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Combining ability and heritability analysis of major agronomic traits in

16 thin-skinned melon parental lines

Liu Xiuyuan, Du Zhigiang, Xu Huichun, Liu Tai, Bi Weiyi, Hu Xixi, Zhu Lei, Qi Guochao, Han Mo,
Che Ye, Jiang Zeyu, Zhang Ling, Wang Di

(Daging Branch, Heilongjiang Academy of Agricultural Sciences, Daging 163316, Heilongjiang, China)

Abstract: To improve the breeding efficiency of thin-skinned melon and identify superior combinations, this stduy used
16 thin-skinned mleno inbred lines as parents and developed 64 hybrid combinations based on the North Carolina Design
I (NCID design. Combining ability, heritability, and correlation analyses were conducted on nine major agronomic traits,
including fruit mass, plot yield, soluble solids content, and fruit development period. The combining ability analysis
showed that parents 162 and 170 exhibited high general combining ability (GCA) effect values for plot yield and soluble
solids content, while the combination 161x167 showed high specific combining ability (SCA) effect values for plot yield
and soluble solids content. Heritability analysis indicated that yield and fruit shape index were primarily governed by addi-
tive genetic effects, with high narrow-sense heritability, making them suitable for selection in early generations. Converse-
ly, single fruit mass and phenological periods were more greatly influenced by environmental factors. Correlation analysis
further confirmed that there was no significant negative correlation between yield and soluble solids content. In summary,
this study identified parental lines 162 and 170 as valuable for breeding high-yield, high-sugar cultivars, as well as the
combination 161 x 167 exhibiting early maturity, high yield, and high soluble solids content, thereby providing a theoreti-
cal basis for the selection of new high-yield, high-quality thin-skinned melon varieties and the choice of parental combina-
tions.
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Table 1 Partial phenotypic data of parental materials
BT O N Rk REDEHE  ARASE e
Code name Type Fruit shape Epidermis color Surface smoothness Inner flesh color Pulp color
159 QT22-112  #i#K R HH ki 1 White # Yellow
Thin-skinned muskmelon  Apple-shaped Bluish white Shallow furrow
160 QT22-113 iz K LA Ry AE| ki 4 White % Yellow
Thin-skinned muskmelon  Pear-shaped Pale wulong white Shallow furrow
161  QT22-115 LK 517 LA e I White 1 White
Thin-skinned muskmelon  Pear-shaped Milky white Smooth
162 QT22-121 &K GRS ENE| i F White # Yellow
Thin-skinned muskmelon  Broad pear-shaped Yellow & white Shallow furrow
163 QT22-127 LK i By i 4 White # Yellow
Thin-skinned muskmelon  Pear-shaped Milky yellow Shallow furrow
164 QT22-131 LK RS2 FLH ST 4 White 4 White
Thin-skinned muskmelon  Apple-shaped Milky yellow Smooth
165  QT22-135 /K KAHETE H & Tl HH # Yellow
Thin-skinned muskmelon  Long conical White & green Smooth Bluish white
166  QT19-89 ¥ K e 2 SN e Bk 1 White # Yellow
Thin-skinned muskmelon  Broad pear-shaped White & yellowish green Shallow furrow
167  QT22-133 &K SERE T fi4 HHA # Yellow
Thin-skinned muskmelon  Apple-shaped Yellowish green Furrowed Bluish white
168 QT21-146  JH# I i EIV/AS! il 1 White # Yellow
Thin-skinned muskmelon  Pear-shaped Waulong white Shallow furrow
169  QT21-147  # K ESIA SN i {4 White # Yellow
Thin-skinned muskmelon  Pear-shaped White & yellowish green Shallow furrow
170 QT21-148 iz EK L5 EiW 4= ki 9 White i Yellow
Thin-skinned muskmelon  Pear-shaped Wulong white Shallow furrow
171 QT21-152  H#H K £ SN i K 7 Yellow
Thin-skinned muskmelon  Pear-shaped White & yellowish green Shallow furrow Pale yellow
172 QT19-95 iR KA SN i 1 White I White
Thin-skinned muskmelon  Long pear-shaped ~ White & yellowish green Shallow furrow
173 QT23-18-1 izt LA SN o403 1 White 1 White
Thin-skinned muskmelon  Pear-shaped White & yellowish green Shallow furrow
174 QT23-33  #LHK v AL S| i F4 White 4 White
Thin-skinned muskmelon  Broad pear-shaped Yellowish white Shallow furrow
R2 FEARRZAS IMERBESIER(FE
Table 2 Analysis of variance for 9 traits in parents and hybrid combinations(F value)
250 RE game msove spmm e N g PR e
Source of B E Fruit trans-  Fruit longitudinal Fruit shape B E Female? Fruit development NuTnber of Total yield
variation Fruit verse diameter diameter index Soluble solids ﬂovaermg period fruits per per plot
mass content period plant
[X 4 Block 0.36 0.61 0.92 1.31 1.05 0.45 0.89 0.78 1.12
204 Combination 25.80%*  8.45%* 12.76%* 9.33%* 6.59%* 10.24**  18.91** 5.12%* 22.6%*
BIR Female(A)  15.70%*  6.89** 9.45%%* 7.12%%* 4.25%* 8.33%*  15.64%* 3.78%* 14.3%*
AR Male(B) 12.40**  10.56** 7.11%* 5.89%* 5.01%* 11.02%* 9. 77** 6.45%* 11.2%*
AxB B 3.20%*  1.89 2.95%%* 1.74 2.11%* 1.48 2.86%* 2.05% 4.1%*

AXB interaction

TE ¥ FRIRAE 0.05 KT R B3 RRAE 0.01 KT R EE . TR

Note: * indicate significant difference at 0.05 level; ** indicate extremely significant difference at 0.01 level. The same below.

HAERN (AXB)TE RS4RI SR E A b= — M RAFHRECE D
FAREE  EHARMER EAA R B2 a5 2 KT FHE% 3 Al A0, 7 RS s T H 25 R 161 A1 159
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Table 3 General combining ability (GCA) effects of 9 traits in parents
Parents  Fruit mass F.I'LIlt transverse Frult longitudinal Frult shape Soluble solids  flowering Fru.lt development fruits per Total yield
diameter diameter index content period period plant per plot
159 60.79 0.52 -0.39 -0.15 -0.32 0.50 -0.13 1.02 -8.89
160 18.46 0.39 -1.43 -0.25 0.78 1.50 -0.13 -0.35 2.56
161 87.46 0.69 -0.16 -0.15 -2.88 -0.50 -4.13 -0.06 7.48
162 —23.88 0.17 1.97 0.17 1.58 -0.50 3.88 0.40 5.36
163 -100.21 -0.81 -1.83 -0.14 -1.12 -1.50 -4.13 -0.09 -6.55
164 -0.21 0.35 -1.49 -0.26 1.72 -0.50 2.88 -0.27 -0.66
165 -78.54 -2.11 3.77 0.99 0.18 -1.50 2.88 -0.57 -5.68
166 36.12 0.82 -0.46 -0.20 0.05 2.50 -1.13 -0.08 6.36
167 46.75 1.41 -2.09 -0.42 -1.23 -1.75 0.88 0.93 -13.66
168 40.42 -0.39 -0.12 0.03 -0.70 1.25 -0.13 -1.56 -10.75
169 -20.25 0.11 0.78 0.06 -0.17 0.25 -0.13 -0.48 -1.70
170 28.42 0.78 0.35 -0.09 1.10 2.25 -1.13 -0.02 5.62
171 -38.92 -0.45 0.71 0.15 -0.57 1.25 -0.13 0.79 8.89
172 -20.25 -0.29 2.71 0.37 1.23 0.25 0.88 -0.21 0.87
173 0.75 -1.39 -1.05 0.10 0.90 -1.75 -0.13 -0.21 2.02
174 -36.92 0.21 -1.29 -0.20 -0.57 -1.75 -0.13 0.75 8.70

1E 7] GCA %N e, GCA ZUSAE 53 5 A 87.46 FlI
60.79, & Z A B A W 1R AT DU E R R AR5k
Ao FERSILAIRTT I : A 167 FE R LR RN
B, N 14155654 165 fER LR ERIERE, N
377 3R 165 1E R IEFa 5 LI IE 17 GCA %M 5
B, 099, B BFE KR MM REA. A
164,162 fEW I TR & 8 ERILR H, GCA 2%
A 250 1.72 F01.58, & TAE s G oA, 78
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GCA RSB e, ¥IA-1.75, IR e S5 AR B} Al 45 46 A=
BHETHIRE IR AT AR SR E W B4 161,163
FER SR B LRI R GCA RN e, #8413,
I E RGP ROEA . 45 RAE 17T 3R
A 159 F 167 1E RS RE FRIAR A, GCA R
B8 1.02 1 0.93, F B T s E Ak 4. 78
FEEJTIH  SEAS 171 Al 174 £E/NX P78 ERDRAE,
GCA ZNAH ST AN 8.89 AT 8.70. L& ml vt 4
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163x174 k2., N 137.12. 75 A & [ 4 77 1 - 40
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N 0.56. TEYMEN T : 45 164x168 7EMEIEHA I
) SCA RUMNAH f f, -4.23, i B 4H & 4
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Table 4 Specific combining ability (SCA) effects of 9 traits in hybrid combinations

g MEmE O mabe Rome e L0 WO e PRERE e
No. Hybr1§ - it F.rult transverse F@lt longitudinal let shape Soluble solids  flowering Fru.1t development fruits per Total yield
combination diameter diameter index . period per plot
mass content period plant
1 159x167 19.45 -1.74 0.82 0.33 -0.55 0.47 -3.55 -1.78 35.61
2 159%168 -68.21  0.86 1.06 0.01 0.72 -3.23 2.75 0.72 24.76
3 159x169 7.15 -0.07 -1.38 -0.13 -1.31 -1.93 4.75 -0.80 13.40
4 159%170 -66.21 -0.71 -0.05 0.13 -0.28 -2.53 3.45 -1.64 0.61
5 159x171 -56.88 -1.84 -1.85 0.14 -0.51 -1.93 -6.55 -1.68 2.33
6 159x172 6585 0.19 -1.48 -0.21 -0.01 -3.93 3.45 -0.82 -4.97
7 159%173 -48.15 -0.47 -0.58 0.02 -0.38 0.77 3.45 -0.91 9.62
8 159x174 19.12  0.63 1.32 0.10 1.19 2.47 -1.55 -1.68 6.76
9 160x167 2449 -0.31 3.26 0.41 0.15 4.77 -2.55 -0.98 14.06
10 160x168 -35.88  0.46 2.16 0.20 -1.18 -3.53 -3.25 2.05 13.16
11 160x169 31.79 -0.94 -1.34 0.00 -2.31 -3.93 5.15 0.00 -8.83
12 160x170 18.82 -1.98 1.03 0.49 -1.38 -1.93 2.45 -0.43 -10.99
13 160x171 -91.15 -1.07 -2.11 -0.10 -1.91 -0.93 0.45 -0.02 -16.03
14 160x172 -105.21 -0.61 -1.01 0.01 -1.81 0.07 -2.25 1.21 -18.02
15 160x173 2379 1.66 3.43 0.14 -1.78 3.47 -5.85 0.82 2.87
16 160x174 -45.15 -0.11 1.99 0.27 -0.41 1.77 -4.55 0.04 -9.64
17 161x167 -65.51 -2.58 1.56 0.56 422 0.77 -1.25 -1.26 5.83
18 161x168 -92.88 -0.74 0.49 0.22 5.59 -0.93 3.45 0.86 -1.51
19 161x169  -120.81 -0.38 -1.54 -0.11 0.05 -0.53 2.75 0.45 -10.11
20 161x170 -94.48 -231 -0.81 0.30 0.69 -0.93 -2.25 -0.52 -15.39
21 161x171 -78.85 -0.11 0.53 0.09 2.05 1.07 4.45 -1.08 -19.67
22 161x172 -28.81 -0.74 -2.97 -0.23 -0.45 -0.53 -2.55 0.51 -0.29
23 161x173 -88.51 1.19 1.62 0.00 2.39 0.07 0.45 -0.14 -10.68
24 161x174 4245 -1.54 0.70 0.35 3.35 0.07 8.45 -0.83 -14.29
25 162x167 70.12 -2.22 -0.64 0.26 -0.45 0.07 -0.55 -1.46 10.18
26 162x168 -1.55  0.01 -0.40 0.01 -2.18 1.47 -9.25 0.94 6.98
27 162x169 13.82 021 -1.77 -0.21 -0.91 -1.23 -8.55 -0.21 -10.67
28 162x170 62.85 -1.36 -2.57 -0.05 -1.88 0.77 -8.55 -1.02 -11.86
29 162x171 81.49  0.61 -5.58 -0.74 -2.11 -0.93 -3.55 -2.06 -19.56
30 162x172 452 -0.46 -5.38 -0.55 -2.81 -2.53 -7.25 0.07 -3.82
31 162x173 3952 234 -0.04 -0.35 -1.38 3.07 -4.55 -0.26 -4.05
32 162x174 72.19 -1.19 0.02 0.27 -0.01 1.47 -3.55 -1.01 -12.65
33 163x167 63.15 042 242 0.24 1.75 5.47 3.45 -0.94 21.95
34 163x168 319  0.86 0.10 -0.09 322 0.07 0.45 1.87 14.22
35 163x169 160.15  1.26 1.80 0.06 -0.11 -2.53 7.45 0.66 14.62
36 163x170 101.49  0.82 1.99 0.14 -0.88 -2.23 6.75 0.51 10.15
37 163x171 72.12  1.36 0.26 -0.14 0.39 -3.23 7.75 -0.48 -5.93
38 163x172 5345 129 -0.98 -0.29 -0.11 2.07 -0.55 0.39 5.77
39 163x173 102.45  2.96 3.36 -0.05 1.42 -0.23 7.45 0.82 6.72
40 163x174 137.12  0.82 0.96 0.02 2.79 2.77 7.45 -0.44 2.28
41 164x167 -89.85 -1.55 0.06 0.19 -0.68 3.47 -5.55 0.06 3.31
42 164x168 -73.51 049 0.76 0.03 -2.11 -4.23 0.75 1.91 13.50
43 164x169 4.85 -03l1 0.22 0.09 -2.05 1.07 -3.55 -0.08 -6.81
44 164x170 -92.51 -2.87 -0.07 0.53 -5.11 -1.53 -2.55 2.15 -19.17
45 164x171 118.52 -0.14 -0.07 0.02 1.45 -2.23 -1.25 -0.52 -4.80
46 164x172 9.85 0.15 -1.91 -0.25 -3.05 -0.53 -2.85 0.00 -6.69
47 164x173 -24.15 145 223 0.04 -4.21 0.77 1.75 0.38 -0.61
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Table 4 (Continued)
g RoEme 0 mawe mome e L0 N e SRR e
No. Hybrlld ‘ it F@lt transverse F‘rult longitudinal Frult shape Soluble solids  flowering Fru.lt development fruits per Total yield
combination diameter diameter index . period per plot
mass content period plant
48 164x174 26.82  0.99 1.16 0.04 1.65 2.77 -0.25 0.16 -21.00
49 165x167 -115.51 -1.19 1.62 0.39 1.95 4.77 -5.55 0.01 16.46
50 165%168 101.12  3.12 1.00 -0.54 2.32 -1.23 -0.85 1.45 13.53
51 165%169 9.19 1.62 -2.44 -0.71 2.09 2.07 0.75 0.33 -0.39
52 165%170 19.82  0.69 0.69 -0.14 -0.58 -0.53 1.15 1.06 6.01
53 165%171 39.15 1.46 -0.21 -0.32 -1.91 2.07 1.45 0.72 1.36
54 165%172 85.19 1.89 -0.61 -0.49 -1.31 2.47 0.45 0.56 4.95
55 165%173 10.79  2.96 1.53 -0.42 1.32 2.77 3.75 0.00 -4.26
56 165x174 68.45 1.99 -0.94 -0.62 3.39 2.47 2.15 -0.21 -2.81
57 166x167 -47.88 -2.97 -0.04 0.40 0.89 0.47 0.45 -0.18 19.92
58 166x168 -63.15 0.51 0.93 0.04 1.25 -3.23 2.45 1.57 7.55
59 166x169 -40.48 -0.57 -0.27 0.07 1.02 -1.23 0.45 0.56 -6.22
60 166x170 -84.55 -1.48 -0.28 0.20 -0.55 -3.23 1.45 0.76 -3.45
61 166x171 249 -148 -1.64 0.05 0.22 -3.23 -2.25 -0.47 -9.64
62 166x172 1.52 039 -1.10 -0.20 0.92 -3.23 1.15 0.53 -0.51
63 166x173 -37.18 -0.54 1.02 0.23 0.35 1.77 2.45 0.42 -3.97
64 166x174 28.79  0.16 1.53 0.18 1.12 1.07 2.45 -0.33 -7.66
x5 BHREEHREERSHMGLE
Table 5 Estimated genetic parameters for traits in hybrid combinations
e Rt s AL [ EfE s LR 2 R e
it 5% I o Bt T LN
Genetic parameters ~ Fruit mass F_mlt fransverse dinal _let shape Soluble solids  flowering Fruit dev.e op- fruits per Total yield
diameter diameter index content period ment period plant per plot
IS AL )T % *A 12574 0.51 15.21 0.086 5.78 2.25 428 1.39 1243
Additive genetic
variance A
BHEMET 2 °D  472.6 0.19 5.31 0.026 1.96 0.71 1.31 0.47 39.1
Dominant genetic
variance 0°D
Wi % o°E 1895.1 0.33 1.98 0.009 2.54 3.67 435 0.88 29.8
Environmental
variance o’E
R 7 0°P 3625.1 1.03 22.5 0.121 10.28 6.63 9.94 2.74 193.2
Phenotypic variance
a’P
TR o5 B 347 495 67.6 71.1 56.2 33.9 43.1 50.7 64.3
The proportion of
additive effects/%
SRR Bl 13.0 184 23.6 21.5 19.1 10.7 13.2 17.2 20.2
The proportion of
explicit effects/%
PR 7 L 523 320 8.8 7.4 24.7 55.4 43.8 32.1 15.4
Proportion of envi-
ronmental effects/%
B AL 7y 0.347  0.495 0.676 0.711 0.562 0.339 0.431 0.507 0.643
Narrow-sense
heritability/h?
IS ) 0.477  0.680 0.912 0.926 0.753 0.446 0.562 0.679 0.846

Broad-sense
heritability/H *
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X ISR 5T

1 P B R e T IR 2 28 Fa AR, BV Bl SR A
(1) GCA RUNAR » FEL 0T & WEAEH 1 IR 08 o
P, I 52% s SR SR E W B PRI 08 o B
Wik F| 43.8%, by TR EERM . (HAFE 2, g
PRI RN 15 B (33.9%~71.1%) 3 T B 2L
N7 EG(10.7%~23.6%) » Ut BT IX 9 AN PEAIR Y 3 257
TP 3 (R 45 1

WAL D o A W B e ) 5 Xtk )1 %
TR K. Hor, s ie RIS L
AN R ATV I E TR S BT S R A
J1 8w, 4y N 0912, 0.926. 0.846. 0.753 I
0.676.0.711.0.643.0.562, X S& R Al 78 FAR 47
BEERME R, MRS & IR SR F
MG ELR, | X5 8 SGEAE F138 5K, 73

N 0.477.0.446.0.562 F1 0.347.0.339 F1 0.431. i
A SR S5 5 L AR JURN SR SR A AR O AN R B
K, TR AERE, DLk L R b, 3% B 42 =ik
B4 B KF AT SO B A R R
24 XM

H2% 6 AN, TEF= 5 TH , /NMX = i 5 RS R
0.001 7P 24238 TEAHSC, AR REUR 0.438;/NMX P &
5 RS BEIRELE 0.001 7KF 2 5535 IEAH G, M58
FRHCN 0.883. (ERSLHE A TH , ST 5 R SR
15 0.01 /K 2 83 EAHDC, 5 RIEHEEAE 0.05 /K P2
REGA . TERSIEAL T, RIS Rkin
£ 0.001 KPR BFE A, 5L 0.001 K
SRETAAG. EVMEI T, RS0 E B S HEE
£ 0.01 7K 5 2 3 A G, AHOC R %0-0.338.

®6 RAREEBHERZMKABE XS

Table 6 Correlation analysis of agronomic traits in hybrid population

, , L v AR R METEI . FpRaE R =

Sk RsLiAL RLHP S| Zi=i G 7 Female RsR EH Numb:r of ANX R

Fruit trans—  Fruit longitudinal Fruit shape o . . Fruit develop- . Total yield
Index . . . Soluble solids  flowering . fruits per

verse diameter diameter index content period ment period plant per plot
S Fruit mass 0.351%* -0.148 -0.293* -0.022 -0.090  -0.068 -0.009 0.438%**
Rhife -0.035 -0.494%*% 0,145 -0.085 0.141 -0.030 0.142
Fruit transverse diameter
Rz 0.876%**  (0.280* 0.026 0.264* 0.125 0.012
Fruit longitudinal diameter
FIAREL Fruit shape index 0.176 0.074 0.161 0.109 -0.072
VAL & & 0.021 0.195 -0.133 -0.149
Soluble solids content
MEFE -0.338%* 0.108 0.077
Female flowering period
RIELREW -0.065 -0.110
Fruit development period
$%él%§ﬁ 0.883%**

Number of fruits per plant

VE A FRIRTE 0.05 AT A5 #+ R/ 1E 0.01 KPS A6+ RoR7E 0.001 7K P %.

Note: * indicate significant correlation at 0.05 level; ** indicate significant correlation at 0.01 level; *** indicate significant correlation at 0.001

level.

3 W4

A58 4 XA 4 22 Bt (NCITBE ) LL— 4B A
53— HARARHAT 242, T RGeS P 4L A
() — M & /7 (GCA) T 2% 22 40 4 1 5 Tk it &
(SCAO™M . ALV VIR AT A 28050 B 3 — 1tk By ik %
FE Ik B R, B e AR . BR Ut 22 B T O
IR R EA VAL e MR 3845 B 0 AR 2N R
KOKFEEEDH O KEFFRY. RREH 16

G BEl SR AR, BRI IOR i F AN 58 2 X081 1 58
B AT O BB SR SRA ) GCA N AE , H R
TEH Griffing Z 52 Bt a4 m 7 A AR
JRE R, BT 7 2 00 ST 0 B2 i TR B 2R
JoE, G R v I T R B R R R,
A GUIE R /N X7 B LR A R B T E ] R Sk
BMEESE TR EERMAR SIS
BAE 3o M2 o, AT DL A T PP A AR RR R T
HuIX AR B T o
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IS C G 73 I, SR AR 162170 71 1] ¥ £ [ %
W4 BN X P B BRI B 10 I 1) GCA X
L, & B RS R R AR O SEA (R AR A
A 162x170 (1) R] AV E TE4) & & /N X P = 10 4
TRIC 17 9-1.88 F1-11.86, 1t B S5 A — FRC & 1
M x84, HORR BRI & 1 R 0 i, IX 5 8 4 Al
S0 i H AR SR R SE —B. SRR 163
TEHARN S sk B WA — R LA ST BAR, TRk B 2
d R AR SR AR R AR SEAR AR B AN [F 1)
s PO T SR A D 2% A R, Wik K R AT
FIEIEAR 165, 1k B KB A5l F EEAR 161,
TESATRF IR & 210 RIL T — AN 1 e &
WA 1613167, 1% 4 & TP E R & & AU/ X
PRI SCA UNAE ¥ e, A B LR 5 % & W
SCA ZNAR N-1.25, BT G, e B2 e
EREERE O MR A S, HAeHA RS AR
%, 1 161 x 168 2518 1] ¥ 14 [ 4 & & LRI
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SR E W SCRUBR SUB AR 77 358G, Ui 52 38
B2 AR, X 5 R E I S 45 1R A AL, B R
B BKSF, DR & B AR L R MR . b4,
S SRR I s 7 3w T s A%
75 PR B RN 5 EEAR IR N 10.7%~23.6% , 515
AR [ Z AL 3B 1R, 1X 5 FE R T 1 i 9T A
W8 AT R I, N X R RS
BBk GE R R B B O, T B 27
AN 1 B S R B TS ol R 36 b 45 21 1 A AL
Ee, R\ R AR B A ) R R Ak B R
ATCABE N 5. F AR A G R BT 0, SRS A
BB IR G5 A Bk SLIB AR T A, T B E i B e
PR RAESL I P I RCR BB . 5300, %0 W T 4R
WAL VERE T & S AR B N NX PRI R
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