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Research and development of density management map for multifunctional
management of Robinia pseudoacacia plantations with different
generations of management

Yang Yang' Peng Zuodeng' Liu Weitao' Wang Xinzhe' Wang Shuting' Wang Shaoming’
(1. Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University,
Beijing 100083, China;

2. Quanbaoshan State-Owned Forest Farm of Luoning County, Luoning 471716, Henan, China)

Abstract: [Objective] This study established a multifunctional forest density management map for Robinia
pseudoacacia plantations to achieve scientific and rational management of R. pseudoacacia forests with
different cultivation purposes, and provide scientific basis for yield prediction and tending management plan
formulation in forest management processes. [Method] The fixed and temporary sample plots of R.
pseudoacacia plantations, which located in the State-Owned Li Village Forest Farm in Luoning County,
Henan Province of northern China were set up for different management generations of R. pseudoacacia.
Each tree was measured, with indexes including DBH, tree height and the number of trees, and the
maximum soil water capacity of fixed sample plots in the first and second generation of R. pseudoacacia
forests was determined. Additionally, the carbon storage of R. pseudoacacia stands was calculated.
[Result] The optimum tree height growth curve of R. pseudoacacia was fitted, and the stand density
management map composed of equivalent tree height lines, equivalent diameter lines, equivalent thinning
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density lines, maximum density lines and natural sparse line was established. Finally, the density

management map of stand productivity, carbon sequestration and water conservation ability was obtained.

[Conclusion] In terms of height growth curve of R. pseudoacacia tree, the application of R. pseudoacacia

stand density management map in yield prediction, resource inventory and thinning operation design is

analyzed. According to the reliability verification results, the model obtained in this study is suitable for R.

pseudoacacia plantations in the hilly area of western Henan Province of northern China.

Key words: Robinia pseudoacacia plantation; hills in western Henan Province; multifunctional forest

management; density management map
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Tab. 1 Characteristics of Robinia pseudoacacia stand sample plots
SEEI ERIMAE M EE/B-hm™) PR A (B -m™) AN E B hm™) P37
AT Mean tree Mean Stand density/ Average plant volume/ Stand 1/\ S -ha! Sample plot
Generation height/m DBH/cm (plant-ha™) (plant-m™) and volume/(m"ha ") number
—{X First generation 3.95~18.64 3.37~14.55 500 ~2225 0.0024~0.1520 1.45~180.05 52
“AX Second generation 6,53 ~11.83  5.25~9.87 1175 ~ 6 400 0.009 8 ~ 0.049 1 17.91 ~87.36 61

K2 RIRM S X ThRERHE

Tab.2 Multifunctional characteristics of R. pseudoacacia stand sample plots

T3 KK 7/ (thm™)

AL MO/ %k‘hm”)?] $$%%$R/(m3~113m’2?] Bt E/(thm ™) ; Maximum water holding
Generation Stand density/(plant-ha™") Stand volume/(m’-ha™) Carbon storage/(t-ha ™) capacity of soil/(t-ha ')
—{X First generation 725 ~1775 75.28 ~ 180.05 33.43~79.97 2 550.20 ~ 2 825.53
4R Second generation 1175~2300 37.11~72.15 16.96 ~ 32.47 2 365.60 ~2 747.73

x3 ERRSEKARE

Tab.3 Common tree height growth equations

TR) [LEICE S W KT
No. Model name Tree height growth equation

1 H.43F Single molecular H=a+be

2 Logisti a

isti =
ogiste 1+becA

3 Gompertz H = qe-be™

4 Korf H=aqe A

5 Mitscherlich H = a(1-be™)

6 Richards H = a(1-e7b4)°

7 Schumacher H=ae %

VE: 5l H S SCHR[1]. HAMS TFHE(m), A ER, a. by cAZH . FH. Notes: H is mean height of stand (m), 4 is stand age, a, b and ¢ are

parameters. The same below.
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Tab.4 Allometric growth equations of R. pseudoacacia biomass

#®e SRR R
Organ Allometric growth equation
- Stem W= 0.025 83(D*H)"*%% 0.98
¥ Branch Wy, = 0.004 64D**13 0.95
I Leaf Wa = 0.023 40D"7 % 0.96
% Bark Wy = 0.007 63(D?H)** T 0.91
i Root Wig = 0.017 79D>¢*%0 0.88
N T (AT KL, 7E 95% TSR PERTIR T, AT % 22
M= aNh, 3) AT 10% KR T 80% M A H Gk %7 X, M
SFHLH L Origin 2021 BEAT4: .
_ —(k3—1)
M=k @ 3 LR AH
EEN T
§ = A< ph 2k gy 24 &
M= k(o= NN 5 M M.—%kﬁ%ﬂ’] 7 1l . -
B i FREAERK TR S BN G S R WK 5 s
B E SRR KR, . e b e e 1 e g1
W oMb ] FE B — AR AR 7 DB R KT R
= asM+bs ©) YJIXUAH Richards 77 FEAWSL, H Schumacher L&
C=CW (7 ROREAR, HoE &ECR YRR, 0 0958,
BRI KR KR & 0.875, #i%# Schumacher 75 FEAFRIFE —. —ANARHY
Y = auln Mtbs 8  IROUREAK L, KN

A MM B LR (m¥/hm?); HON AR 30 &
(M) Nypax NI KIS 5 BE (BR/hm®) s N AR5y %55 5
(Bk/hm?); D AR5 V35 B 4% (em)s Ny AR5 Y HE
FEBR/Mm?) s WM AW & (Vhm®) s C AR5 ik
fifi 8 (Vhm®); C, N E IS, K2 EEN
0.45 ~ 0.50, A< A 78 H 4R % 2H 43 1) & Bk 6 5 B
0.475%77; a. by ¢y ay~ by~ ays by azs by ags by~ kg
ks ky YINBEL S8k, P d ONBRETE, BUETERN
02~1.0.
24 BUERLER ST

K F Excel 2021, SPSS 27.0 X % #5 i3k 47 &b B,
HRBES TR SH X% EE MRS & &

_1547 5
H1=26.137¢ 41 , R”=0.958 ©)]

H, = 14.862¢" %, R?=0875 (10)

A Hy A Hy 73 39— ARG 34 15 (m))s
Ay Ay 53— ARSI MRS ()

MRYE R — AR B AR AR K 47 72,
S R E AR K T R a1 R

FRE— ACHIGLE 20 SERTAEKER, 20 )5
P A ARSI TP 22 . AR — AR AR AR K
BH A AR AR, 7E 30 SRR, AR — AR AR T
Pk F] 20.3 m, TR ARAR TR A 12.2 m,
MZEIX 8.1 m.

x5 WMEERKAESHISER

Tab. 5 Parameter fitting results of tree height growth equations

o R R
MR First generation forest Second generation forest

Tree height growth equation 5 5
a b c R a b c R

H=a+be % 4.275 45.332 19.436 0.955 7.242 181.498 63.587 0.873

= % 1.439 —0.708 —0.017 0.901 6.596 -0.024 -0.173 0.796

1+be=cA

H = ge—be™ 1.003 -1.416 —0.046 0.933 6.741 -0.014 -0.22 0.748

H=qae "™ 1.882 —0.398 —0.631 0.922 7.061 —1.64 x 107 —-3.654 0.744

H = a(1-be™") 1.558 —1.458 —0.128 0.942 6.426 -0.024 -0.207 0.852

H = a(1-e7?4)°
H=ae % 26.137 7.547 0.958 14.862 6.061 0.875

W H = a(1-e"Y) 7RI 8L . Note: the equation of H = a(1—e~?)" does not converge.
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Fig. 1 Tree height growth curves of first and second generation forest

of R. pseudoacacia
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Tab. 6 Parameter fitting results of stand density control models

ZHE
e ¥ Parameter value
Model Parameter — ek ek
First generation forest Second generation forest
a 5.079 x 1077 6.660 x 1077
by 4.378 4.886
S5 =12k Equivalent tree height line
a, 1.340 x 107" 1.848 x 107"
b, 9.164 8.576
0.001 6.204 x 107°
% B 228 Equivalent diameter line 2.051 2.632
c 0914 1.084
7.340 x 10° 1.047 x 10*
B K% 2% Maximum density line 0.605 0719
ks 1.605 1.719
ke 7.340 x 10° 1.047 x 10*
k.9 6.606 x 10° 9.427 x 10°
keos) 5.872 x 10° 8379 x 10°
ko 5.138 x 10° 7332 % 10°
S % 28 Equivalent thinning density line
PR R gy ko) 4404 % 10° 6284 x 10°
keos) 3.670 x 10° 5237 x 10°
ko 2.936 x 10° 4.189 x 10°
ko3 2.202 x 10° 3.142 x 10°
ko) 1.468 x 10° 2.094 x 10°
SRR N | i ks 0.605 0.001
0 £5 t
i £k Natural sparse line K, 2814 0.031
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Fig. 2 Density management map of stand volume of first generation R. pseudoacacia forest

200
—— S EZR Equivalent tree height line
""" SEHARZ Equivalent diameter line
: —— SFHi% LR Equivalent thinning density line
100 —— I RE LR Maximum density line
H 2R B4k Natural sparse line
Ng ; 50
T &
ED
& 5
8E 2
&K
3
A
10
5 P Z -
500 1 000 2 000 4000 6000 800010000
MG BE/(BR-hm2)
Stand density/(plant-ha™)

3 RIBR AU 2> B A e

Fig. 3 Density management map of stand volume of second generation R. pseudoacacia forest
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Fig. 4 Density management map of carbon storage of R. pseudoacacia first generation forest
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