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Abstract

Aims Measure of non-structural carbohydrate (NSC) reserves indicates tree carbon surplus or shortage stored.
Branches connect NSC sources (leaves) and NSC sinks (stemwood, root) of woody plants. Therefore, the seasonal
dynamics of NSC concentration in branches will be of important implications for understanding and modeling
plant carbon allocation.

Methods We conducted a field survey monitoring branch NSC concentrations of Chinese cork oak (Quercus
variabilis). We also synchronously observed the leaf phenology of the trees in uneven-aged secondary oak forests
at its upper and lower distribution limits (650 m to 970 m) in east Qinling Mountain ranges. Sampling intervals
were set semimonthly/monthly during the leaf unfolding period (March to May), and monthly/bimonthly during
the tree’s full growing season (June to November) from May 2016 to May 2017.

Important findings (1) The NSC measures in the tree branches had weak seasonal changes at both sites. How-
ever, the soluble sugar (SS) concentrations at the upper elevation site and the starch (S) concentrations at the

R H #Received: 2018-12-31 #3252 H # Accepted: 2019-05-30
HETH: EF A RREHE4 (41401063 F141801026)F1 FE 5K B 2 4 42(201808410575F1201908410061) . Supported by the National Natural Science
Foundation of China (41401063 and 41801026), and the China Scholarship Council (201808410575 and 201908410061).

* J@ {5 1E 4 Corresponding author (xujunliang@haust.edu.cn)

©U 00000 Chinese Journal of Plant Ecology


Hp
打字机文本
扫
码
提
问

Hp
打字机文本


522 FEMIEZ R Chinese Journal of Plant Ecology 2019, 43 (6): 521-531

lower site had significant seasonal changes. The relative stable NSC levels vs. larger seasonal oscillations of solu-
ble sugar and starch may be explained by the mutual conversion between soluble sugar and starch in the tree
branches. (2) Soluble sugar was the major contributor to the total NSC in oak branches, accounting for approxi-
mately 61% of it. Here the soluble sugars performed as quick C whereas starch acted mostly as reserved C for
future use, it could be inferred that the Q. variabilis, a warm temperate deciduous tree species, developed this fea-
ture as its life strategy to survive in warm temperate climate. (3) Soil water availability was positively related to
the NSC measures at the high elevation site, while vapor pressure deficit (VPD) was negatively related to the NSC
at the low elevation site, indicating the oak may be more drought-susceptible to water stress at lower elevation. (4)
The maximum and the minimum concentrations of NSC in tree branches were observed before bud break (late
March, approximately 11%) and when full leaf expansion (late April, approximately 11%), respectively. These
extremes of NSC could be partly explained by the simultaneous leaf phenological dynamics. Considering the fact
of carbon supply for bud break and leaf development via branches rather than by photosynthesis, it was reasonable
that the NSC concentration in branches of Q. variabilis reached its maximum before the bud break, and did not
change significantly with elevation. Not surprisingly, the significant differences in branches NSC with elevation
only occurred during bud break in spring, as a later phenology occurred at higher elevation. In conclusion, this
study confirms that the leaf phenology of Q. variabilis directly affects the branches seasonal patterns of NSC, par-
ticularly in the spring. The relationship between the carbon budget of the oak branches and its aboveground
phenology should be more emphasized for further comprehension on the NSC metabolism.

Key words non-structural carbohydrate; Quercus variabilis, leaf phenology; altitude; vapor pressure deficit
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ARL A TEBOK AL G VINSC) 2K &1
AL i A e AR BRI AT AR R A A, A
KB AR P EER IR, EaEE A ERS
52 H R AN 22 ph 4 i (Dietze et al., 2014). NSC
SRR RN AT AR B 1 Sz WA 0 A A e 3k 7 55 i
i KB4 2% R (Li et al., 2001; Fajardo et al., 2012),
KL, B FUREYINSC & I 3h A FA 2 PPN AR
YA NI BT TRIE . A R B T

BRI RN 25 B (M ) FIBR 75 SR #88 B (T
)R EREE, HENSCEHREMFT I HRAREK
FAEFEYIR R B, BEANSCEERZFTARMH
AT TR A ) 5 75 SK 4R AE (Chapin er al., 1990;
Kozlowski & Hattrup, 1992; Klein et al., 2016). #5%
KW, BANSCEHEMZFEWRNZAERIEAR, #
A, FEA)(Carbone & Trumbore, 2007), 4G (H
4t . V% M )(Palacio et al., 2014) M ¥ 5 [ T
(Martinez-Vilalta et al., 2016)%5 % [K 2 K3 RS20 .
AWK, EMAEARSE S, HANSCE&E
TEAE I B R B (Wiirth et al., 2005), 12T
NSC & EHR AR E (G, 2013), HATHANSCHE
B IR 21 U BN 1 45 R AE AR UK 43 B (Wong et al,
2003; FiRSREE, 2016). HochZE(2003)AF 5045, =
SRS NS C ek 75 5 (I 5 i Y Ky M AT Y PR 2 ) Y
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N U B IR I8 7E 20% (Quercus  petraea) F 73%
(Abies alba)2 7], {HK 2 H i s ¥ 3 1A 26 ]
YRS S BRI RE, AE R A
BMEIRRG. Kk, HANSCEEMILA =T
A AR ] B8 IR 58 45— (Hoch, 2008; Klein er al.,
2014). J3—7J7 1, ADHFFEAEH, BANSCE &)
TG A G, BB A FINSC
W W T /TR K 2E & I (Palacio et al., 2008;
Chen et al., 2017). FKIEFMETEQ2013)HF F RN, T
124N B Pt 76 J I 1), 7 Z6NSC 2 &34 B S5 R B,
G, V&R REIRE R . BESE
JEMEHT, V&M RAA BRI AT R S ER AL, &
BN SR PR 2R 2 BT TR K =Bk, TR L 3 1 A
BCAANSCH &89 W AR 2 00 MR, 7Edf )5 b
Ft(Schédel et al., 2009).

BT, KT &NSCHEMBFANAAAELL A
JE (DB B EURERS (8] A1 BB (20-30°K), Joidk A i 4
PR 2 JE A 4ANSC & & iR#E 25 b (Hoch et
al., 2003), MMIZE NS EA Frit— P4 m. ()0
DAY ZE AT 15-30K N K 24NSC & &, Sl Z X/ — &
KFERHANSCEHE BT SENEE. AU EN,
A — AT ARNSC & EXTE T FPET A |
FE RN (Pérez-de-Lis et al., 2016). Rl It EENSC S &
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TR LIS MR R R G) AT
TR T 0T L SR R RISk
BT B 2ANSCH BRI, 1X— Tk M)A B EER
P ME (Millard & Grelet, 2010; Briiggemann et al.,
2011). DR BRI: B Pfee b, AS[RVRG Bl B S i A B
L MR EE RN E R, BEIANSCE &
AR TE G VAR T P, o ELRECRE AR EE R i ]
{5 £ (Augusto et al., 2014).

¥ [ ¥k (Quercus variabilis) 7& 7= W0 3 [X K AR 43
i) 2 I — M FR OB =1, 2016), FEMRMEAF=F1
ABER  RIEE BEAEH . AW LRI
T R P ] PR B e MR O FE 0 R, AE R I
JR F ) RUBE DA S AE A R IR P F ROBE 247 31
PEEURE, B FTAS BEAMRA SANSC e H Al o) B 2 M A 4R
A, AR MRS T AT B R BR, i IR
IR ENSCE BRI E R, 70 M R 70 b ok
NSCE &M, PR AR A B E B ARSI
B aE G R B R, R R S R
I i 22 S 0 A 26 NSC i &2 1 AR L I 2 . i
FUEE A BT I e MR AL 2% e VRTTBC AL A1) 1 BER A,
D S Y T R it A e R U 1) [T Bk e 4
FERIER AR A

523

1 #RFITTE

1.1 #AREEER

AHIEFE BT AP SIS AR AL T 2RI R ik RE Bl b
e, BV ILIX O E A T BP0 ) A L E A
M1%(34.10°—34.18° N, 111.38°-113.54° E). iZH 7T X
e R s i e = KR W (N U = S B S Oy
1105 C, HEpE/KES63.6 mm, FEREE NI 562.8
mm, EFETLFEIA1867K . Mg M2 100 m7- 4,
bR IR, JEE36°-500, HIELIAEIE RN T . %
X 3= ERMAE R 52 F R bR SRR .
FRJE (Quercus) FENAEAR IR (<1 000 m)HbIX Ak
AFh, DR A 2, # R ARAE M YE Bl N
W TE AR BT R 55, 2003).

FERE B AR AR AR 35 o3 A B g4k B R IR ——
#3650 mA1970 mS W E 1/MEHL. RIEHINAR
sl WU AR (R DRl 0, 7RI EA Y (20164F5 H 2
20174E5 H), RSN E R SRR, G
7134 CHI12.7 CABARHHR 0 IR &
Tk, FFHMES N34 CHITLT C. [FH,
AR LIS KB T SR, S FH1E D 5
12.6%117.9%. &M E, SEilgmt, Kk
AR R ER RS K BRI

R B R B FARM2016 120 174 AR HE KA 52 R 7
;[‘g:);e 1 Monthly measured environmental parameters at upper and lower altitudes in Quercus variabilis forests in the east Qinling Mountain range in 2016 and
Ge H S IE Air temperature ('C) L3R Soil temperature ('C) AHXVESE Relative humidity (%) — HIEAFIEKE SWC (%)
vear  MOonh Tk Upper (GHFIR Lower TSR Upper (SH5R Lower FB Upper fGMFK Lower PRI Upper IGHHR Lower
2016 3 8.2 8.9 5.6 7.0 47 51 16.6 15.4
4 14.7 15.1 10.8 13.2 62 69 17.9 15.9
5 16.5 16.8 13.5 15.6 65 71 14.8 11.9
6 22.0 222 18.1 204 72 77 17.8 14.2
7 235 24.0 20.4 232 84 86 16.7 13.1
8 22.6 233 20.9 23.6 87 90 16.5 13.2
9 18.6 19.5 18.1 20.1 77 80 12.0 11.0
10 11.4 12.6 13.6 14.9 89 90 13.8 12.5
11 6.1 6.7 7.6 8.8 74 79 20.6 17.4
12 2.0 33 2.6 6.0 74 76 21.6 NA
2017 1 0.7 0.1 1.0 1.0 73 70 212 12.8
2 3.1 3.9 NA NA 67 67 NA NA
3 6.3 7.2 53 6.4 61 64 20.5 11.9
4 14.1 14.5 10.3 11.7 59 63 20.7 12.9
5 18.7 19.1 13.9 15.7 57 63 18.4 10.0

NA, HAHHH K,

NA, data missed; SWC, soil volumetric water content.
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1.2 EHEMEERTLIE

KAERS (8] R20164-5 H 22017495 H, KAESR
WCHEAR B AR AE K5 52 (Zhang et al., 2019), A
AT AR 15-30 K — XkEQ2-6 1), £ K HIEEEE
KIAR1-3 AR —IRFE(TA-IRF2 A), iR
o BT IER RN, 20165E6 AR AI201 7452 A &
IR AR HUFE .

TE RS, R UGEECE AR, FEIK
S KANCEERE S MR B FEAR — B AR AR
ARG IRER2) AEH = 3, SYEHURERT H R ok
WA, KRG —. TEAR%, REBBHE
JEIkB25-30 i, DRIBSRELA, KRR, INER
B MR, G—br5 5 S BRI TR A R . 24
T A2 56 = JHNEA 105 CHE2 h, 75 CHET
ZREMIETR R, KRR SR I 40 H 0 .

1.3 FELMMRRK L EHNE

FREUBL 266 R F 0.1 g (£ 0.000 1 g, FERAZEFI
L), SR FH R BR R VA 52 I Hh T R RE(SS)
FNFERR(S) IR A (TR ML SR, 2013) . HR 5 58 2 B b i
2k, SREAR &R R R R I E o S &
(%), - Z BRI NEL ARG PR KA & E
SFHE R BBAREE H BRI B3 E A
1.4 I E4MEIN

[F A, X RIS B RREEAT I P W
Ty i A R AE K AR 3R, AT bR c AT
PEARI, M2H THRIASH FA), BRI —k. LA
AR FEXS G, A0 b B A EURE AR I 35 ),
M E RN A KB (em), FFHHEAFIENENIZR
FEE B KB, XORFEE M KB, iRk
FERED) . feosdfentfa, MM A SRR DLZRFE
Hrmt v KEED), R K E . 3R
PRI A o3 EEEOE, 13 2 R F 4
frAEKEE . IR E, FIH Gompertzi& R fl &
R AR ZR, 7520 Fr Mg S 2R B ) B Ak H I,

R2 RIUGITRBE BRI AC T L

FEY B OFE R YIH(E>5%) R R
>50%) Fl I AR AR H>95%) (75 4 %%, 2014).
1.5 BUEHH

KRR 2T 250 i, AR 2 NS C A 3
o5 B BE I (AR A 22 e B 2 1 SR O AR AR
KRG, o BT R A ZENSC K 2 o & = IR 2
(2 E MK Fa=0.05). KHPearsonfiok, HrIfss
K1 5 &NSCE &AM, HAP 1 %
FEEIRGSSME . SEvh AT A BSPSS 20.058 %, EI#
£ X FOrigin 9.05¢ i »

2 RO

2.1 EiEKREEFEENSCRHEA DS ST E
MET

R T ARR 2ANSC &L AT RS Ve R b
E B A1 AR 22 A B2 (p > 0.05; K1), NSCH &=
7 24.88%-10.01%, 1] ¥ P4 0 /e Fy LU AAE I 1H
2.15. fE3 LAy, BIANSCEEH LI, 4
KFEVIHGH h R4 K) NSCEH=E FHFHE, 2
JEBAANSCH & FAF IR E . Bk i b &
B 5NSCH EAFEREH KM@ = 0.764, p < 0.01),
MER & = ENSCH EAFEM KN E(r= 0574, p =
0.065) o I 51t A5 o o o 1) A5 A A7 76 A S 3 22 5
(p <0.001), e AXMEHIAE3 H H 71 (6.35%), &/ ME
HIAEI0H Ha)(3.12%). SANETEHIARRE, B4
W o EBER AR E R AR (p > 0.05), HAREH
DU TR IR A R . BR10H A, g dior B iR 26 ]
RS & B3 e T ek 5 2 (SSE EN447%, ST
BN2.93%; E1), Wi E 2R ER
22 KBk RIFRENSCR HA S & 8 1A
MAET

5L, R AR 2ANSC & & b
A AR 22 B AR B E (p > 0.05; E2), {Ha] 5k
JER LUAB BB [R]85 {22 A R 25 (p < 0.01), HIME

Table 2 Physical (altitude, slope and aspect) and forest (canopy closure, average tree age, average tree height and average DBH) measures of sample plots in

Quercus variabilis forest in the east Qinling Mountain range

Fe itk W i oI LI roam— Fa—-
Plot Altitude Slope Aspect Canopy density ~ Average tree age  Average tree height Average diameter at
(m) ) (a) (m) breast height
(cm)

4 ) ,

Lower altitude 650 25 A3 South-facing slope 0.9 26 16 16

R .

i = .
Upper altitude 970 28 FH3% South-facing slope 0.8 30 15 16
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4EJ7 H Day of the year

20 141 180 236 290 316 62 75 90 104 117 132
T T T T T T T T T T T
—v— A MRS Soluble sugar (SS) —A— ek Starch (S) 19
18 |- —m—AEGEH MR K 4b-& ) Non-structural carbohydrate (NSC)  —o— ] Mt/ H SS/S
16 o
16 - o)
n
43
14}
40

12+

& Content (%)
x o
I I

KA H 3 Sampling date

B RIERBUR SO BREOR ARG M PR OK AL S I(NSC) K LA 4335 B I () B AR AL CF S B hr I 22) . I TR AR
T BRRARE R Z (T T 1 R %) .

Fig. 1 Chronological changes of non-structural carbohydrate (NSC) and its components in the branches of Quercus variabilis at
upper altitude in east Qinling Mountain (mean + SD). Shaded area represent the non-growing season of Q. variabilis based on leaf
phenology.

4EJ¥ H Day of the year

20 141 236 290 316 46 62 75 90 104 117 132
T T T T T T T T T T T
—v— A% LR Soluble sugar (SS) —A— %M Starch (S) 9
18 |- —m— JELEHERRKALA ) Non-structural carbohydrate (NSC) —o— T ¥EMRE/AEH SS/S 6
=
16 - 3@
14 - 0

& Content (%)
s
| |

oo
T

A% H ] Sampling date

B2 ZRUE R BRI R B AR SR AR S5 M MERR K A B I (NSC) B H 28 7 B B B ) TR) B S AR CP I AR 22) . Bl A2 AR
T BARARE R TG T 1 R %)«

Fig. 2 Chronological changes of non-structural carbohydrate (NSC) and its components in the branches of Quercus variabilis at
lower altitude in east Qinling Mountain (mean + SD). Shaded area represent the non-growing season of Q. variabilis based on leaf
phenology.
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H1.96. NSC& &3 F ~6.00%-10.96%, fx KAH H
BWAE3 H T A(10.96%), i /MEHBTES A+ A
(6.00%). K& AT MERERIE R & SNSC & R 447
EREMINEF= 0.709, p < 0.05; r = 0.835, p <
0.001) B¢ 26 AT Wl & BB I (A8 4h 2 R AN B E (p
> 0.05). {HFG 23k & f BE I (R AR A7 7E B M 2
Ft(p < 0.05), HAMEHMEIH THI5.31%), &/
18 HIRAES H ) (1.63%) . 5 iR — 3L, 1&&?@%&@
B RRAS 2 AT VRN 2 B IR RE = T & 2= (SSE
HN5.10%, STEN3.47%; K2), ﬂﬁ%ﬁfﬁ}iﬁ’a
B .
23 AEEHKBEIRZEZENSCRE
Xl

e R MRS 2ANSC J FL 4 43 & LA MR R A
FEEREEZERP > 0.05). BAKRE, miEHNSC
BB/ NTFARIER (Unean = 7.40%, Linean = 8.58%), X3

DEEN L

A AR RS B o) s s TR R . AT R AE
k& 3 R I AR TR %, 5NSCH
ERA—,
24 BREMMEZENSCEES5IMEREFRIHEXM
BRI, SEHRAANSC R AN S BE ST
B T A AN T2 (p > 0.05; #3), I ATE MRS
B AT PERE R LA R K E R 3 IR A SR
(p <0.05). S5ZAE, LK ENSCE ER3AME
P (B AT PR S B AN S RN K IR R 2 48 5 25 A Ok,
FLHRJE R FINSC & 2 5 MR K VR ZE 035 TEAH O
(p <0.01), FIVEYENE/EHR LA SEAKAE 2 2%
AR (p < 0.05) MeAh, RHEARE SFIER FINSC
B SRR . WA TR e LU S K R R R
FHIEMEKRAR(QP<0.05). fEmf&iEk, BEES.
+358) 5 b B MR A ZANSC K A1 4y B B S AR 4
KRR R, (HARIEEEZEKF( > 0.05).

4£J¥ H Day of the year

16 141 180 236 290 316 46 62 75 90 104
V) &R i 4 Upper altitude soluble sugar
Y fHH#EHE AT # M Lower altitude soluble sugar
4r R IERY Upper altitude starch
(AR IERS Lower altitude starch
12t T a a
b b T
NN NS
glor 2 N 1 R
< N
g s NN uy
g a 1/ a
5 sl a a | NN a 1 a
B ERERANAN N s N .
« T _—éf\ ¢ ﬁ - cINe T N
- —— " C C C
: X A 7 N Ny
/ I § % d a C
NN N NN N GNER
NN §°\7 N \c§%
N\ N c
NN\ 7 \ 7
2 L
0 e/Ne e/Ne eNf e/Ne e/Ne e/Ne e/Ne e/Ne e/Nf e/Ne
N o o N ) © N x A 5
éﬁ & @9 @9 0§ «ﬁﬁ éﬁ «§» @@ &Q
N\ N N ) )¢ )¢ N N > S
Vv » vV v Vv Vv v »

=3

KA B #1 Sampling date
ZRU& IR BOAS [R5 M B MR A 2% AR 45 MO MR KA B I (NS C) S FL 4 0 & Xt B e AT CP IR E R 2E) . ANFVNE FRER

IR — KA H AN [F R RINSC K He g 5y 2 7 B3 (p < 0.05, Paired-sample ¢ test), FFAINSCH FHtabEor, vEH 7 RedFoR,

AR 5 B ef R .

Fig. 3 A comparison of non-structural carbohydrate (NSC) and its components in branches of Quercus variabilis at different alti-
tudes in east Qinling Mountain (mean + SD). Different lowercase letters indicate significant differences between two altitudes based
on Paired-sample 7 test (p < 0 .05). Letters a and b refer to NSC, letters ¢ and d refer to starch, and letters e and f refer to soluble sugars.
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R3  RUSFRBA RSB F T 5 1 BARE SR ARG FITERR K AL 5 PI(NSC) & A SRR

Table 3 Pearson correlation between measured environmental variables and branch NSC contents of Quercus variabilis at upper and lower altitudes in east

Qinling Mountain

B D%y A 3 ARX AT TERSKE  BKE P(mm) MRS 2%
Plot Compound T,(C) T,(C) RH (%) SWC (%) VPD (kPa)
=R SS -0.578 -0.589 -0.164 0.717" -0.190 -0.278
Upper altitude g ~0.190 0.008 0.121 ~0.537 0.049 ~0.185
NSC —0.590 —0.472 —0.055 0.235 —0.123 —0.349
SS/S —0.178 —0.194 0.121 0.644" -0.261 -0.297
fIRHEIR SS -0.591 -0.453 0378 0.315 -0.051 —0.552
Lower altitude g ~0.343 ~0.250 0.722° 0302 ~0.470 ~0.788"
NSC ~0.564 -0.423 0.703" 0.382 -0.349 -0.845™
SS/S 0.296 0.174 -0.546 -0.246 0.821" 0.702"

NSC, AR&5MPERKIL G, S, VEHY; SS, FIETEME. Al BAE BECUM)90.05F10.010, FHRYERZE, I A 7 A RR.
T,, air temperature; T, soil temperature; RH, relative humidity; SWC, soil volumetric water content; P, precipitation; V'PD, vapor pressure deficit. NSC,
non-structural carbohydrate; S, starch; SS, soluble sugar. Significant correlation (p < 0.05) is marked bold, * and ** correspond to significance levels at 0.05

and 0.01 (n = 10), respectively.

2.5 RERIEH R REHRARENSCEETL

41, FlERRE BRI ST IRZ R, TRk
AKX ARA RIS TRIAE3 F R o 22T 1 R A St 4
&, M Gompertz /7 PRI & 153 2(Kl4; R4), mifEik
K BEHRAEA T AIJT a6 R I, 4 AU EE N J i rh g,
SH ERZED AR . 5, (R A
fix L gk T3 B3R i da

TR AT H Hh)), i PRE NS C

100 - y
80
60 -

40t

M AEKAS

Percent of leaf length growth (%)

20

B4 ZRUE AR B IR SR P P i Se i & Gompertz
TR A L. A, SR T YR SEME; , (R
PSS IIME; ===, PRI IR A LR > 0.99); —, i
BRI R EILA (R > 0.99).

Fig. 4 A comparison between measured and modeling values
extracted from Gompertz fitting curve of leaf phenology of
uppnr and lower altitude Quercus variabilis in east Qinling
Mountain. A, measured value of leaf phenology at upper alti-
tude; m, measured value of leaf phenology at lower altitude; ---,
gompertz fitting curve of leaf phenology of upper altitude; —,
gompertz fitting curve of leaf phenology of lower altitude.

B BT BEEF R GHIKE4H T ), &
ANSCHEIF U T, BRMEATEREGSH L
), HANSCE & Pt RIS ANSCA L34
Sk A —5, B AR, BANSCEHEE
Do TR BRI S, (BRI B R B B B )
R migik, RAELEIH ).

3 iht

3.1 HEMRBIENSCREASRER BRI &
TR SR ik S 45 B (P ) A 7 SR B
CETRIERAAR(E S, 2015), EEBHEIRYA,
TR 5 3 B Re B EF B =8, 2016). H sk
JEAE (FINS CHE I A2 1 A S0 Tk (48 I o i o (18] 3= 2
Re s ML 25 Y (Savage et al., 2015). WHF NN, HTH
B TTRERAL Y, AR ANSCH & AR ME AT
/M (Keel & Schidel, 2010). FA TR 7045 IR 3 #5
RIS, A2 B ARBL NS C & B B N (R A8 Ab A7 AE
BEZER@ <005 K1, E2). HENSCH EAFEH
MFE, 1E5%—11%Z 8], TR TiRRE
(2016)BF TR, WL HERLDH =K
(Picea mongolica)fE £ K ZFEHFH ANSCH ELE
5%—8%Z A1)y, BT A1 AR 4L AN AFAE 25 22 57 o
Hoch % (2003)7E X BRI 10Ff 55 ILA Fh ¥ 4% 2%
NSCEH®EZET AT F IR R I, Quercus petraea
FENSCH EEN LA E, 7E16%-20% |1,
M Fagus sylvaticalfJF; 2cNSC& = 158N E K FFER
AEH L, ARG SINSC & B thAa e A B K
o PR, FEADIR P AR T 4E R SANSC AR B
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R4 RUSTRBUE SRR 05 32 220 B (D5 1E)

Table 4 The dates of main leaf phenology phase of Quercus variabilis based on Gompertz fitting values in east Qinling Mountain

et Plot JEI I Onset leaf expansion Je s Mid-stage leaf expansion B A M Leaf expansion completed
iR Upper altitude 04-12 04-22 05-10
1E¥#ER Lower altitude 04-09 04-19 05-07

KA, — R E Ik ANSCHL R ] REfH T 4EFRi5
IR, U BE A A X PR A 3 B i P
J& - A BT A K (Verdaguer & Ojeda, 2002). Fi%%
FINSCHA 2 1] B FFAS A2 TE I 2 HARBI T #E )5 19 30
fitif7(Sala et al., 2012), T &iEEEYEF LN E
AT

3.2 BEHRREAREEIEM SIS EREK

BARKE MR SANSC R BB F T sh Ak, (=
FE— B AT T, Bk TR & & (S k) BL
TER (IR IIAAAE B B3I < 0.05;
E 1, E2). X T K ANSCH Al i PR e 2
B, PR H T DU FLA Ak . AV YRR R E A 2
[ I RF LR BN A AT AR, 1348 B MR A A NSCHE &
B EBAEZE, [ENSCLH /) F nl it ek el
(i3 BI2)BE I 1] 22 40 22 57 {2 3% (Richardson et
al., 2013),

AL VAR R L A RS2 IR B SRR (LA et
al., 2008). BIARAKFBL. WA 2 D8 2 L [R50
(Hoch & Korner, 2012). JEHINA, FIE M 2D
VA& WY TR B R, TV R A I
F B G RER (2RISR, 2015). A T A R
FIFNSC, HWEAKB B, $/NSC—M AR ¥
YEWER AN, BRIRF B, V€ T NSCH) EL 7+
fr, BAHINSC RLVE B B 208 £ (K #ESE, 2013).
AT TELE RAMUESE, A KBRS 5% m] ¥ PR B e A 1)
AT IR G W AR AR B %, # R ARE 2% 7]
T PERE S 8 INSCEL I (SS/NSC) i i H B e A K
W@E-8H, 70%/ A7), E B IAEA K TR (10-11
H, 40%/ A7) o (EAFER IS, TEAE KR TR,
WA T VR RN SRR O B S A FR AT AR AETE,
RHR A RE A A%, 10 388 FERE SR vE R & B SR 1
TH(E 1, E2; SSINSC: 40%447); i ANARHR (11 5
BIRAF2R), BARTEMBEAE, FH Lm0
(SS/NSC: 60%—70%); K3 HARETENIN, et
BT A6 IN(SS/NSC: 50%), A FAEKAEEE. Bl
K 78 5 Ericssonfll Anders (1984) FIHHF 70 45 18— 2,
FATTHE Ve AR R R I B R = A, IR AT A
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KRB SFVEME A KRG I I B, IRHER Ve # e
A AT P RE DAHRAEAS RO EE, ARHR A 45 R 5 (&
KN EF A RIER » 1X—RIIMER, BIELER A
PRHRIH, NSCHIFELL R IR+ 02, XHA
BT R e M ARNSCHIZ= Y sh A A, ERMAR
7B 2% SRS AT A AR AR A

FEARBFEIX I, i mIGEIR, ¥R ERE 2T
IR S 28 TIEM S E(61% vs 39%), BIfRE
BRFE 2ANSCLH A LA R i MEbE N 3, 3 W] RE S R Y
Fb 0 A A DX A K R AR A (R Bl A7 A R A 2 — o
A2 MB(2016) % A [ 26 B A4 J AR - NSCHy f 1 25
(AR FE AR R IR, TEIR A BN R B, e B2 AR
W BEAE ) T DAL R AR NS C. X 5 Fi 7k
KREE(2009) K IR 1 700 miEHE(Betula ermanii)f
ZANSCLAVERY A A FLILJFEE, B F AR AN
T[] A 9 ] e R o, R R ) AR B 2 R ROR
b ALK L b X PR A PR A B AR, AR AR
1E-2.3 Clita, T5EAdAF 52 BUE R R BRI
18 T AR R T (AR B RR, ERIRAELS-16 TC,
A BT i P O X A i 5 4 o3 U T XA i
NSC, A ReTE AR T RAEA R PR FH B KA
£ Y)(Kontunen-Soppela et al., 2002).
33 SIREHREENEERREZEPNSCREEAS
BENFI

KT, SRS, PR ZANSC & H
HyoEERKEBHRIAGFAELREEERP >
0.05). XA e KNP AR B 26 R I 22 S e v AS
JE UL BB ANSC i & K H A AR . FR%
(Q015)E /7 ZE VAR ZR (2 740 m). (2 400 m)
AR (2 040 m) 3 MR AKT-NE T E T (Picea
meyeri) & HZANSC S H2H 73 £ &, 45 R WoRFRARZR
HIFNSCH & W& M T RIS, Rk E) I
TREZER@ > 0.05). HEAEHRER, KALE
METEHFHR 1 700-2 050 m, F2ANSCH EAFTEWIR %
F(p < 0.05), EIH ST w5 AR 8 7OR
&, 2009). HHREATIL, RO B SANSC R LA 43 1
S, WA HE X, WA, kR EES 2
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o MbAh, AR, SEERIM FAELL, 2T
HEHINSC 7 & b ¥ 3R A8 A0 ¥ 22 55 52 K (Shi et al.,
2006; Zhu et al., 2012),

BRI ANSCEH BRI ERARE, H
FZMANSCE 2 11 3 F IR R LA [R1 3k 8] H A AH
[F(#K3). TIEEKE. WRIZKIRE 2 5 0 s ki
PECAAE AR ANSCH R T SR 7. 55
WA 2ANSC & & 2 257 L3S K B (R R 5%
AEMHERES RS LS KEMGNE, rawe uss =
0.717, p < 0.05; K3)FHMAIE], (RHEHRE R SZK A
FMULEA MR . BRAEHEE SNSCE & R3E
TEAHSRAMAIRIG IR L 25 V8 M & B - NSCH & S5 AHMHE
FERIMISRME, rru s = 0.722, rru insc = 0.703, p <
0.05), YBA/KITIE 2 5NSCH B R & FAH (K
AL S5 UE R NSC 7 i 5 1 FK R 2 1 AH S 1k,
rvpp 1s = —0.788, rypp nsc = —0.845, p < 0.01). HHii
o 45 A T P A LA B 3 TR A S (IR A
SR ]I PERE/UE R bUAR 5 AT K VR 22 R AE DR
rvep_Lssis = 0.702, p < 0.01). XYL ETERIER, KA
SPATN R AR AR B, iR g 7K A i AR AT
e s & E A, MY NSC & & FF K
(Zrenner & Stitt, 1991; Voelker et al., 2014). Piper
(201 1)yid i X EL A 72 R B, 5 I 52 4 9 Nothofagus
dombeyi fH L, XF T 58U (] Nothofagus nitida (1)
NSC & 5[ 5 Bl ae hn sl i~ B o R FRA T4,
g b, Ao B AR T R AR B Y B,
(A FE A BRAS I 1 5 N, il 4R A B 0 e AR
FRAEK
34 MAMENEREHREZEPNSCREELES D E
B M

RIS 2ANSC o fE 78 B 2 7 J5 A7 75 6 3 22
S, ANERER I )45 BRI ) 22 0] B8 2 38 BIX — 31
R EEFE R GEE NN, Bk SFRR SR, K
WA 2R AR T A 75 25 2 B RCRH I AE K i 75 1) B 22 ik
I (Palacio ef al., 2018). A TR, RRYHUHT V% I
W Ff a0 7K 7 X & (Fagus) 76 87 2F BT B Z6ANSC & & 4
K& JE R F#(Schidel et al., 2009; Klein et al., 2016),
NEAZE R AR B . AW SR I, A Rk
R ANSCE &5 MAE3 H TR (R 4R) FI3 H Ay
(IR B BEAG . 1X—28 4k e FLAE SR 3 H IR
IINFIR) 22, 5t Fr fE Sl k4 H YIRS 4R3 H R )

Jee Wk N (] 22 & — B (R 4) . IXBARRE T A
RIER A ANSCEH B EE M Z R UHIEIA Y
F3HAR(E3), KRB ANSCE &3 H i i)
AT RER . EART M2, KitinflFunada (2016)
WETCAR Hh, FRFLAA PRI R AR5t 5% 1= (4 J5 Bl
) LT 2, DRI A IO 3 A A B A T A (S 2%
PR ZETFEIINSC. RS FLA HIAR Bedlk,
BOANSCH BEAEH I T R, 25 MERIHE
BT AR TR B 0%, TRESZ B 2 RO 0 35 AR K 1 25
GRM, ATSE Ry TP A TR A
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