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4 DI RFHARRABERNERITSRERERFHXER
RER, BFEE, # M, BRE, FHEY, I &, ERF

G R RHE R bl 20 SRR, TR 1% FH 471000)
HE: [ B8] WAZETFRRAREKS WA ZMIRE TR IEAFZ—, BRI ARIF AN R T 58
MALABHXAZBEATEZEL, [ F&F ] ARABKERER, ZE T ABEEME (7~10d), @idy R WEF &
4 3R 3L M A A WA Catalpa bungei. ¥ A Cinnamomum camphora. & ¥ Fraxinus chinensis #= 3= # Koelreuteria
paniculata ¥) KR F A2 @A KL, HAH Gompertz A M EH K RHK 2O AR EREHRFTNES, [£EF]
QAR R EEFHEAEFEIALOE 10T, LPaMRE, H (189.0£14.6)d, BHE K, H (216.0£17.4)
do @4 MF ARG R A4, HEZSALERME, 1l AR atk, sxiKkigZhAEs Addq, =
FREAMAGERNZOERTEZFRK, L PO RME, A (5807.0+2 192.9) um, #WAtZ K, # (8276.0+1 744.2) um,
QABTHRAZAANERNAZOERG T EAMERT, LRFEABESHAZOAKS ZRBF EHE (P<0.01),
BkEREEMAERERFEHMX (P<0.05), X THEZR GG FEALZE FE@RY R, SRS FHRE,
[&# ] &mF 4 A za s kA5 R EMBFEAEL, - EF AU AAE B T 69 w0 252 T H 4k 3 N30
AMHAr, B 5K 4552
XB2IR: RILM; BARE; Gompertz #A; FRZEHAERSE; MM ; Pearson A%
FES S ST718.45 XEkFRERS: A XERES: 2095-0756(2024)06-1105-09

Intra-annual growth and its response to climatic factors
in four ring-porous wood species

XU Junliang, HOU Jiayu, WU Tong, ZHAI Lexin, LUO Pengfei, WEI Miao, ZHANG Yiping

(College of Horticulture and Plant Protection, Henan University of Science and Technology, Luoyang 471000, Henan,
China)

Abstract: [Objective] The radial growth dynamics of xylem is considered one of the indicators of sensitivity
to environmental change. Investigating the xylem formation is crucial to elucidate the relationship between trees
growth and the climate. [Method] Microcore sampling and paraffin sections technology were used to monitor
the intra-annual growth dynamics of xylem formation. We collected the microcores of Catalpa bungei,
Cinnamomum camphora, Fraxinus chinensis and Koelreuteria paniculata every 7—10 d, and Gompertz model
was used to fit the modeled value of cumulative radial growth. [Result] (1) Cambial activity began in early
March and ended in mid-October. The duration of cambial activity was shortest for C. bungei [(189.0£14.6) d],
and longest for C. camphora [(216.0+17.4) d]. (2) Four species finished the xylem differentiation in early
November, and their maximum growth rate occurred in the middle of May. However, the widths of cumulative
radial growth showed great variations among four ring-porous species which were from (5 807.0+£2 192.9) um

for F. chinensis to (8 276.0+1 744.2) um for C. bungei. (3) Additionally, temperature may be the main climatic
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factor influence the radial growth in study area. Both air temperature and surface ground temperature had a
significantly positive correlation on the xylem growth increment for four ring-porous wood species (P<<0.01).
The positive correlation between precipitation and xylem growth was only in C. camphora (P<<0.05). It may
explained by the smallest diameter and area of vessel of C. camphora, which led to the trees were more
sensitive to precipitation. [Conclusion] The radial growth of the four tree species in the local area is highly
significantly positively correlated with air temperature. The response of the C. camphora plants to climatic
factors is stronger than the other three ring-porous porous tree species. [Ch, 5 fig. 4 tab. 52 ref.]

Key words: ring-porous wood; cambium; Gompertz model; intra-annual radial growth dynamics; microcore;
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Figure 2 Diagram of xylem differentiation of 4 tree species
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Figure 3 Number of cambial cells for four ring-porous tree species
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Table 1 Phenology of cambial activity and xylem differentiation of four ring-porous tree species

BFp ERURWE SR SRR JBRUZTESME IR BRSO R TESREEA BRI R R

AR 69.0+0.0 258.0£14.6 301.0+12.1 189.0£14.6 232.0+£14.8

) 71.0£3.5 287.0£14.0 311.0+4.2 216.0+10.1 236.0+5.2

1 80.0+4.6 280.0£17.6 301.0+6.4 199.0+13.0 221.0+9.5

2L 69.0 273.0 289.0 204.0 220.0
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51 Tﬁﬁﬁn FIE, 22500 6 727.0. (6 399.0+1 241.7) il (5 807.0+2 191.9) um.,
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Figure 4 Seasonal cumulative radial growth and its model prediction from the microcore measurements
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Table 2 Phenology of xylem for four ring-porous species
K AEEmAK KRR K e FEAERKER,  EREREE  BERAEKEER
S /m WA fH/um (um-d™") (um-d’™") B ] /d

AR 8 467.0+2 423.7 8 276.0+1 744.2 0.93~0.95 <0.000 1 55.0+17.7 90.0+28.9 126.0£1.5
AR 5869.0+1 548.7 6399.0+1 241.7 0.84.0~0.91 <0.000 1 39.0+2.7 64.0+4.4 134.0+6.4
EL 5541.0+2 260.1 5807.0£2 191.9 0.58~0.80  <<0.000 1 41.0£19.5 68.0+39.0 136.0£15.5
2R 8281.0 6727.0 0.70~0.77  <<0.000 1 543 88.8 137.0

Ui s BUfE D PR EpRERE .

IR AR, RIIARIEZE o



55 41 5 6 W TRASEAT . A DL AR AR BEEAR N AR RS B U T IR R 1109

140 ™ AL HikRy 140 = B_ iy 140 c. s 140 = D, Jehy
120 120 120 . 120

100 100 100 A 100

80 HE

60 ‘ 60 P 60 Y

40 . 40 ﬁ\ 40 / \
20 20 i 20 /

0 4 0 U Sael 7 0 44 a7 L

y — 0
0 50 100 150200250300350 0 50 100150200250300350 0 50 100 150 200250300350 0 50 100 150 200 250 300 350
M HEMHA R/ HEMHA

-------------- BERE 1 - - - - BERE 2 —— FER 3
B 5 FREMAZEEARKEFEF N TG
Figure 5 Rate of radial growth for four ring-porous species
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Table 3 Correlation analysis between radial growth and contemporaneous environmental factors

R S/ IR/ °C F#/K &/mm AHXH R /% H JRIH /h
PR 0.519%* 0.523%x 0.272 0.186 0.266
=t ) 0.669%* 0.663** 0.389* 0.286 0.260
SL 0.636%* 0.629%* 0.345 0.258 0.207
g i) 0.595%* 0.587** 0.316 0.252 0.197

P **+FRP<0.01; *FRP<0.05,

24 KREEHSEFE

ANMRCP M S E ERRK R4, N R4 ANRIMRFHSEEESEEER
(243.0+19.2) ym, HR BB AT, R s Table 4 Diameter and area of vessels in four ring-porous species

TN, H (137.0+24.0) pm. A S48 HAZ/um SR um?
i) 240.0+14.7 46 123.0+5 278.6
3 4@ fehy 137.0+24.0 15 734.044 919.8
s P /= A g!;u: . . . .
30 4 MRITREITE R R R SRR AR A KB AT i 216058 38 370,041 3819
AR 243.0£19.2 48 125.0+8 475.7

A 4 ADRFPRYIE B2 G S 3 H R,
9 AalE] 10 AP agR, Eahirsiiigy 200 d.
ARBERAR I AEACTE 10 AJREL 11 AR5, Fr2emfal2y 230 do BEE S THR, IRERRR, WA
EIEER, BRI ARK RN, ARFHED, RZ, FERGEX, FARERKFEFERKS, 5
5 B 55 2% (60°~70°N), BRI = 42 Picea abies WY = 4 M 16 shFr 220 25 100 dB,  FL AR 5T X Fr 22 0
Ko AR BEPE XU (21°N), B Melia azedarach T iZ BTG shFF2e 5K, A3k 280d DA FBY,
TEFEVR HIX, WPARH R “HELAMRNE ", BITERA I [a) DU g i AR KO 38 58 AR N AE K . 7Rz b
X, BIARKRBFAERERI Y “T 2K, AERERRK, FRAERKBREIED, UHEN | TR
HiIX, BIATLP2AEERP, AR XA KB E24F, (HEK G A LaE 11 AY), H¥Y
AR RN 39~55 um-d™', SRHIBAER RIS T ¢ 12K o

A A A K 8 e B H BRI ()38 52 H BRI A58 e, — e H A 8] A (A B 22 [ O
W, FE—Eu BN, BESGEA R, HIEEHRIS, WA R R AR Z S LAY A AE 5 B, A
4 AR B AR R IR I [ 3978 5 A b Ay, mIRE S A A A OC. B H BRI AR, REARRAE K
R Z R ZmARY R 5 R A T 5 0] BE 2 S BUE KR £ 25 1100, X B A4 K
o A R R I 2 T, 3E R R AR R B ZR KD s SR G R A YR ZE RS E R, BT R A i e
X P8 AR AEE B T R A, A R BRI o B i 2D, RS T 4 DRI A R Y
IR, XU 4 R AR RE R ROK SR, RS, R T R e A K X R .

VLB . BUE P PRI o



1110 WroIL R R K A R 2024412 A 20 H

32 WMARBEKESBEEFHEAR

AR ) A K Z AR A B GRAE LR A5) FIANRE RS R 1 (REE S AL R MmO, AREFgEh, <
TSRS M AR ) 2 K ) RS T, B SRR 2B K B IE AR OG0 R RAEE AR h . X ] R
7% XA M B B G o 9 X b AR G s 5 B IR P JE X . A BRI . A FER IR X
B, ARIRSEE RO K T SRR T MR, SRR A AR K 4 5 VR R s s Y 1
Gb, WFGE XA TR T R X, BRI RARA KAT — a2 R, FLRR KRR . 1 R A 5 )
ANRE, Xl e TSR FAGE R T 2EFEKF . R ES AR TR, =i, WK
SR R T 3 NSRRI, FERRR AR S, R AR ) A K 5 K TE A DG OC R R T AL
3ABIFR . AN, AT R SR A IR AR R ), AR A 5B, BA K
S IR BTN (BRAE Fraxinus excelsior 55) 76 T AR IS ROIR HUR AT 22, AURRAK 12% A4 . TifA]
— B AL Rl (BRI EHPERE Prunus avium %), FET 4RO R T FRIRE 1K 15%~50%1, %%
S8R AR RRE R K 4398 i T A A IR FL A B R o S B g X K 435 B (AN AR A BB AR T AL A
FRUT481 5 A BT B T HCFL A TR FLAA 22 1] 0 2 BRFLAA A8 A b o 7K 4 B e v oAt 3 A4
IFLAR RN . AN, ARBEHR R ZE R RRIE | AR B K 1 D) BE TR 55 22 i R 35 459 4 S w400 o 7K 0 1 i
PRSI AR R RRAE 23 5 MR A A R S A R 07 1) 22 Sk, A RO R IR IO ZIAR B A b, IR AR TE
R oA LY, At 3 A RRR AR R A R KAk B R IR AR R B TR AR T £ 4 4
KA, X AT BRI R BRSP4 3 AP R AKCOR B SEME I TR 2 —

4 i

AHIFFEAE T 2018 45 {07 1 45 3% BH T A9 UM KON 5 21 1) 4 > BRALAA B o ) by 8t , o0 17 4k
PR R AR AR 1) A R B A RO R T AR N . AR BRI T E5E . 4 DA A
KEBREI—11 A, ERFHNIA 1T DAEREE, B0 A RIS AR F A, R
AR A DR 1 AR e 7 50 T AL 3 AN ERALMA R AN, FERE KX — 7~ IR W o IS A R A B T
PRASH DX ER AL B ol B AR B AR A= R, S P IR i A s DX AR A [ B RE ) S (SR Sl g3
BHTT R LA B A A - BRI i o BIL ] AR A TRURLER A

5 5HEXH

(1) Pronse, v i, EREM, 55, R EA A TR LSRRI OHAR I AR I B RE AR 0L )], W TARMROR 27274k, 2023, 40(1):
164 —175.

ZHU Wankuan, XU Yuxing, WANG Zhichao, et al. Response of soil respiration to understory vegetation management in
Eucalyptus urophylla x E. grandis plantation [J]. Journal of Zhejiang A&F University, 2023, 40(1): 164 — 175.

[2] RICHARDSON A D, KEENAN T F, MIGLIAVACCA M, et al. Climate change, phenology, and phenological control of
vegetation feedbacks to the climate system [J]. Agricultural and Forest Meteorology, 2013, 169: 156 — 173.

[3] HUANG Jianguo, MA Qiangian, ROSSI S, et al. Photoperiod and temperature as dominant environmental drivers triggering
secondary growth resumption in Northern Hemisphere conifers [J]. Proceedings of the National Academy of Sciences, 2020,
117(34): 20645 — 20652.

[4] NJANA M A, MBILINYI B, ELIAKIMU Z. The role of forests in the mitigation of global climate change: Emprical
evidence from Tanzania [J/OL]. Environmental Challenges, 2021, 4: 100170[2023-10-20]. doi: 10.1016/j.envc.2021.
100170.

[5] KOLO H, KINDU M, KNOKE T. Optimizing forest management for timber production, carbon sequestration and
groundwater recharge [J/OL]. Ecosystem Services, 2020, 44: 101147[2023-10-20]. doi: 10.1016/j.ecoser.2020.101147.

(6] SREmN, RE =, PIER, 5. G5BT I R A KA AR 25 AR TR i (U] A A= 252741, 2017, 41(7): 795 —
804.

GUO Xiali, YU Biyun, LIANG Hanxue, et al. Advancement in studies of tree growth and ecophysiology incorporating
micro-sampling approach [J]. Chinese Journal of Plant Ecology, 2017, 41(7): 795 — 804.
(7] AR50, 5K0%, TRR, 5. AR I AHR TS FFAR AR A K Sl g m Rz (1], A= 252441, 2018, 38(20): 7412 — 7420.


https://doi.org/${refdoi}
https://doi.org/10.1016/j.agrformet.2012.09.012
https://doi.org/10.17521/cjpe.2017.0009
https://doi.org/10.17521/cjpe.2017.0009

55 41 5 6 W TRASEAT . A DL AR AR BEEAR N AR RS B U T IR R 1111

(8]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

NIU Haoge, ZHANG Fen, YU Ailing, et al. Intra-annual stem radial growth dynamics of Picea wilsorii in response to
climate in the eastern Qilian Mountains [J]. Acta Ecologica Sinica, 2018, 38(20): 7412 — 7420.

MOSER L, FONTI P, BUNTGEN U, et al. Timing and duration of European larch growing season along altitudinal
gradients in the Swiss Alps [J]. Tree Physiology, 2010, 30(2): 225 — 233.

REN Ping, ZIACO E, ROSSI S, et al. Growth rate rather than growing season length determines wood biomass in dry
environments [J]. Agricultural and Forest Meteorology, 2019, 271: 46 — 53.

JYSKE T, MAKINEN H, KALLIOKOSKI T, et al. Intra-annual tracheid production of Norway spruce and Scots pine across
a latitudinal gradient in Finland [J]. Agricultural and Forest Meteorology, 2014, 194: 241 — 254.

GONZALEZ-GONZALEZ B D, GARCIA-GONZALEZ 1, VAZQUEZ-RUIZ R A. Comparative cambial dynamics and
phenology of Quercus robur L. and Q. pyrenaica Willd. in an Atlantic forest of the northwestern Iberian Peninsula [J].
Trees, 2013, 27(6): 1571 — 1585.

GIAGLI K, VETESKA O, VAVRCIK H, et al. Monitoring of seasonal dynamics in two age-different European beech stands
[J]. Wood Research, 2015, 60(6): 1005 — 1016.

PEREZ-DE-LIS G, ROSSI S, VAZQUEZ-RUIZ R A, et al. Do changes in spring phenology affect earlywood vessels?
Perspective from the xylogenesis monitoring of two sympatric ring-porous oaks [J]. New Phytologist, 2016, 209(2): 521 —
530.

GAO Jiani, YANG Bao, PENG Xiaomei, et al. Tracheid development under a drought event producing intra-annual density
fluctuations in the semi-arid China [J/OL]. Agricultural and Forest Meteorology, 2021, 308 —309: 108572[2023-10-20].
doi: 10.1016/j.agrformet.2021.108572.

ROSSI S, GIRARD M J, MORIN H. Lengthening of the duration of xylogenesis engenders disproportionate increases in
xylem production [J]. Global Change Biology, 2014, 20(7): 2261 — 2271.

A, rp B A P PR L A LT R RLE2AA, 2018, 36(6): 893 — 898.

ZHU Hua. Suggestions for the northern boundary of the tropical zone in China [J]. Plant Science Journal, 2018, 36(6): 893 —
898.

TR, m K, TG, A ITA64FI B DX AR AR AR J 0T (1] AR S BRI, 2008, 31(4%7)1): 138 — 141.
ZHANG Junjie, GAO Binyong, XUE Yuan, ef al. Analysis of characteristics of climate change over last 46 years in Luoyang
[J]. Meteorological and Environmental Sciences, 2008, 31(suppl 1): 138 — 141.

PARK J H, CHOI E B, PARK H C, ef al. Intra-annual dynamics of cambial and xylem phenology in subalpine conifers at
Deogyusan National Park in the Republic of Korea [J]. Journal of Wood Science, 2021, 67(1): 1 — 10.

ROSSI S, DESLAURIERS A, MORIN H. Application of the Gompertz equation for the study of xylem cell development
[I1. Dendrochronologia, 2003, 21(1): 33 — 39.

DICKSON A, NANAYAKKARA B, SELLIER D, et al. Fluorescence imaging of cambial zones to study wood formation in
Pinus radiata D. Don [J]. Trees, 2016, 31(2): 479 — 490.

DU Juan, WANG Yichen, CHEN Weifan, et al. High-resolution anatomical and spatial transcriptome analyses reveal two
types of meristematic cell pools within the secondary vascular tissue of poplar stem [J]. Molecular Plant, 2023, 16(5): 809 —
828.

XUFRHE, R, A5, 4. K ARG X Dk BH M DX AR A B A R S [ 182 F AR 252241, 2021, 32(10): 3468 — 3476.
LIU Weitao, LI Junxia, ZHAO Ying, et al. Effects of moisture and heat coupling on xylem growth of Pinus tabuliformis in
Shenyang, China [J]. Chinese Journal of Applied Ecology, 2021, 32(10): 3468 — 3476.

ROSSI S, DESLAURIERS A, ANFODILLO T, et al. Conifers in cold environments synchronize maximum growth rate of
tree-ring formation with day length [J]. New Phytologist, 2006, 170(2): 301 — 310.

CUFAR K, CHERUBINI M, GRICAR J, et al. Xylem and phloem formation in chestnut (Castanea sativa Mill. ) during the
2008 growing season [J]. Dendrochronologia, 2011, 29(3): 127 — 134.

JIANG Yuan, ZHANG Yiping, GUO Yuanyuan, et al. Intra-annual xylem growth of Larix principis-rupprechtii at its upper
and lower distribution limits on the Luyashan Mountain in north-central China [J]. Forests, 2015, 6(12): 3809 — 3827.
TJORVE K M C, TJIORVE E. The use of Gompertz models in growth analyses, and new Gompertz-model approach: an
addition to the Unified-Richards family [J/OL]. PLoS One, 2017, 12(6): e0178691[2023-10-20]. doi: 10.1371/journal.


https://doi.org/10.17521/cjpe.2017.0009
https://doi.org/10.1093/treephys/tpp108
https://doi.org/10.1016/j.agrformet.2019.02.031
https://doi.org/10.1016/j.agrformet.2014.04.015
https://doi.org/10.1007/s00468-013-0905-x
https://doi.org/10.1111/nph.13610
https://doi.org/10.11913/PSJ.2095-0837.2018.60893
https://doi.org/10.11913/PSJ.2095-0837.2018.60893
https://doi.org/10.11913/PSJ.2095-0837.2018.60893
https://doi.org/10.1186/s10086-020-01935-7
https://doi.org/10.1078/1125-7865-00034
https://doi.org/10.1016/j.molp.2023.03.005
https://doi.org/10.1111/j.1469-8137.2006.01660.x
https://doi.org/10.1016/j.dendro.2011.01.006

1112 WroIL R R K A R 2024412 A 20 H

pone.0178691.

[27] ZHANG Yiping, JIANG Yuan, WEN Yan, et al. Comparing primary and secondary growth of co-occurring deciduous and
evergreen conifers in an alpine habitat [J/OL]. Forests, 2019, 10(7): 574[2023-10-20]. doi: 10.3390/f10070574.

[28] LIANG E, REN Ping, ZHANG Shengbang, et al. How can Populus euphratica cope with extremely dry growth conditions at
2, 800 ma. s. 1. on the northern Tibetan Plateau? [J]. Trees, 2012, 27(2): 447 — 453.

[29] MENG Shengwang, FU Xiaoli, ZHAO Bo, et al. Intra-annual radial growth and its climate response for Masson pine and
Chinese fir in subtropical China [J]. Trees, 2021, 35(6): 1817 — 1830.

[30] MAKINEN H, JYSKE T, NOJD P. Dynamics of diameter and height increment of Norway spruce and Scots pine in southern
Finland [J]. Annals of Forest Science, 2018, 75(1): 1 — 11.

[31] BRALEL, T3/, YR, 45, VUBURR AN b DX ARAR 1] A A T e A 219 2l 25 S HOR PR PR g mn 1 (0] A 25241,
2023,43(8): 1 - 11.

CHEN Limin, WEI Xiaolian, FAN Zexin, ef al. Seasonal radial growth and xylogenesis of Melia azedarach and its response
to environmental factors in Xishuangbanna, southwest China [J]. Acta Ecologica Sinica, 2023, 43(8): 1 — 11.

[32] LI Xiaoxia, ROSSI S, SIGDEL S R, ef al. Warming menaces high-altitude Himalayan birch forests: Evidence from cambial
phenology and wood anatomy [J/OL]. Agricultural and Forest Meteorology, 2021, 308/309: 108577[2023-10-20]. doi:
10.1016/j.agrformet.2021.108577.

[33] KULMALA L, READ J, NOJD P, et al. Identifying the main drivers for the production and maturation of scots pine
tracheids along a temperature gradient [J]. Agricultural and Forest Meteorology, 2017, 232: 210 — 224.

[34] RATHGEBER C B, ROSSI S, BONTEMPS J D. Cambial activity related to tree size in a mature silver-fir plantation [J].
Annals of Botany, 2011, 108(3): 429 — 438.

[35] ANTONUCCI S, ROSSI S, LOMBARDI F, et al. Influence of climatic factors on silver fir xylogenesis along the Italian
Peninsula [J]. IAWA Journal, 2019, 40(2): 259 — 275.

[36] SALOMON R L, PETERS R L, ZWEIFEL R, ef al. The 2018 European heatwave led to stem dehydration but not to
consistent growth reductions in forests [J/OL]. Nature Communications, 2022, 13(1): 28[2023-10-20]. doi: 10.1038/
s41467-021-27579-9.

[37] KIYOMI M. Bimodal cambial activity and false-ring formation in conifers under a monsoon climate [J]. Tree Physiology,
2021, 41(10): 1893 — 1905.

[38] ZHENG Zhuangpeng, ZHOU Feifei, FONTI P, et al. Intra-annual wood formation of Cryptomeria fortunei and
Cunninghamia lanceolata in humid subtropical China [J]. Frontiers in Ecology and Evolution, 2021, 38(9): 1225 — 1236.

(397 BREEEE, M, BXMEER, 2. NSEH RG2S B B L AR I AR ARARAE (1] ZRIEMRll 2741, 2022, 50(12): 25 — 30.
CHEN lJiajia, ZHOU Mei, ZHAO Pengwu, et al. Radial growth characteristics of Populus davidiana in the southern section
of the Daxing’an Mountains in Inner Mongolia [J]. Journal of Northeast Forestry University, 2022, 50(12): 25 — 30.

(407 TEAIAL, SEFR, X3, 5. 3FIARJE B b BEAC AR AT R 1 JEE BEASERUAIFSE (0] WV TARMRCR 2722441, 2023, 40(3): 589 —
597.

TAN Cancan, NIE Wen, LIU Yifu, ef al. Tree growth model and bark thickness model of three Quercus species based on
trunk analysis [J]. Journal of Zhejiang A&F University, 2023, 40(3): 589 — 597.

(417 SEWHSC, SR, TRAEH, 55, K H 1L ft ] i Al g R T ARAE A e S ) B B9 L0 W AR PROR 2724, 2023, 40(5):
1063 — 1072.

DOU Xiaowen, WU Dengyu, ZHANG Xiaojing, et al. Study on the factors affecting breast-height basal area increment of
evergreenbroad-leaved forest in Mount Tianmu [J]. Journal of Zhejiang A&F University, 2023, 40(5): 1063 — 1072.

(42] ZE30H, SREK R, BN, 2. OS2I Il BE B JBE T 24222 7 R o) A RO U A e 7 22 5 [0 N 5ty ol B, 2023,
49(1):1-38.

LI Wenchao, ZHANG Qiuliang, HAO Shuai, ef al. Response difference for radial growth of Larix gmelinii to climate factors
under temperature gradient in the greater Xing’ an mountains [J]. Journal of Inner Mongolia Forestry Science &
Technology, 2023,49(1): 1 - 8.

[43] X138, R, Wi, 55, ) PHLDARR AR AR TSR (1], AR AR 274412, 2020, 41(5): 82 — 90.

LIU Shiling, YANG Baoguo, YAO Jianfeng, et al. Study on stem radial growth of Castanopsis hystrix in Guangxi [J].


https://doi.org/10.3390/f6113809
https://doi.org/10.1007/s00468-021-02152-5
https://doi.org/10.1007/s13595-017-0678-2
https://doi.org/10.1016/j.agrformet.2016.08.012
https://doi.org/10.1093/aob/mcr168
https://doi.org/10.1163/22941932-40190222
https://doi.org/10.11833/j.issn.2095-0756.20220455
https://doi.org/10.11833/j.issn.2095-0756.20220651
https://doi.org/10.3969/j.issn.1007-4066.2023.01.001
https://doi.org/10.7671/j.issn.1001-411X.202002005

55 41 5 6 W TRASEAT . A DL AR AR BEEAR N AR RS B U T IR R 1113

Journal of South China Agricultural University, 2020, 41(5): 82 — 90.

[44] A4, Brfte, JRRAS, 55, )1 B X 4T S b R AR R IR RRAE (7). s mtpRoll R 24l (B AR B ), 2020,
44(2): 125 -132.

NIU Mu, CHEN Junhua, ZHOU Dasong, et al. Topological characteristics of the root systems of four native broad-leaved
trees in the central Sichuan hilly region [J]. Journal of Nanjing Forestry University (Natural Sciences Edition), 2020, 44(2):
125 —132.

[45] VAVRCIK H, GRYC V, VICHROVA G. Xylem formation in young Norway spruce trees in Drahany highland, Czech
Republic [J]. IAWA Journal, 2013, 34(3): 231 — 244.

[46] BADER M K F, SCHERRER D, ZWEIFEL R, et al. Less pronounced drought responses in ring-porous than in diffuse-
porous temperate tree species [J/OL]. Agricultural and Forest Meteorology, 2022, 327: 109184[2023-10-20]. doi:
10.1016/j.agrformet.2022.109184.

[47] BRINKMANN N, EUGSTER W, ZWEIFEL R, ef al. Temperate tree species show identical response in tree water deficit
but different sensitivities in sap flow to summer soil drying [J]. Tree Physiology, 2016,36(12): 1508 — 1519.

[48] TUMAIJER J, SCHARNWEBER T, SMILJANIC M, et al. Limitation by vapour pressure deficit shapes different intra -
annual growth patterns of diffuse- and ring-porous temperate broad leaves [J]. New Phytologist, 2022, 233(6): 2429 — 2441,

[49] WU Min, TIAN Yu, FAN Dayong, et al. Hydraulic regulation of Populus tomentosa and Acer truncatum under drought
stress [J]. Chinese Journal of Plant Ecology, 2022, 46(9): 1086 — 1097.

[50] Wk, )1 R ToAh SN IR 2R o0 A1 S HO0 i U8B 3 PERI I J2 S AITSE (D] 22 DU 1|l R, 2020.

CHEN Hongji. Root Distribution of Five Typical Plants in South Sichuan and Their Influence on Gas Pipeline 3PE Coating
[D]. Ya’an: Sichuan Agricultural University, 2020.

[51] FE 28}, 2o, XUBLER, 4. VAT 61 SRR Al 2 Wi 240 AR A7 i S50 25 R A% s (0. AEL ) /1 257741, 2021, 45(4): 383 —
393.

WANG Yidan, LI Liang, LIU Qijing, et al. Lifespan and morphological traits of absorptive fine roots across six typical tree
species in subtropical China [J]. Chinese Journal of Plant Ecology, 2021, 45(4): 383 —393.

[52] W =, 225, Bhabk, 8. 3Fh I RE BYMRA 4l i A= e 20 T B S AR A R e 5 2 0] AR AR AR, 2022,
41(11): 2090 — 2097.

CHANG Yunni, LI Baoyin, ZHONG Quanlin, ef a/. Biomass allocation of three functional types of forest tree seedlings and
their relationships with nutrients in fine roots and leaves [J]. Chinese Journal of Ecology, 2022, 41(11): 2090 — 2097.


https://doi.org/10.7671/j.issn.1001-411X.202002005
https://doi.org/10.7671/j.issn.1001-411X.202002005
https://doi.org/10.1163/22941932-00000020
https://doi.org/10.1093/treephys/tpw062
https://doi.org/10.1111/nph.17952
https://doi.org/10.17521/cjpe.2021.0001
https://doi.org/10.17521/cjpe.2021.0001

	1 材料与方法
	1.1 研究区概况
	1.2 样品采集
	1.3 形成层活动和木质部分化各阶段的划分
	1.4 数据处理

	2 结果与分析
	2.1 形成层活动年内变化规律
	2.2 木质部年内生长变化规律
	2.2.1 年内生长周期
	2.2.2 径向生长量
	2.2.3 径向生长速率

	2.3 木质部径向生长量与气候因子的相关性
	2.4 木质部导管特征

	3 讨论
	3.1 4个树种的形成层活动和年内径向生长动态特征
	3.2 树木径向生长与气候因子的关系

	4 结论
	参考文献

