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(1 bl K2t Ahtpe, b -8 0710005 2. H EMOl BI2ABFE BE B MOl 5T BT #7174 MOR & Fhi:
AT SCHE, WiV B 3114005 3. WiVl e R iAol BAa5EBe, WiVl JESR 3237005 4. BV IE-H LLAH [
FONF e R, W B SR 323700)

WE: [ B& ] BF7 K4 Schima superba F1 RAFR R 20 A K S S ARG RAE T FRAE, AR FF AR
Peo [Fk] A2015 FAEMITARE N 4 x4 FRF| ZEZ G AT LRLRE ZNEHRATFRAF R, SR FERLE
ARG SHMRGEETF A, — KBS (GCA) Fedi sk BLE ) (SCA) Fitf754, [LR] 6 FARTARER A
R ey & KFe B IR A EMEF ZF (P<001), A KFpHkey T 2HH 20%~53%, AiTeh A KA Rk 28
By AR (AR AEEE A 0.86~0.93), P, ARKRHBKRGXAZEREE G, AR i BEZ LRI, 24
PR FAREREZ, 2ARMBE SIS, MASEN: KRFLRETFRAE K SHERA LRI FGEAARX
(=0.20~0.87, P<<0.01), MBAKLE - o H. HTHEBREFREME =0.67~0.70, P<0.01), £ KFouyHHIKE
GCA #= SCA # 33k 3| 2 % (P<0.05) #7=#2 B % (P<0.01) /K-F, # 3% GCA #= SCA #94: R, iAA T LikFnid %5 3k
R AR R FER, BEMASLAEAMKRGFRIEE N, Wikt 6 KR AR TR TS 2 KF A FAMH,
[#i6 ] 6 FARFTARRR R AR SHBER B ZE A, ERERURIEHN A 3R, SHARKRFREHNHE
B, M AEREIRA AR R AT FE RS ATIREL, TSR R ARRORRFERAAES, B 1 L7427
XiEE: ARRE A, XX, HmEE, A H; AT
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Genetic variation and effect of growth and branching traits in
full-sib families of Schima superba

WANG Jiayi'?, CHEN Huanwei’, ZHANG Rui*, XIAO Jijun’, GAO Kai’,
LUO Zhensha*, SHEN Bin®, DU Kejiu', ZHOU Zhichun®

(1. College of Forestry, Hebei Agricultural University, Baoding 071000, Hebei, China; 2. Zhejiang Provincial Key
Laboratory of Tree Breeding, Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou
311400, Zhejiang, China; 3. Longquan Forestry Research Institute of Zhejiang Province, Longquan 323700, Zhejiang,
China; 4. Longquan Conservation Center of Qianjiangyuan-Baishanzu National Park, Longquan 323700, Zhejiang,
China)

Abstract: [Objective] This study aims to reveal the heredity and variation of the growth and branching traits of
the full-sib families of Schima superba and provide reference for scientific breeding. [Method] Taking a 4 x 4
half diallel mating design that was conducted in Longquan of Zhejiang Province in 2015 as the research object,

the genetic variation parameters, general combining ability (GCA), and special combining ability (SCA) of the
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growth and branching characters were analyzed. [Result] The growth and branching traits differed significantly
across the 6-year-old full-sib families (P<<0.01). The coefficient of variation for the growth and branching traits
ranged from 20% to 53%. The growth and branching traits were under strong genetic control, and the
heritability of full-sib families was 0.86—0.93. The paternal heritability of the growth traits was higher, which
was jointly controlled by gene additive and dominant effects. The maternal heritability of branching traits was
higher, which was controlled by gene additive effect. The correlation analysis showed that there was a
significant phenotypic correlation between the growth and branching traits (»=0.20—0.87, P<<0.01), and there
was a significant genetic correlation between DBH growth and bole height and primary branch number
(r=0.67-0.70, P<<0.01). The GCA and SCA effects of the growth and branching traits reached significant
(P<<0.05) and extremely significant (P<<0.01) levels. According to the results of GCA and SCA, SY42 in
Shangyou of Jiangxi and LC31 in Liancheng of Fujian were considered as excellent parents, and SY42 x LC31
combination had special combining ability with fast-growing characters. In addition, the six super-crossing
progenies could be used as parent materials for the second-generation breeding. [Conclusion] The growth and
branching traits of full-sib families of S. superba are under strong genetic control, with stronger paternal control
over growth traits and stronger maternal control over branching traits. Parents can be selected according to the
growth and branching traits, and the super parent combination with fast growth and high quality can be
obtained. [Ch, 1 fig. 7 tab. 27 ref.]

Key words: full-sib families; half diallel; heritability; combining ability; Schima superba

HATHOARFRIET, B BPRE A M A 53 3 2228 B MR 03845 S 500t 7 o SR s 0% il i S it e o 28 O %2
FIVERN, 228 B R T LR SCESE Il A R RAHIRES & T —14K, A ol &4 L 2 iRk
W, FAFEH R, H M SPRAGUE 25PN FE £ oK Zea mays 2238 & M fF 58 v i k3 M8 — IR & 1
(GCA) FIRFERBC G 1 (SCA) Wb LLE , BLE I B FEMAR L B 15328 72 . Bed 18
AT FHUBEM B R EAS, 1 H AT DL T SRR B ZE 28 Gr R r 32 i st A 4 1l 5XRE DN I A ARk 2 il oA st
ol BRI SR AL T A e AR . b — IR G R R ATE RS R AR R B, 2 B AR HERTEACRR
it iR nT DL 2 Pt A A5, AEMOR B R AT AR BB A A 5 TATRRIRIC & ) SR A 67 S FR [R] 4 AH BLAE
FH ., BIA O 2 BB 5t AL B AN BE B [ 2 09 38 A8 R0, 2™ AR R R IE & DR i £ R R0 X2 AR
Cunninghamia lanceolata 2258 EARTL G TN I . 88 FRAERK FEZ—RECS 1#m; MTFE
PPt — R BC G T RARE, ZER AR IR LA 1 09", IRHOAN Pinus elliottii 76— HCA J1 K THPIRAC
GRETHRE T, Bfs . AR A BEAE LUMPERON S 3, TR e O AR AR R =P A AR
v AR R ) B R AR AR X 218 . K I Fraxinus mandshurica 72— B & T8 MR, TEALEEARAH
ARSI S RN BEAME Eucalyptus urophylla % E. grandis 2238 FACHR 32 i WA A
Ao FeEHe e, H SRR A B S S DL R ARIE AT O MOR [ S AR B R R AR E R 2
Qi

Afaf Schima superba "4 111 25 B} Theaceae A fifJ& Schima ) H LRI RKIv A, & HAGHT 5 S [ IR 1)
FEERM, WRPEE TR EEWERNFZ —, HARMIBEE, S5, JierEmer, R
Fi. g RE T 22 SR A . RETEFR T 2001 45, @A RTMFR YIRS T AR A
AN BT A a8 A5 A8 S A . AR IR 420 ] Y A e R RIS K 5 W b 5 AR A A B B2 48 2R st A
FEM, R TR A K MR SZ T A R A A R, AR 32 A 55 D AR R, IR S
R B S R AR IE ARG, AU AR R R AU I EA, DISEE T4 . 10 4EA 0
H R R FR A K ARIR B35 2400 BEAE IR I ik, ELIAR 52 B A st AL 45 ok A8 8, ABE BEAS 285 i A2 3| 48
SRS, 5 AR ERA RN, TS AR AR BT, XS B TR R R B
AERKFIE IR, Mt RIME RO R T 320 T A 9 A RO S A MR 9 18t 45 30
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KA EATE H AR RN . R . YO8 bt Table 1 The source of parent of S. superba
(AT RS R IR (35 1) TARIE AR 7 5% ZBAEN) Z0(E) 1Hk/m A% /a o m 0 om
H ax4 R 252511 (36 2), BEVLSE X4, 5K g (08 20°57 1182201412516 213
T, SHUNK. BRI 2.5 mx3.0 m. AR AL JO32 26°57' 118°22' 141 25 15 192

W2 bR F 2015 4F #5 B F Wi UL B SR (28°03 'N, WEESL LC31 25°13' 116°32' 800 40 15 34.0
119°06'E), 3 H 250 m. i3 Hb 4F 7 85010 VLV FAE SY42 25042’ 114°01' 483 28 16 235
17.6 «C, 7 A FHSME N 278 C, 1 AEHSEN

6.5 C. TR, 16994 mm. A% 263 R2 x4 ENFNAEAERITE
d’ }%’Epjzm%{ﬂ{lﬂéﬂ:k{ﬁo j\%j?ﬁ}!(j:«miﬁrﬂ@ﬁﬁ, jﬂz Table 2 4x4 semi-diallel co?s;zationdesign
FEZ) 15°, STHBARA A, ok 1032 LC31 SY42 J08
1.2 HIERAESSH J032
2020 4F 11 H IR T ki 4, i dsEk LC31 x
PR BOfE DBH)., B () SEAEIR. i SV : . .

(CW), BT (CBH), —Z /% (PBN), #&K5>
Kifi (MBA), R4 (MBD) 5. I R (v4.1.0)
) MASS. pastecs, dplyr. corrplot, Ime 4. Sommer% #2505 5l #E 47 IE A A K . HliR e #r
IS . AT KA 1A, R SAS (v8.0) h GLM R F i th 5 2, [WEF, IR Excel Xf
A BRI TR AL AZ S AR FE SRR AT 4 S T b
MR AT TR A RMERAL . Y =t bmtfibctpbtee Fom: Y NBAMRERE s 1 WRFA T2
{E; by 5B i ANFEBOVAE (BE); m; FEEABOVA (BEHL); fi ARV (BEHL); x; W5 j A
5 k SEAR DAL RONAA (ALY xpb; FOEAA G SEE WM HAERE (BEHL); ey FpR2E"Y, RAAER
FE (Vep): Vep=S /Xx100%, b SHMERIRWEZ, XHHERME. 8% 2R RY Ve):
Ve=Vo2/Xx100%, . o Mty 220, X AR,
AR ZIMERT | AR RBER . RRBAGRP | RS R {1500 S Ok [19-21],
FORAH A ZEF W, % Griffing WHN 2432 TiE IV, FR T (FEPUERRY) DL & SE X EHATE A 07
2200, BB ALV S — LS 7 . RER I & 800 S HGBAL Jr 2543 P 02 — A AR
GRS RO [22]. FRAMOCRE . ML AHC R BB L 1S 45 T3 2 WLk [17, 19, 23]

2 HERE M

21 REFERESEEROBBEHINTESN

Hi3e 3 MIAL 1 Al DL Ar 4 ) M 1A C A R AN e PR S i ELAF e AR B 38 B 3L 22 5+ (P<<0.01),
AR, AR AR LA S R BBOR, T BMEIRES R i 0 BRI R R 7 B AR 57 AR MR . 1L
AMEbR S B AL T B OIS, AR L HARE & AR 2R CHABORMAS 2 EER . T7 2273
PR s . SEABOAA A B35 22 5% (P<<0.01), A RMRBYSCABON B T BOR, i Bk 4
BRI TR, A AR AR B R T 73 B EAR 52 REAS IO M BER o BRAS T v 5
RSN, HARATAE 3 A G < BARBL (P<<0.05). A A AE R PRR (WA= AR o) AR R AR
ARAFAER R F S (P<0.01), HARRBEK, WUZEARAGEERMIRI S Z S F 5, fEE A
J7 T BAT BER AP T

Uil < FTREAR AR
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£33 AEaERBEFREERSSRIERNTES R

Table 3 ANOVA analysis of growth and branching traits of crossing progeny

piE| fgfz/om  WE/m o EiRm o RFE/mMm —SOEE BORAEC) KR em
ef(c} 4.87 427 224 0.43 23.87 80.90 2.13
AR 0.90~9.70  0.70~7.60 0.35~3.80 0.10~1.30 4.00~46.00 30.00~120.00  0.60~7.80
5 AU % 39.17 31.47 28.66 47.84 35.05 19.59 5277

AR (B 13.70%* 9.76%* 5.82%* 0.33%* 838.43%* 4 814,07+ 18.71%+

A (FAIL) 17.46%*  14.82%* 3.27%* 0.30%* 63.11 166.41 6.18**
. HE ([EE) 165.23%%  80.55%%  14.94%* 0.12% 1611.67** 378.52 15.29%*

5 (FEHL) 3.89%* 4.40%* 0.20 0.03 26.96%* 50.96 1.65

HAE B (M) 1.72%% 1.52%% 0.25%* 0.03 98.65%* 258.87 1.71%+

W% 0.29 031 0.12 0.04 2436 186.55 0.75

P #*FIRP<0.01; *F/RP<0.05. B4, A&, HE . dH. AE<EEAHRESHIH2, 2. 4. 5, 20,

12 - 9 ~
10 L
8 | 6 F
£ E
E 2
4 b 3t
2 .
0
4 - 50
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3 -
g =
~ ES
= 30+
=2 R
3 Qﬁ 20
R |
10 b
0 0
LC31xJO32 SY42xJO32 JO8XLC31 SY42xLC31 JO8%JO32 JO8xSY42 LC31xJ0O32 SY42xJO32 JO8XLC31 SY42xLC31 JO8%JO32 JO8xSY42
HE HE

[C25%~75% — dfisy
L PO A (A B e (AN BARARL, SIS BRI T B 0 A . At 5 R A L 1
H1 REASMEZE, W&, RRSEHR, —R5BIEIESH A
Figure | Data structure of diameter at breast height, height, maximum branch diameter and primary branch number of parents combinations
22 REFAEKMSHEERBEER. —RESH BFRES W REEFRIEH A0
AT 4 [ A AR AR S MR 52 s st s ) (4 () M 3545 35 0.86~0.93)(F% 4). Horr, /R
KR (AR AR ) A ACAR R R B A B AR L R 050wt 8% F1 27%,  F 52 AXA R AL P thl 4505
JaA B Bk IAL 4R 0.79, BEBTAE K MRRSZ ACASSZ M S, BIACA XS A2 e FAR R s AR AR K BTk ok, 7
LUK PN R N S D VAT WSk S N DAL B 53 e 2 N B S A s o NP N R iid L P S =1
AR MBEARR RGBT, BARRBERAKR, —HEE. R IR A R 73 RO ) 52 B AR 52 1w
TR —MIERT, EMR AKERIRZER, B, 7e0Is A0 R 2R MR, SRR
TEZ 2 43 BRI BE Al b o i IR AR R R S8
A SPRURIRTE A S B B J1 5 22 00 T8 R o . AR — RS T FIARIR I & I 7E MR 8]
AR (P<0.05) Bl 2.3 (P<<0.01) 5 (% 5). Hri, Mfe, W —Ho B R B Y —
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Table 4 Heritability estimation of growth and branching traits of crossing progeny of S. superba

PRIR BRI SORBIER e ReR fbkeR PRIR BREARIER AORmER R Pk R

Jlore 0.72 0.78 0.93 0.79 — R R 0.97 0.57 0.86 0.70
L] 0.55 0.70 0.86 0.50 R H 0.98 0.69 0.91 0.94
S 0.91 0.90 0.88 0.76 N5 Ttk 0.91 0.73 0.89 0.77

FRIC G ) RRERIC S AR R (P<<0.05) /KFLA BRIZE S, TOEE . AT i Al KR BOHL R R RTE &
TIHFARIR BN R FAK, UL AT LIE i A B S BE B R R AT AR PR A DL bkt . Ty 22 73/ w4
T 220y B AN A R B . AR s P80 O 25 R RO Oy 22 25 S AR A, A2 R AL
LRI o SR . R s R R AR 52 PR PO R B, — S RSO R R A W A2 MK
IR G HE 2 S e S L E I N T vl it D 8 oS NG S O | R s QS S Ko T 1 s R 3N i 4
SRR AR o R, AT LA IE o T BOR IR AR R PROT A PEAR B 2

RS KATERIRERNESHWFESHRFTENE

Table 5 Analysis and variance components of combining ability for growth and branching traits of crossing progeny of S. superba

75 5 SRR iz = RN R — BRI SN T KA RHL
— LA T 0.28%* 0.27%* 0.12% 0.010 2% 8.55%* 45.87%* 0.33%*
FRIRBLA T 0.19% 0.18* 0.02 0.001 6 12.15%* 43.92%* 0.08
HLIR 0.05 0.05 0.01 0.000 9 1.87 4.97 0.02
Iy - s 1.0:1.4 1.0:1.6 11.0:1.0 12.3:1.0 1.0:10 1.0:20.0 5.0:1.0

YL —FRICE JIFRRERIC S 004 F R M3 012, #*3RRP<<0.01; *FRP<0.05.

23 AFERBEFREKSSEEREEXE

A far A=A B IR 9 SR BUAH JC RBUK Tt R 5L (R 6), MfR . W FE s . — o kg,
Toe R £ A Ao AL A S A 28 A R R IEAH ¢ (7=0.20~0.87, P<<0.01), B v M 42 Ak KB Ry
REMKZ . B, HEABHE . AR50 A7 3 1Y 5 G IEAH C (=0.87, P<<0.01), 5
KR 8 A — G BB AR B 35 B A O (17=0.67~0.70, P<<0.05), S RIMECHAFG, SRR K &
B BRI m s AL, AT TR RO RS I A TR . BRIEENRAN AR 5 At o R
PRI W MR ARG . L, sk emst, R o % FE M AR HE b

*®6 AEFLEBTFRERKMSRIEKHYRBEEXRYEEERXEY

Table 6 Phenotypic and genetic correlation coefficients of growth and branching traits of crossing progeny of S. superba

LE2N Ptz = SEEIR AN — RO BRI IR
g 0.87** 0.78* 0.02 0.67** 0.20%%* 0.49%%*
L= 0.87%* 0.74%* 0.03 0.65%* 0.24% 0.40%*
S 0.30 0.64* 0.15 0.42%* 0.06 0.67**
AN 0.61* -0.13 0.56 -0.11 -0.02 0.13
— YRR 0.70* 0.47 -0.32 —0.61* 0.43%* 0.05
RIS 0.09 0.01 -0.33 -0.30 0.77* —0.22%*
BRI RO 0.05 0.45 0.85%* 0.51 —0.64* —0.83**

VLWL XFZLL EOIRIRSCR B XL LT OB AHIC RS, Fon il B HE(P<0.01); *FoR BFHI(P<0.05).

24 AHEENSWEEERIRASE

W EAE G RIMES 15081, RIA KR — RS 1R R Ay LC31 F SY42 (3R 7), Hi
LC31 JEAMRE . Wi —Wie & ik, — BT & — il & 1 kil R B ) —
MEBC A 1 B, HASE T AT AR I s SY42 SEAR M2 Akt & i) — Ml & ik, — R
ROECRIAL T 25 1) — MR 3K, e KR — ML & 1 Tl gl A8 BUAR BT sl A A LA AR
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P, ASZ BN EBUNMECT msEmm . R A RRRIL & I AR, KL SY42xLC31 5 JO8=J032 41
B IRRIREL A 1K . DAy AR AT 20% Rbr eI T R 4 & i sEde, e 4l &2 SY42xLC31,
AH A WA . A Y 8 AL B 25 4 ) 18.20% F 19.55%., 45 b AFAL I 4 A A MR EUE S, AR
SY42xLC31 /& L AR W) E AR &, AL FARIAE (5.53 em) I & (5.13 m) 430l &5 14 R B e A 2
{H (4.62 cm. 4.17 m)20% F123%. M 6 M25cAI G, Tidehors . wEm TREIARSE, —9rB8iE
KTRHUL T HEAARSE AL RSB bR 6 Bk, Horh AR FAR & 30 4.90~9.10 cm F1 4.50~5.90 m, #1FH1
HAZE 2R 108.5% , — GBI R BRI T HME Y 11.0%.

KT AEAFRAFARBEREHER

Table 7 Variance effects of combining ability of different parents and combinations of S. superba

AR SRR Wz G T BCRw —Sosdt BB RO
JO8 —0.26 —0.40 —0.29 —0.09 2.07 —0.47 -0.25
SY42 0.17 0.30 0.16 0.07 5.69 —0.04 —0.05
IR LC31 0.44 0.33 0.25 —-0.03 —4.89 0.52 0.13
JO32 -0.35 —-0.23 —0.12 0.05 —2.88 —-0.01 0.17
LC31 —0.02 —-0.05 0.06 0.04 —4.97 -9.99 0.47
REAR— e A SY42 0.01 0.23 0.17 0.05 2.84 6.95 —-0.02
JO8 0.01 —-0.18 —0.23 —0.08 2.13 3.04 —0.45
JO32 —0.34 —-0.10 0.07 0.08 —4.25 —6.47 0.38
LA & T LC31 —-0.01 0.05 0.13 —-0.02 —0.49 2.22 0.10
SY42 —0.50 —0.28 —0.11 0.04 —0.56 3.59 -0.33
JO8xSY42 —0.02 —0.03 —0.05 0.05 -2.30 —5.22 0.15
JOSXLC31 -0.27 —0.33 —-0.10 —0.05 —-0.20 1.38 -0.20
JO8xJ0O32 0.28 0.27 0.05 0.00 2.60 3.83 0.05
FHRBLE 1
SY42xLC31 0.33 0.32 0.05 —0.05 2.60 3.88 0.05
SY42xJ0O32 —0.32 —0.28 —-0.10 0.00 —-0.20 1.33 -0.20
LC31xJO32 0.03 0.02 0.05 0.00 —2.40 =5.17 0.15

Uil AT TR EA IR

3 it

MR 545 A8 SR st 0 R TS, A8 F e TUFIER RS B b iy R J) . FE4EA
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WK, [FIERRREL A RO ER T HMA S, Hik, ARG 2 MR TEHE R A, BefS R v
RO R AP A RIRIRBCS TR T R B ARIRLLA TRl — PR DR R — MRS [ 20 A T R B A
EZRBKR, LLSY42 EEAR, LC31 LA G, W SY42xJ032 Fl1 JOSXLC31, HA: KRG FIREL S
TN, SRR RIS R . —MREL A TR = Y 2 A B A LB RR IR B A 1 300 A —
SE R, T — LA JIROVAEAR I 2 A6AS, AR RRR L& IOV EA —E K e an AR w5
1) JO8xJ032, FAEEAM—MRLE NG, HAG WK S ISARNENZCR, (HREFEHERAN
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Ao 4 [ ARSI BT AR TR R R R R B & 800 B S KT — ML & 1, SR/ AERY X ) R
¥ Pinus massoniana 25 A E &5 - — 2. RN, Afar 2 [m] B 74 A R Mtk S B 32 i v A P 3 PR s
I [ o0 I i 5 2 VN -39 | i 22 P Y IR 0 D2 T = B 2 S s P S 2P Uy d L [ie WA prize i |
e AL, BIA AR (s A AR) 237 ARSI 40, S AR AR, b3 R %
WG IS SRR H, KA A IR R, S5 SRR EC A ) R B e B K S A
Wiz

PR ] () 358 4% AH DG P 2 SR AR BE R A FE AR , 17 40 P DR 2 52 Wi ] P A T 285 R A 2 1) E B4R A
P, Az b RS s D B R s A PR = A i S s 2o o K &Rl A A A K S AT
B AT RCEAEAE 3 DB AR G, DRI AE AR PR IR BE A BHGE , SR AR IR 0 5 R T e I A S0 2 AT
B AE IR o AT A2 RN P A, A S e SR A RIS MR SN, T Az AR
NS, W AT E R N TABSY, DAHEBRIZ AR AR T B2 o S5 R o Rkt — A EE L 1) A etk
febr, (HHSERKMARMBEAHACA R E, SRAMCEZE, Ritnlmsr TAERMREITE R, Tz
PRIRTEREA P RIS R, BT IERN, I, REARBERERT, R e KRR I ) SR AR
VERD, wX AR A MR T AL

FEAREREFEALN G LR C R BN E RN, (RS R AR IR AT 4 e A — 2 195 PR A
HHM, W E e vl o EARA A A e E R v SRR, RIE o R A S BRI T 5%
AT FE TG 1A REATCHE R SY42 Fl LC31 Al AE el g bel Jotk RIEH, SY42xLC31 228 F1UH
TR RN o A A 188 25 0 il ik 18.20% M 19.55%, WML T HABAL A, SRR 10 44 2[5 M i ik H A8
R R R L 25 (16.08%) HELUY, ZAI A MK B E i A 2] B3R TH . S 6 Mt R & FET
REABER TSR, Ve 2 AAF A KM N PR KEBRK, S BEEREE R
AR TR Y B, A TR IR bR M R AR, AR BT R SL A BRES UL . A, A
KWL, /N, ARG MELE, RSS2, AN THGER EME, B bR AT 2 4
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