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BE, MRS LSRG FME . 4508, 13 B ARMRRIAM AR EER RN E TR 2, KRR
IR THRRIE Sy, WA S RECh 6.78%, ARMIEARENBEAE S REC 3.07%; Mfe 5ARMEAE
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BIRRER . ONARMEARBEERBNR R RAMSLEIRE, #i6 ik mfrtlj SREMEA 18 4~ _ERHFIRE
T, BTN 5 A B BB AEAEAR 2 00 OB ARSE , B PIAS [ ARAMA B FME, WIREAZARE
HARE RPN T

KR 2R 2 RIRIAK; BRME AT

FESES: S718.46 XHEFRIRES: A XEHS: 1001-3776 (2023 ) 01-0009-06

Estimation of Genetic Parameters and Selection of Advanced Generation for Breeding
Parents of Cunninghamia lanceolate
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( Kaihua Forest farm of Zhejiang, Kaihua 324300, China )

Abstract: In the second generation clonal Cunninghamia lanceolata seed orchard in Yuhang Changle Forest Farm, Zhejiang province, a total of 39
open-pollinated filial generations (including 2 controls) were selected for seedling cultivation and afforestation test in 1997. In 2009, sampling
determinations were carried out on their DBH and wood basic density. Genex Protools 4.0 software was used to excavate the functional relationship
between basic density and DBH. The results showed that there were significant differences among families in DBH and basic density. The heritability
of family was greater than that of individual plant. The genetic coefficient of variation of DBH and basic density were 6.78% and 3.07%. DBH had
extremely significant negative genetic correlation with basic density. Breeding values of parents and filial generation were estimated. 8 families with
excellent DBH and 9 families with basic density were selected by reverse selection of breeding value. Eighteen breeding parents of the third
generations were selected by forward selection.
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WERAPEH TR ABE B ZE THOR BRI &AERTT, SRR R R 056k . B E Flom s & LIRAYE S
Sl WEARERN, IR BRI, MR BRI SRR . A, Z ATk
FSNRZAER N K, XSRS RPN RIS MR, BOARZS By i 358 st A% 5t P B IE AR R A i R A
A, JgvaiR L B, ESMA 20 40 80 AER LIS, JFEG K EHY FH EFMESEIEN B FbE, B RTCARE
BRI I AEIAE Paulownia fortunei . #EHIAZ Pinus elliottii, JCHEFA P. taeda, HZR#H#A Larix kaempferi 254,
R TR EBZLFF R EHE AR R EEEHE S, i THMORIEEIE ST, ik B U R RASFI L 5
TP B AR B A

F27K Cunninghamia lanceolata 3% E 7 & £ B0 MR —, HistiE B TAEEE NARREH LS R
JEHA, Zad)LHERR SRR, ZARCEANFS RS BT, BHE, #HTEREA 3 RngrtrEc s
1=, IR T 3 RFhFIE B BRI R R TR E TAE, RHBMMENGE TA2R—RE)
MU R R R FIRGIESEE 2 REMEARD, XA 3 REMPRHPERBIR TER, (HiE, AR
BRI SHESENCEAR T FMEMS EVF 0B WARE . RS T A AR A S AR R MR B S H R B FIMEL,
PR R R R AR RS R EFEARCR, Uik T P i), A5 GeneXpro Tools
4.0 B FEIAK 25 B 5 WA i) i 56 R RIS MM 2 B AN AL AL A ik O 25 5, 5 T ame 2R PR i Best
linear prediction, BLP ) AbFEAZ AR AP FIMER R AL PHHRIGESE , AR I 250, ARotfhitsiE S5,
BTG FME R RS2, TR E AT A, SR B ERRE", XA R 2k
R IRAE SRR AR %

A5 LN LA BN T R SRR AR 2 RFFIRIR R B B2 RO 4, AP T Ta) 5 .

(1) PR 2 RE R IR AR AN &R, DRBAERE TS, (2) iR EEE
PEREBEES MR ZABME, BRPEERE KR (3T 2 AR EASE FER AR B A S
MEAMEERME, PRESIREREAR.

1 AR

1.1 MR

MASRIRIAZAR 2 RAIFFI I h kit 37 N H MM R R (MhFEEARMBARERR ) , T 1997 4£7E
IR G T B AR, BRSEAPEISh, ISR R : CK2 (g 15 iRFh) Al CK4 (HVLH
SERFN) o BPAMHIBENRE B A SERRENLX A, 4 #R/NX, TR 10 K. 2009 4EFK, W EHIHIARIXHX FAZAK 2
RIRIAREA T, (i T YRR DCX R 13 AR ATAI AR = BEAREAT , B AR B D 2, X LA E A VR SR
[ IC Y 1R 2 RZANCHBEA T, pRillE T HA 8 MXHERE B (DBH) |, R HANRREG/D
XA, TR AL TAE IR, 2 NI A B A R
1.2 #ARFGE

FHETZH BRI S A IEASRI A, BoD ks R %1 BEZHXEAT T ERIROME S
() 4 BR/NREAL R bk /N . 8 MK AL N 32 AR TEE Tab.1 Expected mean square structure of imbalanced

datasets from single-factor randomized block

BRI, A A A ¥ [IEZZy:Z3
_ KA a-1 MS; o2+kioP+koon
Yijk =u+ fi + bj + eijk ( 1 ) ] b1 MS, Uez+k3(7f2+k4l7b2
A, i=1-a; j=1-b; k=1200; u gHHATIIHY; f WSS ab(-1)  MS. o2 +ksor+ag?
RRZRR; b AN ; ey bR A abn -1
RIS T AP R AT 5H 7, s o ool o Y HIFR . T TIPS

HEyJ SRR, KRB T 0 R
JHEITTE IR 1.
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FEHHLU T BHESHL
FRIAE R ZE (PCV) = o BERTI9ME
BB R RE (GCV) = o, IHEFIIE
RFEAES) (h?) = ofllof + (Kalks)on” + (1/ks) % 0¢’];
BARREAE T (0 =3 xofl[of + oy’ + 0e]o
1.3 BEMEMNMGITERSHRFERERE
131 FWHEBFFRRZANTAE BARRATE A HEAK N

A= 20’f2 x [O'f2 +(1/ni.)sz"'(]-/ni)’@'ez]-l"(% — ) (2)
132 WEABRBHHREAERSHTFMAE MEEFME A EHAR
A=CxViy—up) (3)

KLy = [Yi—U; ¥, — E3) 15y A NMAMEHE ; u BEACFIME E By sRECE= IS C = [46f, of + (3In) %o’ ],
C ML ERIE, V = [of+0, 40,7, o +Ho+0 N o+, 40.2)Iny, of+Hoy+o )], V RIS .
1.4 BARAMELRZESWEEHNRERIEESHNMGET
FIH GeneXpro Tools 4.0 it FZI8AM AR BE S Hf2) R ECE R
F(x) = F1(X) + Fa(x) (4)
A, xR (em) , FR)REARMEEARERE,
HRYEZPRECR A 2 IR IR IR FE AR S, X T SCE AR, R H S5E S 5 AR M AR % B 5
AT, RSP AR ER Tt 24, EHIERE b, AR, SR AR A E N AMEEFME.
1.5 #HiELE
SR H Excel #1 Matlab R2016a #XFAMBRFES MR . W HZE K RIE A G0FE GeneXpro Tools 4.0 HAHZH 515
ARMBERFEEEGRIRRR, BASHE: DGR 39; Jufafidl 30; LK 7; BERN% 2; ARE 0.044; #E
& 0.1; ENEHSE0.1; RREZRSEAAAM. B TFefbr, FAANTZIERE T
F(X) = [-sin(70.334 7>x"°)]+[1/x—x+47.242 51] (5)
K, ARMEARE AT K 100 £,

2 ZR 5

21 A2 REHFHFRIZEANKEMAMERZENER ST

13 AFEAEASAR 2 R IR R R IR -3k 14.45 cm, F79A8 5 280k 18.79%, 1B A8 5 2%k 6.78%.
W 25, WEESHARE BRHRRNEREE, PEMERNEE )N 0810 1, kL 12 0.390 9;
R FEAR G R EIE A 31.56, KIS F REPCV b 8.59%, AR R4 GCV 4 3.07%.

F2 FEIEREGTHEAREEBRRANBREMAMEREENSGEDHER
Tab.2 ANOVA on DBH and basic density of half-sib C. lanceolata families under random model

Mtz

e P H Y7 B Y Ty 2ty REABETI(Y) kg I1(h)
sHE 424.776 0 31 10.8917 Ge2+ 0.118 267+ 34.08 880,
AR 630.968 5** 38 33.208 9 oe2+ 27.964 90/+0.125 1oy’ 0.8101 0.390 9
=3 6 486.4 1021 6.285 2 0.2 —0.003 607 — 0.004 7oy
AS — — **/T%‘$@g —

R FEA B E IR LA B R, T 25 RABES () HpkEE (0
vl 111870 .2+ 0.118 257+ 34.08 880y’
REH 35.533 0** o+ 27.964 95+ 0.125 101, 0.806 6 0.384 2
R#E 6.850 9 0e>—0.003 607 —0.004 70,2

T R BRI 255 E) 1%58 Ko
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22 EKR2AREBHEMREAAMEARAZEFMRZHNEMERMKRRRIERE
M 3048, MRBMMERBNEZA 84, 3i& B42, B11, A77. B105. B101. B13. B164 il B163,
HEFMEYEE T 1.000; mAMFEAZEERHOREAZAE 94, 5k C23, C30. B9, C32, J30, B111, B68,
B149 fil B122, HEFMEMIYE T 1.000,
%3 HASHAEHERREAMEABENRENEMERREFRE

Tab. 3 Breeding values and filial generation survival number of basic density and DBH of open-pollination families in advanced generation
orchard of C. lanceolata

REGS AR 07ES T AR REG T R e BT AR R
A10 0.4707 —0.6386 24 B9 2.3205 -1.9684 28
AT6 -0.8471 0.605 1 31 B164 —0.554 3 1.060 3 29
A9 -0.2174 0.2123 31 B148 0.2959 0.097 2 26
A78 0.604 9 —-0.6186 30 B101 -1.3272 1.3610 30
AT7 —1.4977 1.557 3 30 B111 1.4949 -13701 27
A45 0.5841 -0.5786 31 B68 1.4939 -1.3447 29
A4 -0.8293 0.8400 23 B2 -0.7750 0.9105 27
AT75 0.422 3 0.000 8 29 B105 -1.6671 14227 31
B42 -26159 24313 31 B46 -0.8538 0.6175 29
B65 0.490 2 —-0.6302 28 B163 -0.7729 1.023 4 27
B155 -0.6383 0.0015 22 B121 —-0.6008 0.504 2 31
B11 -17331 1.688 2 30 C23 3.2116 -3.1307 21
B149 1.124 4 -0.8821 26 C32 2.098 8 —-2.5650 18
B154 -0.7392 0.552 2 28 Ca4 -0.1458 0.3745 32
B145 -0.2587 0.3214 28 C30 2.3880 -25751 24
B122 1.0734 -1.0363 29 C28 —0.406 0 0.3874 31
B161 0.7133 -0.749 4 24 CK4 0.8639 —-0.4376 27
B49 0.0817 -0.209 6 30 CK2 -0.2794 0.3397 31
B13 -1.4648 1.065 6 28 J30 1.900 8 —2.000 6 29
B56 -1.102 3 0.891 8 31

2.3 FAMRMRKIEEEX RS FERRIEE RS

AR FEAGEFE 5 Wafsla) i) B A6 R85 R = - 0.981 6, 1X 53 3 W IR BEFMER BIIR R SAMBEAEEE
FME 2 R RAFERSE A —2, SIS M g AR KRB AR . R T A SRS (0 1R SR i i
SEH TSR, TERER KR, REHERR K RANBHITAT RS R AME (AP MR ERER) o |
TR R T MR R R R, SREFEHEERE EXF N R R R R AN B PME Rk
B OCRHMSIEIRE, EHPELGRR, B AME. B TERRANSIKFREARECRE, B AT FME
IRFZKRE; RRERANMERMEAEENEME (BV;) A3 BV;= CxVpx(y-u).

B . ARES AR FEAE R A — MR R C23, A T4 23 A, sR&EF AR FEA 1) & FiE -

E(yj)=u=3156; E(Y;) =31.69: Y ;=35.0686;: n =23; Vi = [FAMMWE ] 07°=1.0249; o,2=
0.1235; 0,2= 6.8551; C = [4*1.024 9, 1.024 9*(1+3/23)] ; Vi= [1.024 9+0.123 5+6.855 1, 1.024 9+(0.123 5+

6.855 1)/231.024 9+(0.123 5+6.855 1)/23, 1.024 9+(0.123 5+6.855 1)/23]; BV;=0.440 6*y;;—12.7164
C23 RAWK) 8 ™MEBFMEINFE 4.

#4 CRBERFEMSNMXEEEFHMIEME
Tab. 4 Individual breeding values of C23 family with 8 block repeat

X -#k5 3-2 4-1 5-1 6-3 7-2 8-4 9-1 10-2
BFME 0.7219 26253 —-0.599 9 0.567 7 07571 0.889 3 27795 0.9378

HERZ PR EIMERD LA REST, KANNMBEEREERMERS, Ih5 LA g . h
FARIE P AN SAMEAREREE AR, SRR SMRESRE, AREGRH T IEIRER I &
BEPER R 7 BT, MR SR IRTE « NIER AR EA R RO R B MW AR T A PNt ;
NI R AR HAM AR AT R TFIIE, h TIEDRER R, BMER R RANIUE 1 B,
2 20k, BRI 18 MR O, HAR S LA RMEILE 5. SHRARIRAE R, M AREIRE
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PELR R A HAMY AT MR BOR B2
5 NSEAMBEASTRAEE HAE B AR ARIEREA )

Tab.5 Breeding values of basic density and DBH and restricted traits of selected individuals

AP EEEVEIR I A AR IR SR MR EAR B A PR UK PEIGEAE SR
RAY XAtRYS  HRME Ly Y e RAT XL S HAME PR

c23 4-1 26253 14.50 B42 6-1 17441 3255
C30 3-3 3.1302 16.80 B11 5-4 45627 31.29
B9 3-2 3.9284 17.80 ATT 4-2 15942 33.16
B9 10-4 2.9239 16.20 B105 9-2 2.9057 33.15
C32 3-3 3.3512 14.50 B101 9-1 2.8079 32.89
J30 3-3 2.160 7 14.80 B13 3-3 26272 33.52
B111 3-4 3502 1 14.60 B164 3-4 3.569 6 3221
B68 5-1 41265 16.40 B163 10-3 21209 3161
B149 4-2 1.662 6 18.10

B122 3-3 4.9451 17.10

3 WikE&®

BT LA 13 AEAEAZR 2 RIRIEMR A XSG, F2 B nr RIS ARAHAEIN 18 7 VA RAS 00 43 AR LA AL
PERFAF L MREE , DO AT 2 R oA I B B L SEEE R, LR SR PR ) fA ™ S S st (A 5%
B, W PEREMOR BRI B RCEAR . AMEAREE SEKERZ B R R ToER. BT HOREHARSR M
AR BALAE SRR/ N BT 78, SO D ERMOR IO (R R ) 5ARKMRIEHEAE 1T
it Zobel S XTERIN =42 Picea abies BT &I, LN AT 25 EERUNAL bb B30 5 AR B (QuBfts )
TAAEE RIS, BHEHISCEE Bk, B, MR, 5—RA SR TILECE R, A
S AR 8] A0 SR SN — SRR AR 2R A 24 BRI | 45201, A5 2%4% Eucalyptus camaldulensis ., =42 Picea
glauca. 544 Populus trichoocarpa. —ERE4S A Platanus occidentalis. K4EAS Pinus taeda . #His P. ellitottii .
RS P.radiata. BRIHZRAS P. sylvestris FIAEERS Pseudotsuga menziesii ZEbFh3s A e B A Ktk 5 A0 23 B
SO, AR SR RITRE AR BRI RAERAURSS . 5 A A RARIGE B 25 R L, A2
AR (K5, ML) SAM SRR BB 200 . TS0 PS5 PRI s S G T A AR Ak A4
S MAE . MRRRIEAERE R ) OB AH ORI A5 2R, AR A BIAZ AR B A B 5 A 07 R s A A S ik
-0.9816, XAEERMRTRES SRR . AR ST A RV LSS S I R K

AW EBHE SEUL BRI, (B Zhang S FEREAEYEH A Larix olgensis Y o & AR KPR

(W . MERRRT AR ) B st J140900 0 0,951, 0.955 il 0.943, i Bkt % 1143519 0.958. 0.983 Fil 0.866
A TE L SR, X T REEAPEL . SRR AT 7 5 N AR ), ol A Henderson 77 | 1Y
PR, SRANR GRS TR ISR SPSS ARG EMI S IR BE S5, A SO R 4Gk
SRS TR PR FEREY USRS T Matlab R2016a R4S P AEF- R Ie 8, AR5tk
RIEBAESEL DL B INE T KB, b HTikEE Henderson J57k: | SRR, X5 LARTRMERT 4,
SR —F,

ZE PRk, AR, UAMARIRIEARA) SELE s Mtk BRI iy, B INE AR 2R
SRJE R AFAL AL TR B 24 Yl R APRAR AR ™ E A SR AR, SRR IR R Sefh
HEMME, ARG RAMSIEIRIERT; S RAE RN SRR TR R B, vRHER S8, R
EERAS ) F o B TSR, B E R MR B MEE ESE R, T EAR T

SE L -
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WL RS AR RIS HE = I 2 38 5

HET, Wil Bah g kaiC o H sHE R & 3 s, WHFLIRR RS TILIX 26 H. HNELRE
FEMSEAROLBRIC 3 602 t, HATH 360 187 JT.

WHTHIA AR 620 5 hm?, 34T HCRIE TR A TR AR T AR TR | AR S T ARG 62.7%, BRICEE .
(DATARRE S Sz VA e E= =

AEWIRIE N FIATENSERLIR, WHTAEMIRAHL G T CI LA R L e R ) |, RS
ML BRI, DA RICEAF S M ESCORE s LA (T4 T R BGE 3l (S8 i AR B 2
BAHFREFINEGRIT) ) RS, BUWRRERIRE HALH] T IR & B BEPLS] . 2022 45 8 H 19 H, #iL
AMNSHTER NI . 255 B Bedeni . R TTHSOP R EH “Wibkail” WiH BB LA 12 H1H, &
e R EPRSE M H T A 2 995 hm?, B & Z2uiHER: 8 0907 t, W H W & 9 AME.(1i7 . [X)47 4~ £ 4(bkizm) 110
AHe

A WOARERIL” WUH BEE R & 2 5 CARBIMOLARIT S = S AZIEAA N E o LA PR m) 23wl M ik
MBI & I 1 Mol Bk 73R H
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