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Comparison of concentrations of non-structural carbohydrates between new twigs

and old branches for 12 temperate 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 in trees, which vary seasonally due to
changes in the strength of carbon sink or source. Seasonal fluctuations of NSC in branches are influenced by multiple factors
such as leaf phenology, shoot extension, and radial growth, but it is not clear which factor plays the key role. Here we
measured the NSC concentrations in the new twigs ( current year) and old branches ( = 1 years old, diameter < 3 cm) at
seven phenological stages for 12 temperate tree species in northeastern China. The objectives were to (1) compare
seasonalities of NSC concentrations in the new twigs and old branches, (2) explore relationships between concentrations of
soluble sugars and starch in these tissues, and (3) explore factors controlling the inter-specific variations in NSC
concentrations in branches. The species included three evergreen conifers| Korean pine ( Pinus koraiensis) , Mongolian pine
( Pinus sylvestris var. mongolica) and Korean spruce ( Picea koraiensis) ], one deciduous conifer[ Dahurian larch ( Larix
gmelinii) ], and eight deciduous broadleaved species [ Mongolian oak ( Quercus mongolica ) , Japanese elm ( Ulmus
Japonica ) , Manchurian ash ( Fraxinus mandshurica)) , Manchurian walnut ( Juglans mandshurica) , Korean aspen ( Populus
davidiana ) , Ussuri poplar ( Populus ussuriensis) , white birch ( Betula platyphylla) , and Amur linden ( Tilia amurensis) ].
For each species, one branch at the mid-crown was sampled and separated into new twigs and old branches. Concentrations

of soluble sugars and starch were determined with a modified phenol-sulphuric method, and expressed as a percentage of dry
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matter (% DM ). The concentrations of NSC in new twigs and old branches showed similar seasonal patterns of NSC
concentration for all the tree species except for Korean aspen and Ussuri poplar. The concentrations of NSC in the new twigs
were usually higher than those in the old branches. The concentrations of TNC (total non-structural carbohydrates, sum of
soluble sugars and starch) in the old branches of the evergreen species increased significantly before bud-break, declined
slightly during bud-break, and kept relatively stable after leaf flushing until autumn when the concentration of NSC
rebounced slightly. The concentrations of TNC in the old branches of the deciduous species decreased significantly before or
during bud-break, and then progressively increased in both new twigs and old branches along the season. Meanwhile, a
conversion of starch to soluble sugars was observed in October when the dormant season started. There was a significant and
positive linear relationship between the concentrations of soluble sugars and starch for both new twigs and old branches when
the data were pooled across all the species. The seasonal mean concentration, maximum concentration, and storage capacity
of TNC in the old branches decreased significantly with the duration of shoot extension increasing for all the species except
for Mongolian oak ( the species with an intra-annual regrowth of branch), Korean spruce and Japanese elm (no data
available ). These findings suggested that the shoot growth of these temperate trees relies strongly on NSC reserves, and the
duration of shoot length growth is inter-connected with TNC storage in branches. Future researches on forest carbon cycle

modeling and global climate change should consider this functional inter-connection.

Key Words: temperate forest; non-structural carbohydrates; new twig; old branch; seasonal variation; growth rhythm
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5T HL T 2B e VTE L LU bR A: 253 (45.40° N, 127.66° E) , F-314K 400 m, 338 B 100—15° , M o - 1 g W A5 2 2%
Mt SRR T RR R, FEREKE 629 mm, FEE AL 6—8 A ;47K L i 864 mm; TS 3.1 C,1 AR
-18.5 °C,7 H V-5 22.0 °C; LFGHASH 120—140 d, IUA FHEE 5 MR g —— IR 200 bR 8 8 Ok T J5 8 B %
SRUCEMAN A TR, ARG A AR L X LA (g BRI
1.2 HFFEhRLS BURE

R T RAT REWRR /IR A TEAR S R A 23 SRR RN, S A A o S T B A AR R AR 3 AR (R 1), R
P A5 IR R 00 BT R HBURE 4—S W ERCURE 7 W% IORERS [B] 4300 R -4 P (R 2ERT) 5 0 el (R 1 — SE R I 4R
K2E) 5 AR (R R— R G & 2E) 6 AR (M E&%aEHF) 8 Hha (M imEuk IR k) (9 A Fa (R =&
A7) 10 H AR (TR o2 355 EARIRE) . R Li %0 R BRI S )2 M NSC 28R B3 (BN Tl )2 2
SERYFE R, 28 3035 BUE Z T A MR AR R e, N TR 2 56 2 0 B, FH TR S B e e S B L B I 3 R AR, S
RVHR I 3 S5O A 3 R YA BT ) AR (=1 A4k, H ER <3 em) , BURLR S RVE FA B o (0—4 °C) {RA7, 3 [E 50k
% J 57 RO 0 R R (600 W) AR 90 s (AR MED) s Z 5 AE 65 C FHLT B E F , Byie)5 4 4E , LIVE NSC 431,

R1 BARERFBECFIEARER , n=3)

Table 1 Basic characteristics of the sampled trees[ mean (se), n=3]

i AR i s i Wi BAEIT
Species Leaf feature Life form Aspect Tree height/m bkl Shoot extension period
/cm /d
ZTHS Pinus koraiensis WLk Bt [liih]4 20.4 (0.9) 23.3 (0.4) 54
Evergreen Needleleaved NW

(RN ok £t [l 23.2 (0.5) 27.3 (1.0) 42
ZL”:;}ZZ“’S”” v Evergreen Needleleaved SW
EAN oy A e £t Fii] 18.9 (0.2) 29.9 (1.3) -
Picea koraiensis Evergreen Needleleaved W
MR IAL ot £t RE 26.5 (0.4) 31.6 (1.1) 58
Larix gmelinii Deciduous Needleleaved SE
Ep ot fra ] 19.1 (0.3) 32.5 (0.6) 8
Quercus mongolica Deciduous Broadleaved S
i ot i i [l 24.1 (1.2) 40.3 (1.9) -
Ulmus japonica Deciduous Broadleaved SW
K i ot i i ViR 24.7 (2.0) 33.6 (1.2) 44
Fraxinus mandshurica Deciduous Broadleaved SW
AR ot i i it 21.3 (1.0) 33.5 (1.5) 33
Juglans mandshurica Deciduous Broadleaved N
145 ot (LS 3] 25.4 (0.6) 42.3 (0.9) 45
Populus davidiana Deciduous Broadleaved S

Hh ot (el [iE[A 23.4 (0.9) 41.5 (1.5) 41
Populus ussuriensis Deciduous Broadleaved NW
F1HE V&I [E [iif] 23.0 (1.0) 33.4 (1.7) 60
Betula platyphylla Deciduous Broadleaved W
Y5 ot el [iE[A 20.8 (2.0) 46.1 (3.6) 14
Tilia amurensis Deciduous Broadleaved NW

* DBH 2675 075 B 4% DBH represents diameter at breast height; = 5| [ i BRIGESE P 552 i 109%—90% K7 51 8 LR K i KA

1.3 ST
TNC 4 T ¥ MM -5 0E B 1Y BRD 5 T SCHR NSCIZ A8 TV PERE JER AT TNC T 9 MW 0 0 o ¥k 32 25 2R P e e ) 2 0 4 R 12k
e ARSI I kS % T, NSCWIEHH B /M TE(%TE) Fx,
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1.4 Bt

T HR N B BURE R BN ] TR 23 B3R R 7 22 3B ( ANOV A ) LU S04 b A0 BURE I ] 9 2 A 38 B0 A PR, B33 KR 2
Ha=0.05, B ATE M AE R IT B AREE 1L, UG 3 T A 1Y TNC 126 8E 71 (I BOREI 208 9 i R (B -5 e/ MBI 2%
{E) P, SRAEEAMT TNC SH KA K Z B FR . KA SPSS 16.0 8 A4F 34750 M B A #edis , SigmaPlot 10.0 2 {FAEE
2 #R
2.1 BB NSC R ZETTah S

AR AR RS T AR IR FR B AN R B 10 94 I R BCFL b B Ji i B8 St i R LA B o 8
A B R 2 AH 2225 20 d(FE 1) o AR RTERORE Ao B) B 19 2 1 38 B4R P 347 08 8 b s i 3 i R 1) NSC R (P < 0.001,38 2) , 7
LA YR B I A NSC ZE 1 AU R R (B 1—181 3) , W4 R 2E A& AL TNC Je Tt Jo Mg FEAIL, R it J5 TNC e AR fh At
/N BKZR TNC B A TH i, A B 528 LU 42 TP MR A ZERT AL TNC ¥R BE 3R AN [ PR BE T s B T B M 2 Ak, oA A
TR 2 TNC T R B2 WY 0 R T G s I, BR T 2898 Iy St R R M =2 A | LAt AR o 145 38 B4 Sk TNG e J32 2%
A S (¥ &SN TN

B T I R R A Z A1, FLAMR Rl B A A 0 T VRl TE R AR TNG. 92849 28 fb R 3ok (0 ; G o B 1) mI o M R TNC
FIMREE IR AR T A (BR T 10 F KB 0 SR nT VA R B 5 TR A0 ) | T 25 (9 T M v B e B 3 (I T SRR BB e
WERFEHEZINE 1—F 3) , IS PRI ERY NSC R E B/ ATE

HEARBRII (10 AJE) B8 T I AT 22 A0, FA AR RO A E B0 TNG v BE AR RRRE , H AT 3 P4 03 o 1 ok B 3%
IR R P A A IR e P A T T G A v B AR, 3R WS 4 T o S Ak A T v Ml (BT 11— 3) , W T R — i 43
MY, Bk F A Al i (R = 0.55,P < 0.001) JEK (R*=0.61,P < 0.001) Fl TNC(R*=0.71,P < 0.001) ¥47 B FE AR K1k

R2 FEMELWIELEHEBRKLENRENNEZRESVNEHTZE5H(ANOVA)
Table 2 Two-way analysis of variance (ANOVA) with repeated measures for non-structural carbohydrate ( NSC) concentrations for the new

twigs and old branches

E R Al LT Qe I 5 R BIRL New twig/ % T 5 £H¢ 0ld branch/ % T
N St WRE e .
AT H i Date 4/171 35.7 <0.001 6/251 66.5 <0.001
Soluble sugars W Species 11/171 44.9 <0.001 11/251 82.0 <0.001
H x4 Fh Date X Species  42/171 5.2 <0.001 66/251 8.9 <0.001
B H 1 Date 4/171 94.6 <0.001 6/251 52.0 <0.001
Starch W Ff Species 11/171 82.9 <0.001 11/251 60.5 <0.001
H BB F Date x Species  42/171 30.7 <0.001 66/251 17.1 <0.001
SARZE M HEROK LS Y H ¥ Date 4/171 56.3 <0.001 6/251 37.1 <0.001
Total non-structural W Species 11/171 80.9 <0.001 11/251 115.2 <0.001
carbohydrate (TNC) H > Fll Date x Species ~ 42/171 10.1 <0.001 66/251 12.3 <0.001

22 AEMRESTERIREN R

SR A 21 SR PR M AN SR vk AT B AR MEIC R (RP=0.46, P < 0.001 ; 81 4) |, 1T A (0 P 1 W A0 5 ol A 2
PEXRR I EH (R =0.61,P < 0.001; & 4) ., JEM-HHIE], B iR ORS00 v s M ol 1 240 b 22 8 TUe M (7.0% T 5 3.29% T
HF,,,=136.2,P < 0.001) , F# & /5 # (19 2.2 % BB T I PR B2 (B0 35 5 TUEM (5.0% T 5 2.7% T F, | =
86.9,P < 0.001) ,BiFH /5 H M 1.9 fi5,
2.3 NSC Fiffa]2E 5+

VBT PRl —2 3BT, BOXT ¢ R 22 WA BT RS R A T NS JER A TNC Z A3 22 il B 2 (P < 0.001) , B 40 3N J5
H 1412 F 13 65 5) . WMl HEREZE 1 S Bk BRI B T 4.1% (S5 ) —8.8% T T (FABKAK ) ; J& 1y Wk B2 ik 3h
2.0% ( FANME) —5.1% T 5 (518 s TNC IR 3h T 6.2( ik ) —13.6% T H (5548 (& 5) , BALRYZ Y -2 ] i PRI MR B %
BT 3.45(LLH) —T7.3% THE () ; TERK BN E T 1.6% (FIHE)—3.9% T8 (KEFH) ; INC I T 5.1% (FH#E) —
10.8% TH(KHEH) (K 5),

SRR TNC ZT5 R B SRR AR KW B3 I (P=0.018) , fHZEV 5K TNC e MIZETT TNC fEA%RE ¥ SRR
KPR B2 (P > 0.05) . SR, ZA TNC ZE45 PR B TNC Z=35 e KR BE I 235 TNC 2G5 RE 1 3 S A K AR K 2 35 1
FAF(P < 0.05) , IR 4T BIRE R = H b RS B 1 54% T7%F1 84% (&l 6) . 515yl B Tl de vk BE AR L, 4 (9 TNC 77
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Fig.1 Seasonal variation in concentration of soluble sugars in new twigs and old branches for the 12 tree species (n=3)
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Fig 2 Seasonal variations in starch concentration in new twigs and old branches for the 12 tree species (n=3)
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