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Research review on the pattern of carbon allocation to roots and environmental

factors in forest ecosystem

YU Shui-Qiang, WANG Zheng-Quan” , SHI Jian-Wei, MEI Li, YU Li-Zhong  ( Schoo! of Forestry, Northeast Foresiry University ,
Harbin , 150040, China) . Acta Ecologica Sinica ,2006,26(8) :2663 ~ 2669 .

Abstract: Tree root has a function of the source for nutrients and water and the sink for carbon due to fine root production,
mortality and decomposition. Although its importance for carbon allocation and nutrient cycling in terrestrial ecosystems has been
known during past decades, physiological mechanism of carbon costs and pattern of carbon allocation in roots are poorly
understood, because physiological and ecological processes in root dynamics appear the complexity and estimating carbon allocation
reveals the uncertainty. Recently, more studies focused on the mechanism of carbon allocated below ground associated with
individual root level, whole tree and ecosystem levels. There were four hypotheses for the control of carbon acquisition by roots:
1) root carbon acquisition is determined by the inflow of carbon from shoot; 2) root carbon acquisition is controlled by demand
from roots; 3) net acquisition of carbon by roots is determined by their functional equilibrium with shoots; and 4) the control of
carbon acquisition by roots is distributed around the plant in shoot and root. However, there were few evidences or data for
supporting the first two hypotheses. Most recent evidences concluded that carbon allocated to roots may be more dependent upon
soil resource availability .

Fine root production and turnover, root respiration, secreting organic matter from root, and foraging of soil herbivory were
four important components of carbon allocation in tree roots. The flux of carbon through the production and turnover of fine roots in
forest ecosystems has been recognized as the first major component of terrestrial carbon and nutrient cycles. Many methods have
been developed to estimate fine root production and turnover, but they may arrive at different results. The second major component

of carbon allocation to below ground was root respiration associated with mycorrhizal fungi. The carbon costs of root respiration
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were, approximately 50% of total carbon allocated to roots, depended on root growth rate, efficiency of ion uptake and transport
processes, and as well as biomass maintenance. The third component was secretion or exudation of organic matters from roots,
such as sugars, amino acids and organic acids, and etc. Finally, soil herbivory should be an important source of root death and
carbon cost, although there were very few data available in study cases. Soil resource availability was an important factor that
regulated the flux of carbon from leaves to roots and possibly to soil. Despite of greater carbon is allocated to root system, accurate
estimate in the flux of carbon from leaves to roots is limited because of uncertainties in predicting below ground carbon cycling in
forest ecosystems. However, there are many opportunities as well as challenges for future belowground carbon allocation research in
China. It is suggested that studying pattern of carbon allocated to root system in different forest ecosystem in China and developing
accurate estimate technologies will be the main objectives of study on root ecology and as well as carbon cycling in global change
projects.

Key words: belowground C allocation; fine root production; fine root turnover; root respiration; root secretion; herbivory

REALERESFH MRS IBRTEBERBRIEETY, BRARGAZERFE CHCY, M TR
CEEATRRMEFTMABETES . FLEBRESRATH T SRVRAE S 5 BB RAE S8 50% L
BB T LSRR AR A B RRBEREN CESRESRE CHEEIBRP AT AN A
o REMT CHlEMATRR CYEIBETREAERMM BRMAITHT CHARNEEFELHE
W EEEFABR(BEER AR ESEREFERE, SBAMR AR C T 5 DK HLHE
dETHEEL,

EFERREAEBESHFHRRY MABECIFZARMIBEFEGESR B MEANEBEAES

g, SRFM TR CEEMT4AHE@E, ED*E/%B@EF*HFJ% HEFFIP IR (IR R AE YR ) (5
SRESFEA B E ML BEEYERET . BEX4DHE, T 200 RESEREF THEARR,
AXRERARERHATES  BWEELREA CHIAHRIBD MR RBEFAEN CEIEHRTENEL.

1 RRKE CHFTEEYL B

BRIAMX R AKA C HRNETHBAL, - BRIAIKRKRKBT COAMEBEZHYENR-LCEXROE
i, I ZFREEFHREY ., FREMBEHOBRRRR CHNEEEL 4 MR (1) AR (Push) . &
BRAN CARASRELKBETH ERS CHAL LEEHG LS cCRBMERNH FEEGHEEK,
FEVEBRBR R AL BE VS 1 K PRI AR R ES) B RERWER RN C BRI (2) B A BB (Pull)o #
REANRRKIR CRE—FM A G BAEXN CHT/RRET C AR RBEA BR300 7™ 4 %
KAEY MEX CHBFRAAZRAMDEBEZLHRE; 3)RIWEFHRGE . BB IA Nt b T 53
HEBEARGFEE CFN), H-—-80HwENRE LG RE, B ROE KRBT L35 C MR
A5 N BRI AR Fds B35 094 K AE DO AR B X B P4 (4) RILR W HIB L. HBIRIAN C MARR SR

MBFEHFL S CNERM N LG BEKRENH .

HXME,ERMREEERLRSE, BN KR ZERNBEAYE-ILZEPXER, B C gD
RS, Z T XA R FR R LT ME RN BT M S s e RIE A . X F AR
WHESFZABMEHEME . A RRIEHREHIRE=R’ BELAERN FRORE M T HARET K
fER S RETHARE  RET O, MHY, XEGHBATH, SHORABRAMERTD CHHBBS”,
75, C BB, A REBAPRAKMEYHHBBSHE D, HETFBR RIET . Pregitzer 15 th RER EXT C
B & E M C 4R HE N Pl LR SULE L ARSI, ﬁﬂﬁm(Acersaccharum)ﬁﬂﬁleCﬁtr“#%ﬁ'}é,ﬁﬂﬁ
) INC SR (4% ~6%) REEAFBATE 1 ~ 1.5 A (BN E B4R S INC S BEE )
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£, XSWREREFRSRES X, — BARAEFRSFER, RUCEE T, C 4048 4 B 2B, 408 0
FE AT . EHRSMRRBEI S YR+ UK, MR, AR N R 0 g
WAEASRBERER , SRARP CARMNE  ERREP CILHRENHER BR CHARMHEIF—
EREERESEBRARPHKL G R LG, B AELENFREE MM EN R AREGHEE C HWER
HBEZ I . Hendricks kN, RMFEIRKE CHTHRZEMNXLRTFFABEE" . (HDRKH
BC ( Differential allocation) , EIBE N £ R AP WA REME S, S A MR H C AN LLE TR, AR H G R
FT-FEFHFEAZE . (2)18 F 4 B (Constant allocation) , EIBE N FHHMES, SR LHABR N CHHLFFERER
Bl MR- REM, REMHT CHREAE THFSHIESRER, BE TERLEY CHRKA
WA BHERESHERE AL BERTN L, BNEEL " WL R R EHEBRRRK C ML, —BUE
BEXMNE-RENESRERLN, AEBRETINEIRER EFTAAEEYE  CAERTRR,
2 RABHMTIEEZEREMERE
2.1 REATSARHENC

REAMEFLFEEBRMAR(<2mm) , TERACHBERE N ARERMMK, B THREHD
HOREHMEARRAERSBE, FUARE T HARERSMAESRET CHREFBEAVWEEH BT
G AR AMERREFENBRAMNE LSBT CHRMNEESIRZ -, EASHEEHAESREER, A
AYEBEERRAEHTESEMEMN 3% ~30% 4, BHTARL FANBARIBZ S, XD TEREHN
FERMIRAET= T 10% ~75% " , X ERFMBRESRELBAE X, —BFU, C [HAR P 4B HH 7
oAk B T R R o AR

T NAEHYE LEKS ML RBEEEWARE~NARETIENEEYEE. NBAURRBOAN
RAEEIS BHEM—BIRHEESRET CHESBRADSHRBERE™ . ER MBS F,N
ARG S S BARAF AR TR 4 KFATEREFN CEXN KRS THREER
XD, SHER, 5 —SHAERBR, MR A=A N A R T %, 108 # ( Populus
tremuloides)ﬂ(m: , KAE N ( Pinus taeda)%ﬁ‘[m HIE B = #2 ( Picea abies)%ﬁ‘[u] o XFAHIFEH W H 5] H 41 AR 4
FEREAES NAREZEMILAERE, MEANENAFRERO DRRER T BB RKAERREERKTTEY
o RELBEPEENBR(IFIPRBOBI THNMARRFEN CHE BRAR TR EKF
A, AR AL P AR R REAR T o SR L4 N RS B0, AR o N R R R SR, SRR A
AKMBAREFENERENRKEEY™ . URATHERBANEEATHATHERZNNE RECH
BARREW RIFRINAE, M P RAME GGG AR, ARAEF RN, EXHEAT  RERFUESE
i, MR TR O SRR, SR IX B HT M9 ST V-4 (trade-offs) o ZAMRX N AR XM AR LN EFEZRER THYH
K BERBKHEYRTE ARESELEP NS AR RS AEPHBEEEFEALREEY, AF
XEMMELZRXBARTEEMRZE, A EFHSHISL.

B NAEHEUS EFSATHERAESRET  REN L RBERBHEMEAKYIERTFZ -,
— MR , 40 AR B A 7= B - IR B B 3% I T 3 hn L 3k B BK S I BE IR M IS FH R T R M4 . Pregitzer &
AR ENREERAMFRIERAAZREERERZMAAMHT, LRBEARSIBAENRRET LT, 3
M#MALEF CHHEREGLEN ™., TEFETRBEANBEREHMELE. TRERBKAEYHFEERH
W HRE , AR E S FE T XK 4 T BRAE W BT, X 2E AR KRR BB b BGR F A %K 4 5 B9 3E 17 #6150,
Gower Z W37 A B0, TE L HE R AR b I, TEBE A ( Pseudotsuga menziesii ) A ECBIM T H 4B MARAE= HHER T
MEBE A MR, BRI 5 42 ( Pieca excelsa ) TEA N FRABEEHT BEEKS R, /K43 G148 4 7=
I8 5 2 W 93X 7 22 7 BT BE R AR W F 28 oK 4 Ak BRIE R AR T A BT AR, A BE U — Fh 4 o 89 4R 5K
FRERL TR
2.2 BEMBIHFER C
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Y B KRR EIEFENE Y, Hogberg FXTIFMAPHATRAEALEKMFREY C 2EBEARESH, 2
MBBEPH C,75% AT (BFEEHBEAK)TR, TRAE 252 BT (FERMBHHAEK™ . BEAFR@IE
BMAREKIFR B FREFRMEFFR, FROERKANEFE CELEEERIEE AREMEECEWHE
e MALCTFERG, EKPR; 5SEFREAXHBRTFRART BV RAPRBERXHE S, M N KUK
W5 T BB B TRUIER A 900%™ . Atkin ZE S BELRALHEE EEBAGT . ATRAEEKN TR
ELHOBRAMFRE25% ~45% A THTREKHTFR SBREFHRE 50% ~70%, MAEFFFRUAH 5% ~
10%., HEAEMBAKWZGT  BREEKMETFREERTHE, BEAFRK 60% ~ 80% 2 F T 4357
%>, BMIEAEERRER BTREMERFRXITOPROLAXLR(AEEETFILET) . TELX
STMAEBEMBREFHEN, REXSENMNSBEBEIETHES DER,

RAEPRY S IWIFRE 33% ~65% T SERRTEEN CO, B 8% ~ 52% &3 R EFR LB
HBIRSF ., A, RETPRMERMLIHTEFRMEHAESRESE CPENEEAY . BETRIFEXEE.
KOMBRP NRERNHEEER. FIEHERE EHYNASEAAZHCHEEREWMAHSHT, L ERE
AESEHBAPRERME TRIEEEEM MABERRSEELSEEHEX™ ., FEEERRERS,
WMTRARPIOESE, BE TREARK Fiz MEAE T (I NH, fNO; YRR, HEEENE.F
MEIEREEA ETEAGT . BEFRREY BENERR L EPREAGEEE TS RE, BMEH B KS
B Co, MEML, B AL THREFMEABREAMNSE. B FREHEZESBRHAA P NIKRERZEMRE",
Pregitzer {RiE T 9 AL EM R BAENKEMMHEN M PR ERMNTAHR —RBFH=ZEBFER . Guo
ZOMNBFABERETRAEANKESPRERZ BHMAHEHE" . Chapin ZiIA K AR FH N TERTRH
BEEHA.SSPHAERTRSAMPEARN (S SR BHEA L. ETNTASHBEENKIBEE
(R BAH, X3ANHEEXFAEZEBRYIFRER, BATRUE, RENLBIR PR K, BREILHFE
AT LLFE A SRR X AR R S LM AR R RS, B AR IR E BB R,

2.3 ALY HI 5 W (Secretion) Fl38 H (Exudation)

BAEASWYRBEYFEQFETEE CASY,. Mg S8 AV ARIFETESE ChEY, B EH
SR MEROARERBYREY, R4TYRARNTEEBHYNBEIBERS RRBIESH
Beshit sk , B AR B Hod B R E T RS AT T B B 4 7B 0 A AL 40 M 4 B R A AR R A AR 4
MARE SR, T B FR A EHER T ;AR YEARTEE SN AP B, RREHARMENR
AHASYRY  MBEYNEZTHLSHEYNBR . CENBSTENSHNZRELABBERAR™ . B
AT FRABRNSWHHARELD, MAREZEBRASWYHAREE N FEYRELEY. BHRERH,
HBATENBRNIIBE L EPRASYHEEE SHEYE Co, RMILMH 20% 68 ,EHEMALGT,
B EER. B ANBRMEERERS FRAZEMSWY PN EEHAS SRR (65%), MEERE
BEMKCQ®)Y,

HYHLE AEHNSEERSEHEBR I WDBEMER . WA AP BRAB RS WY R
HEYFEFER KN ZER , KEZER A W BB, 5 28 K140 W0 B8R BB . RIF W RP 43 0 9
ERMBLZIRK, —BHRHELSSWHERETR , TR 5 0B & B R S BR; V8  F— R 4 0 b 8
FIRI 2 22 E R, T8 G R 0 R 43 WX P AP 40 R o Smith 338 T 8548 ( Acer saccharum ) i A BT 43 Mh B9 3L %
ANBABRKCEDSHERAHLERRARRELARAKERY , BABLRER AT BEFHLXEL,
BEREKWBRAKLEY, W0FE 4 BB (Pinus sylvestris ) F1 1L B ¥ ( Fagus sylvativa ) BT 23 1 B Al IS Bk L &
MERTF 1 FEHK,BERERAUNTERBHEERNGHNR . B, ELHERE, NEHF LG5
A3Ha pH 1B KA S VIR VEE DEBRE CO, IREMMAYANE IMBRIERGESAE LY
ERARRNSWEBHERAY . BESUDHBHYEZHYEHNRNESE LoWMBHEEY
ARER AR, N TFRERAR R, ARFTEMFENRE FHERNEERERMGITHIWIH C
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WFE, RS TARORB T C 4 BT,
2.4 TS A M3 (Herbivory)

P EEEFEHVANELUEOBRAL L EY, MR B R MR R %5 X atksh
MBI EERPEAFRNRAIBRALFRIESHERKCEYHRD, ERFTRET, AREH
STe R AETE RN Y FH F BT 11 6% ~30% . X EK R 65 4 4 K o # ( Pinus
palustris) FREIBF SR M], I T WA H S WSRO BRI T SR AR BRI 21% ~37%, S B — 2 5 4 4
RARHIE %, Fahey A Hughes FIBIRE R RS HHR R, EFW A RNHE 17% ~ 23% MR REREH
155 "*! ; Hendrick %t Y82 21 7E BURE (8] R T A it SRR AR B0 PRI &%, FF A I X R A RR Mg R, SLhR
b SHYBEEN A K HAORAS, UAMERROM L, XA RS BEAIRMS T TR YR e
S IR AR SR RS R RS E T IR 5% ~ 10% A . SR, 3 TR R K 00X F
FMEPE R IR R B AR, T 30 A & 1R BT T S BUR R RS A 3 35 LA RE 3 3B 40 e a0 G A 72
HRNE, WA EMRGBELUTREERHUMBRERENER L. A, FTHAEHYHEE=
M B ( Trifolium repens) IR R K SBH AR 8 N M CR T, N BEEABLS,

BT TEESHWNSERRASMMRE LSBT SHYF R, 05 B BB L B B,
AR RFET , AT 23038 C 76 b FUH T 38 40 09 2y BB A AL 2 . 4R R 2 3 W S M 0 09 3 16 36 R X
URE FRAAAMBR ERESNERT ESRET  ARFIUEE DTS RBYHFERE N R E, WY
BHME, T EE AN ABREFH S RESE AWML LEASEES¥RAMES, HITER
BHEBEHRE, NI ARNEHESRETERAYHN A KRB EYE WG LRRERS X
FEROTREAMAHENTEMTER, BRENEHARAEM CHENEER T —  ALERITE
AR,

3 WTFBSERMGTHRAEY

BT 4040 X B8 0 SURYE , AR A KRR B TR R s U R T A B AR C, B H KR
FEAGEEEL, ARAETEEE B ARG E M (D ABRIE KBRS E 55 0R I PR A4 08
A R E R R AT RS C BB AL, A TTERAEEMESN, KU S ERZ%,
RSHAR C RSN EEFEE, 0,8 R PR NHE C AR MEAEFRIUES , 5 560 - PR
50% LA EST . (2) TSRS KA HIBESHBA RS ENE R REEEEREEL C HEERY . LB
HAESHFETD FRIBEY REEED R RS0 % A L A AR AR C RO A A A
B, EREEREER T, M CHTFARMBY Sy £, RA 5T, 76 L2 35 PR IR A4 0 58 38
H . B, PR VR A0 23 (8 BT 8] R R L B0 T 40AR 1 BR A AR TR AE S R A C AR BEE

MK R FEN RS EHER CHEMARFRIENAS., REBLABEZANIBAEEE
ERHRE CHRRR? SEENBRRRR C OULEAT BIRMB R C WAERASTRMNE, HKE
FRETPBFR N, EE S K IBEEREH AR (GEFIMER AR WERR C ERRLER
EEABPHARER. BREJVENANRME M E(BERERME), BERMG AR C RS
BUETHERZ BR, BEEZRARNEEE R R NE CHE M EEAESKYEM,

4 #%iE

HERHHAESRE CTEFRPRANEAMBEET DS LB RETHRAOLE, BRBECEE
BATHAREKMEAS SFFE SUEBHURBTRHEERMOME, BE, RRECEREME) W C KL
HUR CHRMER EREAHAEE. TEFRERBBEALATYRERASTBEYE SR, BHM
HEANES MR C AHBANARBEEME, URFIR T EMRE, F 10a %, REGWTRETARE RS
FARAR R O RS, Mk SRS B K, e A S RS C IETR A BRTE ST oh W W HF 2 LM T A S 2
RS, HERENNARRESEFREEESOTFRAE, BUAUFILAFEFBEFE: (DREAE
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SRGRBMARET AP, LREERCBE K5 IR 40) A BT FARE = FRE F W ; (2) AR 4
SRGUER T R OFR B I, R R OF R o 1 R R 64 EE B, 5 B IR 6 A RO XS IR IR B S 0 5 0 o X T R 43 BF
RALHEREAAAESRERYMBT CHARKWEERR; Q) ARBFRE CHEBRESIERR, B X
OB T AR R R W BB X CHERE; (ODERAM T R HE BT AR C HFERE W,
G)FEAMAREFRE CIBEBMAMMG T T, AHEX IR EARFERESEBROLBEAR,
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