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Abstract: Taking Pinus koraiensis plantations with different ages in the mountainous area of eastern Liaon-
ing Province as the research objects, 30 plots with different site conditions were set up to investigate and
analyze the characteristics of P. koraiensis growth,understory shrub and soil nutrients and water,and se-
lect the ecological functions of tree layer carbon storage,soil nutrient maintenance, soil water conservation,
biodiversity maintenance, productivity and wood production. The average value method was used to quanti-
fy the multifunctionality,and the synergy-trade-off relationship between different functions and the main
factors driving multi-functionality were discussed. The results showed that the multifunctional index of P.
koraiensis plantation was 0. 38—0. 78, which increased significantly with plantation age. The trade-off rela-

tionship between different functions was dominant. Among them, the trade-off degree between tree layer
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carbon storage, productivity and wood production in the tree layer of 10-year-old P. koraiensis plantation

was 0. And the trade-off between soil nutrient maintenance function and other functions was the highest in

10-,34- and 43-year-old P. koraiensis plantations. Under branch height,dominant tree height, slope, slope

position,soil C ¢ N,C ¢ K and N ¢ K were the main environmental factors affecting the multifunctionality

index of P. koraiensis plantation. In order to realize the forest multifunction of P. koraiensis plantation,the

site conditions should be selected as small slope,shady slope and low slope position as far as possible dur-

ing afforestation. In the process of forest management,high-intensity pruning should be avoided,understo-

ry biodiversity conservation should be paid attention to,pruning residues and litter management should be

strengthened,and forest land fertilization should be carried out when necessary,so as to promote the coor-

dinated development of stand factors, topographic factors and soil nutrients, and promote the sustainable

and healthy management of P. koraiensis plantation.

Key words: Pinus koraiensis plantation; forest multifunction; mean value method; synergies-trade-offs
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Table 1 Summary table of P. koraiensis plantation plots
A7 10 # 24 #% 34 i 43 i 54 i
YeRE/ () 11~22 3~23 2~18 9~23 2~13
LA PR .2 BR LB BA 2 BH LB PR 2 BR LB BH 2 BH LB RIS SN ]
I ) ISNCEN ESNC N ISNCEN ISR ISNCEN
My #% /cm 3.4~4.1 11.7~15.8 16.5~20.0 27.4~29.8 30.9~36.3
B =5 /m 2.42~2.68 7.19~9. 64 10.71~12. 96 14.77~16.56 17.55~22.01
B/ Bk hm2) 1783—4 117 867—1483 650~1167 300~417 233~400
56 i /m 0.84~1.13 1.70~2.03 1.70~2.03 2.93~3.24 2.85~3.71
Wk F & /m 0.23~0.27 2.77~3.88 2.77~3.88 5.44~6.43 6.19~8. 33
AR P BE 0.4~0.8 0.5~0.8 0.6~0.9 0.7~0.9 0.7~0.9
K2 FAEBRMBESERUELER
Table 2 Determination results of carbon storage indexes of tree layer
18 b 10 # 24 34 % 43 & 54 %
FA®R/(ts hm ) 2.95+1.18 43.40414. 59 59.62411.72 85.0147.55 106. 47415. 40
KR/ (te hm ™ 2) 0.5420. 20 3.99+1. 21 4.78+1.04 5.5120. 48 6.2820. 96
At/ (e hm ) 0.847+0. 29 3.0740.83 3.2240. 80 2.9340. 26 3.0440.52
HAEW R/ (t e hm D) 1.0040.07 6.79+0. 23 8.02+1.78 8.99+0.79 10.1341.56
FikaaE/ (g ke™ 340. 25415, 30 351. 064, 65 348. 3642, 21 372.4341.56 396. 4348, 52
Mk arE/(g- kg ) 402.687+3.65 395, 2546, 32 410.2945. 30 418.2946. 32 389. 8543, 64
MRS/ (g kgD 365. 544225, 32 354.2348.79 341.5915. 31 372.5944. 65 403.864-1. 89
WHER/ (g ke D 382.0546.01 370. 062, 31 398. 0542, 32 390.0541. 30 433.2546. 31
Fweffi/(ce hm ®) 1.010. 04 15.24+5. 12 20.77+4.08 31.66=+2. 81 42.2146.10
Kewfif it/ (0o hm ™) 0.2240.08 1.5840. 48 1.96+0. 43 2.3140. 20 2.45+0. 37
- RAE I/ (t e hm™?) 0.3140.11 1.0940. 29 1.1040. 27 1.0940. 10 1.2320. 21
WREfk i/ (cs hm ™5 0.3820. 14 2.5940.78 2.704+1. 41 3.44740. 30 3.8820.59
MBRAERE /(e hm™ %) 1.91+0.73 20.49+6. 66 26.54746.05 38.493. 39 49.767.23

K3 IEFHEFEERVESER

Table 3 Determination results of soil nutrient maintenance indexes

B2 10 #? 24 #% 34 #% 43 #% 54 #%

TN/(g+kg b 3.460.47 3.342+0. 81 2.690.68 2.2320. 26 2.65+0. 31
TK/(g+ kg D) 13.75+1. 45 15.48+0. 48 14.70241. 36 17.4740.12 17.63+1.93
TP/(g+ kg™ 0.59+0. 11 0.85+0. 24 0.62+0.21 0.46+0. 06 1.57+0.76
B/ (g kg D 103. 18+ 15.58 66.35+14.73 60.25+15. 87 70.75+16. 66 72.88413.05
BHFR/ (g kg D 68.85+7.71 58.20414. 49 47.0249.93 42,1545, 26 47.3247.33

HR/ (mg » kg™ ) 6.73+1.28 15.4249.62 9.10+1. 62 6.3141.32 21.6+68. 83
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Table 4 Determination results of soil water conservation indexes
LD 10 # 24 1% 34 1 43 % 54 ¥
FHEEKE YD 12.8740. 31 12.9740. 41 12.4240.37 12.1840.15 12.3740.23
EELBEE D 43.1841. 20 39.9341.01 44, 340.91 46.1340. 66 43.7540.58
x5 EYSHUEERZSERNELESR
Table 5 Measurement results of biodiversity maintenance indexes
10 # 24 34 1% 43 % 54 %
A S 1.83+0.75 3.67+1.63 3.00=+0. 89 4.00+1. 26 3.00+1.26
D 0.3020. 24 0.5470.17 0.61+0.12 0.57240.19 0.5020.17
Jo 0.83+0.03 0.7940.14 0.96=0. 04 0.78=0.18 0.8140. 21
H 0.4570. 38 0.9970. 45 1.0240.3 1.080. 40 0.86-0. 39
Ju 0.86+0.01 0.8140.12 0.9640. 04 0.7940.13 0.8440.17
TR S 9.0042, 28 11.33+2.88 13.17+3. 43 11.50+2. 26 15.83+3. 31
D 0.7920.07 0.670. 14 0.8620. 04 0.8120.06 0.8620. 05
Jb 0.90+0.05 0.7440.16 0.93-0.03 0.89-0. 04 0.93-0. 05
H 1.8540. 34 1.6440. 40 2.2320. 22 1.9940. 26 2.35240.19
Ju 0.8520. 06 0.6820.13 0.8820. 04 0.8220. 04 0.8620. 06
K6 EFEAMKRMEFTMNELR
Table 6 Measurement results of productivity and wood production
EERan 10 # 24 1% 34 1% 43 I 54 %
MR/ (Ce hm™ D) 5.33+2.03 57.254+18. 64 75.654+15. 24 102. 4449, 04 125.924+18.29
S/ (te hm 2ea D) 0.5320. 20 2.3940.78 2.2340. 44 2.3840. 21 2.3320. 34
M/ (m® « hm™ %) 5.261.94 68.37424.75 101.40+19. 79 140.56+16. 15 193. 8432, 98
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Fig. 1 Ecosystem function trade-off and relative income diagram
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Fig. 2 Multifunctionality index of P. koraiensis plantation at different ages
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Fig. 3 Radar chart of average multifunctional index of P. koraiensis

plantation at different forest ages
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Fig.4 The ecosystem function trade-off degree and relative income scatter distribution of P. koraiensis plantation at different ages
o e R I AT AR A S 2 T e
PEFEBOCR IE AN  BORTELD S N T AR 28 i A s
A LAGE G TR L0 AR I AR A R iy 5 4B

B PRAEAR A8 P BE 39 25 AR, DL E 22 Th e 4
ASEEL. MO R b, R 5 A% D RE AR B TR
B T AR A5 L TR W B R R S
B KT Hh BB RN B el PR B T 3 Bk
ERIR 20 N TTARZ SRR B N, X 5 g
AU BT SE RAAE G AR X T B R L A, B

PR R YA b K B L2 R R Y JE T B
HE K YF et N EAEEENES RS
WRE, AW, HEC: P.C: NMN: P 5%
A6 B m) S B G0 M 06 Lk B B AT R N TR R
K Z AR BRI A2 50 BRI A RO R 6, aT
3 3 TR A% 0 R R A B R R 4 e
LB AT it EL A B A R R . SR i K Hb Y 5 43
Bl



58 PR 2 B 2 39 &
KT AEARBAMAIRESHENARREE
Table 7 Root mean square deviation of ecological function of P. koraiensis plantations at different ages
it SFM wC BM WBG \
10 # TCS 0.3640.08 0.4240.07 0.2840.10 0.00=40. 00 0.00740. 00
SFM 0.1140.07 0.1840.11 0.3640.08 0.3540.02
wC 0.1240.09 0.2840.00 0.2840.00
BM 0.28+0.10 0.28+0.10
WBG 0.0040. 00
24 i TCS 0.2440.09 0.1640.13 0.2040.12 0.3940.06 0.2140.16
SFM 0.21+0.11 0.22+0.09 0.29+0.12 0.25+0.08
wC 0.18+0.08 0.35+0.17 0.21+0.12
BM 0.36+0.19 0.16+0. 10
WBG 0.4240.04
34 1% TCS 0.26+0.13 0.1940.11 0.1840. 14 0.2740.09 0.1040.05
SFM 0.23+0.09 0.40-+0. 14 0.44-+0.15 0.26+0.12
WwC 0.26+0.11 0.31+0.15 0.10+0. 08
BM 0.20+0.11 0.18+0.13
WBG 0.26-+0.09
43 % TCS 0.39+0.08 0.3240.09 0.2140.12 1540.07 0.1440.02
SFM 0.1740.02 0.2540.13 0.4340.13 0.3640.09
wC 0.16+0.12 0.3240.09 0.2640.11
BM 0.26+£0.11 0.21+0.13
WBG 0.17+0.08
54 % TCS 0.2340.08 0.4040.12 0.2840.12 0.1940.05 0.0340.01
SFM 0.2140.09 0.26+0.10 0.2440.09 0.2540.07
wC 0.27+0.16 0.36+0.12 0.42-+0.09
BM 0.2940.09 0.27+0.12
WBG 0.18-+£0.06
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Table 8 Redundancy analysis of multifunctional index of P. koraiensis plantation and correlation and permutation test of ordination axis

. 555 B #E S SRR R B B AL AR 1
RDA1 RDA2 F B2 (VD) P
a5 R 0.830 3 0.1759 0.4 0.5 0.768
[ N —0.927 7 0.045 1 3.0 3.0 0.025"
56k Wi —0.895 1 0.1317 1.7 1.7 0.151
LR A= —0.932 3 0.112 2 50. 4 27.4 0.001""
IS FA 3 —0.695 0 0.127 5 0.5 0.5 0.767
B K ¥ 353 0.356 2 0.073 2 4.5 3.2 0.018"
1) —0.3585 —0.293 1 2.3 2.1 0. 069
YL —0.273 4 0.281 3 .6 3 0.025"
T A E L +HEC: N 0.244 5 0.060 7 2.5 2.9 0.023"
+HEC:P 0.683 1 —0.169 0 0.9 1 0.411
+HEC: K 0.729 4 0.379 9 3.8 2.9 0.022"°
+HEN:P 0.688 1 —0.216 8 2.7 2.3 0.053
+HEN: K 0.674 1 0.381 3 9.5 6.2 0.001" "
FHIE S
RDA HE 7t 2 S AE 0.549 6 0.157 6
YRl — PR A S 0.977 6 0.897 8
M 0 A F=7.06 P=0.001
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Fig. 5 Redundant two-dimensional sorting of multifunctional index

and drivingfactors of P. koraiensis plantation
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Fig. 6 Multifunctionality index of P. koraiensis plantation and

variance decomposition of environmental factors
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