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Abstract: Branching is a major component trait of plant architecture and ornamental quality of spray
cut chrysanthemum, and understanding of combining ability of major branching traits offers some
references for parental selection in crossbreeding. In the present study, seven branching traits, i.e. total
lateral bud number, primary branch number, primary branch length, primary branch angle, total secondary
branch number, secondary branch length, and secondary branch angle of the twelve F progenies derived
from a 4 x 3 diallel design (NCII) were investigated to dissect the combining ability effects and other
population genetic parameters. Combining ability analysis showed that total lateral bud number was

controlled by non-additive genes; and the primary branch number, total secondary branch number, primary
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branch length and secondary branch length by both additive and non-additive genes; and the primary
branch angle and secondary branch angle by additive genes. A great difference was observed for general
combining ability (GCA) effects of parental cultivars and for different branching traits and the hybrid
combinations with contrasting special combining ability (SCA ) and total combining ability (TCA) effects.
Especially, ‘Monalisa’ exhibiting positive GCA for most branching traits except the primary branch
number was capable of breeding cultivar with large plant architecture and loose branching type; whereas

‘Qx-021" (except for secondary branch number)and ‘ Qx-096’ showing negative GCA for all investigated
branch traits would be elite parents in crossbreeding targeting for cultivars of compact branching type. The
crosses ‘Qx-0217 x ‘Qx-098” and ‘Qx-081" x ‘Qx-098" showed high TCA for primary and secondary
branch number but negative TCA for the other five branching traits, so it was likely to develop new
cultivars of compact type from these crosses. In addition, a high level of broad-sense heritability ranging in
73.81% - 94.41% was calculated for the seven branching traits, and a moderate high level of narrow-sense
heritability larger than 60% was estimated for all the investigated branching traits except total lateral bud
number (1.88%). Findings of the current study reveal the combining abilities and genetic inheritance mode
for the investigated branching traits and will be of vital importance for future efficient crossbreeding
targeting plant architecture of spray cut chrysanthemum.

Keywords: spray cut chrysanthemum; branching trait; combining ability; heritability
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Table 1 Phenotypic performance of the branching traits of spray cut chrysanthemum

AL . RO 2L —% 47 k% Primary branch #4447 k% Secondary branch
Parent or fljr/r:e Total lateral J¥ e K- /cm R M K J&¥/cm 4 /0
Cross bud number Number  Length Angle Number Length Angle
R Qx-021 35.00 13.83 12.28 28.28 23.33 4.83 26.56
Female Qx-081 27.17 10.00 13.13 31.17 15.67 6.24 39.06
Qx-097 40.33 22.50 21.32 55.17 20.00 7.09 39.83
AT g 29.67 14.33 17.45 32.06 12.00 8.27 35.06
Nannong Xuefeng
LA Monalisa 38.17 11.83 25.53 38.56 17.50 11.79 32.17
Male Qx-096 23.33 8.00 12.26 37.61 5.83 6.26 33.11
Qx-098 40.17 17.50 14.25 48.11 13.33 4.59 40.61
ey Qx-021 x Monalisa 36.32 13.77 18.59 38.86 26.65 7.86 35.43
Cross Qx-021 x Qx-096 33.57 13.05 21.19 41.49 20.88 9.57 37.77
Qx-021 x Qx-098 30.85 11.62 21.45 45.69 10.73 8.37 39.05
Qx-081 x Monalisa 31.05 11.66 20.71 37.84 14.85 8.72 34.55
Qx-081 x Qx-096 29.01 11.76 13.50 38.67 17.09 5.57 33.56
Qx-081 x Qx-098 32.98 13.36 15.58 38.84 15.62 7.17 37.12
Qx-097 x Monalisa 34.77 12.20 17.33 45.35 10.28 6.33 36.78
Qx-097 x Qx-096 2891 11.83 17.61 36.70 13.40 6.95 33.49
Qx-097 x Qx-098 29.67 14.59 13.81 38.86 20.46 4.87 33.90
FIAR T g x Monalisa 31.68 15.47 13.72 38.69 21.58 4.98 34.77
Nannong Xuefeng x
Monalisa
FARTIE x Qx-096 38.87 17.44 13.97 46.26 10.88 3.36 35.21
Nannong Xuefeng x
Qx-096
PRI IE x Qx-098 30.63 15.91 17.36 38.80 21.61 5.71 32.61

Nannong Xuefeng x
Qx-098
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Table 2 Variance analysis for the branching traits and combining ability of spray cut chrysanthemum

- , AR —& 43 A% Primary branch 24y Secondary branch
ZRARE U oalateral % Kiom e B Kllom e
Source of variation df o o - - I o

bud number Number Length Angle Number Length  Angle
[X 41 Between blocks 2 15.01° 0.46 222 4.08 2.99 259" 247
414+ Between groups 11 28217 11217 26.87" 33.74” 82.89" 995" 1144
REA Female 3 8.13 1.24 16.97 116.11" 197.04" 3.83 25.64"
A2 A Male 2 34.16 47.66" 110.04™ 3.69 76.41 45717 20.05"
WA x BEA 6 31.93" 4.04™ 411" 257 27.9™ 1.097 147
Male x female
i 7% Error 22 3.45 0.81 1.23 2.19 7.30 0.26 0.75

W * 1 *x HRIRIRE P<0.05 F1 P<0.01 KTFEREE. FH.

Note: * and ** indicate significant difference at P < 0.05 and P < 0.01 level, respectively. The same below.
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Table 3 Estimates of general combining ability (GCA) for the branching traits of spray cut chrysanthemum

A e S ZEE -2% 43 £ Primary branch 24 B Secondary branch
Parent Material Total lateral B KE/em HEP M KB /em g
bud number Number Length Angle Number Length Angle
F/N Qx-021 -2.13 -1.34 -10.35 -4.22 25.87 -791 -3.00
Female Qx-081 1.19 2.99 -1.38 -2.05 13.87 9.32 3.39
Qx-097 7.63 1.48 3.02 12.99 -37.49 -9.10 4.70
r A e - 6.68 -3.12 8.71 -6.72 -2.26 7.69 -5.09
Nannong Xuefeng
KA Monalisa 1.81 -7.60 20.02 1.15 7.50 30.32 3.81
Male Qx-096 -291 -9.35 -6.24 -1.52 -17.10 -1.76 -0.32

Qx-098 1.09 16.95 -13.78 0.37 9.60 -28.56 -3.48
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Table 4 Pearson correlation coefficients between effects of GCA of the branching traits of spray cut chrysanthemum

PR fé&ﬁﬂ‘ﬂﬁl f?&ﬁj\ff}i{%fg fé&ﬁv‘&ﬁ]ﬂ{ TRHBURE RO B
Trait Primary branch ~ Primary branch Primary branch Total secondary Secondary branch
number length angle branch number  length
— 243 KK Primary branch length - 056
-2/ ¥ £ £ Primary branch angle 0.16 0.12
23 B S L Total secondary branch number (.20 -0.20 -0.71
TS A K E Secondary branch length -0.73 0.87" -0.18 0.10
2R3k #f FE Secondary branch angle -0.23 0.04 0.69 -0.38 0.43
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Table 5 Estimates of special combining ability (SCA) for the branching traits of spray cut chrysanthemum

ARAHA Cross SN ZERL —4¢ /3 Primary branch “ 243 4% Secondary branch

HEN A Total lateral  fi 4 KfElem P B Khiem Al
Female Male bud number Number Length Angle Number Length Angle
Qx-021 Monalisa 12.56 10.55 -0.72 -0.98 23.38 -375  -0.60
Qx-081 Monalisa 0.75 0.91 5.54 3.33 1.42 484  -037
Qx-097 Monalisa - 14.12 -8.15 2.62 - 1.34 -6.91 5.14 1.95
P4 E 1% Nannong Xuefeng ~ Monalisa 0.81 -331 -743 -1.01 -17.89 -6.22  -098
Qx-021 Qx-096 -5.30 -2.56 - 434 1.20 -8.28 -621 -1.76
Qx-081 Qx-096 3.64 4.90 -1.09 -0.54 -4.88 0.67 1.93
Qx-097 Qx-096 2.73 -2.10 476 0.48 15.03 6.46 -0.34
4R & Nannong Xuefeng Qx-096 - 1.06 -0.24 0.67 -1.15 -1.87 -0.92 0.16
Qx-021 Qx-098 -7.26 -8.00 5.07 -0.22 -15.11 9.96 235
Qx-081 Qx-098 -438 -581 - 445 -2.79 3.46 -551  -1.56
Qx-097 Qx-098 11.39 10.26 -737 0.85 -8.12 -11.60 -1.62

P A< %% Nannong Xuefeng ~ Qx-098 0.25 3.55 6.76 2.16 19.76 7.14 0.82
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Table 6 Estimates of total combining ability (TCA) for the branching traits of spray cut chrysanthemum

FALU 4 Cross SUZEE —2%5) B Primary branch 2443k Secondary branch

R A Total lateral 3 %% KJ¥E/em P p¥-id K/em  fAJE
Female Male bud number  Number Length Angle Number  Length Angle
Qx-021 Monalisa 12.25 1.61 8.94 -4.05 56.75 18.65 0.21
Qx-081 Monalisa 3.75 -3.70 24.18 243 22.79 44.48 6.82
Qx-097 Monalisa -4.68 -14.28 25.66 12.80 -36.91 26.35 1046
4 &7 ¢ Nannong Xuefeng Monalisa - 4.06 - 14.03 21.30 -6.59 - 12.65 31,79 -2.26
Qx-021 Qx-096 -10.34 -13.24 -20.94 -4.53 050 -15.88 -5.08
Qx-081 Qx-096 1.92 - 147 -8.71 -4.11 -8.11 8.23 4.99
Qx-097 Qx-096 7.45 -9.97 1.54 11.96 -39.55 - 4.40 4.04
P A< T ¥ Nannong Xuefeng Qx-096 - 10.65 -12.70 3.14 -9.38 -21.22 501  -525
Qx-021 Qx-098 -8.29 7.61 -19.07 -4.07 2036 -2650 -4.13
Qx-081 Qx-098 -2.10 14.13 -19.61 -448 2693 -2474 -1.66
Qx-097 Qx-098 20.11 28.68 -18.13 14.21 -36.01 -4926 -0.40
A T 1% Nannong Xuefeng Qx-098 -5.34 17.37 1.70 -4.20 2711  -1372  -17.75
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Table 7 Estimates of heritability and population genetic variances for the branching traits of spray cut chrysanthemum

WS BSSIIE: —% 43 #i Primary branch %K%y B Secondary branch
Genetic parameter E otal lateral ks KJ&/em LT B KJ&/em fre
ud number Number Length Angle Number Length Angle
REA I EBAL T 7% o 0.25 0.00 1.43 12.62 18.79 0.30 2.69
AL T 2% o, 0.00 3.64 8.83 0.09 4.04 3.72 1.55
kgL Ji % ot 0.25 3.64 10.26 12.71 22.82 4.02 423
ksl 5 % o, 9.49 1.08 0.96 0.13 6.89 0.28 0.24
I 5 A kgL 5 2 W ol Jot, 0.03 3.37 10.69 98.90 3.31 14.37 17.71
J SR H11% b, 73.81 85.38 90.14 85.44 80.27 94.41 85.63
e SR H3/% R 1.88 65.84 82.43 84.58 61.66 88.26 81.05
%} Fy (I5THk#/% Contribution to F,
BEA Female (F) 2.55 0.00 12.74 98.27 63.23 7.08 60.04
LA Male (M) 0.00 77.12 78.70 0.73 13.59 86.42 34.61
F+M 2.55 77.12 91.44 99.00 76.81 93.49 94.66
FxM 97.45 22.88 8.56 1.00 23.19 6.51 5.34
3 wWhie

TEBCE )i, — BRI ot — A SRR A A& PRI I & N, 2P
EEFWE D EEIE . — (R 45, 2007). FREREC S )24 8 28 As 414 Szl 44 5 s 1y
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BRTAE RO EN, $em B AR e RIS R ) stL 1 SRkl F A 3R 4l RoE A
PIRe L CRZEMR 55, 2017), BHUERFFCRIE R IRMER 2 o Gl B 20 B nl DALZE 22000 1 48 HE 2L iy
R LIk F 1 — MR C A ) B 8 28 A R ERIC & ), s A8 B R I — e s (9K K,
2010; Suetal., 2017).
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0.01), B LUX 3 N E R HERPEAR, RS AL BN 7] DA B 22 S0 AR R R PP — M
SR



WfEHE, ONLAL, BN K, RV, TR TE, EEE, BRRM, BREE, BHR
PIte /N B R IR W BC & 7 B8 4% D1 40 #r.
2 4%, 2018, 45 (10): 1952 - 1960. 1959

VER IR RGERIICRIA G 7 VIE NG — R A SR S L O o A5 h B,
PIHE NI — PO BN o BB A E R R ERFIFAED), H— BN B & )
(8] HAT R 2 AR O, X0 RIS SO R B AR I TR Ao S8k, ABTIE R AR, SCBREASY
B BRI AL TTIR AN, DR AE SR A BT N 5 A B MM B R ACH R A . B, —
PR, AR 7 Z Mtk s OB, BEASINPEEAL Jy Z veek R,
PAAE LA B B HRRPEIR IR &k AR o N3 BN SOARBEAT I, M0AE L — 2B B H b
PEARI P AR A T REASREA T RE %

REPRHC & 0 SO R R AL R R A B BAR EA VRS AR N PR AR LN, X T HARPEAR SR I
(3R FH AR T A R R X (Lou et al., 20100 ¢F =2l ik sl b il ey S im 28 4 1, mAS
AT HEEACEHISRAS “Qx-021" M1 “Monalisa”, AR AR AP 24 s 1m0 g A — e c &
TIBPNIEAEIRZEA ‘Qx-097" A ‘Monalisa’, HJEACRAC A A Sy Sufi. wl oL, — Rl o mifd
SRASLR AR IR I & AR & AR € Hy o AR SO REAIVERN ) 3, RN 32 S REAAE
INPERLN S M BRI PEAR - G BB — R B A, 4L B DRSS & B & 0 1l
MELER, LS BIRFIREC T IR — B, AEMPER IR R AC & DA BEIS e Bk 4y T
A ESEX AR S, B AR B H AR A R, AR5 T A e SR AR 0y Ak F I R AR
AR R, REEREC A 0T OB I T S 0 AR B 2 o BT LA, RS 6 T R S B R S R
N VEWIESE Gl

i BRI, BRI 70 B VE 2 MR S AR A R AN ], F AN miE 5 0 K2
I AL o RYE BRI H AN, AREC S 70 AL S AT I B RE A P 4L 45 - 1 4, “Monalisa’
AR N R R R o B AL RAAS, 1 “Qx-098" R LUy FRAIR— 2 B K
BRI R ARA; “Qx-097" AT LI K — G Boff FEAN 2 B LA B BEAR,
M AR T W ] AR s — B B A FEAN 0 B BE A R BEA . AESEER B R AR, NAR
o EL AR Rk H A 5 AR R R 28 A8 vl o
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