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Growth patterns of Juglans mandshurica secondary forest with stand age and
stand density in Northeast China

Luo Ye'” WangJun"> Yang Yuchun'” He Huaijiang'” Liu Ting'
(1. Jilin Provincial Academy of Forestry Science, Jilin Province Degraded Forest Ecosystem Restoration and Reconstruction
Interregional Cooperation Science and Technology Innovation Center, Changchun 130033, Jilin, China;

2. Northeast Native Tree Species Engineering Center, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] This paper researches the suitable stand density for the growth of secondary forest of
Juglans mandshurica in different age groups by understanding the growth patterns of J. mandshurica with
stand age and stand density, in order to provide theoretical support for the subsequent management of
secondary forests of J. mandshurica. [Method] Survey plots of different stand ages and stand densities for
J. mandshurica were set up in Zhangguangcailing (ZGCL), Laoyeling (LYL), Changbai Mountain (CBS)
and Hadaling (HDL) of the eastern part of the three northeastern provinces, to analyze the relationship
between DBH, tree height and accumulation with stand age and stand density. [Result] (1) The average
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DBH, average tree height and accumulation of J. mandshurica were the largest in Changbai Mountain,
which were significantly larger than those in other areas (P < 0.05), and the relationship between each index
was CBS > LYL > ZGCL > HDL. (2) According to the model fitting, logistic model was the best fitting
method for stand age with DBH, tree height and accumulation of J. mandshurica (R* values of 0.983, 0.962,
and 0.973, respectively). The quadratic model was the best fitting method for stand density with DBH, tree
height and accumulation of J. mandshurica (R* values of 0.834, 0.666 and 0.859, respectively). (3) The
DBH, tree height and accumulation of J. mandshurica were increasing with age in each region, and the
increase rate was faster in the early stage. However, the growth rate slowed down after reaching 50 years.
(4) The DBH and tree height of J. mandshurica decreased with increasing stand density in each region, and
the decreasing trend was smaller at low density, but the decreasing speed was higher when the density
exceeded a certain level. (5) In the four regions, the growth of J. mandshurica in terms of DBH, tree height,
and volume showed that for trees less than 40 years old, optimal growth occurred at a medium stand density
of 450550 tree/ha. For trees over 40 years old, optimal growth was found at a lower stand density of
350-450 tree/ha. [Conclusion] The results preliminarily reveal the suitable control density for different
ages of J. mandshurica stand in varied regions, which can be controlled through artificial nurturing and

thinning to meet the growth space of J. mandshurica trees. These findings can serve as a basis for the

management of J. mandshurica secondary forests.
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amurensis)~ § W (Tilia mandshurica)~ 7 ¥ (Ulmus
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550 #h/hm?. HTEZE R 45 Frh, fRAESEA L X &
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S0 KO FN 2 45 E2 37 1K F Excel 2007 4T %
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K SigmaPlot 12.0 #H71E R

3 HRENN
31 ARSI ERERER

T AN [ X BB A K U TR A R B 2),
K A X B BRARKT- 24 fi 12 Bk, TR F 20.31 em, 2
ZERTHABHX (P < 0.05), H ik hE5WFK A
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Tab. 1 Basic situation of sample plots
RH7 Index ZGCL LYL CBS HDL
F£ 5% Number of quadrat 20 20 20 20
£ Latitude 43°27'10" ~46°03'03"N  42°48'56" ~45°59’41"N  41°19'36" ~43°3229"N  41°57'11" ~ 43°08'01"N
I Altitude/m 235~ 570 261 ~ 680 322~752 381 ~711
W FE Slope/(°) 0~21 0~21 0~21 0~21
R SERE) A 45 B B4 B3 B3
Wi ) Aspect Shady slope, semi- Shady slope, semi- Shady slope, semi- Shady slope, semi-
shady slope shady slope shady slope shady slope
{7 Slope position * 3% Mid-downhill slope 1 3 Mid-downhill slope "' T3 Mid-downhill slope ' 3% Mid-downhill slope
&2V Soil depth/cm 7.6 ~48.2 11.8~45.6 5.5~29.6 7.9~29.8
J&§ I ¥ Humus thickness/em 5 ~ 31 6~ 14 7~23 7~15

VE: ZGCL. 3KJ” A% LYL. Z550; CBS. £ A1li; HDL. Mikl% . T[E. Notes: ZGCL, Zhangguangcailing; LYL, Laoyeling; CBS, Changbai

Mountain; HDL, Hadaling. The same below.



6 z

W5 ARAC T AR A B PR B AR 2385 FEE FO A8 LA 13

R2 PR ERER

Tab. 2 Growth situation of J. mandshurica

BRE/(m’ hm ™)

X1 Area 4% DBH/cm 75 Tree height/m Volume/(m’-ha
KA & ZGCL 19.59 + 0.87b 16.47 £ 0.52¢ 7836+ 1.23b
LR LYL 19.65 + 0.96b 16.58 + 0.43b 81.59 + 0.89b
KA CBS 20.31+0.75a 16.84 +0.58a 86.13+ 1.51a
&I HDL 18.96 + 0.65¢ 16.41 £0.61c 75.55 £ 0.99¢

VE: FIRFVNG F R R A R % 5
different regions (P < 0.05).

W, =32 A1 22 FAN 2, IR IR Hh X P I 42 D,
N 18.96 cm, i E /N T HABHLX (P < 0.05), FHLIX
(14 =5 K /N & & CBS > LYL > ZGCL > HDL, 5
i 42 K /N ok R — 85, K A b X Bk RO L
KT H ALK (P < 0.05). &3 IX Bk E AR B R
KA XRIRE A, HEESTHAMmX P <
0.05), ZAFWEFITK ™ A WS Hh X YR 2, WA T U Hb X )
BE/NFHEAMMX (P <0.05) . FHK A ILHX A
WA A 2 F A M X B 4T

i3 (P <0.05). Note: different lowercase letters in the same column indicate significant differences in

32 ERKEMERERE

il 5 EHRRRPR B FNAR 73 5 B 5 AR KOG R I i
AT, BT & WAL R g AT S . 36 3 Ak
W4 5 AR B A2« AR v A B AR B AL S R B 35 R
Logistic & &4, R* {H £ K, 43 7l A 0.983. 0.962 Fl
0.973, V¥ 46 % i 22 (MAEME /), 43 51N 6.070.
2.078 F1 23.936. FR73 % FE 5 MM A% A% 1 FH &5 AR 1)
40L& B 3 9 IR ALY, RPAE B K, 40 il N
0.834. 0.666 1 0.859, 133 4%} i 2 (MAEE 5 /)N,

®3 HEEHSHER
Tab.3 Results of model fitting

il ¥ekr # k% /a Stand age/year SZE?EES@:?I;E 1
Model ftem A3 Formula R MAE A3 Formula R? MAE
fli4% DBH y=0.487 6x + 10.007 0 0.880  6.591 y=-0.086 9x +74.537 0 0.826  6.118
i}jfar P8 Tree height = 0.155 4x + 12.296 0 0.723 2228 y=-0.026 8x +32.420 0 0636 2282
{%olime »=1.9623x - 19.633 0 0.920 25233 y=-0.348 9x +239.6100 0.858  24.564
ffa % DBH y=19.681Inx — 41.670 0.959  6.643 y=-43.45Inx+300.53 0.806  6.018
i‘iﬁmhm M i Tree height = 6.523 9ln x — 5.092 1 0.852  2.155 y=-1331lnx+ 101.51 0.612  2.057
{%jlime y="77.366ln x —220.890 0.956 25373 y=-175.5Inx+1153.2 0.848  24.370
Jl4% DBH y=13.812exp(0.017 9x) 0.783  6.700 y=146.14exp(—0.003x) 0.791  6.708
125;@2 - i B Tree height = 12.707exp(0.009 1x) 0.672  2.209 y=40.654exp(~0.002x) 0618  1.887
’ {,%Oﬁme ¥ =8.738 2exp(0.042 4x) 0.694 33.538 y=2242.7exp(—0.007x) 0.722  33.791
o fig % DBH y=—0.010 9x* + 1.428 8x — 7.826 8 0.983  6.140 y=-0.000 1x* + 0.028 8x + 45.465 0.834 5258
aﬁﬁﬂc R Tree height y=—0.005 0x +0.588 5x + 4.089 4 0.959  2.198 y=0.0008x"+0.050 6x+12.9530  0.666  1.843
term {%oime 1 =-0.029 3 + 4.499 0x — 67.701 0 0968 24064 y=-0.000 L¥— 0242 9x+212.9800 0859 24.203
Hi4% DBH ¥=39.966 1/[1 + exp(2.144 6 — 0.088 9x)]  0.983  6.070
Logistic 74 Tree height y=20.962 4/[1+exp(1.9053 - 0.12220)]  0.962  2.078
{%Oime »y=102.023 4/[1 + exp(4.110 8 —0.117 2x)] 0.973 23.936
fi4% DBH ¥ =53.836 0[1 — exp(—0.061 3x) *3*3] 0.949  6.455
Weibull P4 Tree height y =22.430 5[1 — exp(-0.232 5x) *'*’] 0910  2.140
iﬁme y=-210.807 8[1 — exp(—0.231 3x) *9¢9]  (0.884 28.643
1% DBH ¥ =41.624 9[1 — exp(—0.057 4x)]****¢ 0979  6.391
Richard P Tree height y=21.131 8[1 = exp(0.097 1o)J** 0.950 2.144
fekd ¥ =109.834 9[1 — exp(—0.068 2x)]"*'*! 0.972  24.032
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Iy WM 5.258. 1.843 Al 24.203. K It A #F 7T 7T |
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e B AUA K BE 25 MRS B3 0 350 2 0 HE 0 T 4 K T
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B = Logistic 155 B UL & A8 A0Sk, 2% Hi X HH Bk Ak
AR 50 ~ 60 I, AR FIR 3 N g2 A K
BB, R T 2R . & U KA s i 22 12,
AR I R, A B — s IR L, )5
I A AR o7, H ik RS R . JE I RS A B B
Logistic f B & B4 KRG, & i X PR A K =
50 2 Ja, HEBENEIEEKN B, FR#TET
2%,
34 HRBERKERSZBEENTHNRE

B 2 mT A, b IXERRRAES AR KL B B
FRUAE K 359 B 55 R 23 2 P T 308 o S22 B0 S 8 A A1 )
i, MR B5 BEAE 450 #i/hm? DAY, BB I A% PR AT
FaA RN, B 450 FR/hm? S5, R 4% B AR 3% N
PRy MR35 BELE 500 #R/hm? LA INF, SRR AR 5 A
FEAIN, I 500 Bi/hm? J5, HOR v 8 A 2 N
PR [ AIG FEE BH MR 35 AR B 38 e T HL A bR 40 B
o DL b4 B35 2 B bR 43 %5 2 B v 5 A Bk ARk AT 2R

457 124 7100
ZGCL
40 + 122
= 180
g 35 20 %
T 30} 3 160
% 30 18 2
o
¢ B 16 & Ja0
=20} {14 &
o Jfj#2 DBH R* = 0.992 < 190
15t4 v B Tree height R2 = 0.987 12
o Z 7 Volume R = 0.994
10 ; - - - : 10 10
10 20 30 40 50 60 70
45 ¢ 124 1100
CBS
40 122
g 180
£ KRN 20 %
= 30| 188 160
a o
[0
el 25 16 £ 140
= 20t 14 *“E@
o f§4% DBH R> = 0.989 120
IS5t B v [E Tree height R2=0.948 112
10 o E R Volume R? = 0.993 10 o

10 20 30 40 50 60 70
Mi%/a Stand age/year

EFY(m* - hm™?) Volume/(m*-ha™)

ZR/(m* hm™2) Volume/(m*-ha™)

K mAEKMB ALK . AEEARRILA
K, 4 Hh XK S AR AR B B A
PR PIEMZOC R, £ —EMDHE NS EKF
TEf KAE, BRI 2
3.5 EKERBMHKSBENHEXXER

T I T % e AL RAS R bR 23 %5 B2 5 S Bk AR K 4R
FRiEAT T 2 M R BL (R 4), W 4H L ROy 25 AN 41
L5 RR 4325 P 1A 52 B A FH R A BB 5 2B K i B 1 R )
Pk BIM 5535 75 KT (P < 0.01) o Tt B Bk (0 2
K2 U AR A 3 B, DR PR A TR EAE )
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Fig. 1 Effects of stand age on growth of J. mandshurica in different regions
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Tab. 4 Variance analysis of age groups, stand density and growth index of J. mandshurica
. J14% DBH B & Tree height & Volume
A% & Variable
F P F P F P

#41 Age group 106.368 <0.01 23.363 <0.01 65.873 <0.01

453 Stand density 6.761 <0.01 2.795 <0.01 7.151 <0.01

B2 x 5% BE Age group x stand density 5.325 <0.01 2.113 <0.01 4.368 <0.01
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Tab. 5 Effects of stand density and age on growth of J. mandshurica in different regions
KA WEZGCL ZHIELYL
M E L/
W 2H (Bk-hm™ B B
. ERI 32
Age group St&?gjﬁ?} ;y/ #9142 DBH/cm  #4#% Tree height/m ({/nolgﬁe /> #1442 DBH/cm W75 Tree height/m ({/nolgme />
(m’-ha™) (m’-ha™
L 16.81 + 0.62aC 14.32 £ 0.35aC 12.36 £ 0.15aD 17.12 £ 0.62aD 14.43 +0.52aC 13.65 £ 0.12aD
1 M 16.93 £ 0.54aC 14.23 £ 0.25aC 13.55 +0.32aD 17.33 £ 0.65aD 14.55+0.31aB 14.94 + 0.09aD
H 16.65 + 0.35aC 13.95 +0.38aC 12.54 + 0.25aC 17.15 + 0.46aC 14.16 + 0.24aB 12.55 +0.15aD
L 25.36 +0.75aB 18.44 + 0.24aB 36.25 £ 0.15aC 25.68 +0.38aC 18.84 + 0.26aB 39.64 +0.32aC
11 M 26.74 + 0.65aB 18.91 £ 0.65aB 41.64 £ 0.16aC 26.99 £ 0.51aC 19.08 + 0.35aA 42.51 +£0.18aC
H 2422 +0.71aB 17.61 +0.45aB 31.08 £ 0.19aB 24.84 +0.35aB 18.12 £ 0.12aA 33.75+0.29aC
L 36.05 +£ 0.82aA 20.52 +0.42aA 80.05 +0.45aB 36.76 = 0.56aB 20.66 + 0.34aA 81.24 £ 0.33aB
11 M 35.85+0.79aA 20.15 +0.35aA 77.56 + 0.38aB 36.12+0.67aB 20.14 + 0.24aA 76.64 +£0.51aB
H 34.12 +£0.75aA 19.58 + 0.54aA 65.38 £ 0.34aA 35.11+0.71aA 19.75 + 0.26aA 69.88 + 0.24aB
L 43.96 + 0.68aA 21.56 £ 0.35aA 105.64 £ 0.33aA  44.25 £ 0.56aA 21.76 £ 0.35aA 111.05 £ 0.55aA
v M 41.24 +1.12aA 20.44 + 0.54aA 91.87+£0.25abA  41.83 £0.52aA 20.82 + 0.24aA 96.37 £ 0.26abA
38.83 £ 0.98aA 19.47 + 0.53aA 77.58 + 0.16bA 38.62 + 0.34bA 19.51 £ 0.22aA 85.85 + 0.16bA
N A1 CBS Mg ikl HDL
o
el o CHehm HBY(m hm ™) )
Age group  Stand density/  ggex DRH/em  #47 Tree height/m Volume/ Jlg#% DBH/cm M7 Tree height/m hm
(tree-ha™ E Volume/
(m*ha™) 341
(m’-ha™)
L 17.32 £ 0.45aD 14.63 £ 0.46aC 14.87 + 0.25aD 16.43 + 0.12aD 14.12 £ 0.21aC 12.58 + 0.25aD
I M 17.63 £ 0.31aD 14.52 £ 0.17aC 15.22 £ 0.22aC 16.52 +0.21aD 14.33 £ 0.25aB 13.69 + 0.34aC
H 17.25 £ 0.25aC 14.45 £ 0.28aB 13.66 +0.13aC 16.46 = 0.19aC 14.05+0.11aB 13.56 +0.16aC
L 25.88 +0.16aC 19.26 £ 0.13aB 41.28 £ 0.25aC 25.15+0.25aC 18.11 £ 0.09aB 35.46 +0.35aC
I M 27.19 +0.18aC 19.49 + 0.35aB 4495 + 0.36aB 26.24 +0.27aC 18.54 £ 0.31aA 39.87 £ 0.25aB
H 25.31 +0.19aB 18.58 £ 0.39aA 37.56 +0.33aB 23.91+0.31aB 17.16 £ 0.25aA 28.59 + 0.28aB
L 37.04 £ 0.27aB 20.94 + 0.34aA 88.89 + 0.42aB 35.58 £ 0.35aB 19.88 + 0.16aA 77.71 £ 0.19aB
11 M 36.55+0.38aB 20.11 +0.28bB 79.52 £ 0.25aA 35.15+0.38aB 19.15 + 0.24abA 71.89 £ 0.41aA
H 35.66 = 0.34aA 19.92 + 0.18bA 71.43 £0.28aA 33.72 £ 0.33aA 18.32 £ 0.28bA 62.35 +0.35aA
L 44.87 £ 0.36aA 22.15+0.27aA 112.58 £0.38aA  42.86 + 0.34aA 21.03 +£0.31aA 99.08 + 0.37aA
v M 42.14 £ 0.25aA 21.11 £0.18aA 89.66 + 0.44bA 40.64 + 0.36aA 19.66 + 0.29abA 86.38 + 0.22abA
H 39.15+0.28aA 19.73 £ 0.19bA 76.31 + 0.35bA 37.93 £ 0.31bA 18.84 + 0.24bA 73.16 + 0.28bA

W FBIAN R NG 7 BER A 7] e AN [R] 2% 52 T 22 57 35 (P < 0.05); [FIBIAN R KRS - BER IR AN [F) e LA [R]85 B2 F 22 5 22 (P < 0.05). Notes:
different lowercase letters in the same column indicate significant differences under varied densities in the same age group (P < 0.05); different capital
letters in the same column indicate significant differences under same densities in varied age groups (P < 0.05).
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