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Abstract

Aims Trees are the basic components of forest ecosystems, and their growth is affected by meteorological fac-
tors. It is important to explore the response mechanism of forest ecosystems in this region to climate change if
radial growth dynamics of dominant tree species and their relationship with meteorological factors are dete-
rmined. Furthermore, previous studies on tree growth were mostly based on tree-ring chronology, whereas short-
term studies on the stem radial growth dynamics of trees are scare. Therefore, this study aims to investigate the
daily and seasonal dynamics of radial growth in Pinus sylvestris var. mongolica and its relationship with mete-
orological factors.

Methods In this study, dendrometer increment sensor was used to monitor the stem radial dynamic changes of
P. sylvestris var. mongolica for three years from 2016 to 2018 in the Saihanba, Hebei Province, China.

Important findings Due to the water absorption and transpiration of the stems, the diurnal variation of the stem
radial can be divided into four periods: spring germination period; summer growth period; autumn-winter altern-
ating period; winter dormant period. Stem radial growth begins at early April in each year during water recovery
from early April to mid-May. The fast-growing stage occurred from mid-May to mid-July. From mid-July to
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mid-October, trees entered a slow-growing stage. The radial growth tended to stop during mid- and late-October.

Temperature was the main meteorological factor influencing the stem radial growth. On the time scale of one day,
the stem radial growth was mainly affected by temperature during the rapid growth stage, but by rainfall and air

temperature during slow growing stage. On the time scale of 15 days, only temperature had a significant effect on
the stem radial growth. Under the conditions of extreme low temperature and drought, our results provide impor-
tant reference for the growth status of P. sylvestris var. mongolica in semi-arid areas.
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BAAERKINEMFELEHSTREATRRR, AFT
PRI R AR AL TS 2 G0 0 A A8 A4 11 oy B (2= 9 55,
2014)0 UAER AR 7] A K A 78 8 LI TR AR
*/(Zhang et al., 2014, 2018; Zhuang et al., 2017),
W9 (T TR ROBE AL, i/ A s B AR A ) A K
AR FC . AEAAR ) AR Kl AR AL T 8 0 A
SR ARAR [ A K B FE 7V, A8 3% 22 s AR A
(A2 AR AL, 0 SR  AAR ) A= K PR B IR R AR 4L,
A, FETWAR K SHNSESN SN, 76
o B i) R b I A A R 1) 45 SR Dy K B ) R
P2 1) A K IR F 9 4 4L AR AR 56 HIF (K ST A%,
2012). ITAER, A AR ARAS A A KD SR A
WEFIZH % . Deslauriers:(2007b) % 7 A i /R
BT L ZR AN R = FE R 25 A2 (Picea abies) TR
V&S (Larix decidua) it 17 I, &5 S 57 e b
KAEKHIE, R BIE ERES5BRAE T RR,
R 020 m)LL10K R (AR, EifEdk(2 080 m)
PL15R I TE) R . KingZ5(2013)HF 7T 1 His -+ rh 1
BT R B 40 L SO R BRI v R RRR I S AZ B AR, 4
R FEA KT HFA R T BARAE B 5K,
Mg, BT K S WO R S B0 H A2 .
Deslauriers % (2003) F) F 42 [n) AF K ASCRS 0 21 0 52K
Jetdb 7 b Abies balsamealt 42 [ 24 K 5 4K B 5
IEM K R . KocherE(2012)i i 4% [A) A= K W I i)
JTEEREA T B @ (Fraxinus). 1R (Acer). #E#iJR
(Carpinus). B & (Tilia)f1/KF X J& (Fagus) A4 1
STl R B A 7R AS R B 4 1 A K 1) 32 B
IR, 5RO 2 AOR R B 2 R AR ) A
KM EBERE, BKE. BEMENREREK.
TEE P, 2N (2014) MEI 1 /N %22 04 vt K [ 5%
2% SRR X JR UG FA (Pinus koraiensis) {2 a4 K,
RIVZH A E R A K TS H BTG, THRET
i SRR S Q018) R AT 1 A& Ll AR
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(Picea wilsonii)/~ [F] i 8] J]OEE42: ) A= K B 5 A A
TR AR, 455K R R ) REEEK AT LU 558 7K
BB TR, BRI R F A A AR K
BRAIE . SR, VEAFREACT“=d0 By s s A
TR R B FEZR P, A (Pinus sylvestris var.
mongolica)f% ] A= KA 7T B H b o ZEFEWIH LK 7
B EHR9.507 Fihm®, AR 7.2 5 hm® (7
HIREE, 2019). AETIAN TARAE AR A0 HUARATE 505
oA K TR RN PR (1) 2 2R 300t X A 7= SE B 3
B fERRRAEENE ST, aRHAEKIEN
R R SR A e LB, 6o 2 e 1 b T A
TIANTHAERRGEE T I S5RENE, GHESE
TSN TGS S ARG E R . AFFR
F B AR 42 17 2B K 1 3¢ 4 (DRL26, EMS, Brno,
Czechic)iiAT Waill, BAKH 2N TR DETFR
42 AR B AR AR 2) 45 7 #2142 A8 A0 i 2= 74
A, WA E T IR TR AL S TRE T
KR

1 #RA7E

1.1 #RXEER

B 70 X AL TR A6 4 Bl g e 5 ik B e B
JE 2 F MM 539 T ER M (42.41° N,
117.24° E, #1431 m), b FHFEEER. KM%
W REFEACI AT I Z b o T8 R S T4 1 ] - A
iR B R R A, sk T R R AR X,
AZFEBKHER, ERETRME, EESEmRK.
WX AR IR ZERK, F1HE-1.4 C, Wi
BeE RARIRHN30.9F1-42.8 C. 4 HEK
)42 368 h, FELFEM0K . FE/KE 438 mm,
Hrh6-8H 568% (FKEAREE, 2019). ZEFH 4
X AR R A I B R R B, R
B55. ARIEL BEEEES . P ol e A XD O
B, 2005), {HZEFIRRY7 IR DR+ 41
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RKZH, FEREEFTONKIRYD . BRI S iR

M EATNIE W5 208 R R
19634 ZE 7 Ut X 4675 1 N AR, A i £ DL
MR, (H—SBONTE . T RHIE A A S
G . 20 ZL60F AR A TG 5 MR 14 . B4
FEF MBI TFATH AL T 500 hm?, (5 ZEFE IR
ZE T 8.0% /5 A (MK 5555, 2002) N L% 12
MR HEAR . AR, K FERDFEEA:
Z% (Padus racemosa) . % % W 1 ¥ (Lespedeza
daurica). 117 ¥(Rosa davurica)ds; BA LA Hk4t
# 1 (Carex lanceolata) . fif & Z& F% 3% (Potentilla
longifolia). Huffi(Sanguisorba officinalis). JEEs)E A
H(Thalictrum petal oideum)&5 4 3 .
1.2 HIRWE

20154F4 HAEWT FURE BN SRR3R A IS RLAF L
THENEERRETAE AR FERE 1.5 mAb 22 e
BEARAE ) AE IR SRAY, [AIRF0.5 hSL iy 1 sk i 4248
o (EH20164E1 H Z£20184F 12 H i 7] B At . w4
AR ) AR K T SR AN R 8 5 A7 3 2 0 S AR AR K Y
FEWEEE, LT H 3 ke f ik . <
REHERIR: B P 22 2EEMS0 SIE 8 HE R4 4%
(Decagon, Pullman, USA), 1c3% 255 E . 25X
MRFEANS, 150 25 emT3ERIERE, HE R AT A H]
R590.5 ho BEAN, E4EEE B SEIRAEHI500 mAFRAES
Fk(42.42° N, 117.25° E), WEERKE. 2RIEE
NS S AR
1.3 BBt

R R B R R AR F TR 5% B £ (King et al.,
2013), FEIETE I 5 5 AR 4R 31 J5) 58 55 R AE (Ruax) A1
5 /ME (Ranin), V58 H 85 KAB (Tina) F1R ME (Tnin)
(RIS TR], DL ARIBEAE IR FE), THEARAR = Ruw —
Ruin, #7120 ] ZEAUAE [R] — R 2 I — [ 8h, W%
AREEMH. HEBRREMIEFEER . KGN B
(1) H S35 AR AR [ AR A A, RI3 R RS H W59
HIRZ11AY], WEBERZ WAL, &1
WA ) AR KA 2 53 SR ISR IR AR 42 ) H
AR E A KT IR S A5 A ;8 B A
ther 3 VAl 1S R T2 M B IE S0 2 B H £ 7,
Ze 5 B35 HONIEAE I, A W 8 K A2 K (Deslaurier
et al., 2003). & 74 H AR bR i KB
(Bouriaud et al., 2005), MBALE ) AE K id
W, PRHURE TR H 48N AR KA TR I B K AE, T

BOESH KM 2, DME R T2 H A4
HAR. HEWES ST RHTFHIRKR . A
FEEIE G vt AT FHSPSS 17.0, AR AEK Y
KGR F 11 5% % 2K FH Pearson ¥ 2% 0 T 7 v 1E
{4 H Origin 2018c¢.

2 R

2.1 HEFRRTFEEBTUHOEDHISFE
201620184 1% 144 (14 [n] H A2 A6 E A A AR
B, HAMHIEMIRIER ). —FNER AT
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HETT LAY AN B (E1-3): 55— By BEZ=if 5
W. aHTHATG REFIYIFZEN, BRAA AN
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I3, B KA S & /ME I ) 54 5 9185
fEMIR, B e R A ZERIHFE MR BB
HEEKM., §EESSEOH, WTRRERAEL
PRME VR /), e A K AE H B AE 8:00-10:00, e /IME
HELTE15:00-17:00, 25 =B KA EW . M9
H20H %45 B R ARG 46128081, B RKARIEAN @
110.08 mm, 10H R LA, WTBERBEATRE;
107 T 4], WA EBRIRIE KRG K, FE11H¥]
BB R IRIEZE AR E, 6 B KRR 4ERF
££0.35 mm. VU EL: KRR . HFELZEI
HESE3IH, WT 2B B LIRER K, &K
H PR M8 1% 0.35 mm, FL o 41 i f K AE H BLPE 6% i
18:00-20:00, /M HHLAE10:00-12:00.
22 EFHARTFREZHHEDEIE
531201620 184F M 42 [a] AR AL £ ¥, #4452
] AR A AT LUK B 7 4 B B (B14): ()T 7K 7Pk
M B @HYIZESH ), ZM B T2 AR
LT AR R SR, Q)T Ps AR KB B (S A
HA Z2T7H YA, MR BRI K, B
AN TR R B AR K B, Q)R 22 18 A K By (7
A 2107 M), W22 E T FRAE,
e E AT (B a b Be(1o H R ) 2
I, EKAEIL, W& HLTF B 15
KA1 - RA A2 1) AR K 25 SR R (B15), SRS,
WARBRAEKS50H BE %25 HNIEE, MARTFH
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Fig. 1 Diurnal change of monthly average radial variation of Pinus sylvestris var. mongolica in Saihanba, Hebei.
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Fig. 2 Diurnal change of stem radial growth in Pinus sylvestris var. mongolica from March 20 to May 20 in Saihanba, Hebei.
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Fig. 3 The diurnal change of stem radial growth in Pinus sylvestris var. mongolica from September 20 to November 20 in Sai-

hanba, Hebei.
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Fig. 4 The yearly accumulation of radial growth in Pinus
sylvestris var. mongolica during 2016-2018 in Saihanba, Hebei.
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Fig. 5 Stem radial growth of Pinus sylvestris var. mongolica
at 15 d interval from April to October in Saihanba, Hebei. Di-
agonal box shows that stem radial variation is significantly
different from zero.
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Fig. 6 Dynamic relationship between radial variation and climatic
factors of Pinus sylvestris var. mongolica in Saihanba, Hebei.

3 g
3.1 HEFRRTFREBTHRIRE

FE 7R B A% m] A2 Ak il 26 5 oK 28 1 7E A&
75 5L B A AE AR P (Zweifel et al., 2001; Turcotte
etal., 2011; Ehrenberger et al., 2012). Chan%$(2016)
HH H A A 5 S 8, BEE K20t
T H A 5] H AR AL 5 27K 35 1) AR A A A R 2 P L
ol AHEFEEE Kb, MR H 2 5K A
PIK R, HEFT, RIABERALNEH T KB
b5 2R i 1 R 5 FURE 5 1 H (Zweifel & Hasler, 2000).
HELIEERESTO0 C, WMRETOKR S, B L
AT E, BRI IR Z AR, 2 TFHLUE
IKIBERIE, Ko MR B IA 22 25 H 2, 7K R
WK T80 e ZE I (43 %, LR B T2 A 18 ;. K 3
FHIFIIN TG, L6703 18), A% et 1R 7K 20 75 K i
THREBAIR AR, BT AR K I, FIRK
7> I B B A ZA 1 R SR e S, AR ZE U4
MEBEIEIT A6, 2518 1E Fl b, 22 FK 153 20 4b 5
(Sevanto et al., 2011), PARZETFZHK .

FRAZETS, BB 1E HIAS PR AR 222 A0 B 3
AR, AW T ZE TR PUE I3 (Seva-
nto et al., 2006; King et al., 2013). HT&Z=4] 1
R, WARZEFLEIKRIRE 5 MRS Z 7] ]t
(Deslauriers et al., 2003), L& 215 b e ] s i
ARILIMIIT 5 R 45, AN 3 50 B 40 P i 2 i 1
He, 22T U 4i (Zweifel & Hisler, 2000; Pearce,
2001; Strimbeck et al., 2008). 4[4 K il & L 1% = i,
BRI R AT, KT R, TR
Jik Ik 2I)4F H # KAE (Turcotte et al., 2009). AHf 7%
15 H 08 7028 A IR 15 King 25 (2013 )46 B JR B 4 1L
I RA BB TG R I AR — B, (HARRZ, AW
AZRIE KT HE 2, JE AT AR PRI 5 47 22 A
Ko = B TR 57K 2 55 7% 3 B (Deslauriers
et al., 2007a). FEFWEFF2-3 I, BRI
EARR, FEURMER K.

R LI A BORR 2 KB B a4 A2 B 5 R T K Pearson il %% £ 70 HT

Table 1 Pearson correlation analysis between the radial variation of Pinus sylvestris var. mongolica and the meteorological factors

during fast growth and stable growth phases in Saihanba, Hebei

Ffr Bt Phase

[% /K & Precipitation 3R Soil temperature 75 <RE Air temperature  [#7K & Precipitation (15 d) 2= Air temperature (15 d)

4K Growth 0.247 0.363"
F45E Stabilization 0.400™ 0.169

0.241 0.755
0.218" 0.135 0.816

0.897""

F 8T NPearsonfl K REL; **, p<0.01.

The numbers in the table represent Pearson correlation coefficient; **, p <0.01.
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3.2 EFORTFEEZE AR E

Deslauriers%5(2007a)f8 i, # A4E (1) A5 40 AL 45
AN R PR AR e A K AT AR A4 A K - B K AL,
AT EE RS UGB — . MNEFERIR AR ]
ARKMAUEE, FREKRE K, EH3H
AR IR 3 A Y AR KB 52 (Sevanto et al., 2006;
Turcotte et al., 2009), X —EZKIMRE T SHALE
K IR AH EIRVE (Zweifel & Hisler, 2000; Deslauriers
et al., 2003), [FB, TELLFA(EEIREE, 2014). HIF
(PEZ R SR, 2018)IAHICHT Tk, AAHBIMAE R,
ERBFEFTHIKS BT, WTRKRR. BEES
I, RE IR, HESKEMZ F &, W
T K KR IFIE B4, AEANH 2 4K R i
WA, WARKAERZAK, FTFRAETR
EAAE, MR FA RS, RIH — B
PR, 23 REB4HRKEE e lE, T
INFS AV A K, e KR4 2 H L
BR LA RS CUL b, 2T R AT 2
i, WA, MR RIS KFLEE6 ] T
f), N7 H 0 FFIGTE B Z 91 i 7= A 2% 1% (Deslauriers
etal., 2007b; ZEXHEE, 2014), BT TR
WEFRIN, BEARAR A AR K B e KA R AEAE6 T
f), & FONEY) A KA A B e R 5 R I R 25 0
(Partanen & Beuker, 1999; Li et al., 2003; Marek
etal., 2011), AKATHE . R FIK 3L FVEF, A4
ARRGHHMZBRE ALK, W EREEKEER
(Ljung et al., 2002), et ARZETFTERUE K74
LR 73 B AR (TR S5, 2012). FEARKZ A 1,
A (1) TV 12 A B 328 20 B A D i e 24 i A ) R 4
Hf, 56 RGN B BE K T A P2 (Zweifel & Hasler, 2000,
Rossi et al., 2006). 10 N A 46, [iRFEZE0 CLLF,
Pk &5 35 R BB AR, REARAKAF I B
I 7K e 4, & 2H 23 240 i o ok FE B 2 Tt =i (Baig &
Tranquillini, 1980; Anfodillo et al., 1998; Zweifel &
Hasler, 2000; K305, 2012), X @& TAAHLHZE
A 5T 8 ()4 17508 (Pichler & Oberhuber, 2007).
33 EFORTFERZUSSREFHXR

T FA B T 12 M A8 b 2 B2 K 4 5 R B I R
Wi, (HAESEBRAIAS A A KB B, AR W 52
MW R 428 [ A A BRI T G 452D o TG4 26 S A
X4 G, RNREIFMaRf, LI E K
m, W RERAEKEHTSEREA SRS, 2T

TEBRA IR BIKPATE DL R, IR BB ARAEKA 2K
BUR, 5IRIERE S50, R 5 k22T
A K:(Gruber et al., 2009; Swidrak et al., 2011). %5
T FE 51 R SR EE B, 2 L s e B et 25 M,
AT A A8 - A 25 2 2L K 43 AT B2 40 i i
JEo AR R B R AERENTEION, WA
SE R SR AR AU o ZERTAE K, BT AR IR
AR B, BEARAR A R/ NEEA R B R E « AR KRR
JE N ZTFRMARE BT, WA HARNE
FE TR s B, T oK &R A SR A S
RIS 7K A RIS o BEITR B, 15K 9 Ta) R,
BERA TR T IA R A AE KR B N 2=, B
AARAKFEELWER. FREFQOIXK
e W I ER AR Fa e 5 A BB T R, B
SRR S Ko A T A A2 1) A K TR S T 7R A R R A H
W AEEZE S, AR AR AR 1) AR K I 3 PR
BRI 7o 1B 25 52 1R 2(20118) % 4K 3% 111 5 #F2013-2015
FEME S5 R R AMBE TR, FEAKSTES-TH
X E AT R AR W 1) X Re SR AE
PR ST Z RS A O, 5 87 B R A fR
T2 5T U2 40 M A KA TR 7

Sk

Anfodillo T, Rento S, Carraro V, Furlanetto L, Urbinati C, Car-
rer M (1998). Tree water relations and climatic variations
at the alpine timberline: seasonal changes of sap flux and
xylem water potential in Larix decidua Miller, Picea abies
(L.) Karst. and Pinus cembra L. Annales des Sciences Fo-
restieres, 55, 159-172.

Baig MN, Tranquillini W (1980). The effects of wind and
temperature on cuticular transpiration of Picea abies and
Pinus cembra and their significance in dessication damage
at the alpine treeline. Oecologia, 47, 252-256.

Bouriaud O, Leban JM, Bert D, Deleuze C (2005). Intra-annual
variations in climate influence growth and wood density
of Norway spruce. Tree Physiology, 25, 651-660.

Chan T, Holttd T, Berninger F, Mikinen H, No&jd P,

M, Nikinmaa E (2016).

water-potential induced swelling and shrinking from

Mencuccini Separating
measured radial stem variations reveals a cambial growth
and osmotic concentration signal. Plant, Cell &
Environment, 39, 233-244.

Dai JX, Yang GL, Yang ZY (2002). Pioneer tree species for
sand control and afforestation—Afforestation techniques
of Pinus sylvestris var. mongolica. Forest Science and
Technology, (10), 5-7. [#k4k%c, #EMK, #&FHE (2002).
TRV IE RS BERR— R TR G EOR BT T, Molks

DOI: 10.17521/cjpe.2019.0340

©U 00000 Chinese Journal of Plant Ecology



264 EMAEZM Chinese Journal of Plant Ecology 2020, 44 (3): 257265

HAR, (10), 5-7.]

Deslauriers A, Anfodillo T, Rossi S, Carraro V (2007a). Using
simple causal modeling to understand how water and
temperature affect daily stem radial variation in trees. Tree
Physiology, 27, 1125-1136.

Deslauriers A, Morin H, Urbinati C (2003). Daily weather
response of balsam fir (Abies balsamea (L.) Mill.) stem
radius increment from dendrometer analysis in the boreal
forests of Québec (Canada). Trees, 17, 477-484.

Deslauriers A, Rossi S, Anfodillo T (2007b). Dendrometer and
intra-annual tree growth: What kind of information can be
inferred? Dendrochronologia, 25, 113-124.

Ehrenberger W, Riiger S, Fitzke R, Vollenweider P, Giinthardt-
Goerg MS, Kuster T, Zimmermann U, Arend M (2012).
Concomitant dendrometer and leaf patch pressure probe
measurements reveal the effect of microclimate and soil
moisture on diurnal stem water and leaf turgor variations
in young oak trees. Functional Plant Biology, 39, 297—
305.

Gruber A, Baumgartner D, Zimmermann J, Oberhuber W (2009).
Temporal dynamic of wood formation in Pinus cembra al-
ong the alpine treeline ecotone and the effect of climate
variables. Trees, 23, 623-635.

King G, Fonti P, Nievergelt DU, Frank D (2013). Climatic dri-
vers of hourly to yearly tree radius variations along a 6 °C
natural warming gradient. Agricultural and Forest Meteo-
rology, 168, 36-46.

Kocher P, Horna V, Leuschner C (2012). Environmental
control of daily stem growth patterns in five temperate
broad-leaved tree species. Tree Physiology, 32, 1021-
1032.

Li CY, Junttila O, Ernstsen A, Heino P, Palva ET (2003). Phot-
operiodic control of growth, cold acclimation and dorm-
ancy development in silver birch (Betula pendula) ecoty-
pes. Physiologia Plantarum, 117, 206-212.

Li T, He XY, Chen ZJ (2014). Tree-ring growth responses of
Mongolian oak (Quercus mongolica) to climate change in
southern Northeast: a case study in Qianshan Mountains.
Chinese Journal of Applied Ecology, 25, 1841-1848. [2=
B, o0, FRRZEE (2014). ZRILFGHSE MR R A K
X AGARAY R R —— AT LU . R AR AR 2, 25,
1841-1848.]

Li XH, Liu RP, Mao ZJ, Song Y, Liu LX, Sun T (2014). Daily
stem radial variation of Pinus koraiensis and its response

to meteorological parameters in Xiaoxing’an Mountain.
Acta Ecologica Sinica, 34, 1635-1644. [ZE24%%, XUk Mg,
BTFE, Rk, XIHE, 0 (2014). DXLk H
A2 1) AR A B H R AR T R R AR A AR, 34,
1635-1644.]

Ljung K, Bhalerao RP, Sandberg G (2002). Sites and homeos-
tatic control of auxin biosynthesis in Arabidopsis during
vegetative growth. The Plant Journal, 28, 465-474.

www.plant-ecology.com

Marek J, Miroslav B, Katarina S, Cubica D (2011). The impact
of the 2003-2008 weather variability on intra-annual
stem diameter changes of beech trees at a submontane site
in central slovakia. Dendrochronologia, 29, 227-235.

Niu HG, Zhang F, Yu AL, Wang F, Zhang JZ, Gou XH (2018).
Intra-annual stem radial growth dynamics of Picea
wilsorii in response to climate in the eastern Qilian
Mountains. Acta Ecologica Snica, 38, 7412-7420. [4-5%
&, skI5%, FRR, TR, KERH, AEE (2018). 18
B AR TR N AR I A KB AR R AW L. RS
24, 38, 7412-7420.]

Partanen J, Beuker E (1999). Effects of photoperiod and
thermal time on the growth rhythm of Pinus sylvestris
seedlings. Scandinavian Journal of Forest Research, 14,
487-497.

Pearce R (2001). Plant freezing and damage. Annals of Botany,
87, 417-424.

Pichler P, Oberhuber W (2007). Radial growth response of con-
iferous forest trees in an Inner Alpine environment to heat-
wave in 2003. Forest Ecology and Management, 242,
688-699.

Rossi S, Deslauriers A, Anfodillo T, Morin H, Saracino A, Mo-
tta R, Borghetti M (2006). Conifers in cold environments
synchronize maximum growth rate of tree-ring formation
with day length. New Phytologist, 170, 301-310.

Sevanto S, Holttd T, Holbrook NM (2011). Effects of the hydr-
aulic coupling between xylem and phloem on diurnal ph-
loem diameter variation. Plant, Cell & Environment, 34,
690-703.

Sevanto S, Suni T, Pumpanen J, Gronholm T, Kolari P,
Nikinmaa E, Hari P, Vesala T (2006). Wintertime
photosynthesis and water uptake in a boreal forest. Tree
Physiology, 26, 749-757.

Strimbeck GR, Kjellsen TD, Schaberg PG, MurakamiPF (2008).
Dynamics of low-temperature acclimation in temperate
and boreal conifer foliage in a mild winter climate. Tree
Physiology, 28, 1365-1374.

Swidrak I, Gruber A, Kofler W, Oberhuber W (2011). Effects
of environmental conditions on onset of xylem growth in
Pinus sylvestris under drought. Tree Physiology, 31, 483—
493.

Turcotte A, Morin H, Krause C, Deslauriers A, Thibeault-Martel
M (2009). The timing of spring rehydration and its relation
with the onset of wood formation in black spruce.
Agricultural and Forest Meteorology, 149, 1403-1409.

Turcotte A, Rossi S, Deslauriers A, Krause C, Morin H (2011).
Dynamics of depletion and replenishment of water storage
in stem and roots of black spruce measured by
dendrometers. Frontiersin Plant Science, 21, 1-8.

Wang XC, Song LP, Zhang YD (2011). Climate-tree growth rel-
ationships of Pinus sylvestris var. mongolica in the nort-
hern Daxing’an Mountains, China. Chinese Journal of

©U 00000 Chinese Journal of Plant Ecology



T LA WALEFIWE TR RS EBU AL SRR THIRAR 265

Plant Ecology, 35, 294-302. [EBEF, HRAKM, KL
(2011). KP4 ZWALFBIE AR AR A K5 A% K 51 2
. WA TR, 35,294-302.]

Zhang JD, Jiang LL, Xu ZQ, Ma R (2019). Study on growth
regularity of Pinus sylvestris var. mongolica in Saihanba
area. Forestry and Ecological Sciences, 34, 135-140. [k
HZR, LIRS, VP, SR (2019). ZEFIUM XA T
FALE R 7E. Mol 5458, 34, 135-140.]

Zhang LN, Jiang Y, Zhang SD, Jiao L, Wen Y (2018). Relati-
onships between tree age and climate sensitivity of radial
growth in different drought conditions of Qilian
Mountains, northwestern China. Forests, 9, 135-153.

Zhang WT, Guo YY, Dong MY, Jiang Y, Yang HC, Wang MC
(2012). Dynamics of stem radial growth of Picea meyeri
during the growing season at the treeline of Luya
Mountain, China. Chinese Journal of Plant Ecology, 36,
956-964. [TKICVE, FRERIE, WiHT, 1L, MIEHE, £
A (2012). M LML AT A K TR AR,
AR, 36, 956-964.]

Zhang Y, Bergeron Y, Gao LS, Zhao XH, Wang XM,

Drobyshev 1 (2014). Tree growth and regeneration
dynamics at a mountain ecotone on Changbai Mountain,
northeastern China: Which factors control species
distributions? Ecoscience, 21, 387-404.

Zheng CY (2005). Forest Sructure and Biomass of Saihanba,
Hebei Province. Post-Doctorate Reports, Peking
University, Beijing. [X{7F (2005). Ti/db48 28 F AR
it SRR, WL E e, bR, 6]

Zhuang LW, Axmacher JC, Sang WG (2017). Different radial
growth responses to climate warming by two dominant tree
species at their upper altitudinal limit on Changbai
Mountain. Journal of Forestry Research, 28, 795-804.

Zweifel R, Hasler R (2000). Frost-induced reversible shrinkage
of bark of mature subalpine conifers. Agricultural and Fo-
rest Meteorology, 102, 213-222.

Zweifel R, Item H, Hasler R (2001). Link between diurnal stem
radius changes and tree water relations. Tree Physiology,
21, 869-877.

FriggnZe: wEE TuEsE: O

DOI: 10.17521/cjpe.2019.0340

©U 00000 Chinese Journal of Plant Ecology





