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Abstract: Nonstructural carbohydrate (NSC) in plant tissues is a reservoir for carbon that fluctuates seasonally depending
on the balance between supply via photosynthesis and demand for growth and respiration ( the source-sink dynamics
concept) . High NSC concentration in tree tissue is generally interpreted as excessive supply relative to demand at that

moment. Research into the seasonal dynamics of NSC concentrations in tree tissues throughout the year is indispensable to
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gain insight into tree carbon supply status and nutrient metabolism, and thus an understanding of the tree growth
mechanism. To determine the seasonal dynamics, i.e., the fluctuation and amplitude of NSC content in tree tissues, we
conducted a field observational study by monitoring the NSC concentrations in leaves of the Chinese cork oak ( Quercus
variabilis Blume) , and synchronously observing the phenology of those trees at some unevenly-aged secondary oak forests
growing at its lower and upper distribution limits (650 m to 970 m a.s.l.) in the east Qinling Mountain range. Sampling
intervals were set semimonthly/monthly during the leaf unfolding period from March to May, and monthly/bimonthly during
the tree’s full growing season from June to November. The time series of observation and sampling spanned from May 2016 to
May 2017. The results reviewed some facts and phenomena, and a few inferences could be drawn. (1) The NSC
concentrations in the oak tree leaves varied significantly with seasonal rhythms (p < 0.05). The coefficients of variation for
soluble sugar, starch and NSC in leaves were 20.99%, 52.28%, and 25.96%, respectively. (2) The minimum and
maximum concentrations of NSC in tree leaves were observed in mid-March/April and mid-May, respectively, with a slight
difference between the two altitudes. At the lower elevation site, the minimum and maximum contents of NSC in oak leaves
appeared in late March (5.69% ) and early May (12.29% ) , respectively; whereas at the upper elevation, the minimum
and maximum contents of NSC occurred in mid-April (4.54% ) and early May (12.76% ) , respectively. After that, the NSC
concentrations in oak leaves continuously declined from May to November throughout the growing season. The minimum and
maximum NSC content could be partly explained by the simultaneous leaf phenological dynamics. During the period of bud
break and leaf development (from March to April ), canopy rebuilding consumed much of the carbohydrate reserves.
Considering the deficit in carbon supply via the initial photosynthetic event coupled with the high carbon demand for growth,
it was reasonable that the NSC concentration in . variabilis leaves reached their minimum during this period of leaf
flourishing. (3) Soluble sugar was the major contributor to total NSC in oak leaves, accounting for ca. 65% of the total. As
soluble sugars performed immediate functions whereas starch acted mostly as reservoirs for future use, it could be inferred
that the Q. variabilis, a deciduous tree species growing typically in the warm temperate zone, developed this physiological
feature naturally as its life strategy to survive the harsh winters of the temperate climate. (4) However, the NSC
concentrations in leaves did not vary significantly with elevational changes. Generally, the NSC concentrations in leaves at
the lower elevation sites were higher than that at the upper elevational sites. In conclusion, seasonal fluctuations of NSC in
leaves of Q. wvariabilis varied significantly with the tree’s phenological rhythms, particularly in the spring when the new
growing season began. Therefore, increasing the sampling frequency of NSC and reducing the interval time is necessary for

further understanding of NSC metabolism in relation to tree growth.
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Table 1 Basic outlines of sample plots

o 5/ m i s HOMBIE VR TRER/m TR o
Plot Altitude Slope Aspect Canopy density Average age Average height Average DBH
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e VAR A 970 28 883 0.8 30 15 16

DBH: diameter at breast height

1.3 ARG PERR K AL G il e

PREUT F AR R 0.1g(£0.001 g AFHHZETT0A0) SR HTE BRI AR ARV 73 5100 7€ it 7 v nT P HE ((soluble
sugar,SS) FITEHK (starch,S) BTG >, K405 1 280 B A v il 28, 30080 B el v PR R TE R B & 1 (%)
5 AR LS R PR K AL B (NSC) & A A M RN VE By & 2 F1 . BN SRAE H BARRFERNIN 2 3 AN,
L4 R4l

() 359, xob e AR TR B MR AT I e e WL o 53 e B R A FC YDA 3 kAR e AT T S v O
M2 AR S5 A A BRWIN—0K, DI BFRE G 0O A 5 i BURE R I 7 3—5 RGN

http ; //www.ecologica.cn



19 B AF L FRIG R Bk BVR ARSI PR BOR A S B ZE Y SRS 5

MK (em)  JFECEFBMEAE 2R H B KB (X, X R H M KB 1 RORRFEIRED) o Fi5E
AErtE A SO EERR PUZCRAE H By A K (X)) A8 B AR KA b R 3 BREEA R I 3 A K o3
FLECAE , A5 BN R R 0 e A K B e LRl b R Gompertz SR i A K il 28, 45 2t F
Yfoe £ LB Bo ) BAK H 1, E 20 Boa 45 R it w0 (R >5%) | i v (g it >509% ) e it R 4 ( Jre
>95%) ',
1.5 HdEab

FHRFR R I 20051, e i NSC KA 43 BT (] 28 Ak 1) 22 S0k SR FH OV REAS « K550, 43 B
TR R NSC S H2H 73 (52 ), i B MoK 3R 88 o = 0.05, FF ah 84l it SPSS20.0 for windows
(SPSS,USA) #4748 5041, R H Origin 9.0 58 IR Hil1E

2 BRI
210 HR BRI F AT (SS) & BT 1 8 s

IR R BRI T LR S5 BB I A e e £ 02 -
A (p < 0.05, 18 2) , )5 HEI 10 A, AT HEE & R ﬂ;“ié 10 * — TR
SRR (6% 22 47) 11 A GE 1 FH(7.53%) . 2017 EF °f
43 B4 AR, AT RO AR, B | I
U 4% 747, 2017 4E 5 H FI 2016 4E 5 H & diAk  £3 *f
—2, '!.-é 2L

SR BRI A RS L0 5 s o o = s o o
INERARBE(p = 0.131), 5 A—6 AR 10 A—I1 S f g oz 22 4 334
IRVt 90 0 K009 3, 5 9k 6.81%— 5% 5 55§ § 555§

4.520 F1 5.47%—3.14% , o Avi ]| 7T s VB 1 4 R EM Sampling date

1F 5% 747, BLPAR R EA — 30 E2 BEGRERETETEEES RS THE
22 @ EUFE: IH— H‘?}?*ﬁé\% E[/‘J %ﬁij,} ,pc Fig.2 Seasonal dynamics of soluble sugar content in leaves of

Quercus variabilis at high and low altitudes

it o N N AL =N ¢ Hs ) N £
RIS K BRI 7 0 5 2 B P () A A o 35 2 Pl ot o 5 4R [ — SR B R 0 44 ] 22 S

S (p=0,K3), W5 H~8 AWM, EHSETH
(5.89%—3.96%) ,8 H—11 H | 1€M &R 71E 4% oA I
31,2017 4F 3 H iha)—4 AR JEM & BRI A6 5 T HBUKIR T Rk 2 RN E 0.96%

SARMEARARL , = AR T B BERT [ TR AR B 255 (p < 0.05) . 5 H ~11 H gl & Bk 2 TR
PO 6% L ATREIRE] 3% 547, 2017 4F 3 i) ~4 Hdfy  JEM & f/ME TR, 4 A Z )5, iEkh & i b
T+ (0.65%—3.30%) .

2.3 AR NSC SRS ARk

AR - NSC 5 Rl s [ A8 A A AR B 35 25 57 (p < 0.05, 81 4) |, i Ik Z IR A 22 5 (H AR fb i
PHA -, SR L MR NSC S 7E S H—11 HAL T RS 162017 45 3 H—4 HRE Bt KiF
PRI SR EE /N (5.69%—12.29% ), T e MR e NSC 7 S I s IR 40K (4.54%—12.76%)

2.4 FREHRA R AR A KR BT NSC AR L

3 AR RIS AR B AR 2E P8R 8% K (budbreak ) | 111 8 14K & B X — 2R (L G Il 26 4 A ), 3T MR8
A5 S , R Gompertz HFEILAFEI (B 5,38 1) ANEHRAR R ERFE 4 A B RIJFGR M, 4 H g gt
.4 ATAIES A LAsEeREN, 52 M, A Yk K R T 3 KL,

ISR BRI R 03, i e NSC 5 i 2 ARME (181 4) ;4 H rpdy  BEE R AR R3S R, R NSC &
BT 4 A A B R A e AR AR, R A NSC S s R E . SRR, BEM AR K R

http ; //www.ecologica.cn



6 S % 39 &

A B AR A NSC &g, 7 @ R W1(5 A BA)) M A NSC &k E1{E (9.03%) .

S 2. i 2 20 N
F: —— K 43 —— G
101 —— R Bz 61| —— TR
S Riagis 16 *
@.E sl S *
=5 2212}
BE el * ﬁf
53 - g 28t
e g
=2 4r £2
g 4 TE 4|
g2t = 5
Q =]
8 0 1 L L L L L L :‘éa O Il 1 1 1 1 Il Il Il Il
S°'FE § =372 =g« 8 g =5 ¢ =g¢
88 & =z g 23 s 8 8 &8 ==z a 3 8
£ e ¥ ¥ = oo g g ¥ = £
S & & &8 54 & & & S & & &8 5 S ]
KAEHM Sampling date SFAE H # Sampling date
= /T Seaun A By e fe - N = _
B3 BESREEFETREHEENETIS B4 SEGEREEHE NSC S BHUENHE
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Table 1 The main phase dates of leaf phenology of Quercus variabilis
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FHG AT st e, O (RS AR A A A R SRR T o 5 FRATT A AR T XIS 2 S %ok AN [) 8 B A B AR i
NSC & ft i 25 A A2 AT W A 3, TCI8 AR e A e Bt A e MR v TR 0 5 49 2 L I 03 5 s o o 4 1 484 o
e [RINAER (DBH > 15 em) it 7 TV oM & 570 52 0 BE 205 5 J i it B AT vy 4 | BV 2 DX 3l J32 1 7
15, e R AR B A ) DA AT MR U NSC,

EAS T B2 AR 7 AR AR 11 A b B — N &ME (7.53% ) , 3X AT RE -5 B8 AR TE 7 iy o Hof 20
ZURR AR A A RE R A G, TR DRAR 1A 22 4nadk 4 itk il T IR B B e s, T s PR v (ELTE 10 A
R L, Z 05 R AT I IR T R . A RIS AR I IR A R R R R IR I 2 iy, S AT Bk A o5 1 o 7
2 HARHU 8 A FORAE A KB T SR ™ H A8 e 2 4 Kb ) 1 LA A 2025 1 (s 25 )
[ NSC #4la , #HAR BBk PR FCAIL X — R B AT 75 5 A e 4347
3.2 RO B ERI NSC R AL B R

BT AR R FE BRI e NSC S CHAH 73 & AR R R Z ) 22 S AN 2 . T B S PR . — R W
TR A TR AN R BRI 7, iR i 224 K (300 m) KRR B4 8. BAT, BEEHR T
RIANSC & & 1B $, 78 3 R R AR 2 Tha  AIATE RSl P 2R 8 A Ay, BV IR T i NSC 25
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WAL, mEAR TR T 5 AR R SR SRR K R | A B ORI T AR G 3 2 ], S BB A3t AN
B B A BR A B IA A g TR AR A B Bl AR 7 2 3 AR 1Y R AR T BOTE E H BAN BER A KA A i B
MR T1E NSC &t Tk, IR DRI R NSC & B T s (i B R 252 0 Wang™ 414 6] —
HEEER, =AW i HE (Betula ermanii Cham.) | 2% 87 #8 &% ( Vaccinium uliginosum Linn.) Fl2f fZ ft 5
( Rhododendron aureum Georgi ) NSC 7 &t [HF5E & B, NSC 5 1 Bl 45 10 A2 AL 4 A 2 Wy M s A7 A B . 22 57
HY AT D W 8 B 0 A A AR AR b 1 AR B R (TREE K O SRS ) | EB S AN [ A 5 1Y) 52 e A R
NSC 50 Vg 4AC A i B0 2 57

BEARTT B BRI e NSC 3 b IRVROR T s MR, SME 3 0R 9.34% F1 8.25% , X I REREIRA , 5 = ifF
AR ARHEER (650 m) o B3l A48 B AR EY A= K IXE], PR iR AL S R R S 58 /. 5 iR A S AR L AR
P b B R R 20 2 °C K S AR LY 5% MR . 35 K B R 2 38 A 4 i I
WEASTRE , S B S NSC THFET) s 522 AR B, — 2 R 1K 43 Tt 23 BR i B FH 3 L 2L T8 i A 4K
AL NSC BURET ) Fesk iR 1E A7 2O R 3858 I 28 A3 i R, (IR B2 BRI - NSC
SRR R SR B AR NSC 2 i 1 5 MR 2 15 AF AR R AR |, A B2 R SR G m] AR A w1 3X 1745
FPIE SN, 1A TF i — 2D AR
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