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Abstract; Taking the two diffuse-porous tree species Betula platyphylla and Tilia amurensis in a
temperate forest in Northeast China as test objects, this paper studied the spatial variation of the
non-structural carbohydrates ( NSC) concentrations in the stem xylem after leaf-fall. For the two
tree species, the concentrations of total non-structural carbohydrate ( TNC, soluble sugars plus
starch) and soluble sugars in the stem xylem decreased gradually with the increasing depth from
cambium to pith, whereas the starch concentration showed little radial variation. There was still a
substantial amount of NSC in the inner wood close to pith. The concentrations of the NSC in the two
species stems decreased gradually from the stump to the breast height, and then increased vertical-
ly. The maximum concentrations of the TNC, soluble sugars, and starch occurred at different
heights, depending on the species and the TNC components. The ratio of sugar to starch showed a
contrasting vertical trend for the two species, i. e., increasing from the stump to the top for B.
platyphylla, but decreasing for T. amurensis. The estimation error of the stem NSC storage was
mainly from the axial variation, and then, from the radial variation of NSC concentration. The TNC
concentration (1.0% dry mass) in the stem of shade-intolerant species B. platyphylla was signifi-
cantly lower than that (4.3% dry mass) of shade-tolerant species T. amurensis, which could be re-
lated to their different life-history strategies. Applying the sampling protocols considering the axial
and radial variations of NSC could effectively reduce the potential uncertainty in estimating the NSC
storage at tree or stand level.

Key words: non-structural carbohydrates; xylem; radial and axial variation; Betula platyphylla;

Tilia amurensis; shade tolerance.
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/KA G i i A A ) 208 2 e 2 1Y
FEBAAYI . NSC RN R P A 5 - 06 R 11
SESL WY AT LR A T R A K K
NSC Fr e FEAR AR L 52 0 5 A8 ) 1 A B X B
SErma R P I, NSC o B R i g S A 2k
AN R M AR

XF ZHUSAERARTT & BT R4 Ya ) F144 8
JERIAR NSC i =2k E . BHIE M NSC 1
R 1) A ZE AL KL, AT LT A AR 1) A B
TEFER A A B A8 A3t 72 38 ] D) S 5 3 I A
NSC & s A5 BB PE 0 L FE A A T 8T T
B S NG ST R S BTA s D T 7 M Vo
W I, AR SR KA oK AL A A
MIPTRLT KRR e AR s S L Rk, I
B DX HRA R A, 6k TN R A 1 2 B2 S T
FHH . Magel %0 KB, FRFLA B FHRIBE ( Rob-
inia pseudoacacia) P 142 0] \AR ] N, NSC ¥ B 35 7
FEAR, 20 8 JL T AN A7 78 NSC. 1 Piispanen Al
Saranpéd "' 7EBLFL RPN A HE ( Betula pendula)
BT N ER AN A L T ER , I IR R T AR IR
20 cm BHBSREA OMIE AL, AT L NSC (47
B2 B B B, NSC AI42 17 284k 1T BE S5 A A
BRI RLOM AR FAKE( Betula platyphylla ) Fl
LB (Tilia amurensis ) F2& 7= AL IR H ZRA T 5 WA R
TS LAA B Aol | DA T 8 2 € 0 5 7K i A8 o) 28 AR AR
/N TR IR TR W AT O b, PR AT 280
HORBTHR NSC HYAR [l =y , A7 £ 68 Jy T8 ) B 79
BRI BOH .

R m AR AR, HRT NSC B U T 19\ )
A Gi— I S5, T BT R B, L0
( Pinus koraiensis) >4 1% Wi (Larix gmelinii) F152
AR ( Quercus mongolica ) B M &5 A1 5 o 38 47 1
NSC VR FEAE 7 H 22 5 A W 3. SR, B 1L & B¢
(Fagus sylvatica) FITCHEAERE ( Quercus petraea ) BE
T THE TNC SEFEJRTHCRT2EE 0 m BRAN) | IR f
TNC (9N ZEALTT 3K 42. 3% F1 53. 1% ™).y 19/
b [a] B A P AN 52 PR R NSC R B 12 25 A b

R1 HAREREE

BT NSC 25 [a] 28 fL J A

DAEERIF 55 TN A, S TR) i B 1 A b B AS ]
NSC fFi# 7R W | 38 i NSC A8 AT GEA 1T B ik 5%
TE YR AIAETE 1) BRI, R 03X — e R 5 1
BATJE A AR B R84 WL AR . XF HAS R it B
) BRCAFARA NSC i B A 11 i AR AR B . 11
MESEF A R T S BT BAPE A0, R A L 3X
PR Tl B AE R AR NSC AR IE. AR SCAFSE T FH HER
AR AT NSC VR B (A% 1] (e AMIA J5 3R &
BEC ) TGN (4 S5 W AE Ak I FE BLSERl T ik
T 5 FPHURE I AR B NSC 7= AR AR 22, L
BT PRI R T 1 NSC 774 25 5. B # Rk 1)
PRFB ot (A8 1422 1) P B A7 A2 NSC32) PR Bl )
B NSC B A R 25 R EORIE FAEm A8 1L ;3)
HICH R I HERY NSC ¥R B 5 &K1 B AR i S5 45

1 HARRBEHARTE

1.1 WFFRIX AL

WF 75 b 4 F 28 8 VT 0E JL 1 £ bR S o
(45.40° N,127.66° E) , 3414 400 m , 35355 i
10° ~ 15°, e P 3 A G A 6 2R bk 1. S Tk
Bl 2 KU, AR 2R 7K i 629 mm, [ K AR
16 6—8 H AEH 78 Kk 864 mm; AEH4SIR 3.1 C L1
AR R-18.5 °C,7 A 22.0 °C; L
HH120 ~ 140 d. 30 A B e it b o e AP A —— ]
ZERAMREZ B Z2 RN 0 R 1 R SR R A AR
N TR AR AR ARFB L X B ) dRpk e 7
1.2 R B R

S TR ] BRI/ IN G BRI R A 43 5 B AL
B EAMERI SR LA A 3 Bk, TR A 19 JE A R 1R
W1 FERARTE VRIS, 4331 F 2010 4F 10 H 24
H (EIHE) F12011 4F 10 H 29 H (548) R W&
5 mmZEKHE AR B R A AR TR ) )RR (R T
10 cm,ST) 7 (BT 1.3 m,BH) SR (55—1%
AR T 025 AR w5 R CB) FE T (CM) 4 A4S i 4%
FiBUR EREO MR 3 AR, A D48 P 4, 51
B HE T 0 ~4 CVRmlAf b ORAF 47 Bl S0 3 5 s

Table 1 Basic characteristics of the sampled trees ( mean+SE, n=3)

RFh Wi JaAz i = Ak ViR

Species Tree height DBH Stump Breast height Crown base Middle of the crown
(m) (em) (em) (em) (em)

HHE B. platyphylla 23.2+0.5 34.7+2.2 43.1+2.3 32.4+2.2 25.5+2.0 20.0+1.4

M T, amurensis 20.8+2.0 46.1+3.6 54.2+4.4 42.3+3.6 26.0+1.9 21.8+2.0

RE i M P25 2 B A2 Stump, breast height, crown base and middle of the crown stand for the diameter of debark.
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MARAMUA T ( HIE 2R ) E8E 0, 5 2 em R
O3 R — BN BT MR R K <2 em
PIAVEST BT, T AT R b 2 G0 30 1 (600 W) 2%
90 s, AR 565 CHET Z1H & My .
1.3 FESHT

AR NSC 2 46 AT ¥ o UE A A TNC (7T i
PEWE 5 V€M 1Y BV 5 B UE R LUAE AR S X 43 TNC
Yo (AT MRS TERY) W B — PR AR R
RERITTE R vl P8 X5 R P St Ay 2 1 it R ol 2 0, L
IS % T a5 NSC W ¥ % 1 5k
H(DM) Fox.
1.4 %dEabsg

K =R ZE T 2508 (ANOVA) HLae b kT
1R R HRAR 1 R R S HAE H AR X NSC Ok B2 1Y
RO, BEMEK AR E N a=0.05. FF A SRR
SPSS 16. 0 ¥ A4 5347, SigmaPlot 10. 0 FAFFEE.

R T TR T NSC i i 19 A 35 Al 5337 1%, AR SC
AL 6 B sl il 17 T KR BT #E NSC &
i, LA 6 A A bR, A HAD 5 ROk Al A
JIEPE A AR R 25 1 1) Z A4 T NSC R BE R 25
JE (B EBORE S 1 T B i AR BT S AR B ) 142 )
Ak AR 4, A FH B =5 5 /M 4 em B9FIES NSC ik
AR T NSC B, idoh AR4;2) ZBEHT NSC i
JEE A A 285 A 58 1) R 1) 222 A, ) FH o o 5 A A
SRR NSC MR A T NSC B, e N
AR;3) ZHER T NSC ¥ BE B9\ 11 A8 Ak, F) R 5 45
BORIEs 1 8] 20 5 i AXCF- ¥ NSCk B2 1B T
NSC,ith A;4) ZBA T NSC ¥R B (42 m 281k, F
FAB T 4 A~ i B HE AR B 58072 NSC vk B 3
R NSC,ICH R;5) ZWER T A 25 FE 48 [ F11
NI Ak R 4 A~ e B 25 Bt st 14 (53 B4 1 BRI AL
S5 NSC ¥ BE A T NSCL, il D;6) % JEH T
NSC ¥ B FIAAS 45 5 (1) 42 i) Ak a1 254k, B 4 A4~
150 25 BRSO 1 JT A i BT 34 NSC i B2 i AU
U BE TR NSC, %0y i dedil TR S0, id
4 DL. 2R 1 1 BRA AR AR IS /N6 A [R] A% A NSC A
AR MRS — PR AL 40 em, H SR HUA K
TR B T A W A R L S
FHER 11, 0% (5K, R & REHE), EBA
14.9% ",

2 ZEREHHR

2.1 ARSSHPERR K AL S P AR ) ARk
PP A8 1 AN [ % B8 9 TNC R 8 1

F2  IEGEHMERRKU S WIR EANEE S L ER W EF 8
HESH

Table 2 ANOVA of factors influencing the concentrations
of non-structural carbohydrates ( NSC) and the ratio of
sugar to starch

JELEH oK A5 5K A F P
st/ Source of df
NSC component variation
BARE FF Species 1/156 874.8  <0.001
kG T Height 3/156 3.9 0.011
TNC TR Depth 9/156 3.4 0.001
AR R Species 1/156 380.0  <0.001
Soluble sugar i Height 3/156 2.5 0. 066
TR Depth 9/156 3.7 0.001
TER RFh Species 17156 1389.4  <0.001
Starch FIE Height 3/156 3.8 0.012
TR Depth 9/156 0.7 0.735
HEVER LU E i Fl Species 1/156 1.1 0.297
Ratio of sugar =1y Height 3/156 3.0 0.035
to starch TRJE Depth 9/156 3.0 0.004

e FE 25 M B 35 (P<0.01) (HIEM 2ZE AR E (P=
0.735,32). T 4 R EEM) NSC W BEAR ) A8 4k i
PILAKANR] , TNC FIRT MW Ve B 4 B AR 428 1) T
JE R HE I 22 18 AR B TR AN RRAR (& 1) TE M2
] AR P AN I k. 0 HB NSC e i I 35 8 T ME (3R 2,
B1) . FIMERT SR S B et 56 A et v 4 > i85 B
BT TNC #e BE A 2] 42 1) 43 0 °F 2 3 2> T
34.0% F122. 0% , 1 %5 PR 05 Uk B 43 ) - 2908 /0 T
46. 3% F129. 5% , VERIH FE 53 0 F-2408070 1 11. 8%
O9.4% . PiFpHFdivE R LLE2ZE R AR E (P =
0.297) (HAZ ] 2 545 3% (P<0. 01,32 2) , Rt
TAE ] NS ) A N (G5 SRR ) .
2.2 A5t vEm KA S Pk EE 9N A2 Ak

BT TNC FIYE B BT 1 AT 241k B2 e T 4
A1 B R) 22 5 W 3 (LT M R R 1Y) 25 S AN I
(P=0.066,3 2). SR, 7B Ffr A5 56 B g B =2 (]
NSC Z S AR E(P>0. 128, & 2). W R AR T
NSC ¥ B YA 1] 48 At S5 AH AL, $47 Bt T - o I 56 o
JaTE, A I HER) TNC FIAT ¥ M0 ik B 9 A X 28 1k
(B RAH 5 e/ IME R 22 (A R DA KAE) TR . e
R TNC | AT P FITE R B 43 501 I 2 T 0. 80%
(M) ~1.29% DM (5t ) . 0. 40% (Mg &) ~
0.84% DM(JEH) F10.45% (M%) ~0.47% DM (&
I Z 8], A XS AR 43 5 K 38. 0% \52. 4% F14.3% .
SRR TNC | FT PRSI E A Vi B2 40 0% B T 4. 15%
(M) ~4.50% DM(FEH) \2.42% (M) ~2.53%
DM (e ) F 1. 73% (M%) ~1.97% DM (GEH) 2
[ AHXT 2R A BN T . 8% 4. 4% F12. 2% . ik Fh
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FegE iR K AL & 7%k B Non-structrual carbohydrate (% DM)

°; 4 6 " 10 12 2 4 6 3 10
BB B2 42 M BEES Radial distance from cambium (cm)
Bl 1 R[S EER T SRS K B4 | T P R E R v B (A2 1] 2R 4L

Fig.1 Radial variations in the concentrations of total non-structural carbohydrates, soluble sugar and starch in stems at different
heights ( mean+SE, n=3).

a) BARLE R Kb E4) Total non-structural carbohydrates; b) A PR Soluble sugar; ¢) VEHKS Starch. A . [1#E Betula platyphylla; B. S Tilia
amurensis. | F3 % Stump; 1l . i = Breast height; 1l 3L Crown base; IV . 5EH Middle of the crown. | [f] The same below.
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EE s
w8 1} gl
=R E
° =
0 * * . ! 0 L L
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2 BT ARZE R BR K A5 W B AP X v B2 R TE A AR A A 1] 22 1
Fig.2 Axial variations in the mass-weighted mean of NSC concentrations and the ratio of sugar to starch in stems (mean+SE, n=3).

d) BEVERT LB Ratio of sugar to starch. T [A] The same below. * % P<0.01.

BEVER LU ) S f a3y BERS T, EIMERS VRN .

R, SRR/ N SR, R 1 A REAR SR = B A, 7 2.3 R RBTEE NSC Al 22

PR Foft KBRS A5 (BT IS T 1, BT TNC A nl %% S 4 A1 B A4S B E TN IO A (5] B J5
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Fig.3 Relative errors of the estimation of contents of non-structural carbohydrates (NSC) in stem with five sampling methods.

INFCARSEF PR Bk K A5 0k B ( DL) 7 Al S 4
B NSC s AR, JH AR4 AR A R FI D 5 F7
AT AL AR 58 22 BRLA BRE O v R A T S5 (A
3). FAMERIAXT R 22 40 X (E K T8 (SR BRAL ) s H
AT A I B Y S 28R 22 (-39, 3% ~ 19. 4% ) >TNC
(=26.1% ~11.2% )>TERY (-8.3% ~-0.2% ). Bk T
) ARG Tk Al TNC FAT % P s 2 46, Hof
AR A AN R AR B A A ;s P AR IR IR 22, A
FER TNC | AT M8 R UE B i 20 IR Al 26. 1% |
39.3% F1 8. 3% ; M 43 AL 10.2% (12, 8% FiI
7.3% . D Jr i A AR 2ZAR /N A HERTER B NSC &
TR EEAL 1.0% F10.1%.

3 i it

3.1 3RS PERR K AL G YR A ) A2 Al

FIAEFEABOR T TNC AT I8 P il o 8 347 I A
TAR MR EE AR I A R (1), 5 DR R
L M B @ i W ( Tilia  platyphyllos ) | ¥ B £k
( Carpinus betulus ) FNRKM 111 BHE ( Fagus sylvatica) )
TS RE S GRS (e Y87 A IO E Y AL N
B (3R 2), 5 IENFE  BLAL BB i ) 30 A3 ik 2
(A T s JEE AN [ 1012 ST g 5 S [ b P AR
AT R 2 9 B AT A B A 17 A LA S NSC A
ity A G IR RS T T A A A A 1
JERTHER, 1T RE- A SCTERIR Y IAEAT OC. th T
R A Ty MO AR 5 S T i SR ) Uk B i gl PR B
By PR ZE T N] VR RE A A TR AR T SE AR 1k
@%[24].

PIAERIWT TN O 1) B R 2 — 2 Ak
BIRWIT K5 Aok A& T b SE AR
FRe A HL R 208 M LT R AP T RE . AR, A
TR 25 R WoR, AR KL A 30 ~40 em Y FHAERT S4B

5T 1 Joe AT 5 A ik Y NSC. Hoch %51 F1
A4S A i I AT 4GE . X sl FEANHE
B GE 1) e SCRFTEBE A, T ELA T g % v
TIKAriz ki 5 NSC A0 DI LIE Y LA
3.2 ARSI PERROK A PR EE A ) 51k

FIMEFT AR BB NSC HAT A1 LAY 2 17 25 £k
G KA ERER T e S T (B 2). XS
Barbaroux 25" H}38 Y JCAE A8 K5 AR L B RSB T
TNC Ve B ARE T 6 =5 28] 00308 2 e A1 Sk =28 185 o 7y
25 BAH—3%. {H Sala Fl Hoch®* R 3, A K AE T2 FF
55 A 32 [E 5 AL ( Pinus ponderosa ) /N [A) A~ R # T
(B 10 AFEAFEES ) TNG 3 B2 BEAR T T o 17 Job 25 14
Jil. Piispanen FI Saranpaa' ™! 8 , K 11 MER T 1
FTVEE P e 32 G RS 1 v i, 3y B = R AR
Wong 25 2 BF 58 B0, R A F  BHOIRE K3 vk 82 Bt g
TR I (A R ORI, v A TR R AT
Th i I 2 R, AT UL NSC I 43 o Jm ANH 5
REFRA O T H A2 A& 1 A B 2= 5 284k 1) 52
Me. — I, AT AR A A7 i BE 2 19 NSC (JuH:
SRR , ATRE 5O YN E 2 B R iz
R RE— 2 [ 3t AT R 5 AR Y K 4332 i
SRWEA S, R R T 25 5 Hh B e g
11 NSC 7T LA BB ARG 52 2020720 M 11
WEVE A L I e 55 338 g 3 O T 58 A 1Y) L {1 0] Fit
e S A U/ X n] BB I MERY TNC FTAT i 1
WEU BRI, Ry 1 A4 e A e 555 1 7K 0 AR
S8 3G 0 ] P P 43T LG 191
3.3 RS R PERR KA Gk R 1 R ] 22 S

BN NSC A7 A2 A8 P 1 X AN B B35 3 7
TR 22— 2000 R YRR HR S SR 1)
THA#E Z 1) NSC, LMEYTEZ AR T (R
R TR JE IR SR AR B G
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Table 3 Concentrations of total non-structural carbohydrates (TNC, % DM) at breast height of stem for temperate species
W Fh it BH 14 TNC TURE A ] B R I
Species Shade tolerance (% DM) Sampling time Data source
K45 Populus grandidentata SIT 1.5 11 K Late-Nov. [32]
FRINEBA P. nigra SIT 1.5 9 A#] Early-Sep. [1]
i P. tremuloides SIT 1.2 11 A% Early-Nov. [33]
UREHE Betula papyrifera SIT 1.8 11 H Nov. [34]
FIHE B. platyphylla SIT 0.8 10-24 RS This study
TS EAM Carpinus betulus ST 4.0 10-01—02 [10]
[ M-#¢ Tilia platyphyllos ST 3.0 10-01—02 [10]
MR T. amurensis ST 4.2 10-29 AHHGE This study
K 1L ERE Fagus grandifolia ST 3.0 11 A Nov. [34]
RN ERE F. sylvatica ST 3.2 10 A K Late-Oct. [22]

ST 3.8 10-01—02 [10]
FRYNEHPEBE Prunus avium ST 3.2 10-01—02 [10]
FEIMETAN Acer rubrum ST 3.2 11 A Nov. [34]
BB A, campestre ST 5.7 10-01—02 [10]
TCAEAERR Quercus petraea ST 7.5 10-01—02 [10]

SIT : ATif B Shade intolerant species; ST Mif BH##f Shade tolerant species.

AKIY NSC 55 HAEARARIE R 493 18 10 £ (3K R A

ARG 5T 45 F S A IR AN SRR A S TR I R Al
TR Vo —— R I ZL A AR 1Y) T SR 2 R A S T B
¥R i B AR l  HCRE NSC W L R T B8
BRI AME (R 2, 1 ~2). EHEEGE M
SR AR A R R ST S 1) LR R R T M s
TNC ¥tdfs (£ 3) K, E6RF ) TNC ¥ B AT
FitBAMF (F, ,=16.3, P=0.001) , X LPiHA T
T BH B ol 65 1] 38 i TNC it . 766 B8 78 2 (9 FR AR
R SR M B, B O FhoE i v R B RO A VR T4
ke AR R RIUE 2 H G T 5 4 L
i1 7 AR R I U, B2 B S A
B R B Az K, I NSC 77 Al 5 A T B8 T 88
1O T B 18 ot O T L ek 2 e B AR A
AR HEIN NSC /A FRPUCE R 045 TR I
SR G LSS A E TG R X — R E
Tiff B Rl AT G B A B A R AL 012 AR A i 5]
FARIZ A FEZ I8 3 TSR A5 U 81 ok (1
X WA IS T LA R TC LA B B o 55 i — 25
ISk,
3.4 BFTAREEHS NSC B p R 2

T ik NSC AR ) G 1 FiA ] 42 46 %5 7
NSC i s Al SA R, 253 LR T 6 FhA [A] JRURE T
P, MK, FIHER T NSC il & 10 Al 0 AH X% 2
RTEB(E 3) . X ELEH T AR m (U2
BRET ) TG 1) 0 AR R AR A 5K, A 2 4 %)
AT E . LAAEBFSE R I ARG HURE 25 (L4
P43 ) X WA P TNC AT PR B 1 B A

YR 228858 £10% . Gholz F Cropper' ¥ t35 Hi | {UH
HMUIATAG B HE AR T B TNC Y B2 KE 7T R ™ A 45
KR ZE. R Gough 2 BRI AN 4 em ()
A AHFIF Hoch 51 (9 #CAL M RLR LM 1 42
[ Ao PEEASTADUAN T TG i J8 428 [ 222 1k mT 9/ RUBE |
HERYIR 22,

W NSC A9k 1) 22 AL & T NSC il A5 5
F— AT Z WS R ER . AR R T 20 NSC A i) 22
FRR AR JRUREEE | FIAE AT o P L A 1)l B0 22 T
3k 39.3% (&1 3) 5 R 75 18 T 9h1m) 22 LY R Al
D IBORE 7 1%, DDA BB 08 25 KOR B AR, T T
NSC AYHE FLRR BEAEAE R T4 [l A J3E ) DR O A 1 e A
TS e BE BRI 22 NSC v B b 1 4 A 330 A~
T NSC i, 7T LA S50 R AR AR AR sipk 23 7K1
I NSC A5 A A B 2 L.

B AGHTE UL Ak A A SEI AR I SN R Bl LA
Sk
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