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Abstract: [Objective] Crop tree release (CTR) based on single tree is an important way to realize close-to-
nature forest management. In order to reveal influences of CTR on the vertical structure of natural secondary
forests, natural secondary Quercus mongolica forest in the northern Changbai Mountains was used as

research objects, to investigate the response of forest stand structure and single-wood growth to the different
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intensity tending, which can provide basic support for developing scientific and rational management.
[Method] 16 sample plots of 0.09 ha (30 mx30 m) were set up in the Jilin Wangqing Forestry Bureau in
August 2013, to carry out crop tree release and thinning test. According to the thinning intensity, 4
treatments were set as: weak (5%), mild (10%), moderate (20%) and control, each treatment had 4 replicates.
All sample plots were resurveyed in 2016. The stands were divided into upper, middle and lower storeys
according to the canopy competition height (CCH) in stand. The effects of different tending thinning
intensity on each forest storey height, tree species composition, competition and growth were analyzed.
[Result] (1) the CCH of upper, middle and lower storeys was 15.27-16.12 m, 8.76-9.65 m and 2.95—
3.37 m, respectively. Thinning increased the height of upper and middle forest storeys, upper forest storey
height was increased from 15.42 to 17.21 by moderate thinning, which was significantly higher than other
treatments, while the height of the lower forest storey remained basically unchanged. (2) Thinning adjusted
the proportion of tree species in the upper and middle forest storeys. the proportion of Betula platyphylla was
decreased while that of Quercus mongolica was increased in upper forest storeys, and the proportion of
Quercus mongolica increased with the increase of thinning intensity. The proportion of other wood
decreased while that of Pinus koraiensis increased. (3) The average DBH of upper storeys was improved
under moderate thinning, with an increase of 0.57 cm, but decreased under other treatments. The average
DBH of middle storey was only improved under mild thinning. Changes on average DBH of lower storey
was opposite to that of upper forest storey. The proportion of upper and middle forest storeys of forest stands
increased. The proportion of forest storeys in the weak, mild and moderate thinned sample plot increased by
1.92%, 11.52% and 13.15%, respectively. (4) Thinning significantly reduced the competition index of forest
trees in each forest storey. The lower forest storey had the most positive response to crop tree tending and
thinning. The forest competition index of lower storeys by weak thinning decreased from 0.634 to 0.455,
which was the most significant. (5) DBH periodic growth rate and volume periodic growth rate of forest
storey decreased with the increase of the height of forest storey. The DBH periodic growth rates of the
upper, middle and lower forest storey were 1.22%—1.96%, 1.94%—2.59%, 4.02%—8.17%, respectively. The
volume growth rate were 1.74%—4.10%, 3.50%—5.14%, 10.12%—18.97%, respectively. [Conclusion] CTR
can significantly affect the growth and structure of different forest storeys of secondary Quercus mongolica
forest. On the whole, moderate thinning (about 20% of thinning intensity) is suitable crop tree thinning
intensity for secondary Quercus mongolica forest in study area. The specific tending methods and follow-up
time are still based on long-term observations of forest stand dynamics.
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Tab. 1 Basic situation of secondary Quercus mongolica forest sample plots
v . -l Liagsal B . VAR
Rk we g ORI BB @RV BRI b
5 ; (Bf'hm ) (m*hm ?)  (m*hm ®) - (Fk-hm ™) pos!
Sample /hm” Altitude/ Slope Grade/ . Composition of .
lot No. Area/h ¢ ©) Stand density/ Basal area/ Stock volume/ ¢ . Density of crop tree/ Treatment
plot No. Area/ha  m aspec (treeha ')  (m>ha ') (m+ha ') ree species (tree-ha ')
1 900 675 goutheast S 2367 20.61 149.82  4QI1P1BplF1P1PulO 102 Weak
2 900 750 goutheast 1533 22.48 150.78  4Q2PulA1BplITIP 85 Weak
3 900 675 qiutheast S 1833 239 175.57  3QI1BplPulQIT1IP1O 99 Weak
4 900 750 goutheast 2044 23.21 193.74  5Q3BplPl1An 86 Weak
R e S
5 900 675  qoutheast S 1 667 26.37 20436 6QI1BplPIBd1O 76 Mild
RE EEES
6 900 675 goutheast 1844 22.39 176.31  4Q3BplP1OIL 89 Mild
7 900 750 Southeast 2033 2238 180.23  6Q1Bpl1Bd1P1An 93 Mild
REd L5 S
8 900 705 g utheast 10 1289 21.05 159.76  4Q2T1AITIPIBp 87 Mild
R i
9 900 765 Southeast 6 1433 21.25 171.34  2Q2Bp1Bd10OLQIP101An 88 Moderate
F N T
10 900 705 goutheast 10 2356 22.01 170.62  3Q3BplP101PulBd 85 Moderate
R i
11 900 725 Southeast 8 1433 20.48 153.49  4QI1Bp201P1BdIA 94 Moderate
4= E3
VN T
12 900 675 goutheast 1844 21.81 176.01  3Q3BplAnlA1P10 92 Moderate
R X i
13 900 705 Southeast 10 878 21.76 160.02  5Q2T1BplP1A 110 Control (CT)
VN PHIS
14 900 705 goutheast 10 1833 23.67 174.66  5Q1Bd1AITIFIQ 96 Control (CT)
15 900 705 AR 10 1343 24.4 171.54 SQI1AI1TIBplIP1O 180 Rk
Southeast ’ ’ Q P Control (CT)
16 900 715 e 1333 23.18 170.81  6Ql1AITIPIB 122 A
Southeast : : Q P Control (CT)

W Q. ZE KR P. £LKA: Pu. K4 Bp. AIME: Bd. BB HME: T. 5548 A (KRG F. /K IAN: AL W42 L K EVEMHL; O. 28K, AR RIS BIR R A2
INTRR, BFERD T &, HM. eSS, £4F L. Notes: Q, Quercus mongolica; P, Pinus koraiensis; Pu, Populus ussuriensis; Bp, Betula
platyphylla; Bd, Betula dahurica; T, Tilla amurensis; A, Acer mono; ¥, Fraxinus mandshurica; Af, Abies nephrolepis; L, Larix olgensis; O, other species
refer to other small trees with diameter reaching 1 cm, including Syringa reticulata, Acer tegmentosum, Acer ukurnduense, et al. The same as Tab. 4.
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Tab.2 Changes on CCH of sample plots in secondary Quercus mongolica forest m

[-#JZ Upper canopy layer

s Ak JZ Middle canopy layer

FHMJZ Lower canopy layer

CTRALHE
CTR treatment 1% fRJE34F il fRJE34F 1% HT %G 34
Before thinning 3 years after thinning ~ Before thinning 3 years after thinning Before thinning 3 years after thinning
CT 15.86 +0.39a 15.60 + 0.25a 9.31+£0.38a 8.98 £0.13a 3.22+0.25a 3.12+0.19a
98 Weak 15.27 £0.55a 15.42 + 0.46b 8.76 £ 0.33b 8.85+0.28a 2.95+0.11b 3.09 +0.09a
1 Mild 16.12+£0.47a 16.40 + 0.49¢ 9.30+0.28a 9.43 £0.30b 3.14+£0.09b 3.18 £0.10a
H1 % Moderate 15.63+£0.51a 17.21 £0.45d 9.65+0.21a 9.95+0.26¢ 3.37+0.12a 329£0.11b
F 1.302 14.726 5.882 15.634 4.907 6.603
P 0.319 0.000 0.010 0.000 0.019 0.007

VE: CTR.BFWEE ; CT. X AR TR R 2Z7F B E (P < 0.05, LSD, t%:). F[[. Notes: CTR, crop tree release; CT, control; different

lowercase letters show significant differences (P < 0.05). The same below.
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Tab.3 ANOVA of CCH in secondary Quercus mongolica forest sample plots before and after thinning

B B CTRALFE T5 ZEFRIR

225 AN w7

Period CTR treatment Source of variation Sum of squares df Mean square £ Sig.
2H [7] Between groups 319.421 2 159.711 1360.430 <0.001
CT 2N Within group 1.057 9 0.117
KR Total 320.478 11
2 [7] Between groups 303.645 2 151.823 1 060.069 <0.001
9 Weak 2N Within group 1.289 9 0.143
s S Total 304.934 11
Before thinning 2 [7] Between groups 377.026 2 188.513 1817.673 <0.001
2P Mild ZH N Within group 0.933 9 0.104
SR Total 377.959 11
2 [7] Between groups 432.180 2 216.090 1342.081 <0.001
1 Moderate 20 N Within group 1.449 9 0.161
SR Total 433.629 11
2H [7] Between groups 312.125 2 156.063 3983.733 <0.001
CT 2 N Within group 353 9 0.039
SR Total 312478 11
2 [7] Between groups 344.794 2 172.397 1703.527 <0.001
9 Weak 2N Within group 911 9 .101
(PIERES K Total 345.705 11
?h?rfr?irs after 2 [7] Between groups 387.254 2 193.627 1714.232 <0.001
g
12 Mild 2N Within group 1.017 9 0.113
SR Total 388.271 11
2 [7] Between groups 382.311 2 191.156 1953.226 <0.001
& Moderate 41 P9 Within group 0.881 9 0.098
S Total 383.192 11
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Tab. 4 Changes on the tree species composition of each storey in secondary Quercus mongolica forest sample plots
CTRALH V= 9l RJE34
CTR treatment Canopy layer Before thinning 3 years after thinning
K2 Upper canopy layer  Q (45.47%) T (24.69%) Bp (9.55%) A (9.21%) Q (40.23%) T (23.88%) Bp (15.17%) A (9.93%)
CT k2 Middle canopy layer Q (73.78%) A (8.28%) T (4.77%) Bp (4.81%) Q (69.62%) A (9.90%) Bp (6.67%) T (3.14%)
THRJZ Lower canopy layer Q (40.35%) P (37.40%) A (13.11%) O (2.95%) Q (29.30%) P (44.49%) A (16.74%) O (2.29%)
4k Upper canopy layer Bp (39.31%) Q (23.61%) Pu (16.63%) T (9.35%)  Bp (38.11%) Q (26.30%) Pu (11.59%) T (9.24%)
55 Weak tH k2 Middle canopy layer Q (57.93%) Pu (19.89%) Bp (5.65%%) P (3.60%)  Q (62.07%) Pu (14.16%) Bp (5.20%) P (4.38%)
FHRE Lower canopy layer Q (57.93%) A (20.81%) P (18.35%) O (11.52%)  Q (29.69%) A (21.87%) P (17.80%) O (12.82%)
EARZ Upper canopy layer Bp (41.12%) Q (22.39%) T (12.94%) Bd (10.80%) Bp (36.12%) Q (30.72%) T (15.68%) Bd (6.80%)
2] Mild Fi#RJZ Middle canopy layer Q (79.29%) Bp (4.77%) P (3.62%) A (3.56%) Q (79.87%) Bp (4.70%) P (4.84%) A (3.07%)

FH#RJE Lower canopy layer Q (41.47%) P (38.36%) O (9.76%) A (3.33%)

LK) Upper canopy layer  Bp (63.76%) Bd (14.47%) Q (13.17%) L (6.53%)
1 Moderate "F'#K)2 Middle canopy layer Q (67.64%) O (11.22%) Af (5.57%) P (4.70%)
F#kZ Lower canopy layer Q (33.61%) P (31.91%) O (20.82%) A (3.93%)

Q (36.09%) P (39.76%) O (10.49%) A (4.15%)
Bp (46.99%) Q (27.12%) Bd (15.33%) L (7.51%)
Q (72.78%) O (9.14%) P (6.20%) Af (5.35%)

Q (30.33%) P (33.46%) O (22.12%) A (3.52%)
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Fig. 1 Changes on mean DBH of each storey in secondary
Quercus mongolica forest sample plots
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5% ~ 9.75%. [AIA%HFEH AR AR JZ & B LL 35 T B Ak
J2, TG RE e E AR B A E S T R, 142 E
HrE AR E R B E MR R 2T 5 R (R 5) .

B HE TR S EEZENERSE, BRI B

JEEREI R, R ZE B =R &S, I R
SRERK, FARZE B SO, S5, B, R
ket EARZE B R E S I T 1.92%. 11.52%.
13.15%; T % HEFEHE F- Aobk 2 B AR 1 i 5 5 )£,
FEMUAR I, 23 EARZ B SR> Rk ZE B =Y
NIFEESR
34 EMEMRAZTSIEHTH

F R EMROR S5 5 48 BB AR 2= 5 FE (3, 22 30
BT B, HIEMEECY IR (K 2D T &+
Hh b AR R B 3 AROK 5E 4 FR £ 0.129 ~
0.147.0.335 ~ 0.398. 0.599 ~ 0.685, N M2 /& HH k)2
1) 1.51 ~ 2.04 {5, T AR JE & EARZ ) 2.28 ~ 3.08
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Tab. 5 Changes on volume ratio of each storey in secondary Quercus mongolica forest sample plots %
%77 Before thinning %534 3 years after thinning
CTRAbF
CTR treatment ERE TR E THE E#E R E TR
Upper canopy layer Middle canopy layer Lower canopy layer Upper canopy layer Middle canopy layer Lower canopy layer
CT 54.60 + 3.00a 40.40 £ 0.93a 5.00+0.17a 48.03 +3.58 46.88 +2.57a 5.04+0.10a
5 B Weak 4430+ 1.95b 49.70 £ 4.34b 5.84 + 0.44b 46.22+3.16 46.71+1.12a 7.07 +1.59b
2% Mild 36.13 + 1.85¢ 56.83 +2.79¢ 6.91+0.51c 47.65+3.70 42.96 + 0.80b 9.64 +0.17¢
1 Moderate 44.82 +£4.43b 45.43 £0.86d 9.75+0.51d 57.97 +£3.50 37.82 +0.40c 421+0.27a
08 ger 55 Weak 0.455; FFOMK JZ MR AR T 40 30F 8] A% B i B2 AR T T AR,
g O] S mE Moderate =) | i b2 00 T R AR W L0 5 R o
e 0.6 N N S N
$2 0 F MR AL 53 b R8RS, 5
an S 0. NS % -
£2 o4l F A HAE KRB, T FARZE R E T
(ST S, SN 1 e PRI LYY
= E [V B T 042 B A 2 I, BRI b A 2 1 £
w503
= o ’ - ~, > >
"5 ool e 4R ST/ o ATEL IR RERY, X AR REHL I b Ak
01 JEARARSE 5 IE TR
3.5 MEBAKRERKER

0 . .
E#RZE Upper  HAKZE Middle FAK)ZE Lower
canopy layer canopy layer canopy layer
XA Before thinning

071 ger B Weak
0.6} = Mild mFE Moderate

0.5}

]
04}
03}
02}

_FMJZ Upper . H1IAKZ Middle . THRJZE Lower

canopy layer canopy layer canopy layer
f%J534F 3 years after thinning

K2 SRR 7 (AT o A2 MR 58 4 18 534l

Fig. 2 Changes on mean competition index of each storey in secondary

A TEA R EL
Mean competition index

—_

(=)

Quercus mongolica forest sample plots

JEXT H bR 1830 B 5 AR, e DLgS 1]
AR B0 B2 W o O S 2, MROR SE S Bl 0.634 B N

xo FHRREREHRERAKRE

5 BRI RS R BLAR 8 AR KB A
H AR K ST AR 2 5 TR B I B ARG, TR 3 4F
Ja, B THREREREKE SN 1.22% ~
1.96% 1.94% ~ 2.59%. 4.02% ~ 8.17%, F ALK F
35N 1.74% ~ 4.10%. 3.50% ~ 5.14%. 10.12% ~
18.97%. S5 X HEM 3 AH LG, H br 4K & 84k 5 2 2
BT B RO B BROR BT E A R A AR E I
AARKE (R 6), (H AN [F] [ A i B X AR 43 AE K 52
ANFE. N ERBERIMRAKREKKE, BARBERZEMM
A K T TR £ 5 B ) 39 T 38 O, o BE TR AR R L
1 AR AR AR K B AR A 2 3 v T 55 B R A% )
e, R EAL MR K E 05 70l 18 B0 BRI 1.61 1.
2.34 £, 195 AR BT 2 ) 22 e A B PR E R
AR AR R A K 20 42 B2 TA) A% 11 Wi 7 85 K, 3l
XTI 1.33 i 1.45 £, {H 2 3 Fhla] %58 FE (8] A
FEREER: THERABERAMHAKEIH
XTHE > B2 > §5 82 > R HE T, AS[E] AL B TR AR

FREMEREMMAERERE

Tab. 6 DBH periodic growth rate and volume periodic growth rate of each storey in secondary Quercus mongolica forest %
P B2 W4 K% DBH periodic growth rate MRUE B K2 Volume periodic growth rate
CTR treatment AR R TR AR R TR
Upper canopy layer Middle canopy layer Lower canopy layer Upper canopy layer Middle canopy layer Lower canopy layer
CT 1.22+0.16a 1.94 + 0.46a 8.17+0.40a 1.74 +£0.59a 3.50+0.34a 18.97 +£ 0.85a
95 Weak 1.42£0.17b 2.43£0.97b 5.02+0.18b 2.46+0.51b 5.06 + 0.26b 12.27 + 0.44b
21 Mild 1.49+0.21b 2.59+£0.57b 6.03 +£0.28¢ 2.52+0.38b 5.14 +0.68b 14.75 + 0.64¢
& Moderate 1.96 + 0.28¢ 2.324+0.78b 4.02+0.15d 4.10 £ 0.92¢ 4.94 +0.28b 10.12 +0.37d
F 8.725 3.467 44.849 9.392 5.154 40.426
P 0.006 0.016 0.000 0.001 0.002 0.000
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