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Influence of forest strate structure on productivity of coniferous and broad-leaved

mixed forest in Jiaohe, Jilin
LU Junyue, WU Zhaofei, ZHANG Chunyu, ZHAO Xiuhai "

Research Center of Forest Management Engineering of State Forestry and Grassland Administration, Beijing Forestry University, Beijing 100083, China

Abstract: The objective of this paper is to study the relationship between species diversity, stand structure and forest
productivity across forest strata which provides theoretical support for sustainable forest management strategies. The
coniferous and broad-leaved mixed forest in Jiaohe of Jilin Province was taken as the research object, based on the field
survey data of 38432 woody plants in the 30 hm’ fixed monitoring plot. The structural equation model was used to study the
mechanism of forest productivity based on species diversity and stand structure diversity across forest strata. The results
show that; (1) overstorey stand structure diversity had the negatively direct effects on productivity, with a path coefficient
of —0.138. But understorey stand structure diversity had the positively direct effects on productivity, with a path coefficient
of 0. 083. (2) Overstorey species diversity had the positively direct effects on productivity, with a path coefficient of
0.099. The relationship between species diversity and productivity in understorey was not significant, and overstorey
species diversity significantly promoted the understorey species diversity, with a path coefficient of 0. 147. This study
suggests that no sole and ubiquitous relationship between species diversity, forest structure and forest productivity, but
rather that the magnitude and direction of this relationship is greatly dependent on the forest strata. Therefore, the
relationship between the species diversity, stand structure diversity and forest productivity across different forest strata must

be fully considered in the forest management process.
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AR, 6 T RRMAZS RGUAE T 1 B ST R B | (LK 22 RO e 8 4 P e AN BE T AT e
JEMI T Z BEVE IR T S5 A8 AR 5 B A 1 Z AN R RAEA AR Z R AF A2 5 . TE R MO SR X
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H T A 25 7 AU ARTEE 2 e 22 R AR A AN (R R/ 25 S5 2 o bR e J22 A A AR e T ELIA
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1 AREMAEARTE

1.1 AR5

WP DAL T35 AR ROl S 56 DA BRI AR N (43°517—44°05'N (127°35'—127°51'E) | JE K H L & 3k
JUAWR K a2 DX T I R R XU U, AR R 3. 8°C A D 7 AR 21.7°C iR
BAHNT A, IR N-18.6°C , F [ /K EAE 700—800mm 22 [8] , ZA4E R e 2= 300 11 g (0 2R AR
+, FIREEN 20—90em,, FEHLHLIAE 2%, S AR R 577. 84m , Fe = IR R 780. 67m, AR AR T A
I X R I RP T 6 RO 5 B2 2% 022 N TN I BT RRTR S bR, T Z AR AR PG R 2T A
( Pinus koraiensis) . T4 ( Carpinus cordata) ¥4 W ( Acer mandshuricum) M ( Tilia amurensis) 75 HE % (Acer
tegmentosum Maxim) | TH Ak Ak ( Juglans mandshurica ) T B OR B AP AT B T B ( Acer barbinerve ) 16 W
( Corylus mandshurica ) %,
1.2 FEMbiR A S B AR

2010 4 E 2 TR S0 DA PR iU AR N R B T X, 32 A0 T4 i S i I TR S pk, S T
30 hm’® 500mx600m F[EEAEH SR 42l ASCHs 4 B [ 2 A L K20 B 750 > 20mx20m BSESERETT , K JeAE
7E 20m Ab%5 S AL E HEATARC . 2010 AEXTREHL A A 942 (DBH) = Lem M ARAFEY)HATHIN , 10 YR 4 |
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Aol FH B HTLEBURE 1 R % EBURE 19 b 7 v B SBEAREAS | ) 40mx40m PR 28 58 i ik s | AN 7 [ A B B 26
B 18], 7E 2m 8m Fl 15m FEEHLAHECH A S B 8 2m A1 8m 3 2m A1 15m 5 8m Fl 15m =FhA G
SHATHORE L3R4S 540 AIORE S, T o250 % N /e Br i = 38k s R0 s s e L sl sl A ML 5 R
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Table 1 The statistical information of basic variables in the sampling plot

A T T {E B 22
Variables Range Mean Standard deviation
2010 4Fffg42 DBH in 2010/cm 1.00—114.50 11.05 13.19
2015 4FHg4% DBH in 2015/cm 1.00—115.50 11.15 13.45
2010 444 5 Tree height in 2010/m 1.67—32.31 7.46 6.13
2015 4FM 5 Tree height in 2015/m 1.56—32.53 8.24 5.90
+ €530 A Soil available nitrogen/ ( mg/kg) 80. 13—889. 87 486. 11 120. 19
T Soil available potassium/ ( pug/g) 216.12—942. 12 446.21 130.29
4 Soil available phosphorus/ (wg/g) 16.48—46. 65 31.76 5.68
FIEH VLT Soil organic matter/ (mg/g) 28.23—227.80 93.59 31.88
+3% pH i Soil pH value 5.10—6.63 5.82 0.30
54K Elevation/m 577.84—780.67 662.51 52.10
Wi Slope/(°) 8.34—32.70 19.31 5.33
Wi Aspect/ (°) 105.36—264. 96 189.07 30.01

1.3 ARERGr A A

MEE)Z R 2 (30 S H b2 r T 4 5 i 2 e o R 30% M2, HEA MR IE MR 2
FEST BT B Z WX RS AT AL 3 BRSS9 LA L I 4% ( DBH) = 1em BT 37
K AWFFEXT S, 4 38432 bk, MG JZ A 11528 KT )20 26904 ¥k, AEANFE T M2 FIAR R JZ2 A1 R A s
721 R AR B S5 K8 2R S U AR R A5 2 A N A AR A TR

DL 20mx20m FEJ7 R BN MR HEXT 4K 2010 4EF1 2015 4EHBARRIAR , 454 75 bR & Tl B A8 vt s =0 ST
AR FUAK D BRI AR E T, RS BUIM A B R MZ BRE T B R, S 4R 0] A4 15 2 R
KERNERAE T,
1.4 WyFh R0 RS G5 Fa 8 bR TR 5 i 2k

YRl ZREHR YA E & 2 AR AR BB R IGEOX 3 MEFRERRE  MOS5H 2R R R &
RAGEL W te 0 ARE AL MR 3 Je PR AL AR AR St RBGX 4 MHERRTENRER . MarE5 i 2R i an
T2 Lh 20mx20m AEETT R A MORE)Z LA AE 10em A ] B Jl 43 A5 4, MR )2 LABRIAR Tem S i) &) 2 FL 55
B, oy IR RETT N H B A% S5 RROR B A S N IR A ARk, e R AR 48 BRI 3 35 AR T8 B TRy
3, FHA M2 1 B 2 S5 A A B R A A A A 8 00N SR P o 357 B8 B8 =8, 3 T DATH5R Hh & K2
Wi B A HR B AR 5 AR AR AL, A HRbRT R A 2,
1.5 iR HE

PSS H T FEAR AT, Z-score A XM B IEA TR EAL AL ], 22 T JL 2 M 2 52 i ik A8 28 o Xof i A8
SRR R TN RE 7, 4 R 5 2RI F- (VIR ) K30 45740 5t 2 [B] 9 22 FE LA | 2 VIF<10 B 28 & (8] A
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ZE IR PE | RS R R AR RS R VIF BN T 10, RMEE L B rE T 2 i i e
GRS MZE RIS T B SEAM HIE AR . MR Z VI =a,, xBAD, +a,, xDiversity, +a,; XStructure, +a,,
xSoil+a,s x Terrain +b, o X H1: VI, Ak 43 3 BUAE 7 07, BAD, iy i 25 W 1 ARV B2 | Diversity, S W) Ff 2 461
Structure, ARG EEF) ZHENE , Soil i IR T, Terrain AHIE KT, b, K8 KT, a,, —a, s A AH N 1 B AS & 1Y
20, MFZ . VI, =a, xBAD, +a,, xDiversity, +a, , xStructure, +a, , xSoil +a, s X VI, +a,, x Diversity, +b, ., #H VI, Ry
MRAFE R = T, BAD, A e =5 W 1 R85 2 | Diversity, NI A ZAEVE , Structure, A RETE 5 HI ZHEME, Soil b 115
R, VI g pod /2 2 B2 77 01, Diversity, I MGE 2 PR Z 0L, b 8 8O0, a, | —a, 0 AH I A0 i B 72 B 119
A

x2 MFSEEMKSEESEETEAR
Table 2 Calculation formulas of species diversity and stand structure diversity
FEEL Index 11543 Formula
WAl ZHEE

Species diversity

wrh e

Pz
95
I

=

IR A KL Hy=-Y % x zn(%)
i=1
. . WS n. 2
Wb L ARG Dy =1-Y, ()
i=1
ZHOEZ e e <
Structure diversity Wte AR H, =- le, N X ZTL(W)
. “Vd n; 2
e Y AR R Dy=1-23 (1)
=1

J
N
N (2xk-N-1) xba,
Wt e 15 5 GiniD = =2
N (N -1) xba,
k=2

1
AR R = —~ (DBH, - ?
Mo As S 25 VarD = 100% N

w
N JEREIR A RE N IR RE B NI S E n 25§ DR B AMAK V2 R N AR G n e 5 7 IR G AR KL bay 2 RE DT IR
ANTHRRES ke AR 4 M e T D B DBH 2 RE 7 NS & SRR MR s JERE DT BT S A A P 249

S FE A A P R AR A R X BRARAE 72 3 s BILA | R AN [R) AR 2 4 22 B RO 435 4 5 i) 2%
RAE 7= T E IR /NI AR 45 PRJZ T W Fh Z2 R 1 UMK o0 5 40 22 B A 2 D A 7= 7 A i 7 A% e 1) 445
TR MGEE E AT TR A SR T MG B S R 2R AR S AR T Z I E R AN A R T
RN XS Py p AR RO EEAE PR BE RN AR F R, AR SRR i AN T AR S A
ZRENE RO = T Z B SRR, LAMA S [ T 3 ARIEEJZE A 7 ) FOMGE J2 W R 2 R X AR 2 1
R

SR SE e AR (T DL AR DA 45 4 7 R AR AR A LA RO, BVLA O BE HR B0 ( CFT) Al 1 5% 25 34
JFHE(SRMR) . CFI #5501 RHRERISAEH I, KT 0.95 /NT 1 IS EHS, KT 0.90 Af LI4E5Z; 24 SRMR
/NF0.05 B FRRAR I $E a7 i eSS R ARSI ) CFT A1 SRMR 1B, B 28 10 fe A Y 28 B RS AN, 7
R 3.5.1 Y lavaan G 17450 IR IZ A
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XF 750 AE B AT, B BR A AE S E AR AAE A T, 55 T 679 1> 20mx20m HE T YT ZE R R
B (3 3) , WEEEA P T RITEEN 0.23—18. 75m*/hm? , FH4{EH 5. 51m’ /hm® , BB FRARE A H 0 &
BEGHRE , MAK T EE A RIS 0. 03—2. 63m*/hm? S K 0. 54m’/hm? , 21 W AKTEZ 1) 1/10, I
JEMRA B BTE FEA 0. 61—62. 84m*/hm? , SEI{E N 24. 61m*/hm?® , Ak R JZ AR08 AUYE Bl 4 0. 13—3.24m’/
hm? SFBE R 1. 13m’/hm®  BROEZARG46 Bt o2 TAK R 2R3 . 6T 679 M AR Z YRl 24
PEFIMR S A AT R R (R 4) MOE B WA 5 R 1—13 (K 2) ,FMER 7. 22, KN EY)
P& TR 2—16, FI{E A 7. 29 MK T 2 £ 5 A THRE R FEE

3 3 AR i A T 0 MW B AT LA B T OMOE IR B MR BRI S B MR )2
Fo HAE Ry PR SR VL L R A7 . CFT=0. 999 ; SRMR = 0. 012, MK 2 A 25 J 38 HL 4540 7 PR AL 5 %%
PEVC L BE R . CFT=0. 953 ;SRMR =0. 022, FES LR WA 2 FIOARTT 2 380 4 b - 3 A s B = b
ZREE i AR AR S REURERIR T G 2R . TR 5 SRR J2 45 4 5 AR R B 8 P Vg i L i 2%
14 A FH USRS e AR, 35 AR Sk ST AR RN A B A Y rh PR SEART SR S5 R
MR JZ A SZ BB J2 48 AR Wi 58 K, Fir A PG J2 A= 7™ 0 UM J2 0 b 22 A 1 A R 79 Aty S A8 A
B

®3 FETEHFITER

Table 3 Statistical results of main variables

MIESZ Overstorey MF)Z Understorey
JEH Range SEHIH Mean JuH Range SEHI{E Mean
Z L7 Volume productivity/ (m®/hm?) 0.23—18.75 5.51 0.03—2.63 0.54
4> Stand density/ (m?/hm?) 0.61—62.84 24.61 0.13—3.24 1.13

R4 FREKEDHESHEEMRKIENSEERITER

Table 4 The statistics results of species diversity and stand structure diversity across tree strata

MRIEJZ Overstorey MFJZ Understorey
EiTE 14 . IR B . B ifE i 2
; e T it o PHH it
Index Standard Standard
Range Mean L. Range Mean L.
deviation deviation
YR Z e YRl 1—13 7.22 1.96 2—16 7.29 2.22
Species diversity Y E ARG EL 0—2.42 1.76 0.32 0.53—2.44 1.59 0.34
YR E I ARIER 0—0.90 0.79 0.09 0.34—0.90 0.73 0.11
LER R R (& 0.01—2.06 0.19 0.32 0.02—2.11 0.29 0.39
Structure diversity MarEE AR dEEe 0—0.85 0.07 0.14 0—0.86 0.11 0.17
Ji 72 B e 45 5% 0—0.45 0.29 0.06 0.13—0.36 0.24 0.04
Wt s 5 4 0.04—1.06 0.56 0.13 0.23—0.67 0.45 0.09

2.2 MEIZYIFRZAETE R S5 5 A T e A

MOE)Z IEE R (1), PRh ZHEER AR 7 AT B35 ARG i, A2 R BN 0. 099, #RF45 1 2 4
PEFIAR = ) Z A OGS R  BAR R B -0. 138, HLAN , Wi 22 e P e aod 18] B AR 45 4 22 R ) e
TS MROTAE B L= ) B EERE R 35 (0. 501 ), A3 1o ] 4 0y o S5 A P AR o 5 4 S22 i 221
A7, HAR S8 BE X A 7 T B R i T A0 o 2 R AR 2 S5 A8 2 RV X 2 72 TGS, ISt B E 2
JE T IR ES R 7 T B RE R, 45 2R 7R TR CRN T A G0 A 7 1 R A 22 R A 52 TR B4 (2 3 T A
A R MRV PR 734 P AR I 5 R (VR T 2™ 0, B8 AR R B0 3000 0. 163 0. 125, 33280 R0 i 52 R bRy 254
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E1 #MEROMSHEEMKS SRR EFNNERRZE
Fig.1 The impact paths of species diversity and stand structure on productivity in overstorey

SR FNE R B MR RE AR 3 + 378 P<0.05, * * 3R P<0.01, * * * FRK/R P<0.001

2.3 W ZYRhZREME IR 454 5 4 7= T e &R

MR EEHE Z2REE XA 7 A B AR e (&1 2) |, B4 R AR 0. 083, IRh R A 7= ) I HL A%
SO | T 38 VR AR S R E T A7 0 B AR R KR 0,084 MR8 BE X6 AR 77 A I 2 B R R
BRI FRECR 0.326,, [AlB BEAA Se T T MG )2 A2 77 1 OMOE 2 YR ZREEX AR R 2 0058, MOE 2 Y fh 2
REPEXTAR T 2 AR 7 A B RS, o] AR BT 2 P F 22 R 1 X AT 2 0 R 22 R 1 = AR B i, %
BRENO0.147,

" T JE RS
L&
R e
S 0020
T*+..0.050 0.326%** Tl
T R%0.125 ‘ .
T L e RN
e H 0.038/
-<720.067 10.064
e JZ P 0.147%*x T ZrHh

B2 HTEYHSEERKRS SR ENHERRKREZE
Fig.2 The impact paths of species diversity and stand structure on productivity in understorey

FERFREBAR R ELFRE I IEA R « FR P<0.05, * * FIK P<0.01, * * * F/K P<0.001
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BEAR T A7 00 3 5 R Z BN IR FE A5 R A — B AR LD 22 R MR 2 B 6 R bk A 7 3 B 5 )
Ko GARMIEER 2, Vila SFHRFFE 2 BI85 B BMA K = AL 20 TR 2R FEMGE
JZ  EREE AN A7 T T EAR R T2 o 3 R AR 2 M (e R S AR A 7 7 IR o N BTS2 285 R —
B IBEAAPRS A S B BRI, T 2358 10 S 25K R T A
3.2 AFEIMIZYIRh TR T B S A L &

AHEFERI IS T R BB 5350075 18 T AN R Z A 2RV E S 4™ 1 Z [ G R 2 R R WIHEMOE R Y b
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FEPESCRLE ™ )1, AE Zhang SFRIBTTE A B, 24 R [EYIFP ZREVERT € 5287 1 2 B M IEARSC R &R HR
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PRAEF= I3 ORI R 2 R —2, SRIE QAT o 45 4 Jy AL K B 24 [ )25 i ) o 22 R e bR 4345
ZREmS, A S A Z A R IEAR R OC R, H I HAA BB IAR G SRR 2 i 25 SR RS — 2

TEMTE IR , Pt ZREPERBRAR A 7 1 B IEA O R ] BEVA A T AR A AN - i T R s ¢ IR A
FIAFAE 22 5 | S5 A 25 67 9 43 A 0 o ) 1) 5 5 £ TBREARR 210 0 2 R 1 o o A R T 2 v
P TRACHRE , (A2 PRl m] LI AT S AT LR, BT i AR AR > 0 e 2, 0l Z R
Xt EE 7 0 RS WA B EE R A o 22 R R MAORE J2 A 7 T B I B 55, OO RN 3, T BB S R A A R AL
BA S, AR 2 REALIEHEAR YA , A EFE AR 2 B A (8 40y v SEOHT , B TR X A A A A B 55 4 i .
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R, HIXROCRIEMGE )2 R B R 2 X ARG A RO A 2 — 8, IR [RI45 50 st B mT Re 2 oy
WFE HIAL T AN R AR AT, sl T FE AR AT A 22 57
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PP 2 8] 9 TE A DG OG 28 TR AR A | 30 1) A AR BE AR 7 Fl T 0V 4 008 6 R 1 B
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