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Abstract; Based on stem analysis and sap flow measurement, this study was conducted in subtropical China to clarify the
primary productivity and the contribution of afforestation to carbon cycling, as well as the coupling relationship between
carbon sequestration and water use. The growth model for Pinus elliottii was established, including volume table, biomass
equation, diameter increment etc. Sap flow was measured for interpreting the relationship of primary productivity with water
use. The diameter increment declined even from the beginning of afforestation, which implies the inadaptability of the exotic

species in China. The stand density was reduced from the initial 5 000 stems/hm” to the present 1 599 stems/hm’ in 20
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years by self thinning. The stand stock was 157 m’/hm” with its maximum of 209 m’/hm’, and the volume increment was
22 m’/(hm’ a). The above-ground biomass was 72.061 t/hm’, and its growth rate was 8 493 kg/(hm” a) or 4 370 kgC/
(hm® a) , which is approximately consistent with the result (NEE) by means of eddy covariance. The sap flow velocity was
21 495 ¢cm’/(em” a) , and the total transpiration through canopy layer was 4 769.643 t/(hm’ a) or 477 mm in terms of
precipitation, which accounted for 48% of the annual rainfall. The maximum sap flow per year was about 634 mm. The
ratio between water consumption and dry matter accumulation was 562:1. There was a significantly positive correlation

between NPP and sap flow velocity, in both daily value and monthly average.
Key Words: biomass; sap flow; growth model; carbon sequestration
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HRMXPIRTRNMED, EEER BT E RERSEEN 7k, B HRIREH X R R H Z AN
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5} ﬁ Fig. 1 Seasonal pattern of temperature and precipitation
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2 MRAE
2.1 HEHENE
2.1.1 WFEHE

M 2003 EFFGE , IERAR 70 ZARBHR AT T AT, FB & Il —EEBEANETER(ER) . WT
BN 1 m X, B2 MM EHEREFENEFRRE. BEXUABRAERETEYE BAEY
B BB B AT R A AN YR, BRRE R E A YR RBAN E IR, T FARRREK R
FE[RE, B R 41T 2004 SEE KB ERK AR, BRI RVERWERE, FAHKENENTHE,
256 1998 4 E IR AR 48 E kIR B L B iR &

fi#2 (D, cm) FEEEYEHRRBESERIT (kg) :

WUHEYE W, =0.01207410*° R*=0.72, P<0.001, n=22 (1)
WiAEYE W, =0.0401892D*"*  R*=0.71, P<0.001, n=22 (2)
WFAEYENITE, R R-BEEEFETEMRE, BREAM BERELEYE. FAIABRZSH
BAEYER (W) WSTHERRFETEE, TR N
W =0.030959D>** R*=0.98, P <0.001, n=70 (3)
(1) ERMEXFRE
AEF 5 B HERAG TR R ER, EmTE R R, B A s W EER(D,) MEEER(D,)
SIEVEpy YR
D,=0.35+0.822D, R’>=0.98, P<0.01, n=116 (4)
(2) MR T 52
TR AT, R B AT @ SR R A SR B R R R o B e ZIERXIN ¢ + 1 AW ER
HATHRAPTR BRI 52, B TR RIS EFENERI N REWAARESENREEE
IR B 43R SR AL B B B — 3, MOAH Sk B2 B A8 (R B s AL B8 OB B R AR , B I S R A e 5 A T 4R 1
MR AL R R . DAAEAR B B B Bl A A AE RS . TS R BR , B2 R A €R4E BE I I 1% B R B L2 M 22
(EH2), HEEERHFEERD,,) T -EEHEER(D,,..) REEER(D,, . ) WHBRINT:
WEERWM YR D,,,, =0.31385+1.032D,, R*=0.98, P<0.001, n=116 (5)
£ FHAFM YR D,,., =0.29891 +0.8534D,, R*=0.98, P<0.001, n=116 (6)
2.1.2 FEHIEAER
2004 ~2005 4FHARIAERE X ALV A FEH 70 8, BT A 20 m x 20 m, X ALY BT A WERBEAT AR
RHREN TR A A E TR, TTERMA =1, A3CLL 1994 421 12 Bl R i FORHEA T3 LA
%%, FIF 2005 4EJEZ R 15 SRS TR B RE RAEK SR, B AN EFERARMEREKE,
ERAEKRATNRITE , BRI EE B M BT EN R, A CHIH 2005 SRR
e REAE Al 1 2004 “F ER, FRAM R EIT RS EENERE,
2.1.3 FEEIEHIE
FIFH BIOME-BGC fEME 6% R B #I% 4 7= 1, BIOME-BGC A SH LKL MBS BB LER
2, PERIGERGTE N A AN 45 (http :// gaim. unh. edu/ Structure/ Intercomparison/ EMDL/models/bgc. html ) ,
2.2 WTFRHENE
H A E R b BRAT B AR, R R A e B E RS i — E B RS 1
AL (EZ) B K EEEE, AREREAREFHBRRITT REHEATEL WM, 53 0L 57 2 K
30min/¥K, WHRITFRELKEN 8em, BRI RARCHEIZERZ LT BERESUNRE, Kb S22 EENE
FHEZE B RLAINRETT, W E R BMEM ERNRE . FEARER, BRAEKIER, KEAERRZFIBHL 6
¥Ro B/NK-MATE BT BB 7E SEIE WL 6] R 3 < T Ak 5 , S0 W0 ) S 2 1 , e 3 LR R AR HE AT 5E
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MFTHUE R A K e, BT IR 30
W ARTTIR O, TR R IR R, . BRI R R
BARERECTHA A, w3, RN A 25
BAA B3y T AR AR SR 3 7K 3R (om’/ (h-em®) )
WERHRAKER, RIEFRIAZRE RS
B R BT AR (om®/hm ), B T4 B0 2037 TR BUM B
EARAFAKEE, B AT AR T —E i FEk &
(em®/cm®) SHEHARAES B2 M0 Wi T AR B AT e R

(cm)
s
|

DBH t+1

WIRE BT AT BN RES R KR 21 B RS 10 |-
Bl —BH S 7 ~ 104" ARBFSEM A 10d BB KR 3
fHo HTFHS 3 RS RS, YRR — 2% 5 L L ~ .
AR IE , A SR 55 48 3 4 VLI it & 5 47 1 2004 DHB 1 (em)
SEPIRHT T

B2 EBERTNHEXES
FERRBOV R A B T R LR T4 o 2 Dttt e

Bk, I BB T
TFYIRFKRE =FKE/ EYERNE
AHBRFEK BRI =FKE/ (EYR < REE)

3 #R
3.1 mERZLL
3.1.1 MpERAEK

1994 SRR AR HIAA T2 12.7 cm, T E H AR ER 10a K EFHH 3.2 cm, 2005 4
ETRHIA 1 648 1, B G 1T , ER-HREA M 2 MBI IES S, XS A LRERARER SR —BH
B, MAREHER15.9 eom , B KER 30 om, BAFEERAEKE TR 0.8 cm, I X A TARMPIHEE B
5000 #k/hm®, #R#E 2005 4F 15 BB A A AREE MR 03T, B AR X BN 1 599 #/hm”, SEX E R
16.7 cm, B EIE AN 33 m*/hm’ , EHERE K 157 m*/hm® , B K209 m’/hm’®  EHEREKE N2l m’/
(hm*-a), HTFRASEHRER, AT HENEFBEEARRNERERESW, FIUHEERPERE
B SARANG , 24E K 2 7T B8 L ISR = o
3.1.2 HYE4k

A BRI B H A5 H B A bR A 7 8- 35 72. 061 v/hm® (2005 4F) , b4 F i 65% . IV
MBI R B E W T R B 2 5 51.17% ,51.37% ,53.35% "%, W@ AREMRSHEITERE,
ZEEITE M L SRR R 51.46% . B BRI LAY ERBERRERE N 37.1 v
hm®, BREEEEE N 4.37 v/(hm’-a) ,FH K 437 g C/(m™a),

1994 AEJHA LR BN, BA YR N 47.8 vhm®,10a BHEEHI T 24.2 vh , RIER TEFITE
i 2005 AE AR A BAE K BN 8. 4929 /(hm’ -a) (35 1) , IEBANR HUM MR —NERIC . A1 10a 3K K95 {H
(4.78 v/ (hm®-a) ) HHHCET A, AR T B A R ELRIEI . IbAh, 3 b kR BB AR R (n’) B BB EL
KR, EYR (kg) RAARE 410 5, MAHEREBITEWEYEY BE TR 458, [ B THER RE0E
. XTMSETTAFRBEELEPRBEYERFEBBRAEE L,
3.2 HERSKIFHMEXR
3.2.1 WTRHES

ABFFTHG 3 MM B IR o B B B2 B K, 3 BRI TR B30 21 495 g/ (em™a) . R 1-1,
1-2.1-3 HEARME LR MW ARFOKEEET L, B RR, FOKEEREE BB TINR , SAE A
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6 ~7 Ay, #d 6 cm®/ (em™h) s & FH YA KT, FK WA B (B 3) . FBt, BIf7ELS, BARKFEK
Pt , P A AriE shBA 2 k. MERRERE (K4) 767 ~8 A, RE X 30T Eo sk, &
TR 24 LA 0C LR, AR T BoA 5 LI 45 R — 3K,

®1 BHARKETHTIESY
Table 1 The general parameters of productivity of slash pine plantation

i H Ttem £l Max2005 SERE Mean2005 BRE Max2004 SE3E Mean2004
S5 Density ( stem/hm?) 2000 1599 — —
DBH( cm) 19.0 16.7 18.1 15.7
DBH 37 In-bark DBH( cm) 16.0 14.1 15.5 13.6
JEU; 57T 72 Basal area( m?/hm?) 44.0 33.1 42.5 31.9
22 Bz ST TE# In-bark basal area( m?/hm?) 31.4 23.7 29.5 22.2
ZETE Stock (m®/hm?) 209 157 199 137
ETE L Stock in-bark(m®/hm?) 176 132 155 116
T & Biomass of trunk ( kg/hm®) 62497 46890 54102 40843
4% & Biomass of branch(kg/hm?) 23021 17302 20841 15654
it E Biomass of foliage( kg/hm?) 10482 7869 9424 7071
H1_F $E Above ground( kg/hm®) 96000 72061 84267 63568

HT 15 MEIAERSE R, H b 2004 FHBEREIE G511  Data are based on 15 plots, and values in 2004 are estimated

r 35 -

6 30

HF# Daily average (cm’/(cm2h))
[95)
T

s 2 JE Canopy temperature (C)
=

0 50 100 150 200 250 300 350
HJ¥ Day of year 0 50 100 150 200 250 300 350
H J¥ Day of year

B3 B TR E ST R (2004 48) (1-1,1-2,1-3 5

RA) B4 WEREEWEL

Fig. 3 Seasonal change of sap flow velocity in 2004 (sample trees Fig. 4 Temperature of canopy layer in relation with season
No. 1-1, 1-2, and 1-3)

FRAFEAH BE b TR, P38 214. 95 v/ (m™a) , #0H FEITE N 607 ¢/g, M ERITHE N
102. 3 kg/(m™a) (£2) . FAFEKRELERE, TR 561. 5 kg K/ (kg FHIFR) (£3) . Bt EEAHlzE
1 T4, T E 561. 5 MEEIKHRL . R YEITE MR, MFKRECY 1091.3:1, MRAEBMTRER, 78
KRB L,

BRI IR, BT AR KPEFER T K 4 769.5 v (hm® -a) , KA Y T 477 mm KRR, &
L4EREK B (1 324 mm) [ 48% o MR AFEK R L 6342 v/ (hm’ -a) (634 mm BEK) (F3) . BERIMARWFE
B 7K 23 B LABRAR O 4E5 IE AR K TR B B oK &

B R BRI, AT IIFEK R K 4 769.5 v/ (b’ -a) , LY BN T 8. 4929 v (hm® -a) , B KN
11.732 v/(hm® -a) o ANREBHAE S KT HER , % RENEKREER,
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R2 EPRFEK 2004 FAELER
Table 2 Water transpiration of individual trees in 2004

FEAR RS Tree number 1-1 1-2 1-3 SE5 Average
Vel B Sap flow velocity( g/( cm? - a) ) 18693 23402 22392 21495

% Bz 942 DBH overbak ( cm) 15 21.2 24.7 20.3

< 7 }§/% DBH inbark ( om) 12.7 17.8 20.7 17.1
-4 Y & Foliage biomass( g/stem) 4273 8884 12289 8482
i Leaf area(m?/stem) 25.81 53.66 74.23 51.23
14 EFH Sap wood area( cm?/stem ) 126.6 248.7 336.4 237.6
W B Sap flow bulk(kg/(stem-a)) 2367 5820 7532 5240
7% 3 & Transpiration rate(g/(g-a)) 554 655 613 607
7% JB8 38 BF Transpiration rate ( Kg/(m?+a) ) 91.7 108.5 101.5 102.3

REEEEACNERBKEBRMESRMEIZE  transpiration rate is the ratio of yearly water consumption to foliage biomass or leaf area

3.2.2 BERSKIIHTE . . £3 BHAREEREESNREKRE(2004 F)
i#&%%@é&ifﬁ jj —lﬁﬁﬁgiﬂ:{m‘ P Ijﬁ% Iﬁ]x1ﬁ ’ Table 3 Productivity and water use efficiency of slash pine forest in

BRI HER 2 YL BIOME-BGC MSAL  stand level
HORBHAA RS 2004 LEE—HLE P H(NPPY A o o sx
Pk A AERY B AT AR L AM0T . BIBRSL(E, ameter

Hb FAEY R Aboveground biomass( t/hm?) 63.568
; ¥ S ok
Xﬁﬁﬂ(ﬁﬁﬁ 5 H :\F‘i’g ,NPP \ﬁ 5H ;Rﬂ] ’ /n%%% ’ H Yy BN Biomass increase( t/ (hm?-a) ) 8.4929
NPP B85 ¥ KB B Z A R B E (E M Leaf area( m?/hm?) 47578
5)(R*=0.6945, p<0.001) , F BIFFEER, XU HAWE Leaf biomass(t/hm? ) 7.071
BAREKHE R INE A F NPP RBUR . EHFEKE  BRE Carbon storage(v/hm) 32.7113
i Z.a .
B3 VPP RS RAMOEO) MM T 1 TR bV )) T
ater consumption of stan m--a -
IS VA2 TS
ABTERMBA L ARF TR IRE Ll o T g
—DB‘E—%}’ #E 7H it@JT%%{EO ﬁﬁ NPP 'é‘ﬁ_tj ZX PR Transpiration speed(kg/(m?-a)) 100.2
H :\F i{g *1‘:7]( I‘LE JE = %: 1E *H 9%: y = = 0. 5813 + Y E I KK REL Water consumption factor(g/g) 561.6
24.3015x (R2 =0.6929, p< 0. 001) o BRI K FE K R Carbon accumulation factor(t/t) 1091.3
4 % "[fﬁ 5 'EFJ- "[fﬁ PB4 R I Biomass maintaining factor(t/t) 75.0

ASCHFRIR2E T B4 SRR, 50T T 20
SEAE R A TAHRBBRE TRRRE , F AN TR BT E T K miE, Wik mERNXRHALT T
5o
4.1 ABYKEJEHIRE TR K 3R AT

TEHAA A TARKEHRK 20a A= H2% 72. 061 vhm? A= BAK B4 8.4929 v/ (hm*-a) (Y4 F 4.371 1
BR) o M BFIHIERIKERER K 4769 v/ (hm® -a) , AKAMHAEA T 41 A B A HLZ K 561:1, 4EHEH
WARIE FAEK T Rk 2N RGERR 75 /5, 1994 4F ~2004 4F 10a B} E B FHEYRIEK N 4.78 v
(hm®-a) , T B AT A4EIE K BT R 10a EHI8 2 75,

AR BEH SRR 2 Y 2004 A 24E R R CO ¥R (NEE) JBAF 423.8 oC/m* ! (MY TF
823.6g/m’ &) , R ABIF 45 RAGEAF 437. 1 g C/m’ (LB, ABIR R FEER AL KBNS, BF
Z BRI, R R LKHEMESMER ERFURAB K, BHRE, B ENENSREA HWERK—
i, IR AEGREE T ET BT LIRAERON W R 45 R LR 4 BIFP R T W3t A 78 R kTE
R TR, XX T E KIS E B R B E L T4 R G, N THRXFERBIR , FEHAR RS
BN 2SI AL

WRAMAREE R EFETT BN T RS RE , WSS 5l 118 NEE 7] B8 HIR FE A 31 WL 3
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B, EFEE—PHNE, ZRFN, EEXTREEG T, EAMNERELUTH CO, AL E i, AT
BAmErER,

S — 100
=
or é 4
T ~
S 2
((l-\ [ ] NS £
g 15 | ® £ 3
2 *ﬁg 3 3 i A
o e B > B2E
P~ g E E z
8z g S g
gz 10F B g Z g
zZ 8 3 2 = =
m s ungS z
- B . »=4.34409 +2.8168 > =
T R2=0.69 5 5
Ik N :
= 4 L] % 1
* g
oL ! ! | | | =
0 1 2 3 4 5 6 0 | | | | | -20
5 HER R 2 4 6 8 10 12
Five-day average sapflow velocity (¢cm*(mZ2-h)) A4 Month
Els @M S B NPP BRBS 5 B FKEEHRTI E6 f@HMmIA NPP RE S A EIFEKE AR

Fig. 5 Relation analyze between total NPP of Pinus elliotzii forest and Fig. 6 Correlation between total NPP and monthly average sap flow

five — day average sap flow velocity velocity

4.2 WBEFHSKSFBHLE

AR T X S B PR 00 2 2, 0 8 B A S R M S8 B AR 75 R A AK IR S e B 736. 1 m, H T8
EREYETREENES, WES TRENENZEBE R, BARARLSMOFEK BB R kL R4S,
B BRABIST T LABEEA, 280 G AR K 2 M RE R E A, REMHLNENKKERSHHE
(NEE) ke 1737:1" ¥ NEE #8 A= 972 (823.6 g/ (m™a) ) J5 , HHLE  894:1, FEEIE MK IKE
BABTESR, FUHTENEKREAEE,

TBBET i AN REAK BT LA 28, B AR AR K 0 Bk SE il i SE R REAKO R A i % IR 4R
AR E N 607 ¢/ (g-a) , IRMERB R RN H YR 607 1%, FAXASHLE AR RIS
M E IS EORE, TGRSR B . BERBNE, RIENBE AR REEMA T EWEITHENE
BN 674 g/ (g-a) o KEFEZR BRI IRE R BEREE R, BT LASCER B o 8 8 Ak < 45
(607 g/(g-a)) o HANRIHEMERITE, MZERER S 102 ke/(m™a) . BEEFKEN M LAY R R 75, B
Y I IE RIS ST B 75 REEK, T LABE AR N BRI T K A8, B4 1 vim® B3 HAYE, BKE
T 75 mm WREKER, WMHITHE, R KERAKE R 1 500 mm 4, ERRGEM EEYBERTERR
200 tHIAE IR . SXBLEA, AN B E UK MR R R, BT E P B A TR KR B AR

BV BFEK B RARIE AR TR E 2 R BN, X TREERE 2 FRA— 15
TR, B BRI E 45 A AR IR AT BB R AR E " R U R RS, AP RS
HIPAARIE R RS , BEIE S M T 2 IR I B 45 R AT REVE R B I R S AR SR LR T 42, BEVR
WREK D ZRE R KM, B SR E RSB L R KA X R, T LA B 2R M
KRR R R T, X R R R E T RN T,

JFi BIOME-BGC &) " B 7R, FHFeKEE 5 NPP BB ET LML+ M0, 2N B S
WA A BUEA T LURIBAR A R K A B B IR 72 7
4.3 B RR RS

1 BT B S 1 0038 5 VLI T B A 26 R GO L , R FIAE GR ) B0 AR 7 vt T LA BRE X TR R o]
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HFER. M THRRESRERERIEIRIZ, A N AE I ERE IR RIE MR LR, TREK
AERRERETHBEENE , 2 BRSOV TR R, O B W AR AR H B R
4.4 SEITHEEE, ARFER LI R EYE:

(DAYENERERE FXSEAFAER,FRTEAHERN R EYE TR, WEIERMA
FIAEZEAR R, IR IR B2 B AR R o A% 20 om ZE75 B B AR o SRR Y 28. 8% o it 4Eit, M BER
B MEER5.9% . BIAMR YR B, RRKREBEEHTBEM RS, BREWE—ERE, WEH
85 B N o3 WL AU AR S T B B BT E . I WSRO BRI LM R, IR R ERRES TR,
A TREZH, XU T HRFERRSE, AT EY B ENERN AR, AR B4
BT R EERm

Q)WTHITiRE WTREITPIRZE WBREIR RN B, AR5 5 Bl I B R BB A
B R Z A SEATIE . B SA TR AR S B RIR B A T T IR
FROARY B2 JEE B /N T SRR TR, B B 08 5 % 8 T S A 2 A ) A JE JBE %, B LA AR A By B2 JBE B 2 AR B 4 £ T 7E
Xt L s BTN . AT RO B R TE 2 PO RE B, A B PR A e, AR 9 B AN E B9 B R BEATAE T
REENERELHIE T WERERR, BRIS LEbn/h—8, B IHAENE B & BN L% R HR 2,
% 2 PR ERDT I BT RIE

GOWTBMANE A TRFI E R F B RS W ARZRBEHEFER K7, v RRELHE — B B2 iy Kk 73 B
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