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Microfibril angle prediction of Larix kaempferi based on
genetic effects and climate variables

Chen Dongsheng' Wu Chunyan' Xie Yunhui' Jin Yingbo® Zhang Yang® Sun Xiaomei'
(1. State Key Laboratory of Efficient Production of Forest Resources, Key Laboratory of Tree Breeding and
Cultivation of National Forestry and Grassland Administration, Research Institute of Forestry,

Chinese Academy of Forestry, Beijing 100091, China;

2. Dagujia Forest Farm, Manchu Autonomous County, Qingyuan 113305, Liaoning, China)

Abstract: [Objective] This paper analyzes the effects of genetic and climate changes on wood microfibril
angle of Larix kaempferi and establishes predictive models of wood microfibril angle, it can be used to
predict the quality of harvested wood at the end, intending to improve the breeding efficiency of genetic
materials and promote targeted cultivation of target species. [Method] 20 clones of Larix kaempferi were
selected as the research objects. The microfibril angle of 12 consecutive annual rings of the forest aged from

4 to 15 years was measured by wood core sampling, the relationship between microfibril angle and tree age
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and ring width was analyzed. A basic prediction model for microfibril angle was established, and the
correlation between microfibril angle and climate variables was analyzed, a mixed effect model was used to
establish a prediction model for microfibril angle of Larix kaempferi, which includes genetic effects and
climate variables. [Result] The microfibril angle decreased with the increase of tree age, while increased
with the increase of width of annual ring, the change of microfibril angle was obviously different among
varied clones. The basic model containing tree age and ring width had an R? of 0.43 and RMSE of 4.391.
After adding average annual precipitation and winter average precipitation, the model had an R* of 0.54 and
RMSE of 4.039. The prediction model of microfibril angle with genetic effects, average annual precipitation,
and winter average precipitation was established using a mixed model, with R* of 0.81 and RMSE of 3.061.
[Conclusion] An increase in average annual precipitation and winter average precipitation will increase the
microfibril angle of Larix kaempferi, and two climate variables explain 11% of the microfibril angle
variation. Genetic effects have a greater impact on microfibril angle of Larix kaempferi, accounting for 27%
of microfibril angle variation. Moreover, the microfibril angles of different clones exhibite different
responses to climate changes. Clone 16-7-075, 18-4-30 and J28-6 are more passivity towards climate change,
making them more ecologically adaptable and suitable for further application in suitable areas of Larix
kaempferi.

Key words: Larix kaempferi; clone; microfibril angle; climate factor; genetic effect; mixed effect model
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Tab. 1 Statistics of growth and microfibril angle of 20 Larix kaempferi clones
IR Wit W LT fy R
Clone DBH/cm Tree height/m Microfibril angle/ (°) Ring width/mm
11o-01 10.83 +2.79 10.86 = 1.77 30.06 +2.82 6.21+1.14
115-9-30 10.33 +2.86 10.69 +2.07 22.12+4.48 5.64+£2.23
ck-5 5.88+2.74 6.88 +2.08 21.08 £3.49 4.81+223
FO-19 12.00 +2.73 11.43 +£2.06 28.83 +3.47 8.96 +2.22
F0-4 9.40 +2.78 8.89+2.14 27.63 £ 1.94 5.47+1.37
15-1-011 6.52 £2.81 6.68+£2.17 29.18 £ 5.01 345+1.32
16-7-075 9.57+2.87 8.85+2.24 2990+5.14 5.35+1.61
18-4-30 8.82 £2.87 9.22+£2.26 26.46 +4.90 4.89+0.75
J11-7 7.86 £2.83 8.28 £2.20 32.55+4.70 7.41+£2.17
J11-9 7.67 £2.68 8.79 £2.04 25.09 + 5.69 4.32+0.80
J21 9.95+2.70 9.71 £2.06 28.66 £5.25 6.43£1.47
J28-6 12.22 +2.83 11.94 £ 2.08 32.73+2.08 5.85+1.23
J50-5 6.50 £2.82 8.02+2.16 2496 £3.28 3.84+£0.56
J50-9 6.18 +2.81 6.68 +2.17 26.48 + 3.55 3.44+0.83
1-12 8.64+2.79 8.20+2.17 29.24 +2.61 5.24+0.95
1-2 9.93+2.73 10.96 +2.17 24.55+£3.20 5.06 £1.36
F1-3 10.10 +2.84 9.69 £2.20 31.21+£2.98 7.86 £2.35
i 3-1 9.72+2.74 9.51 £2.09 24.10 £5.32 6.68 £2.04
i 3-10 6.41 £2.84 7.01 +£2.20 28.53 +3.59 3.67+1.24
43 8.61 £2.81 8.89+2.17 23.61 £3.42 3.85+£0.76
J2 it Total 8.86 £ 1.90 9.06 +1.58 27.35+5.10 542+2.12
VE: BB 9P + ARHEIR 2 . Note: values are mean + standard error.
x2 SBRTEEE 12 FHITEHE
Tab. 2 Statistical data of climate variables for 12 consecutive years
AR FHE RAE KR s
Climate variable Mean value Min. value Max. value Standard deviation
4S53R Annual mean temperature/ °C 15.60 15.00 16.20 037
P14 85 9% A IEE Mean warmest monthly temperature/°C 27.18 26.10 28.00 0.54
SEEI R AR Mean coldest monthly temperature/C 2.20 -0.10 3.40 1.04
bR A 5 s AP =
zie}lqgeieﬂri;eitfre%?;ference between the warmest and coldest month/°C 24.97 23.10 27.30 118
A% K B Annual mean precipitation/mm 1202.16 899.00 1 526.00 169.13
FEHGEFEEL Annual heat and humidity index/% 21.75 16.40 28.10 3.19
B ZHIEAR% Summer heat and humidity index/% 294.33 113.00 374.00 66.13
X714 B Winter mean temperature/°C 4.03 2.90 5.60 0.92
HZ PR Spring mean temperature/ °C 16.26 14.80 17.30 0.71
B 75145 Summer mean temperature/C 26.21 25.30 27.20 0.54
)i Autumn mean temperature/ °C 15.87 15.20 16.90 0.50
422134 f# 7K & Winter mean precipitation/mm 62.16 28.00 109.00 2232
HZ=F 4 [% /K & Spring mean precipitation/mm 253.16 155.00 364.00 61.44
H 2P 1P /K & Summer mean precipitation/mm 671.33 473.00 912.00 158.79
#Z=F 4[5 /K & Autumn mean precipitation/mm 219.50 129.00 441.00 95.56
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B 9 f R 4R 1 27%, 32 JC 1M 5% (8] A 38 4% 258
flRE T AT 22 £ 728 R K 27%, 3834 ROSIRT H AR it
FATRET 22 S AR S A7 EEER M . N T 9 15 28 H A
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Tk ZR 8] 22 5 52 BRI /N R IR 400 5 RS RE e 22
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Tab.3 Basic model parameters and statistics of microfiber angle

R P [ Rilbie 17 S % Model parameter ,

Model No. Model form a a a3 as k RMSE
#7211 Model 1 y=ai+aT +a3Wr 27.33 -0.47 0.83 0.24 4.597
H%2 Model 2 y=ai +axInT +a3InWg 30.72 —4.54 4.03 0.26 4572
73 Model 3 y=ai +aT +a3T? +as W 28.89 —0.87 0.02 0.84 0.27 4.537
Hi%14 Model 4 y = (a1+a; Wp)T® 31.14 1.10 -0.14 0.30 4.502
15 Model 5 y=(a+a W) (1-e77) 21.99 0.98 3.80 0.35 4.445
716 Model 6 y=(ay +aaWr)/ (1+¢47) 53.79 1.82 0.03 0.43 4391

— 7

VE: yRINTUEF 22401, TRIRRES, WRREF %% . N [F. Notes: y is microfibril angle, T is tree age, and Wy is ring width. The same below.
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Tab.4 Correlations between climate variables and microfibril angle

45 & Variable TAET 22 411 Microfibril angle

HESFH43E B Annual mean temperature 0.0325
V1450 A I Mean warmest monthly temperature —0.166 8*
T84 A IR Mean coldest monthly temperature 0.143 3*
B 554 H *ﬂ‘]‘]&f 0,198 8*
Average temperature difference between the warmest and coldest month

HESFH4 B4 7K & Annual mean precipitation 0.185 6*
FHRIEEL Annual heat and humidity index ~0.178 8*
B ZEHIEFEE Summer heat and humidity index —-0.256 3*
A7 T 145 Winter mean temperature 0.117 3*
HZE IR E Spring mean temperature 0.013 8
B ZSPH)iR F Summer mean temperature —0.181 3*
PR Autumn mean temperature —0.0052
K Z= V-2 [% /K & Winter mean precipitation 0.322 8*
2= F [ /K & Spring mean precipitation -0.016 6
B 75T 4B 7K & Summer mean precipitation 0.119 0%
K21 fF7K &2 Autumn mean precipitation 0.073 7

VE: * KRR R B Ep < 0.01/KF 5.3 . Note: * means correlation coefficient is significant at p < 0.01 level.
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Tab. 5 Parameters and statistics of microfiber angle model with climate variables

R 75 FEAE R, A S50 Model parameter )
Model No. Model form R RMSE
aj ap as ag as
BHT Model 7y = (a) + a2 Wr +a3 Pyanie)/ (1+¢%7) 5139 181 0.02261  0.0269 048 4232
B8 Model 8y = (@) +aaWr +a3Pyia +asPyiapie)/ (1+e57) 5149 181 -0.000079  0.0227 00269 054  4.039

VE: Ppapir e A HIBR K B, Pya RN TR KB . T [H . Notes: Pyapyr is Winter mean precipitation, Py, is mean annual precipitation. The
same below.
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Tab. 6 Prediction model of Larix kaempferi microfibril angle with genetic effects and climate variables

- ¥ -
1\1:1;-(:)32199 Paf;riter Estir?az—ﬁalue RMSE ®
ag 51.594 7
a, 2.048 7
a, —-0.000 3
y = (ap +u1;i + a1 WR + aaPma + az Pymapir) /(1 +exp((b + p2i)T)) az 0.0119 3.061 0.81
b 0.027 8
o(u1) 8.212 6
o (1) 0.022 1

VE g iy RORTEAL TN B SHS A T RIS iAo RIS AL 20N« Note: u;; and uy; represent the genetic effect of ith clone in different parameters of
model.
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Fig. 3 Fitting results of microfibril angles for different clones of Larix kaempferi
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Fig. 4 Effects of annual mean precipitation on microfibril angle of different clones of Larix kaempferi
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Fig. 5 Effects of winter mean precipitation on microfibril angle of different clones of Larix kaempferi

30°18] 1A 10 A~ I & %5 : FO-19. FO-4. 15-1-011,
16-7-075+ 18-4-30. J11-9. J21. J50-9. 1 1-12 Fllrf 3-
10), 7F 30°LL LA 4 AN CEME RS 110-014 J11-7,
J28-6 A 1-3), A[E ot R A 4F 22 1 22 R 380K,
LB 2 RS A A B A — 30 1L 2 0 3D, A
1) 45 S AR 3% B G M 2 IR 1 158 A% 00 ] R RE T4 22 £
A 511 27% . RS F 5 A SCAH [R] 0 EE Bt 78 K
P H AT A AR AT 22 /L M ST 22 f AT
MARER 22 £ To 1 2 3505 77 B A 168 1) A8 3003 B 23 0
0.217 ~ 0.714. 0.161 ~ 0.755 F1 0.328 ~ 0.691, F. A
2 R PR 354 25 S AN AR Sk o Patrick ZE0NN A2 1
TR I M AT 2 f 3845 717 0.28, Wb T AT 22 ff
WAL 1N 0.34, MR AT 22 FA R 8 A RN B .
ARSI N A VNN @ EL YANE A R VA L 7 RN D
3R PR B 4T 22 £ A L s A ROV kA, AR S
W 7038 & BT M &R 16-7-075. 18-4-30 A1 128-6 Xt <,
A A 1) S 82 S A, R B Rl B B AP AE S
&R, TEME R 16-7-075 F 18-4-30 f 4T 2 f ib F

25° ~ 30°[8], 1M JC M & J28-6 T 4T 22 fa 7 30°LL L.
TUEF 22 F R /NP AR BE L s e B, T4t Re
FROEA B EERZ 0, @ A 22 f )N, AR BB R
L, SRR K s (EUR 407 2k i s i DU A il )
AR [7) () 22 3, GUCET 22 4 5 il 1) 208 1 i 52 TR AH R,
ML L2 /N T 300 BN TR SE s AR 2 KT
300, A a) 47 22 B 238 0, BUEARAM S5 5 K AR
MG, TR m) T4 25 5 22 M ) 2 A e RV
DR AASE T B B S5 /M R, o & 16-7-075 H1 18-
4-30 N NIE A HET N o Z 45 ROV 1
6B MR ) O R R T S

B 5 R PR I8 A% o R RR R, N ARG
BREAEMENTZNHC R SRS TRARAEK
&, 455 TR, BT A KRR i SR
M PE AR R KA S, INASHIE 7T TR AT 22 AR R G
P R 8] 22 S 30K, T R A A8 A 1) vl . A AS [
X T EARAR IS F B AR IR A 1E B AL A R DR
F, U5 & S5 KA I 2228 JE A 1 ) 2 5 FE I 1) g A



57

R AR T 45« 2T 38 A% R0OSE A AR A R 1) A A T T 22 1 T 53

FORL, 55 H AR 575 R AT 4R B AL AR, 38
e LA AC RN A 1 45 R IE 38 52 B IR B8 5% A1 1) 2 0
FEHET L FH J7 T3 75 208 33 A2 A5 1 N AR 5 ) X & (8

RO B B, & ik — DR AW T AL 47

A G FAPERAE R A AR, TR SR B E B

bRk B A B0 RO I R Y il R AR S

o BLAh, ARHF T IR @S T BAG ) H AT A

LT 22 TN BT, 3of S 2T 22 1 OO A B ik 3 1

81%, T HASE R b 35 5 A2 8 4R 48 98 R R A Bl A

KB, 7T LA B A R 4 68 TR A [ A B R

AT 22 A8 AR AU . DR, 2R T DUAR & 3 42

KA 22 ¢ v SR T A 77 PACHE ik T2t 22 41 DA S

ARMFFIER AL .

& % X W

[1] David A, Barry G, Alexis A, et al. Models for predicting
microfibril angle variation in Scots pine[J]. Annals of Forest
Science, 2013, 70(2): 209-218.

[2] BarnettJ R, Bonham V A. Cellulose microfibril angle in the cell
wall of wood fibers[J]. Biological Reviews, 2004, 79: 461-472.

[3] Damon V, David A, Thomas K, et al. Wood density variation in
naturally regenerated stands of Pinus ponderosa in northern
Arizona[J]. Canadian Journal of Forest Research, 2021, 51(4):
583-594.

[ 4] Jordan L, Daniels R F, Clark A, et al. Multilevel nonlinear mixed-
effects models for the modeling of earlywood and latewood
microfibril angle[J]. Forest Science, 2005, 4: 357-371.

[ 5] Alteyrac J, Cloutier A, Zhang S Y. Characterization of juvenile
wood to mature wood transition age in black spruce (Picea
mariana (Mill.) BSP) at different stand densities and sampling
heights[J]. Wood Science and Technology, 2006, 40: 124—138.

[ 6] Vaughan D, Auty D, Dahlen J, et al. Modelling variation in wood
stiffness of Pinus ponderosa using static bending and acoustic
measurements[J]. Forestry, 2021, 94(2): 232—-243.

(7] Bish. % mAATCPE R BHE VAN S5 B £ 7 [D]. Jbst: b
Molk B8t FE b, 2014,

Lai M. Genotypic evaluation and early selection of Larix
clones[D]. Beijing: Chinese Academy of Forestry, 2014.

[8] ®A%, MR, 271, & AT R 22 AL A2 e i o
Fo ). B AR SR (B ARRHEERR), 2005, 29(1): 11-14.
Huang S X, Shi J S, Li L, et al. Genetic variation on tracheid
microfibril angle of Chinese fir clones[J]. Journal of Nanjing
Forestry University (Natural Sciences Edition), 2005, 29(1): 11—
14.

[9] Lenz P, Cloutier A, MacKay J, et al. Genetic control of wood
properties in Picea glauca: an analysis of trends with cambial
age[J]. Canadian Journal of Forest Research, 2010, 40: 703—715.

[10] Lundgren C. Microfibril angle and density patterns of fertilized
and irrigated Norway spruce[J]. Silva Fennsilva, 2004, 38(1):
107-117.

[11] Jordan L, Re R, Hall D B, et al. Variation in loblolly pine cross-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

sectional microfibril angle with tree height and physiographic
region[J]. Wood and Fiber Science, 2006, 38: 390—398.

Sattler D F, Stewart J D. Climate, location, and growth
relationships with wood stiffness at the site, tree, and ring levels in
white spruce (Picea glauca) in the Boreal Plains ecozone[J].
Canadian Journal of Forest Research, 2016, 46(10): 1235—1245.
Wimmer R, Downes G M, Evans R. Temporal variation of
microfibril angle in Eucalyptus nitens grown in different irrigation
regimes[J]. Tree Physiology, 2002, 22(7): 449—457.

Houllier F, Leban J M, Colin F. Linking growth modelling to
timber quality assessment for Norway spruce[J]. Forest Ecology
and Management, 1995, 74: 91-102.

Macdonald E, Gardiner B, Mason W. The effects of
transformation of even-aged stands to continuous cover forestry
on conifer log quality and wood properties in the UK[J]. Forestry,
2010, 83(83): 1-16.

Moore J, Achim A, Lyon A, et al. Effects of early re-spacing on
the physical and mechanical properties of Sitka spruce structural
timber[J]. Forest Ecology and Management, 2009, 258(7): 1174—
1180.

McLean J P, Evans R, Moore J R. Predicting the longitudinal
modulus of elasticity of Sitka spruce from cellulose orientation
and abundance[J]. Holzforschung, 2010, 64: 495—500.

Gardiner B, Leban ] M, Auty D, et al. Models for predicting the
wood density of British-grown Sitka spruce[J]. Forestry, 2011, 84:
119-132.

MR, oL, AN 5L TR G BY ) 7 HRA BRET 22 f
A (3] AR, 2012, 48(4): 81-86.

Li Y X, Jiang L C, Li F R. Modeling microfibril angle with mixed
models for dahurian larch[J]. Scientia Silvae Sinicae, 2012, 48(4):
81-86.

SR B, B SRR I B[] JH A R AR T 22 A TR B 2R
WF4C [D]. Me /R AR LMok K22, 2012,

Zhang Y Z. Modeling larch wood microfibril angle based on
support vector regression[D]. Harbin: Northeast Forestry
University, 2012.

AR, LR, B, AR AR AT 22 M S 5 A KR B i
AR B & ST [3]. A4 Tk, 2000, 14(3): 13-15.

Fei B H, Jiang Z H, Ruan X G. Study on wood microfibril angle
and the correlation models with growth ring density of ginkgo[J].
China Wood Industry, 2000, 14(3): 13—15.

Pinheiro J C, Bates D M. Mixed-effects models in S and S-PLUS
[M]. New York: Springer, 2000.

Larson P R, Kretschmann D E, Clark A I, et al. Formation and
properties of juvenile wood in southern pines: a synopsis[M].
Madison: Forest Products Laboratory, General Technical Report
FPL-GTR-129, 2001.

Lachenbruch B, Moore J R, Evans R. Radial variation in wood
structure and function in woody plants, and hypotheses for its
occurrence [M]. London: Springer, 2011.

Nicoll B C, Gardiner B A, Rayner B, et al. Anchorage of

coniferous trees in relation to species, soil type and rooting


https://doi.org/10.1007/s13595-012-0248-6
https://doi.org/10.1007/s13595-012-0248-6
https://doi.org/10.1139/cjfr-2020-0245
https://doi.org/10.1007/s00226-005-0047-4
https://doi.org/10.1093/forestry/cpaa030
https://doi.org/10.1139/cjfr-2015-0480
https://doi.org/10.1093/treephys/22.7.449
https://doi.org/10.1016/0378-1127(94)03510-4
https://doi.org/10.1016/0378-1127(94)03510-4
https://doi.org/10.1016/j.foreco.2009.06.009
https://doi.org/10.1093/forestry/cpq050
https://doi.org/10.11707/j.1001-7488.20120413
https://doi.org/10.11707/j.1001-7488.20120413

54

L SNAEPN

i

546 4

¥k

[26]

[27]

[28]

[29]

[30]

(31]

[32]

[33]

(34]

[35]

b =
depth[J]. Canadian Journal of Forest Research, 2006, 36:
1871-1883.

Hale S E, Gardiner B A, Wellpott A, et al. Wind loading of trees:
influence of tree size and competition[J]. European Journal of
Forest Research, 2012, 131: 203-217.

Domec J C, Gartner B. Age- and position-related changes in
hydraulic versus mechanical dysfunction of xylem: inferring the
design criteria for Douglas-fir wood structure[J]. Tree Physiology,
2002, 22: 91-104.

Lindstrom H, Evans J W, Verrill S P. Influence of cambial age
and growth conditions on microfibril angle in young Norway
spruce (Picea abies [L.] Karst.)[J]. Holzforschung, 1998, 52(6):
573-581.

Sarén M P, Serimaa R, Andersson S, et al. Effect of growth rate
on mean microfibril angle and cross sectional shape of tracheids
of Norway spruce[J]. Trees-Structure and Function, 2004, 18(3):
354-362.

Ulverona T, Ulverona K A. The effects of pre-commercial
thinning and fertilization on characteristics of juvenile clearwood
of Scots pine (Pinus sylvestris L.)[J]. Forestry, 2011, 84(3):
207-219.

Lasserre J, Mason E, Watt M, et al. Influence of initial planting
spacing and genotype on microfibril angle, wood density, fibre
properties and modulus of elasticity in Pinus radiata corewood[J].
Forest Ecology and Management, 2009, 258(9): 1924-1931.

ERE SR T N AR T M AR S RHAE AN B AE (1 5%
M [D]. M /REE: ZRALMOL K, 2010.

Wang Y. Effect of climatic factors on anatomical characteristics
and physical characteristics of plantation ussuri poplar wood[D].
Harbin: Northeast Forestry University, 2010.

Xu J M, Lu J X, Evans R, et al. Climatic signal in cellulose
microfibril angle and tracheid radial diameter of Picea crassifolia
at different altitudes of the Tibetan plateau, northwest China[J].
Wood Science and Technology, 2015, 49: 1307—1318.

Reza B, Majid K, Samane V. The effect of climate on fiber
properties of Maplewood (Acer velutinum Boiss)[J]. Middle-East
Journal of Scientific Research, 2011, 8(4): 739-746.

Giantomasi M A, Junent P E, Villagra A M. Annual variation and
influence of climate on the ring width and wood hydrosystem of

Prosopis flexuosa DC trees using image analysis[J]. Trees-

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

Structure and Function, 2009, 23: 117-126.

Eilmann B, Zweifel R, Buchmann N, et al. Drought induced
adaptation of xylem in Scots pine and pubescent oak[J]. Tree
Physiology, 2009, 29(8): 1011-1020.

FRINE. ZLAA N LAREE & 5 5 5 AR i BRI OC & [D]. W /R
ALK, 1996.

Guo M H. Relationships between silvicutural practices and wood
quality of Korean pine plantation[D]. Harbin: Northeast Forestry
University, 1996.

T tly, B EUE, BHTRR, A SO0 I 30O AR 4 1L 45 H 1 R
Wi [J]. AL ERE, 2011, 47(8): 151-158.

XulJ M, LiJ X, Bao F C, et al. Influence of climate factors on
wood cell structure[J]. Scientia Silvae Sinicae, 2011, 47(8):
151-158.

Patrick L, Alain C, John M, et al. Genetic control of wood
properties in Picea glauca an analysis of trends with cambial
age[J]. Canadian Journal of Forest Research, 2010, 40(4):
703-714.

Myszewski J H, Bridgwater F E, Lowe W J, et al. Genetic
variation in the microfibril angle of loblolly pine from two test
sites[J]. Southern Journal of Applied Forestry, 2004, 28(4):
196-204.

Baltunis B S, Wu H X, Powell M B. Inheritance of density,
microfibril angle, and modulus of elasticity in juvenile wood of
Pinus radiata at two locations in Australia[J]. Canadian Journal of
Forest Research, 2007, 37(11): 2164-2174.

Walker J C F, Butterfield B G. The importance of microfibril
angle for the processing industries[J]. New Zealand Journal of
Forestry, 1996, 40(4): 34—40.

NG, TRl L2, B R, S RO BERIET 22 F AN GG 5 X AR
WIER 1A RERZ MR FUE R [0]. PHALA BN 24 (B2
RLERR), 2019, 47(5): 50-58.

Sun HY, SuM L, Lii J X, et al. Research progress on effect of
microfibril and crystalline area in cell wall on wood physical and
mechanical properties[J]. Journal of Northwest A&F University
(Natural Science Edition), 2019, 47(5): 50—58.

(WiEHmE KRwE
THERE RIXR)


https://doi.org/10.1139/x06-072
https://doi.org/10.1007/s10342-010-0448-2
https://doi.org/10.1007/s10342-010-0448-2
https://doi.org/10.1093/treephys/22.2-3.91
https://doi.org/10.1515/hfsg.1998.52.6.573
https://doi.org/10.1007/s00468-003-0313-8
https://doi.org/10.1007/s00468-003-0313-8
https://doi.org/10.1007/s00468-003-0313-8
https://doi.org/10.1093/forestry/cpr007
https://doi.org/10.1016/j.foreco.2009.07.028
https://doi.org/10.1007/s00226-015-0753-5
https://doi.org/10.1007/s00468-008-0260-5
https://doi.org/10.1007/s00468-008-0260-5
https://doi.org/10.1007/s00468-008-0260-5
https://doi.org/10.1093/treephys/tpp035
https://doi.org/10.1093/treephys/tpp035
https://doi.org/10.11707/j.1001-7488.20110824
https://doi.org/10.11707/j.1001-7488.20110824
https://doi.org/10.1139/X10-014
https://doi.org/10.1093/sjaf/28.4.196
https://doi.org/10.1139/X07-061
https://doi.org/10.1139/X07-061

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 研究方法
	1.2.1 不同无性系微纤丝角、林龄、年轮宽度的测定
	1.2.2 气象数据获取
	1.2.3 基础模型建立
	1.2.4 混合模型建立

	1.3 数据分析

	2 结果与分析
	2.1 日本落叶松不同无性系微纤丝角
	2.2 微纤丝角基础模型建立
	2.3 耦合遗传效应和气候变量的日本落叶松微纤丝角预测模型

	3 讨论与结论
	参考文献

