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Seasonal variations in the stems of Larix principis-rupprechtii at the treeline of the

Luya Mountains

DONG Manyu'*?, JIANG Yuan'* ", WANG Mingchang®, ZHANG Wentao’, YANG Haochun’
1 State Key Laboratory of Earth Surface Process and Resource Ecology, Beijing Normal University, Beijing 100875, China

2 College of Resources Science and Technology, Beijing Normal University, Beijing 100875, China

3 College of Life Science, Beijing Normal University, Beijing 100875, China

Abstract: The treeline, which is defined as the upper limit of altitudinal tree distribution, is one of the most conspicuous
vegetation boundaries worldwide. Treeline environments are generally characterized by harsh climatic conditions, which
restrict tree growth and metabolic functions. Tree growth at the treeline is very sensitive to environmental changes, and it
may be immediately influenced by small changes to limiting factors. Therefore, tree growth at the treeline can be used as an
amplifier of external environmental changes, which has important implications for global climate change research. Fine
resolution studies of tree radial variation on short temporal scales can be useful for exploring the interplay of the main
physical variables that trigger the radial variation. From 19 Oct. 2008 to 17 Oct. 2009, we continuously monitored the stem
radial variation of Larix principis-rupprechiii trees using point dendrometers, at the treeline of the Luya Mountains, in
Shanxi, northern China. Our results showed that there were two reverse daily variation patterns in the warm and cold
seasons, which were related to the daily transpiration rates and daily stem freeze-thaw cycles, respectively. In the warm
seasons, the diurnal stem variation pattern was resolved into three phases: (1) radius contraction, (2) radius expansion,
and (3) radius increment. Generally, during daytime, when tree transpiration exceeded water absorption, stem diameters
usually decreased, and stem expansion occurred at night because of greater water absorption by the roots compared with

water loss due to transpiration. In our study, a wide range of stem radius variations occurred during the stem freeze-thaw
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cycles during the cold seasons when the air temperature fluctuated around —5%C. The course of the cumulative radial
variation during the year showed similarities among individuals representing the characteristic seasonal patterns. The average
net stem radial increment of Larix principis-rupprechtii during the growing season was (2014.1+240.5) wm. Annual stem
radial variation of Larix principis-rupprechtii was divided into four distinct periods: (1) spring stem rehydration, (2)
summer stem rapid growth, (3) autumn stem dehydration contraction, and (4) winter stem stagnation. During different
growth periods, the major environmental factors controlling stem radial variation were different. During the first period, the
large radial increments were due to stem tissue rehydration by root pressure in early spring, and soil water content became
the crucial environmental factor influencing stem radius variation. During the period of rapid stem growth in the summer,
soil temperature was the major determining factor. Low soil temperature can inhibit net photosynthesis of Larix principis-
rupprechtii, distribution of non-structural carbohydrates in the stem, and root activity and water uptake. The third period
was characterized by the cessation of increments accompanied by dehydration of stem cells. These changes accompanied the
declines in temperature and soil water content. Changes occurring in the cambia likely allow for over-wintering, which may
be a survival strategy to avoid frost damage during cold winter conditions. During the fourth period, Larix principis-
rupprechtii entered the dormancy stage and the stem remained relatively stable. It was observed that fluctuations in the

radius of Larix principis-rupprechiii were mainly related to the changes in air temperature.
Key Words: dendrometer; treeline; stem radial variations; seasonal characteristics; Larix principis-rupprechiti

S e L RRAMORI g L 5 T 2 ) g A A T, BV e L AR SR R T T AR R 2 — 1 R L R XA
ARAEA 35 52 B S FR i PR S A B s e, O PR AR A 43 BURK  BIR T 1 R G555 1) o302 2 S 2005 i 81 A
A, BT LLARZR E ok A BRAE Ak W 1 82 I, 7R M SCB s v A9 8 T T iz oY BT R E
e ARG AT W T A AR ) R K BT 32 BRI TR AR SR MTF R i 0 sl s AR AR 2 0 W, T
RABAF T HER AU AR ST & B, R R S AR E K L MEEFRK R
B b —AE& 7 A3 ARSI B2 G005 38 o Xof BT J 35 98 1 Ly bty m S 5 L LMK AR 2 R R A AR AF 4 5
JEAEFRIIDEE , RIARE AR ACE K 5 2545 7 HP AR R B EARDC . BRSNS W58 R A Ll s LAk
L DR FLLAZARAE R T8 BE X S R AR B i 1, A BUK L LLAZ AR R P 90 5 24 4F 4 AR S B35 EASC 5 A
Bk GRS, I AT ) R L BERSAR LT b S B AR A ) A= K 5 A TG & (B HORRBAR 4
HBH T H SRR NRE BRI A A K AR TS

AT 1] A5 AT A (TR A & —Fh FH K F 8l it 2 Wa AR AR 25 T4 1) A AR g {3 HemT DL i
— H AR AR AR ARG 33 23 B3R AR A28 1] 722 A M, XA K Z8 /N I ) RUBE | AR AR 2
PAE 2525 AR B TR A3 DT AR AR ) A X T4 U R (il B8 3K | 3085 /K 55 ) A8 Ak o 1y ATL B EL A
FEME 20 22 70 AFACHFIILOK , EAMFIG T2 O FC SSORBF SR AZE T4 1 A R AR R
TEIE 10a 2K, AR 2 [E Hh 27 5 B 560 10 SR AR B 5 e 1L PR 4 b IDXRE AR B9 A% 1] A= R S 5 3R 85 TR 1 119 %
ZUE 8] Gruber 28070 B Hb ) P 5 A% BT R BT LU 5 LU ARER A BT Pinus cembra , Picea abies , Larix decidua 4F
IR AR ) AR I 2 B0 BT 1) AR (b i 55 TR B2 0 0 3 IE M 5656 R . Biondi 45" 78 SR 7 HF #4HY
e LUARZ, WE I ARZER B Pinus hartwegii 72 [ 72 AL B, FEA K= (6—7 H) WA ZE TR M 284k &
LB LUK SEm , FRT, A28 UL EMRAE S 2 a0 REAR DY AR e S
WL A AR PR DX BRI BT i IX R R ARbR 7S 28 1L g A8 A TR R SR i i A b, ) T SR B0 IR %
A0 AEAE R T BT T2 AR [ AR KRR E A TR A 5T o T ] A A DG SRASCTE 3 LU AR AR A A R T T - 1Y
I R W, ASBIFFE /NG T 2007 4F  FEAE R 2R 91, %60 Ll oG 72 2 1L v LU AR SR ZH B A AT ( Picea meyeri) 5 4€
JCIEM s (Larix principis-rupprechuii ) B AR ) AR A7 3 W) 54

FTLAR I, FaR [ N BT s AT R T PRIH: e By et TR 50, I8y 4 T o) A R 251 g =15 28 4k

http ; //www. ecologica. cn



7432 A E = 324

IR B X B35 DR - g i 7 R Sl A v L PR G Y | 36 10 AN TR 114 15 0 R A A A8 1 28 4 B A S F
FERAEIRA . FET I, A SCLATE AU 3 IX EL A A M 00 2 L Ll PR 4 b Ao —— A b 36 0 S fF 5 %)
G R ASCRIE ST R T A i AA 25 AR AR AR 2R34T shis O S B TR R IWE5E, B el s H
7R 1 LR A AR ) AR A3 P 5 R 128 A mi 107 £ P 7 A B A 252 ML, AU Ry it — 25 J v Ll AR
ARA AR X G Bk A A AR AL i B AT ST SR AR 2R AR . ABIESE I B FE T T 1) ARAVE AR ZE TR AR KW
HAS (L RLAE ;2 ) Aedb i A AR I 25 T4 ) REVEEIL ) T shs M SRR F 2 ML R,
1 HREHR

AWFFEAEITEE BRIk i 2R IR (B 1) P 2RI T B 32 b, Fo AR Bk 38°35'— 38°
45'N, 111°50'—112°5'E, 14k 1200—2783 m, fi i W faf i FEIE AR 2787 m, FHiAR LI AE 2000 m 2247, J5 2
Ly Bl >0 X, ELA B S ) Bt 1 Ao, B R I W, A ZR 308 T AR 3R 4—T € ARERRK
H384—679 mm, LFEY] 130—170 A, FEZEIVEIR 1750—2600 m A5 | FaAS LU A AT A1 Ly i fs
TN 2 B0 FE IR R ST UK | 938 R A 8 B AR - 2450—2772 m R0 {5 L3 AT ) | 4338 g ST e 1 g 125
2 EWigIt SHEAIE

N L
2.1 tfi"\]_i ZZEIX 111°49'0" 111°49'30" 111°50'0" 111°50'30" 111°51'00"E

RS M 5 75 25 1L B 5P e bR 2 S 1 £ T ;} IK
EAALTE M AR ISR (I8 1) B B AR S AR A A
Jedg A . SERRREHLAL T 2R I AR A B L RS,
38°43'47"N, 111°50'16"E, ¥4k 2737 m, -4 & 25°, ¢ ‘ P

e AR YY 45°, FRINABIIEE 0.9 , MK T IEATCHEZ , 2400m
SCHFE ML B T A A A DL R Sk B BT ( Scirpus
distigmaticus ) Fl1{5 11178 5 ( Kobresia pygmaea ) 3L HFp

N
® UG
CLTIEALE = £ o
2.2 AEILTEIAZE PRERIVE KEGRRIE RIS
TES IR PR IR A R st el | ) ) ) )

VRIS 3 B SC g I G (36 1) AR F R AR 2 A
BRGS0 3 PR LR o A v A AR AR 2R I

38°44'30"N

38°44/0"

38°43'30

ARVL . HEACRIDFAL (DR B, Ecomatik, F8[) B T A1 RERBLRRLE
BIARZET 1.5 m kb , 25 U0 2 BT e T oM i 58 Fig- 1 Location of the study plot

25, F 2009 4510 A 19 H—2010 410 A 17 H , %

SR M AZE TR M AR A . T AR IR RRAR 25 42 ) A8 fb A5 B R DU 1A DL10 YRR AL #5% ( Ecomatik
PR AT R, A 30 min i 1 ANEE , AUIRIC A 5 U Sy« AR 8 AR 1) M4 5 R K R ] S AR T
(AP SRR AR S 7 HE I R T A8 Ak, 3o i 301785 L8 e 380y e, BEL {1 A9 72 A ok s IR A 25 g 42 i 28 A7 T A
HEEN 1pm, fKFE Bouriaud N RS RARAELE, REEET R ARG S, B 00:00—23:30 Frijk
B 48 A AAA A ZE 40 b 3 B KA, TH A 2 H 1 B R 2 22 R A K22+ 19 H A2 1L (AR) (I
2) . MARZETA2 1 BREVE LR % H 22T H AN (AR) Y I il

R R REER BB R

Table 1 Characters of three Larix principis-rupprechtii sample trees

R S M /m 42/ em T/ m
Number Tree height Diameter at breast height Crown diameter
14# 5.5 20 3.5
24 3 10 1.5
34 3.5 11 1.7
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Fig. 2 Daily stem radial variation of Larix principis-rupprechtii
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Table 2

periods in a year
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Partial correlation coefficients between cumulative radial variation of Larix principis-rupprechtii and environmental factors in different
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Fig.5 The relationships between net radial increment of Larix principis-rupprechtii and environmental factors during the growing season
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