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Stem corticular photosynthesis: Ecophysiological functions and their measurement
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Abstract; It is currently widely accepted that, aside from green leaves, other plant organs are able to assimilate carbon via
the reductive carboxylic acid cycle. Branches, stems, and even roots often have chloroplast-containing cells. The bark of
some trees contains up to 750 mg/m’ of chlorophyll. Photosynthetic activity in trees, bushes, and shrubs has been recorded
in the living bark of young twigs, branches and main stems, in addition to the living cells of wood, and sometimes even in
the pith. Chlorophyll-containing bark and wood tissue are principally subordinated to non-photosynthetic functions, but
typically perform effective internal CO, recycling using CO,released from respiration. Chloroplast-containing tissues may re-
fix 60—90% of internal CO, that has respired from woody tissues or has been transported from xylem sap. Many different
terms are used to describe “nonfoliar” CO, fixation in twigs, branches, and stems; including, bark photosynthesis,
corticular photosynthesis, chlorenchymal CO,-reduction, stem-internal CO,-fixation, chlorenchymal CO,-refixation, and
stem photosynthesis. It is hypothesized that corticular photosynthesis is driven by stem-internal CO, derived from
mitochondrial respiration and maybe also gaseous xylem efflux. Corticular photosynthesis is an essential physiological process
in the trunk that positively contributes to total plant carbon, due to its close relationship with stem respiration and sap flow.

First, our review summarized the main physiological and ecological functions of corticular photosynthesis. As corticular
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photosynthesis works in the same way as leaf photosynthesis, photosynthetic carbon reduction is driven by a combination of
effective chloroplast structure, essential enzymatic functions, water, light, and carbon dioxide. We showed that these main
factors are present in sufficient quantities within the chlorenchymal bark tissues of trees. Corticular photosynthesis, sap flux
velocity, and the CO, concentration of xylem sapwood all influence stem CO, efflux. Observations of the relationship between
sap flux and CO, efflux may help explain why CO, efflux changes with stand age or tree size, in addition to differences
between similar trees growing in different environments. Second, we described the principal methods used to measure and
calculate corticular photosynthesis. It is now evident that standard measurements of CO, efflux to the atmosphere, such as a
flux chamber covering a segment of tree stem to estimate the rate of woody tissue respiration, do not adequately account for
internal fluxes in CO,. The new mass balance approach of measuring corticular photosynthesis may provide a more accurate
way of estimating the rate of woody tissue respiration. A more complete assessment of internal CO, fluxes in stems will
improve our understanding about the carbon balance of trees. Third, we discuss the problems and challenges associated with
the study of corticular photosynthesis. The unpredictability of stem respiration measurements could be reduced by
incorporating corticular photosynthesis measurements into the mass balance correction. We propose that the combined
approach of using stable carbon isotope tracing, CO, and O, micro-sensors, and sap-flow techniques should be used in
future so that the fraction of each source of internal CO, in the stem-and the respective determinant-may be accurately
determined. In addition, we propose that the genomic regulatory mechanisms that influence corticular photosynthesis should
be investigated to understand this important process at the gene level. Finally, we suggest that it is important to integrate
scaling and model-fitting with eddy covariance and remote sensing techniques to improve estimation accuracy at a regional

scale.
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SERIEAT AR X B SR 58 4 R RSB IRL AR R R 3R A B i T SR AR
F &8 50%—70%" ') X el e 20 ZUEA it ol B BRI R CO, B b | FIH X s LR 4]
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MRS ARFIBEE AL TS, MR T (8 G AL VA T 1 5 S, IF A Z R RIS, A KOG A (Bark
photosynthesis) . )24 (corticular photosynthesis) 25" | AR Y5 HE5H) AT CO, P HLE 4 21 P4 iS4 1l A B i
oA 2R A VEH ( stem photosynthesis) | 2 2 96 & /E H ( corticular photosynthesis ) 1 CAM 2556 & 1E
(CAM stem photosynthesis; CAM; crassulacean acid metabolism) (& 1)"'*'") | 1963 4F: Strain il Johnson 1 YKt
W5 G A VE R B 26 ST Z R R R B e BRI Tk, K226 5 VR PR B A B T
VA I A G 2 2 P A AR AR B S5 O PRI L T i KT AR B, KAt T4 (B 41 8L 6 5 1
R CET™ o 2GR AT AR A Bef Y R0 SR I 2 1 2 IR R R, B0/ 1 26 & 2 iR
T B SR LA RRIE | DR B2 206 6 AT O & ZR P I R A BABTRE 7 o AR ZE VB b X AT 7 AT
XA AR BAT AT RE ' e AR FE e A AR A U = 1Y €O,

x1 HMTREBALLSERSHE

Tablel Characteristics of photosynthesis for chlorophyllous stem tissue

FrE WEREOEEEH BReAAEH CAM REOSEEEH
Characteristic Stem photosynthesis Corticular photosynthesis CAM stem photosynthesis
CO, EZKE Main CO, source KA CO, MR AR, A €O, KA €O,

J6453%:74% Photosynthetic pathway C,/C o2 Cy/C, L2 - CAM!16:17) =

LALFE R Stomatal abundance WL = =

ME2Z Palisade layer ESA = B

#§6EEH] Net photosynthesis 6—12 pmol m™2 5™ ( F4K) Tl 10—20 pmol m™2 s~ (1 1)
N A Nitrogen investment 5] ARy R [

IKATER Water use efficiency 1% =2 15

AMRYESCHR[ 16,17 2w, = i SCHk% 5, CAM: Crassulacean Acid Metabolism

CAT BIBFFE 75 8 1 PR 000 s A AR R ) AN 5 e, A (DA [ LA K% [ Ao A [ A 4R ) A AR R Y 282 5
ol 22 S5 5 P ) R0 251 (725 P T 2 Ak, AR U VR TS0 2227 ok A ) 5k F) AS 1 2 P T IR BE IR A AR
RARBEAYR T XA A B A 19 A BRFPE AN AL, R 0l X 090 Bz 20 & A AR iz s CO, 5528
PR AR A DGR SR R | AT S B3 W B RS R 58 385202 E AT Xl e B & g e b 7E R
TP AR TR AR 2 W B 2O A I AR RS i A VR . Rt ASSCUA B2 e a 1 I R Hh A o, i He A
A DN SE B BIIE AT 12 LA R AR 25 R S O RGN B 20 B A B DI RERAIE | EEIR A TT R AH
KT MES %,

1 REXGERNEERM

1.1 AR

MY T B2 JZ2 6 A VR F SR — Nl AR, A7 A v 3 39 320 i A A A AR R T AR T 3 R MK
A Bk A R BREE  (REEB AL R E2E | B M S (A S B TRt R b 52 4 T O i BE A 221 451 4
i KR O T B AR B & XAl 2 A e . W R R R A MR B A — Seh B
M, WNELA D REZE R I SR, DA B A BRAE S B2 FR 4 KAy DR AR L W fE 22
XA B E A VR B b BEAC A I REAE T PFR , 753 LI A faf o [l gy &> 141017280

FE IR T BRSSP ) 2 A 4R 25 Planz 2509851350, B e ST ERiREH 40 AR 2
TR AR L A R T A AU S A AR 2 B SR i A 100—524 mg/m® AR (UNER 2) |, A gAY
B AR TN B i, B A TR AR g O s E U E SR AR T R R S A 52 —
673 mg/m>2Z [] , BT -4 2 R A Y T X R A 10% —165% B T4 2% a/b (EAH 24 T35 B - A7 49%
—74% 1, 32 1 Planz , T SCARUT IS FE 45 BB IR T A RAE YIRS o148 R FH BB i I 2, %
EIEFAHZEANIE , Dima S5 R HAMBDEOE B AEI E 20 FALPIR: 2%, BUE L B 297 20—100 mg/m’ Z [H], L
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PG AR (2 2) 70 o oAb~ 3 F o7 i R R AR R A BUEE A HE 0.4—3.5 mg/g Z 1A, 1X
5 Pfanz S50 1) 19 FREUETEFIARL(0.27—3.24 mg/g) (£ 2) . Levizou 55 H KRGS E AR & 24 FloR
AR NG O RARGHEE MR R S R A, FIRA s s 2/t 2 el PR A E
SRR R S RDY S ATIFIESEN AR 10 AR 3 A AR R S e I I AR A i A 2 R TR
B, TR B YIS 2R i e TR AR, A B AR R A TR TR Y T R AR T
WL IZAEAE , — IGO0 TR TR g R SR Lu oA, 4 R a/b I E WA,

x2 MOMWMKENHEESE
Tablel Chlorophyll contents of some tree twigs
Wi H Tems M4¢ 25 Chlorophyll content 3CHik Reference
AL 10 B 10 species collected by Wang et al. 52—673 (mg/m?) [9]

100—524 (mg/m?)

Pfanz 25 %E 19 ' 19 species collected by Pfanz et al. 0.27—3.24 (me/e)

[14]

Dima 255 20 Fft 20 species measured by Pfanz et al. 19.1—93.6 (mg/m?) [30]
FEFFAESFMISE 10 Fih 10 species measured by Ren et al. 0.065—0.346 (mg/g) [29]
YA FEW Boswellia papyrifera 0.6—3.5 (mg/g) [32]
T7& Syringa meyeri 0.4 (mg/g) [33]
¥R 14 Populus alba 0.6 (mg/g) [33]
YEIHN Larix gmelinii 0.5 (mg/g) [33]
EAT Phyllostachys pubescens 0.4 (mg/g) [33]
PR Prunus ilicifolia 2.1 (mg/g) [34)]
INFE SR WAER Umbellularia californica 2.4 (mg/g) [34]
REIRM Arctostaphylos manzanita 1.5 (mg/g) [34]

I | 59 4 bnac 1™ CO, [8] 7 R bR 10 55 15 AR X A BT 8 i & 44 179 8 1 45 74, PSIT % 4 ( PSIL.
photosystem 11) | B AZ B bR AL BTG PR AL A e 2 25/ 85 1 2 SRS IF T 45 1 R |, 25 A 2L
SRURGE SESE  HLIIREME 2 X 10 B 30—35 RS = AR R IIRIE R, EA TR S A OLA R,
H—ERtEREN , {8 H 3 R I A T [A) — R A g e 1 o T 5E 7K W M0 ( Fraxinus mandshurica ) 15 T
(Pinus sylvestris ) A6 FERR M N [t 22 45 B9 S AME SSRGS JR B e A% (EAR i sk e 1 8L 3%
WA FRCR I 5 T R, SRR Rz P L2 20U B (i B RO RESE AL RE 1 BOGIL R AR WA R 52
EAT (Phyllostachys pubescens ) ZEFTF 3R, FER K2 LU BYSEA A 4L G35 2R 48 A o) Bl A7 AE R 1 i 4R e
BT C AP AEEREERG S [ A G 2 B Ay 25 P A - 1, S- B R R T/ n S Ity R 07 2T
A 9 P AL RN NADP -SSR R A PR A 5 Cleve S5 F 3 & A i A1 CO, [l 67 2 b i H AT B, 92 9
11142 ( Populus tremuloides ) ¥ 2% 835 40 M 2L 45 6 & 4F F A g2 AR WM 11 B B ( Fagus sylvatica ) G
( Quercus coccifera) FEARE( Betula platyphylla) Z5HFh BB 98 0 2 A | K 2 AANAEAE L TR BE-1, 5- B IR AR 1k
it/ NSRRGSR R PR AL C R R AL . BRSXSEIF T v A bR W S AR A7 AE T
YA LT, HEA YRS TIRE, HX A A AR g, H AR AAEARIE L (L4 hifie) ™,

SRR AR PR B 255 IR R WG IR A5 S = MO BT 32 B ek B L SN0 2= 1R B 454 | B AL

AR AR DA RO AR AR IS SR 70T I 3 S I A 1 R R TR, 24 AR R /IR B R
BRERAT LI Z F 6% I, T4 BB AERS RS 0. 1% AR SRR 45 31 BRI 138 6 R A
0—20% Z 1811 SRR AEE ot R Bz k78 1 J2 0E AT, [l S T e 25 N A A4 R 2 4 78 6 R ik B 4
Al o] A 540 SRVATE BEUR WAT B 3o e By Bk 4121 B B R A E A B SR IR 2 AT h TR AR D Bk IR
JE SR AU A PG TR I G A AR, B S Rl ) 3 DG T A R G A 3R T B — A R

COMIRINAVE T 551 BT IES CO, FZRIE T T AL (JH K )R ARIEUZ AR PFLEE)
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P87 7 A R TL 1) s By ( o B AL RGAR T 40 S PRI = A €O, DL AR WRSCAR B Al () €O, ) ™) WF5E I iz 2305
AR TT (5 AR R AN 56% AR AC S AN ML 24 o5 R B AR AR 59%—9% , [ B T o AR KA 5%—
34% . A JFUHSAC 5 e A1 b 51 it 2 A S5 SIS B 80 Uk 2> | - LSS R 240 M T o b AR AR ) ol 2 AR 114
R/NERA BRI AR AR B o W B I R R AR 8 A BB 3 M 1T 25 18 % 1 26% AR B CO, , IR HF T
T 0 ) A8 )00 6 T 28 509% 11 26 9% AR FR Y €O, i T 1 (41 5 2 T8 iZ 25 4 8L R 5 38 S A
FLHLUFNE = A= 1 CO, AR MERB R A, W PRI B T CO, e BE ARG 2R 5%, e CO, Mk B mT ik )
1%—26% , SN2 S 500—800 5, JL C, R 4R SRBS AN P i 3R B8 L IR CO, M O, Wk IR
I 255 P ) 2545 RS o 560 A ] T 28 1k [ P 52 3008 380 R PR i 45 DR 2% g i) 7%

U o A7 B PAR IR B A SE M A | 1 A2 IR R AR A Rt J2 25 K S s e, 9 4 %85 PR ) e 2 4
FAI AU/ 0 Y IR, DA TTT A AR 1 B4 3R 5 ' T R 9HE 94) B2 2 R R T2 60 B L 3 o B /N P
B 7 2 S B 22 G R, DT AR 7 305 8 G e ) A 3R 073 f L e IO W A T ) 3 e PR
HRA CO,SMRMP BR R, WA B M SRS TR, TELEA % EM T R4 A5 R R 5, Pfanz 15 1
W E AR S BRI 20—30 €M,

1.2 BRI R CO, [ E MR a1

A e pIie A i S BB 5E Lok F 2 A 2 E IR B R TSm0
ekl /D 36 RHEWEA K Z A TIREN . Rosell 255511 6 AR R MEZETE 90 AMFh , Hirh 949 Fhi 1y
W BAJEAIIRE™ . BT RIB A A EEDE AL K JZ A S RS A e A s G He R 2N
0 222 2BA% ( Populus deltoides ) W Fy & O I 99.6% 14 C B -k [ & 27 L1 €O, ARic W1, ZE 1 2B 47
BRI 2% Bz 22 [ 28 VR CO, B 2 [Ty, e A 5 A0 TR €O, ™ T8 4l i i 0 &l R HUAE &
MK, E A R LA TR A ML R )

B2 JZ AR R A S0 52 A B g, LA 3R B T R €O, , nTis b 41 21 28 5 10 S SRS
CO, MY, S HEIAE C FIF 2B S R iR AE a8 R |, iz 2 & vl i A A7 AT B 1
FH, A 4 22 30K 43 BRA, 58057 5105 ORI A A I, 7 7 I ) SR 40 ) B2 20 A 1 P RT E 2E A T
15 A0 )RR A g — b B 81034780 e R ( Eucalyptus globulus) §M 5, Ho 2 266 V8 IS 58 | fe )2 1
[ CO,HE 142 M (F KR ATk 96% ) T RHEEINAR T AL (Adansonia digitata ) FVEEFR ( Ricinus communis ) B
2RI, Y B TR S 2R B T e B R R ZE R 2 P C S s, IUE T 2 2 AR
FRIAEAE™ S XF Eucalyptus miniata B 5B TEIEE 4 475 HAR TR 87 C H411 0.5%0, 8" O 34 il 0.5%, B 5%
3 X HAE AR T HR AEEAR ARE 11% BRK F R ER G 1ERT, 2B VR B R 2 oy 07100
T3 B2 J2 AR P B0 SRG FR3A TT AR A 1 PN 5 3l A7 P R ARCIR S (U EUE , hypoxia) B0 DR A0 AR T
Kok LR,

HRTHEAR ST, B P 2 s AR M A 70 5, 250 LAl DR 1 CO,HERL A 20 HER R, B LA T 7 15
ZAE T RS HGE B ADE IR T 2R R T . Teskey S401H 44 FhREH A B 2 PR 22 CO, R TE 19%—
126% 2 8], S EEAE G 21 FIHE 5%—126% (£ 3) 7% T 3CRGETT R I RIRL 14 6 A 3 2% (1G5 P 5 40 0 iR
TIFIRZ 2%) 976 0—10 pmol m™ s~ Z [H], K 2 B 1 % A 1F FI BE 4% 71 [ % 609%—80% I W T % L 114
CO,"" , AEF5 RS E i U AE M A2 10 Fh 3 AF AR SR B IR R 0.21—2.06 wmol m ™ s7' Z [0 4T
5 FE A I 5 HBERS D /), 3 AT Rl 55005 VAR TR 6 (36 3) o 5—7 AFAE 28 I LA 481 2 T s /b - I
AR 16%—18%CO, 5t (24 /NIFI) , An s B3 H )33 nls b 29% 0 5 2 36 1L Bz 6 & 4l SUEAF
G 59% CO,MPI i 7E A K T 1 B R AR BERRAIE 2 10%—15% B . BB () R B A6 A iR
FUTIF 5T 22 WA G SO T A R (B0 & R AT LUK B A 6 A 3R A 8%—19% " AT UL, R R R A ] Hbdsk (g
W)z J2 A R (PR B R ) 22 540K, Al —Fh e AN ) 27 HL P 22 AN

http ; //www.ecologica.cn



6 S % 358
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Table 3 Reported values of stem CO, refixation rates and Net corticular photosynthesis

Holt AR

TiH T[] 8 R . ) AEi SCHk
Items Refixation rate (%) Net corticular ph_‘;t"s_ylmhem Age Reference
/ (pmol m™ s7")
g;a:;eﬁe%zzliitjj by Pfanz et al. 58 - 0—60 [14]
PRI
Izsr;ilcfs/jijejif by Teskey et al. 19126 - 0—10 (8]
P

;iﬁiﬂ;ﬁ;ﬁd by Wang et al. 5126 - 0—12 (7]
TERHE Betula pendula 97 - - [52]
WHE Eucalyptus globulus 73—89 - 1 [47]
Eim%%ﬁmﬂ B 0—10 B (9]
10 species collected by Wang et al.

W Phellodendron amurense - 1.78 3 [29]
KM Fraxinus mandshurica - 2.06 3 [29]
FIHE Betula platyphylla - 1.41 3 [29]
BB Juglan mandshurica - 1.73 3 [29]
KK Larix gmelini - 1.11 3 [29]
AL Pinus tabulaeformis - 0.52 3 [29]
FEFHY Pinus sylvestris - 0.96 3 [29]
LIH) Pinus koraiensis - 0.21 3 [29]
B Salix matsudana - 1.57 3 [29]
WEB Acer saccharum - 1.41 3 [29]

T E RN TR (EA() ) DGR (EA(L) ) B BIRL CO, iR AL 5. B R = (EA(d) - EA(1))/EA(d) x 100. $fH = T 100% 2% BA
BT CO,. - FR B A

T R 20 1 R VAT, NI B T ] KA CO, &, A R /R B2 26 A VR nl il A 1 1)
RAHE 50%—100% , 2 KT 100%1 CO, &, [ EIEATERRFE CO, A #M2E 60%—90% MW i 1 14
TRAERAR A A AT O, BT (HGE I C ARIC & 30 R 2 6% — 17 % bR 0B A 4% Fil - A 4
BALBOEE R, AR R A kel W, 26 E X T O, F [ 2 B A VE A7 e &
ANRIRR ] 4 22 5, 915500 % A9 25 R 5 O, BRAT OB AR 2% 2 A8 AR e v s DX 43— IR IR 40 451 1
1.3 WX T CO, Rt & A e 256 A1 IR i

V0 D 2 30 3 AR AR A TR HH 1 CO, VR BE , SO AR 40 B R B2 ARG 20 55 DA 52 i)
BT CO, BEGE AR Z AR, R T2 B e i B, A 28U 7= A A d CO, Bl 3 Y3 1l
iz, S BRI E I T A ] = R, S3 40, BT A TRORAR A BRI CO, VR
TR CO, M, R TR ELAR AR, T 3 80H AT CO, BiGH & Ll /N7 55 —Jy
T, T R R 2 26V B S0 490 B 38 0 i 2 255 40 i K] ke K g2 T 8, JH 40 o 1 3955 3t R e, 73 1)
A A AR KRR T 7K 7K 43 [ 300 30400 2 3R AR 2, DR A 4 QOAs s s, DA 3 350 Tl W Co, R i i
KT

Levy S5HIFFE 8 H R -S540 T IR I Z TRIAEAE A JE I ZR X IR 14 5 e T LA o P 3 R 2 DA {1 12% , WK
T CO, Az B 8 AT DLk #) 0.03—0.035 mol m™2s™ | R Z A4S Tt oGS Y 0.5%—7.1% ",
Angert S I E O, BN L 40% 19 CO, AL, X F A CO, BEM 164 s b & Wi 7l
g FEBE A R AR T AR TR R R S R TR CO, WA AR A B SRR A O R, 2 1
(TR B = H 5 ) A4 T B W i, AR BRI COL MR FERE 2 b T, 24 1 R b T s R G A A S 110 235
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R RBHRIY CO,MREERZ R RE  AERCEIR IS CO, IS 24 /N HLAT 669% (1975 20 JU T W ™ £E 1) €O,

B HEI KA XA (Schima superba ) WHFSE 7 R T80 25 8 B S 52 i 1 CO, g il &, —

O FUNDE, T B TR A5 0 AT CO, R B0H & %R T IR A BURE S TR wr Ol i T TR

Tz CO,MME, SRR ARH LR CO, & ik ARk, WM EUR 2066 AR T CO, B f i)k, [ iy
BT e N TREER,

L4 BEOLE R e R AR

A R EZCEAE R A HATIE B — B S5 . AWM ek SR i — R COLB &
7, A7 BT M SR C I R A I ZE AR S (A ZUAEAE C B A R B g i 4220 0 A Nilsen A
h CAM MM 202 CLigte (HHEZEEE £ 0 CAM i1, B Y22t &0 C e, Bervieler 451
M L1 B RS 2 2 A6 5 i sh R s A O B i ARl iR Tvanov SEXFIRIN AR AL C,
RIFFE N AR B S (0 AU AT RERIEC I o — R 2 CO Bl R Ja kA e F o i T J 2 & ik R F
Cy I C2Z M), BT C ik ™ MEA G GRS DA BE R MT c e fidmms™ i
( Nicotiana tabacum) FJT3 (Apium graveolens) W) ZE M AFAEZR L C, N6 A B AR BERAE ™ | Wang 45 X 47 1
( Populus alba x P. berolinensis ) B FIB Bz S5 L8 (0,2 2314 €6, 28 FDG A BEAF 5% 22 B, R a1 REAZ 817 C, RAHE
Ykt K BRI e ) C ARG TG 1, il i C, R A DG & i AR i, 5 75 R ML A B0 3235 T =0y
ZE52 Rl AR RIS T B R A IR AR FTREAN IR | [R]E FREE DA - il BB 2358 B 26 A ik e . AR SL
WFFEIE B 2006 XN T G AR MRHE  (ER X FPRA R T A 2 ML B Y C i R Rk, H BRI I A 2,
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