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Abstract: [ Objective | To analyze the variation patterns and genetic parameters of seed and cone traits in
the hybrid progeny of Chenshan red—heart Chinese cunninghamia and Chinese cunninghamia , providing a
theoretical reference for parental selection in its hybrid breeding and the establishment of multi-clone seed
orchards. [ Method | With four superior clones from the 1.5—generation seed orchard of Chenshan red-heart
Chinese fir and two superior clones from Chinese fir provenance seed orchard at the national base in
Baiyunshan Forest Farm, Qingyuan District, Ji’ an City, Jiangxi Province as parents, controlled pollination was
conducted according to a 6X6 complete diallel cross design.Measurements and analyses were conducted on four
cone traits (cone length, cone width, cone volume, fresh cone weight) and two seed quality traits (thousand—
seed weight, germination rate) for the 36 hybrid combinations.[ Result ] Cone traits of Chinese fir are primarily
influenced by the maternal parent and the interaction between the paternal and maternal parents, while
thousand—seed weight and germination rate are jointly affected by the paternal parent, maternal parent, and
their interaction. The results showed that extremely significant differences (P<0.001) existed among the 36
hybrid combinations for cone length, cone width, cone volume, fresh cone weight, thousand—seed weight, and
germination rate. Extremely significant differences (P<0.001) were also observed in the general combining
ability (GCA) , specific combining ability (SCA) , and reciprocal effect (REC) for each trait.Cone traits in the
hybrid combinations were predominantly controlled by additive gene effects, supplemented by non-additive
gene effects. In contrast, two seed quality traits were primarily governed by non—additive gene effects, with
additive gene effects playing a supplementary role.The GCA for cone traits was higher in Chinese cunninghamia
than in Chenshan Red—heart Chinese cunninghamia , while the GCA for germination rate was generally greater
in Chenshan Red—heart Chinese cunninghamia compared to Chinese cunninghamia. Based on the general
combining ability for germination rate, clones H43 and H16 of Chenshan Red-hearted Chinese cunninghamia
were selected as superior clones.Based on the GCA,SCA , and REC effect values for seed and cone traits in the
hybrid progeny, combinations H43xR4, H43xH21, and H21XH48 were identified as superior hybrid
combinations. [ Conclusion | Significant differences were observed in the seed and cone traits among different
cross combinations of Chinese cunninghamia in the complete diallel mating design. While self—pollination does
not significantly affect the cone traits of Chinesecunninghamia, it leads to a severe decline in germination rate.
There are considerable differences in the GCA of different seed and cone traits in Chinese cunninghamia .In the
selection of breeding parents for Chinese cunninghamia, it is essential to prioritize hybrid combinations that
demonstrate outstanding seed germination rates to improve the germination rate of the offspring.

Keywords : Cunninghamia lanceolata ; complete diallel cross; GCA ;SCA
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Tab.1 Analysis of variance of paternal and maternal interaction about different cone and seed traits

- A Female XA Male RExAL FemalexMale
fi ¥75 Ms FAH %75 Ms FAH ¥5 Ms FIH
Mean square F value Mean square F value Mean square F value
BRI /mm LOC 288.35 15.43" 2431 1.30 72.39 3.87"
BRI FE/mm WOC 403.683 61.75° 19.84 3.03° 36.11 5.52"
BRI em’ VOC 241.014 51.55" 6.70 1.43 22.09 472"
BRI LT /g FWC 449.989 65.34" 18.73 2.72 27.59° 4.00”
THRiHE/g GW 14.58 10.71° 8.14 5.98" 4.16 3.06"
K2R I% GR 896.08 8.23" 1213.83 11.16™" 927.56 8.52"

#RER 25 (P<0.05) 5 LR ZE R (P<0.01).
* indicates significant difference at P<0.05 level; ** indicates high significant difference at P<0.01 level.
XN [7) 2 S 4 A TR b SR A8 5 22 20 B (3R 2) AT, BRSO 98 BRI TR BR80Tk B i
IR 25 RAEAN [F) 2 A 18] 1 22 57 20 I8 B R 25 KF (P<0.01) o RIS, AT RIS 28 A8 45 EA T AT e 4%
x®2 FEERFESN

Tab.2 Variance analysis of the different cone and seed traits

PR Traits H R df FAH F value P
BRAEK LOC 35 7.3558" <0.001
BRI T WOC 35 18.634 6™ <0.001

BRI VOC 35 15.541 7" <0.001
BRAREEH FWC 35 21.5459" <0.001
THiTH GW 35 46616 <0.001

RHZHEGR 35 8.728 7" <0.001

AR 22 2.3 (P<0.001)
** indicates high significant difference at P<0.001 level.

Iy AN HAS A A ER R ARR BRI | TR R AR R T 2 (R 3) A R BR
AR R E AL B 204 R19XR19 Fl R19xR4 , HF (8 43 5K 14.11 em’ F113.63 em’, 43 & B 25 4
4 H43xR19 11 2.95 F1 2.85 5 . Bk AL i 8 3% 90 &% A 19 41 & 4 R19xR19 Fl R19xR4 , ~F- 2418 43 5 Ky
19.63 g 1 16.00 g, 73 5l & 5% 22 2 £ H16XH16 A4 4.62 F1 3.76 % . [ 32 2H 4 R19xR19 Ay ER 5 1A B A3k
B E SRR, TR R IR A 44 2 RAxH21 I RAXH16, - (E 5 5 M 11.74 g F1 11.22 ¢, 43
AR ZE A A HI6XR4 19 1.96 1 1.88 45 . & ZF R4 A /& RAxH16 Fil H43xR4 , ~F-YI(E 73 510 62.33%
F60.0%. 64~ FACH A 1 & 2340 T Ik, o R1I9XR19 & 2F % 0, R4xR4 Fl HA8XH48 [ & 2
RHEA AR
22 MEERM—BEE N FRES NIRRT S

K FISERIR LA 17 2250 Mg B (R 4) o BRI BROL 98 BRI ORRL BRI ML SR | T o 2
ZERM)—BCA 1 (GCA) FFRAELA J1 (SCA) R SN (REC) 1 22 53 335 B4 i 27K F- (P<0.01) .
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R4 BRI BRI 58 B AR AR GCA #4928 IE (8, Hofth 4 > S5 A 3X 3/ PER A9 GCA T . R19 Bk
B GCA NIEMH, SHA SRR 2 R A3 & /KT (P<0.05) . R4.H21 . H16 Tk i it GCA Ky
iEME, H H21 H16 5 H43 \H48 T-HiJii & 1) GCA 22 5 AW 3 . H43 (H16 R4 FIH21 /) & 2F 38 GCA R IE
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Tab.3

R3 KRERIKREE THAEMRFENZELLR ST

The multiple comparison analysis of volume of cones,fresh weight of fruit,

thousand kernel weight of seed and germination rate

A BRORART BROREEE TREE ORI He BRI ECREE TREE  RHR
Groups VOC FWC CW GR Groups VOC FWC CW GR
HI6XH16 6.71efghi  4.25h 7.45cde  14.00efghi || R4XH16  9.77cde  6.1lefgh  11.22ab  62.33a
HI6XR19 5.81fghi  7.55cdefgh 7.45cde  29.33cdefghi | R4xR19  9.06cdef  6.21defgh  9.59abcde  37.00abcdef
H16xH21 5.81fghi  7.74cdefgh 8.77abede 46.66abed | R4xH21 11.25be  7.64cdefgh 11.74a 24.00defghi
H16XR4 7.42defghi 7.38cdefgh 5.98e 11.66efghi R4xR4  8.25defgh 7.01defgh  8.8labede  1.66hi
HI16xH43 7.69defghi 9.76cdf  8.40abede 37.00abedef | R4xH43  9.08cdef  8.10cdefgh  8.92abede 57.33abe
H16xH48 7.59defghi 8.11cdefgh 7.13cde  5.33ghi R4xH48  9.56cde  8.10cdefgh  8.52abcde 19.33defghi
RI9xH16 12.76ab  14.98b 7.68cde  31.66bcdefgh | H43xH16  6.00fghi  6.72defsh  9.28abede  25.33defghi
R19%xR19 14.11a 19.63a 8.00bcde 0i H43xR19  4.78i 5.20gh 8.25bede  26.66defghi
R19xH21 10.3led  13.95h 8.4labede 14.33efghi | H43xH21 6.54efghi  6.11efgh 8.70abcde  45.33abed
R19xR4 13.63a 16.00b 6.49% 28.33cdefghi | H43xR4  5.02hi  6.59defgh 10.27abed ~ 60.00ab
R19xH43 9.7lcde 11.07c 6.17e 18.33defghi | H43xH43 5.69ghi  5.95efgh  7.45cde  14.00efghi
R19xH48 8.9lcdefg 10.11cd 6.58e 11.00efghi || H43xH48 7.39defghi 4.69h 6.16e 33.33bcdefg
H21xH16 6.85efghi  7.65cdefgh 10.69abc  30.66cdefghi | H48XH16 6.58efghi  7.62cdefgh  8.23bede  48.33abed
H21xR19 5.88fghi  5.74fgh 736cde  33.66bedefg | HA8XR19  6.51efghi  8.74cdefg  9.56abede 40.33abede
H21xH21 8.13defgh 6.31defgh  7.07cde  7.33fghi H48xH21 8.69cdefg 9.59cdef  7.86bcde  11.33efghi
H21xR4 6.05fghi  7.66cdefgh 7.00de  18.00defghi | H48xR4  7.98defghi 6.81defgh  6.93de 12.66efghi
H21xH43 9.6¢cde  7.7lcdefgh 6.08e 4433abed | H48xH43 527hi  8.22cdefgh 8.70abede  9.66efghi
H21xH48 6.60efghi 5.31gh 9.46abede 47.66abed | H48XH48  8.59cdefg 7.59cdefgh  7.49cde  3.33ghi
a~i (R L B F (P<0.05).
a—i was significant difference at P<0.05 level.
x4 BAENERZHEFESN
Tab.4 Variance analysis of combining ability and reciprocal effect
PEIR Traits — LA T GCA FRRILA 7 SCA AR REC

BRAEK LOC 17.421 27 7.906 7" 6.948 9"

BRI WOC 18.921 17 2.835" 24.434 2"
BRAMAFRVOC 10.560 2" 2.124 9" 19.693 1°
BRILEEH FWC 33.504 3" 3.991" 19.497 9

TR GW 145117 1.030 8™ 7.474 8"

RHARCR 0.053 5" 0.037 6~ 7.298"
w2 E (P<0.01).

#% was high significant difference at P<0.01 level.

FERRBC A J1 (SCA) AT LA TIPAL 28 S8 2 G0 TXUR T A 406 R, ARIEECR R SCAE K
IR 6), MR 423U A S H21xH43 (H43xH21) . R19xR4 (R4xR19) . H16xH43 (H43xH16) , R4xH48
(H48xR4) . AR ¥ 2k S fif 7 (1) SCA {H K/, I R 4% 28 4 &5 o H16xH43 (H43xH16) . H16xH48 (H48x
H16) \H16xH21 (H21xH16) Al H21xH43 (H43xH21) . 3 F T-k7 i & 1) SCA {H K/, L R 2254130
H16xH21 (H21xH16) ,R4xH43 (H43xR4) \H16xH43 (H43xH16) F1 H21xH48 (H48xH21) ., 3T & 2%
1) SCAE R/, P R 4238 41 & i R4xH4A3 (H43xR4) \H21xH43 (H43xH21) \R19xH48 (H48xR19) \H21x

H48(H48xH21)
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Tab.5 Comparison of the differences in general combining ability of parents

PEAR Traits AR Parents — LA T GCA 0.05 fi 7K F- 0.05 level
BRI K R19 1.756 4 a
LOC R4 1.168 6 a
H48 -0.3152 b
H21 -0.522'5 be
H16 -0.684 8 be
H43 -1.402 5 ¢
BRI T R19 2.004 4 a
woc R4 1.047 7 b
H21 -0.367 3 ¢
H4 -0.539 8 cd
H48 -0.928 1 de
H43 -1.2169 e
BRI R19 1.516 1 a
voc R4 0.668 7 b
H21 -0.162'5 ¢
H48 -0.424 1 ¢
H16 -0.506 9 ¢
H43 -1.091 4 d
BRARAf R19 3.359 0 a
FWC R4 -0.390 5 b
H21 -0.567 3 b
H16 -0.5815 b
H48 -0.586 6 b
H43 -1.2332 ¢
T-r i R4 0.527 8 a
GW H21 0.188 2 ab
H16 0.148 2 abe
H43 -0.176 7 be
H48 -0.320 6 be
R19 -0.366 9 ¢
REFR H43 0.057 6 a
GR H16 0.0317 a
R4 0.014 4 a
H21 0.008 4 a
R19 -0.046 5 b
H48 -0.065 6 b

ame fUF22 5 0.2 (P<0.05).

a—e was significant difference at P<0.05 level.
S AU (REC) 2L #F IE S A MR S A B S, HAUWAEA IEA T 2 Sl A IR AL
RN, BEBI R A IEAS 2o vy Jo AUR I, N B 4% IR A 20 B 5 4 A S L5 W S SS RNE Ry 1, DI R AR 1E
SRRARIE AR, W FE SO B™ s & A BURF IR ) B S 38300 W3R 6, AR A 3R R AR TR Y

v
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REC, #iiA B 2458 204 H21xH43 . R19xR4 . H16xH43 F1 R4xH48, M4 Bk B f T 4 REC, HiIAE B 2%
SC4H A H16xH43 (H16xH48 \H16xH21 \H21xH43, AR4fE TR T it 1Y REC, # AL R 4258 415 H21x
H16,H43xR4 , H43xH16 Fl H21xH48, # 4 & 2 K ) REC, B A B 22 58 41 & 5 H43xR4 , H43xH21 |
H48xR19 Fl H21xH48 .,

F6 FBAEGMEFHRESNERRZH
Tab.6 Values of SCA and REC for different combinations

- N BB VOC BRI T FWC TRLR R GW % HRGR

T 4

No Groups FERRILE J1 ROACHNL FRRBLE J1 AN FRRBLG 1 AN FRORILG J1 AR
SCA REC SCA REC SCA REC SCA REC

—_

H16xR19 0.2443  -3.5219 0.0553 -33973 -03782 -0.1161 0.0490 -0.0120

2 R19xH16

3 H16xH21 -1.036 7 -0.5289 0.469 6 0.130 6 1.2346  -0.960 5 0.083 7 0.086 7
4 H21xH16

5 R19xH21 -0.9106 2.604 5 -0.6852 4.6504  -0.1006 0.5233 0.0108  -0.104 3
6 H21xR19

7 H16xR4 04787  -1.0878 -0.376 6 0.7441 -0.2397 -2.6195 0.0739  -0.2776
8 R4xH16

9 R19xR4 0.8105 22775 -0.1847 47651 -0.2817 -1.5513 0.0830  -0.039
10 R4xR19

11 H21xR4 -0.013 1 -2.6252 04110 0.0257 04933  -23699 -0.0854  -0.028 8
12 R4xH21

13 H16xH43 0.5811 0.666 7 1.9873 1.193 8 0.7035  -0.439 -0.045 5 0.063 6
14 H43xH16

15 R19xH43 -1.2394 24451 -1.8462 24274  -04082 -1.0352 -0.0594 -0.0421
16 H43xR19

17 H21xH43 1.444 4 1.689 7 0.465 0 0.8997 -0.7845 -1.3136 0.1240  -0.004 4
18 H43xH21

19 R4xH43 -0.632 8 2.0916 0.344 3 1.056 4 1.0832  -0.674 3 02807  -0.0175
20 H43xR4

21 H16xH48 -0.050 3 0.417 1 0.800 6 0.1183  -0.3095 -0.5544 0.038 1 -0.226 9
22 H48xH16

23 R19xH48 -1.7142 0.8136  -1.9894 0.287 5 05955 -1.4887 0.0998  -0.1533
24 H48xR19

25 H21xH48 0.0256  -1.2480 0.1865 -1.8610 0.628 1 0.8020 0.086 5 0.1915
26 H48xH21

27 R4xH48 0.508 0 0.814 4 0.259 9 0.7307  -0.6459 0.7957  -0.063 8 0.033 8
28 H48xR4

29 H43xH48 -0.003 6 0.9355 02596 -14990 -02370 -12711 -0.0491 0.1210

30 H48xH43

ZH A H21xH43 Fll H16XH43 FEER SR B AR R 6 5 [ (19 SCA B¢, HRT#H TR0 B i (19 SCA S (i,
J5 R R SCA R A, 3K 2 A R REE IR . 204 R19xR4 Rl H16xXH48 T-RL Tt 1Y SCA “h 1t
{BL, MZH 5 RAXHA8 T-Hi 5T it Al A 285 1 SCA ¥ (B, PRIHGX 31 G ik o 25 b, me & e ft:
HRAZH 45 HA3xR4 \H43xH21 FIH21xH48
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23 FELMERABEESHST
H Bl S R 1 O 25 21 0 s A% 3 (3R 7) WA, BRARE 5 Bk AR AR sk R e 5 1y ok D 22 0 il 2
PEJT 22109 1.97 (1.37 M1 2.43 4% , UEHHIX 3 AP bR LA Tt 366 DR A8 niy 42 1l oA 3=, A 35 PRI Ry 4 o6 Ryl o
A TR R & 2 FR AR B, AR Ik Ty 25 43 S ek 5 22 19 2.35 .4.65 F16.93 % , I 3 3 M PEAR LA
AW o 35 DR 2y 4 o Ry =, I R RO R o . 6 AN PRIR )T Sas S T B R TRk SR T .
F7 MTEROIEBRESENT

Tab.7 Analysis of genetic parameters of six cone and seed traits

. Ity 22 ety 2 TRy 2% I SGE A% S11% B SCiseA% J11%
Trait Additive Non—additive Phenotypic Broad-sense Narrow—sense
variance variance variance heritability heritability
BRI K LOC 1.6210 3.811 4 25.571 1 21.24 6.34
BRI 5 WOC 2.6937 1.367 4 11.260 8 36.06 23.92
K VOC 1.4155 1.036 0 7.5613 32.42 18.72
BRI FWC 49377 2.0313 14.357 5 48.54 34.39
AT GW 0.073 2 0.340 1 1.748 7 23.63 4.19
KR GR 0.002 8 0.019 4 0.0349 63.63 8.09
304 i

31 BXMFEAEZARFHIZERA M

AT AR R AL A G AR SRR A AE 025 22 57, SR Wl o 5 B A SR AR e B2 7T LIARAF K
s 5 . AR A SR IER RPN G RAc 2 m e B 22 5 2 T 5 e mhda s, X 51
A (Alnus cremastogyne) H S H R T VAR B WF 5T — 20, | TABFIE AR X402 Fh 5 FRRLFP -, B
A% R TR B 1Y S AN B (H R 43 A A8 4 G 1 A 3 A T BAROK O 31X 5 BR 4R 28 S5 R Y
“ARZETIRZAR K FREIR G —F . I, BN BERA /N IR R 8 5 AN BB W 26 A ok R 1
LS, T B a6 R R AT LG FIW . AN 2R FZER R R Z B AR SRS BARE 5%
M), 3ok SR A RRURN 3ok S 6 o 14 AC AR B8N AN 8 2, TR B a1 R 28 38 ) A2 ACAS (REAR Ko B AC A A HAE HI Y
Fe[alsZm . SO IR (Xanthoceras sorbifolium ) Fh S HRA 58 1 2 B, SC b 5 S 780 A7 B A 52w 4 B 4, 53X
VLI ACAS BEA X R AL (2R 52 ) PR FnA - PRAR i a8t A 4 O O [R] A et — 2D R AT
32 EARFZMIMERES IR TR

—MRIC G 7 rh Ak B BN DR, T AR E AT 5 AR 0 i LD A AR AR e L AR
TE Y2 AC A A R BHR  AREIR AL ARTIEH, A AR SRy B 835 A9 GCA (SCA FIREC UV, MY
JIFE AP A SR AN A HE (Betula platyphylla) ™ WP PR 58 1 & B8 5 25 79 GCA \SCA FIl REC 200,
Ui T e PR a8t 1 f o AR R R S Rl ] o R R — R L& I AFTERR KI5 57, 6 2R AR
TE 6 DRI SEHRIR 1 GCA K/NHEFAEAE W AN [R], 2R SE 6 5 GCA fe i 198 R19 AHIZGE AR Y TR T
& 252 GCA Wik HoM Ul X 5 5 BN (Pinus massoniana)™ Ep’iﬁf(Eucalyptus globulus ) PVEE R ATF 5T
G- AU HI6 EAR K 23 GCA R R, TR & 1Y GCA W IEAE , R UIH 5 H A R A4
(R i BT O B, PR AT S O R R AR o 538 AZ AR BRI AR GCA R TR 1L £10 A2 BROR AR 1Y
GCA, MIPRILZLCAZ K 230 GCA 38 K T3 2 K[ GCA X A e 5 otk £k A AR A A O¢, AR
FRAE AL R O T A 25 S AH AR I BRCSRMRIRAFAE . F2 R & ZE 3100 GCA FISCA Z 8] JCBH f i %of
N F, G HA3 (H16 & 2% GCA fie iy B2 s B M R Rk h 45 . I, TER R EFICEA R,
PRt = R AW SO 2 Wi s AT L M R NERE S 7 N T Wi I N AW ol B L S M R /N R VAT E I % DA &S
ot =~ el s i B~ it B MR A AR AN TR B2 B2 1) S AS R8O ™, U HAEAZ R B R S e rh , N BE 208 Fh Se MR
JAEHENR o F T 438 FACFR SR A9 GCA L SCA T REC 25018 {8, Fe 20y a2 H43xR4 . H43xH21 Al H21x
H48 WL R A58 5 o
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3.3 RARZ ISR B0 FD IR A0 B E R

AL R SEAMIR B AL 25 T AU BE Ty, AT T PO e A1 I ARFSE R, 6 M RRIY ) S A%
TR TP S35t 71 B K ZF A0 SstA% J1 R T 50% 41 AR AR5 J1 58/ T 50% , 1 W] i 24
RAZ BNER A FREERLVFEI . GCA I SCA BYAH XS F EE A2 M ATRE 55 DI EIR A% R R A 52 ™, Bk R
RORIRTE BRAAFRABRIAEE T ) 5 77 22 WL TR IR T7 22 , Ul 5 e bR LU R0 ke 32 24
R AR SR AR R/ o BRRAS b T i AR5 2 25 S A AR 7 22 R Tk 77 22 , B W]
ol TRE B ek AR 5 4 25 A8 0 AERON AN B ALRONER o PR PEAZ AR E Rl A T 5
MR 2F RRIR M AL 5 o

4 & it

ARHFFEEET 58 2 IV AS BB, WAL AR TSR 384G RN AT 1 04, K BRAS [R] 38 e 4H & ) A 512
PRIRFATE R 25 5 . A SSHB BRR R T80 00 S s B 4 AH KER 3 A S84 G 1 K 2 3R Ak T8
K U H S RAZ AR B R A B3, A5 A AR 2P R B R . I ARBRAMRIR 252
BEAR ACREARZE B AR 052, TR0 FUR 28 58 W A2 ACA BEAR S BEAC A BAE R AL R 2 i, 45 F
SRR ELA 2 19 GCA SCA FIREC RN , — AL & J1 AR IR & 71 Z (B JTC W XTI DG & o Rt
TERZ AR B RGEARE P, e m A R 23 5 5000 25 R 7 R 2P R IR Y 4452 5
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