&M Guihaia Jul. 2023, 43(7) : 1296-1307 http://www.guihaia-journal.com

DOI: 10.11931/ guihaia.gxzw202206034

JKAFIE W, BRLL, 45, 2023, BEU R XA AR ST i FIFN SRR (D], ) VYR, 43(7) @ 1296-1307.
ZHANG XF, YANG SY, CAI H, et al., 2023. Effects of genetic improvement on traits of needle and cone of Cunninghamia |
lanceolata [ J]. Guihaia, 43(7); 1296-1307.

12 1% B R X 42 7K $ i F0 i ST AR B 72 i

KFE?, R, K oat, E& RN, ohRed, RWY

( L FETMOL R2ZEMAR B AL S EYH R BB T E NI E # A 210037; 2. F ML K2ERTIT
FARHOL BRI BET ROy, B AT 210037 3. MR TE D A M, B NS 353211 )

W OE. s i ek RO 3R MO A AR e R SR 4 5 e e PRI A AR SR A I S AR AR ER
4 B ARG R (Pl AR ) | DUAE LM R R AV 5 R (R el R BEIR) RS R A T 218 DM IEE R
ERnE AR SERIRAE AR, SR F 5 25 0 M RN 22 T % L O TR AR AT AL B R X RS R BOR R 2R B R R By R R 22 57 O
T R D A BT AR ST 38 A R R X AZ AR I R ER AL 43 FR MR 52 LA SORI I 32 B4 43 B SR 2K 43 B gk
TP, a5RM . (1) RS R BRI B & & I 58 R H R 2R 40 590 b el B B4 /DN 13.289% ,10.81% Al
33.90% , Ho AR 2 BM A 0 R B IR R T2k R BEIA, 22 59 7E 10.90% ~27.03% Z (8], A R FEARER SR Bk
SR A AR B AR, A B BB R 9.14% 12.73% 1 15.38%, (2) Bk SR+ FRIE 5% G
19555 4 PR 7E AR B BRI P A BRI BRI T8 (0.931) 81888 K AL 195 9 (0.622) 22 i) S 4% 5 3 1E A
XK, AL R G , 31X 4 A PR 22 () 2 5t 0 3 s (35 IE A G, (3) IUJITAE%E (SCYA) I ER K R BR 2R
B PR L e R R 48.83% F1 53.26% , L8 L (AHHS) (Y FORLE it R FFIA K 16.92%, (4) 15K
RSSO TR I BR R A AZ A LA PR AR | S A R SO B BR SR A2 AR LU BB I, 28 1A AR E I R &
FERF AN TR, AR T AS [ R BR SR Y 11 H A1) ) A2 e A B PP bR AR S8R 8 A DG 1 R A2 R
P R IR T AR 2 B AR B AR AR

KB A, BESR, BABEHAR, £t Fho

FESES: Q944.3 MEEARIRED . A X EHE 1000-3142(2023)07-1296-12

Effects of genetic improvement on traits of needle
and cone of Cunninghamia lanceolata

ZHANG Xuefeng'?, YANG Shuangyun'*, CAI Hong'*, HUANG Dou'”,
YE Daiquan’, BIAN Liming'*"

’

(1. Key Laboratory of Forest Genetics & Biotechnology of the Ministry of Education, Nanjing Forestry University, Nanjing 210037, China;
2. Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, China;
3. Yangkou State Forest Farm, Shunchang 353211, Fujian, China)

ks HEE: 2022-11-10

HEWMB . BERHKRFERS T FWH (32171818) 5 U H [ F S M & 1RSI H (2022YFD2200201 ) ; 4 4 #olk B4 10

H (1 MARHE PR (201635 5, ZMGG-0701,2022FKJ05) 5 VL5 m A O S~ RHd e TR BBy 5 H (PAPD)
E—EE : FIE(1996-) BRI A: , FE N FMAE L FEFITF, (E-mail) 1757711793@ qq.com,
CIEECEE . DR B, EEN SRR R L SAOR BB R 7 WS, (E-mail) Imbian@ njfu.edu.cn,,



78 SR AP . BT AL RORAZ AR I R SR B S 1297

Abstract: To reveal the effects of genetic improvement on leaf and seed traits of major afforestation timber species, and
to clarify the variation trend of traits, selected trees (improved population) of the fourth cycle of Chinese fir breeding
and phenotypic superior trees and ancient trees (unimproved population) in four provinces and five regions were selected
as the research objects. The needle and cone traits of 218 clones were investigated, and the study used variance analysis
and multiple comparison methods to study the phenotypic differences of genetic improvement on Chinese fir and different
types of Chinese fir. The correlation analysis was used to explored the effect of genetic improvement on the phenotypic
traits of Chinese fir needles and cones; the principal component analysis and cluster analysis were used for
classification. The results were as follows: (1) The needle length, needle width and seeding rate of the unimproved
population were 13.28%, 10.81% and 33.90% lower than those of the improved population, respectively. Other traits
showed that the unimproved population was higher than the improved population, with differences ranging from 10.90%
to 27.03%. The coefficients of variation of cone length, cone width and seeding rate of the unimproved population were
9.14% , 12.73% and 15.38% higher than those of the improved population, respectively. (2) Among the four traits of
cone length, cone width, bract scale length and bract scale width, only cone length and cone width (0.931) , bract scale
length and bract scale width (0.622) were extremely significant positive correlation between them in the unimproved
population. After genetic improvement, the four traits showed a significant or extremely significant positive correlation in
pairs. (3) Cone length and cone width in Sichuan Ya’an (SCYA) were 48.83% and 53.26% higher than those in the
improved population, and the hundred-grain weight in Anhui Huangshan (AHHS) was 16.92% higher than those in the
improved population. (4) Genetic improvement led to a decrease in the proportion of Chinese fir with loose-stretched
cones, and an increase in the proportion of Chinese fir with tightly packed and inverted cones. In summany, this study
believes that the genetic improvement of Chinese fir leads to the reduction of cone size, changes the proportion of
different needles and cone types, and changes the correlation between needle traits and cone traits, which will be helpful
for providing the basis to the evaluation of Chinese fir germplasm resources and future multi-targets breeding.

Key words: Cunninghamia lanceolata ( Chinese fir) , genetic improvement, breeding population, needle, cone
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Material sources for unimproved populations

Table 1
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AHHS 118.35° E 29.72° N 1000 2369 18.0 30
HNJH 112.37° E 25.59° N 448 1408 18.3 10
JXGZ 114.03° E 25.87° N 949 1606 17.9 37
SCDC  102.09° E 27.19° N 1853 1074 17.7 12
SCYA 102.09° E 30.19° N 1034 1250 16.2 17
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Table 2 Trait eigenvalues from two Chinese fir populations

FNUEES TN EEZEN
PEAR Unimproved population Whole
Trait o N N
F/Mi Nl T A SRR T L EY
Minimum Maximum Mean CV (%) Mean CV (%)
LR N 2.56 5.74 3.75+0.07 17.90 4.04+0.06 19.95
Needle length (c¢m)
[ 0.22 0.43 0.30+0.01 10.49 0.32+0.01 13.94
Needle width (cm)
HHEE 55.00 116.00 81.3+1.20 15.31 72.40+1.00 20.35
Coniferous density [ leaf + (10 ¢cm) ™ ]
BRAEK 24.59 58.51 36.45+0.70 19.71 33.04+0.43 19.40
Cone length (mm)
RV 20.02 50.75 30.86+0.68 22.58 28.88+0.38 19.23
Cone width (mm)
R 11.68 25.82 18.16+0.23 13.24 17.24+0.16 14.04
Bract scale length ( mm)
AL 15 i 10.62 21.96 15.04+0.17 11.86 14.14+0.15 15.52
Bract scale width ( mm)
HoRL 0.36 1.13 0.70+0.01 19.30 0.65+0.01 23.21
Hundred-grain weight (g)
HFr 5 0.47 8.18 3.53+0.17 48.70 4.46+0.13 44.13
Seeding rate (%)
(ISR FEN EEZU
PEAR Improved population Whole
Trait . o . N
NG N P 255t K »
Minimum Maximum Mean CV (%)
[IURN 2.68 6.83 4.32+0.08 19.14 0.00
Needle length (cm)
[ 0.23 0.46 0.33+0.01 14.08 0.00
Needle width (cm)
B 37.00 88.00 64.00+1.10 17.82 0.00
Coniferous density [ leaf + (10 ¢cm)™]
BRRK 23.23 36.96 29.82+0.30 10.57 0.00
Cone length (mm)
R 5 21.25 33.81 27.01+0.25 9.85 0.00
Cone width (mm)
At 11.63 23.05 16.37+0.20 12.86 0.00
Bract scale length (mm)
A 16 7.28 17.54 13.29+0.21 16.69 0.00
Bract scale width ( mm)
HoRLH 0.31 1.09 0.60+0.01 24.92 0.00
Hundred-grain weight (g)
HFF A 2.06 11.18 5.34£0.17 33.32 0.00

Seeding rate (%)

. P<0.05 FR 2 REARMIRE S B

Note: P<0.05 indicates significant differences in the traits between two populations.

IXGZ Wy & RiE 435 e 4TH K 26.67% 1 21.67%
Hofth 3 Ak UEHL S 4TH 1925 54 S A,

2.4 REERKWERSH

2.4.1 Ater £ R HBEE 4 ATHL NIEIRE A JEA
THERA 114 4, R 52.29% , R 258 4 L 45

L 1 L BAEA RV PR3 08 43 A AEFE R K
LS TERRBHATAG 28 N A KBRSt
4 25.00% ; MFEA R RAE AR A 86 1~ A, KA T
A, 5L 81.13%, B T ERAE S M A R E,2 Fl
B 2R A H 36 MR G 22 55 38 3K 31 i 2 K
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Table 3 Trait eigenvalues of Chinese fir from six sources

;@;{j{ ~
Trait ATH AHHS HNJH JXGZ SCDC SCYA
[URN 4.321+0.078b  3.545:0.103a  3.591+0.133a  3.757+0.093a  4.794x0.214c  3.438+0.097a
Needle length (cm)
£ 58 0.333+0.004b  0.295+0.006a  0.300+0.008a  0.299+0.005a  0.292+0.006a  0.296+0.010a
Needle width (cm)
HhEE 64.0x1.1a 87.8+2.7d 82.8+2.6¢d 77.6%1.8be 74.7+3.0b 81.8+2.5bcd
Coniferous density [ leaf + (10 cm) ™ ]
BRI 29.820+0.298a 34.140+0.717b 35.133+0.962b 34.645+0.741b 30.865+1.083a 49.181+1.451c¢
Cone length ( mm)
BRI 5 27.007+£0.251a 28.155+0.600bc 26.398+0.862ab 29.689+0.524¢ 25.973+0.677a 44.262+1.332d
Cone width ( mm)
RIS 16.372+0.199a 17.969+0.518bc 16.550+0.675ab 18.530+0.393¢ 18.039+0.592bc 18.701+0.397¢
Bract scale length (mm)
a1 1 5 13.293+0.210a 15.014+0.353bc 14.734+0.497bc 15.612+0.281¢ 14.119+0.551ab 14.658+0.341bc
Bract scale width ( mm)
AL 0.60+0.01a 0.76+0.03¢ 0.62+0.04a 0.73+0.02bc 0.65+0.03ab 0.61+£0.03a
Hundred-grain weight (g)
HUFER 5.34+0.17¢ 1.91+£0.20a 1.93+0.28a 4.55+0.19bc 4.13+0.46b 4.66+0.29bc

Seeding rate (%)

IE: AR/NG TR E R B2 (P<0.05), T,

Note : Different lowercase letters represent significant differences (P<0.05). The same below.

x4 EALREHHMKREBHHERESERE

Table 4  Trait eigenvalues of different needle and cone types of Chinese fir

Trait A ! B, B, B,
RN 4.161+0.080 3.933+0.073 4.017+0.088 3.966+0.097 4.149+0.098
Needle length (c¢m)

EFif5E 0.328+0.005b 0.304+0.003a 0.323+0.005b 0.308+0.004a 0.316+0.006ab
Needle width (c¢m)

HIEEE 69.6x1.5 75.0+1.3 71.3+2.0ab 75.71.5b 70.0x1.7a
Coniferous density [ leaf + (10 ¢cm)™]

BRI K 31.754+0.624a  34.221+0.585b  32.708+0.73lab  34.495+0.828b  31.802+0.640a
Cone length (mm)

BRI TE 28.315+0.549 29.397+0.513 28.338+0.582 30.022+0.752 28.178+0.565
Cone width ( mm)

A B 16.673+0.230a 17.756+£0.223b  17.258+0.287ab  17.738+0.279b 16.681+0.275a
Bract scale length (mm)

A 15 13.639+0.218a 14.599+0.194b 13.635+0.264a 14.687+0.210b  14.049+0.288ab
Bract scale width ( mm)

R 0.63+0.02 0.67+0.01 0.65+0.02 0.66+0.02 0.65+0.02
Hundred-grain weight (g)

R 5.04+0.20b 3.93+0.16a 4.42+0.21ab 4.01+0.22a 4.98+0.25h

Seeding rate (%)

s A ZSEUET I BRI ST R R R T A R
RRIRI/INT A R, S A TR A R I
A Z5H 1R 28.24%  HA IR 9 22 3 7E 10% LA,

2.4.2 HREA 3 FhER IR A Y LA A A [
218 MM R P BRI 70 1~ (32.11%) 5K Al

A 71 4(32.56%) S RA 77 4~(35.32% ) , 3
FRER L RAIERER N LRI E 22, TERRR
BEAAR S AR A i B 43 21.69% |
51.89% 1 26.42% ; 1 ol K HE A4 | B4 7 RN i 5
T 2 BN T 20.26% F1 11.97% | Tii b 5K L%
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FFRd K, 5 A% B BRAR R Bk 8 | A K A
AN BRAN[RIER 2R AR [ PR 2 ) A7 7 B 3 22
S BT A AR, AS [R] BR AR 26 U 3% A0 2% 5
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FRIEE R T 1, Ao sk K T 10% H 2t
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KRB FER, B— WD TlR N 34.76%, F
BEALFE A A R B K BRI A A
Bi 3 o R TTER R R 15.09% , 35 E A0 45 4 9%
KA 58 5 55 = F LA STk R 14.38% , £ %
F R TE PR LA B 5 55 00 32 4y BT R R oA 11.52%
THERMANERFEL (RS, R6), 14 HE
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Table 5  Eigenvalues of each principal component

L e g R TTERAR
LSy » s UK
S FRAE(H . Accumulative
Principal . Contribution _—
. \ Eigenvalue rate (%) contribution
componen rate (%)
1 3.128 34.76 34.76
2 1.358 15.09 49.85
3 1.294 14.38 64.23
4 1.037 11.52 75.75
5 0.684 7.61 83.36
6 0.566 6.29 89.65
7 0.511 5.68 95.33
8 0.348 3.86 99.19
9 0.074 0.81 100.00

2.6 HERREE

MR = A AR R 4 A 32800 317 R
Hortr SR 2 R, 218 DNICPE R B4R 3
25,510 83 4~ 59 4~ 76 TR, 3 KRR

x6 HI4NERSTHEEE
Table 6 Loading values of the first

four principal components

[EN FM 1 FMA 2 EMA 3 ESr4
Trait PCA 1 PCA 2 PCA 3 PCA 4
RN -0.57 0.48 0.02 -0.36
Needle length
i -0.51 0.43 0.28 -0.03
Needle width
HHERE 0.63 -0.36 -0.24 0.17
Coniferous density
BREK 0.80 -0.03 0.51 -0.21
Cone length
BRI TE 0.70 0.04 0.66 -0.19
Cone width
FEiN S 0.63 0.57 -0.21 -0.12
Bract scale length
N 0.57 0.54 -0.40 -0.12
Bract scale width
[ER A 0.44 0.32 -0.12 0.67
Hundred-grain weight
Hokr -0.30 0.30 0.50 0.57

Seeding rate

22 AR B 0 FKOF s T 23R £ it
RO CBRE /N kPR, B M T K%
PSE A A R, 58 T2 A MR HE 42 55 =0 ALk
P B S Y NG SR T N
N ERLER R AT SRAK ) TOPE R AL, 5 TS 2 8
P A A R A AR TP B 5 /N R SR ORI R R AR
(0 TC 1 R AR, 56 T 28000 by ok BB AR vh BR AR
TR EE R AT R A TG AR AL, DL R R e R A
R ER SRR N AT R AR TEE R (£ 7).
M2 7 AL, BARE AL o R 2 S 3Ok SR AR /N B 7R
FmE, o KRR AT 2 B R B Ak, 9T R Sk
SEAVA A [R) — 2850, AT RE & PR O AZ A i R X 2
BRARMEARIT R R N T B 8, (HAEE
BB MEhAE 11 AR R TR, BRE K
ZHN A PEIR Y KT ATH (X8, 79 K 8 F0 K
R ATH {8 5 20.58% F1 19.73% ,1EJG 10 H
LSRR/ e Wi - e AP e

3 it
3.1 KRR K

XTHREFAE P00 5, BRAR MR A AR 5 ) Fh -
1 A1 i ( Codesido & Fernandez, 2014 ; i Jh 9245
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1.0
0.073 -0.023 -0.005 -0.103 0.061 QLIRS ! 0.8
Needle length |
0.6
0.352%* -0.071 -0.081 -0.072 -0.139 0.052 0002 | EHIHIE
Needle width 0.4
At 0.2
-0.037 0.089 0.064 -0.046 -0.122 -0.003 -0.181 A
Coniferous density 0
-0.106 -0.054 0.048 0.163 -0.053 -0.031 0226+ | BRK —02
Cone length
-0.4
-0.071 0.017 -0.012 0.725%* 0.128 -0.091 -0.065 0.331%+ | BRALFE
Cone width
0.063 0.041 0.027 0.474%% | 0.464** 0.622%* | 0.101 oo | HBEK
Bract scale length
0.098 0.038 0.128 0.218* 0.443*% | 0.552%* W20 0097 | FBETE
Bract scale width
-0.157 0.034 0.096 0.202* 0.261%* | 0336** | 0.166 o015 | AR . .
Hundred-grain weight
-0.106 0.021 0.219% 0.117 -0.029 0.003 0.059 0.494%* HikF
Seeding rate
+ Q X o o) n
T T oM o% o2 TR Pa oEO gE
&—l—&—ba%gﬁﬁﬁﬂgﬁ e ¥ 2B &3
Sw F e TW o-Ww 28 ;A ‘E 2B 5%
—_ = [~ o
) £ e & & a 8 ® - —
=] = s g o o o 0 o
0 = @ = = e ] S
= =3 e ) § =8
=] = N =
2z s = £
g = g,
03
=
—

BT = A0 AR R BRI R s + F s 235308 LR (P<0.05) AR .3 K& (P<0.01)

The upper and lower triangles represent the unimproved population and the improved population, respectively; * and #** indicate significant

relationship (P<0.05) and extremely significant relationship (P<0.01), respectively.

1
Fig. 1

2014) . AW L, BN R & SBZ AR ERA
KNI ZE W/ S B AR s A A2 22 1A a8t 4% 2
RAPE, e 5 Bk BT 52 0 DG, T Bk 2R B
R K TR W A (B AR,
2017 ;34 8155 ,2019) , TESBAS ( Pinus thunbergii)
o BEE AR 3 R R KNV R R B (E

A BHER B MR E X

Correlation of phenotypic traits between two populations

HEHAE,2009) , MRE AT TC A BEORF, UM K
et e T8 FRA KN, & PR B K23
PO (oK B A, 2014) o R BEIR A KRR R 2
FEERR AN EERE, R, BRI AN R
el HHF 245 B — o B v, {0 A R SR B, AT g
JEU RLER = A TR LB TR B R BRI, R
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Zofn SOOI 12 LML,
Red, green and blue belong to category I, Il and IIl, respectively.

B2 RERLKE

Fig. 2 Diagram of clustering tree

TERA BT B, M OCH R E PR IE (PMS A SF, 3.2 MIREE RS

2003 ; #EEFAE, 2021 ) o AR HOZ A A B A & PR AL A FH OGP 2 ] — 2207 19 R ik 3k
M EARZ D A R 5T, B X AR RO R 2 1HAC B AR A AR A R OGP R B 35 0.9 (AR
F R R, 2 R EGR I MR 2R RAE, 2007 BRI R ST, 2021 ), AR R 3K OE
PEREAR (IR AE 2018) o PR, W OF (EERIEEAR  FHOC, QTL E( &R EW], S m  Mfe G B &
L RUEAR SO 3 AR S T IRRE ROR RS B0k, R BRI B2 (T BIRE S, 2000) , £
PR R AMA 5 AR B H AR i e 0 IR AR R, AR RMIRFRAT T B it
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Table 7 Trait eigenvalues of three

populations of Chinese fir

HER 1 I I
Trait

LIRS 4.471x  4.036x  3.578x
Needle length (cm) 0.091¢ 0.093b 0.063a
LI 0.333x  0.314x  0.297+
Needle width (c¢m) 0.005¢ 0.005b 0.004a
HHEWE 57.6+ 73.9z 87.4%
Coniferous density 0.7a 0.5b 1.1c
[leaf - (10 cm)™]

BRRK 29.553+ 32.251+ 37.473%
Cone length (mm) 0.347a 0.546b 0.892¢
BORTE 26.802+ 27.817x 31.976%
Cone width (mm) 0.294a 0.391a 0.881h
(RS 16.441+  17.274x  18.084=
Bract scale length ( mm) 0.230a 0.326b 0.278¢
1 155 58 13.271x  14.515x  14.802=
Bract scale width ( mm) 0.252a 0.301b 0.187h
[ER A 0.59+ 0.66+ 0.70=
Hundred-grain weight (g) 0.02a 0.02b 0.02b
H kPR 4.98x 4.43x 3.91+
Seeding rate (% ) 0.19b 0.25ab 0.24a

38 45 (R 5545, 2007 ; X 22 51,2008 ), {H R AL
TRAH S B A8 40 17 0 o R DLl A BF Y R B,
TER R BE AR b A OGP & G 2 AL MR A b AR R 2
PEIRP, FCEB 43 1 P AR sk SR M R 0 7 2 J]
AH G IR B 5 2 TE AH G T B A bR A sk SR R R
) AR A DG 1 R 22 B A Tk 31 B 2 KO 5 7R R ol B
NGBS =R N N2 R TV E O A N (B
SRR E MO T Fh iR R R R — mHAE
R FH ) e 0] 7 b SR S A5 R A0 R S IR B
KE EZ M IRPGE BN T EE A (o
51,2008, BT HEACE AR 935 28 R AL
T3 v P R ) % A OGP 35t A% ol B G S, S 1k
R B B4 AH OGP 15 21 32 T, 7T RE A7 7 [A] B 4 ol A <
FAh SRR A TSR
3.3 ZAREH

KZHET iR & i Rk SR B B e
WHEREME N 2 BE A % 14 0 g AR gl AR I X et
(52 M 8 LR B A AR AR A b AN Bl B R Y B
T At it ) R RN i A (R ) RN K
B W S AR 3 (e RS 5, 1994 Tk
85,2022) , BRI AZ 37 A% AR RS 5 114 52 ) 3¢
AN, FEAR SRR Tt . R, BT EBA R
o LT B2 ) BR SRR R A O B (T

] — i ARG, L 7 4 B it A (), A1 sk SR Ptk
a5 FEWO T AL S (B R AR 19985 bk X
HESE, 2000 FRHRAE,2021) o PRI, AR 48 B 0 5K
SRER Iy 2 AR M, A0 BT BT 5 R A 0L BRER B
& LSS AT OB R AT 026, MRAEAZ
AB B I OB B A A TS AT A o A
BUAR 3 26 MG BROR RN 85 1) B 25, 23 K 8
(O R I I N QL b S S R TR o
1964 ) 5 MU BRER L BT, 425 85 1) b S 4 | 1] SRk
RALE B A, 200 B AN TR R 3 Rl 2R
R (CZEEAR R B K, 1987) , A iR B AZ K Y 1 AL
¥ LL IR, Bl 7~ o 4 (AR-F 45, 1990) | H 3t 4%
5 BB A 3 B L A P Sy G A K R
i, SRR B, S O AR 1] B8 2 7B 2 5 I 9k
I B AR K IE R, iR g AR
D5 RN T PRI 5 2 56 (55 8 A BRI X
1964) ,7& N T8 B A A 5 A BUAZ K e 1 2 A8
SRAIAZ AR 7 He s/ Ny T A
3.4 HhIBFIR

AR IR S 1% b P AR S 32 22 5 4R 28 265 B A
K ANTE] ) b 5 i 3 PR 1 22 JB) A OC R AE TR 22 57
K% ( Picea asperata) KK FEURBR B K /N 504k &
FARSK (r<=0.4) (B HW5F,2003) ; & A ( Pinus
massoniana ) A ER K /N5 46 BE 5 0 5% 17 A
Ho(r<=0.9) (FR 5 R A5 SCER, 1990) 5 544 (P
wallichiana) ) BR K B 50 &2 M 2 (r<
=0.4) , [ BRER AR A7 Fh7 58 Fh 7R
e B ovp S5 5m JE fUM E (r<-0.4) (Rawat &
Bakshi, 2011) ; f1 ¥A ( P. pinea) 511 =# A, Bk
REARAF 7 HE SRR IR (r>0.8) , TER
RINGRER GRS, SE R (r<
-0.6) ( Balekoglu et al., 2020) , ¥4k Fl 2245 & B4k
JI R 1 il B A8 A e T BOBR AR R /INAE A B 3
K ( E&: = 58,2012)

4 ik

KA 3815 240 RS BURZ K B BRI B
A IR BRAR R TE AL 095 1 5[] 1) A G A
T 5 BSOS T AN ) B I R R 288 B ) 21, B AR 1 38
WA E R T (O E2E) TERER T g L], 42
iy 1AL BRI SR BB B L], A ST I AE TR
— SO IR R R R B B A R 2



1306 |1 I G/

43 %

MK B, ALHE— 2B R R TR A
R T G A A DR B AL 1 A R 30, S
IR S PR ) A O 2R, L B Bk R A TR 4 A S A
3, I GWAS Sk HE A K AN S5 1 73 T LB,
PR e T A R ol SR 1) o 2 AR

SE .

BALEKOGLU S, CALISKAN S, DIRIK H, 2020. Effects of
geoclimatic factors on the variability in Pinus pinea cone,
seed, and seedling traits in Turkey native habitats [ J]. Ecol
Proc, 9(1): 55-68.

CHANG EF, LI SG, LI Y, et al., 2017. Morphological
variation of cones and seeds from different hybrid
combination of Pinus yunnanensis and Pinus kesiya var.
langbianensis [J]. ] W Chin For Sci, 46(6): 8—14. [ # &
fE, AT, A, 5, 2017, A PSRRI 4438
HERCRMB FIE AR [1]. WAL RNE, 46(6)
8-14.]

CHEN SY, MA XQ, WU PF, et al., 2014. Evaluation on
growth and seed characters of different clones in 1.5-
generation seed orchard of Chinese fir [ J]. J Trop Subtrop
Bot, 22(3): 281-291. [ BR7R3E, ThHERS, M5 &, %%,
2014. 1.5 FRAZAF 7Bl AN [ JC M 28 A A RN 2 SR B9 9
M [1]. o RGP 2R, 22(3) ;. 281-291.]

CHEN YW, RONG WC, 1990. Genetions variations between
and within natural populations of masson pine along vertical
distributions [ J]. J Nanjing For Univ, 1(2): 46-53. [ FiE
B, I, 1990. D RARTE ELo i R AL AL 57 (1Y
BF5E [J]. BT R 2241, 1(2) @ 46-53. ]

CHEN XC, 2001. Selection and breeding of fast growth super
clone of Chinese fir [ J]. J Zhejiang For Coll, 18(3) . 257-
261. [BRF 1L, 2001, 2AEAAL RICHERIGEET [1].
TIMEEBE SRR, 18(3) : 257-261.]

CHENG JH, 2017. A preliminary study on marker-assisted
breeding of Cunninghamia lanceolata using EST-SSR
[D]. Hangzhou: Zhejiang A & F University; 21-33. [ Ffid
ik, 2017. JEF EST-SSR 73 Hnic B9 A2 A A Bh & Fh a0 42
WF5E [D]. BN . WTApR R 21-33. ]

CHENG L, DAI J, HE JF, et al., 2021. Genetic diversity
analysis and comprehensive evaluation of cone and seed
quality of Cunninghamia Lanceolata [ J]. J S Agric,
52(10) : 2805-2813. [ F2H#k, EifR, BiaE, 5%, 2021, 3
TER R FNR A2 R 3 A 2 BT B 2R P
[J]. B ARl2AR, 52(10) ; 2805-2813.]

CODESIDO V, FERNANDEZ J, 2014. Juvenile radiata pine
clonal seed orchard management in Galicia ( NW Spain)
[J]. EUR J For, 133(1): 177-190.

DAVIA H, CAILLERET M, RESTOUX G, et al., 2016.
Disentangling the factors driving tree reproduction [ ] ].
Ecosphere, 7(9) : 1-16.

FANG LJ, SHI JS, ZHANG YB, 1998. Studies on
comprehensive selection for superior family and clone of

Chinese fir [ J]. J Nanjing For Univ, 22(1): 1-7. [ ik

G, MEFERR, K, 1998, AR R R R KRG ik
FERTFE [J]. s atholl A4k, 22(1) : 1-7.]

FENG YH, YANG ZQ, LI HG, et al., 2018. Changes of
genetic gain & genetic diversity in the breeding process of
Pinus massoniana [ J]. J Nanjing For Univ (Nat Sci Ed),
42(5); 196 -200. [ F 1H, = 0, 25 kR, %,
2018. Lh AN T AR ERE b Y8 A4 1 £ 5 1L 2 RV AE AL
(I, F AR K224l (A AR B2 i), 42(5):
196—-200. ]

FU SH, DONG RX, WU LG, et al., 2007. Correlations in
progeny trials of Cunninghamia lanceolata []]. J Zhejiang
For Coll, 24(3): 272-278. [ ffii4e, HL, REER,
&, 2007, AR e FACHEARAROCHERT ST [J]. #WiTLAk
FREsER, 24(3) : 272-278. ]

GUAN KL, HUANG JQ, HE FJ, 1997. Cone seed-extracting
percentage and full seed percentage for seed orchard of
Chinese fir [J]. J Zhejiang For Coll, 14(2): 19-25. [ &
MR, BIRER, fAlHRAE, 1997, 2 ARH - Fe BRAL MY K32 A
MRiR [J]. WA EBE AR, 14(2) 0 19-25.]

HAN L, OU B, CUI ZJ, et al., 2021. Analysis on the
difference of thousand seed weight of different types of
Cunninghamia lanceolata seeds in different generations
[J].S Chin For Sci, 49(2): 17-20. [ #hH&, Kok, & T
A, 2021 AFETHACARRIZERIAZ AT B E Y 25 5
Grr [J]. Bl 49(2) : 17-20. ]

HE ZX, SHI JS, YIN ZF, 2000. Detection of markers
associated with growth traits in Chinese fir [ J]. Zhejiang For
Coll, 17(4): 350-355. [ ] fol #f, Jiti 3= 2%, F¥ 3 57,
2000. FZARAAHERAR IR BAL R IC BRI [J]. WirvIAk
FREFA, 17(4) : 350-355.]

HUANG SX, ZHOU CM, ZHU LQ, et al., 2004. Study on the
genetic variation of growth traits and wood properties for
Chinese fir half-sib families [ J]. Guihaia, 24 (6): 535-
539. [ #AFSE, FfEW], RABK, 55, 2004, ZAKFIHIR
FRARKMM LB AL 2 S W FE (1], )7 PR, 24(6):
535-539. ]

JIANG LP, WANG JY, ZHANG P, et al., 2019. Variation and
selection of growth and fruit traits among 170 Pinus koraiensis
clones [J]. For Res, 32(1): 58-64. [ B F, F5IE, 5K
Mg, 2%, 2019. 170 NLIHATCHE R A K S 4 SEARARAE 57t e
HeFE [T]. MolBEERETE, 32(1) : 58-64.]

LIN P, ZHANG ZW, GUAN SQ, et al., 1990. The female cone
types and seed distribution of Chinese fir in Laoshan seed
orchard [J]. J Zhejiang For Coll, 7(4): 69-72. [ #&F, 5K
RO, R4, AF, 1990, WEILIARIGAZ AW 9 - e 3k R
A7 o3 A REAE [T]. WL AREBEA R, 7(4)
69-72.]

LIN YH, HU HX, HUANG XP, et al., 2000. Investigation on
the fruit cone age-class distribution in the Chinese fir seed
orchards [ J]. Guangxi For Sci, 16(4): 10-13. [ kX #E,
BASSE, BU/INVE, 4, 2000, F2 RN JEPE R ERORAE IS
S [, T ARMOE R, 16(4) : 10-13.]

LUO JX, LI XQ, SUN P, et al., 2003. Phenotypic variation in
natural population of Picea asperata [J]. J NE For Univ,
31(1): 9-11. [ Pah, ZEmeiE, IMIG, 4%, 2003. =fZK
SRR R AL S [ 0], ZRAEMOL R #2240, 31(1)
9-11.]



78 SR AP . BT AL RORAZ AR I R SR B S 1307

MA YJ, BAO JX, GAO YX, et al., 2022. Genome-wide
association analysis of plant height and ear height related
traits in maize [ EB/OL]. Acta Agron Sin. http://kns.
cnki. net/kems/detail/11. 1809. S. 20220518. 1923. 002.
heml. [ ESAEZAS, SRAERE, RBLAR, 2%, 2022 FOKbR e A
FEAL v MR A S P A G TR 20 BT [ EB/OL]. VE9 24k
hitp://kns. enki. net/kems/detail/11. 1809. S. 20220518.
1923.002.html. ]

PANG ZH, YANG XH, LIU ZX, et al., 1994. Study on needle
quantity of Pinus elliottii at different ages [ J]. Guangxi For
Sci, 23(2): 78-82. [EIE%, BT I, X E+E, %,
1994, AN[IA e 0 M B I B WESE (D). T Pa Ak B
2, 23(2); 78-82.]

PENG ZH, XING ZZ, 1987. A study on natural types of
Chinese fir in Dabie Mountains [ J]. J Anhui Agric Univ,
14(1) : 35-44. [ZBUE, A, 1987, IANIAZA T
HAREIIRIDITE [)]. LRARABE AR, 14(1) ; 35-44.]

RAWAT K, BAKSHI M, 2011. Provenance variation in cone,
seed and seedling characteristics in natural populations of
Pinus wallichiana A.B. Jacks ( Blue Pine) in India [ J].
Ann For Res, 54(1); 39-55.

SUN HY, ZHENG YP, FU SH, et al., 2003. A study on
improvement effects of seed quality for different generations
and categoris of seed orchards of Chinese fir [ J]. J Nanjing
For Univ(Nat Sci Ed), 27(2) : 40-44. [ NS4, HEI,
it 45, 2003. A2 AR AR 2R el Fh 5 i 5T
BRFCRIHIFE [J]. m sl R4 ( A AR |
27(2) . 40-44.]

TANG JL, 2021. The gene editing of GW6a and GNP1 effect on
plant height and yield in rice variety of Huang Huazhan
[D]. Shanghai; Shanghai Normal University. [ ¥ 7% B,
2021. KA SRR ELAE H GW6a FII GNP (13 R 4w o b i
AP=REIORAN (D). LiiF: 1Bk,

WANG CY, MA SB, LU J, et al., 2012. Ecological and
geographical distribution of Keteleeria and its systematic
evolution in China [J]. Guihaia, 32(5): 612-616. [ £ 5
=, B, B, 4, 2012, ENAZ ALY A A
oM 5 ARG (1], )79, 32(5) : 612-616. ]

WANG GM, HAN GX, MAO PL, et al., 2009. Relationships
between diameter at breast height and cone/seed character of
Pinus thunbergii population in Yantai coastal protection forest
[J]. Chin J Ecol, 28(5) : 858-863. [ T3, ¥ 4F, &
FiH], 45, 2009. A0 BT ARSRAA R 5 Rl SR OC
Z (1] BB RIRE, 28(5) : 858-863. ]

WANG ZM, ZHANG JZ, NI RX, et al., 1998. Analysis of the
factors affecting output and quality of seeds from Chinese fir
seed orchard [ J]. J Zhejiang For Coll, 15(1): 15-23. [ T
MR, SRA, o, 45, 1998 RZAFF bd /> & A dh
FERYSE i K 4r A [T, WiV AR 2 B 2E A, 15(1)
15-23.]

WANG ZX, LIU HL, GUO JP, et al., 2022. Needle leaf
functional traits and their soil nutrient relationships in
natural Pinus tabulaeformis forests of different ages [ J].
J For Environ, 42(3) ; 262-270. [ T.i%#5, XIHtH0, &
-, A, 2022, IR KIRAREF I REMOIR S 3SR 03
MR [J]. RS RIS, 42(3) : 262-270. ]

WU HB, DUAN AG, ZHANG JG, 2019. Growth variation and

selection effect of Cunninghamia lanceolata provenances at
different stand ages [J]. Sci Silv Sin, 55(10); 181 -
192 [fRDGH, Bez[, skEtE, 2019, A2 A M HAR AN
AR A2 A8 S e g £ (0], MRl B2, 55(10)
181-192.]

WU HX, KER R, CHEN ZQ, et al., 2021. Balancing breeding
for growth and fecundity in radiata pine ( Pinus radiata
D.Don ) breeding program [ J]. Evol Appl, 14 (12).
834-846.

YE PZ, CHEN YW, 1964. A study on natural types of Chinese
fir [J]. Sci Silv Sin, 9(4): 19-32. [ M350, BRI,
1964. 12 KR HAR K BIMAESE [J]. MRl FE, 9(4):
19-32.]

YU RZ, 2008. Study on establishing Cunninghamia lanceolata
breeding population of the third generation [ J]. J Fujian Coll
For, 28(1): 69-72. [ X% 5L, 2008. LM AL = HEF
FIRHARIIDIE (1], RSB AAR, 28(1) : 69-72.]

ZHANG G, KANG WX, HE JN, et al., 2014. Energy
production characteristics of Chinese fir plantations at
different growth stages [ J]. Sci Silv Sin, 50 (12).: 14—
23. [K5E, BESCA, fam, 45, 2014, 2 ARMAIRAE K
M BB I A AHE [J]. MolkBhaE, 50(12) : 14-23.]

ZHANG HJ, 2021. 152 synthetic wheat yield-related traits
genome-wide association study [ D ]. Taiyuan: Shanxi
University. [ TRZIAS, 2021. 152 & /N Fetm Al IR
ARG [D]. KR, IIPE R ]

ZHAO LF, GAO JL, 2021. Growth character variation and
correlation of Chinese fir clones [ J]. J NE For Univ,
49(6); 19-22. [ ARG, mEEsE, 2021. ARG RAERK
PERAYAE S BARDCHE [J]. ARAEAl K224, 49(6) .
19-22.]

ZHENG RH, SU SD, XIAO H, et al., 2014. Female selection
based on a polycross progeny test of Cunninghamia lanceolata
plus trees [ J]. Sci Silv Sin, 50(9) : 44-50. [ Jp{=1E, Fli
78, M, 55, 2014, AR ZACA 58 AR E Btk
AL [J]. MolkBl:, 50(9) : 44-50. ]

ZHENG RH, SHI JS, XIAO H, et al., 2014. Genetic variation
and early selection of growth traits in 8-year-old open-
pollinated progenies of the 3rd germplasm of Chinese fir
[J]. J Nanjing For Univ (Nat Sci Ed) , 38(6) : 38—42. [
{748 WEZPR, HIE, % 2014. F2AKREE 3 AR BRI A
IR AR R IR 3 1% 728 e B LI B % (0], e sk
AR AR | 38(6) : 38-42.]

ZHENG YP, SUN HY, DONG RX, et al., 2007. A study on
realized and genetic gains of different generations and types
in seed orchards of Chinese fir ( Cunninghamia lanceolata)
[J]. Sci Silv Sin, 43(3); 20-27. [ ¥BEF-, FhBA , #Eik
W, 5, 2007, FZARAN[FTHARAS [ 2 B 1~ bl 35 A% ol R 4%
abikge [J]. MlolkBle, 43(3): 20-27. ]

70U B, HU DH, RUAN ZC, et al., 2003. Study on the effects
in the second-generation orchard of Cunninghamia lanceolata
[J]. J'S Chin Agric Univ (Nat Sci Ed), 24(4): 13-
16. [ 4RI, WIS, BukEbt, ¢, 2003. AZAH 2 AR T
PARCR 0 M [J]. AR AL K 2 4l (A AR B2 R
24(4) . 13-16.]

(REHE PHETI)



