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Abstract: A systematic multi-trait assessment was conducted using principal component analysis, membership function
method, and cluster analysis to comprehensively evaluate the agronomic performances of 15 Yunzhe-type innovative
sugarcane germplasm lines in Kaiyuan, Yunnan and identify superior parents for high-yield and high-sugar breeding.
The main cultivated variety Yunzhe 05-51 was used as the control. Nine key agronomic traits, plant height (PH), stalk
diameter (SD), single stalk weight (SSW), millable stalk number per hectare (MSPH), cane yield (CY), fiber content
(FC), juice extraction rate (JE), apparent purity (AP), and sucrose content in cane (SC) were measured under both plant
cane and first ratoon conditions. The results showed that the coefficients of variation for the traits ranged from 4.81% to
21.02%, with single stalk weight and cane yield exhibiting the greatest variation. Correlation analysis indicated that
plant height, stalk diameter, and single stalk weight were significantly positively correlated with cane yield. Principal

WK EH 2025-10-02; #ZAH 2025-10-27

E&mBE EFRESUAITRIE (No. 2022YFD2301100 ); s Sy BHL kB 4: 1 H (No. 202407AB110007 ); =M
B SRS BCA LW LW H (No. 202301BD070001-207 ),

fEEEN  fLEH (1993—), %, Wid, ByFRAFSEOL, #F5orm . HEER A S5F M. =l {51E#& ( Corresponding author ):
[ # (LU Xin), E-mail: xinlu ky@126.com,



%1 fLAFHEAE . R ADHT M TOCHEAR R ZE S VAN 57

component analysis extracted three principal components, which together accounted for §2.436% of the total variance,
representing yield structure, sugar quality, and stalk population characteristics, respectively. Based on the comprehen-
sive evaluation D-values derived from the membership function method, there were 11 materials higher than the control.
They were ranked as follows from high to low, Yunzhe 2018-124>Yunzhe 2018-95>Yunzhe 2018-120>Yunzhe
2017-121>Yunzhe 2018-92>Yunzhe 2016-166>Yunzhe 2017-131>Yunzhe 2016-145>Yunzhe 2014-170>Yunzhe 2014-
224>Yunzhe 2014-222>Yunzhe 05-51. Cluster analysis classified the germplasm into three groups. Group I was iden-
tified as the high-yield type, and Group III as the high-sugar type. Further screening identified the germplasm with out-
standing single traits. High-yield types included Yunzhe 2017-121, Yunzhe 2018-124, and Yunzhe 2018-95. High-sugar
types included Yunzhe 2014-222, Yunzhe 2016-145, and Yunzhe 2017-152. High-fiber types included Yunzhe 2017-152
and Yunzhe 2018-120, which are suitable as the parents for breeding mechanization-adapted varieties. Both Yunzhe
2018-124 and Yunzhe 2018-95 demonstrated excellent performances in yield and quality related traits, indicating a high
potential as core parents for high-yield and high-sugar sugarcane breeding. The materials could provide valuable
germplasm support for sugarcane variety selection in Yunnan and other ecologically similar regions.
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Tab. 1 Basic information of tested sugarcane materials

%5 No. L4 X Material name A4 4 Parental combination 1f 2% 14X, Innovation blood
YZ05-51 (CK) = 05-51 FEK 90-56xROC23 T Fs
YZ2014-115 ZHE 2014-115 CP94-1100% 2 Jif 03-258 REEWFAER F,
YZ2014-170 = BE 2014-170 JILRE 66-131x 2 BE 2007-86 REW LR F,
YZ2014-222 = 2014-222 = HE 03-194% 7 B 2007-86 KEZEFAERF,
YZ2014-224 o HE 2014-224 ZHE 03-194x 2 B 2007-86 REEPFLEF Fy
YZ2016-145 ZHE 2016-145 = HE 94-343x = TE 08-2060 T Fy
YZ2016-166 7 2016-166 CP94-1100% z £ 08-1609 FFH Fy
YZ2017-49 = HE 2017-49 CP94-1100x .4} 85-68 REEWFAER F,
YZ2017-121 = HE 2017-121 CP94-1100x 2 Ji: 2012-248 I F5 Fs
YZ2017-131 = HE 2017-131 75 HE 2007-86x B 55 5 KEZEF AR F,
YZ2017-148 ZHE 2017-148 2 94-343% 5 i 2012-247 I F5 Fs
YZ2017-152 ZHE 2017-152 5 HE 02-588% 25 JiE 2012-196 KEEHFAFh Fo
YZ2018-120 ZHE 2018-120 Ml 03-1137x 2 2012-201 KEEHFAFh Fo
YZ2018-124 Z=HE 2018-124 Wil 05-136x 2 2012-248 T Fs
YZ2018-92 ZHE 2018-92 ZHE 03-258x i 2012-237 ) F5 Fs
YZ2018-95 = HE 2018-95 ZHE 03-258x i 2012-237 ) F% Fs

122 AERB TR A AR, i
£ H B BE = ( plant height, PH ), 2542 ( stalk dia-
meter, SD ), .25 Jfi i ( single stalk weight, SSW ),
%0240 ( millable stalk per hectare, MSPH ), Jif
2775 (caneyield, CY ). £F-4E4y ( fiber content,
FC ). Wit (juice extraction, JE ). fij4li &
(‘apparent purity, AP ), FEME4> (sucrose content,
SC) “FfEbR, Hrb i BHR B — Ut e E .
1.3 #EIE
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Tab. 2 Performances of agronomic traits in tested sugarcane materials in plant crop
R 2 B R R HRENE AREER AT & gdesy MR i R
Material name PH/cm  SD/em  SSW/kg  MSPH/(x10*hm™) CY/(t-hm?)  FC/% JE/% AP/% SC/%
o 05-51 (CK)  288.6c 2.ghin 1.6f 86.01Ef 133.8¢PE 14.72A 67 .3bedBe 84.7abeA ][4 [abAB
Z~E 2014-115 255.6' 3,30dBeDE 1.7deDE 78.1¢f 133.6¢PF 14.220AB 62.0F 86.5A 13.22bcAB
= 2014-170 275.14P 3.QehfGHI 1.6f 88.6°E! 137.7<P 13.520cAB 66, 8bedeBe 87 4ah 13.72bcAB
I 2014-222 255.51 2. QhiGHI 1.4enfG 90, 5efEf 125.8¢dDE 13.32bcAB 7 (bodBe 88.134 14.924
E 2014-224 245.3¢6 3.1feEMG 1.5%f 96.5decDE 141.1¢P 13.520cAB 67 (bedeBe 3 GabeA 3 abedAB
ZE 2016-145 258.81" 3, efDEL 1.6¢Ef 89.8efEr 143 .4¢cD 12.8bcABe 65 4deBe 85.54 14.622
ZE 2016-166 255.6' 3.4beABe 1.8cdD 92 5¢fDE 169.30B¢ 13.82bcAB (5 FedeBe 86.434 13.920AB
o 2017-49 244.626 2,79 1.1 97 .5decDE 109.0¢E 12.0¢dBe 66.(0¢cdeBe 84.1abeA ]2 62bedAB
= 2017-121 268.8E 3,3bedABe 1.9¢cD 104.8¢cdBeD 199.324 13.420cAB 66, 6bedeBe 84 QabA 14 DabAB
= 2017-131 270.5¢PE 3 DdecDE 1.8cdD 111.2b¢B 200.324 12.7beABe 68 2bcB 84.5abeA ]2 7abedAB
= 2017-148 266.6°F 3.0fehfcH 1.5fEf 116.9%8 179.2:b48 14.020AB 66.5bedeBe T4 feA 10.6¢dAB
= 2017-152 248.826 2,81 1.2niGH 135.424 168.50B¢ 14.320AB 61.17® 86.83A 14.22bAB
= 2018-120 308.88 3,3bedBeD 2.2bAB 88.6°E! 194 4248 10.5decD 68.8%B 74.5beA 9.8d8
I 2018-124 266.9 3.5 2.]bBe 92 .9¢fDE 193.93AB 9.2¢M 72.024 81.5abeA ], 7abedAB
ZHE 2018-92 315.524 3.0fehfcH 1.9¢cD 106.1¢dBe 200.224 8.6 68.3bcB 77.9abcA 1], ]bedAB
o 2018-95 310.3%AB 3 4abaB 2.42A 78.3¢f 186.52048 12.0¢dBe 64.7¢cD 83.2abeA ]2 SabedAB

W RRNG TR AL 25 5 B (P<0.05) , AN KT 55k e Ab B 25 SR B (P<0.01) .

Note: Different lowercase letters indicate significant difference among treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).
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Tab. 3 Performances of agronomic trait indicators in tested sugarcane materials in ratoon crop

2R B ENCHENN:E YNy R EY MR S4%h HIRI S iy &l g TEHE 5>
Material name PH/cm  SD/cm  SSW/kg MSPH/(x10°-hm?) CY/(thm?)  FC/% JE/% AP/% SC/%
ZoHE 05-51 (CK ) 295.4bBe  2.QdEF ] GehEMG 90.Qdered 144 8defed 15.008 68.2004 88.3204B 15.600eA
ZHE2014-115 249,81 3 ccDE | GehEG 81.5¢P 127.6¢™ 14.0bedABe G cbe 87.1abAB 15.20beA
ZHE2014-170  279.14eDEf 3 JeDE ] 7defeDES 94 5edefBeD 162.4be4ABD 14 4beABe (5 QabAB 84.70cAB 14 Guber
ZiHE 2014222 255.02hiGHI 3 DCBDE | GefehDEMG 91, 5edefBeD 148.7cdefBeD 3 JbedeBe 65 (abeAB 89,6048 16.204
ZHE 2014-224  247.7vHU 3 3beBeD ] TefeeDES 92 (cderBeD 155.65deABD 14, 5bcaB 65.30AB 87.3u04B 14.9abeA
ZHE 2016-145  259.9fhfGHI 3 3beBeD | GedefgeDES 89.9defed 157.5¢0eABD ] 4bedeBe G5 4abAB 88.82bAB 16.324
ZHE2016-166  263.9¢fefGH 3 5ubAB ) (beBe 96.5cdeBeD 197.004 14.20c0ABe 67 GabA 88.9a0AB 16.204
ZHE 2017-49 243 .81 2,941 1.3M6 94 gedefBeD 120.1™ 13.0bcdeBe 64 (QbeAB 86.200cAB 14 Qaber
ZHE 2017-121  285.7¢dBeDE 3 3beABeD ) (bedBeD 99 2bedeBed 200.5% 12.8bcdeBe 65 GabAB 87.92bAB 15.7abeA
7B 2017-131 272.00MEG 3 D¢BeDE | GedefeDE 109.4beABe 1933048 12.0cdeBe 66, GabAB 86.9abcAB 14 GabeA
ZHE 2017-148  276.7decDEr D 8df 1.4 11482048 157.4¢0eABD 14 3bcABe 64 (beAB 79.1¢B 13.0beA
ZHE2017-152  271.1¢efEfG D 7at 1.3% 127.934 157.7cdeABeD 17,324 57.3de 89.9:4 16.08b4
ZHE2018-120  304.0:0AB 3 JeDE ] QedeBeDE 95, ] cdefBeD 182.03bcABe 2 JedeBe 69 JaA 81.6beAB 12.8¢A
ZHE2018-124  275.54DEf 3 GaA 2.32bAB 87.7¢fcD 199.724 11.6d¢Be 69.124 85.50bcAB 14 FabeA
=i 2018-92 203.3bBeD 3 JeDE ] QedefeDE 106.5bedABe 200.404 10.9¢ 68. 1204 85.030¢AB 14 QabeA
=i 2018-95 314.3:4 3.5u0A8c D 5aA 76.7 190. 12048 13.1bcdeBe 65 GubAB 85.1a0cAB 14 Guber

T AF/NGFRRR A BE 22 57 B2 (P<0.05) , ARKEFEERR M6 22 Rl B2 (P<0.01) .

Note: Different lowercase letters indicate significant difference among treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).
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Tab. 4 Performances of 9 agronomic trait indicators
in tested sugarcane materials

PRI BAME KM EHE e ERR
Character Min Max Mean 2 SD $(CV/%
¥R PH/cm 230.00 325.33 272.58 22.44 8.23
2£4% SD/cm 2.43 380  3.14 0.6 8.40
AR SSW/kg .00 312 174 037 21.02
HRZEE MSPH 63.95 161.75 96.94 1624 16.75

/(x10°-hm™?)
BEZE7 R CY/(thm™®) 9521 246.42 165.96 3330  20.06

45y FC/% 6.92 1855 13.05 1.95 14.96
H TR JE/% 4922 7232 66.00 3.17 4.81
fAi 2L EE AP/% 62.43  92.15 84.87 5.49 6.47
HERE Y SC/% 724 17.66 13.97 2.12 15.20
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"RRBEMK (P<0.05), "FAWEEFAHERL (P<0.01); B
LLFRIRN A DGR, B FRR TR DGR B
" indicate sienificant correlation (P<0.05), ** indicate extremely
significant correlation (P<0.01); the more red,
the more positive correlation, and the more blue, the more
negative correlation.
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Fig. 1 Correlation of 9 agronomic trait indicators of
tested sugarcane materials
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Tab. 5 Eigenvalues and variance contribution of agronomic traits in tested sugarcane materials

VIR FEIE(E Initial eigenvalues

FRIAnr 2% 777 1 Extraction sums of squared loadings

coﬁﬁem B TR T A% BAEE Jr TR P
Eigenvalue Proportion rate/% Cumulative proportion rate/% Eigenvalue Proportion rate/% Cumulative proportion rate/%
1 4.336 48.179 48.179 4.336 48.179 48.179
2 2.007 22.300 70.479 2.007 22.300 70.479
3 1.076 11.957 82.436 1.076 11.957 82.436
4 0.712 7.913 90.349
5 0.512 5.693 96.042
6 0.306 3.400 99.442
7 0.043 0.477 99.919
8 0.006 0.067 99.986
9 0.001 0.014 100.000

BT BYRRAE A 43 50k 2.007 F1 1.076, 75 2% BTk %
350K 22.300%F1 11.957%, T EAER GBI, —
kR, RiTJr 2 sk R 70% /0] R R iR
B FEAFE . ARG 3 A F s Bt sk
Rk 82.436%, fetg stk 16 M HREA BHE
i o AR EREA R, LR X 3 4 F
=X AW SR T = S il = 1 DI e o

3 AEMSTEMHFEER 6 P, EHE A
S, ARATE L RHERR S, X 8 bR X 3 A 5
MR TR 2SR AE MR T A SRR, 28 1 T
HHpZEa (0.85), Hyt# (0.76 ). thim (0.74)
FIZEfR (0.64) MHXMEES; 56 2 RO FEES
2242 (0.66 ). fai4lifEE (0.70 ) FIH BEERERES> (0.65)
G 5 3 RS A ACEEE (0.67) FIHEZE

®6 MIXHEMB INREWKMSERES
FHE 1) 2 5E BE
Tab. 6 Component matrix and eigenvector matrix of
agronomic traits in tested sugarcane materials

N A RFE 0 5 4

AR Component matrix ~ Eigenvector matrix
Character

\'2! V2 V3 Y1 Y2 Y3

= PH/cm 0.74 -0.17  0.08 0.36 —-0.12 0.07

212 SD/cm 0.64 0.66 0.04 0.32 0.46 0.03

HZE TR SSW/kg 0.85 041 0.06 042 029 0.05

AR —0.19 —0.67 0.67 —0.10 —0.47 0.61

MSPH/(x10*-hm™?)
LR CY/(thm™?)  0.66 —0.01  0.72  0.33 —0.01 0.65

L4845 FC/% -0.80 0.02 -0.01 -0.40 0.01 -0.01
I JE/% 0.76 0.10 -0.10 0.38 0.07 -0.09
R4l AP/% -0.60 0.70 031 -0.30 0.49 0.28

FEWES SC/% -0.62 065 035 -0.30 0.46 0.32

Fe (0.72) BYIMK, ULE 3 ANERSEP R
BT H R EE R S SRR A R, Bt
AL AT 3 ANZRA TR AR AT H ER BT IR A T
R 5 ik
25 HEMRINMRZEEREESTEN

X 16 43 HREA RERG 9 4> 2R 25 ek
HATPRAEACAL LS, A R AR ] 3 A3
WSSy, S REAASI e & )y gt
BLEATENE . D (H 0] 41 s e H A s 53 U5 Y
HEZEA R, D HMARWLEE RO, W
£ 7 A, HHKARE D EHEFRIK . o
2018-124 (0.8322) >z i 2018-95 (0.8234) >=
T 2018-120 ( 0.6996 ) >z i 2017-121 (0.6910 ) >
T 2018-92(0.6862 ) > i 2016-166( 0.6647 )>
=i 2017-131(.0.6254 )> 2 JiF 2016-145( 0.5304 )>
ZE 2014-170( 0.4795 )>2 JiE 2014-224( 0.4577 )>
ZHE 2014-222 (0.4469 ) > )i 05-51 (0.4468 ) >
ZE 2014-115(.0.4300 )>2 i 2017-148( 0.3550 )>
ZHE 2017-49 (0.2541 ) > 7 i 2017-152 ( 0.2401 ),
Hrp  DIEKTF CK A 11473 ; D{E KT 0.600
FIARIEA 6 6y, BN 37.5%, il
2018-124, =i 2018-95. = ifE 2018-120, =i
2017-121, =E 2018-92 Ml #E 2016-166, iXLE
MR 25 G R R, JoHAE ™ 54 B R A
e JoT MR O TR OC A0 2 . HE A R A 1Y = R
2018-124 Flz i 2018-95 Y D {H¥#E T 0.82, £
ARUAENEN, BAEENEMAHNE. ot
— 5 L — PR A R h DA AR SR T R
BRI R = 0 2017-121, = #E 2018-124, =
2018-95. =i 2018-92, =i 2016-166, R
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Tab. 7 C, Z(X;), D and comprehensive evaluation results of tested sugarcane materials
%% No. M:i fff' jim Cl c2 c3 Z(X) Z(X,) Z(Xs) D g’f ;
YZ05-51 ZiBE 05-51 ~1.0178 02516  -0.7867  0.3850  0.7632 0.1617  0.4468 12
YZ2014-115 ZHE 2014-115  -1.6962 1.0591  —0.9371 02920  0.9208 0.1248  0.4300 13
YZ2014-170 ZHE 2014-170  —0.6601 0.1433  —0.4980  0.4341 0.7420 02325  0.4795 9
YZ2014-222 ZHE 2014-222  —1.7368 1.1903  —0.5580 02864  0.9464 02178  0.4469 11
YZ72014-224 ZHE2014-224  —1.0333 03371  -0.5662 03829  0.7798 02158 04577 10
YZ2016-145 ZHE2016-145  —0.8757 12841  —0.2469 04045  0.9647 02942 0.5304 8
YZ2016-166 21 2016-166 0.0377 1.7032 09139  0.5298 1.0465 05790  0.6647 6
YZ2017-49 ZoHE 2017-49 ~2.2668 ~0.9130  -1.7598 02137 05359  -0.0770  0.2541 15
YZ2017-121 ZHE 2017-121 0.6570 0.8810 14927 06148  0.8860 07210  0.6910 4
YZ2017-131 ZHE 2017-131 0.7676 -0.2893 11020 0.6300  0.6576 0.6251  0.6254 7
YZ2017-148 A 2017-148  —0.0171 ~3.4204 02209 05223 0.0465 03005  0.3550 14
YZ2017-152 ZHE2017-152  -3.8624 ~1.5072 23159 —0.0052 0.4199 09230  0.2401 16
YZ2018-120 21 2018-120 3.4268 ~1.6052  —0.8147  0.9948  0.4008 0.1548  0.6996 3
YZ2018-124 ZoHE 2018-124 3.1081 09664  —0.1188  0.9511 0.9027 03256  0.8322 1
YZ2018-92 77 2018-92 2.5761 ~1.3898 03989  0.8781  0.4428 04526 0.6862 5
YZ2018-95 ZHE 2018-95 2.5929 1.3088 0.2837  0.8804  0.9695 04243 0.8234 2
K E 0.5740 0.2657 0.1425
PR RE R T CKs SR R 2014-222 Wm”fj
~RE2016-145 . =E 2017-152, HHBERERE /& ‘ﬁxﬁj L1
WAL YRR S 2017-152, & vzao1-120 I
2018-120, HeF4esr &, &S VE NI YZ2017-148
AR R AR zxﬁﬁ il
26 BEBELSW yz2017-121 |
FEF LA B 3 A>T 155, LABKIGEE YZ2016-166
BB R, R 22 O Mk kAT R R R ”WH“SF——-
SEBE (P 2), FE L HIRE N 4.50 1b, ATIE 16 63 e m
MR T . I, =28, 458 B4R & YZ2014-115
KW ZEHILE (F8) nJLEH.: 13k YZ2014-170
WS S R (O 31.25%), ZEBHENS ”m“mﬁ_
(293.20 cm ), 2572( 3.20 cm ) R 2L Tk 2.00 kg ) yesstee oo

R, BEES R (18837 thm’),
EH BRI (12.56% ) FIfajglifE (80.79% ) I
FART AR, 40tk (11.64% ), AI4E
Ry R M AR 5 T 2R 3 M
MR (h 18.75% ), FH & A 2R HL
(114.67x10° stalks/hm? ) FI{E EL(6OBES> i B PR
(HRERERE 5> 14.57%, T4 86.81% ), {Htit
FIAR (64.28% ), HZEFTEK/D (1.70 kg), H
2R MR 5 1 28 S R B, RIIZ A
MR R R A 25, I BEREMERI T ; ST
5 8 AR (1 50.00% ), FEBEIMFISEHIR B

B2 16MHEHEMBHREEEE
Fig. 2 Systematic clustering diagram of 16
sugarcane materials

TR W, H BRI (14.62% ). 1 4l B
(86.70% ) FILF4ESy (13.67% ) ¥ m T HAl
KB, (HARCEER (90.65%10° stalks/hm? ) FIREZE
FedE (144.21 thm®) fA%, AR M S R A
R . S — 2 v A A R RP T (A
2017-152. =HE 2018-120), HLF4E4r 585,
T AR A DML CE] SRR B RN A BEAk, &5
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Tab. 8 Cluster groups and their traits
2Bk Group
eI I (n=5; 31.25%) I (n=3; 18.75%) T (n=8; 50.00% )
Index TEME i BERRI FEME bRfExE TRAEK FHE P 22 5 5 R AL
Mean SD CV/% Mean SD CV/% Mean SD CV/%
¥k PH/cm 293.20* 20.15 6.87 269.50°®  13.16 4.88 260.90°® 16.90 6.48
4% SD/cm 3.20* 0.28 8.83 3.10% 0.29 9.30 3.10% 0.23 7.34
LK 5 SSW/kg 2.00** 0.39 19.47 1.70%® 0.35 21.00 1.60"® 0.25 15.48
Bk 96.35%8 15.31 15.89 114.67*  17.17 14.98 90.658 10.83 11.95
MSPH/(x10*-hm?)
HEZEE CY/(thm™?)  188.37* 21.48 11.40 186.60*  24.52 13.14 144.21%8 27.68 19.19
485y FC/% 11.641°° 2.18 18.74 13.77*4 1.93 14.05 13.67* 1.25 9.15
HT 2 JE/% 67.61** 2.58 3.82 64.28"® 4.70 7.31 65.64b" 2.30 3.51
A4l AP/% 80.79"® 6.91 8.55 86.81*4 3.56 4.10 86.70** 3.38 3.89
FEBESY SC/% 12.568 2.33 18.56 14.57*4 1.74 11.94 14.62** 1.68 11.50

I AF/NG TR R HE 2257 B2 (P<0.05) , ARKEFEERR A HE 22 R0 B2 (P<0.01) .

Note: Different lowercase letters indicate significant difference among treatments (P<0.05), different capital letters indicate extremely

significant difference among treatments (P<0.01).
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