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Abstract: Sugarcane family evaluation is a key technical method for screening excellent sugarcane hybrid combinations
and assessing the breeding value of parents. In this study, 86 sugarcane hybrid combinations were used as the materials
for family evaluation. Over consecutive years, investigations were carried out on yield-related traits (plant height, til-
lering and clump mass), sugar-content traits (brix), and disease/pest resistance traits (smut, top rot, and dead heart
seedlings). Subsequently, key evaluation indicators for each trait, including heritability, combining ability, breeding
value, and coefficient of variation, were calculated. By employing correlation analysis, principal component analysis,
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cluster analysis, and economic breeding value estimation, the field performance of each hybrid combination and the
genetic contributions of the parents were comprehensively evaluated from multiple dimensions. For yield-related traits,
cluster weight had an extremely significant positive correlation with both plant height and tiller number (P<0.01).
Through principal component analysis, 5 high-yield hybrid combinations (Guitang 04-1545xZhongtang 12-02) were
screened out. Meanwhile, parents including female parent Q208 and male parent X TT22 exhibited outstanding GCA and
possessed excellent genetic transmission capacity for yield. For disease and pest resistance traits, the incidence rates of
smut and pokkah boeng disease showed an increasing trend year by year with the observation period, while the inci-
dence rate of dead heart seedlings decreased annually. Among them, 5 hybrid combinations (Yuetang 03-373x
CP84-1198) exhibited strong comprehensive disease resistance. For sugar-related traits, 5 hybrid combinations (Yunzhe
05-51xGuitang 00-122) performed excellently in brix value and specific combining ability (SCA). Additionally, parents
including female parent Yunrui 15-90 and male parent Guitang 04-1001 showed significant high-sugar genetic characte-
ristics, making them excellent parent materials for breeding high-sugar varieties. In the comprehensive trait evaluation,
the results of principal component analysis and cluster analysis mutually verified each other. Finally, hybrid combina-
tions with excellent comprehensive performance (L CP85-384xYuetang 94-128) and core parents with outstanding com-
prehensive traits (including female parent Guitang 04-1545 and male parent XTT22) were screened out. The results of
the study could provide important references for the directional breeding of specialized sugarcane varieties with high
yield, high sugar content and disease resistance, as well as the scientific selection and matching of parents in hybrid
breeding.

Keywords: sugarcane; family evaluation; cluster analysis; principal component analysis; high yield; high sugar content;
disease and pest resistance
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Tab. 1 Parents of different combinations of sugarcane

%5 No. 2425 4H 4 Cross combination %5 No. 2435 4H 4 Cross combination
2122 HEME 92-66x1fi 4k 07-1110 2158 o 03-373% 2 i 05-51
2173 XTT28x 2 %if 2017182-1 2140 R4 07-1110xH: 4% 02-901
2118 Ml 05-136xCP94-1100 2110 4 0712x 8% 93-159
2199 HoCP01-517x . 4 91-976 2161 Q208x1ji} 03-1137
2125 % 94-128xCP94-1100 2138 FE 3 05-64x 44 93-159
2155 FEBE 02-467xCP72-1210 2106 M, 15-39xkEHE 02-761
2142 A 0712xXTT22 2156 = T 94-343xCP94-1100
2151 CP94-1100x ¥4} 91-976 2190 A 0713xHE4% 04-1001
2119 LCP85-384xtE 1 92-66 2108 Ml 03-1137xH:# 00-122
2150 HOCP00-1142xH: % 92-66 2154 R4 0713xH: 4% 92-66
2126 FEHE 04-1545x 1% 12-02 2109 Wik 07-536xH: 1% 92-66
2123 FEBE 04-1545x 4% 00-236 2116 44 93-159xFE M 04-1001
2145 FEME 04-1545x4F 4% 07-1110 2177 AR 0712xkEHE 92-66
2127 L CP85-384x . #il 94-128 2103 o 85-177x 2 i 16-1002
2141 XTT26x 8 4 91-976 2114 B 00-236xXTT22
2146 XTT26xCP94-1100 2185 HERE 50 5 <l 93-88
2120 FEHE 92-66x 2 1 07-49 2113 FEME 00-122xH)13% 03-1137
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2101 VLT F R BEXXTT22 2139 FEHE 00-122x M 4l 91-976
2149 LCP85-384xXTT22 2163 A 0717xXTT22
2143 HEHE 03-91xCP06-2422 2179 YK 09-13x4# 4% 07-1110
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Tab. 2 Correlation analysis of different yield performances

F8F5 Index 43BE Tiller M\JFiiE Cluster mass 4 Plant height

1.000 0.521"" 0.294™"
0.521" 1.000 0.363"
0.294"" 0.363" 1.000

e TRAMBEML (P<0.01) .
Note: *" indicates extremely significant correlation (P<0.01).
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A: Disease frequency distribution; B: Comprehensive value of principal component analysis; C: Variation analysis;
D: Comprehensive value of principal component analysis for maternal general combining ability;
E: Comprehensive value of principal component analysis of paternal general combining ability.
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Fig. 2 Analysis of disease traits
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Fig. 4 Analysisof comprehensive traits

PR, GCA ZEA e RIE/R, XTT22, HoCP02-610 45 %A TEAE HACART GCA FBUL
FEHE 04-1001 . M BE 91-976 . Tl 12-02 F 5, ATgEE SR (K 4E), Mg 03-1137, =i



52 o AE A F AR

54T &

07-49. B5| 11, BEHE 85-177 i 16-1002 Z:/F
AR, A TEIRAY GCA EM4E 2, 00,

3 i
31 FEURMEESTEEREERMLL

ARG I H R B A DGR (MR L 4 EBE
B ) A A DG, HOAJB i Sk
SYBER B IEA, X G H R e el
G MR AT A ROCE R R SRR
R D E IEA L Ie A — MaBtL 1 adr
KT, AWEFE = MR AL T HET Sk > A
ESYBE, X255 e RO = RS H
TESEAR AL J1 I B AR, st 15 Pk an
PRim ) SZIRBERZ AL/, T e R I e e B
ARG IR (I BE ) WA R RERES
HER Y, [RIE AT 22 b S ] HEA TR AR RS, DA/
IRBE S 1R 22

TEFEA GCA Zr#irh, id it A3 41 R B REA
Q208. fife 0713, H:H¥H 04-1545 J ACA XTT22,
FE#E 04-1001. HOCP02-610 45 3% A [t 7 & 1 4R
GCA B, 1X 2 A {75 e B 5 10 2 1 oot
THRRC A 1 T3 IR 240 0 18 11 v W v 7™ SR AR
R e —3, B3 A ek gt 4% sk 0 A B sE LS
=R Tt WFAR =B 15-90, =i 94-343 LU
Fe AT 11 4E 4% 07-1110 %5 4 GCA B TR ,
PR AT REHE AT 5 A OGN FISE I, REAS
HBUAE B A
32 WHENMEMNEEFESNEAEERIE

WG, ST FIRS B 8 s e 2 IR 4F
Fha#h, X —sh ST fe R A T 80 22
5o MBRARES BT, BB EL SR, Tk
TG SCA A8 5 REAR/N, Ui BH SRR P v e A2
TR R s il B, i SR UM T B T O R
ATE AR RSO, Cande vk . ), X5k
A 24 CLSURE 57 ity B8 388t £ ) oo P AT il 3 S AR
T TAC (B 2 44 v DU S T IO 518 AT

B4 03-373xCP84-1198 FIkEHY 04-1545xH ik
12-02 S50 HAL A it vE 2K HE 3 a g iiE k4
R, IR SCA HEAT A T ek A PN I I
XL IN TS T e eSO T R Y
PR S HUE I 2EA RS THE , n] G okt o B —PRES
AT BRI 0 I 22 o R R s 3 T IO 2 58 SR AR B
YE R s e R 2% & . ZEAWESE T, HoCPO1-

517, = 05-51, fff 0717, &7 93-88 FilE p
03-373 SEEARIG I E GCA Mgk, #HRH
AT RS/ ) By SR R A, X S S A e
s 3 MR L A 1 09 S5 AR LA B 41 A 1 &
SCE—E, CAPUR R EEAR R RS %
33 WEAMRERESHEMRIZHE

Xof i AR Bt SO R A R O A O T s L 4
RO, ORIRI4L A R R B 5t A% ¥ 4E 0.75 DL,
e W B PR IR 52 B Rt L S A K, X 5 XK T
SRR S SE— 8. NGRS RRE, =
JiE 05-51 x kEM 00-122 f# i 93-88 x ik 03-1137
L AR R SR SCA RIS, v 1E
SRR e, R A A I 0 5t 135 A X
R A BN o W Tk = 01T ()
AR BE B R HbR, P HE i T
VRIS

EPEA R RS R BN, REARRAR 0717,
HOCP01-517 ¢ ACA#EHE 04-1001 , #EH% 00-122 45
FEAREERE GCA IR , X R A A
N EREEA I AR AT, X5 15 S AR 1 AR
H2bE 04-1001 FIEEME 00-122 HY4EEE GCA HiEr iy
ZEVe B, MikERE 04-1545 . V174 “F 3 e 45 o A
(R JE GCA Ry S , it BH X S 5 A 1] BE A 511K
FEOMISCI I, HICASEAE R S S iAo
FA,
34 ZHEUKWSEEFHMERLRAEGHTHE

Wk PCA 43, I 5 EBV WA E T
MBI, AW 86 MAAT N 42K, HAKH
P . REHT. WG EETER -, X
Fil 22 07 122 50 UM L 36 TIF 1) JEL 8 5 % iy 46 4 45 (20
KRS PCA S AH B IE ) I ok it
FREEA VR, LA R A5 25 2] A7 A 2 1)
e, SRJG5 SCA J2Hr 1745 S AH B EIE A K
A RN — iR 2% . Hih, LCP85-384x
BME 94-128 ., FEWE 04-1545x ol 12-02 2540 & 7F
e, bubE . M YRR, HATEME
WIE, LA A R e 51 AR B 2H 4 i e
i A B 2725 ZA- R AR A 1) S B — 3k, DR SR i ik
WA AATENE=AAY KA. 9 b
85-177x i 16-1002, Ml 92-66x 2 Jif: 07-49
FEIR 09-13x4F 4% 07-1110 254258 4 A my 45 A Motk
T2, HILRRMEAER, LUS AL E X L
HeE s



5 14

L C Rty SN PG

HE RV 5 R 53

MEEAZEAPERTY GCA 20T RFE , 7l —H Kt
TEAE N EEAR T AR GCA 278K, X 551
SPGB SRR, R
04-1545, LCP85-384 JACA XTT22, #:H# 04-1001
SESEARY GCA LE A BB, X 5HI5 S pT
FEAER—F (XTT22, H:h# 04-1001 AT EHME N AL
AR GCA #55), BEREARMPENR (A
Xk e 114 35 A% UK BE R ) T AE e e v DA% 1 T
FEIR 09-13, = Hii 15-90 45 A LEA GCA ARk
N, OISR AL R AR R
35 HRRBRRSEXREXAE

DL BRI B T 2 MRS AR, EEE
BRI S — , FEHIT R RV BT B AT — R
FbE, R ERERES 3a BdE, HRY &E
ANFEIEE T2 50055, 1T BEAE 76 H 588 N P
AR BRI, RS T 22 10 25 g 1290 2 g -
W SRGEESI T, TFREZFZAAK,
AL, AW F BT RAAN 500, JHLn]
A Fhrid (W SSR. SNP) f#MT =&, Hidk.
e R QTL s, SEBbmiCki B s, 2
B R,

[1] RFEz, G355, BrEA, XE, #EUKIT, &/NT. HoCP

FI 52 E HRER B RE MM ETFN Y. PR ER,
2023, 44(2): 273-281.
WUJY,ZENGQY,CHEN Y S LIUR, HUANG Y H,
GAO X N. Assessment on breeding value of HOCP series
sugarcane germplasms introduced from USA[J]. Chinese
Journal of Tropical Crops, 2023, 44(2): 273-281. (in Chi-
nese)

(2] AdEds, P, ERREI, E3CE, BRIE, XEE, HAL
Mg, BT, AR, MRAkL, EIRSE, SN, HRER
WFoe kR, b E R A4 Bl 2R, 2024, 54(10):
1814-1832.

ZHAOTT,SUNTT,WANGJG, WANGW Z, FENGCL,

LIUXL,GANY M, ZHAOPF,XUCH, LINJS, CAOZ
Y, ZHANG S Z. The research progress on sugarcane breed-
ing[J]. Scientia Sinica Vitae, 2024, 54(10): 1814-1832. (in
Chinese)

[3] KEE, BKEE, R, JAE, Earte, A e
BRSO, i, WEH, S5 27 MHEERSCH G &3
HREPENI. FT, 2023, 42(6): 126-131.

ZHANG Y, TAOL A,AN R D, ZHOU Q M, DONG L H,
SUNY F, YUH X, LANG R B, BIAN X, TIAN CY, JING
Y F. Evaluation of economic breeding value of 27 sugarcane

75, AR,

(4

(9]

(6]

(8]

(9]

hybrid combinationg[J]. Seed, 2023, 42(6): 126-131. (in
Chinese)

BENT, BAE, AT, BARDS, mkiEe, F, KRR,
2. 138 A | HEH BER AN (R)EIRETN Y. mrdk
M2 28FH2), 2019, 34(4): 564-570.

HUANG Y X, DUAN W X, ZHANG B Q, YANG C F,
GAOY J, ZHOU S, ZHANG G M, LI X. Evaluation of ra-
toon characteristics of 138 exotic sugarcane germplasm[J].
Journal of Yunnan Agricultural University (Natural
Sciences), 2019, 34(4): 564-570. (in Chinese)

BIpL, mRRE, i, BRIA, K, RES. 6 1
BB H R R A M A W E RN ETEN [ Bl
P2, 2021, 29(2): 209-215.

ZENG QY,HUANGJJ YANGZD,CHENY S QI Y W,
WU J Y. Assessment on breeding value of six yuetang par-
ents of sugarcane and their cross combinations[J]. Journal of
Tropical and Subtropical Botany, 2021, 29(2): 209-215. (in
Chinese)

AR, JATEY, dreesk, BRIk, INEDY, MAER, o
iR, IR, e, W, MR, WEE. 9 NMawHE
BT RANE R LA Z T EMES T WLl K2
2R (A SRFHERR), 2015, 41(2): 113-118.

AN R D, ZHOU Q M, YU H X, TAO L A, SUN Y F,
YANG L H, DONG L H, JING Y F, ZHU JR, BIAN X,
LANG R B, FENG W. Analysis of economic breeding value
on innovated parents of sugarcane in Yunnan[J]. Journal of
Hunan Agricultural University (Natural Sciences Edition),
2015, 41(2): 113-118. (in Chinese)

XA, EBmg, fFA, SRR, RN R REA K
ACHER RN [ DR, 2011, 12(2):
234-240.

LIU S M, WANG Q N, FU C, ZHANG C M, ZHOU F.
Evaluation on common parents and hybrid combination fam-
ilies of sugarcane[J]. Journal of Plant Genetic Resources,
2011, 12(2): 234-240. (in Chinese)

La0uE, K5, Z#EEE, w2, M, waE, it
BEJE O, FERIBR. HRE EBAAZ RIS A E R E AL
FHJ. 4> TAY &, 2019, 17(4): 1333-1345.

MA W Q, GUO Q, QIN CX,HUANG Z L, BI D J, PENG C,
SHI Z S, MO Z M, TANG L Q. Estimations of heritabilities
and breeding values for the main agronomic traits in sugar-
cane[J]. Molecular Plant Breeding, 2019, 17(4): 1333-1345.
(in Chinese)

R MRFNEH BER R BRG], H N,
2007(1): 6-9.

WU C W. Brief introduction to sugarcane family selection
technology in AustraligJ]. Sugarcane and Canesugar,
2007(1): 6-9. (in Chinese)



54 o A F AR W47 4

[10] STRINGER JK, COX M C, ATKIN F C. Family selection tion of main agronomic traits in Saccharum spontaneum L.
improves the efficiency and effectiveness of selecting origi- blood F, progeny innovated in Y unnan[J]. Chinese Journal of
nal seedlings and parents[J]. Sugar Tech, 2011, 13: 36-41. Tropical Crops, 2021, 42(1): 54-61. (in Chinese)

[11] BkERZZ, #arfe, SHsF, ZWAR, BN, HEH, fre [16] #RRAE. H RS E K RN JEFE[D]. #aM: fmgt
Je, JEEM, IVATF, S, BROBR, skEk. 93 hmEG H kR, 2009.

BIHT AR R A 45 E FETEM [Cl R E G2 XU L N. Evaluation and selection of families in sugarcane
23 PALRMBHE R, 2019 AE 2 EHGFEY = ARAE I8 hybrid populations[D]. Fuzhou: Fujian Agriculture and Fore-
SC4E, 2019: 285-292. stry University, 2009. (in Chinese)

TAO L A, DONG L H, NG Y F, AN RD, YANG L H, [17] D5, ol &3, HHUE, TR, Ha. ATEEH
TIAN C Y, YU H X, ZHOU Q M, SUN Y F, BIAN X, Sy MO H E A s AR LA [T B AR 2 ), 2021,
LANG R B, ZHANG Y. Evauation on economic breeding 42(4): 958-965.

value of 93 Yunrui innovative sugarcane parents and their TANF, YANGRZ,JNGY, LEI JC, WANG L W, ZHOU
combinations[C]//Chinese  Society of Tropica Crops, H. Screening of sugarcane parents and crosses by combining
Northwest A&F University. Proceedings of 2019 National ability[J]. Chinese Journal of Tropical Crops, 2021, 42(4):
Academic Annual Conference on Tropica Crops, 2019: 958-965. (in Chinese)

285-292. (in Chinese) (18] ZhAR, AREIRE, FEW], BERZ, B2, L, M5,

[12] XM, tR R4, Tl Mg, Bl £msE ZHiof, WL, THE, BRASW, ATHRSS. BE RS H R

EHREEE RN R 1. ST L PR AL SRAHY AL SR A 120 A [, W7 ARl 274z, 2014,
EHE[. PEPEL, 2011(1): 39-43. 45(1): 1-6.
DENG ZH, XU L N, WEI X M, LINY Q, CHEN R K. Ap- ANRD, ZHU JR, ZHOU Q M, TAO L A, YANG L H,
plication of economic genetic value in sugarcane breeding BIAN X, SUN Y F, NG Y F, DONG L H, FENG W,
I . Determination of economic genetic value and economic LANG R B, YU H X. Analysis on heritahility and combining
weight of traitg[J]. Sugar Crops of China, 2011(1): 39-43. (in ability of sugarcane parents of Yunrui series[J]. Journal of
Chinese) Southern Agriculture, 2014, 45(1): 1-6. (in Chinese)

[13] #oefh, F<x, FAREE, 358, Bftx, B8R, HEs, & [19] #moefh, Jsx, 230, s, s, TEHE, XIEE,

Hi, TEHGE, X, B, HBERRA&EEREE T RO, BIEOR. HREEH TR A H () B AR TR AL E ).
HT[d]. M7 AR A=), 2016, 47(3): 337-342. R, 2022, 44(2): 51-57.
YANGR Z, ZHOU H, WANG L W, LIANG Q, TANG SY, YANGR Z, ZHOU H, LI W J, HUANG Z B, TANG S Y,
XIAN W, GUI'Y Y, JNG Y, LEI JC, DENG Y C, DUAN LEI JC, LIU X H, LIANG Q, HUANG H R. Fied natura
W X. Heritability analysis of agronomic traits in sugarcane smut resistance determination of important sugarcane par-
families[J). Journal of Southern Agriculture, 2016, 47(3): ents[J]. Sugar Crops of China, 2022, 44(2): 51-57. (in Chi-
337-342. (in Chinese) nese)

[14] =66, WO, BEH, MM, B, ot A, [20] ATfRSE, ZikAR, BhERZE, BRoeat, M, sREE, XUEE,
i, O, AR, AR, XIHT. WA ARG XIGZHE, BEiee, XU, KSR, R, TRV
PR B AR 1 AR PP o i R T[], A 38 A% B IR ARFT 5TNG208 5 gt R Bt i 38 5 AR ER A PP [JOL.
4R, 2024, 25(3): 399-412. VM2, 1-12. (2025-03-14)[2025-09-03]. https://link.cnki.
QIN W, ZHANG B Q, HUANG Y X, ZHOU S, ZHAOL P, net/urlid/11.1808.S.20250313.1754.006.

LICJ LI XJ ZHANG J LI AM,REN SL, HUANGD L, YU H X, AN R D, TAO L A, LANG R B, BIAN X,
LIU X L. Identification of key factors applicable in rapid ZHANG Y, LIU X L, LIUJY, ZHAO L P, LIU H B,
evaluation of sugarcane ratooning ability[J]. Journal of Plant ZHANG G M, ZHANG B Q. Comprehensive evaluation of
Genetic Resources, 2024, 25(3): 399-412. (in Chinese) reciprocal cross progenies between 57NG208 and Nanjian

[15] AvAEsE, BRIRE, kAR, GfoF, Vs, #EarAe, RS, chewing cane based on agronomic traits[JOL]. Crops, 1-12.
JEEW, mZEM, IVEY, HEH. = HIEgnzEE AR (2025-03-14)[ 2025-09-03]. https://link.cnki.net/urlid/11.180-
Fo FEIAR R BUR ZHRIY 0 S 456 T[] el 8.5.20250313.1754.006. (in Chinese)

YEMIZR, 2021, 42(1): 54-61. [21] XKD, &N, BT, &, Yk, &R, &5, 9

YUHX, TAOL A,ANRD, JNGY F, BIAN X, DONG L
H,LANGRB, ZHOU QM, YANGL H,SUNY F, TIANC
Y. Principal component analysis and comprehensive evalua-

=7, HaW, B, BA, kR, R, HER R IR
TR PR AL AR S B B s WE R R & 4B []. A st
PR, 2022, 23(3): 746-756.



5 14

BRI H A R PR A

FALH G RPN 5 LB

55

[22]

LIUJY, ZAN FG, ZHAOPF, ZHAOL P, YAOL, ZHAO
J, ZHAO Y, HU X, XIA H M, QIN W, WU C W, ZHANG
Y B, YANG K. Genetic variation of sucrose content and ex-

(23]

ploration of high sugar genotypes in sugarcane germplasm[J].

Journal of Plant Genetic Resources, 2022, 23(3): 746-756.
(in Chinese)

UG, WAL, EEE, Wb, ORIV, BTLEE. HRERRE
BHR R RPN S 7 AR B R4Z 4B [ JVOL). 7 THEW
i, 1-18. (2025-04-10)[2025-12-14]. https://link.cnki.net/ ur-
1id/46.1068.5.20230410.1423.002.

HU Q, JANG F H, WANG M Y, YAO W, ZHANG M Q,
HUANG J F. Evaluation of sugarcane germplasm for ex-
ploitation of high sugar and yield[JOL]. Molecular Plant
Breeding, 1-18. (2025-04-10)[2025-09-03]. https://link.cnki.
net/urlid/46.1068.S.20230410.1423.002. (in Chinese)

[24]

TREHE, ARIBT, FhEK, SRT, Ei, XBE, R
&, A, KA. AMIEHA S SREE T R R K
FIERELJ). ARdbMl Kaif4f, 2025, 53(7): 16-26.

XING X M, SONG R K, SUNGF, HU Z Y, WANG H H,
LIUM Y, HAO JF, ZHANG L, ZHANG H G. Multi-point
stability analysis and excellent family selection of hybrid
Larix gmelinii[J]. Journal of Northeast Forestry University,
2025, 53(7): 16-26. (in Chinese)

T, BERTT, Feaibt, XU, B, miki, R,
SAW, g, XERAL. PERAHSEH S FhRICAE H RS
FEFRR TR, EYIA4E, 2022(2): 35-43.
LUOH M, XIONG F Q, QIU L H, LIU J, DUAN W X,
GAOY J QINXY,WUJM,LIY R,LIUJX. Application
of trait-associated molecular markers in sugarcane molecular
breeding[J]. Crops, 2022(2): 35-43. (in Chinese)



