=15 2 R AT AZ K EH I A0 F SE MR 8O 220

JREEIEL?, WS 2, a2, EE 2, R4, A
(1. BT R AR S R S 0 AL 00 % BT 2100375 2. B HUMOIL K 2R 77 BAR AR Bp 7 1057 o s

B 210037; 3. EEEFOEAKE, Fg WS 353210

B B R o RO G AR AR R AR SR R, B IR AR e s, %L R
B AREFRAOEEN CRBED - DU AR BN S HR CRECR B AN 4, WA T 218
ANTCE R BV EF AR SRR YR bR , SRTT Z i A2 XL, B TR S O R X AZ AR JAN AR AR AZ R
(MERBIZE R @ AHOCHE AT, BRFTEAR o5 R ATAZ AR RN IR S0 o R AR B s R 32 B4 o0 A
FRBHTHAT 2 S5 RRW: (1D R RBFARIGE - k58 R HURF R 25 1) bl 2t R B /)N 13.28%.
10.81%F1 33.90%, HABHIRFI AR L R AR T R BA, ZR1E 10.90%~27.03% 2 [ AR R A
BRI, BRATER AR 7 R, 20l et REFR K 9.14%. 12.73%M1 15.38%. (2) BRIEK. Bk
SRR R AR T 4 IR, FEAR D R B T A BRI FIER LT (0.931D) ( B AIE B T (0.622)
AR EAG, REEMRE, %4 MR B35 R 2 B W3 EAR G, (3) DY)k
(SCYA) FBREKANBRE 55 MR Eb ok R K 48.83%A11 53.26%, Z#Ii%1L1 (AHHS) HIH ki E LR
FHAR 16.92%.  (4) BAEN R FEAATKBIBR AR LB RS, S a AR SO B Bk R A2 A L S
AN AR BB R FEER RN TR, 638 7 ASEE BRI SR (L], (R 2 el -1
RAFR SR IAE G, B AL AT T SR P ARk 2 H bR B PP gk -
KW A, BEMR, BEREHE, Ef, Fpss
HEFES: Q944.3 CERPR RS : A

Effects of genetic improvement on traits of needle and cone of

Cunninghamia lanceolata

ZHANG Xuefeng'?, YANG Shuangyun', CAI Hong'2, 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)

Abstract: To reveal the effect 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, and the needle and seed traits of 218 clones were
investigated, 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; through correlation
analysis, the study explored the effect of genetic improvement on the phenotypic traits of Chinese fir needles
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and cones; the study used principal components analysis and cluster analysis 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% smaller than those of the improved population, respectively. Other traits showed that the
unimproved population was larger 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% larger than those of the improved population, respectively. (2) Cone length,
cone width, bract scale length and bract scale width are four characters, in the unimproved population only cone
length and cone width (0.931), bract scale length and bract scale width (0.622) There was a very significant
positive correlation between them, and 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% larger than those in the improved population, and the hundred-grain weight in Anhui
Huangshan (AHHS) was 16.92% larger 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. 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 seed-fruit traits, which will be helpful for providing the basis to the
evaluation of Chinese fir germplasm resources and future multi-targets breeding.

Keywords: Cunninghamia lanceolata, genetic improvement, breeding population, needle, cone

o H AR IR (18 4% 0 R 2 AR PEAR =2 S B, AR SR MR (R IR I8 B AR DG, BV R — /N R s
a2 AR RIE . TEME T, MRE R A BB R R —, AHEY = 255 H AR 2R A A B
B AR . ERERPIRE A CEREF, EER 2N TERMEZ TR ZEM (single nucleotide
polymorphisms, SNP) 7%, ik EEIEF FESE THEAGRSE SHS. R, dsR
W EERR, Hrp g 5L R nT R s bR A S AERAL R AL, S EMEIR B EA O (HEA, 2022);
HElC&dr /N 1) 25 NMEFF R, KL T 331 4 QTL. 270 4~ GWAS B s Al 83 AN miAH L A,
WE T 66 MNEHI/NERR I QTL £, Horh 43 B I 2 b dk m RIS MR, AR e 3 A 45 bk
MANSEMEFFRAR G MR GRELAS, 2021) 5 KAEMKR @ gPH-IAA30 S5AHOCRE N,  [mIf s i . Atk
B PRAMTRE ERE, 202D o ARERERAITHEHMKRNEEEMEKZ —, FEEG
MM R RS R, ARMRESE R IES R R, (R EKNRRLB AN R, R T X HAl
PRR B ECE W3R . — 5, AR S M PEMRAELE U B LA G, BV BE S AR K MR AL 1 25 1A
Wrslhn, M % EESEM IR R (R, 2004) 5 H—JiH, AEKENERSIG NG S80T
T4 EEIEBe MR % (Wuetal., 2021) &

AR (Cunninghamia lanceolata) &3 |8 5§ 75 B EL 1S MR M B FP 2 —, FRHE 56 LIk 4 B AR AR B2 U
LR, EESARFREHAIE 990 75 hm?, 254 E A TARHEFI 20%; BFEIX 7.55 4 m’, 244
NTHRERER 25%. LARARKMEZF, FEFEER, HMERBEGEE—WHECHE, ka3
m R AR 5% A, (HREIP I RR M A B BR 401K 10% (M35 AIRE R, 1964) o H
A 50 FARARG IR ARBAE S R UK, ERKIERIGZEEEFH R, 282 MRINERE, K
PERIRAG T BB MBI a8, H AP MBUS AL 38 83 P VG FIAE 25%~40% 2 7] (U7 'R4:5%, 1998; MRz,
2001; ARVESE, 2003; KBRS, 20145 FBAAEZE, 20145 HDORZE, 2019) o fHAE, EFGEARAEKME
RIFF SRR, &7 SEE AR SZHIR R B E AR, DA R BT 5 IR B A S 2 75 B 3s
H A AR E

N B BB A O RN AZ AR AR SRR s, ARHE L DL 116 N TotE R BUMAZ AR ZE 4 56 & ik
(R AR 106 DTG R ETI P4 TR BUA 5 i CRECRBERD Xt G, o JL g Fnsk
BIL o MR IEATIN R, R ZESH. ZEME. MMM TR DR ST, R
FUAR AR OO0 RO BT I FOER SR MR AR S o PR IBAH DGR (52, DA AN [RI S BUAS A AE 18 A% o5 R AT 5 ) 22



., AR Fb B R GER I, AL AR 0 (B v 4R G 16
I MRS Tk

1.1 R HAE AL

AR R AR CE 4 50 FMRHE, ATH A T4 A 7 1 E A MR TE S 300l (PR S« 14-8-2)(117°53"
E. 26°49'N) , J@& T WHAFZERME, FHEAN 21.6 C, HIKEEN-0.6 'C, WeEiaEx 39.0 C, FF
BBk E N 1737 mm, AHXHEE N 73%, ¥k 175~240 m. 5 4 5B MEHARTHE A AR DRI IR
S BIRETRRVR AR, IR I 40, (i (pH 3.9~4.6) , BIAIPEEG, IE 25°~30°, A T.E,
WoE 1.2m, FRITEEN 3 mx3 m, 7UMAMEA 60 cmx40 cmx40 cm, 2016 &2 HH

O BRI GRS BEAO USSR R AT TAR 4 T L [ A MO 3T BT ol CWRBE S 2 11-7-4 1 11-6-5)
RAIRA O PSR X AT NS A . e B RN AT 46 2 IR T FR VRS AR, ST AEZR 1T 2, (L2 (pH
4.0~4.6) , B padl, BEEE 200~28°. AR FRERCE SRS [F L, 2018 EEHE.
1.2 KRB AR

AR R BRSEESRAFAZS AL 3 AN E IR a8 FARMEMR ., 25 2 ARTARMI 2 MR R IR i
HIASIER . 3 M RPENIICE, SRR IEN 2058 8 NMokk, EEUTHES . Rk REFAZ A
SIREDE MR N, BHFZHEFEL (AHHS) « #EFEA (HNJH) . LHEMN (JXGZ) « )14
5 (SCDC) FIPU Iz (SCYA) DU4E Fh il i AL AR AN i CRPRLRIEILER 1), 2018 -R4E
RSO GHE, G RN EH L. AR DL 2021 SEFFAE4E L e RAVE R IR R, b o )
1124, RetREEAR 106 1.

1 AROR BRI BRI

Table 1 Material sources for unmodified populations

T LR B N X A
FEHb EZ355s ;53553 Average Average Annual mean Number of
Source Longitude Latitude elevation annual rainfall temperature plants
(m) (mm) (C) (M)
AHHS 118.35°E 29.72° N 1 000 2369 18.0 30
HNJH 112.37°E 25.59°N 448 1 408 18.3 10
IXGZ 114.03° E 25.87° N 949 1 606 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

1.3 HRMEF &

FEIME RBEHLEEL 3 MK PR 00k, 5 2021 4F 11 HEEM AMESRE L, 2508 A
Aos TEEABHTTIA] TCI FEAR I IR A TR SRR T, Guiter it B AR (HRLMBRER, 1964) 5 Ff
HUEHL 10 FrErrt, DA EAE % . ER—ERN . . FERERRRE, §— 2 FpELER 3
ANEREMEEEE, DHMNERER B Fy TR 1/3 kbikE 3 Frask, e AMERE Y, HTERE,
HOH A Rl1, MR FIBEEMERLE; KRS Tk R B BRI 0 N SRR ATk AR SO A
3FAL, HNEH By Bay By (MHEFEAIRE R, 1964) o« KRR R, SO 0.001
cm; HEEHEERMBTRE, BAKEFE 0.01 g
1.4 Gt hisiE

BRI ANXA CEFRMARZ, 1997) -

=-x100% (D

Kb GOABCRELE; ¢ AfMTHER.



TRAK C ) HHAK
=-x 100% (2)

A NEEIE:  bsiEE.

AT R 1 50 2 R G AN REAEAT ¢« K56, X AN RS RUAZ ARHEAT SRR J5 ZZ 70 #r s A Pearson
IR SR ARVEIRE] A NE s AU Duncan VEREAT 2 EXTEL,  FE 0o 70 M F 0k £ AR, SR8
SR FH R PR - 1 221 7 A

2 EREHT

2.1 B AR R ) L3R

PN IR S RRAEAE W3R 2. PN BRI FHIRIE R B3 2R (P<0.05) , ZFiEid 10%,
RO R AR BT B 5 A HORE 2R 9 0l U 2R AR /N 13.28% 10.81% 811 33.90%, T HoAth P IR IH
AR R BT B BB, 2 31E 10.90%~27.03% 18] . HA P DR 54 B EER K, N
27.03%, HUCHERRK, K3 22.24%, EEEKZERR/DN, 5 10.90%, HAth 3 MEIRZERLE 15%4A 4.
Bt AR S AN T A KEAERZER AR FREEL, 2017 , MERZSHAMSKRE, Jt
HAERMKM RS, RAGIEFEERTMEL, X TR HHAEEM 81.3 (/10 cm) BEFHIM R
Ja 64.0 (F/10 cm) R

2 MR R AR AR 2 S SRR R . RO R BRI AL 7 REGE I E 10.49%~48.70%2 18],
WA R R, FLUCABERR Y (22.58%) , B/ CURBHA AL 5 REE 9.85%~33.32% 18], AT
Rk, HUCHERE (24.92%) , BRRER/DN. HRATENE S KRECREARREE RN, Hpkik
REBARET A . BT 56 . BF AR . R ve A EoR AR S R AU T OO R B, R AR 7 R 5
KT REE, HIX 6 MR T /B BWIREIIE 5% RIRBFEBREK . BRA SR R 21
B REORT e R, 3 MR 7 R AR 7350 9.14% 12.73%A11 15.38%, A g itk ol
RSB Z PRGN 2R B 20, SR BTE R <Fh R <BRAE MR, MR B
NERFAPEAR<EF R <P PR, RUSE R GER R RN . WEAE, REHIRA 5 RE /N
DT I T < R <A i v <ER AL TR <R IR K <ErmK<B AR E<E R E<HAE, JEHEITE 13.94%~44.13%2
], Befh R SEREAL R,

R 22 M AREHAA I IR R AE A

Table 2 Traits eigenvalues of traits from two Chinese fir populations

R REHE ik
Unimproved population Whole
w/ME CONI] T fE 5 R H FIME A5 2K
Minimum Maximum Mean CV (%) Mean CV (%)
LIRS
Needle length (cm) 2.56 5.74 3.75+0.07 17.90 4.04+0.06 19.95
e 0.22 0.43 0.30+0.01 10.49 0.32+0.01 13.94
Needle width (cm)
AR
Coniferous density 55.00 116.00 81.3x1.2 15.31 72.40+1.00 20.35
(F/10 cm)
ORI 24.59 58.51 36.45+0.70 19.71 33.04+0.43 19.40
Cone length (mm)
R 20.02 50.75 30.86+0.68 22.58 28.88+0.38 19.23
Cone width (mm) ’ ’ ' ' ' ' ' ’
AR
Bract scale length 11.68 25.82 18.16+0.23 13.24 17.24+0.16 14.04
(mm)
L% T8 10.62 21.96 15.04+0.17 11.86 14.14£0.15 15.52




Bract scale width
(mm)
H R E
Hundred-grain 0.36 1.13 0.70+0.01 19.30 0.65+0.01 23.21
weight (g)
?HH% 0.47 8.18 3.53+0.17 48.70 4.46+0.13 44.13
Seeding rate (%)
USRI LZEN
Improved population Whole
e /ME e KAH FEIME A5 RH P
Minimum Maximum Mean CV (%)
GUIES
. . .32+0. . .
Needle length (cm) 2.68 6.83 4.32+0.08 19.14 0.00
ot i
. . .33=+0. . .
Needle width (cm) 0.23 0.46 0.33+0.01 14.08 0.00
FHHEEE
Coniferous density 37.00 88.00 64.00+1.10 17.82 0.00
(F/10 cm)
BRAELK
R K 23.23 36.96 29.82+0.30 10.57 0.00
Cone length (mm)
BRI
. . .01=0. . .
Cone width (mm) 21.25 33.81 27.01+0.25 9.85 0.00
EN IS
Bract scale length 11.63 23.05 16.37+0.20 12.86 0.00
(mm)
e % 0%
Bract scale width 7.28 17.54 13.29+0.21 16.69 0.00
(mm)
[ERTAS
Hundred-grain 0.31 1.09 0.60+0.01 24.92 0.00
weight (g)
HFEE
. . .34=+0. . .
Seeding rate (%) 2.06 11.18 5.34+0.17 33.32 0.00

T P<0.05 oK 2 MREAMEIRZE R R
Note: P<0.05 indicates significant difference in the traits between the two populations.
2.2 YRR AR REE R /KF B2

BAL R 2 SRR B A R REORAEAR A, AR MRTE A OC SR UL 1. 5 8 X RR A AR
REH SR AT R, B RGP ERE R EARK R, 2Rt SEm5. BRRKSHE
G, BRORTESEEHC, BRK ST, BORWE SEETE . TR ES R, B SRR, B
FABESHRF R, BREK, BRRE. SRS 4 MR, ERSREHET, (CF 2 SRR
FHIEAHSG, 20 nl BRI S (0.931) « BHBHCHIEEEY (0.622) ; MK REHAEY, %4 MER
PP A 2 ) ) S T 2 N i 2 A AR, U A O R R R 1 ERAR KN SR RN Z A S . AT 2 X
PEIRBAR 5C R B 2 DA SR PO AN 28 (AR 39 AH K, 0Bl e R SRR . A K SRR TE. &
RJa, SR S ERRVRS A B RS OC, BHTE % O R BRI 18R S BRR TR 2Z 18] R A
Ktk EHETE S R E A DGR B 0.211 FEIKE] 0.166, AHOCREFEMCT 0.045, Hi i R AT 22 EAH
K ARV RJE RS9 AHOC . FAR PR IR Z A AR OC SR A PN RER |, BRI AN BER IR, 1A%
o RATE AR R A R E A
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P<0.05 and P<0.01, respectively.

R

Cone width
A K

Bract scale length

A FE

Bract scale width

ik

Seeding rate

Hundred-grain weight

*F 0 B oR P<0.05 AT P<0.01,

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

BT SRR R PR AR S

Fig.1 Correlation of phenotypic traits between two populations

2.3 MFERIR

ChinaXivOd I O O

10
loz
0.6

0.4

0.2

6 N RIFHAZ AR KR MR 2 R IE B EAKT, RS THSAEE IER 3. 56 4 BB MER WTH 14t
MgE AR, BHAERE., BREK. mifk. mwifs. FRER/D, KUK T SCDC, BRIE T
=T HNJH A1 SCDC. 5 4TH fHEL: F& T SCDC K% E 4TH K 10.95%, LA AHHS #1 HNJH )
L ATH /) 50%LA ., 5 AN SRIEHLE B B SEFTHUFF 2R3 EL 4TH /N 10%~20%70 47 BRI K
%, SCDC Xt 4TH K 3.50%, AHHS. HNJH A1 JXGZ tt 4TH K 15%7% 4, SCYA b 4TH K 64.93%,
5 6 MR R ), MERELTEKE, HNJH. SCDC Eb 4TH /N, AHHS. JXGZ F1 SCYA [t 4TH K,
{EHT 4 A RJEHL S 4TH (23 7E 10%LLA, SCYA MERBEK A A, b 4TH K 63.89%; 5 AN KiEHb
kKNS ATH (2 B4 1%~20%2 18], AHHS (9.75%) « HNJH (1.09%) KI5 ##%K: DL A SCDC (6.21%)
RS, 5 ATH MIZERTE 10% LA, HAtoRIEH S5 4TH FIZE J7E 15% /44 AHHS 5 IXGZ 1) & R
HIr I 4TH K 26.67%M 21.67%, HAth 3 ARIEHL Y 4TH 12 RAE 5%/ A .

F 3 6 A RUFEHUAZ AR R FFAEAE

Table 3 Traits eigenvalues of Chinese fir from six sources

ATH AHHS HNJH JXGZ SCDC SCYA
RIS
Needle length  4.321+0.078b  3.545+0.103a  3.591+0.133a  3.757+0.093a  4.794+0.214c  3.438+0.097a
(cm)
B 5
Needle width  0.333+0.004b  0.295+0.006a 0.300£0.008a  0.299+£0.005a  0.292+0.006a 0.296+0.010a

(cm)



Coniferous

4.0+1.1
density (/10 64.0+1.1a

cm)
BRARK
Cone length  29.820+0.298a
(mm)

R

Cone width  27.007+0.251a
(mm)

A i
Bract scale 16.372+0.199a
length (mm)

e, 5%
Bract scale 13.2934£0.210a
width (mm)
[ER A
Hundred-grain 0.60+0.01a

weight (g)
A

Seeding rate

(%0)

5.34+0.17¢

87.8+£2.7d

34.140+0.717b

28.155+0.600bc

17.969+0.518bc

15.014+0.353bc

0.76+0.03¢

1.91£0.20a

82.8+2.6¢d

35.133+0.962b

26.398+0.862ab

16.550+0.675ab

14.734+0.497bc

0.62+0.04a

1.93+0.28a

77.6+1.8bc

34.645+0.741b

29.689+0.524c¢

18.530+0.393¢

15.612+0.281¢

0.73+0.02bc

4.55+0.19bc

74.7£3.0b

30.865+1.083a

25.973+0.677a

18.039+0.592bc

14.119+0.551ab

0.65+0.03ab

4.13+0.46b

81.8+2.5bcd

49.181+1.451¢c

44.262+1.332d

18.701+0.397¢

14.658+0.341bc

0.61+0.03a

4.66+0.29bc

E: AENSFRREEREE (P<0.05) . TFE.

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

2.4 REERPZER ST
2.4.1 TR

MWEARTE, A KBITEHRA 1141, SR 52.29%, PRRSEBLIELGIEaa 12 1, (HEANRB K,
PIE I A ER K E R R RBHATE 28 N AV KA R, HHN 25.00%; MfE A REATHH
86 ™ AV KEMTEMER, (HEHEIA 81.13%. B T EKR A FRLE, 2 PPt i SRR AR AR R PR 1 22 57

PE R R EACT: Ao RABEF G . ST FEATHUA R KT A SR,

FARIR AT L A B 5 28.24%, HAMMEARIN 2 39 7E 10% AR .

R 4 AR AER R LA PEIR RS EE

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

HARMERENT AR Hdr, Ao

Ao Al B B2 B3
RIS
4.161+0.080 3.933+0.073 4.017+0.088 3.966+0.097 4.149+0.098
Needle length (cm)
Bt 5
. 0.328+0.005b  0.304+0.003a 0.323+0.005b 0.308+0.004a  0.316+0.006ab
Needle width (cm)
I 69.6+1.5 75.0+1.3 71.3+2.0ab 75.7+1.5b 70.0+1.7
Coniferous density (/10 cm) T T oEea T TEfa
BRI
31.754+0.624a  34.221+0.585b  32.708+0.731ab  34.495+0.828b  31.802+0.640a
Cone length (mm)
BRARTE
. 28.315+£0.549  29.397+0.513 28.338+0.582 30.022+0.752 28.178+0.565
Cone width (mm)
(RIS
16.673+£0.230a  17.756+0.223b  17.258+0.287ab  17.738+0.279b  16.681£0.275a
Bract scale length (mm)
58
13.639+0.218a 14.599+0.194b  13.635+0.264a  14.687+0.210b  14.049+0.288ab

Bract scale width (mm)



[Eg A

. . 0.63+0.02 0.67+0.01 0.65+0.02 0.66+0.02 0.65+0.02
Hundred-grain weight (g)
Ry
. 5.04+0.20b 3.934+0.16a 4.42+0.21ab 4.01+£0.22a 4.984+0.25b
Seeding rate (%)

2.4.2 BRI

3 FRERARAU LB BEA AR ], 218 NEHE R BRI 70 A (32.11%) , FATKELA 71 4> (32.56%),
FOMBA 77 A (35.32%) o 3 MRERRBRBILERHA N M LLGIGFAAEE R . fERS REEAT, B8, Mok
AL 5 21.69% 51.89%F1 26.42%, TM/ECK RAEFAH, SEAASGHAL 5 EH R38N T 20.26%
M11.97%, FATRBFRAK T 32.24%. 3 FIERARRAL AR ZARMMREIMEE 27 . Hh B3
R, RSN, HARMRIIA T K MR BIE R . BRI BROE Y. Rl . Rl vE
BRLE R, B SRR R B AG SOMAE KRR R K, BT BRI, BRI,
BN . BARARFEBRRERARFMR 2GR EER, EXHBASE, NHEBRERMENZ R
LR R ZAE 5% LA, AUAT S BRI Tk L 1R H FF 2R 43 3l e T B T2 AR 38 4 10%
2.5 ERSTERE

RO VR, WRAETEIRI B RE R, X 9 NREEIREAT R 8T, BT 4 3B PIRHE
HIRT 1, BT KT 10%H RIFTTekRIAR] 75.19%, B ES T BB F MR AR
FER. B FR TR N 34.76%, FEAGTEERRE. BREK, B, mbkimess; HoF
BT TTRR N 15.09%, FEASEEFKMESETE; = E Mo TTERN 14.38%, TEHBREERAE
B U ER S DTN 11.52%, FE AR ENEE . #0PY3p 4 R B IR A v] LR SR 4h 5L
WA R, WA TRESERERE .

RS H TR AT 4 3R AR E

Table 5 Eigenvalues of each principal component and the loading values of the first four principal components

FRAEH Accumulative PR ERS 1 ERST2 OEERS3 O ERHS4
Principal Contribution
Eigenvalues contribution Trait PCAl PCA2 PCA3 PCA4
component rate (%)
rate (%)
1 3.128 34.76 34.76 R 0.57 0.48 0.02 0.36
’ ’ ' Needle length e ’ ' e
2 1.358 15.09 49.85 G 0.51 043 0.28 0.03
‘ ‘ : Needle width e ‘ : e
FHERY
3 1.294 14.38 64.23 Coniferous 0.63 -0.36 -0.24 0.17
density
BREK
4 1.037 11.52 75.75 0.80 -0.03 0.51 -0.21
Cone length
BRILTE
5 0.684 7.61 83.36 . 0.70 0.04 0.66 -0.19
Cone width
R
6 0.566 6.29 89.65 Bract scale 0.63 0.57 -0.21 -0.12
length
AL % e
7 0.511 5.68 95.33 Bract scale 0.57 0.54 -0.40 -0.12
width
[ A
8 0.348 3.86 99.19 Hundred-grain 0.44 0.32 -0.12 0.67
weight
9 0.074 0.81 100.00 HiH R -0.30 0.30 0.50 0.57




| Seeding rate

2.6 HERER

AR FE R R, R 4 D ERTHEATRE DT, SRWE 2 s, 218 MRS 3 2K,
N 83 AN 59 ANAL 76 NEMER . 3 ANKBERAZE RIIAR B E KT, HApE 1 IERDUNE K.
BRI BN HAF RS, SBIIREE 1 XRME MR, BIREERELE . NARKE, B 1
Kl ok BB A R OR . BRIEEUN . R E A RAR I T R, A3 32 5 R ol B R A
FRETF I /N BRI AN KPR AR IO R, 28 TR p o0 R B sk AR R EE R H %
ROV RA R, PASCR O REHA P ER R BN AR T R TRARIL, BABES RS
HERRA N, (AERRRT, SORBHATIS MR, A ITNFE—50], TR AN
REF R HER FIRIT R s BE N Tk £ 8 EATEmE, SBIEETA AR MR, Bk
2k, ARSI R T 4TH (3948, B R E M AR G 4TH ¥ME R 20.58%F1 19.73%, {E/GLLHE M+,
%G T IX T R 2 1 07 .

6 3 N AW IR FFAEE

Table 6 Traits eigenvalues of three populations of Chinese fir

I 1I I
Fruti 4.471+0.091 4.036+£0.093b  3.578+0.063
Needle length (cm) ’ e ' ' ' 034
Frbse 0.333+0.005 0.314+0.005b  0.297+0.004:
Needle width (cm) ' e ' ' e
AR 57.6+0.7 73.9+0.5b 87.4+1.1
Coniferous density (J7/10 cm) OED-a o e
HARK
29.553+0.347a 32.251+0.546b  37.473+0.892c
Cone length (mm)
BRARTE
. 26.802+0.294a 27.817+0.391a 31.976+0.881b
Cone width (mm)
(RIS
16.441+£0.230a 17.274+0.326b  18.084+0.278c¢
Bract scale length (mm)
58
. 13.271+£0.252a  14.515+0.301b  14.802+0.187b
Bract scale width (mm)
FIALE 0.59+0.02 0.66+0.02b 0.70+0.02b
Hundred-grain weight (g) ' wea ' ' ' '
R

.98+0. 43+0. 91=+0.
Seeding rate (%) 4.98+0.19b 4.43+0.25ab 3.91+0.24a
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Red, green and blue belong to category I, II and III, respectively.
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Fig.2 Clustering tree diagram

3 g
3.1 BRERD

MR TS, BRIERAEAR R T B A& (Codesido et al., 2014; BR753ess, 2014) . A&
WHARRIL, BN RS FBUCARRIBRR KNS Z RN, SR A fie 2 AR I R 2B M
R REREFMK, MERRERENGHRERK, EMEE EMR CFEESE, 2017; #EK-F45%, 2019).
TERBKS (Pinus thunbergii) W, BEEMAERIIGK, FiF KA FRERBESE (FRE%E, 2009 . MEEE
DEAERE, AWK REEIEE TEFRAERKN, SSBEHEAKZIME (5kit5, 2014) . KR
AR KR S BOR RN FER R . [, BREE RATHHREE —E ke, HERE
ST B, AT BE A S R HY BV EE A e TR B R, Fh 7 BB A B N R, AHOCEE R CRERIE (Fh
MAAE, 2003; FBIESE, 20210 o MOR, JCHAERIMBFRE R H AR 2 v AR, 0 AT R
ZMAFERERANRE, SSEEHREMIER SRR GIIRESE, 2018) o Bk, AT HEE
R, PRUEA S GG AR AR 5 7] LIRS E 4k 7K, M PtR N A MR s AR E F H A5
3.2 MR IE A <A

PR ] B AH A R HE PR« — Rl 2 2807 O BAR R I . A2 ARH m M4 B AH R 1 R ik 0.9 (A4S,
2007; RABRIEFIFESE, 2021) , RAREFIEMAC, HEEREM (QTL) SHREH, S5htm. MEe
BREZRbRic, HLEAERN AR (FWiEESE, 20000 « SidmmEsan R, SARERKMIRKE T
BB a OFH-F4, 2007; RO, 2008) , (HRBPRAH I ARG L ARIRE . TR,
FEC AR, AR R R R B MIR AL thAE FI R MR, ORFR 23 B PR BER SR IR 9 9 2 8] F A S ik
KB ARG, T VRN R FAR IR AR I R 2 AT I8 B B 7K1 AER S R BF A, AHR



PR R R I A AR . A2 ARAE IR EAROR B R R SR i M 2 —, st A E AR H AL [0 B A ok
WS, fERRIL R MEER R, 2 MABOESEA TR EME A (RERE, 2008) , ¥ &t
RE PRI R, ASEs T HAREN A DG . SR S R AT S, FhsettR A B AH S EAS 21927t
A] BEAFAE [F] I 428 1) 2B H RN b SR I B TR
3.3 AR

PNEZ i Eaan R Rk W IEE S S SR S e B o B i AP N i T T ) B P o K i =
FEARIAE AT A b, B RGN, BB E R E A S RN, (R ORI S R R
MR (RIEZRSE, 1994; FEZES, 2022) o BRIEVRRSZ SRR 2 m s, 248 ok
T, FINERA RAE 2FH ek RARIR EE AR, BT E— Rk, HEEEigiE
AR, FEIEERRERZ e E AR TB R CERRAE, 1998; M OUHESE, 2000; FEMREE, 2021) .
DRI, ARAR BT i AR R o R AR, BT 25 BRI 0L BRAVEAS . BB ASE, v ORIk
T3 AR Bt £t it Fo 78 25 A o AEr B, 8T BRI 3 28, IR ER AR a4,
S KR TEBESOMAE 9 N (MR REAIBRE I, 1964) ¢ MRIEER R A AT, A 4 St |
R A KB E A, 2 AR, TR 3 R GEZEAEFIBEEK, 1987) o ARSI
TERLRR LIS, FhFIiEL OWRSFEE, 19900 , (Hus L o R ML T A 5 EEFRA, BRI A K HE
W, SEREUR, SEUERRECE AR B A A BEMEAR KRR, FiRE, MR
5, ENTERER 552 039%F (R FBRER, 1964) , BN LHRREAIEEEHELKRLHIHE L. Kkl
2R i sk /N ) 32 25
3.4 M IR FP IR

MARER Rt BEAR S 32 B SR M A L A OC, ARF S IR 1 2 B KX RFEER. =2
(Picea asperata) RIRFERER F R/ SR 2 HAH G (r<-0.4) (B EERZE, 2003) 5 B 2 FA(Pinus massoniana)
PERR KNSR AiEEREAAR (<0.9)  (FRERMZECER, 1990) 5 WHA(P wallichiana) ¥k
R G MR MAFEAFARKR <-0.4) , FIRERFEAER., Fi7K. fi1rw. MrEESSGEEHE
oREMAIE (7<-0.4) (Rawat et al., 2011); KA (P, pinea) 551 =& A F, BREBHEAENMFHESHERIE
X >0.8) , MERRK/NSEERMCHERSS, S4E27MEK (7<-0.6) (Balekoglu et al., 2020),
RANG L B PT R IR AR AL, 2 FEORE RN F B (R, 2012) .

4 #Eip

KIS EUZ AR IR R AN EH NSRRI R, B DT AL 98 18] R A 5%
PESEIN; o028 AN BT AR R SRR (AL, PR TR FOR B a2 ORI fERE AT AL,
fem VR BRI KR BRI LE R . CEIRAFAE AL, IR R ARSI A B A2 R e AilX,
B Je s A EE BRI BRI AR, MRS AR A PEPRE A 0 2 (V4 0 55 e AR SEAE R 18]
KA, SRR BAZ RN, JfFilid GWAS RIS A KA R 7 FHLE, MR d A T Sk
i) € S AR
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