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WE: [ B8 ) B2 D A4 Pinus massoniana f& - ¥l fo PN R A KM A KT E TS BEBRETFNE, #
LEMRBARE R RRE AR EMH, [ FE] AIiT s F4 804k 34 FALEMAM Z XK T, ith
SARE ZHty SO R ABRAGE, MELAMEREE, FRKE, HFHRTEFFHERTIL, BTH Z54. 48
RSB RERFAER B TERE T FHAE, FRAB L EFAREZT SOAMNM RATRK, [BR] FEINER
R KAMAKEE ., FEBEEF R F A0 R A F A2 % (P<001) RMEFE (P<0.001) ZF, £+, K
MBEREE, R KEFRAERTUEFIZRRTZHALKERZN, &ETF0 19.37%~28.26%; 4L EMNEEE
FERRAT AL, EEEFG4557%. AMBRTELSSHRE ., FHERTICAERITE (P<0.001) 49 R A Ff=
R, HHLETEEAAEREF (P>0.05), FEHEBFENB —RAHEMEFH (P<0.001) it EHE, mA
MAKREE LG —RAIHIEREE (P>0.05). ikt RAMBKRHDEREMRLZ, [#8] ZEMAMELR
BE. RERE. FHERT 3 AARKRER R IR P RIEE S W AR, o 450 B 2 ) s B AR A B BT
R RHFE., ETFTHEMSLEYB—RABMMERREE, TIHEAMETHEERIF, £ 4525
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Genetic variation of wood basic density and fiber morphology
and selection of Pinus massoniana

YIN Huanhuan'?, LIU Qinghua®, ZHOU Zhichun®*, WAN Xueqin', YU Qixin’, FENG Zhongping’

(1. College of Forestry, Sichuan Agricultural University, Chengdu 610000, Sichuan, China; 2. Zhejiang Provincial Key
Laboratory of Tree Breeding, Research Center of Masson Pine, State Forestry and Grassland Administration
Engineering, Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang,
China; 3. Laoshan Forest Farm of Chun’an County of Zhejiang Province, Chun’an 311700, Zhejiang, China)

Abstract: [Objective] With an analysis of the genetic variation of wood basic density and fiber morphology of
Pinus massoniana among seed sources and clones within seed sources, this paper is aimed to provide high
quality genetic material for the breeding and improvement of P. massoniana. [ Method] Fifty clones from five
seed sources of P. massoniana clones selected from 34-year-old experimental forests of different seed sources
in Laoshan Forest Farm, Chun’an County, Zhejiang Province, were investigated to determine the wood basic
density, fiber length, fiber width and fiber length-width ratio. Then variance analysis, correlation analysis and

genetic parameter estimation were conducted to reveal the genetic variation while superior individuals were
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selected from the 50 P. massoniana with the employment of Independent Selection Standard Method. [Result]
The results of ANOVA revealed that there were significant or extremely significant differences in the basic
density and fiber morphology of the wood among seed sources and clones within seed sources. The variation of
clones within seed sources with the variance components ranging from 19.37% to 28.26% was the main source
of wood basic density, fiber length and fiber length-width ratio. The variation of seed sources with the variance
components (45.57%) was the main source of fiber width. There is a significant phenotypic and genetic negative
correlation between basic densities of wood and fiber length and fiber length/width, but the correlation
coefficient is not high and the basic densities of wood is not related to fiber width. The fiber morphological
indexes showed significant positive genetic correlation in the juvenile age and mature age, while the wood basic
density showed no significant correlation in the juvenile age and mature age. A total of 12 clones of P.
massoniana with excellent wood properties were selected. [Conclusion] More attention should be paid to the
selection of superior trees within seed sources in the attempt to improve the three traits of wood basic density,
fiber length and fiber length-width ratio. On the other hand, the fiber width can be better improved through the
choice of seed sources. In view of the significant correlation of fiber morphology indexes between juvenile and
mature timber, they can be selected as reference indexes in the early stage. [Ch, 4 tab. 25 ref.]

Key words: Pinus massoniana; seed sources; clones; wood basic density; fiber morphology; the juvenile wood;

the mature wood; genetic variation

AR USRS AR B | ARMOREE | P4 SF4ETER . AR IE . 4. FRERTE
GO VR, Hodr, AR EARE B RNLT AR S SR AR M RIS St ) 2 MR . AR
FEAGE B ) 2R O R AR A S R AL T SRR S S 4R i i AR K 0 B T A
xRN Pinus massoniana LA #AF 7= | GG N PESR FAAPEOL R GG, 2 ER 7 s 2 A0 Er
M FR . DRI EEREEAC. BRI E. ER MR, SE 2R KA HERIR,
R PR R A A B A B TR AR, ZOBEL 45 i . FEW) A B A B B ) s
A, RO HRIBR A SR E, WMBESEUS RIFRCR . Bk, XA MR T8 % i B2
N T M ARG E rh 4 AR RS 5 BT A AR A il . 28T 5 BN R EZ UM RFD, BEWNIMEETR TS
RN FEA 3 B AT AL S AERR N L RIS R0 KRS Rt R BIAAR S, DL #2454
20— 129 TR G 7 Ny I8 N S 2 i 5 AN 1 8 =1 B W ) o3 RN 7 N - S A B A P S d e = 5
KW BAEAR S, EFIRE] . ZRIE] . Totk ZR 8 DL AR LR SRR A AEAE B e i AR S . o, KM
FEARRE MR R S0 0.461, PR T S8 0.632, 2R B o R a2 i i ) D R
PP R R REF AL AL AR ST, 2 IR AE A0 £ 2 K 5 RN 5 3 1R R ZR a8 A% 14390k 0.42 1 0.51,
N R Z A LT el Vg 80K . (HIX S8 5 AN A A PR oY =2 e rh & ], i Bl R AR AT 0% 1Y
W, A SRR S REZ AR, R, XD A — Rl A A S AR % RN AT 4R A 1 AR
St BT B L AW AL 1 B 1L bk 34 4548 D BAN G RGO IFFE Xt 4, ik
S ARIE = H g 50 ANTEHEFR, BIFGE T AW AR 285 B FIET 2 T2 2576 7™ Hb ) 07 B P9 TG 1 2R 1] 1) gt A A8
St PEARTRIAROC R 4l i — I AR DG, RIS B MR R I S AN TCPE R, DR ik a i seR
PRk ek R AT .

1 ARG 7%
1.1 #RERIR

MR WA VA Bk 34 A4 T AN T R R0 Ak, SEEUTVE . SR L LB WiTRIL
VU4 S A= b 50 SRR R EH: B BN O R T A . 2R MO SR R T, 101k
Fod o BRATHE 4.0 mx4.0 mo FT7EHBAEF- B MK B 1430 mm, 4FFEES0R 17.0 °Co H3Er TR E ) 19 %
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2017 4F 12 F, WA ks 10 N IEME R . XA TOE R, BEVLIEEEE 3 4 20 Bl 5 AR PR
2017 4F 12 A, FIAHK 45 cm. B4R 6 mm B A KAEFE B4~ SR I e Ab R AL 1) 4t BCBE 28 .00 1Y) S8 B JCIIEAR
i, FHUARM AR | K L 4 58 G RIE .
12,1 AMAERFEGMNZ SlEARSRAKP2MWARE, REXITEORS A 860N, &5 MMER
YING 1 B, BEHS R iG=1, 2, -, 7)o HERREAKEIEDVMGELS | BRI EARZERE, R5F
FHER @ Be AR5 w8 B I (B A 550 HE BT AR 36 i 4F 48 BT AR (4)),  #F 0 E B R A AR AL 1 9%

Dy= a0 §aie Stotns Do rBA AR D= | M L aonansriokng

i=1 M; Dy
IR TR (2), M; N i BORGESH TSR TR (2), Dy, A MU MIEE RO AT Y Ay e, RO
9 1.53,
122 AMFLHEeGRE ARSI EHR TS S S -V R E T . B TOME RTEAL LHE4)
WA L I AR RN S R o Al A L I AL A A B A1 SRS 0~5 ARFE RIS 10~15 A5, %
P TESE I R B S AR BURE . BEJS A 121 O UKES R AN SUSEUK B AT, PR EA /K I L &
AR AR, RS HIEK ST B, JFK0E S IRUL L ERE R T, FH B BEFE BEALPR LS A
an TR AR, IR AL BT HE R AR T, SR)E, B TR S B 2% R A
MK Z 100 mL, 5, BEEGNERRT, RITYEEEAEEUR T (Valmet FSS) 47 A shill . X
AL R e K (mm) FEFLEF- I TEE (um).
1.3 #ESH

FIA MR st DA R MRS R E AT 07 22 93T Xjymut P Cyregne. FoM1 e X NS i A= 105 j A0k
Rk ARBOWERE, p 2 BAOPEIE, POJE5 i PEHRNY =1, 2, 3, 4, 5), G, 2% i =N
55 DNTERIB (=1, 2, -, 10), ey 5k BREASFIIMESN, 57 Hb ) F 7™ 1 P JE P 2R A0 1%
ISR RELIT,

fd ] SAS 8.0 #1-Y) PROC GLM #E4T ANOVA 431 LIS 5K 7 7= 1l 5] 5 7= b Pl Tk 2R TR A0 25 5
FE R R A BRI T (0,7, PPN TEYE R E] (o) FIBR2E (o) W 25505 . [
iF, FH SAS # i) PROC VARCOMP Fil PROC CORR NOSIMPLE 43 514t B H it 4 1% JU AH ¢ R 5001
T EVERG G

2 HEREG M

21 SERARFHEMERATERNEETR

T 2T GR 1) Wn . R AN AR FE A A 7™ b ] 1™ b N JC 1 R () B A A A S AR
(P<<0.001). 50 /™ TCHE 2 B A BE B A 55 BE 4(8 K 0.461 g-cm™, ZR4L3E Bl M 0.350~0.636 g-cm™, 785 %
R 10.94% FRILTTHD, AMIEAREENZSRIFE, ARREBRIET) . A EEA S A Ha] Al
77 1l PR TG 2R )28 S0 ) A RS S 22.88% F1 26.71%, 7B A SR TR b AL, RUHCAE 5520 A FH P
[ A5 S5 0 [T, 7 S A0 i A DA AR 8 . AR A SRR S FE A G b L S V0 A R A 1 Tk R 241
53908 0.576. 0.452 F1 0.449 g-cm™, K4 FEAS 2 B v T ok Y A A RN BGAAE 3K AT e 2 4l A A AR 2
RO RS G RN, &R FEA RS BELE Qb | A VB A R BSG A 100 77l [0 R 7= e PN 25 77
e (P<0.01) Sk 53 (P<<0.001) 225, I HAELI M4 Mt V8 b1 . bt Z 0] 1 25 S i i 3
(P<0.05), {HiE PRI FRLRAM 22 A B2 (P>0.05), MAHXT T3 P s A4 A bt , AR AT SEA % B 7R 4N
WA AR IE R, A8 S RBOUR R, UL A A JE AR A U A B K B8 77 .

CPYERE | 272 50 B ANET G 5 LU A 7 i [0) RN 7= s N 3 77— e IR O AE S, AR S R BN R BI/IMK
WHARERKTEL . KR 450, WIRT 10%, R 3 MRE R . 27 4K 8 2T 4 90 i
TE 77 Hi [a] F1 77 b P FETE S 3 (P<<0.01) Bifl S 2 (P<<0.001) 2253, ZF4EK S8 A N 22 20 W, |
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Table 1 Result of ANOVA and genetic parameter estimates for wood basic density and fiber morphology of P. massoniana clones

S8 A A /(g cm™) 2 AE K BE /mm
FAlfiZ ) fuR/ 3y ey Mt ANz FuR/i3icyv) e av) it
PR 0.576%0.143 a 0.452+0.055 b 0.449+0.063 b 0.461+£0.050  2.11£0.35¢  3.04+027b 3.18+0.26a  2.77+0.22
G 0.369~1.066 0.326~0.622 0.329~0.929 0.350~0.636 1.28~3.01 2.10~3.62  230~3.78  2.11~3.30
75 AU 24.84 12.11 13.92 10.94 16.66 8.83 8.19 8.08
o) 8.29%#* 26.79%+* 10.25%* 20.88%+* 12.66%** 4.13 Al 13.14%*
FEN R % o 0.00 24.31%%% 21.60%** 26.71%%% 2.10 15.69%* 16.21%* 19.37%*
o’ 91.71 48.90 68.15 50.41 85.24 80.18 76.63 67.48
s L1250 um LR
it FuR) dicy) LKA js8an L FuR) §icy) A it
Bl hRifE2 19.51£2.11b 33.45+3.35a 33.324£3.04a 28.76+2.05  108.28+14.58 a 91.41£10.55 ¢ 96.06£11.55 b 98.58+8.43
R 15.31~27.70  26.00~40.50 25.70~4330 24.15~34.93  67.85~145.36 71.75~121.40 62.61~123.89 75.13~116.51
5 F AU % 10.82 10.01 9.13 7.16 13.47 11.54 12.02 8.55
oy 16.32%%% 38.93%%% 18.20% % 45.57%%* 0 13.34%%* 0.49 2.16
FENE% ol 11.08* 8.64* 13.99%* 15.06%** 12.58% 5.18 20.01%* 28.26%**
o’ 72.60 52.42 67.79 39.37 87.42 81.48 79.50 69.58
YL *FIRP<<0.05, **FIRP<0.01, ***F/RP<0.001; AR/NEFREFIRE]—PARF —SEAELIAT . o PR R 22 15
5 #E(P<0.05)

e AL A0 S R BRI = M N e R D), B 27 4 5 B Ao 7= il ) e PR S R AR R s AL 1 25 . AH
J, AR YA RN LF 2K 58 LA A 7 b P B T R i e I RO . AR L AR AT AR K
B Lo B To M 2R I AE S R R R 25 e 1 3 (P<<0.05),  HLSEBMF 0025 44 B8 2T 4 55 15 8 T 40 i
H M LM AT A K T8 AR TR b . AP ARA R | 2R 2 58 B AEF K 58 LU ARSI A | 3 I 1 0 ol
MR Shilg AR EE R, R 3 MNP AR RAER R AE KI A E w0, BARKRMEEREET .
22 SEMRTMRAREREEMTLERSEHEXE
221 LEMAMEZGERAE S K2 WM KMERBEMIHEKSE . FHERKELEAREE
(P<<0.001) [ Fp 2558 FBF 13 AL U SE AN 2 (P<<0.01) AY55 B LM GRS, I Hast A6 250w T H e m
I RE . AR FEAREE B 5 27 4 55 i S R AR AL 1 IEAH G, (HAHSCAR 3 (P>0.05). AR = 2 AL
KA FEA T JE S RRAR LT K E AR YR SE L, (I LR 2 5 BE A I R A5 . S K SR i . &F
A KT A 3 (P<<0.001) YRS (L TEAH G
222 LEMAMFZESNH BB A AR I AT G—mBII A B | S 4E T R A
LFAEK T8 L AR (P<<0.001) BUIRIGIEARDG, M4 | R4 K 58 b3 2 3% (P<<0.001) (55
FRUEAMK, L4k 58 B A D — G R A B3 (P>0.05). S YIS TE Wik — R A A E R

R2 AMEAZEMTERSHBEEBIMRE R3 AMERZENFERSED RS
UEES I X R E

Table 2 Genetic correlation and phenotypic correlation between wood basic ~ Table 3 Correlation coefficients of wood basic density and fiber

density and fiber morphology morphology between the juvenile wood and the mature wood
PER RS FUTEE FHERIEL AR IR Pk BHEAAR FHIAAK
YA 0.461%+%  0.484%+F  —(.436%** RS 1.000%** 0.293%+*
LU 0.371%% —0.544% %5 0.010 YT 0.749% 0.138
PRI 0.691%%* —0.380%%* —0.409%** AR TE L 0.664+%* 0.187%*
AMBEARE —0.181%*  0.056 —0.241%%%* AR FEA R - 0.135
UL . *FIRP<0.05, **FIRP<0.01, ***F/RP<0.001. | VWY —RORMCREIEE, BHE AL, *FRR

SAONBERSE, T =M P<0.05, **F/RP<0.01, ***FRP<0.001
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B KT 0.66, Dik— IR B SE RN 0.138~0.293, i fEHISE R B I TN R, Hhig
FUSTHO R 2 PRI ARG TR | AT I | 27 4 9 HE T S K 5 LT A b P AT L0
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e — R A A S AR B FE I R 6 RAOH 0,135, M6 R ACHN AR B3 (P>0.05), BMIAHE
AT BT L R R T
23 SDEMRMRREMREERE

TEMABE BT, sk Ay R4 BTAMERBEMFEREILHIRT

PERPERE, MAISEPARICLL S ML AREF AL Y TR Table 4 Elifjf superior clones based on wood basic density and
SR PERCR LT YRR 255 13825 o AP B L BT RER2 fibre length-width ratio
VLA SARRMERERY G R . G, LIARMIEAR  RREter ™ AMIEA®E (g em®) KL
B RN A AR T LR F R A T oE R, Sk 1208 0.467 99.41
MY RS EM IR 1249 K 4. GEMILR 1235 - 0.468 99.66
TotE R ELNGETM . VLAV 3 A>3 Mk, 1247 0-500 108.09
TEVLPE =M bR, RS A B O AT IR I TP R 1218 0481 101.62
BIFE e BRI R JCHE R b, AM BEAS B e e G 3615 £ 0.462 102.44
PEZSE 6119, #0531 grem™s MAMEREHERN 004 (02s
Totk R A 6309, LA N 3.23 cm, L4EKTE IR 5148 Wi 0.506 100.79
107.81, 5405 0.484 101.69
3 4t 6119 0.531 104.10
6135 o 0.483 99.84
RMHABE AT R o O oars o781
HEHE LGP Z —. ZOBEL &V 45 H . A % % 6109 0.496 10136

INAEAE (£0.04 g- om ) K Bl B 2N T B R A
E R, AUFFRFR . ARM AR E N
0.461 g-cm™, fE 0.350~0.636 grom® AR S, 5l AR Y BFFEFEAAHATN Y AR R K
FHEA BE V-2 Hh 0.383~0.491 g-em ™ AR FEATE BEAE 7 #i 0] FI7 H N JEME B 28 5 B3, HLAE
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B

LT YA P RN 27 2 K98 R i AR R T R I R A, SN B RE A X R . X
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BE . PURISREE | TR R AT R S AR . B RS AR R T 1.6 mm(KEF4E), KIhERT
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TORGH . AT R B LT 4R RN B B 5 T4 AL, TR AR 4R B LU IR T4l At , H5H:
X B AN EF I A 1028 RAF R EE R — Y, nBe R AR T UM A0 51 AR T, ARDFSE
W . YIRS 3418 A E 77 M (] RS b P Y TEME R IR A W (P<<0.01) AR W
(P<<0.001) 2= 5, VLB T EANEF AR AE 7™ H [E] A= b P 9 O R AR 128 5, BT — B I £t
BRI R T .
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R A A AR T A2 EE A SRS R AR A1 0 S0 R s )R S St X AR LA 8T 1) B B R
HEATHERE . BB HE O B A AR A A AT BRI AR B, bt 2 4 S8 I B2 3 o R B . 42
PRAED XA R RIS 1 B BAAIF T B . B . W A B A AR KR e A T B2 v AT . ARBIFSR
T DRI AL S AL — A O ML R %, B RS2 R H . Bk, #4880

YA 0.464 93.76
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