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WL AR SHOR S . (VA Y IO AR 3 AR — B K A % fa A AR, T 2018 S & &
BT T AR (25%- 35%. 45%) WIBRARAENY, BB RPN IR, Bl 5 7E & B FE I AR 23 9 49 50l ¥
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PR T, B R RE T Z 00T Mantel 2047 FIEE M 7 R B, XA R BR BT N IR VA4 78 o )R P
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SR N T Y B R AR T B BN 17.4% 30.3%. 31.0%; KR E R FEALTE 35%. 45% £A%
TR R 5 BRAR 3 A EE 23 RN 32.7% . 36.1%: 2o il 2 IR FEAE 25% 35%- 45% TR N % MK 4 A
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N15.0%- 11.0%. T35 KRR @R E (45%) 134805 B0 AR 23 75 0 19 K 40.8% (0~ 10 em) « 21.8%
(10 ~20 cm) + 18.7% (20 ~ 40 cm) o 0 ~ 40 cm = 2 F 38 B 50 1 A KABLAE A A AR50 T R I K 2
AN IR RS HEAR 4 (785.0 kPa) « 25% AR IRSE (724.4 kPa) . 45% FEARGREE (525.6 kPa) . 35% FRAKSRE
(503.9 kPa) . HEEBRPEIRIFRR (35%) K, 0~ 10 cm +/2H3E pH EMAE. 8. AVURH. KEERS
TS0 MR A L2 B3R T 5.5% 21.7% 39.8%. 45.4%. 51.3%. mismfE (45%) KR T, 0~ 10 cm -2+
S . R B S et HE AL AT B 3 AR 1 30.0% 60.4%. JEE 25 H T FE R R A A R B, ARG AT
DAL R3Sk . b B e i A B R A e, X A VR R R RO R AR
RE MRS P B A 5 R AN o A R (] e AR B R . (4518 ] AR E R R E
PO MR R TR PERL, BSOS AR  OA L, R T bR T A B SRR TE M S R AR RS (35%.
45%) WBRE, REREIEEETE iR, R LI FR IR, %o e L HEAE ) AN LR AT AR A
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Effects of selective cutting management on standing litter and soil
physicochemical properties under Larix olgensis plantation

Yang He, Liu Sheng, Li Guowei, Liu Qingzhong, He Jian, Sun Xiaofei

(Collage of Forestry, Beihua University, Jilin 132013, Jilin, China)

Abstract: [Objective] To provide theoretical and technical support for the sustainable management and soil fertility maintenance of
larch plantations. [Method] Larix olgensis plantations with basically the same site conditions were selected. In 2018, selective cutting
operations with different intensities (25%, 35% and 45%) were carried out according to the stock volume, and non-selective cutting was
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set as the control. Subsequently, three fixed sample plots were set up in the stands with different selective cutting intensities. In August
2023, after five years of selective cutting operation, the coverage thickness, standing stock, soil physical and chemical properties of
litters were measured in each plot. Through single factor analysis of variance, Mantel analysis and structural equation modeling, the
changes of litter cover thickness, standing stock and soil physical and chemical properties under different selective cutting intensities
and their relationships were studied. [Result] After 5 years of selective cutting, the litter cover thickness decreased by 17.4%, 30.3%,
and 31.0% at 25%, 35% and 45% selective cutting intensities, respectively, compared to the control stand. The undecomposed litter
layer thickness decreased by 32.7% and 36.1% at 35% and 45% selective cutting intensities, respectively, compared to the control stand.
The semi-decomposed litter layer thickness decreased by 25.7%,44.2%, and 43.4% at 25%,35%, and 45% selective cutting intensities,
respectively, compared to the control stand.High-intensity selective cutting (45%) significantly reduced soil bulk density in the 0-10 cm
layer by 17.7% compared to the control. Moderate-intensity selective cutting (35% and 25%) also reduced soil bulk density in the
20-40 cm layer, with reductions of 15.0% and 11.0% respectively. Soil moisture content increased by 40.8% (0-10 cm), 21.8% (10-20 cm),
and 18.7% (20-40 cm) after high-intensity selective cutting compared to the control. The maximum soil compaction degree in 0-40 cm
soil layer was 785.0 kPa in control forest,724.4 kPa in 25% selective cutting forest, 525.6 kPa in 45% selective cutting forest and
503.9 kPa in 35% selective cutting forest. Under the moderate selective cutting (35%), the soil pH, total nitrogen, total phosphorus,
organic carbon and hydrolyzable nitrogen in the 0-10 cm soil layer increased by 5.5%, 21.7%, 39.8%, 45.4% and 51.3% respectively
compared with the control.Under the high intensity (45%) selective cutting, the contents of available potassium and available phosphorus
in the 0-10 cm soil layer increased by 30.0% and 60.4% respectively compared with the control. The results of structural equation
modeling showed that selective cutting had a significant positive effect on soil moisture content and soil chemical properties, and a
significant negative effect on soil bulk density, litter cover and litter stock, and also had a significant negative effect on soil chemical
properties through changing litter cover and litter stock. [ Conclusion] Selective cutting management can significantly reduce the
accumulation of litter on the surface of forest land, improve the microenvironment in the stand, and be beneficial to the decomposition
of litter such as larch needles on the surface. After selective cutting with medium and high intensity (35%, 45%), it can accelerate the
decomposition of litter, effectively promote the circulation of soil nutrients, and play an important role in maintaining soil fertility and
preventing soil acidification.

Keywords: management selection cutting; litter; soil physicochemical properties; structural equation model
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Table 1 Basic Information of sample plots

&ﬁﬁfﬁmg P i1 ik Wb HOTHIE TR &ﬁﬁiﬁw
intensity /% Plot No. Aspect Slope /(°) Slope position ~ Stand DBH /cm  Stand height /m ( ¥k-hm )
Z1-1 ik 14 T 19.9 20.3 920
25 712 B[ 16 HR 21.7 18.5 911
Z1-3 (iG]« 15 I 21.1 21.4 900
72-1 b 15 T 222 19.7 831
35 72-2 ik 15 EE 21.7 19.3 850
72-3 ik 14 s 213 19.0 859
73-1 ik 14 T 20.7 20.1 711
45 73-2 it 16 L 20.3 20.2 767
73-3 Jb 15 ik 19.8 20.3 700
ZD-1 It 16 el 19.9 20.3 1289
0 7ZD-2 ik 15 EE 19.3 19.5 1333
ZD-3 It 15 s 18.2 19.9 1267
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analysis, RDA) . F|H “LinkET” X} 70 4R 7 Hr
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PRA A0 S PR AL S5 S
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2.1 ANEEFE&REE X EZRSE
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(P <0.05) , 25%- 35%-. 45% #% 1% 5% FF i Ak
Iy R VRN 78 55 )5 B 43 ) B BEAR 23 9802 17.4%
30.3%- 31.0%. &R 7 fift )2 )5 FE BRAE £ AR
& 25% B A1, 5% BEObR 2 A B 3 AEAE B 2
S5 35% Kl 45% FRARGRE TS, FIEMR D EEE
J5£ 55 5% REAR 20 AH EE 23 98/ 32.7% 36.1%. 8T
Y0 182 R FEAE 25% 35%- 45% AR 50 FE 1
o 5 %8 BEAR 2 A B 23 B8N 25.7% 44.2%-
43.4%. HIHEDESREE . ROMERE. ¥
fift )22 JELFETE 35% 1 45% FRARGRFE (AR 43 P9 AH EL TG
REER, EEFLGREER, WothREE
VIR R IR RO R R RN 2 o i 2 R R B AR
BN G (25%) WHETED A E
JERMRN, R R (35%. 45%) XAV
VIR A R JZ R0 243 3 2 JE P B2 R Bk
SRIE T 35% B, JHIENY)E R AR RN .
2,12 HEYIALEEE

W 2 s, ARBEREESE Sala, Ko
PRI 1 5 40 A 2 o o R R R 8 RS 0k /)
25%- 35%- 45% FEAGREE T, TVEYIIAEE 50
INTF X IR AR 22 (1) 15.9%. 32.9%. 38.3%; M4k
SR KT 35% 5, HIEVIAEE R ER D, B
A ) Ve ) IIAT B Wi A A 5 ) 9 O e 4
Ky T 25%- 35%- 45% PEARGE B T A Y

A IAT B 57 ) R0 BE AR 23 1 1.79 F5 . 2.73 £
3.57 1. BRI B A B FE 3G R
W, 1E 25%. 35%- 45% FRARERE R 20 BN T
IR 1 14.8% 33.9%. 47.6%; AR E K
T 35% J5, ErHEEDRARENARE. AFH
5 FEE PRI B AR B 0 PR 23 I TR VR P IRLAE B () s e A 22
e 59RRIERRR (25%) FHFETEYIBIAT R IR L
Ny SRR (45%) BB I N T AR A T
VIIAF &, AT TR A7 2 I E 5
LAY (35%) FMHLEEEZER.
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mh ns ns
2 -

0 25 35 45
FALIEE Selective intensity /%

D%y kafzE T E0mzE

0 25 35 45 0 25 35 45

ns. P > 0.05; *.0.01 <P < 0.05; **. P < 0.01.

Bl FRZEKBEELE S GRAEYNEZEERBR
Fig. 1 Litter coverage thickness after 5 years of management
with different selective cutting intensities
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*% i

0 25 35 45 0 25 35 45 0 25 35 45
FALIEE Selective intensity /%

ARy EREREDEEY O EEY

ns. P> 0.05; *.0.01 <P < 0.05; **. P < 0.01.

2 FEFKBREZE S BRAEDIEEER
Fig.2 The standing stock of litter after S years management
with different selective cutting intensities
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BRRERE Sala, oy LIBNEKEMERE
KRR A L A E B 2R . 0~ 10 cm LJEH)
TR E AT 35%. 45% FRARGREE T 2 Bl /Nt R
M 10.1%. 17.7%, 1E 25% FARGRE T 5% IR AR
SHELEZEZER. 10 ~20cm LEHHEAR
£ 25%. 35%- 45% FEACERFE T 43 0l /N T 0 JE Ak

e < < by =
ES o o =} &}

+ 372 & Soil bulk density /(g-cm™)
o
o

<

0~10 10~20
+ E R Soil depth /em
3 0%

20~40

B 25%

43 8.8%- 13.2%- 8.3%. 20 ~ 40 cm + 2 [ +1E
RHEAE 25% 35%- 45% FRARGEE T 2 5/ T4
FEARIY 15.0% 11.0%- 12.0%. omfE % (45%)
MRETIEMFEELWRK, BERKTREDN
TR E, MR FERERR (35%. 25%) XEGR
BRI, BRI TIRE N R E

+ & KE  Soil water content /%

0~10 10~20 20~40
+ E R Soil depth /em
Il 35% Il 45%

ns. P > 0.05; *.0.01 <P < 0.05; **. P < 0.01.

B3 FRFKEESEE

a B HIREKENETE

Fig. 3 Soil moisture content and bulk density after 5 years of operation with different cutting intensities

0~ 10 cm T2 TS KELE 25% 35%-
45% B AR R 3 K T X BB AR 4 17.0%.
35.0%-. 40.8%. 10 ~ 20 cm + 2 ) £ 1 & Kk &
TE 25%- 35%- 45% AR T B35 KT % AR
73 11.8%- 21.2%- 21.8%. 20 ~ 40 cm + 2 [#
I K FRALAE 45% FEAR R T 5 X AR 7 A
PEAAAE 3 22 7, RN RT3 ks LB &K
R 18.7%. HGRSE (45%) MHFMREEW KT
0~ 40 e IRFEI AR E, By 5558 B AR
(35%-+ 25%) %f L3k F A 52 A R
REM T35,

222 aERecp

IS — oA B H A A 25 AT A (4D,
BE & IR AT (R, - Ko A B s i
WK AEBFRRELE Saf5, HHELER
MEBEZER. 0~ 40 cm HIERE P, TSI
LG 77 FERE 2 MR B /MK AR R AR 43 (A=18.73)
25% HBJE (k=16.33) + 35% 3% (k=11.84) . 45%
TR (k=13.45) o FAEIEFE N 40 om B, +3%
KRR, ARFEAGERE K KR IR AR
55 (785.0 kPa)  25% i J§ (724.4 kPa) . 45%
i FE (525.6 kPa) + 35% i FE (503.9 kPa) . [
FHRAGREL G OR, T RS R A K AE 2 e
JEERBEH, LM KT 35% J5, LR
SEFEREA TG K

& 800 x k=18.73a

= 1633 b

<

% 600 k=1345¢

g ' k=11.84d

2 400

'3

V:( - 25%

% 200 - 35%

%&f A 5%

+ i = — | —— 0%
0 10 20 30 40

+ E R Soil depth /cm

k FR A ETTRRRER, R E AR R/NG T RROR TR AP B 22 R
(P <005 .
k represents the slope of the fitting equation, and different lowercase letters
following the slope indicate significant differences in soil compaction (P << 0.05).

El 4 TEEFEEETIRESERIRRENEN
Fig. 4 Changes in soil compaction with soil depth under
different cutting intensities
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IR R E A R A (R2) , 0~
40 cm LEP, 33 pH {E AR BERRARGRE K2
otk BT, TR AR 590 (25%) « R (35%)
PR H TR RE R K. H 0~ 10em L),
25%- 35% PEARALHE ) 4 35 pH A 8 18 2H 43 3
BTF 4.0%. 5.5%; 10 ~20 cm 12, 25%. 35%
FEAN A B0 R 2 43 0 2 - 9.5% 3.7%: 20 ~
40 cm T2, 25%- 35% FRARAL BRI 2 73 ) 42
T+ 8.3%. 8.6%. TIHEAGE. WS EX FAGRE
o BRI A, FERE (35%) FEARALER R AAR
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IR i K. RS &I, 0~ 10, 10 ~ 20,

20 ~ 40 cm - E A [F] 58 1 3548 80T HE2H 4y 531
FTF 21.7%- 52.8%- 45.8%. 2 W& BT, 0~ 10,
10 ~ 20, 20 ~ 40 cm 1 )Z A4S [7] 5% FE 1) 7 ¥ 18 5%
S} B2 53 BB T 39.8%- 33.0%-. 58.6%. A [F]FE
RBRFEAC TR R, B4 B 5 0 B AR 4 A L 3
TEEZEER (P>005 . HHLKSEET®RE

(35%) « EuRfE (45%) FEARALHL 5 52 58 0
HF0~10cm 22, 35%. 45% FF A% Ak F 5 %t
TR 7 BT 45.4%. 34.3%; 10 ~ 20 cm 1 )2,
35%- 45% FEAR AL B XF IR 21 43 3R 42.5%.
26.7%; 20 ~ 40 cm )2, 35%. 45% FRARMEREL
X REZH 53 R T 46.0% 45.9%.

%2 FEHEHBETHEMILEMR

Table 2  Soil chemical properties under different cutting intensities

B Ay P pH {8 pH value 4% & TN content /(g-kg ")
Selective intensity /% 0~ 10 cm 10 ~ 20 cm 20 ~ 40 cm 0~ 10cm 10 ~ 20 cm 20 ~ 40 cm
0 5.77+0.05 Ba 5.91£0.04 Ca 5.6720.10 Aa 6.65-0.03 Ca 2.8620.15 Ba 1.684:0.08 Aa
25 6.002-0.19 Ab 6.4740.20 Cc 6.141-0.10 Bb 7.3640.39 Cb 4.27+0.60 Bb 2.4340.11 Ab
35 6.090.23 Ab 6.13£0.12 Ab 6.1620.12 Bb 8.09+0.46 Cc 43740.33 Bb 2.45+0.05 Ab
45 5.9540.06 Aa 6.1940.34 Cb 6.0140.23 Bb 6.7840.12 Ca 3.0840.17 Be 2.1340.07 Ab
PR 42448 TK content /(g-kg ") 4 £ & TP content /(g-kg ')
Selective intensity /% 0~ 10 cm 10 ~ 20 cm 20 ~ 40 cm 0~ 10 cm 10 ~ 20 cm 20 ~ 40 cm
0 21.50+£2.48Ba  21.40%0.59 Ba 17.84+1.04 Aa 0.8820.16 Ba 0.8840.17 Ba 0.700.07 Aa
25 22.464+2.80Ca  21.36=4.34Ba 15.8342.19 Aa 1.134:0.20 Bb 1.042-0.06 Ba 0.94720.17 Ab
35 23.03+142Ca  21.7620.70 Ba 16.324:2.70 Aa 1.234:0.20 Bb 1.1740.14 Bb 1.1140.12 Ab
45 22.40+4.58Ca  20.2313.68 Ba 17.4441.67 Aa 1.1240.13 Bb 1.1240.13 Bb 0.950.23 Ab
Bk AL 5 SOC content /(g-kg ") TS B AK content /(ug-g ")
Selective intensity /% 0~ 10cm 10 ~ 20 cm 20 ~ 40 cm 0~ 10cm 10 ~ 20 cm 20 ~ 40 cm
0 5583+4.66Ca  34.59+278Ba  2559%+566Aa  28624+220Ca 169.68+220Ba  140.711+6.93 Aa
25 67.112648Cb  4595+6.17Bb  32.66:594Ab  309.43+6.17Cb  217.66+333Bb  201.80%6.38 Ab
35 81.168.09Cc  4930+2.10Bb  37.35%6.19Ab  34331+4.88Cc 219.93+4.88Bb 137.67+3.49 Aa
45 7496+7.59Cb  43.82574Bb  37.34%7.17Ab  37224+534Cd 273.95+833Bc  227.60+1.33 Ac
E i A 34 & AP content /(ng-g ) K #4505 & HN content /(ug-g ')
Selective intensity /% 0~ 10cm 10 ~ 20 cm 20 ~ 40 cm 0~ 10cm 10 ~ 20 cm 20 ~ 40 cm
0 12.2841.63 Ba 7.88+1.11 Aa 956131 Aa 3242243250 Ca 1644742404 Ba  99.7516.41 Aa
25 13.03+0.54 Bb 10.67+2.73 Aa 1130+139Aa  39891+6.50Cb 182.61+11.02Ba 103.641+6.47 Aa
35 19.7042.99 Cc 15.0443.49 Bb 11214270 Aa 490.58+£29.53 Cc  197.44+8.57Bb  149.2949.69 Ab
45 21.4344.60 Cc 14.3946.19 Bb 103043.57Aa  392.12%£11.60 Cb 196.9117.53 Bb  110.2548.16 Aa

T ARNGFRRER RS EIRAAAERZE 2R (P <005 , NAREGFEHMREFRLAERNRTERAERE 2R (P<005) .
Different lowercase letters indicate significant differences among the data in the same column (P << 0.05), while different uppercase letters indicate significant
differences among the data in the same row within the same chemical property (P << 0.05).
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Redundancy analysis of characteristic factors of litter and Explanatory power of characteristic factors of litter

soil physicochemical properties

DL MR IIE: D2 RAMREERE: D3 EAMRIZEIE: ML EMIER: M2, SRR IR, M3, L.
ns. P > 0.05;*.0.01 <P <0.05;** P<0.01.
D1. Thickness of litter cover; D2. Thickness of the undecomposed layer; D3. Thickness of the semi decomposed layer; M1. Current stock of litter;
M2. Current stock of herbaceous plant litter; M3.Current stock of coniferous litter. ns. P > 0.05; *. 0.01 < P < 0.05; **. P < 0.01.
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Fig. 5 Redundancy analysis of litter characteristic factors and soil physicochemical properties
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Fig. 6 Mantel analysis of litter characteristic factors and soil physical and chemical properties
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Fig.7 Effects of litter cover thicknes and standing stock on soil physical and chemical properties under selective cutting management
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