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Within-crown variation in concentrations of non-structural carbohydrates of five

temperate tree species

ZHANG Haiyan, WANG Chuankuan® , WANG Xingchang
Center for Ecological Research, Northeast Forestry University, Harbin 150040, China

Abstract; Non-structural carbohydrates (NSC) are important carbon reserves, particularly in trees, because they represent
a large pool of biomass. Diverse strategies for carbon use and allocation are closely connected to ecological and evolutionary
theories of trade-offs and niche partitioning. Crown is not only the source of NSC in a tree, but also a key NSC storage pool.
However, few studies investigated within-crown variation in NSC concentrations, although such variation may give rise to
uncertainties in estimating NSC allocation in trees. In this study, we measured NSC concentrations in foliage and branches
of five temperate tree species in northeastern China. The species included one evergreen conifer ( Pinus koraiensis) , one
deciduous conifer ( Larix gmelinii) , and three deciduous broadleaved species ( Quercus mongolica, Fraxinus mandshurica,
and Betula platyphylla) . The objectives were to (1) determine vertical differences in NSC concentration among foliage and
small branches of different ages ( diameter < 3 c¢m) within the crown, (2) determine axial variations in NSC in bark,

sapwood and heartwood of coarse branches (i.e. first order branches), and (3) explore the relationship between NSC
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concentration and diameter in coarse branches. Branch samples were randomly taken from the upper-, mid- and lower-crown
layers 3—7 times across the season. The samples were divided into foliage ( current-year, one-year-old, and older than one
year) and small branches. In late October, one coarse branch from each of the three broadleaved species was sampled and
separated into 1—2 m-long sections consisting of bark, sapwood, and heartwood. All samples were analyzed for NSC
concentration (including soluble sugars and starch) with a modified phenol-sulfuric method. The results showed that, (1)
there were no significant vertical variations in foliage NSC concentration for any species except L. gmelinii, for which the
starch concentration in late May was significant higher in the mid-crown and soluble sugar concentration in mid-August was
higher in the upper-crown. Needle-age significantly affected needle NSC concentration of P. koraiensis in the mid-growing
season, but this effect was insignificant in the late growing season and dormant season. (2) There were no significant
vertical variations in NSC concentration in small branches for any species except P. koraiensis, for which concentration of
soluble sugars in the upper-crown was significant higher than in the mid-crown in late May. (3) For the three deciduous
species, the NSC concentrations in the bark, sapwood and heartwood of the coarse branches tended to increase with
increasing distance from the branch base to the top; however, they decreased with increasing branch diameter for all species
except for starch in sapwood of F. mandshurica and starch in bark of B. platyphylla. This suggests a declining trend in
branch NSC concentration with source distance or tissue age. The trend of NSC concentration in branch heartwood indicates
that C reserves in old heartwood are still accessible or even physiologically available. Overall, NSC concentrations in foliage
and small branches varied insignificantly within the crowns of these tree species, but the effects of needle-age and branch
diameter on NSC concentrations may vary among species, tissue, or season, these within-crown variations should be further

explored and taken into account when making NSC pool estimates for the whole canopy.
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WA 7 R NSC 28 ()48 S IR I AN/ i HLAFFE 45 AN —182020 Sl o W) oef L 24 37 e HR 3K
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Table 1 Basic characteristics of the sampled trees [ mean (se), n = 3]

s (A5 ) ERCEL Mk A Ay e g4z *
Species ( code) Survival strategy Wood type Aspect Forest type Tree height/m DBH/cm
2T Korean pine (KP) 53 TofLA [liiE]4 LR N TR 20.4 (0.9) 23.3 (0.4)
DTN - " —-—

Dahurian larch (DL) 0t Tt N TR N TR 26.5 (0.4) 31.6 (1.1)
JK i | -

Manchurian ash ( MA) it AL [N HAEA Tl N 24.7 (2.0) 33.6 (1.2)
ERu ; S

Mongolian ozk (MO) #t AL 3] 5 i BRAK 19.1 (0.3) 32.5 (0.6)
I

White birch (WB) T B [} Ttk 23.0 (1.0) 33.4 (1.7)

* DBH R Bws B4, 51 ATKIEHEE D) BB BRMAE S REXRAL, 51 A Zhang 1 Wang[*)
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Fig.1 Vertical variation in non-—structural carbohydrates concentration ( NSC, % dry matter) in foliages for the five tree species in
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Fig.2 Vertical variations in non—structural carbohydrates concentration ( NSC, % dry matter) in foliage for Dahurian larch along the
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2.4 AL NSC ¥ A2 A8 1k

TR AN S ot AR AT MRS A5 A U NSC ik B AR 1 I 5 A 1 in s RAAEG (B 1 7K A 320 6 93 0 1 e
KR VERY Z A0 2 A D7 RERRPR N S 3R 2) o BRI, ATV Motk B8 5 A2 3 5MH Gy 2H 41
TR AT RE RO b S MR R T e A 5 SE A K A K 55 B0 A% ik 38 67 A 5C s TN Fifi 35 A3 432 348 i if
EREARA A LUR K A R AL S AR A DA S FRE IR ST DR [R5 T R A LR
K AL FR K A RN Sé T BB e NSC vk FE Bl 2 A AR 38 i o B 4 (S AR TE R BR A1) | T HCFLAA 4 ol 1 A
A REAR T &

F2 3INEAMBFER NSC RESKEMNDIEFTFRRE

Table 2 Regression equations of NSC concentration against branch diameter for the three broadleaved tree species

it 204 JH 41
G oot rewe : vooow ’
K A AT 595 13.39 -0.22 8 0.21 0.143
Manchurian ash L) 7.12 -0.09 8 0.74 0.004
Y 8 1.93 -0.09 7 0.57 0.031
TERY 5354 2.77 -0.04 8 0.51 0.028
b1AL 73 2.35 0.01 8 -0.13 0.669
LoAF 1.93 -0.02 7 0.01 0.353
SARZE R EROK LS Y 535 16.16 -0.27 8 0.28 0.100
bUAL 7} 9.47 -0.08 8 0.44 0.045
oy 7] 3.86 -0.11 7 0.74 0.008
EuE ATV 5354 7.26 -0.18 6 0.89 0.003
Mongolian oak L) 2.97 -0.04 6 0.06 0.313
At 1.46 -0.01 5 0.36 0.171
TER 5354 4.31 -0.05 6 0.45 0.087
b1AE 7} 5.05 -0.10 6 0.51 0.067
Lot 2.69 -0.04 5 0.27 0.213
SRS TEBOK L&) 5953 11.56 -0.24 6 0.84 0.007
BUAL 7} 8.02 -0.14 6 0.59 0.046
At 4.15 -0.05 5 0.46 0.125
e ATV 1573 8.95 -0.08 6 0.34 0.134
White birch b1AE v} 3.78 -0.11 6 0.90 0.002
TER 5353 2.65 0.00 6 -0.25 0.935
bUAL v} 2.49 -0.04 6 0.72 0.021
SARZER ORI A 1573 11.60 -0.08 6 0.09 0.286
b1AR v} 6.27 -0.14 6 0.89 0.003

FrHIE Equation form:NSC = a + b x D,a Ml b H#EE AR NSC HIREE (% DM) ,D RH4E (em)

3 e

3.1 i NSC ¥ E N 7

ARWGE 5 APFIIE)Z S EE I NSC R AR ZHCRAE M ZES AR E (F 1), X50HMFRERK
R—SC P EK AL 10 AL EE LR 245 1 ARA ] g PR A TNCY B R S 1 A K 2+
EPRAE)ZE B R 2 4EA N TNCH) i A R Y ST 10 7 AR KA E R B Z B N R RAE &
NSC™ LB T HGHF I AR 17 ASBIFPOR R 7 04 B A IR A i NSCPY 22 S R 3, DIAERF ST AU AR 43R
FERT ] 2 A JUAS B SR ET A6 Rt 2 0 B (] NSC VR B 22 5 38 200N 1 )2 I S M AR v A2 9 1 )2 2 4
AT S TR RO MRS ( Pinus elliowii) FZEE R M A A ERRTEM K E B R ES T F
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2P MR 2 A2 (Picea abies) £ NSC ¥ BETE 9 H v Bl oy BE N3 m ) 20> 2422 gt |
FIAE O LR S8 i R AR BT - NSC ¥ B B R e 85 4 MR DI A 3k 238 — B i 25 e J2 30 7 14 B 1
3k 3 6K, K BEAIF TS LA A R 2 v IR A L IR I NSC W B | T A AN R b2 A R A i A
A, RAEHIRZ B R AT TS E— A AF 5T, (ELeE 2 w80 35 1) 1Y) 25 553 5 1 AS A B AR NSC & 1t 1)
FEERZRR, R 2 o B IR 25 5 3 SR 2 R R A v e (B ) A 3 A A e 2 T AT A SR A
ik,

I SR 52 M) 2R A PR IO A VR R R 22 2, A, NSC ¥k B ] e HA U AR (b AR AL, AR
FERI, A 2D AN BT I NSC Wk B Bifi 2 e 0% 358 i 5, (LA K 2R i J R0 R B 0 o i 1) 2 S 9k /s (&
3), Li ZMUHFSE R, 7 A BT R VAR L E - AT R 1 AEAR I NSC e BE 34 3 v T 4R A (HAE A K FE R )
AR, 7T ARKEAAZL AEA 2] 5 4E AR 1 NSC R BE Bt I3 e 38 K (< 2 4F) JR /N (> 2 4F) 2
PRI 5 A2 24 5] 2 ARA I TNC W BEZ MR It AR IR L0 AR Al 2—5 AR A SRR (H DL 2 AR h
F L H SRR LR —8, AR ZE RS AR AR AT R B, NSC W E R T BE S HOL A RE IR
5, WA, ARSE 10 H A L0RA AR A e R B 3 8 T 44 AE 0 (1 3) , 5 Yan %0V [RXTL0AA 1 4F
AT 25 R — 2, BRI IS NSC Wk B, VT BB -5 Bz i o 7 v il 2 o A1 i A5 4900 B 3 D 2 - 1 't
ATEPINRE SRR 2 L Li P U IR I B RDE A B8 18 WA, L NSC Wt IFIh NI, &5 L Ar
W H T R Y SR R NSC ARSIV %% R &

AHFFE LB 5 A ARLIRAE T TNC RASERS Ry 3, 1 94 AR (0 24 45 A U L o] Y P 2, X 5 1 JK [ A
FAETE P BRI LKA AR 25 5 — 30 (B 58 FH ( Pinus sylvestris var. mongolica ) % 75 R {5 MW FITE Ay v 1
PEEARIE , H SR P FPLIANER I TNC B 5% i ] A 1) 24 4 A= b (181 1) PTRBJZE R 5 H R L0 ks
1 AR TP AR G AR K BRI LITERTE S B T K& NSC ki ) 2rRvEr it NSC ik B2 5 AAE [al— 9 i
I RORIF TS FARFEAT 72020 TS PR A RN S BRI TNC W BERE IR T T i 57 g 51, rT B i AR
WFgE 5 A AR R AR SE MG ARBEGE FIRENT TNC ¥R 15—17% DM 5 ENHS 4 25t L 22
S FRER 17% DM —3, ARt b F E IR E A FAL 5 1 14—229% DM JERIZ A,

3.2 R[AEE 2404 NSC e

ABIFGE 5 AWl Tt J2 v 85 ) 200 100 ] o Mol TR D TNC 3 J3E T A3 SRR I ] 22 S N W38 (1R 4) L 3%
SRR LB REFTCHE AL AR A48 W A, (0 510 96 85 R 40 8E (40—70 em K, AL HEBL B2 FTA 53 ) NSC ¥
JE USRI S AN RIBGH A TNC He R 2 B 25 e J8 19 T i s i A 45 SR AR — 30, X i) i 5 HAR S i R i E B A 6
(PR B4 58 2—57 m Al 6—38 m) . = KA AR et L )2 06 7E 5 AR 3R A 7T RE A2 7K 43 B
il SRR AR T 2 F R Ak 2 m Y NSC e BE i T aeflfAd 2 m™™ AT RESE: ol T b o i s AR Al 1 2%
W, AWFGE S AR Z IR NSC TR 122 5 A B3, i1 RESE IR R /K 40 - 1A B i R A 490 2 3 MR o L
JE TR T AR R NSC 3z i o, IR B A 5681 )2 A0 At 25 5 1) i Y (2 RITIE W HE J% ) T 17 5 B 1) ik U
ik,

M T4 TNC Wk AR AR R B ZE 5 B A2 T H ING B %5 A A2 7= A AR A i 28 Ak (1 6) | [ B At A 25 Bz
HERANT TNC PeA 8RR S | IR RFSE 22 18] 0 F AR AR AR AR K B IR e, BT 5,5 A R Z0Hs 2%
AR IS BRAIRL TNC W 5 T a7 Mg AR BT . AR 5T KL, 5 R Z 40k TNC A9 B
ARSI G A BN 27% , RT3 SERBER B A P AR A R OB IR, TR LR 5% 21 3 A Bk R e 2
R BAR RN R AT A R
3.3 MK NSC Ry AE{L

FRCRA A= P () R, DR B A HHL A NSC R BE 119 25 [B] A8 S5 XA 3 38 AN e (1) NSC & R R B 2L
ARBFFE R I, 2250 FIoHLR 41201 NSC 9 J3 MR A LB B RS Sk s pk b S 3 hn i (181 6) |, BIV NSC e 32 it % b
PRSI (3 2) o X5 TOHEAEAR A L1 B R A (A FERRBR AN ) NSC v 8 it 2 A0 18 o i (6™
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MES SR —5, Li % 50 KB, b AR A NSC v B2 AN B 1] rvC 38 8 FAAE, DAy 4 ) B 6 19 %))
WAL B I AU TNC TE 2 i nl BB (R O 4 i 20 2P0 A A 2% 9 T , ml G e 2k UM 7 g ol
B, NI, BERR LA I el TSI 1) H s (SR A Sk BB ) B AR, RLB BRI B 1) NSC 2 7 [
i, SO, Rz ki 2k e AL TNC , ARAE MR R, TNC KIS, 38 2 5 m ] s M5 e b 1 20 e BL ], (HAS 52
WAL TNC B BRI AR (LR "™, R T NSC SR BEAAAAE ) B 0, IRFLAA R /K HHI A0 0 552 1ty R A g JE
JE G B ARG N3G 5 F2 2R AN SR RIS R 25 0, IR, PR LA B FORLAS B NSC Rt 3 B A 1 i i
%, IF HEE HHEE I

IRADA BT E R BT NSC, A NIRRT IR, A5 e K il M0 S5 oty R (BRSLAA A b ) ORI
B NSC R B 5B B FIAA AR AR . 5350 AT ST NSC e J8E it 36 A A RS e P 38 o 2 28 i 1
S R AEL O B9 NSC IFARSE R LA IS A LIEMT U R AR AR NSC B RIS AF
fiff NSC 2 A AT A A4 fE — s TR A AR A 0 T oo AR i () AF 10 B (SRS T IR AL ) 1Y A7 7E
NSC#2 33430 i QAR LA R FIAE R 5888 ( Tilia amurensis ) 18T 55 P RATI SR AFAE K BE NSCH2 L il TARZ AR
AR (CJEHOE PR LA B ) B 22 e DO O 3 RO A A S — SR T R ZH SR REAR A T BE BRI A
MFFREDIRE ™ . OB i NSC BB 2LV N T AR W08 NSC A AR ), {ELL b NSC A ff bR
JE b AT LA LA B M0 (A 5 T 20 ) 1 T b B3 B AL v AN T 2 | S AR A B AR 2 v (A 0
— BT RY R,

4 it

5 AT R PR S MR ASE NSC kB2 1) 25 18] A8 SR W SRR MO &V T A T B AR A B0 5
LR R A ZU NSC MR BE - ARSI B . 5 AR 2 4B TNC 3 B8 57 45 2245 S A FEARV/IN, Rk
SR 2 E AR A AR F A6 2 SR A SRS, NSC 2215 2 25 9 5 T M 2801 SR A S, RS NSC Ik B2 L
R LBt B AR I AR , 7EAG 5 B R NSC S I I T 5 )&

BT ;B IR L1 B A PR T P AN EAE SRR
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