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Factors Influencing Aboveground Biomass in the Secondary Forest of

Quercus aliena var. acutiserrata in Taibai Mountain

Pang Rongrong'  Peng Jieying'  Yan Yan'’
(1. College of Forestry, Northwest A&F University ~Yangling 712100

2. Qinling National Forest Ecosystem Research Station, Shaanxi Province Yangling 712100)

Abstract; [ Objective] The impacts of species diversity (species richness, species Shannon—Wiener index and species
evenness ) , structure diversity ( DBH Shannon—Wiener index, DBH evenness, coefficient of DBH variation, and DBH gini
index) and environmental factors on aboveground biomass of the forests of Quercus aliena var. acutiserrata in the mnorth
slope of Taibai Mountain of Qinling Mountains were investigated to provide a theoretical basis for biodiversity conservation
and harmonization of forest ecosystem functions. [ Method ] Q. aliena var. acutiserrata forests in the north slope of Taibai
mountain of Qinling Mountains were studied. The effects of species diversity and structural diversity on the aboveground
biomass were analyzed based on inventory data ( diameter at breast height =1 ecm) and environmental factors in the
permanent observation plots ( 100 mX 150 m). The correlation between species diversity and aboveground biomass was
determined by multivariate regression. Coupling with environmental factors, the structural equation modeling was
conducted to compare the effects of species diversity and structural diversity on aboveground biomass. [ Result] The linear
regression and structural equation modeling showed no significant correlation between the 3 indices of species diversity with
the aboveground biomass. Among the structure diversity indices, a significant negative correlation was obtained between
DBH pielou and aboveground biomass. However, a low percentage of aboveground biomass variation can be explained by
the diameter pielou. Environmental factors had direct and indirect effects on aboveground biomass, while direct effects

were more prominent. [ Conclusion] Community structure was an important factor for the aboveground biomass of Q. aliena
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var. acutiserrata forests. However, structural diversity was an inhibiting factor rather than promoting factor on aboveground

biomass, indicating that the increased complexity of community structure did not benefit the accumulation of aboveground

biomass. Environmental factors directly affected aboveground biomass; however, no significant effect was found on the

correlations of aboveground biomass with species diversity or structure diversity. Although the importance of community

structure to the aboveground biomass was proved in this study, community structure may not be the dominant factor for

aboveground biomass of Q. aliena var. acutiserrata forests.
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B1Hk ( Grace et al., 2016; W M5, 2017; # 5 5
& 2017) .
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FE I HE R AR IC, DU O 0 SR M AR e iR L A AR AE
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PR IR Ry 5605 AR K T A6 AR L T A, DY R AR R I
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2.3 RERTFUE
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Tab.1 Environmental factors of quadrats

a1 HMH FeAid) P 22
Environmental factors Mean Range Standard deviation

+ 3 pH Soil pH 5.874 4.530~7.035 0.599
+ 1€ 4% & £ Soil total phosphorus content/ (g-kg™") 0. 427 0.235~0.761 0.110
+ e 441 5 i Soil total potassium content/ (g-kg™") 18. 948 15.612~26. 823 2.945
+ 3£ A & & Soil total nitrogen content/ (g-kg™") 4. 246 2.133~6.231 0.99%4
4 33 BN 5 B Soil available potassium content/ (mg-kg™") 233.138 144. 600 ~ 327. 200 60. 029
+ 388 A B A i Soil available phosphorus content/ ( mg-kg™") 16. 651 10. 650 ~20. 925 2.707
+ HE 6 7 A & i Soil alkali hydrolyzes nitrogen content/(mg-kg™')  238.460 143.010~314.510 41.163
+ A HLIE & i Soil organic carbon content/ (g-kg™") 80. 706 47.184~111.248 16.229
FEJ5 4K Quadrat elevation /m 1 404. 749 1 369.242~1 439. 481 20. 038
MY B Intensive degree 1.271 —3.488~8.122 2.893
i B Slope/(°) 36. 459 12.838~57.322 10. 321

2.4 HEALIE

R EAYFFE E S Shannon-Wiener 354X
(H,) Pielou ¥J2)[F E_$8BORE &I ) fh £
FEE

) TR 0 5 4 5 AR OR AN R R/ n g A
15 e 10 25 %5 ) AH ¢ ( Buongiorno et al., 1994) |10 5 F

MR ARAH L, B2 e bR A v D s 2 AR RS 2
H 5B & e 08 A %858 09 43 ¢ ( Fahey et al.,
2015) , Ktk , Bk ik 22 ) 0t 5 F o P 5 T Bl A )
(VT3 1Y 22 FE M 48 O 742 S 48 BOR R6oR 850 Z 461
(TRVE BRAE 2017 R 45 ,2017) . ZEARBFFELA 1 em
“hy TR] P4 Bl A 0] kg A Tvi) S5 8, AR AR 4% D7 19 118 i A2
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SRR [R) 5 9 S AR B, 3 55 B 42 Shannon- K P AR AT b A5 7 (LY /12658 -2016) ( [
Wiener 5 50 (H,) 1 Pielou ¥~ (E,) ( Dinescu et FMOl Ry, 2017) 3R N T A 15 1k 69 3 |F A
al., 2016) , [A] I 3550 Jg 4278 S R AL (V) AL JE R AL Yy, A A AR Y& 0 T S IR R 5 (2018)
(G)RMRBEET G RN (F2), YRR (R 3) .,
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Tab.2 Formulas and results for species diversity indexes and structure diversity indexes

T8 Index H5 AR Formula 11 Mean JE Fl Rang
- %ﬁliig S=Ng 13.310 5.000~17. 000
Species richness(S)
Wy il 7 A SR A 5 B Ys o, n.
Species Shannon-Wiener index( Hy ) Hy = - Zt] N x ln(i) 2.151 1. 112~2. 551
E; = H/In(Ng ~
Species Pielou( Eg ) s s/In(Ns) 0.836 0.691~0.931
T 6 7 4 B 4 6 B oo n
- _ J ~
DBH Shannon-Wiener index( H, ) Hy = 2‘41 Nil X ln(Nil) 2.479 1.802~2.875
j= c :
P42 24 5] B2
. E, = H,/In(H,) 0. 801 0.585~0. 940

DBH Pielou( E, )

" 1
M43 48 S Z AL /|—(DBH, -u)?
Coefficient of DBH variation( V, ) N 116. 131 87.426~171. 505

V, = 100% x
o

IR ICEY T (2xm-N-1) xBA,

DBH Gini index( G, ) G, = 5 0.820 0.697~0.916

2 (N-1) xBA,

@Ns FETT N B AP BT Total number of species in a quadrat; n, KETT RS AR BB Total number of the i species; N R FRA
1) SR Total number of trees in the quadrat; n; SR AN AR R S 1A B Individual number of the j”‘ DBH class; DBH,, : £ 7 H1 5 m AN v A g 12
DBH of the m™ tree in the quadrat; w R H T I K I 42 - 59 {H Mean DBH of all trees in the quadrat.; N, SMAETT N B AE 1) 55 9 KR Number of
DBH class in the quadrat; BA SEEJT AR M AR KONHER B m AN F R B B9 5 7 1T A Sectional area at breast height of the m™ tree (‘ascending order
by DBH) in the quadrat.
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Tab.3 Biomass models of different tree species

Al (2H) A ) i AR
Tree species ( group) Biomass models
Bl #k Quercus aliena var. acutiserrata W, =0.094DBH***¢(DBH=5 cm) ; W, =0.205DBH**?( DBH<5 cm)
WAL Pinus tabuliformis Ws=0.145DBH> "% ; W, =0.067DBH"*"*; W, =0.060DBH"**
A& Pinus armandii Wy =0.079DBH>*2; W, =0.027DBH**; W, =0.005DBH>>**

Ws=0.114DBH>">*; W, =0.014DBH***; W =0.016DBH*"*( DBH<10 cm)
AR AR Other species W¢=0.103DBH* ' ; W, =0.013DBH>*"; W, =0. 016DBH*"°( 10 ¢cm<DBH<20 cm)

W,=0.095DBH***; W,=0.013DBH>**""; W, =0.015DBH>"*( DBH>20 c¢m)

@ W, . Ho LAY Aboveground biomass; Wy 4 ) Trunk biomass; Wy : R A= )48 Branch biomass ; W, : Az )48 Leaf biomass
DBH: 4% Diameter at breast height.

DAt b A= 4 Sy i 3 AR B W) ol 22 R P 4R BORD SRR GERE Z2 FEVE B T8 BORC R P 20 4, SR 2H A 12

SEA Z AT BOR R AR R R M TR T A A3 AL AN [F) 0 ol 22 A0 T 285 g 22 o i B0 A
AGB=a,+a,D +a,D + & . R A S B A ORISR 1 8 S

AP, AGB JRE Ml FAEY R D, T ZREE S A2 )R DG R BHY  E E R ALC (B 077 % A LB A
B (W FhF & Shannon-wiener 454X . Pielou 5] )& TEHATEE 53 BT i , FH Z-score 75 V5 X404 #E47 Fr 1fE
SR80 s D, LK LR K (97 Shannon-Wiener AL B H 5 26 2 K DR (VIF ) 0 o o A B A e
FEAC MO AR Y A1 MR RO e g EIEATIREARRRR VIR < 10 A A3

$0) 5 ay WG a, a, 5250 R 2 RE P AN 25 1 & A (Fox, 2015) , ABIF 5T 45 R 2 B T A7 il e 72 4 i)

B HS bR L 0 R 25 B 1 B8 & M BEHLIR 2 IR
AR 3 A 5 R R 4 RRE A5 450 o1 290 o 22 B 45 0 25 4 %
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PEFE RS b b A W) Al 2 R Oy R AT AY T IR R R
BAR XY R Z AR A 2R S b R Y
P, T HESERZ NI IKESR S ZES5Y)
T 22 Rk TR A5 A0 DL B L b A ) i i) R OGP O B
AR JEORE T 8 ) B 45 AR B3 00 I B 25 0 T R A
B LA P B $5 2L ( comparative fitness index,
CFT) Fl A5 4k 5% 2= 4 75 R ( standardized root mean
square residual, SRMR ) 6 45 155 Y 1) 3 TiC &2, ) 22 B
HERIRL, 4 CFL KT 0.90 B 327K 16 e B R A4F, T
CFIBE T 1 375 5L R Y58 L B2 B 47 SRMR /N T
0.08 fLEALAI AT $23Z (Hu et al., 1999)
ST eI,

AL P 2 RE M RS R AR S b AR

i A 22 e M I IE A X B T [R) 4 BO6T Hh
YRR, 2558 Bon, LY R 8 S RN I AR
Y150 BE AR Ay i R A o 114 [l IS RS TR L5 AR B A (3R
4,A1C = 100.252) , H 4235 B 5 b b A4 Py
TN (F 4) (P< 0.05), KB REVE A1 g
FEAEAN R A2 G N8 43 A Bk 1 &) v b | A it BRI
T 25 ¥4 22 K 14 48 F1 A 9 4% Shannon-Wiener 45 4% %
AR S R MR L e RECR R R YR Z AR 3
MR S5 LAY B ITBEMEXLR(FK L), 7
Wl | AR 1 5 B 5 H b A i B R
A (H M A2 2 A0 B %o 1 A ) i AR S ) i R i
THBM(F 4) (R7= 0.161) , KABEE L IEAR
s LAY R ERERE,

R4 UHSHEEMEMSHEEERSH EEMEMRNEEEIARE TN

Tab.4 Evaluation of linear regression model of aboveground biomass with species diversity and

community structure indexes

fift BE A8 i Explanatory variables a, a, R? AlIC
S+H, 0.141 0.171 0.043 104.833
H +H, -0.008 0.155 0.024 105.539
Eg+H, -0.254 0.191 0.087 103.199
S+ E, 0.023 -0.364" 0.137 101.291
Het+ E, -0.034 -0.373" 0.138 101.129
Es+ E, -0.158 -0.338" 0.161 100.252
S+ V, 0.074 0.195 0.050 104.577
Ho+ V, -0.028 0.216 0.046 104.738
Eg+ V, -0.209 0.193 0.088 103.153
5+6, 0.155 -0.220 0.062 104.160
Ho+G, 0.016 -0.198 0.039 105.013
E+G, -0.214 -0.180 0.084 103.324
@ = ; P<0.05.

3 590 P Aol 49 3 B R A8 14 50 BE R W Bk 2 R
P AN L5 A 22 R P b S 25 5 ARG R G 6 P 05
MR ST BE M A 3 S R R M b A AT S A
Ja S B, WA RS R AL i R M R S

Sl A R R o) R R g AR K o) R R G A
BAH(FRS), WL, ®EF pH H SRS Sl
AP A | O R SRR
IS BB I B 540 7 R A o

®5 HETEEXERR"

Tab.5 Correlation analysis of the environmental factors

5B it PELEL: Wt 295 o
Environment variables Species Pielou DBH Pielou Aboveground biomass
+ 3¢ pH Soil pH 0.208 0.098 -0.616"
+ 3 25 % & Soil total pHosphorus content 0.219 0. 184 -0.501""
4 44 5 Soil total potassium content 0. 288 -0.383" -0.657 "
+ 54 & & Soil total nitrogen content 0.057 -0. 125 -0.434*
+ AP & Available potassium content 0.263 ~0.396"* 0. 493
-+ HE R &/ Available phosphorus content 0.215 0. 004 -0.502""
A A% A& i Alkali hydrolyzes nitrogen content -0.093 -0.271 -0. 186
+ 5EH PLF % & Organic carbon content -0.077 -0.268 -0.321
£ 5 ##% Quadrat elevation content -0.126 -0.175 —-0.433 "
W R MY Intensive degree 0.159 0.220 -0. 081
i B Slope 0. 307 0.294 -0.290

@ = : P<0.05; #* ;P<0.0l.
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T 45K 7 AL M (CFI = 0.921; SRMR =
0.069) Z5 R (18 1) R . 255 P55 10 B ) il
L REE FZE R Z2 B M X L AR R R R R 4
BSESM EAYENXRARE, R RN
0.045; MfR34 5] B X b b A= 9 i 52 ) 3 AR

FECR-0.314; [RIEF YR 5) B 5 W42 24 5] B Y
KRN E B RBUCN-0.195, HEL R F X 1
A S R AR B B AR R - 0,599 T X
T 2 B W A2 35 50 JBE 1) 5 i R 3 AR R BLAY
54 0. 198 F1 0. 04,

‘ 4% Total nitrogen

BB pH \

‘ ##& Elevation

‘ 4B Total phosphorus

3% Environments

—0.589%** 0.771%%*

<_0.040
A‘ Fi424957¢ DBH piclou

[
—0.599%**
0.045

A
—0.314*%
4

‘ Hh AR Above-ground biomass

—-0.195

BEMA Significant path

____________ AREHE Nonsignificant

B M A 5 R N R A S T R (+ : P<0.05; s ; P <0.001)

Fig. 1 Structural equation model of aboveground biomass and its influencing factors( * ; P<0.05; ##* . P <0.001)

O3 BT Ee R ABE Y vp g T 2 R 25 R 2 A 1 R AR
Be B AR 1 R R N SR R B 6)
b S DO a7/ - A T A (A
(=0.599) Fl &) £ % B (—0.034) , {5 B 32 500 (4 1

FHEE SR 1 i 42 35 A9 B S b b A R 1 S e AU A AR
FLRESUEON (-0.314) Wy Rl 250 2 %l b A= 4y
52 IRt [ B A7 FE B % (- 0.045) A IA] B2 2% R
(=0.061) ,fHH 52w 5ig BEARAIK .

®6 mMEMAREEPINE YDA EMGEE S EX M _E &Y S BRI L5500 30

Tab.6 Standardized effects of environmental factors, species Pielou and DBH Pielou on aboveground

biomass in the optimal structural equation model

FALISES RO 1] 2 280 17 SN

Predictor Direct effect Indirect effect Total Effect
55 F Environmental factor -0.599 -0.034 -0.633
Yy Fh #5951 % Species Pielou -0. 045 -0. 061 -0.106
Ji 4% 3551 B2 DBH Pielou -0.314 - -0.314

i b R AR A SR BRAR T b Z R PE S
AR REMEH (B 1) (P=0.731) 454 £
Ptk S i EAY &R ERAHE (K 1) (P=0.013),
B DR XoF b 1 A= 9y i (14 5% W) ] B 7 L 42 R[] 422
RO, H B 4280 AR TSR (£ 6)

4 g

AT 5% 38 2k 22 0 26 M [l I3 45 R Oy R AR R 4y
Br 85 G B TR T K F L BT AR AR i 2 B
PEMEEH S LAY RN R, 45 REH,
FORYIFZ RN 3 AR AR S F AR YT
FHOGHE ; FORGE M Z R D4R b5 b, HUA A2 35 5
FE 5 M b AR A A G ME (P =0.031) ,{H
TR 3550 FE ot b, 1 25 iR S ) A R R T ARG 3R
5% PR 5% iy 2B i 1) 5 ) () B A T A ] 422 3K

VAR (ENE -2V QA e o (S S I 1 TRE B ARSI ¥ O
i UL, e Ao T8 £ 225 01 A 285057 531 3% 3l 79 9 b 22 4 1
53 b AR W R IE AR G OE R C AR R ERARMAE IS P 1
| T AR % B9 3IF 52 ( Tilman et al., 1997; Fox, 2003;
Liang et al., 2016; Xu et al., 2019) LN
P ZrEE SR EEYEARRE LR (P=
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