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An assessment method of Kandelia obovata population biomass

JIN Chuan''?*, WANG Jinwang”, ZHENG Jian>, CHEN Qiuxia® ", LI Junqing', LU Xiang’
1 College of Forestry, Beijing Forestry University, Beijing 100083, China
2 Zhejiang Institute of Subtropical Crops, Wenzhou 325005, China

Abstract: Mangroves are the unique intertidal plant formations growing in sheltered tropical and subtropical coastal areas.
The past decade, many measures were undertaken for mangrove forestation in the Aojiang Estuary, Zhejiang Province, with
47 hm® of existing Kandelia obovata forest. The present experiment was conducted to assess the population biomass of K.
obovata in Aojiang Estuary. Mathematical methods that use easily measured variables to predict difficult-to-measure
variables are important to mangrove managers. As a result, standard plant methods and allometric equations have been
developed for several decades to estimate mangrove biomass. Single-stemed mangrove production was usually estimated by
allometry between biomass and stem diameter at breast height. Because mangroves are usually dwarf forests in higher
latitude sites, and moreover, the crown bases and multi-stems of dominant individuals may begin within a few decimeters of
ground level, estimates of community production that depend on allometry based on single-stemed mangrove may not be
accurate. Here, we develop allometric relations to predict total biomass and individual components of biomass (e. g.

leaves, stemts, roots and butts) of K. obovata, a multi-stemmed mangrove, in the Aojiang Estuary, Zhejiang province.
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This procedure treated each stem as a discrete tree that shared a proportion of the butt and other elements common to all
stems. Linear log-log relationships were obtained between biomass and stem diameter at one-tenth of the stem length nearly
the ground. Population biomass of artificial K. obovata forest in Aojiang Estuary was calculated according to the function
model. We compared the difference on population biomass of K. obovata in different regions of China. The results showed
that K. obovata biomass (W) correlated to the stem diameter (D) at a significance level (P < 0.001). The function model
between plant biomass (leaf, W, ; stem, W,; Root and butt, W,; and total, W,) and stem diameter (D) was as follows:
W,=0.187D"**(R*=0.612, P < 0.0001) ; W,=0.267D"**(R*=0.821, P < 0.0001); W,=4.6D""°(R*=0.644, P
<0.0001); W,=3.614D"**(R*=0.801, P < 0.0001). The regression relationship between K. obovata aboveground
biomass and stand age and latitude was significant in different regions of China, that is, lg( aboveground hiomass)=3.123
+ 0. 84lg(stand age)—2.0191g (latitude) (R>=0.431, F, ,=4.161, P =0.045). Population biomass of K. obovara
increased with increased stand age, while trend to decrease with increased latitude. Population biomass of 3-, 5- and 10-
year-old K. obovata forest in Aojiang Estuary was estimated at 7. 13, 11.32 and 24. 35 t/hm’, respectively. The 5-year-old
population biomass in this experiment was only of 18% compared with the same age population of K. obovata grown in
natural wetlands in Zhanjiang, Guangdong province. However, the biomass of 3-year-old population grown in artificial
wetlands in Shenzhen was only 9.3% of the same age population biomass in this experiment. In addition, the regression
relationship between population density and mean individual biomass was estimated based on the data of < 11-year-old
artificial pure K. obovata forest; lg( mean individual aboveground biomass)= 8.468-2.1 x lg( population density) , (R*=
0.961, F=99.764, P =0.001). This equation indicates that mean individual biomass increased with decreased
population density and the self-thinning index was —2. 1, which approximately accorded with the —=3/2 power law.
Therefore, not only stand age and latitude affect K. obovata population biomass, but habitat types and population density

are crucial to K. obovata population biomass accumulation.

Key Words; mangrove; Kandelia obovata ; allometry; biomass
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PILLRIAE T &, 7 B AR5 5, T A S8 2R 5 rh RO A K B FE AT REAN S 1. 3 m, R T ik Se A R
PRI A% 0 s S A KON S B, L, A 2R O R 5 0.3 m AT B X T ke
ARARIE I 2L R A ), A7 22 35l BOR T B B 85 0 2 — A0 T B (D, ) B9 5 B g r Sl AR KOy
R BRI 0t AT g R 22 A3l A K S TR AR Aol A e R T I % TR, FR T AR R G 3 ik A AR A A
TEASZEAR TR A A9 VB | KA B BB AT A5 A8 AR AL, 43T RT BB T A 454 2 IRk, 1% 0F
FER L B S A K 7 VR s F T R 2 (AP LI SR AR ) i, RIE 2 0 B R P £T R 4
FRAH A B — DR TAE R — A7 B, SRS 33 St T AR Al HOREL 48 L 051 43 e G o A 2 [R]85 AR AR ) T SR 3
O REAL Z BT RER A  AE  i ESTAEAR A i S AW T EAR R S AR KRR DU AR ) S A TR
1 HREXPREHARFE
1.1 BRI

SEESH A TS g B SV 1 (27°35'N, 120°35'E) |, J& #7457 4G5 v v 2 XU, AR 3T
18.1 °C , MWediiif A 40. 8 C MR -4 C ,AF PRI & 1655 mm, 4F1 H BE%7 1866. 8 h, W5 L H 2000
EFFIR , 2L 10a N TRV LL AR Y , 2008 4T LATT 4238 R #K il ( Kandelia obovata ) ,2008 4F-LLJS , BREKG AL, id
A ToHEE 3% (Sonneratia apetala) MAAERT (Aegiceras corniculatum ) 55 FABLL ALY , X LeAE P BRAF B 30 | 1%
SEETERERIOM A BT G, S HIAR ST R DL R 1

R1 TR AT BHFAE

Table 1 Characteristics of Kandelia obovata plantations of different ages

i SRR (= BRI ) ST (= BriERE) R
Age /a Average height + SD /cm Average canopy diameter + SD /cm Density / ( #k/hm?)
3 39.3 +5.0 48.3 6.5 24100
5 73.1+5.5 84.5 = 8.3 20000
10 153.2 £ 22.1 165.7 + 23.0 9600
1.2 W5k

1.2.1 H&EE

TERKAIAMRHLN T 9 > 2 m X 2 m /NMETS (Py_ Py Py Ps_ Psy Py Proy Pioy Pros) Frb Py
P, Py BRI N 3a, P, | P, Py BKAMKIE N 5a, Py \Pios Pros BKATFRIS J9 10a, 10 B0, /)N
FET7 A R R BE 5B 0 B TR R T B o 2 — b AR (D)

SRR GO FE 3 AR RO AR N BEALIEHR 18 BRAED , IS =, I/ O M BOST EEAT PR, DRI &R
REBA Y 5 A I SCaS S I AR R N T b O T 2 — A HAR (D) | SR E A RS A
Saa L1 TR RO R o £ S R s o Lo SR VNS 719
1.2.2 Hdanr

X T 2253 BRI RIOIAF AR | o3 3 SR AR AR i 43 T 8145 B0 1) L A9 AR 45 A4 T B AR T o5 1L
B

WAi:WBXDi/iDi (1)
St W, AR SRR A M i A R BV T 9L s W, R Ak SR RS H AR A ks D, BT i
oRey 2 D, HEHEHIITAT n T R Al

%’/I\%*i;m‘:l:%ﬁﬁﬁg A%\i%% : W’I‘i = W5i+W,1i (2)
b, W, L A SRR,
BEGEE o3 A F SPSS13. 0 FEATAHSCEAR TS GE TGS, LM AR W T A i A i K
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AN SE, H A S A B T TR S A ) AL FE 4 L B T B S R AR R AR R (A 1 R
2 PFEAS) BRI AT X B s EAT N Ay ST A R (LgW = a + B x 1gD 30 o Fl B N H L,
3) SRR RS RS FR A P i
2 H#R5FR
2.1 Y R RO R K OR TR RS P A )

TEHURERY 18 BRAEA B T B B 1—10 W T EARBUE R 3.6—26. 15 mm (3£ 2) . 76 Frill &
1) 66 BEBKM (18 ARIFEAEREF O 4~ 2 m x 2 m /INEE T A BRI Z ), JEFEAS A0 B A0 3 Bk, o BB
4.5% ,FEEBER 2—3 1Y B 60. 6% , /AR =4 1Y 5 BB 34. 8% (1) o IEA, BXhh g 3 3k 1K
T 1.3 m(Hyp = (47210) em, Hypy = (69£11) em, H iy = (98£32) em) o PRI, AN n] BESR AT 42 i 75 5
Sy SR RO R AR i RO R A A 2 DI B T SR I AR T M A o — b AR
S A R TR RO AR A IR A

F2 DM 18 BATR T A RMBREER

Table 2 Values of branch number and diameter of 18 Kandelia obovata samples

A HE AR ﬁ*ﬁﬁﬁé . B ﬁﬁﬁﬁé
Individual No. Basal branch Branch diameter Individual No. Basal branch Branch diameter
number /mm number /mm
1 5 9.83—13.83 10 2 11.43—16.64
2 4 5.78—16.34 11 6 7.85—22.96
3 4 5.88—14.83 12 3 9.85—18.25
4 6 3.60—13.5 13 3 11.87—15.76
5 4 14.40—23.22 14 6 8.79—21.71
6 6 10.92—26.07 15 2 20.55—25.55
7 8 8.56—20. 69 16 4 6.83—23.17
8 8 10.27—22.63 17 10 10.26—26. 15
9 1 13.4 18 5 12.37—20.78

HURERY 18 BRREHRI T AR SRR Y mE s
SRR R R WL 2,3 3, RIEAR 3 #arw
BRI NE RS EN T 208 B EKTE P <
0. 001, M 5 i A8 K 05 2 RE A% 20 52 S R RK i A K S 4L
D HHAYRZEM KR, WA & fBoh S EY
ARG R B T A B Y e R o A i, ik ]
RS T 3l i B sl it BT 2 R B0 AT
W RIS 52 e 2B e B BRAS IR (D45 18 BRUCRERIMR O A/ INRE T RIEE )

7 BRA T 2 W ST B A% 2 i Y 'Fig.. .1 Branches of Kandelia obovata ( including 18 sampled
KOTREAT DU T L i R R Sty s o it
J9: 1gW = 0.558 + 1.446 x IgD | it 564538, W = 3. 614 x D" [A) B Al 4045 SR 2R S0 40 b 3R A= 1y
ORI AR BT AERE ST EARN SRR AR (E3) .

H 3¢ 3 i S AR KO B A B BT 1 3 AR IS 5 AR IR R 10 AR BKOG A A AR 0 i 43 3R (7. 13+
1.06) t/hm® ((11.32 + 1.27) t/hm® Fll(24.35 + 3.40) v/hm*(F£ 4), B4V KAy E BER N0
R A Wy 0 S AR KT R A W 2 (W + W+ W,) 5 R YR iU KT (W) THE R S >
A 2257 (6 4) 3 AFI AN 5 AR BRI SR P A 0 22 5B (RE) BRI H B iy Bk P /g
K7 RE W, SR BAE KT W+ W+ W, 1 A i S A K D5 R W, P50 10 AR RSN Fh A 4 /N T

Hifk%E Plant number
>

I3IDI[‘IDI7ITI o

9 10

5
o LLL.
1 2
43 3% ¥ Branch number
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o A
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025 n L L L n J 025 L L L L L Il
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H 4% Diameter/mm B 1% Diameter/mm

2 HBUER 18 HREMRTFERSH R WF REARSBERD . REYWE MR R (BAEE 8% )
Fig. 2 Relationship between stem diameter and the weight of different components of 18 Kandelia obovata samples ( data were log-

transformed )

W+ W+ W, 18822 5 0 IR T RER: 10 AR BRI A 50 20 9 BA O IE , R34 5—6 W) K I SEA IR A
PRI | BEFR MR Myt 1) 22 2R AT R TS X M 22 S 1) B UR 2 — T 3 AR IR A 5 AF 8 KO A e SR A A 3K
BRI , PR S A A D7 R T REARAG 102 RRGIRRE AR Wi s X T 3 4R 5 ARIRBK AR IR AE M, h Tk
BERE, S PRl AR BN B B o 2 — Ak BORE (67 B Al fE i A W I A R 2 e (A 22 e (E
RE 8T 5% (% 4) , 7ELUR BIBESE T 2R AT BAR U AL DL i A= W i A S L

F3 IEMN I8 HREMMTERD EEBAEVE WIAKNREERAFERESBERFEER F EUT o 1B 25 8, HEGE ]I 18 B
FEP) 5> R HE n=87)
Table 3 Summary on allometrical equation between branch diameter and biomass of 18 Kandelia obovata plants, coefficients, and the results of

ANOVA(«a and B were the constant, samples number, i.e. all branches of 18 K. obovaia plants, n=87)

AR N 8 5 P SRy
Variable r Allometrical equation
M F £ W Leaf biomass -0.728 1.855 0.612 136.399 *** W, = 0.187 x D"%%
BTy WStem biomass -0.574 1.906 0.821 395.949 ** Ws = 0.267 x D-¢
e Gy TSGR/l

RRBERLNR V, 0.663 1.136 0.644 156.638 *** W, = 4.6 x -1
Root and butt biomass
A W

Yk W, 0.558 1.446 0.801 346.747 *** W, = 3.614 x D"-40

Total biomass

# % % P <0.0001

LERSRE AR T AR R e S22 A e o A 0 kPO B Bl A A AR T E ISR v B T A B i
JEA Wy 5 SRR 41% —65% FRITFEY) R A Wy TR 3R B BRI AR I B PRI B 1S I, Bk
FFPE AL ) SRR S A IR I LB (T/R) B3 A (% 4) |, BIVRE 2 B4 (R 186 K, BKOo o 2 19 A W i 4
ORI AR I BRI S B O S B 28, D DR AT B2 Hh T AR A AT BE SR , S IR R AF R I, ) AR R
ik GE PR R SRR B AR RO Y TR S LS AR R O E P ) 3 E , 5 R T A AR B S T Y
TR
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x4 ETFORBREVEITE

Table 4 Biomass calculation of Kandelia obovata population in Aojiang estuary

ME Age/a
FEH Quadrat 3 5 10
P3—l P3—2 P3—3 PS—] PS—Z P5—3 PlO—l P10—2 P10—3

TEAREE Plant number 7 8 7 4 4 5 4 4 3
4 F ¥k Branch number 19 18 17 26 18 12 16 10 8

o ) 3.6—  6.83—  6.45—  7.85—  9.88—  15.6—  22.6— 24.84—  26.75—
FITF £42 Branch diameter /mm 16. 34 2.96 21.01 2.63 26.15 8. 54 8.34 2.29 1.40
A E 8 Biomass calculation
nt H
Leaf biomass W,/ /hm?) 0.86 1.29 1.22 1.93 1.67 2.45 5.50 5.68 7.81
R
Stem biomass Wy/(1/hi?) 1.41 2.12 2.01 3.18 2.76 4.15 9.49 9.90 13.84
R R B A S A Wy i
Root and but biomass Wy (1/hn®) 3.48 4.33 4.04 6.49 5.14 5.54 9.90 8.56 9.43
W, + W+ W,/ (t/hm?) 5.75 7.74 7.27 11.60 9.57 12.14 24.90 24.14 31.08
SRR
Total biomass W,/ (1/har’) 5.94 7.98 7.48 11.98 9.85 12.13 23.77 22.29 27.00
RE % 3.35 3.09 2.96 3.32 2.94 -0.10 -4.53 -7.65 -13.13
T/RY 1.71 1.84 1.85 1.85 1.92 2.19 2.40 2.60 2.86

#RE=[W,—(W,+ W+ Wy) 1/ (W, Wet Wy) s T/R=W,/ Wy« AP W, =0.187 x 3 DI RITAEYR Wy =0.267x Y, D%
$ i S
i=1 i=1

MR BB LY Wy, = 4.6 x iD}' DS EAEYIR W, = 3,614 x iD}“““’ LA D AT AR 0 RRETS N TR T RO
i=1 i=1

2.2 WL TR R AR 4 5 3R At b DX RK S A e (R ) ZE i L

TR 2 R PR EA LGRS T AR Hh X R FP A (REVE ) AR AS Il b DX RK B o e A 9 o 22
SER(ES) , YRR MEEE IR 20 £ AN TR FHE, B4 Y&k 5] 162. 6 t/hm®, H |3
S HEPRGE ) 93,4 vh® P /NG 3 AR IR N TR FREE , AU 0.66 vhm™ Y — B,
LU RE IR RE (TR ) A0t 32 4 B RIS B B e 10T DA R AN T it DX it L A 0 e MGl R 2 e
SEREUE A RRANR : lg(M EAEY R (1/hm®) )= 3.123 + 0.84 x lg( Mt (a))-2.019 x lg( & E(°)), (R* =
0.431,F,,, =4.161,P =0.045) . DKM BAOSFPHE A= 1) Sk Fiti 2 AR (0 385 1 i 36510, Bt 445 52 1 - v S LR AT
B BN, Z L T 5 AR BN REAE P 11,32 vhm® AR R VLRI RO AR AR W Y 18% 10 4R
U TR A ik A T B AR 11 AR IR RIRER 51% o SR, 20 A5 T ZR RN 3 AR BOIFI A By iR 0. 66
v/hm* 7 ACNZBIESE R RIS R R AR MR 9. 3% RN 3 AR I B A AR AR IR, T BE S AR B R 2
AHOC  IZBOIH A T Bl R IR T P, 8 N TR M K RIE -2 58 R 50, KT AN 323 28 Ak ), ot A A< g 1
Be2e  SEUEY AR, MHAR BN A B A B 8 [ SRR, R 28 LR XN A R AR BN T
FRE (RIS ) 2O TN, A Boli A A A i R 5 B A A ) i OC R0 3R I PR EE X R AR W 1
BRFEM, Yoda " 5 I ZEFPE R B i B P A7 AE AL BR , HLBRAR AN - 1. 5, Xt 2 AR W R e A ) 2 op ) — -0l
B FR 2R R A BRI (BEDR ) LR R ST R 2 BON R ARSI, IR /N, ARiE 5 T 20a A
361 LIS a MRS BN TR MO G, @ Sr TR YRR R Y SR IR g (P
ki AR (k) ) =8.468-2. 1 x lg( FHEF# B (#k/hm®) ) , (R*=0.961,F=99.764 ,P=0.001 ) *>**
PRIt , B AR 285 B2 BN AT 250 2 ) B 0L BRI A A8 40 (2. 1) IS —1. 5, ORI SRR I8 1)
HBR S B I i — 1. 5 A2 U AR AR A B AR op, AR 2 A M B R R e e i ik 4 4%
T, St 2, il = 0 A RK O 15 PR B 9 S B it , N T Bt A AR R P25 A i3 o2&l F A B 5 |
e, I TR B S A R FIRABIGE .t ] UL, 25 B A& B R 5 A e A P i e — R 3R, A4
A FRER B R AT LI AR B s AR ) A B B e 2
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Table 5 Comparison on population biomass of Kandelia obovata in different regions, China

SEYE M bEAYRE W EYE

(INRINU A2

Hi X S it/ a Total Aboveground  Belowground . ik
Regions Latitude Forest Age biomass biomass biomass Habitat = atures
characteristics /(b ) /(Vhm?) J(Vhm?) type
T AR S U 19°56'N A TiRASHk 11 — 22.714 — SRV [32]
T R AR S 19°56'N N T 2lidk 11 — 29.405 — 9K [32]
TS 21°28'N  RAKIRZEHK 32 — 24.876 — EE/Si7%: [33]
J7ARHET. 21°30'N IRZCHR 5 62.65 36.77 25.88 SR [31]
T ARG 22°32'N 4k 15 95.58 — — H 2R b [34]
I ARG 22°32'N  KARTRASHM — — 72.1—84 — A 4R Hh [36]
TR 22°32'N N TIRASH 6 20.11 11.64 8.47 EFS1TS1A [35]
TR 22°43'N A L4tk 3 0.66 0.505 0.155 AN TR H [37]
LRV AANE 24°54'N N T4k 20 162.63 93.37 69.26 EESis:l] [29, 30]
PR 25°31'N A T4k 9 20. 842 10.733 10. 109 [EE/Si73:i [38]
A A 27°15'N AT 4lipk 7 25.359 14.711 10. 648 SR Vi [39]
et 27°16'N KRR 150 58.305 32.919 25.386 ERZSLT3:i [39]
WL 27°35'N A T4k 3 7.13 3.18 3.95 [EE/Si73: S
WA 27°35'N AT 4lipk 5 11.32 5.59 5.72 H SR Hh S
Wi g 27°35'N AT 4k 10 24.35 15.05 9.30 ERZSLT3:i L
3 Fig

Bk R S 22 A A R LT A A A, 308 3 3000 R o 5 350 30 b TR 0 R B4R (D) |, ol At S SRk A
AW (W) B S A KRR R AR YR SR AR A D R B0 0. 801, ik EIH: B /K F- (P < 0.0001)
FRAFIFERI I (W) B (W) I BGEERFIRR R (W) S B (W, ) W K #5300 . W, = 0. 187
x D" W, =0.267 x D", W, =4.6 x D" W, =3.614 x D"* | fiZSF# A KA AT 1 3 4F
5 AEFN 10 AR FKATFREEAE MR 20 7. 13 (11,32 F124.35 v/hm®, 38 32 b 8 A ) DX RK it b e A 4 1
RN, 25 OO PP AR 4 o 22 S R RIS TN B J L B e R - AT 7, BRI FIRE (REVR ) ARt il
R0 B ) 2 5 i DX 2 R0 T A AR 34, W VTN T RO MR i A= 4 £ B S I T P VA VR 2D BB (R )
AR, BEAN, A IR R A R E XL MR R R A R A R B
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