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Storage and drivers of forests carbon on the Beichangshan Island of Miaodao

Archipelago
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1 The First Institute of Oceanography, State Oceanic Administration Qingdao 266061, China
2 College of Environmental Science and Safety Engineering, Tianjin University of Technology, Tianjin 300384, China

Abstract: The artificial plantations is a typical terrestrial ecosystem on the island of Miaodao Archipelago, which plays a
key role in regional ecological environment. The Pinus thunbergii and Pinus thunbergiiXRobinia pseudoacacia are the typical
trees on the Beichangshan island of Miaodao Archipelago in Shandong Province. But they are often disregarded due to their
ecosystem services, particularly the carbon sequestion, which are not well understood or quantified. This paper is to
estimate the trees carbon storage on the island with the biomass allometric equation and the data investigation in stand
sample plot, and discuss the impact of different parameters in the island on trees carbon storage. The results showed that the
average carbon storage was 84.00 t/hm” for the Pinus thunbergii, which was close to the average level in the world (86. 00
t/hm*) , and the average carbon storage was 29.60 t/hm’for the Pinus thunbergiixRobinia pseudoacacia, which was higher
than that of the average carbon stock in Shandong Province (27.62 t/hm’). The average carbon storage of the Pinus
thunbergii was higher than that of the Pinus thunbergii X Robinia pseudoacacia, which the difference was significant
(P<0.05). The allocation of carbon storage in their different organs for the Pinus thunbergii and mixed forest in tree layer
was trunk> root> branch> leaf. The Pinus thunbergii forests is more suitalbe for carbon storage than that of Pinus thunbergii
XRobinia pseudoacacia forests on the Beichangshan island. In order to investigate the impact of different parameters in the
island on trees carbon storage, a correlation matrix including environmental factors and soil texture was calculated. The
carbon storage in the island forests showed significant ( P<0.05) correlations with soil class, slope, aspect, elevation.

However, all these parameters were interrrelated, and cannot be regarded as independent determining factors. Therefore,
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the principal component analysis (PCA) was carried out in order to extract the main factors controlling carbon storage in the
island forests. The PCA extracted two factors that explained 50% of the total variance. Factor 1 was characterized by high
loadings of the parameters clay soil (—0.898), silt soil (0.893), sand soil (0.922). Factor 2 was driven by slope
(0.770) , aspect (—=0.722), elevation (0.946). A multiple linear regression model revealed factor 1 as most important
factor ( Beta value of 0.290) for carbon storage in the island forests followed by factor 2 ( Beta value of 0.019). To gain
insight into the driving factors for carbon storage in the island forests over soil physical—chemical properties, the correlations
of moisture, pH, salinity, total nitrogen, total phosphorus, total organic carbon, total carbon, C/N ratios in the island soil
was calculated. Factor 1 was characterized by high loadings of the parameters total nitrogen (0.842) , total organic carbon
(0.899), total carbon (0.990). Factor 2 was driven by total phosphorus (0.931), C/N ratios ( =0.925). Factor 3 was
characterized by moisture (0.694) , pH (0.744) , salinity (=0.666). A multiple linear regression model showed factor 3 as
most important factor ( Beta value of —0.694) for the carbon storage in the island forests followed by factor 1 ( Beta value of
-0.192 ) and factor 2 ( Beta value of —=0.106). We conclude that soil texture, pH, moisture and salinity in the island soil

were primary controlling factors on the average carbon stock of the forests on the Beichangshan island.

Key Words:; carbon storage; Pinus thunbergii; Robinia pseudoacacia; soil physical-chemical properties
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Fig.1 Locations of the sample plots in the Beichangshan Island
F1 EFHMERER
Table 1 The basic characteristics of the sampling stations
FEHS A SRRAE R Wera Yoz
Sample number Habitat characteristic Elevation /m Aspect Slope/ (°)

1 PP P. thunbergii forest 131 WS 57
2 MLFABK P. thunbergii forest 165 EN 40
3 AP mixed forest 9 w 25
4 AWAMK P. thunbergii forest 87 ES 28
5 TBRABK P. thunbergii forest 48 S 17
6 AR P, thunbergii forest 24 WS 21
7 B HIFE Mixed forest 70 WS 37
8 AR mixed forest 50 SE 46
9 Y4k Urban greenbelt 3 NE 0
10 A M Farmland 13 NW 0
11 {H Wetland 19 WS 0
12 4% [l Farmland 18 E 0
13 HI% Village 5 EN 0

A A W i 3T LA 55 i A T A BB DRI A i A B AR AR A 25 R SRR AR O BIF 5 v, T PN AME 5 38 3 R 0.50 3
0. 45 A5 00 A B0 R 80, B FE AR TR Fh (125 A6 T R 0.4—0.5 Z [0 7l ok ) SOk, A SCas 8 1 A 4 it S5k 1)

W ZECR 0.4512 1418
132 ISR KT

TEAEAETT N2 I 3 AN IBURE A R 22 SR A IR AR Dk R AT, UL B Rk R SR R 2 | R IR RE 258 30 em, 7R
FRAJECRIR 1 TR DU AR AR IERRT] (100 em® ) BEFTHURE , 985 #2070 A 675 105 °C i R AL = AE BRI 158
TIEE KRR AR R AN 3 S RO A AR A M R M SRR A AR SRAE S A R SE R AR

WA BRI RATBRAEAR 0, 3 2 mm B0, P AR50
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F2 HNEREEYWE(W) ERED) WEH) HNEXERERE
Table 2 Organ biomass allometric equations with variances of diameter at breast height ( D) and height ( H) of P. thunbergii and

R. pseudoacacia

B Fh wE I 2 27 30k
Species Organ Equation References
RN =+ Trunk W= 0.0702D" 7% ' 17 0.963 [12]
Pinus thunbergii A% Branch W= 1. 0395+ 0. 0140 D*H 0.959 [12]
W Leaf W= 0. 4234+ 0. 01224 D*H 0.957 [12]
B Root W=0.0152( D* H) "% 0.967 [12]
R B+ Trunk InW=-2.895531+0.86764In( D> H) 0.989 [13]
Robinia pseudoacacia A Branch InW=-3.71916+0.79079 In( D*H) 0.932 [13]
B Leaf InW=-2.90872+0.45739 In( D>H) 0.795 [13]
FHE Root InW=-2.16746+0.63276 In( D*H) 0.956 [13]

T RO A B ] R 0 1 A AR AE T IR AT L R R - 9 b T B UR OGRS AT
( Mastersizer 2000, Malvern Instruments Co., UK) % ; +3EAHURR & R B 2 12 ZRMAa e vs IR 45 4R, BIR
GEIEE C SR AR C AR AT AR,
C,=dg/d, (1)
Csz(dso)z/(deo'dm) (2)
K, CAARBIE) REL dy (dg, R IR BV 435 28 10% ,60% Tk B ARIAR . C o 3 22805 dyy R HEROR. R 43
1t H 30% I 4 L ARLAR
AT 4307 ST M A A R £ BRI AR 2 Bl A 12 52 ), AR G X 3 ) R AT A e, ARt R D e LUIERI T Ol 00, 1E
P9 IEZR 43502 -90° 90° 3k 4540 REGHAR N F A=
C=(1+cosa)/2 (3)
o, € bl ) e 48 25 o S 3 1) O £
1.4 Bdsab B AGeabr
R R 7 225087 (one-way ANOVA ) HCAS PRI Fi S 45 %8 B 2 (8 A0 22 5% 5 SR FH A 0BT ( Factor Analysis Method ) 32 HX
TrARZ et b FEE A T, FrA B R T SPSS18. 0 AT HL3 4T
2 ERSSH
2.1 FeREmRAH R
FEJLAC L By N AR | A ARA 85 B I Bt B (R Ah ) 208 T BB AL ORI RR IR 22 bR (3R 3) o PRI RS i 4% 25 B ik i 12 =2 1)
128 5 B (P<0.05) , B LA T e im , BREAR U2, BRSO RIVARS I S IR, 150 HAARS T sk i 2 1740 B 2R 2 7 A )2 ik 55 5 o 114 0 2 52 i
KW=,
BRI AR Ziefit i 0 35 5 T RMOORIARIR AT MR, IFIMRB TR AR [R5 B IO B it 12 35 00 B T > AR S PR S i (3R 3)
JA 1 8 BEAR LR TR A Z B Gt 4 84.00 t/hm” , F2E FHHE 77K (86.00 v/hm®) | &1 74 P4 R METR AR it it 28.541 v/
hm® 2 E TR X L AT A Z B Bk 32.42 v/han®™™ 5 BRBA < B TR A MR B A oA 29.60 t/hm® , W55 ) 14 74 R MEx 21
HER A TR AZRIE i 29. 144 v/hm* 1P

=3 B BRx<RBEIHRTFREBRIME (v£5D)
Table 3 Carbon storage in P. thunbergii and P. thunbergii XR. Pseudoacacia(x+SD)

PN SRR

21 4y P. thunbergii P. thunbergii XR. pseudoacacia
Component WA/ (1/hm?) At/ (t/hm?)

/% /%

Carbon storage Carbon storage

B+ Trunk 33.77+22.86 40.21 13.42+8.80 45.34
B Branch 16.27+12.02 19.37 5.42+3.51 18.30
R Leaf 13.97+10.51 16.63 3.89+2.64 13.14
AR Root 19.99+15.37 23.80 6.87+4.53 23.23
Bt Total 84.00 100.00 29.60 100.00
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2.2 X BRARTT AR Z chifi B (W 52
221 PR R IR A 2 R A 4 R
LRI H BB (<2 mm) BRI RS LTS 82.31%—90.90% , By Wb h & HE AR AL YT 4 9.02%—17.38% , Fhoki & 48
I, ZELTE A 0.05%—0.30% , T IERBIRS + A (F 4) , W5 XKBBURHECFEARBURL AR5 250 C, Sl R 250 ¢ R
B C,>5 H C A 1—3 {EFEN , Hbk E D B4 5 0 A< 1l 5 B A SEAR ORI AR TR 2 Ak - 0 A B S, 381K, R S, R (3R 5),
O 3 A0 AN YA ST 2 RO ARARER)E R R AR B AR o R AR L B AR S A R (52 mm) B (TR E A LA
30%—50% ) , - FEWURIAT T A 3K 10 5 A i/ i A2 b A ANk 1 e A AU Ll B AR R B R B A (E 4 R O
TR SR A K A VR AN A . ACK L SRSl bk - 3 o st 35043 S 0 S 10 £ |, T SR A x ML VR 28 bR - 302 b £
(FR4), TE IR Ty T RS AT GEZLAL T MRAA < RIBRE SSbK 5 HLIBAABK 165 BB 7 55 T PR < IR SSbK , 2 I 2 B 5 AN )
R BA R ST RE R B R,

F4 ERUBRETERM

Table 4 Soil texture in the Beichangshan island

FETT

=]

Sample 70 PR BB W e T BH o BOR WA
ey S0l texture Sand/%  SilW/%  Clay/% 0 Soil texture Sand/%  Sil/% Clay/%
1 b4 S + 85.64 14.23 0.15 2 b+ RS mab + 89.67 10.28 0.07
3 >+ R e b 4 87.15 12.68 0.18 4 e+ 82.98 16.91 0.13
5 b+ R + 90.90 9.02 0.05 6 b+ 84.90 14.89 0.21
7 W+ R med + 85.78 14.12 0.12 8 b+ g mnb + 90.07 9.87 0.07
9 b+ R Sg b+ 90.83 9.13 0.06 10 b+ RS ab + 90.05 9.85 0.09
11 TP+ 82.31 17.38 0.30 12 [drie: o 82.57 17.20 0.22
13 b+ RSg D+ 90.23 9.71 0.05
F5 TEFR (<2 mm) BEARR R BESEE
Table 5 The soil structure and population characteristics in the Beichangshan island
i) TR SRR ith 2 R H GYHUEE T 63
Sample number c, C, S, Sy Sy
1 6.46 1.45 2.01 0.91 0.60
2 5.36 1.45 1.83 0.91 0.60
3 5.36 1.21 2.01 1.10 0.38
4 7.09 1.59 2.11 0.83 0.60
5 4.45 1.45 1.67 0.91 0.60
6 5.36 1.45 1.75 0.83 0.73
7 9.38 1.21 3.36 1.75 0.34
8 7.09 1.10 2.54 1.21 0.42
9 3.36 1.32 1.52 0.91 0.60
10 3.36 1.32 1.45 1.00 0.73
11 4.88 1.59 1.67 0.91 0.96
12 5.36 1.75 1.67 0.76 0.87
13 5.89 1.10 2.66 1.92 0.50

AR B BRI A)Z Bl it e SR PR T, AAS TR A PRI TR (3R T4k ) M b SO 35 i o 2 M0 T30 R DG R BB (3%
6) . FEAZWAE TS HETH T M IR & i B A, B 3 A B 1 bR i (-0.898)
RS R (0.893) BRI 1 (0.922) , A1 2 FRIEE (0.770) B 1A (-0.722) 3K (0.946) BA B R B gk, 1 3 Falm
(0.350) EPHi i (-0.385) KL & (0.390) BB RN A (FT) . HTHEF3IhSEERE/NT 0.5, 5HF 1.2 4
FEEAEG, BRI RS 7 1 R 2 AT 200 R M A4 AT, 22 o048 M B3 43 A7 38 B, S F7 K 2 0k it == (9 5% i b L F 1 ( Beta =
0.290) #H# T[N T 2(Beta=0.019) B N T E |
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R6 BMFTABRMEES LHEFRM FEEFHXREER

Table 6 Correlation coefficient matrix of arbores carbon storage and different soil texture and environmental parameters

et Bt e By 5213 (A kL
Carbon storage Slope Aspect Elevation Sand Silt
Wi Slope -0.104
Wi Aspect 0.096 -0.269
54K Elevation 0.166 0.625* -0.612
Whi sand -0.557 0.007 0.240 0.038
PHL silt 0.559 0.000 -0.242 -0.027 -1.000 **
Bk clay 0.218 -0.146 -0.242 -0.383 -0.736" 0.726*

w L E MK . P<0.05; =+ MK P<0.01
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Table 7 Rotated component matrix derived from a factor analysis of variables controlling arbore carbon storage

FF 1 ¥ 2 H¥ 3 H 1 HF 2 A5 3

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
¥ Slope -0.088 0.770 -0.002 1M Aspect -0.426 -0.722 0.350
4K Elevation -0.163 0.946 0.190 L sand -0.898 -0.049 -0.385
APRL silt 0.893 0.058 0.390 ZHL clay 0.922 -0.204 -0.095

222 HIEFRILME UM FRARTR A WA 2 Y )

T HESRAPRBUIE T R Y A BT S R G R BE ) A BB R D A 2w, st Kl S R 2 i B
W 1 3R AL FR bR AR B3 25 57 (P<0.001 ) |, 3 25 502 AN [R AR o 26 BURR 1 DA BOPR SR IR R AE T 5 3 . ARV 2
BB, ALK IS Ak AR IE RN 1.29%—3.51%, R 3RS 8 AU RE b 47 7 S Ff b+ 3 m BRI, pH
AT 4.99—8.2, M FARM R 2 543075 Y, A6 10 5 Bbk £ 398A MUk & 8k J B 8 10.56—17.81 g/kg,
i e FAR LS _E AR AR S 3, FEUREOABRMA S R G HIERNE S A %Y, S8R AU &R m T AL
A3, JERILE B (B H AT BT, LG B 0.04%—0.206% , 1 53k b 22 5 04 JEL R AT BE M3 ) 38 & 4 3K
v, B BORAEL, N2 JEA R (7 A0 BT AL 7S - e B ARE 8 DR 2 3 S eI 53— D i, g I N ik
PRTT R BR TR | SR R e, o i R b B — 5 Y AR

AR A A PO SEO TR B A S R B (35 8) , IR ARMTT AR Z ikt S i H T, AR 2kt it 5 H R A%
VIR SeE, T A 2 m B 7, B F 1P R (0.842) BB LK (0.899) L 45k (0.990) , B F 2 H 4
(0.931) FRAI(-0.925) ,H T 3 /KR (0.694) pH {H(0.744) &b (-0.666) HARE MR (F9), LITLMERE I
BT X TR AR B fih 18t (52 0 Rl F- 3(Beta= —0.694) i N EZ, HIK AT 1(Beta= —0.192) \[FHF 2(Beta= -0.106) ,

®8 HMFABMEERS L HBUMRBXRBIER

Table 8 Correlation coefficient matrix of arbores carbon storage and different soil physical-chemical properties

- o) e R B s8]
- k& b Total Total Total Total

Carbon . pH .. . .
“tor Moisture salinity nitrogen phosphorus organic carbon
slorage (TN) (TP)  catbon (TOC) (TC)

7K 3= Moisture -0.302

pH -0.380 0.373

b Salinity 0.332 -0.332 -0.290

A TN -0.337 0.248 0.067 -0.197

2k TP -0.078 -0.149 0.0360 -0.218 0.731*

BAE K TOC -0.414 0.554 -0.185 -0.375 0.681* 0.069

BBk TC -0.186 0.470 -0.267 -0.080 0.825** 0.260 0.895 **

AL C/N ratios 0.221 0.374 -0.596 0.175 -0.244 -0.762* 0.404 0.343

w MK P<0.05; = G E MK, P<0.01
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Fig.2 Soil physical-chemical properties in the forest of Beichangshan Island
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Table 9 Rotated component matrix derived from a factor analysis of variables controlling arbore carbon storage

HF 1 A 2 HF 3 HF 1 A2 M3

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
K Water 0.374 -0.396 0.694 pH -0.331 0.410 0.744
Fr i Salt -0.131 -0.099 -0.666 A TN 0.842 0.508 0.154
4T TP 0.298 0.931 0.066 MA LK TOC 0.899 -0.213 0.317
Kk TC 0.990 -0.048 0.042 WAL C/N 0.305 -0.925 -0.190

3 g5t
AT FER LR W AR A R T A S A ] 2 K R A BT i, 0 S 1 SR AN bR BB A < BRI S AR AR R Bl i
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AbA 5 FEAALEARTT AR Z it 12 5 T SBASORIAR TR SR, i T L By i) — 65 DLAR T 3 i3 o 25 S5 1 32 2 TR TR 2 SR A
NS FLA B AR U A I AR R A AR o S AR 5 b X A K R LA T R

TeARZ B A 32 IR AR Y R R RS IR 7 AR i 72 o T e A A R X B o 4 XU | - e 1
- S HLA ) 43 it e 25 T B2 A A, 08 17 5 0 R MR TT A2 B it 1Y L Brown SE YRGB ST 45 L B K B AE 400—3200 mm
B, B K FNFR AR Bl A 2 B 22 [ 2 AE AR G, 1A 3200 mm B U2 FAHG, J Ll S b XS, Jb K L S5 B 24 7—8 H
A, 03l 0 8 T 5 - A P AR T IR T SR e R AT RS R T b X BRI AR Sl A A A B R 5 ) e o T
KT T2 B0 KA A, K R S ST 3 e X R E KT L T, 0 =2 1L 8 oK S R, R B Ak
FIFHE B AR BRI AR JZ B B R Bt it

TR X T AR Z Bk A K, BRI AR 2 R0 5 e 25 U0 G, R [ SRR IR, 39k 4 A S
FHEFRAME T I A K R B AR R R AR TR A Z RS R TS M X R R 2 F R
HsZ I R b B XD HERR , A6 L 5 FRbR SRR & AR 347 5% LAF , R DIRb 2 (R 4) ,FB A L
KOBBRAF(FRS) , B LI HEEEE R AP HRKRE AL, 34 Wis Ml , sEmifR i 3R A 0 b, A R TAEHAR R X 55245
TR, T B o8 T AR 6 A e, TBAAIAR BRI S MR TT AR AR R B A i 43 314 19.99 .6.87 v/hm® (35 3) , i 5%
H AR BBk 1Y 1/5, BT HAR R 3 b i AR R BN RS, iX 5 H 5 3 AN AT 41

PR AL P BT i R AR R SO AR AR AR AT MO AR A . Al BERAME YA KT R EE SR TR K
BRI SR R E KK, RIS HIES N & P SREM(E 2), £ N FEEMET 2 o/ke, Mite 2 KH
0—20 cm FJZ 189 21 ANUIEEH T AU 2 MFEHLAY 34 N S B AR T 2 o/ke™ |, B RMCT HAS 22a M2 AR L84 N & i
(2.03 g/kg) P DRI, AU LD B AR AR 1 4 N 35 B /KO0 T R Al B 5 A - 18 4 N K, XI5 A J2 Bk 2 5 i A 2% =l 3 T
(£ 8) . FTEYRE ALY R GRRAEIA M BELE PR % 22 H SRR = A R )l B R A & B, G 1 B 7R
MR T REYE R D, XU FEARIL SRS N SR IRE 22—, B 2 nH % F R R AR 0 FRAR 3% N P
FrRAK, B HLRAHRTE (17.81 g/ke) , ARMTRAEA B Mg 2 (122.91 vhm?) . B, 3R F HLER AN =00 19 5 3L P
PRI R FAR R B AR 3E T 52 8 BRI AR B it i

MR GG R LA N EEA T Z —, FHOKERMWA K R E IR KR ZZRR, il /i Sk e s
SRR R AR TR A . KRBy 0 R WA RvE % 4 pH (R0 S s 2 nl el 8 4
WA b b FUA 1 SRS SERTRE (pH B = 7.7) BRI A 2G5 (28.52 vhm?) o LK ILS HMT ARG 5 +
e pH HEARZMAMSC, B, 258 TN+ 88K E & pH A Al TR AR =g .

el B 2 S BB (R 2) 5 BN AR T wb T + RO B N AR B R TR IR IR OK i ke
£ B ARSI E R, BRI L B BT AR WA T BRI IR SR, BAA IS AR B X AR K RIE S
H DR TR LA RAFE R BE R BEAEAR . A — IR ZERRHU FE A AR K ERE RS, N T E B L HRMRES RE
FAV A 30 N AR P T A 35 BV 2 b XA RO A, IR SR — B AP I AR AR 2 B AR, & B TRAS L 5] 5 A
2 ] LB 1 SR IR A 3 AR oy A B i T A S R G TR
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