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Abstract: [Objective] By exploring the changing principle of growth, form quality and spatial utilization
ability under different planting densities and mixed species proportions of Fraxinus mandshurica
plantations, this paper aims to provide theoretical basis for cultivating big diameter wood of Fraxinus
mandshurica plantations. [Method] Taking pure Fraxinus mandshurica plantations with 10 000,

4 400, 2 500 and 2 200 tree/ha planting density, and mixed Fraxinus mandshurica plantations of 1 line Larix
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olgensis . 1 line Fraxinus mandshurica and 3 line Larix olgensis . 3 line Fraxinus mandshurica with 2 500
tree/ha planting density, which was planted in 1998 from Maoershan Forest Farm of northeastern China as
materials, growth index, form quality index and spatial utilization ability index were investigated and
comprehensive evaluation value was calculated by improved hierarchical analysis method. [Result] The
growth index, form quality index and spatial utilization ability index of pure Fraxinus mandshurica
plantation with 4 400 and 10 000 tree/ha density reduced by 3.15%, 2.58% and 8.62%, 2.58%, respectively
than that of pure Fraxinus mandshurica plantation with 2 500 tree/ha density, and that of Fraxinus
mandshurica plantation with 2 200 tree/ha density increased by 21.89%, 7.41% and 2.94%, respectively than
that of pure Fraxinus mandshurica plantation with 2 500 tree/ha density. The growth index, form quality
index and spatial utilization ability index of mixed plantations with 1 line Larix olgensis . 1 line Fraxinus
mandshurica and 3 line Larix olgensis . 3 line Fraxinus mandshurica increased by 12.18%, 9.05%, 17.92%
and 22.98%, 12.14%, 25.77%, respectively than that of pure Fraxinus mandshurica plantation with 2 500
tree/ha density. The rank of comprehensive evaluation value of Fraxinus mandshurica from big to small was
mixed plantation of 3 line Larix olgensis . 3 line Fraxinus mandshurica, pure plantation with 2 200 tree/ha
density, mixed plantation of 1 line Larix olgensis . 1 line Fraxinus mandshurica, pure plantation with 2 500
tree/ha density, pure plantation with 4 400 tree/ha density and pure plantation with 10 000 tree/ha density.
[Conclusion] The individual quality of Fraxinus mandshurica improves significantly with the decrease of
density in pure Fraxinus mandshurica, and raised significantly in Larix olgensis-Fraxinus mandshurica

mixed plantation, it should be suggested to plant the mixed plantation of 3 line Larix olgensis . 3 line

Fraxinus mandshurica with 2 500 tree/ha density.

Key words: Fraxinus mandshurica plantation; form quality; planting density; mixed proportion
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Tab. 1 Basic situation of Fraxinus mandshurica plantation with different densities and tree species configurations in Jinde

Region of Maoershan Forest Farm

S R E REaliiEes PRI LtV vpal AWER/(m* hm™)
Density and tree species configuration Mean DBH/cm Mean tree height/m Individual plant volume/m® Volume per hectare/(m*-ha™")
I 11.10 14.36 0.074 3 141.72
II 12.13 14.36 0.090 6 131.75
il 12.72 14.30 0.098 0 126.71
v 13.54 15.42 0.1209 110.38
11 13.35 14.36 0.1108 190.72
333 14.95 14.90 0.1415 160.24

e T ~ IVAF512910 000, 4 400, 2 500712 200 #/hm? 25 FE/K HIAIZEAK; 12 1H13:353 75192 500 Fk/hm? 3 BE (¥4 11 7 IR 7K i1 AT VR AE MR AT K
FIVE T FA—K -3 4T R 2 Mk . 1Al Notes: [ —IV mean the pure Fraxinus mandshurica plantation with 10 000, 4 400, 2 500 and 2 200 tree/ha
density, Fraxinus mandshurica-Larix olgensis 1.1 and Fraxinus mandshurica-Larix olgensis 3.3 mean the mixed plantation with 1 line Fraxinus
mandshurica, 1 line Larix olgensis and 3 line Fraxinus mandshurica, 3 line Larix olgensis with 2 500 tree/ha density. The same below.
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P RRAN A KA BR VP B B 25 B2 AR AR 43 30l FEAR T
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IR T 0.42%, %5 IV SRR A K AR 42 . A
FARRA BRI A AR AR VB 405 FE TR 23 70 3 v
T 7.11%. 7.83%- 23.37% Al 21.89%(F£ 3). /K%
11 R ASARAN 323 VRASHR AR Han Il A%, B iy S bk
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Tab.2 Growth index of Fraxinus mandshurica with different densities and tree species configurations

LSRR R Mz W i R AR A KSR AR
Density and tree species configuration DBH/cm Tree height/m Individual plant volume/m® Evaluation value of growth index

[ 12.01 +3.49d 14.36 £ 1.75b 0.074 3 +0.053 6¢ 0.067 £ 0.027¢

I 13.06 +3.77¢ 14.36 +£2.47b 0.090 6 +0.059 7d 0.071 +0.023bc

I 13.65 + 3.45bc 14.30 = 1.80b 0.098 0 + 0.060 Ocd 0.073 £ 0.023bc
v 14.62 £4.51b 1542+ 1.37a 0.120 9 + 0.079 4b 0.089 £ 0.029a

111 14.25 +3.94b 14.36 +2.23b 0.110 8 £ 0.078 5bc 0.082 + 0.032ab
333 15.87 +4.16a 14.90 + 1.78ab 0.141 5+0.082 7a 0.090 + 0.028a

VE: FSIAFRERRREZREE. T, Notes: different letters in the same column mean significant difference. The same below.
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Tab.3 Growth index improvement rate of Fraxinus mandshurica with different densities and
tree species configurations %
HE S WA E M Gl PR A RAERITOME
Density and tree species configuration DBH Tree height Individual plant volume Evaluation value of growth index
I -12.01 0.42 —24.18 —8.62
II -4.34 0.42 —=7.55 -3.15
v 7.11 7.83 23.37 21.89
11 4.40 0.42 13.06 12.18
333 16.26 4.20 44.39 22.98

TE = AR T2 5000k /hm? 3% LK fi Al AR o FETID AR m . RIS, 7,

of 2 500 tree/ha density (density III). The same as Tab. 5 and Tab. 7.
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Notes: the improvement rate relative to pure Fraxinus mandshurica plantation

0.05).
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ITANES FE T 5 VR AR K b oet 8 350 ¥ 35 K T 4 Fh g
FEAEMR(P < 0.05) . 7K HTAI05E T 28 MR B/ MK IR 9%
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Tab. 4 Form quality index of Fraxinus mandshurica with different densities and tree species configurations

Denfit% iﬁfjegsafcies . B i . el FE . HE. A Eﬁiﬁ:ﬁjﬁiﬁ&ﬁ)f
configuration Height under branch/m Diameter height ratio Breast height form factor form quality index
I 7.15+1.27a 0.83+£0.22d 0.396 & 0.055¢ 0.047 £ 0.009d
II 6.78 + 1.48ab 0.90 +0.21cd 0.415 + 0.076abc 0.050 = 0.009bcd
11 6.10 + 0.99b 0.94 +0.17bc 0.420 + 0.036abc 0.049 £ 0.007cd
v 6.63 + 1.52ab 1.02 + 0.24ab 0.412 + 0.045bc 0.052 £ 0.009abc
11 6.33 +2.08b 1.04 £0.24a 0.439+0.071a 0.053 +0.011ab
333 6.47 +1.29b 1.06 £ 0.25a 0.434 £ 0.054ab 0.055 = 0.008a

x5 AREEESHFEEKHIIFRIERNRES R

Tab. 5 Improvement rate of form quality index of Fraxinus mandshurica with different densities

and tree species configurations %
HIE SRR BTl i T TR IR 1
Density and tree species configuration Height under branch Diameter height ratio Breast height form factor Evaluation value of form quality index
I 17.21 -11.70 =571 -4.32
I 11.09 —4.53 -1.00 2.06
v 8.69 8.51 -1.90 7.41
11 3.77 10.64 4.52 9.05

333 6.07 12.77 3.33 12.14
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Tab. 6 Spatial utilization ability index of Fraxinus mandshurica with different densities and tree species configurations

B L5 G B P 7] R BT AR TR PR LA & o S T = G o A Eh WA K =Y A A A
Density and tree species Crown Canopy shape Crown surface Crown Growth spatial Evaluation value of space
configuration width/m rate area/m’ volume/m’ index/(m*-cm™) utilization ability index
[ 232+0.77b  3.49+1.30ab  25.73 £ 18.42¢ 13.36 + 12.81b 1.04+0.71b 0.192 + 0.054c
I 246+0.79b  3.50+1.92ab  31.15+15.82cd  13.87+10.93b 0.98 +0.57b 0.192 + 0.048c
I 247+0.79b  3.66 £ 1.60a 3349+ 15.57bc  14.58 £ 10.34b 1.02 +0.62b 0.198 & 0.046¢
v 247+0.86b  4.02+1.82a 35.81 +18.16b 16.38 + 13.68b 0.96 +0.61b 0.203 + 0.052bc
101 3.07+1.49a  325+1.84ab  40.78 £26.15ab  24.79 +26.28a 1.48 +1.31a 0.233 + 0.099ab
333 331+1.2la  2.82+1.09 47.37 +£26.44a 29.39+26.11a 1.67+1.19a 0.248 £ 0.097a

FEIV, B 2T % T KV 101 Ak 3135
TR AT AR K A0 68 T F /N T 4 Bl B Al bk, K TE
313 VR A AR FE TSl AR % B IV 4l bk (7] 22 5 5 3
(P <0.05). 7K A 5k 2 T AR A K 21/ TR R 7K
V% 3130 K& 101 BRIV, %5 B L. %5 B 11 R0 %5 B
T s ik rboK AR e 35 Th AR B8 5 18 AR % 2 1R 980/
MIRHTE R, 2 IVAMRE Z KT % T aitkp <
0.05); VEEAZ MR /K i A4 jed & T AR 350 K T 4 Folv s 82 4l
M, K& 33N 4 Fhas B aipha) 2 7 8 %
(P <0.05). 7K HiANR e 44 M K B /M 2R R 7K T
33 K 11 HEIV, HE %M ;R
i IR A 53 N R I L o L L N 2
121 JRASHRS JKVE 3:3 TRASARS 4 Fhss B ali bk ) 22 57
BE(P<0.05) . 7K HTANA: K 25 (8] F Fi8 B K 2 /)
W NKTE 3230 KTE 101 B FFE 1 H L %
T1 A 25 B2 IV s YR 28 AR K il A A 4 2% ) 48 H03 K T
4 Phas EEAl AR, KIE 101, 33 IRACHR S 4 Fhvag i 4l
MR ZE 57 23 (P < 0.05).

SR T Al ARORD 5 B TT 4l bR rb oK il a0 e s et 7
R, R A B Tl (A RRUR 2 () ) FH B 0 PPN (B 52

2 I K5 B BE R T 6.07%- 4.64%. 23.17%-
8.37%12.58% F10.62%- 4.64%- 6.99%- 4.81%-2.58% .
B LIV A AR A 7K A0 e T 28 B8 et 2 TR AR L A et A4 AR
A 8] R BE 27 PEAN 8 8% FE T Al AR 4y sl 3 =y 1
9.84%- 6.93%- 12.35% F1 2.94%, =25 [A] 15 K P
T 5.88%. /Ki& 111 VAT K MR A% 5l 2 1t
RS TR AR 7 ] i H5ORN 25 ()R FH e 0 v B
b 7] 5% B 4R G B TTD 23 5l & 1 24.29% 21.77%-
70.03%- 45.10% A1 17.92%, 7 I FFEK T 11.20%,
K& 313 IRASMIE IR A e R T AR W AR A
Z% () 8 HOFD 2% () R F e 48 A5 PP B 28 2% FE T 4l Ak
SR E T 34.01%. 41.45%. 101.58%. 63.73% F
25.77%, I ZFRAK T 22.95%(F 7).
24 EWRZERELZEGIKMIIEETNEN
M

K HTAIAE KB FR A, REAE ) & B OK BN HE R
NEREM R B4R . TR SR AR, AL A B A
KENVNEIHEP AR m b B m i s 4. 23 (A
FIF e F1Fa AR A, RFAE 1) 8 R B INHE 7 A e R AR
AR () HE £ W e R TH AR S e T 2 AL i (58 8D«

x7 AEEESHAEEKEYIZEF AENIERNRSE

Tab. 7 Improvement rate of spatial utilization ability of Fraxinus mandshurica with different
densities and tree species configurations %
%‘:&4 iR o N _ X"‘_‘J: [{ /'/\"E Ba=p '/\t‘E | ok Ba=Y 7\\/ i
T RE i . ey | FOSAB  ERERIRA R R
Density and tree species . Crown Growth Evaluation value of space
. Crown width ~ Canopy shape rate ~ Crown surface area L e e
configuration volume spatial index utilization ability index

I —6.07 —4.64 -23.17 —8.37 1.96 —2.58

Il —0.62 —4.34 —6.99 —4.81 —-3.85 —2.58

v 0.00 9.84 6.93 12.35 —5.88 2.94

101 24.29 -11.20 21.77 70.03 45.10 17.92

333 34.01 —22.95 41.45 101.58 63.73 25.77

® 8 KHUIEERTHFERERNE

Tab. 8 Characteristic vectors and weights of quantitative indicators of Fraxinus mandshurica

A K48 FF Growth index

JE i #8 4% Form quality index

7= [ F F 58 716 ¥ Spatial utilization ability index

P e AR T AR o A

167 Index g LBEMBVER g paw meml mE omE p g KA
At Index  pose s Individual | . : Crown i
. Height under Diameter Breast height Crown Canopy shape Crown
DBH Tree height plant volume . . . surface Growth
branch  height ratio form factor width rate volume L
growth area spatial index
SFALE ] &
lfﬂ ik 0.0609 0.0170 0.1356 0.0333 0.043 4 0.026 6 0.0752 0.109 6 0.1292  0.1864  0.1827
eature vector
FLE Weight 0.1426  0.039 8 0.317 6 0.080 6 0.1050 0.064 4 0.027 5 0.040 1 0.0473  0.0682  0.066 9
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A7) 5 5 5 A o i 28 D) 7K A A AT ot % 2 )
FIFHRE 125 A VPN E 22 23 (P < 0.05) « KN
A VO E AR BN IR A KT 313 B REIV. KT
11, BB % RS 1 5 aibkdr K i ings &7
WA S A i A 1 PR S5 R (1 9l /)N T 3283 14 K, TR A AR
K HI NI ZE G PR B 32 KT [R) %5 B bk O3 FETTD), 7K

V3BT EEE 1 B LR L A 2
REFEP<0.05), BT aibRAnE g 114k b
TTT2E AR K M 25 & PEANE PR AR T 6.01% 1 1.44%,
2 B IVl bR L % B 26 R 3 7 13.39%, /K%
101 0 303 YR ASARAR T[] % B 4l bk (2% BE 11D 49 ) 42
BT 12.25% F120.019%(% 9.
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Tab. 9 Comprehensive evaluation values of growth form quality and spatial utilization ability of Fraxinus mandshurica under

different densities and tree species configurations

L M E G A A B S A B P T
Density and tree Comprehensive Density and tree species Improvement rate of comprehensive
species configuration evaluation value configuration evaluation value/%
| 0.339 £ 0.094b | —6.01
I 0.356 £ 0.079b Il —1.44
111 0.361+£0.077b v 13.39
v 0.409 = 0.095a 11 12.25
111 0.405+0.115a 333 20.01
333 0.433£0.103a

30 #
3.1 EMEEFERZ L FIXTK i A KIS ARR 22
o K VR AT BB T UASE A 1] ) R B AR 3 A
RN 7870 A%, BRI TR Ko Je AN 2 1 44
[) % Y515 2 A 2 B B B AL AL, BE S B A L
BERS AR B AAS, T AR 2335 B R R OR AR KR B B S
IR P21, ARSI X 6 FAS [7] %5 B2 55 44 Fh i B 7K
AN AR ORI 78 A3, K IR AR AR B 4% Lk
A AR B A AR R B AT 38 K, B A B 9 A — 7K i
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