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Effects of thinning on growth of Mongolian oak ( Quercus mongolica)

secondary forests
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Abstract: Forest management strategies for natural secondary forests require appropriate thinning methods that are stable,
efficient, and sustainable. In the present study, we investigated the influence of thinning intensity on tree growth and forest
structure. We established three different thinning regimes (light, medium, and heavy) and a no-thinning ( control )
treatment in young ( 15 years old) and middle-aged (35 years old) Mongolian oak ( Quercus mongolica) secondary forests
in Liaoning Baishilazi National Nature Reserve. Data were collected 8 years and 26 years after thinning. In the young forest,
we found that light, medium, and heavy thinning significantly influenced the average diameter at breast height (DBH) of
the stand and its periodical increment. After 8 years, the average stand DBHs in the light, medium, and heavy thinning
plots were 2.1 ¢m, 1.3 ¢cm, and 2 cm larger, respectively, than that in control plot. On the contrary, thinning intensity had

no significant influence on stand volume growth. After 8 years, the total increments of stand volume in trees showing an
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increase in DBH of >12 cm after the light, medium, and heavy thinning treatments were 0.97, 1.03, and 1.21 times
higher, respectively, than those of control trees. The control stand and stands subjected to each thinning treatment exhibited
a left single-peak mountain shape, implying that most trees were classified in the small DBH class. In the middle-aged
forest, we found that thinning significantly influenced not only the average stand DBH but also the stand volume growth and
its total increment. An increase in the thinning intensity resulted in a greater increase in the average stand DBH. In
addition, heavy thinning significantly influenced the periodical increment of the average stand DBH. After 26 years, the
average stand DBHs in the light, medium, and heavy thinning plots were 0.3 ecm, 1.7 em, and 5.1 cm greater,
respectively, than that of control plot. After 26 years, the total increments of stand volume in trees showing an increase in
DBH of >12 cm after the light, medium, and heavy thinning treatments were 1.97, 1.65, and 1.63 times higher,
respectively, than that of control trees. Stands subjected to the light and heavy thinning treatments exhibited a right single-
peak mountain shape, implying that most trees were classified in the large DBH class and therefore the forest structure was
considered to be optimal. On the contrary, the control stand and the stand subjected to the medium thinning treatment
exhibited a left single-peak mountain shape, implying that most trees were classified in the small DBH class. The results of
our comprehensive analysis of the impacts of age class and thinning intensity on forest growth suggest that the most effective
forest management strategy for Mongolian oak secondary forests is to conduct light, medium, and heavy thinning in young
forests, but only heavy thinning in middle-aged forests. However, to achieve an increase in total volume growth, the stand

density should be =1600 trees per hectare.

Key Words: thinning intensity ; Mongolian oak secondary forests; tree growth; DBH class
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KA WA bk T bk, SRR 404 m, e 1270.5 m, B ZE XS, & I8 8 TH:, H R
AEIRFE 5.3 °C AEH H IARTEL 1841.3 h 4 F-HRF/K i 1349.3 mm , 4E¥28 K& i 885 mm , I HIXT IR 73%,
ESTOR 132 d, AERE T DICE SRR HEACHR R IR SRS R SR 32, AR AR
1.2 PR E AR
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Table 1 Characteristics of two experimental groups in Young growth forests and Middle aged forests

e E R AR bisE73 1A g & o= LR RS
o Thinning Slope/ Age/ Latitude/ Canopy DBH / Height/ Trees number/
Experimental types . . . )
intensity (°) a m density cm m (#k/hm?)
B R Ee X X R 20 15 490 0.95 5.9 8.0 2710
Young growth forests BRI 482 0.75 6.0 8.1 1830
r R [ £ 495 0.6—0.7 6.0 8.1 1750
58 JE ()£ 480 0.6 6.1 8.2 1500
FR S AR X X} HE 25 35 554 0.9 9.3 11.4 3735
Middle age forests BB AR 540 0.7-0.8 9.5 11.5 2730
o i £ 550 0.6—0.7 9.5 11.6 2340
R [ £ 535 0.5—0.6 9.6 11.6 1605

1.3 LEMME %

T HE B A 52 Al B2 0 A S AR A AR, BT DUR BT 2T 15, R B A T R RO A A K )
TG K B Sl S e A KTy A T VI VAV 36 5 9650 B4R X N ¥4
FERIGRFE 3 Rl BE (O HE B IR IX, 3 ot B2 ) A X AR BE AN R 5 S A5 52t

REEAR ARBR A A K EM TR VREAM—F o VIR, ERKRGEE ST T MH,BHIER NV
P, ARG AN S A KM A1 100 T B — ISR AR, Tl At SR B 25—30% , MRAT-BB I B 7E 0.7—0.8 Z ]

HEE AR ARBR TR VR R VAR — 5> MR A R TIEH R VRAERGCH T | T HMmA, [
s MREY 35%—40% , MATEBIAEAE 0.6—0.7 Z [8]

5 B AR ARBR T A IV | VR, KR MR AR 508 TR AR RN T | AR, ] e Sk gk
) 45%—50% , K53 AR A 0.5—0.6 Z[H].,

1.4 HHlEatr

FIFH SPSS16.0 X 19 4 380 365 [1] A4 DX RS B XObA A3 Y5 B A2 A BREA T 5 25 0 B 2 3 LU (LSD %) o X
AT B4R 5341 R =288 Weibull 315 2525 B2 pRAIGHEA THAG, FLAT R BB S M KAURAG 1L T S 806 T
X AT XA,

2 FERE5S
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Fig.1 DBH growth process in Young growth forests and Middle aged forests

R2 HRHRMPRKIEXERBESELS

Table 2 Multiple comparison of individual tree diameter in Young growth forests and middle aged forests

WHRE R b2 bRk TR F A DI (95% )
Confidence interval (95% )

sy

Experimental types ”'[‘hinni.ng ”'[‘hinni‘ng .l‘\{lean Standard Significance
intensity intensity difference error level FBR Upper [ BR Lower
iR X BERL X R 2.0396*** 0.2698 0 1.5099 2.5693
Young growth forests e EE TR ot 1.2412*** 0.2734 0 0.9545 2.2079
R AL -0.7584" 0.2959 0.064 -1.1292 0.0324
5HR 32 ) £ ot 1.9144 %% 0.2867 0 1.3516 2.4773
RERM&  -0.1252 0.3082 0.685 -0.7302 0.4799
rh R R) A 0.6532 0.3114 0.174 -0.188 1.0345
A AR X BRI it 0.3422 0.5964 0.566 -1.5138 0.8294
Middle aged forests e EE TR it et 1.6543 0.6072 0.125 -0.2588 2.1273
BRI 1.3765** 0.6062 0.036 0.0855 2.4675
S TR A it R 5.0550 %" 0.6859 0 3.4775 6.2725
BRI 476727 0.685 0 3.2215 5.913
o R) AR 3.3907 *** 0.6945 0 1.9263 4.6551

# FANAE a=0.1 7KF FA R, + « FIRIE a=0.05 KF FRBE; = = = FZIRTE a=0.01 KF R EE

BH Weibull 535 PEATARA B A2 53 A 4004 B O HE SR 58 3 pR B 4l ] £ R i 4% =
f‘ﬁl Weibull 7347 BREE AR ZEL ¢ WIAETHETE (2,3.6) Z (8], £5 [ 5 R REAR A Jig 42 359 Sy B 06 70 i 11 IR 43
A B IE A A A | H AR JE RECFIE R R B R T 05 XK I 245 R R W2 10 F 4 el 85% ., i pklal &
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Fig.2 Periodical DBH increment in Young growth forests and Middle aged forests

£3 = weibull RS HEHSHEITER CREBER

Table 3 Parameter estimates and X’test results of three parameter weibull diameter distribution function

e IEﬂﬁzﬁirﬁ ERE DI M ESH RESH BRSHK % R leﬂiﬁtﬁ
Experimental types ‘lhmm-ng Yeafs éfter thresh Scale Shape Test value Theoretical P
intensity thinning a b c value
Y MIALE X X AR 0 2.00 4.38 2.27 5 1.468 11.07 0.917
Young growth forests 2 2.03 4.89 2.29 5 3.187 11.07 0.671
4 2.30 5.06 2.10 6 1.765 12.592 0.940
6 2.41 5.52 2.12 6 2252 12.592 0.895
8 2.24 6.15 2.09 7 3.647 14.067 0.819
1Rz 0 2.53 5.31 2.70 4 0.434 9.488 0.980
2 2.93 5.65 2.53 5 2.071 11.07 0.839
4 3.37 5.79 2.49 5 1.760 11.07 0.881
6 3.20 6.74 2.72 6 0.730 12.592 0.994
8 3.20 6.74 2.72 7 9.665 14.067 0.208
rpEE IR 0 1.95 5.76 2.65 5 0.711 11.07 0.982
2 2.06 6.26 2.58 6 7.192 12.592 0.303
4 231 6.61 2.54 7 4.552 14.067 0.715
6 232 7.22 2.45 7 21.614 14.067 0.003
8 2.18 7.88 2.46 8 5.031 15.507 0.754
54 J3E ) £ 0 1.00 8.01 3.68 4 35.191 9.488 0.000
2 0 8.44 3.35 5 5.282 11.07 0.382
4 0 9.08 3.10 5 3.563 11.07 0.614
6 1.11 8.92 3.61 5 3.233 11.07 0.664
8 1.96 10.21 2.08 6 29.064 12.592 0.000
A P56 X X} i 0 1.50 7.99 1.72 7 25.558 14.067 0.001
Middle aged forests 3 1.55 8.47 1.76 8 11.062 15.507 0.198
6 1.19 9.67 1.96 8 30.712 15.507 0.000
12 0.93 10.87 1.93 9 17.664 16.919 0.039
16 1.22 11.11 1.83 10 11.739 18.307 0.303
20 1.34 11.90 1.92 10 63.528 18.307 0.000
23 0.89 13.68 1.99 11 28.916 19.675 0.002
26 0 15.95 2.34 11 16.085 19.675 0.138
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SRR lEﬂﬁzﬁiTE A DI MRS RESH BIRSE % R X%Ei@fa‘
Experimental types ‘lhmm-ng Yea‘rs flfter thresh Scale Shape Test value Theoretical P
intensity thinning a b c value
R AR 0 0 10.76 3.75 7 14.769 14.067 0.039
3 0 11.19 3.78 7 17.933 14.067 0.012
6 0 11.56 3.64 8 17.708 15.507 0.024
12 0 12.49 3.63 9 8.707 16.919 0.465
16 0.09 13.12 3.64 10 71.386 18.307 0.000
20 0 14.07 3.60 10 11.848 18.307 0.295
23 0 14.81 3.45 11 9.770 19.675 0.551
26 0 15.30 3.62 11 15.069 19.675 0.179
epEE TR 0 2.26 9.07 3.85 7 15.574 14.067 0.029
2.53 9.33 3.56 7 12.564 14.067 0.083
6 4.93 7.17 2.57 7 3.250 14.067 0.861
12 6.50 6.73 2.11 8 1.862 15.507 0.985
16 6.82 7.06 2.08 8 5.094 15.507 0.748
20 6.71 8.16 2.27 8 3.077 15.507 0.929
23 7.02 8.53 2.14 9 12.634 16.919 0.180
26 6.38 9.79 2.23 10 24.569 18.307 0.006
548 J3E ) £ 0 0.29 13.31 4.02 10 345.976 18.307 0.000
0 14.11 4.22 10 122.762 18.307 0.000
6 0 14.74 4.09 10 14.559 18.307 0.149
12 3.00 13.08 3.41 10 13.829 18.307 0.181
16 2.76 14.32 3.37 11 104.663 19.675 0.000
20 2.10 15.90 3.64 12 73.045 21.026 0.000
23 4.70 14.19 3.06 11 3.835 19.675 0.975
26 3.79 16.22 3.37 11 8.213 19.675 0.694

2.2 HEH B E B KA

2 A 11 2 BUE ST AR A B SRR B LE B B I, 15 6a JT R 4% 1] o5 bk o 25 AR T 4R
TR (R 3) AR 8a B2 | rP EEFIR E [A) AR A 12 em DA EARBY A9 FRE A (K RT3l X IR Ay
0.97 .1.03 F 1.21 £ ; R BB RN 5 , 25 B )5 500 B2 [R] 45 A 25 22 5, i 4% ) (e 2 [R] 143 e . 3 25 5
(KE3,5%4), b o) o) & FRUE AR R R T AR 700 BRS04 il 1285, HL A B PR 334 oA iy
B, A B2 E] 4% 20a J5 WS R TR B MA)K RS 26a BRI | rhEERISER BE ] AAR 3 I 12 em DL EARBY N EE
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Fig.3 Total increment of volume in Young growth forests and Middle aged forests
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FRUE AR KA BT R X BRI 1.97 (1,65 Fl 1.63 % 3 X AR RN 7, 58 B2 A B2 i) A0 5 X6) R =2 1] 43+ 3]
AW D EMDEES, PERESSRZ N A REES BESRE PEMMEZHAENEEES TES
BERKZ AR EENZES (K3 Mk 4),

R4 FEHEBRREGRHRIIPRNIBXAKRMRSELLR

Table 4 Multiple comparison of individual tree volume in Young growth forests and middle aged forests

] 8 T A 8 bR BEHAT EARIXIE(95% )

ﬁt%?@%u Thinning Thinning EFL’J% Standard Significance Confidence interval (95%)
Experimental types . K . . Mean difference
intensity intensity error level TBR Upper I BE Lower
LI PRI 56 X TR AR Xif L 0.0157*** 0.0024 0 0.0111 0.0204
Young growth forests o B2 R] A payiist 0.0123*** 0.0024 0 -0.0086 0.0169
R AL -0.0035 0.0026 0.18 -0.0078 0.0016
5ER J3E ) £ oyt 0.0147 *** 0.0025 0 0.0097 0.0196
R -0.0011 0.0027 0.694 -0.0064 0.0042
rfEE TRl 0.0024 0.0027 0.377 -0.0029 0.0078
Fh i P X BRI it et -0.0205 ** 0.0099 0.038 -0.04 -0.0011
Middle aged forests e EE TR £ oyt -0.0022 0.0101 0.827 -0.022 0.0176
BERE 0.0184" 0.0101 0.068 -0.0014 0.0381
54 J3E ) 4K Xt R 0.0619*** 0.0114 0 0.0396 0.0842
BRRE R AK 0.0824 *** 0.0114 0 0.0601 0.1047
e EE TR] £ 0.0641"** 0.0115 0 0.0415 0.0867

4 AR 1B Ao B ARUE A KRS 6a TFAR W T 0 IR A2 B2 (W) A AR ARS 2a sy T rp B2 RT3 J32 ]
e, ZJ5 P SR B AR 2 i T AR E (] R (18] 4) 5 vl s ] 188 AR 30T A 1 B B i T 0 I, EL SR 2 )
P TR R 1) Hm FP AR AR AR K A B T R RIS A AR (18T 4)
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Fig.4 Periodical increment of volume in Young growth forests and Middle aged forests
2.3 JEE OO ARAAG A H 0
AEIRERIE I SR E TR K 8a i BRI AN TR AKREL T 51 X RE K 69.81,35.85 F1 43.4% ; HHil AR I o
BE 5 (Al 26a J5 AR R AER B B X R ) 38.14 21.64 1 19.59% AKX Al 45 A bk £ 44 IH (g /0 F %)
IR, n] DL 1 A R Lk W D AR AR B A A0, At i A R S 2 Tl AR i 88 8 o W sk (181 5)
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8a ZM il LA BRIX A 2.1 1.3 12 em, RIS 30 1 AR B2 g g4 14512350 5 g fe) AR PR g 12 S 4 v
FENRMRZ M8 35 25 5, R R 55 v B 1) (I 120 114 25 S ¢ il 385 5 0 R i B2 ) AROBR 401 350 il 28 e 00 A
EEARSE 6a B b 5 T BE Tl AR, Gl bR B o) AR08 A R MR o B A 2B G5 A5 IR B B I A K it Rt M
A ARG R L VA S 2 RGN, 25 AR ) 9 B A R A 1 A B 35 22 5 T/ Tl AR B B AR Rk
AW AR SRR 5 45 A T AR AT BE AR 2 M 42 20 A1 24 5t 2 O B0 L TS |, 8 IE 2SO0 A1 AR N , AR 4345 8% LA /MR
BYREA 32, T KAR B AR /D o X el b & 1A 58 B2 [R]FRMR 27 28 W 4% T e 103 A= A<t v BEAH L
Wil 25 AR P 385 G 8 TR | () AT R U 350 R RN AR 26a FRIE  rPRE 5 (A AR £
A3 X IRES 0.3 1.7 A1 S.1 om, L5 M4 A AR 0 17 AR i 48 g AR 14812500 g o i) £ B K g A S R
B TR (R o 3 0 25 5, A B N v B TR AR 42 22 (Rl AF A 0 35 10 25 57, 9 FLBR B TRl ARopR o012 Mg
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