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Characteristics and impact factors of self-pruning in
natural Larix gmelinii forest
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Abstract: [Objective] This paper, with an analysis of the natural pruning laws of natural forests, is aimed to
clarify the indicators and main influencing factors of natural pruning so as to provide a basis for forest tending,
optimizing stand structure and promoting natural pruning. [Method] First, with measured data collected of a
total of 1 279 standing trees in 32 plots in the middle and young Xing’an larch (Larix gmelinii) natural forest, a
correlation analysis with forest trees and stand factors was conducted to explore the natural pruning laws of
forest stand with different structures using the height under live branches, the proportion of the height under live

branches in tree height, the height under dead branches, the proportion of the height under dead branches in tree
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height, the difference between the height under live branches and the height under dead branches as natural
pruning indicators. Then, on this basis, the stepwise regression analysis was carried out to determine the main
factors that were likely to affect the natural pruning. [Result] The average value for the height under live
branches, the proportion of the height under live branches in tree height, the height under dead branches, the
proportion of the height under dead branches in tree height, and the difference between the height under live
branches and the height under dead branches in Xing’an larch natural forest were: 4.8 m , 46.4%, 2.8 m, 25.2%,
1.4 m. The natural pruning indicators of the forest stands with different densities and aggregation coefficients
were extremely significantly different (P<<0.01). The factors affecting natural pruning include tree diameter at
breast height (DBH), tree height, tree crown width, tree age, stand average DBH, stand average tree height,
stand density, and aggregation coefficient. Except for the proportion of the height under dead branches in tree
height, the other four natural pruning indicators were all affected by several factors, without a significant
consistency in the indicators affected by each factor and among them, the forest stand density and aggregation
coefficient, which were significantly and negatively correlated with the three indicators of the height under dead
branches, the proportion of the height under dead branches in tree height, and the difference between the height
under live branches and the height under dead branches, whereas the other factors were extremely positively
correlated with the natural pruning indicators, showing extremely significant (P<<0.01) or significant (P<<0.05)
positive correlation. Stepwise regression analysis indicated that tree height, tree age, stand average tree height
and stand average DBH were the main affecting factors in natural pruning of which, the height under live
branches was mainly affected by the tree height and age, the proportion of the height under live branches in tree
height was mainly affected by the tree age, while the height under dead branches was mainly affected by the
stand average tree height. The difference between the height under live branches and the height under dead
branches were mainly affected by the stand average DBH and the tree height. [Conclusion] The four factors,
including the tree height and age, stand average tree height and stand average DBH, are the main influencing
factors in natural pruning. The four indicators such as the height under live branches, the proportion of the
height under live branches in tree height, the height under dead branches, and the difference between the height
under live branches and the height under dead branches can be used to better characterize natural pruning.
Among them, the height under live branches and the proportion of the height under live branches in tree height
are mainly affected by forest tree factors, and the height under dead branches, the difference between the height
under dead branches and the height under live branches are mainly affected by forest stand factors. If the forest
stand growth is better, it can promote natural pruning, but has no effect on the shedding rate of dead branches.
The increase of stand density and aggregation coefficient not only promotes natural pruning, but also accelerates
the shedding of dead branches. [Ch, 5 tab. 26 ref.]

Key words: Larix gmelinii; self-pruning; influencing factors; stand structure; natural forest
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1 R XA

9T M 05 A F N 50 K%L HRARAE S RS E KB ANBE 2 000 B 58 35 (50°49 '~50°51 N,
121°30'~121°31'E), %X #E4K N 800~1 100 m, J&FEMRAF LI TR X, AFEE 5.4 C, RIETEN
—50.0 °C, =10 C4ERUR A 1403 °C. 4FFEKE N 450~550 mm, i 60% HIFEKERTE 7—8 A, &4F
ToE R 80 do ARF HHEMFREL AR | KA EFRE L, HJREEH 20~40 cm, FA DR
S5Z® AN E, BME TIERWE A, RERMETTARE XLZIEMNNS . FARE Betula platyphylla ., 11115
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Table 1  Survey of sample plots

P FEMUTED SEISN PRI AR/ o FEfl FEHLTD SEYIR PR RO/ o
5 F/m’ f/em  E/m o (BR-hm?) WHAN =Rk g5 B/m?* F/em E/m (Bk-hm?) FIRRALARL - 2l
1 1256 82 7.8 2792 SIEIMEIR  REMM|| 17 1256 136 124 983 9% 1HE Y5
2 1256 144 96 315 T3 REMM || 18 1256 269 235 550 107% RES
3125 109  10.1 708 8752 BEHLATAE | 19 1256 121 122 1258 107% KHAIL S
4 1256 125 9.4 1533 9T 1HE RESA| 20 1256 79 6.4 1180 109 —He  BHOLSM G
5 125 93 9.2 1062 8T 2HE RESMI|| 21 1256 74 9.3 1966 675 AHE BEBL S 11
6 1256 159 8.9 865 107% BEHLAMT || 22 1256 10.1 8.7 2359 82k RS
7 125 8.7 8.1 1494 874 2HE BEBLAMG || 23 1256 100 10.1 1573 675 4HE il
8 1256 108 9.0 1533 675 AHE FEHLATAR | 24 1256 113 9.5 2320 107% REHLA> A
9 125 129 9.8 1691 9% 1HE BEHLAMG || 25 1600 9.6 107 2775 TiEIMEH AR
10 1256 7.7 7.7 3106 6% AME REMM || 26 1600 120 109 1750 6VE3MEI ARSI
11 125 100 104 1101 TV 3HE BEHLOTAE | 27 1600 12.8 121 1425 T3 BENL
12 125 6.1 6.8 3263 TN RS || 28 900 122 103 1367 8K 2 REHL A
13 1256 89 8.0 2398 1075+t FEHLAE || 29 900 118 105 2067 8IEIMELR  RAEA T
14 125 105  10.1 1533 97 1HiE FEHLA AR || 30 900 127 111 1722 TiEIME—t  RAEST
15 125 92 118 2241 107% FEALAME || 31 900 114 102 2233 TIE3HME RS
16 1256 128 9.7 2045 OEIME—t WS 32 1200 155 10.0 892 9O 1IME—ts  BENLSM T

ULHH s VEFRRSDTEMAL ; MERR e R ius; AR B AR A AR, R WP 1) Bl s T T A R g
BT AL HB Tk o+ AR ol ) 7 DB TR e AR 4 R e 7R T TR R 1Y) 29%0~5% , —Z% 7 AR b B 7 D T AL
MR R = W TR 2%
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0.5 I, MAWEAIS ;4 0.5<V/R<15 16, AAGBENL M : 2 VIT= 15 I, MACHESES .
2.2 IERRFAELHRS T

DATERE R . TR N s Ll . JERE R . SRR R b SRR S AE A R e 5
5 A FEARE R AR BERECR R bR . o TEECT @ FIBEECT R AR 4 7 10 A NS 1 ASTE A
S 1A BEA 20 M 09 = . A Excel #E47 B0E 1155 K Ab #, SPSS 24.0 #EA7 B8R 4t 0 b o I
Pearson A 3¢ Z BORSUIN 3 35 PEAG B0 45 5, i e 5 ) AR BE R AR G 1o X B R SR 6 b [R) 183 AH ¢
W R F AT 28 A AT, e L R R T o B AN ) 285 B R0 2 [l Js) PR AR o A SRR, %
MO LRI /M <1000, 1000~2 000, 2000~3 000, >3 000 #k-hm2 45 4 ANEEEEKT-, B R R BRI
<05, 0.5~1.5, 1.5~2.5, >2.5 % 4 M EIFTIHE

3 RS

3.1 BT

MFE2 AT AE W WA . TR M SR e b FEAL T L FERL T M S E L SRR S
AT B 22 0 EME S 9l 4.8 m, 46.4%. 2.8 m, 25.2%. 1.4 m. PROP8EE K 315~3 263 #k+hm 2 fAK
SRR R 2.5~5.0 m, TEACE SR E B R 35.7%~50.0%, BRI B 1.9~4.6 m, AR &R
E N 22.8%~27.3%, 1K T ESAEA P25 0.4~3.8 mo M 3 AT UL BROME R [ SRR AL MR
S, S [A) 38 B (AR AR IR 22 i B 3 (P<<0.01)0 RARMREE FBF K/ B 128 S AR 23 BT A 1 A K B B
HI AR BEXT A SRR AL 2%, SO e BEE MR BRI, WA N SR TR
RS, MR RR 1000~2 000 Pk hm™ B, AT BB (% 2), M3 BT 3000 #k- hm™
W, WA R IR, SXATRE RO L AR . BRI R A 2 LR A R s R, AR
Wi AR S5 F AN SE P AR M EEAR B, SMORK T R E YIRS, BEE MBI RN, R
T B R E R TR, BRI K 2 000~3 000 K- hm 2 B, ik E R EE (5 2), [HAK S
#i 3 000 Bk-hm 2 B A T R A BEE SR, SERCR M. SERCR A L] TR S
FER T 22 R TR UL BRI, PO T MAORIR AR, EOREAECR NI LR T SEAL
JRETE R o 25 (B Z5 R KR AR R AR SRR SRR M 220, S [R) SR AR R B Ry AR A 2 S bl b 2
(£ 3) (P<0.01). RERECH 0.302~5.449 MM THEC T m 0 4.6~6.4 m(F 2), THALT & o5& L F R
43.5%~50.9%; FEELT E 0 1.6~4.2 m, FEACT & e Lok 17.8%~28.2%; 1G4 M HAEAC T w25k
0.9~4.5m, BERERFOGK, T & SR E L EI R R BT ER, AT & R R B T R
R, AT AR LR RS, AR PR AR R I o DA S A SR R X85 4 A T BEAIL S A
MRENMFAZ S E A REFEERIEIN, AEISAETEMOA 7SR FEAL

R2 FEAMSZEMBERBTHRAKTS

Table 2 Tree height under branches of different densities and clustered coefficients

MAERE/(RR-hm?)  hym  W/H%  hym  h/H%  h—hym | BERE  h/m  W/H%  hym  h/H%  h—hym
<1000 4.1 36.5 4.6 27.3 3.8 <05 6.4 435 4.0 28.2 24
1 000~2 000 5.0 46.3 2.7 245 1.1 0.5~1.5 4.8 449 2.7 26.3 1.0
2 000~3 000 4.9 50.0 2.5 25.6 1.0 1.5~2.5 4.6 45.8 42 225 4.5
>3 000 2.5 35.7 1.9 22.8 0.4 >2.5 5.0 50.9 1.6 17.8 0.9
UL by FORTERIT &5 hy/H FRTEE T @ S5m0 by FoR3ER T R hy/H Fom3ER T SHE il hy—hy FRIERCT &
SPERT 2

32 BRAEKEMET
321 AREF  HOGHEABIR . Wate . BTG T RIS TR AR (R 4), b,
W PG S5k TG . R R L. JERE T . TR T B R B 4 bR R A
AR (P<<0.01); MOATENG SR AL % JERC R . TFRE R 15 S 0EHE T I52% 3 1M A i 3 (P <
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Table 3 Anova of tree height under branches in different densities and clustered coefficients

i S AL REOKT
HF RS 3
BRSO BB By F P BV AmE B F P
2 1] 1492.568 30 49.752 11594 0.000 1511.841 31 48769  11.397  0.000
hy HH 5355.457 1248 4.291 5336.184 1247 4279
S 6 848.025 1278 6 848.025 1278
21 1] 108.033 13 8310 5745  0.000 108.033 13 8310 5745  0.000
Iy AN 69.435 48 1.447 69.435 48 1.447
=¥l 177.469 61 177.469 61
2 ] 6.559 30 0219 9392 0.000 6.889 31 0222 9.648  0.000
h/H AN 29.052 1248 0.023 28.723 1247 0.023
A 35.612 1278 35.612 1278
2 ] 0.619 13 0.048  4.683  0.000 0.619 13 0.048  4.683  0.000
hy/H AN 0.488 48 0.010 0.488 48 0.010
A 1.107 61 1.107 61
2H 1] 107.057 13 8235 7561  0.000 107.057 13 8.235  7.561  0.000
hy—h, HHN 52278 48 1.089 52278 48 1.089
A 159.334 61 159.334 61
VI : by FoRTER T & hy/H FR TR T S E LBl hy Fom3ER T s hy/H FomBER T m S0 Ll hy—hy FoRTER T

EPEAC T 22
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Table 4 Correlation coefficients of height under branches, trees fators and stand factors

MARH T AT T
BT

AN MARRES EECRES S MRAGER PR PIHRE MR RERK
n 0.481%** 0.660** - 0.290%** 0.649%** 0.217%* 0.354%* - -
h/H 0.101%* 0.130%* 0.805%* - 0.524%** - 0.115%* 0.110%* 0.087**
hy 0.418%* 0.467** 0.816%* 0.279* 0.449%** 0.502%* —0.308* —0.305*
hy/H - - 0.436%* - - - - - ~0.270*
hi—h, 0.716** 0.748%* 0.792%* 0.714%* 0.106 0.769%** 0.765%* —0.476%** -

Y by FORTERCT s hy/H FRTEBCT & SR L] by FTRFERCT Fs hy/H FRFERCT 5 SRR L hy—hy FORTERCT &
SREACT R *FRRA G E (P<0.05); **RIRAH AL FE (P<0.01); — KRN RHE

0.01) Fi 2 (P<<0.05) IEAHIG; MORAFIS STEACT . IEECT & A e U552 A Hah 2 AR R 2 IEAHOC
(P<<0.01) ULEAMRARA A Sty , AR SEIE MUAEA IS, WA N S FIZERL T e BT, A ske
Rogiekay, (AAHEZ T, ARG @i LB R AR R R, R SRR ST R KT A R, Rt
P R 2RI . BEEMAEIRZ R, X ERECERWA R, HCE1EHRD, it
KeITE R, fRiE A SRR, RAEREMAERS IR, FARRER ) B s, (0 R ZERIMAETERCT = 55845
b, SRR S AR AR TC R E A OC . B HARIEARE S BGE,  HIE AR BT , T AT A
FERL T bz B BT, Wi R A OE (P<<0.01). FEAL B G A e lER T S5 A R A B I
FHE (P<<0.01) LUIGE, 5IHABMOARFEFICEEMOC, XUlBIFER T & b S LA TE A 7R A SRR
SR PEFR R

322 WHRBT MKMW RV PHRERCEEIR G . SR RE RGNS TR [ A%
B (% 4). Hir, SEYHE AR S s AT, ST R TR S e (5 AR N
Ky, FERL R TR R S AT R 22 S AT S IE ARG (P<<0.01), UAHAMOM K Bl GE, Moy BRI
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RS . ARS8 S AT o R ] AR 2 IR G (P<<0.01), HFEAL & . TEEC R E SRR T
225052 B2 (P<0.05) FItk i35 (P<<0.01) TAAHIC . X AT RE S M2 BEYE R OCLIAN, N[5 B B AH
W JE ARGy MO 43 A 46 Jm 1) 25 5 S BOE R R 5 RARMRIA AR AR I AR K/ (Bds . e, o
) 25 5%, HARER ) BRI R s AR K- 5 A KB Be s UIAH G, 3 an v i R Ak oy 2%
FEAIXTA, MRARAEIS /N . AR ALFE R AR A A . X AR AR 25 B X A SR AL A A I A, HARSE AL
R RS HFLR G MR ZE A o RS 3% BEE InBs MOR e i FR M A2 A Rz 2, AR e T 2 i 2
BUAE, AR R SEA R AR A, R BT S 2 i, S IR IEA i v ok B, 4 e AU A i v
JRAETE] o BIG, WEAR E S AR T 224/, WA R R B, 8RR R A A e A
fHEAEAL T R T . R RERNIEAL T & A E g AR 3 IEAH G (P<<0.01), [RIFEA T . 3B
R e o A i LA 5 B 2 AR R DG (P<<0.05) 0 URFAMOR B SRAE 34 A R T B SRR RL, IRBEA ) BE SR
SN SISO B 55 . #E 5 A ASRBEREFE bR, SEALT A s E e o FR bR R B 2, A TR R
B REA B EAHSC (P<0.05), FEVERE KIRAK FARBEAR EEFRRE 1] A TR A o AHIFSE Ff ORI MA Fi 2
BN 6 V5 3 ME 1 #~10 7%, LADSLEPEWAN g 3 TR SE MR A4 2 7% NSl MR I A7 A, 2L B 48] A8 M s AR
PERRZE X PR [ SR AL A 520 AN J 3
33 BAZHITEZHET

AT 2 A2 A 1 2 B T30 [ AR, Wifie FESE N, AN & . SRR e
PR EEB] . SRR R . 1A R SRR T 225 4 AR AR IR R B ARG 8 AN (BR 4) AT T4 ]
HAHT (3% 5). Z5RFRW . L KT MR R L MORAERS | MRS T30 v F-E 4 i 42 45 4 4~
Fo Hor, WERCT Y 0 B T AR = R AR S 2 AT TR & R L Y S e
HF RS 1A DL 3 A2 R FEEMOR R R, BB AL T &, 1A &
W) 1 E A1) T B A2 MRORAMARSE R . BEAS T 1 19 SR 5 N R 3 1 AR, TR N R SR
T 25 1 TSR DK T AR S 2 AR AR R 2 IR 3% 3 AN K BE A AR I OB AR (R
T, BT R E . UEASER T &L TERCT SRR 25 B2 R R

x5 RTeE5MEFHEIESH

Table 5 Stepwise regression analysis of height under branches and influence factors

P st HIE IR H F P

hy h=—4.528+0.591h+0.042a 0.762 47 72.223 0.000
Hig Hyg=0.158+0.004a 0.274 47 17.389 0.000
hy hy=—0.189+0.297H 0.252 61 20.242 0.000
Dy Dy ;=—2.872+0.22D+0.169/ 0.675 61 61.230 0.000

VWL by FORTERCT R b FORMOAM R o FORMAAERE s Hig FoRIER T R SRR L hy FORFEECT W5 H Fm a3
¥ Dy FANERCT 8 S5EAU T R85 D Fombkar- Tl

4 5t

F SRR R ITE T 8) AT A A (8] F8OR BRI, SR ARAR AR A RORBLRIAR 73 254
PR ZR AR AR WESE RO A SRR, XM 28 . N TMGE AR bBuE R A 2
SCo AEVIEBRTE Y, RS RCT o sl e H AR 55 B — 8RO B AR B 9 BE AR AR 2, ABIFSE A B -
FEBCT . AT S AT i 2 SE IR AR R AL T AR SEBCT L T m A R e
FERAEICA I G B2 ANV I, R THAL N = A AR AR A 2 AN T, R T RIRMK A AR B AR AR AR
PR, OO E A B B RGBSR T ARG . AR T I TSN [ SRR AR e R A SR A R kL
AT, X GHLIE AN | DLV RS RIRARAYASCHE T — 22 Horp, (AR — PR AR AR
JERNR AR R LA 2t B AR BERNT ELRERS IE LRI e 7% o (EMR 3 BEXT B AR BRI R S R, bk
OPEEE A K. AR R 3 000 B hm Y IF, FEECT @ WSO S SR R B R X S At
WIAES FURMD BT LI — B AR . A AREEE R B N 1 MROR R 3 I - A7 7, X2
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AR RS/ A SRR S R, RAEZ N TR SR IIAE R . (A MGXLERZ i N 7ol LA . il ik
Moraithy, $ETFAARBERRE R AT, JFHARAMRKIE T XXt —B2a58 A R BEANLE, $271 A
IRBERCRE ST, DD N T T T B A BB S o 520 A SRB B II T- AR WFFER AR SR ARA 1 T A 2k
1ot BIANAR A AR TT L AR /NS A AR BB 2 55 . 530, A FESFAR o B SERTE O EUR
T LA K SEASE 4 ot 7 i Tva] LR 5 1 7 ZER AR

AMFFERW . BR T ACRCE R BN A 4 R ARE U MR AL AR BEAL, JUHAEAC T
TR S PR e ZE AR IR SR i v T JE 7 T A IR R S o AT L TR e R e R Rz
MR TR0 o 1RO m SR T mi2e . SEBCT i B SZAR IR -5 00 o SN SR B PR A AROR Jig
Foo MOARM R BRATE IR . MOARARERS . MR- FRI AR | MR FRIR R L MR REERESE . i,
G =N N B NI 7 S S Y 1 o 0T e g S B e <5 A1 ) P Y 73 2 5 a4 T 11
HEA SRR, (BIRRCT S SO N M 22 AR, X FEASE 7 o B TC AR R4 o i8R R A 2R BT
BT e o B e HO B S A A B A AR G, TR b S M A 3 e S ARG . B bR TR MR AR R B 4
n, ABCERT AREEEL, MHIGECF R S50 N RN, BERS AL BRI MO Ik B . Ritt, T
PRI R, FE R A SRR, A RO N TR . ARSI R AR B IR BT IR I 7]
A5, AR R 08 1 R 2 sh 784 . AFRFE I AR sy ARSI, A A T e
IR A IR TE] o

5 5FE X
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