZE, HEAEDR
FIEK LA e e LR, MERER S R 54h 20 m
Bt LR B dm, HLBEAE BT AN T8 48 9% 20 ek
b, TR R A FEEE X R AR UM IR i J5 3 97 4 Bt
UL R CIREAL, O B TR S T AR YIRS R A, A g
(¥ S 2B 3 sh A B, IR R VE 0 o i, LR R R E SR Y
SRR CR I 2, A T S R A B e ), A e
B MRHRR FR, SR 25 WRTR T AR R A AR AR I, M R AR IR K
W 39 N3G oK LR, SR LIRS B R T S —
JTH], MR BR R, SR AL MR & R AR, T2
BEGA LIS B, NI AR T 35 30 A ey i
3.3 Fh MR TIER SHEX I

HEAEMZ RS LR S RN R REY, ML
ST AR TR, LR Sy S RS AR AR R 2 B
MR, b, EARMAMEE LS t e+
AP 2 R IEA R, R A B AN HLS 5 = B8
A VPR RGN SR, K SRR AL S A A
MR KA F S S LI, LI ER R
B, TR R DS At A P B b = R A X —
22 5] e A2 TR TT B UK TSR AE RO BN, S ERR
EAR R RIGR OGN L F R R Z L RFTEL 54, Pkt
FEES L RpHE B8 TR, RAESHINH R, JR
DR A2 L 340 P s e I 2 i T, [ IR 0 T SR
BB AT A g B B % oAty — e el 2 R b 5 B
AR R K R, WAl RE T RARI AR, FEA R Y
Lo RIRIR O AR R FGE , 1 BN HERGT IR B 45 138 Kl
BARMIRDL s B FEATH5 B A M.

%[321

905/



\.906

276 H4H 202148H

R 4

4 45 i

AH T I SEHCRAE A, 2T 1 R I X3 A
[7] 5 J5E B AR T B AR (K P p AT IR IR MR L =3
IR AR, A5 RR: HOR S IR v AR N TR
FA R YRR N, SRR YR 2R R IR 3R

SEZ @k [References]

1 Gilliam FS. The ecological significance of the herbaceous layer in
temperate forest ecosystems [J]. Bioscience, 2007, 57 (10): 845-858

2 ek, XEE, W, TERE. RELARRY X AERES RS
TR B A R PE]. AR, 2016, 36 (15): 4609-4616 [Fan
YL, Liu HM, Hu N,Ding SY. Photosynthetic characteristics of plant
functional groups in forest ecosystem at the national natural reserve
of FuNiu Mountain [J]. Acta Ecol Sin, 2016, 36 (15): 4609-4616]

3 B, MAE, MK, kAT, MR, R, sk, Edto. BnUKE
SRR AP X 3T % bk 28 T 14 A 400 2L BN bR 93 285 M REAE [J]. ARk A2,
2019, 55 (9): 166-176 [Wang WJ, Du HJ,Xiao L, Zhang JY, Zhong
ZL, Zhou W, Zhang B, Wang HY. Differences in plant composition
and forest structure among of 3 forest types in Liangshui national
nature resereve [J]. Sci Silv Sin, 2019, 55 (9): 166-176]

4 Hmong H, Qi F, Su YH. Shrub communities and environ-mental
variables responsible for species distribution patternsin an alpine
zone of The Qilian Mountains, Northwest China [J]. J Mt Sci, 2015,
12: 166-176

5 IR, SKEKR, ZEEUL, 2R . AR BE X0 2 Y RA PR AR N A 4
ZREVE T A B[], e Aol R R 2 E4R, 2019, 39 (5):
95-100+118 [Wen J, Zhang QL, Li JY, Wei YL. Effects of thinning
intensity on diversity of undergrowth vegetation and biomass in Larix
gemlini forest [J]. J Centr South Univ , 2019, 39 (5): 95-100+118]

6 BRIE, YiFE. KR R B BUR AT AR AR AR R AR T A 4
RIS [J]. A &%), 2020, 40 (7): 2194-2204 [Yin Z, Fan XH.
Effects of herbs on tree seedlings in different succession stages of
temperate forests in Changbai Mountain, China [J]. Acta Ecol Sin,
2020, 40 (7): 2194-2204]

7 Barbier S, Gosselin F, Balandier P. Influence of tree species on
understory vegetation diversity and mechanisms involved—a
critical review for temperate and boreal forests [J]. For Ecol Manag,
2008, 254 (1): 1-15

8 Abella SR, Springer JD. Effects of tree cutting and fire on
understory vegetation in mixed conifer forests [J]. For Ecol Manag,
2015, 335: 281-299

9 Berry NJ, Phillips OL, Lewis SL,Hill JK, Edwards DP, Tawatao NB,
Ahmad N, Magintan D, Khen CV, Maryati M, Ong RC, Hamer KC.
The high value of logged tropical forests: lessons from northern
borneo [J]. Biodivers Conserv, 2010, 19: 985-997

10 FhEME, WL, IR, SEPHIR, SRR, BT, TR E, TUBZAE. Bk
TR N AR IR 8 T S o 358 A 0 RS M 1) 2 i [J]. b skl R 2
24, 2019, 41 (6): 24-34 [Sun QY, Tan HY, Chi MF, Wu DN, Zhang
XW, Jia Q, Zhang LY, Jia ZK. Effects of natural regeneration
on soil fertility and soil enzyme activities in Pinus tabuliformis

plantations after clearcutting [J]. J Beijing For Univ, 2019, 41 (6):

SRR TR AR R, ML AR B R . He
20 mE A i 2 FEVEAN L3R > B B iR . MOE IR AL
M DRI SR AT IR A B 77 s QAT AR, HA 9520 mA A N HL.
AHEFCRIEE R R B 5 SEE A BE A5 A, 6 bR 23 HEAT R
SR IYULIN AT S 1 H B9 A3 A B AR R AR PR AT 4 R

T, MPEE BT LR A VA

24-34]

11 Palviainen M, Finér L, Mannerkoski H, Piirainen S, Starr M.
Responses of ground vegetation species to clear-cutting in a
boreal forest: aboveground biomass and nutrient contents during
the first 7 years [J]. Ecol Res, 2005, 20 (6): 652-660

12 Fahey TJ, Hill MO, Stevens PA, Hornung M, Rowland P. Nutrient
accumulation in vegetation following conventional and whole-tree
harvest of sitka spruce plantations in north wales [J]. For Int J For
Res, 1991, 64 (3): 271-288

13 Kimmins JP, Martin WL, Bradley RL. Post-clearcutting
chronosequence in the bc coastal western hemlock zone: iii. Sinks
for mineralised or dissolved organic N [J]. J Sustain For, 2001, 14
(1): 45-68

14 Pykala J. Immediate increase in plant species richness after clear
cutting of boreal herb rich forests [J]. Appl Veg Sci, 2004, 7 (1): 29-34

15 Martin PA, Newton AC, Pfeifer M, Khoo MS, Bullock JM. Impacts
of tropical selective logging on carbon storage and tree species
richness: a meta-analysis [J]. For Ecol Manag, 2015, 356: 224-233

16 Ding Y, Zang R, Lu X, Huang J. The impacts of selective logging
and clear-cutting on woody plant diversity after 40 years of natural
recovery in a tropical montane rain forest, South China [J]. Sci
Total Environ, 2017, 579: 1683-1691

17 AZ, TAETE, FAIER, INEIR. $0H MK FvE ik A LAkt e
ik I R sg i [J]. 8 AR 54k, 2019, 30 (5): 1651-1658
[Zhou X, Wang CK, Zhou ZH, Sun ZH. Effects of thinning on sail
carbon and nitrogen fractions in a Larix olgensis plantation [J].
Chin J Appl Ecol, 2019, 30 (5): 1651-1658]

18 BT, JASLAE, SRS, BEM, BOmAE, TRA, BRE. AR A Ao
KB AN AR S 2 2 MRCRIE A [J]. ZR AL R 547,
2013, 41 (5): 20-24 [Yin MF, Zhou LJ, Bi GR, Xue J, Yin WD, Ning
LZ, Liang Z. Effect of different ribbon thinning on inducing artificial
multi-storied forest process of Larix olfensis pure plantations [J]. J
Ne For Univ, 2013, 41 (5): 20-24]

19 BEX, BE—, EARE, R0, S8 AT AL 0L MR TR
T 2 BEVE B AL TS iR (). B UMkl R4 224K, 2007, 29 (3): 60-66
[Li CY, Ma LY, Wang XJ, Xu X. Short-term effects of tending on the
undergrowth diversity of Platycladus orientalis plantations in Beijing
mountainous areas [J]. J Beijing For Univ, 2007, 29 (3): 60-66]

20 MK, FRE, WA, R N LK O &Aoo
FIRE R %5 FE TR0 AY [J]. w2 AR A% 4Rk, 2020, 31 (4): 1113-1120
[Peng YX, Li FR, Liu F, Dong LH. Prediction model of sapwood
density, heartwood density and bark density in the Larix olgensis
plantation [J]. Chin J Appl Ecol, 2020, 31 (4): 1113-1120

21 JAFET, s, KK, mikh, kER, EAE, FRH. Rk



PR B ARONT K 7 P RA R B AR 22 A5 2 A 3 5 G £ S

Vol. 27 No. 4 Aug 2021

22

23

24

25

26

27

28

29

30

PN TR ELAR 901 5000 A5 TR 4 [ D). R oLk DR 2 2 41 (L R ) 2
}#2), 2020, 44 (2): 117-124 [Zhou ZY, Yang RH, Zhang YZ, Huang
XR, Zhang ZD, Wang DZ, Li DY. Prediction model construction of
diameter distribution of Larix principis-rupprechtii plantation [J]. J
Nanjing For Univ (Nat Sci), 2020, 44 (2): 117-124

PR IE, BRI, FE/NEE, SRERAT, 2, Sk, HRILTE A N TR
AL P 1) AR B o B R b5 338 PR 7 1 Ok AR [J]. ARME RS TR,
2019, 32 (6): 40-47 [Shang TX, Han HR, Cheng XQ, Cai MK, Li
B, Zhang WW. Response of Larix principis-rupprechtii plantation
growth to thinning and its relationship with soil factors [J]. For
Res, 2019, 32 (6): 40-47]

RO, EA . BT L KON R Y 2 BRI AL [J]. bRk R
2244, 2018, 40 (9): 45-54 [Zhao Y, Wang BT. Plant diversity of
different forestland in the loess region of western Shanxi province,
northern China [J]. J Beijing For Univ, 2018, 40 (9): 45-54]

BEN, R, XA, kR, ST, aUE WL s KR AR AR
A 2 A A PR 3 R R RSERTE A (D). Ll A R A s R (AR
LK), 2019, 39 (1): 61-67 [Tan ZJ, Dong W, Liu TR, Zhang YX,
Guo JP, Wu YM. Responses of understory plant diversity to stand
density in natural secondary forests of Pinus tabulaeformis [J]. J
Shanxi Agr Univ Natur Sci, 2019, 39 (1): 61-67]

VAR, Tk TR, RGN, B, BHAE, BB, SULE, FIER.
B AR S MAA N TAR N A 2 B A A T2 5 3K (R &R [J].
B RN K 2E 217, 2020, 40 (3): 119-129 [Sun QY, Zhang WQ,
Zhao LQ, Chi MF, Luo GS, Zheng XM, Jia ZK, Wang QC. Variation
of understory plant diversity and its relationship with soil moisture
in Pinus tabulaeformis plantation befor and after clearcutting [J]. J
Cent South Univ, 2020, 40 (3): 119-129]

Marchi E, Picchio R, Mederski PS, Vusi¢ D, Perugini M, Venanzi
R. Impact of silvicultural treatment and forest operation on soil
and regeneration in mediterranean turkey oak (Quercus cerris L.)
coppice with standards [J]. Ecol Eng. 2016, 95: 475-484

P 2L, SkIE, DU R, B IRIE, BRidil, S8R50, A I AR ons 4
BN LA T Fh Z ALK 2 ], AL RARRHEOR 24 (E
SREFEER), 2020, 48 (9): 44-52 [Pang SJ, Zhang P, Jia HY, Yang
BG, Chen JB, Guo DQ. Effects of different afforestation modes
on dibersity of undergrowth plants in Eucalyptus plantations [J]. J
NW A&F Univ, 2020, 48 (9): 44-52]

B, EREEAS, NI, XTI, BT, REAK, M. R EEN s
THLAA AN AR HE v 25 1 A0 D 2 RV I 2 M [J]. b Ol K5 5
i, 2020, 42 (1): 10-17 [Jin S, Bi HJ, Liu J, Liu YH, Wang Y, Qi JQ,
Hao JF. Effects of stand density on community structure and species
diversity of Cupressus funebris plantation in Yunding Mountain,
southwestern China [J]. J Beijing For Univ, 2020, 42 (1): 10-17]
TS, L, RS, BRIR e, BRI, B, R BaE )
B XA AN AR R A 2 PRI s g [J]. 10 )1 AR R, 2018,
39 (6): 1-6 [Bie PF, Si SJ, Zhou DS, Chen JH, Zhao R, Mu CL.
Effects of strip reform on understory plant diversity of Cupressus
funebris plantation in hilly areas of central sichuan [J]. J Sichuan
For Sci Technol, 2018, 39 (6): 1-6]

KUk, BIEEE, BISHT R, S RA S R bR Y g B AL M 5 22 S (D).
FH 53R 8E % 4%, 2018, 24 (4): 735-743 [Liu X, Peng DL, Qiu XC.
Differences in soil physicochemical properties between different
forest types of Larix principis-rupprechtii [J]. Chin J Appl Environ

31

32

33

34

35

36

37

38

39

Biol, 2018, 24 (4): 735-743]

B SCAIE, S0 PR AT . P AR WK O 9 oo Ak 2 i F) 9T BIIR K Je
). RS, 2018, 27 (5): 983-990 [Xiao WY, Guan QW.
Status and prospect of the studies of disturbance effects on litter
decomposition in forest ecosystems [J]. Ecol Environ Sci, 2018,
27 (5): 983-990]

KPR, 2 5%, MRk, S BB, BP0 A F) R A A ARy
b IEA A R 2 S (], R AR R R S 2R, 2018, 251 14-
19 [Liu ZH, Li G, Chen R, Wu M, Tong Q, Tong FP. Soil chemical
properties of different mixed forests in Hunan province [J]. J Cent
South Univ, 2018, 25: 14-19]

kLR, BEE, T, ROZE, BEtE, V5RO 2 A
NI 2 FEPE AN 3 55 45 f 52 [J]. 35274, 2020, 57 (1):
239-250 [Zhang YQ, Li ZC, Hou LY, Song LG, Yang HG, Sun QW.
Effects of stand density on understory species diversity and soil
nutruents in Chinese fir plantation [J]. Acta Pedol Sin, 2020, 57 (1):
239-250]

RIF5E, #HA K. K22 08 A% 5 R TR 28 bR AN 7 s A X 4
PEM[J]. LR, 2014, 50 (9): 18-25 [Song QL, Dong XB.
Comprehensive evaluation of different teansformation models of
low-quality broad lwaved mixed forest in Daxing’an mountains[J].
Sci Silv Sin, 2014, 50 (9): 18-25]

RO, AR, Sk, dibtid, FREE. BE ARG TS R AR IR
AR B RO P[], AR AEARL RS2 544, 2019, 24: 6-13
[Guan HW, Dong XB, Zhang T, Qu HF, Wang ZY. Evaluation of
ecological environment restoration of thinning intensity on larch
natural secondary forest in Daxing’an mountains [J]. J NE For
Univ, 2019, 24: 6-13]

R, 38 Ak, L AR AR S0 A M ARG V& 4 R K AR TR
TR PR —— LR DS 2208 FE R A AR A O Bl [J]. R b #Rolk
KEF54%, 2019 (2): 8-11 [Chen L, Dong XB. Evaluation of forest
soil chemical properties and water holding capacity of litter on
different transformation modes—taking low-quality mixed broad-
leaved forest in Daxing’an Mountain as an example [J]. J NE For
Univ, 2019 (2): 8-11]

PEt e, BN, BRIERH, S2E%E, Beat k. i A R B A fd pk
Y2 FEES L 7 156 R[] Fm bRl B R % 524, 2015,
35 (5): 109-113 [Pang SL, Huang XR, Ou ZY, Peng YH, Hou YR.
Relationship between plant diversity and edaphic factors in non-
commercial forests in southern Guangxi [J]. J Centr South Univ,
2015, 35 (5): 109-113]

KR, By, S8, mERsE, £F, B, FREK, MEE. ARE
PR R0 J A L A2 N AR ) 2 R T 5RO M ). Th e
Mok R K279, 2020, 40 (5): 1-9 [Zhang R, Li TT, Jin S, Yu
SY, Wang Y, Li YJ, Qi JQ, Hao JF. Effects of different altitude on
plant diversity and soil nutrients of Cryptomeria fortunei plantation
in Zhougong mountain [J]. J Centr South Univ, 2020, 40 (5): 1-9]
W, Uil BRAEh, ERE, A, ST RAF P K%
W A 22 v M RAMR 3 AL 2 SR K S e D). 3 E R, 2009, 40
(2): 272-275 [Gu HY, Jin JB, Chen XW, Wang EH, Zhou YY, Chai
YF. Effects of logging disturbance on soil chemical properties of
Larix gmelini forests in the northern slope on greater [J]. Chin J
Soil Sci, 2009, 40 (2): 272-275]

907/



