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Identification of True Hybrids in the F, Generation of Elephant Grass and
Comprehensive Evaluation and Screening of High-yield Germplasm

HE Chao-xin, YU Shuai, ZHANG Xin-quan’, PENG Yan'
(College of Grassland Science and Technology of Sichuan Agricultural University, Chengdu, Sichuan Province 611130, China)

Abstract: To screen novel germplasm of Pennisetum purpureum with high-yield potential, 800 F1 hybrid individu-
als were generated by crossing ‘Guimu 1’ hybrid P. purpureum (female parent) with F-Al P. purpureum (male
parent). SSR molecular markers were employed to authenticate true hybrids, followed by analyses of diversity,
correlation, clustering, and principal components for 10 yield-related traits in the true hybrid population. The
results revealed that 300 true hybrids were identified using two primer pairs (SSR24 and WSSR31). The true
hybrid population exhibited abundant phenotypic variation, with coefficients of variation ranging from 13. 91% to
45.58% and diversity indices from 1. 37 to 2. 84. Correlation analysis demonstrated that all traits were highly sig-
nificantly positively correlated with single-plant yield (P<Z0.01), among which plant height showed the stron-
gest correlations with fresh weight and dry weight, with correlation coefficients of 0. 55 and 0. 66, respectively.
Heterosis analysis indicated that most yield-related traits of the F generation displayed positive dominance, and
the relative heritability of the female parent was stronger than that of the male parent. Principal component analy-
sis extracted two principal components, accounting for a cumulative variance contribution rate of 64. 819%, with
plant height, single-plant dry weight, tiller number, and internode length identified as core influencing factors.
Key words: Pennisetum purpureum hybrid F, generation; SSR markers; Phenotypic diversity ; Cluster analysis;
Comprehensive evaluation
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% ¥ (Pennisetum purpurewm Schumach. ) Jii j=
TAEY 2 —Fh 2 AR R A A, B R KR
BT E S B R3S N R R R AR BR A
SRR TE A R AR M X AR RLTE
20 tit 22 30 4F AR T [ mE Jr b DXl Bl 2 T 46 51 Rk
Br g m BLE R A R AR, R
FL 4 SR A AR TC P BB, R TR AR X
Jo L R 2025 4, 3R [E G a4 R B R 8 2
250 E R R SRR AL 8 A e rh 2 58 4 B R
1A o AR Bl G 3 18 3 Ml it kA
B ] e 5t 11 5O, 0 ] g g T HRORE B e 2 2E T
PG, 35 & w7 0 BT e D0 35 5 R R B R R
an A, 0 R 7 RO 9 R R R B AT AR
PEAEHT

T, A 2SS S B T G R AR B R e A
M k. AR FAE R AR B Y, 22 Fh
J ACHE AR T 25 ) 4 B A5 MR R L A 58 i A
RS BUAR R R S A SR R MR AE Y, 0
B e 5 AU AT SR AT R AR D i B AS R L, AT
il S5 AR b il AR e A o PR, X A AR JE AR Y
EHEMEBEEMP /I EZE, MP)pHEL
(Simple sequence repeat, SSR) J& — Ff FE F ¢ 57 5]
P PCR 8 20 T 45 L £ R o B8 8 L DNA JKF R
HONER A R R A TAREIESZ R, B2
;T 352 4% 43 A L RS S K o A I Bl B E R
S5 OB, R M A W) 2 A A LS M Y — AT AR 4
AFB

AR V2 H W AT T R i K HA R
PR (9 A SR 43 BT, i 75 4650 18 7 G2 e (1) 7™ 4
PR AT BE MRS Y A MR AT T L A
BRI/ 2R R X R YRR S e AR ] B K
Rocha %7 38 53 X 100 6 G 5 b 57 B¢ U8 A A i 5
TR ) B RN G BE UL T W N AR 2
S5 X 0 A5 R R R U A R A= 7 M e
A1 70 O Ve 38 A TR PE )T bR A o R
1S bR R T R A AR 1S
FAZRE IR, R AL SR AN S S H ™
AREEG VA AHOC A 98 /0 WL G o A B9 DL G R
P15 (GM D REA, LUF-ATZR BT AL
A HEAT 2R 23S, LU AR AT A DR AL R R AR Y 5 AR
L, B R g B AR, A R Ak
BEE HE A

1 #MRl57*

1.1 KA

1.1.1 FAMA FZLHEAGMD KF-AIZR
Bk W T VG CH R IR K& SOWE g T, BE AR R
CGMUL = dk i i S E AR N F-ALZEAF H 7
R, ST FEME AR, IS B B R AR B R FE AR
o BEAE A KRR I 25 R

1.1.2 a2 20214F W48 EA GML il
F - ATFA F U 1] A b K 2 28 6 52 55 i Joi % U5 [l
WL FESE AR AR IR Rl B 48 2 K B # Rk AT
F38 R AF F AR T, IF T 2023 4F 4 A 8 Ff 7 3% il
FERFR LY, BT 25°CHH RGBS R4 P iR 3
HE /BRI 5 1) 24 12 h/12 h, %6 BEGR JE oy 25 000 1x, 4
X BE 6026 ~T70% ; 7 4 i K il 2~3 Jr A 4
HABREE R P FES ARFOE K 8~10 4 &
I S 20 K LS R 3 DU 1] Al K 2 o 22 02 B
IR FE M, AR R ARATIE A 0. 8 mX 0. 6 m, Fe &
AT 800 M AETH B bk o

1.2 REHE

1.2.1 KB KT 2024—20254FE7E 14 1|
CE S T 1 I B S A N e | A 1B e < A S
(30°08'N, 10314 "E) . a5 Hb 1 4K /55 £ 24 600 m,
J& T HRAE 2 XUPE S S AR R 16, 7°C,
A Y1 32°C, e v® A R 5°C W) i I IR
39°C, 4F F& M & 1700 mm, 4F H P %% 1019 h, &
FEI 280~300d. HHERME AR L, L RE, B
T E R pHAE N 4~6.5, LA A S & 121.25
mg-kg ', A ABEE A 11,34 mg-kg ', A RUH T &
62.71 mg-kg ', AL A 33.45 mg-kg o

1.2.2 WamldgAr WIS 2024 4F 1 H & 2025 4F
12 7o A $8 05 34 DLtk S S0 &, 55 bk B AL
HC10 A 43 BEMN 22 o Fr A PR AR B4 34 DL G 4 09 °F- 24
EAEAT e 3T, PR 5 ik H BNY /T 2356-
201 3CHE Wy it A AR S P L — BOME R AR A T DU A R -
MR EE ) AT AL AR (IR D

1.3 DNARELK SSR 5| ¥ ik

B G HOR R B ML R B 2~3 R 0 HUE B
0 R, G K BRI g it B 3R T, TG 95 A 1
TR AR A BRI R L=, R
H ) 2 PR 20 DNA $2 B0 ) 6 CR AR A b B4 A B
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Table 1 Recording standard of quantitative characters in Pennisetum purpureum

PR Trait 55 Mark id # bR #E Definition
¥k Plant height/cm PH (X1) b TET AR AR 1 o e R 0 1 A e
i Flag leaf length/cm LL (X2) FEAR T AR L5 50 5 K
9% Flag leaf width/mm LW (X3) RN A 5 S5 5E B
ZEM Internode diameter/mm ID (X4) INEEFRAE ZEFF 2R 297 19 H AR
2275 %% Number of internode/ ¥ NI (X5) ERUER R/ STE=R A ORTEAE
45 ] & Internode length/cm NL (X6) RIS 2795 5 B 371 Z IRl Y
4FBER Number of tillers/4> NT (X7) BpA> BB S BE Y B
i F % Number of blades/ NB (X8) SRIE-SHIEN R SR A TA UL a4
FRREETE Fresh weight/kg FW (X9) A PR R G L
RRTE Dry weight/kg DW (X10) g BRLRR PR IR 34> 43 BE  MEAR AL T G SRR S T LA bR T B

AFDFEBDNA I BT K 104 7Y B vl
B JEE L Uk W DNA B ok B2 5 4l B AT AR D o 4 5 4%
DNA B i 8 T — 20°CURAA AR A7 % FH

PN R A 2R A AR S R
S A O R 51 E B kT 36 X551 4
(WK 2) . 51 h A AW ARARA A&
oo LISEAR GM1 . F-AT K BaHL LB 342258 5 1R
1 DNA 8 Mz 47 51 900 %8, )0 T F — 2B 22 i s
PR LS M 2

PCR FF ] 2X Taq PCR Master Mix i & % il
2000 bp DNA Ladder Marker 3 Il [ b 50 K # 4 1k
FHE A BRAF], N AR R BARFUN 15 pll, A 5B AR
DNA1.5 plL.(20 ng-pL D VIE & M 5] #1 45 0.6 pL
(10 pmol- pl.” ") \PCR-Mix7. 5 pl. (10 ng- pL.= "D Al
ddH,04. 8 uLL. PCR [ &7y : 55 — 25 94°C T AZ
PE 5 min, 25 — 25 94°CAS P 30 s, 58~60°CiE k 45 s,
72°CHEAf 1 min, 3k 35 A FF BR, 55 =20 72°C 4T fif
7 min, # J5 ACUKFIRFE . PCRY B =W HI 8% &
TN s TR Pl 5 U P UK R AT R o B R A RORE 2 pl,
2000 bp DNALadder 24 4 F & 5 #f |, 4 200 V HLJE
i i ¥k 30 min, i J5 300 VLR ¥ 1.3 h,7£0. 1%
1) AgNO, I W H R U, 78 NaOH ¥ i B o, AL
RO AF DAL 53 B

1.4 BESKITSHWH

I Excel 2021 # 17 %48 48 11, SR H PR ¥ E
() B iEZE (SD) LA I AR 53 R M s ik Z HE MR R L
F| Fl IBM SPSS Statisties 27 ¥ 17 3 i 2> 2 #r
(PCA) ;i F Origin 2024 #F 47 1F 25 43 A 46 I F1AH 5¢
PE 43 H7 5 6 F RStudio #F 47 R 26 40 1 o 315 Shan-
non-Wiener it f& Z BV PR B (H ) 4 S 50T B A
Fav /(1

P A PR 19 BP9 X =D X/,
i:1,2,3,4 ...... no

B % SD= > (X —X) /n—1,i=1,

Shannon-Wiener (H' )BT H A X 0T 4R 35
TER 45 S B A48 br 00 2 i 10 A 58 0, 4158 1 )
[ X <(X—28)] 5% 10 % | X,>(X+25)]
0.5S M 14,

H'=—3P,XInP,,i=1,2,3,4-++-n,

P X BRI, XN AR A I A, 0 o
AR I A, PRy VRS 0 R B
BB A

R Hf 2 00 35 B30 RIAR X 3 4% 0 43 Bk 2 bk
R 35t A BT A% IR 8 A% S 805 ) DA b o AR
RO FEM R SRR A X AL R 5 S8
N B RN w (1 R

2 bR B B R AR bR R SRR B OR = (F —
MP)/MP X 100 % ; i 5% i # % = (F,—HP) /HP X
100 % 5 B i) # 2E t #v=(F,—LP)/LPX100% . #H
XFig AL Jy al=(F,—P2)/(P1—P2) , #i %} 1% Jj a2—=
(P1—=FD/(P1—P2), HHF AFEAR MR
{H , MP Ry 3 — Mok 55 AF 548 , HP Sy 3 — Mok 48
RAH L, LP B —PERAK R AE P RIEEA P2 R
IMEEAR

FREEEME: V,=(X,— Xou)/(Xpw — Xoin)s

P VR AR A FE s T SR R R B X
R A F A T T A 5 X AT X 20 5010 0 55 14
NI R SN R (R

LAt H =G,/ G.i=1,2,3.4
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Information of SSR primers

5149 % FK Primer name 51 Forward primer Fii# 519 Reverse primer

HSSR3 AACTCCTCTCCATCTGTTCTC GAACCCTAGCTTTGCACAC
HSSR4 GTAACTGGTTCTCCTGCTTCT ACTAGGTTACTGCTGCTTGTG
HSSR7 AAGTACGGGTCCTCCTCTAC GAGAACCAGCTGAGCCTAAC
HSSR14 TAATGTAGCACTTGTCGAGGT CAGATGCTCTTCAAGACCTG
HSSR27 TTCTCTTCTCCAGTACACCTC ACTTCTGAAAAACGAACTGC
HSSR34 GGTGGTACTACCGCTACCTAT AGTAACACAGCAGCAGAACAT
HSSR46 CTGGATCGTGTGGTGCTA CAGAACCCGAGAAAGTAAGAA
HSSR50 CTCTTCCCTCTCTCCCTCT ATACTCCTCTCTGGCTACTCC
HSSR51 GTCGTCCTCCTTGAACAG ACTACTCCTCGCTCAACATCT
SSR11 AGAGGAGACAAAGGACCTCCG GTCCATGGAGGACGAGCTTC
SSR23 AGGTTCTGCTTCTGGAGGTGAC TAGATTTGTTCATGATGATGCGTG
SSR24 ACCACCATTCCTTCAATTCGTACT GAGAAGTGAGTGCTACAGGTGCAT
WSSR1 AGCATCGATAGCTTTTTCCTGC GAGGGGAGGAGAGGATGCTT
WSSR2 GCCAAGCTCTTGCTCTGTCAT GGTACGGCTCTGAATATGAAATCC
WSSR4 CATGCATATATGACTTTTCCCCAA ATGATAAATAGGATAGCCATGCCG
WSSRS AAAATCTCCGAATTCTCGTGCTAC CGGTAGAAGTCCCTGTTGTTCC
WSSR7 CTGCCCCTTTTCATCCTCAG GAGACGAGGTGGTGGAGGAG
WSSR9 CGTACCTTCTCGCAATAAGGAGAT GAAGAAGGTTCACCTCTTTCGGTA
WSSR10 CTGGCTAACACAAACACCAAAAAG AATCATTAATTCATTGCACATGCC
WSSRI11 AGAGGAGACAAAGGACCTCCG GTCCATGGAGGACGAGCTTC
WSSR12 GTCGAGGAAGTCCTTGGTGTG GACGAGGGGTTCATCCACAT
WSSR13 TAGATCTGAAGAGCTCCCTCCACT TCTTCTAGTCACGAGCGTTTTCAC
WSSR14 GAGAAGATCAGAGGAGGGTAGCAG CGATGAATGCAATGCAAGCTA
WSSR15 CGATAATTCGGGTTCGGGTAT TCTCCACAAATTGTTGTTGAAATTCT
WSSR18 TTCAAGCCCAAACTACAAGTACACA CCAGGCCAAATAAACCCTTGTA
WSSR19 CTCTCTTTCTCTCTCTGTTGCGTG CACCACACTGCTCCACCACT
WSSR20 AGCTTGCCAGCCAATCTATCTC CCCCTATTTGGCCCCTATATTTTA
WSSR23 AGGTTCTGCTTCTGGAGGTGAC TAGATTTGTTCATGATGATGCGTG
WSSR24 ACCACCATTCCTTCAATTCGTACT GAGAAGTGAGTGCTACAGGTGCAT
WSSR25 ATTTCTCTGGTTTTGTTCAGCTCC ACAGAGGTGGTATGATCGACTTGA
WSSR26 ATCTACGCACCTCAACATGGAGTA ATATCTTCGCAAATAGGTCCCTCA
WSSR27 ACAGCACCAAGTACCAAGATTCAA AGCTGTCAAACTATGTTTGTCCCA
WSSR28 CATACAATTCAACCCTCAACATGAA CTACCTTACCTCCTCCTCCTCCTC
WSSR29 GCTTTCAAGTGATACAACGACACC CCACTCGTCCTTCAATCTCTACCT
WSSR30 CAAAGGCACATCCTTGCAGTATAG GAGGAATGCACATCACCAAATAAA
WSSR31 TGTGTTTTTCATCCTCAAGTGTTGT CAAATGTAAGATGATAAATGCAGCG

AP HON S oA SRR R AR TE I A 28 5 48 b o
WAL , G, R £ T BUES « 254 B8 A sk
ZHEAWEME D= (V, X H,),i=1,2,3,

2 ER5HH

2.1 RERSFREMEXMMEE

PAEA DNA R K 34~ 2% 8 Ja AR AR, N 36

Xt SSR 4> FHRIg 51 b, 0 i T 2 X 455 T M L
HEREMLA519, 5 5 & SSR24 fl WSSR31, 4 Xt
Sl BIREDY B A CREAS PR S A o f X 2 4
Sl T4 GM1-ATR B 4258 TR, #6024
PR g5 RNE 1,2 iR o EEAR  GML’ 2y g B 44
B4 22T, SSR 454 B 4%, I AR J0 i 58 4 4k K Bk
A A W 2l BT DAAS IR 9% R 38 R Al + AOAR
R S PR 25 B9 R S AR fE . 7E 800 24 32 F AR
oA 3004 B AR, ELZR R AR 37,504
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250 bp

100 bp

M®312345678910111213141516171819202122232425262728293031 323334353637 38 39

1 314 WSSR31 X & R FHREI ¥ 18
Fig.1 Amplification of some hybrid progeny by primer WSSR31
T : M, 2000 bp Marker; § Sk It 5 2547 g SCAFFAEAT 4 ARk 19 4570y H Al . R[]
Note: M, 2000 bp Marker; The strip pointed by the arrow is the male parent ferture strip ; Bands marked with* 4 "are true hybrids. The same below

M 2381234567 89101112131415161718192021222324252627282930313233

250 bp

100 bp

2 3|¥SSR2AMER S RZFRAY 1
Fig. 2 Amplification of some hybrid progeny by primer SSR24

2.2 ZELREFRFEREXERNERSF
300 153 22 38 Je AR 1 104> 7= et B AH 5 M R 401 5 43
A 45 QB 3 BT, AR A IR R ) R RS A A
HIEA A M4 22 R K, R F AT P17
IR AE 25 R, 10 B SE TR 0 AR 57 &R
AT 13.91%~45.58% , F- ¥ Ry 24.51% . H
e, S BERO AR 5 R B Ky 45. 5804 5 R 2 T 8L
;R R A, S R B4 il Dl 36.63%,
32.43% s W IALK  ZE AT HOM bR F A9 AR S R B i
20% , 45K 26. 84 % ,22. 94 % 1 21. 68 %% 5 I Fr %k
SO R AR R R BRI BITE 10%6~20%

PR AR R B/ 13,91 % . X R G B
Fe S BEAR F AR 7= A R R FEE
WAL Z R . F AR MR a1 2 A M s 0 1 ok
1.7~2. 84, ¥ {H Jy 2. 042, Hiep , ZERI 09 2 RE M
Fe B K ol 2. 84 FL YRR AT [ K ATt i 2 R R 4
BOAY AR 2. 75 F1 2. 66 Bk e I R R PRk e
R KT 2,505 8 2.41,2.41,2. 33
M 2.07; 5 BERL 5k 3R 2595 B0 2 R R 48 8K
BAR, Hrp 25 8 2 REE R SO IK O 1,37, X &
WIF AR 0 3R B bR 00 o 8 AR B A, A 0 ) 8K
K(EI,

R3I FEEXERARBEMRAFEMEESHEEDFT

Table 3 Phenotypic trait variance and genetic diversity analysis of new Pennisetum purpureum accessions

Mtk Traits 7% 5 Range SEHIME Average R Std. BERRE CV/Y% LR B (HD Diversity index
S3BER Number of tillers/4> 8.1~71.3 27.36 12.47 45.58 1.58
2598 Number of internode/ 15 2.7~20.6 11.24 2.58 22.94 1.37
I H- %2 Number of blades/ } 10.27~32.3 18.16 2.84 15.61 2.33
- Number of blades/ H- 52.53~115.53 92.30 12.84 13.91 2.66
98 Flag leaf width/mm 19.03~48.89 33.48 5.16 15.40 2.41
ZEHL Internode diameter/mm 7.36~17.19 12.10 1.71 14.10 2.84
5 [H] & Internode length/cm 2.63~16.41 10.55 2.83 26.84 2.75
Pk # Plant height/cm 93.48~366.73 253.32 54.91 21.68 2.41
Bk A 7R 5 Fresh weight/kg 0.75~13.81 6.14 1.99 32.43 2.07
HUbkF R =4 Dry weight/kg 0.34~4.04 1.76 0.65 36.63 1.57
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=

w40
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()22 1% Number of stem nodes/ 5

3 300 EXZFRTEREAXERESRERN
Fig. 3 Normality testing of yield and related traits in 300 F; hybrid progenies
T (a) BLbk T (b) HURR A 7 5 (o) 43 BEE (D 1 ) 5 (o) 25 5 (D IE 5 5 (@) 7 380 (h) i (D MR i 5 () 25715488
Note: (a) Dry weight; (b) Fresh weight; (¢) Number of tillers; (d) Internode length; (e) Internode diameter; (f) Flag leafl width; (g) Number of
blades; (h)Number of blades; (i) Plant height; (j) Number of internode

R A B IE A e (P<T0. 01) , B 43 B 50 F 25 0
Z ] AH N I A A MR 2 R A DG 1 R 2 A
WEKF(P<<0.0D(F 4>, Hip thm H56f T8

2.3 RERXTFRAFEREEXERKMBEXHE
S
Xt 10 AR HFEAT AR AR 20, B A7 PR R e
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BYAE 2 BB = 4 R 0. 55 F1 0. 66, H: vk 217 18] %1
kR o BERCS T A A O R BB

—1.0

PH| PH 077 081 044 054 084 068 028 052 066
0.8

IL | = IL 067 016 037 060 037 024 043 053
0.6

LL| = - LL 043 052 065 049 022 048 038
0.4

ID| = o e ID 048 044 045 0095 040 046
0.2

LW/ = o o #* LW 056 051 018 050 050
0.0

NI *= o o e e NI 087 019 046 06l
F-0.2

NL | = o o * e #* | NL 027 042 052
0.4

NT | = s s S £ *  NT 029 023
--0.6

FW ok e ke ke e e ke ke FW 0.58
--0.8

DW | = . i o w s s s s DW
—L-1.0

PH IL LL ID LW NI NL NT FW DW
*P<0.05 ** P<0.01
4 300MEXFRFEREEXIERPEXREY
Fig.4 Correlation coefficients analysis of yield and related
traits in 300 F hybrid progeni

T8 PH A MR 5 I AR LL AR M ID AR ZE M LW AR
M58 NIRRT MG NL AR K NT R B8R FW R
PR B DW AR IR T 5 FRIRTE 0. 01 KA K

Note: PH=plant height; IL=internode length; LI.=leaf length;
ID=stem diameter; LW=leaf width; NI=number of stem nodes;
NL=internode length; NT=number of tillers; FW=fresh weight
per plant; DW=dry weight per plant; **indicates significant correla-

tion at the 0. 01 level

2.4 SEZTFRFEREAXEROBESHN

K FE A 300 13 2 28 F AR M BHIEAT 240 H
AR A Lo S 4 S (B 5D L 58 TR R 5 94 1 #1
RE, ARG 31, 1% 558 11 8 BE & 41 AR,
PR BEIR Y 13,690, 58 T 2R BE L & 92 i M RE,
HATER) 30.5% 55 IV BEQL & 75 0 AL, 4
ASBEARAY 24.8%0 o b 55 T S HE 04 B A Mok 34 05

T A = AR R 25 A MR B SR P Rk
R AR #) 300. 13 em, W@ T 04 = A28, AW
AR O R 3 BER R 32. 95 L W T
TIAN A ERE I T A 5 2 0 BE T W A 42
PARY B34S @ NN E I R NS T
b = A, RO ZR S MR R 220 S 126
FERNSE IV R BEM 25 A PR R B 45 A 48 T A ES
I RBEZRED,

cluster] __adaimanliiey
A

E5 FARIOBEZIFARAFEREBEXERHBESHF
Fig. 5 Cluster analysis of parents and 300 F hybrid prog-

enies based on yield and related traits

2.5 REHRIXFNFEREEXERERFALE ST
HHXT I8 A% T e A R B RE (P, P2OXS 1
PRV 35 2 BURUAE (F O B9 P 2 R B, B A BJ A A% 3 gt
e e P 9 AH X SR BET e SR S AT B R
WS SRR PR T S A PR AR R B IE R
WA R T BEARAE I 5 A IR R A A X 3 AR T
TACA s ZEAHOM 73 BER 2 A PEAR SR B A 1) A

R4 AREEBFEREEIMEKRIA

Table 4 Yield and related trait performance of different groups

PEAR Trait % T 258 Cluster T

45 11 241 Cluster I

55 1M1 258 Cluster I 25 IV Cluster IV

#R Plant height/cm 265.30£29.08

9 [Al K Internode length/cm 10.33+1.92
K Flag leaf length/cm 94.00+8.48
Z2# Internode diameter/mm 12.15+1.61
i 9& Flag leaf width/mm 33.36+4.60
245 %% Number of internode/ s 11.79+1.53
I F %% Number of blades/ 18.4141.78
ZrBERL Number of tillers/ /> 25.704+11.29
bkt 7 Fresh weight/kg 5.5141.47
kT E Dry weight/kg 1.71+0.53

218.19£62.15

300.13£29.19

239.39+£54.52

8.69+£2.79 12.814+1.79 10.31£2.78
82.70£15.94 101.5246.41 91.31+£14.91
11.3942.10 12.734+1.58 12.01+£1.91
30.26+£4.99 36.78£4.30 31.78£5.67
9.88+2.69 13.10%=1.96 10.42+£2.59
16.7842.93 19.8842.64 17.4043.26
24.61£10.19 32.95+£12.79 26.37£12.64
4.75+1.66 7.7211.84 6.26+1.73
1.36+0.51 2.20£0.61 1.7340.64
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Table 5 Analysis of relative heritability of F, generation yield and related traits to parents

(2N AR K& P, PL-P2  F, P2 MR Sy al/ MR 1 a2/ FHREA
Trait Female Male Relative heritableility al ~ Relative heritableility a2 Offspring performance
5 Plant height/cm 27764 141.87  253.32 13577 11145 0.82 0.18 1 i 7 Positive dominance
il Internode length/cm 11.91 3.94 10.55 7.97 6.61 0.83 0.17 1E [i] i # Positive dominance
MK Flag leaf length/cm 103.06 62.43 92.30 40.63 29.87 0.74 0.26 TE 1 4 Positive dominance
ZH Internode diameter/mm 10.75 10.75 12.10 2.60 1.35 0.52 0.48 1E 1 i 7 Positive dominance
155 Flag leaf width/mm 32.25 29.53 33.48 2.72 3.95 1.45 —0.45 18 A5k 82 4 Complex genetic traits
2794 Number of internode/ 17 19.07 10.00 11.24 8.07 1.24 0.15 0.8 i [i] 5.4 Positive dominance
I 4 Number of blades/ i 25.30 18.67 18.16 6.63 —0.51 —0.08 1.08 AL R R 2% Complex genetic traits
ZYEER Number of tillers/ /> 37.30 18.00 27.36 19.30 9.36 0.48 0.52 fit 1] .1k Negative dominance
bk fE E Fresh weight/kg 5.60 1.50 6.14 4.10 4.64 113 —0.13 1 A58 4 Complex genetic traits
T Dry weight/kg 2.16 1.03 1.76 INE 0.73 0.64 0.36 1E 1 84 Positive dominance

T F AR PR B P55 A R T 3 4 i 1
fifk B ACRY 28 B o 4 1 2R BEAE MR LE J5 T . AR 6
AT, F AR 7 i S A S AR 3 B 22 D IE 1) f) ol

PE 3, Jerp bk IR R O A AR T R
BLA v R AL B, TR R RR e R B N SR A

0]

2R RC R RO BE R B B 1) R R

x6 EXFREFERBEXMERAEE
Table 6 Analysis of relative heritability of F, generation of hybrids
PR R ok moRME F FoRIMLHA HRERE F sk
Trait LP MP HP ! RH,,/% RH,/% F, advantage performance
Pk Plant height/cm 141.87 209.75 277.64 253.32 20.8 —8.8 1 3% Mid-parent
5 [H] £ Internode length/cm 3.94 7.93 11.91 10.55 33.1 —11.5 H1 2% Mid-parent
i Flag leaf length/cm 62.43 82.75  103.06 92.30 11.5 —10.4 1 2% Mid-parent
254 Internode diameter/mm 10.75 12.05 13.35 12.10 0.50 —9.3 1 2& Mid -parent
58 Flag leal width/mm 29.53 30.89 32.25 33.48 8.4 3.8 i 2 Heterosis
257998 Number of internode /¥ 10.00 14.03 18.07 11.24 —19.9 —37.8 1 [1] "1 3% Negative mid-parent
" H %2 Number of blades/ i 18.67 21.98 25.30 18.16 —17.4 —28.2 £t 7] #f1 3% Negative mid-parent
3 BEXL Number of tillers/ > 18.00 27.65 37.30 27.36 —1.1 —26.7 1 1] H 3% Negative mid-parent
PR AE T Fresh weight/kg 1.50 3.55 5.60 6.14 72.9 9.6 i 2 Heterosis
Mk T Dry weight/kg 1.03 1.59 2.16 1.76 10.3 —18.7 1 3% Mid-parent

2.6 REXTFRFEREEALERBERS S
W REEIEN

XF 300 A~ 4% 28 F AR Y 77 dik B H AR OC MR gk A7
R 4 ML AR R AR (R R T L SR O i
T 24 ERS, BT stk %y 64.819% , A B
R FE L GMI1-AT 438 FoAR 10 A4 AR 00 a8 1% 28
SERB . 8 — o R AR (E K oTT R R a0 ok
5.466 Fl 54. 657 % , H v 5 bR = 09 FFAE 17 =
5 %00 0.191 F1 0. 168, 4 — F M 4> Fr fE {8 M
1.016, BTk %k 10. 162% , H v 4 B8 B0 5 0] K
M ke AE 1 B OE B R, 4 Sk 0.509 Fi
0.466(F£ 7).

I 32 B840 43 T 6 25 AR L K 300 A~ 2% 52 Jig € it
LR PEM , MR Al 48 A 09 B HF— 25 H 3 45 S bk
(1 Z A8, Z A6 HE 4 A RT 15 B4 55 bk, 2 AR &R 15

®T1T BERIBNRBRTEHE
Table 7 Score coefficient and contribution rate of

each component

%43 Element

AR Traits

1 2
S EERL Number of tillers/ /> 0.064 0.509
22974 Number of internode/ 7 0.161  —0.056
I+ 5% Number of blades/ 0.142  —0.169
4 Number of blades/ /- 0.15 0.135
%8 Flag leafl width/mm 0.129  —0.286
22 Hl Internode diameter/mm 0.107  —0.591
5 a4, Internode length/cm 0.132 0.466
% Plant height/cm 0.168 0.157
Bk 7 5 Fresh weight/kg 0.126  —0.016
Hbk T % Dry weight/kg 0.191  —0.035
FEAE{H Eigenvalue 5.466 1.016
ik # Contribution rate/ % 54.657 10.162
ZT 5Tk % Cumulative contribution rate/ % 54.657 64.819
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Table 8 Comprehensive evaluation ranking
T2 FRes o WEK MR EViil R ETHC AR e FpkEEER kT E 4
Name PH 1L LL 1D LW NI NL NT FwW DW Pank
$G1-8 AI51 363.22 14.39 111.89 14.80 45.67 15.57 22.30 56.70 8.91 4.04 0.93 1
FGI-D AT 144 342.99 12.10 112.18 12.98 35.43 14.67 21.83 64.70 10.24 3.00 0.85 2
$G1-5A12 327.59 13.63 112.23 15.97 42.46 15.57 22.30 42.20 11.54 2.76 0.85 3
$G1-8 A191 334.44 14.31 99.07 14.44 41.25 16.47 22.90 51.20 8.18 3.06 0.84 4
$G1-3 A123 339.74 14.41 104.65 14.15 40.49 15.17 21.90 44.70 8.68 3.14 0.83 5
$G1-8 A120 334.24 15.83 106.72 13.36 40.55 14.27 21.90 48.60 7.81 2.65 0.82 6
$G1-3 Al6 366.73 15.14 104.44 14.26 37.67 14.10 21.17 51.60 7.33 2.81 0.82 7
$G1-5 A9 299.29 13.01 113.60 12.79 37.49 19.80 32.20 36.30 6.69 1.63 0.82 8
$G1-8 A1 27 311.53 13.79 103.79 12.81 40.48 15.60 22.43 36.90 10.79 2.74 0.80 9
$G1-83 A195 321.17 11.64 105.35 13.80 48.53 20.60 32.10 10.70 7.16 2.14 0.80 10
$G1-5AT100  325.38 13.74 104.29 14.20 38.09 14.67 21.67 19.80 11.51 3.71 0.79 11
$G1-8 ATl 15 337.14 14.64 101.65 13.43 40.34 13.07 19.93 49.90 8.46 2.88 0.79 12
$G1-8 A1 46 320.23 14.60 109.12 15.19 46.39 12.60 19.60 26.30 13.41 2.39 0.79 13
$G1-8 AL 55 344.40 11.76 99.39 15.42 37.25 14.93 21.77 25.80 11.89 3.60 0.78 14
$G1-3AT101  335.14 14.89 95.57 12.85 39.23 16.63 23.80 36.70 7.54 2.35 0.78 15
GM1% 277.64 11.91 103.06 10.75 32.25 18.07 25.30 37.30 5.60 2.16 0.74 25
F-A1D 141.87 3.94 62.43 13.35 29.53 10.00 18.67 18.00 1.50 1.03 0.19 292
FGI-3AT171  138.55 11.14 56.99 9.79 23.86 7.67 11.43 8.10 4.55 1.63 0.22 287
$G1-0A1227  135.67 5.72 62.87 7.49 28.70 5.07 12.00 49.20 4.64 0.86 0.21 288
F$G1-8 Al 34 125.45 3.11 58.24 12.61 25.79 9.00 19.27 18.60 7.34 1.10 0.21 289
FGI-0AT224  148.89 4.40 67.34 9.78 28.59 6.07 14.27 30.70 4.54 1.03 0.20 290
$G1-0 A1291  146.21 4.74 71.90 11.19 32.64 5.03 14.47 31.90 3.19 0.95 0.20 291
$G1-3AT158  120.60 4.28 52.53 10.19 22.86 6.73 16.30 28.50 7.34 1.24 0.19 293
$G1-85 AT 157 144.62 4.28 66.48 11.26 26.36 7.27 18.13 12.80 3.13 1.38 0.19 294
$G1-8 A143 166.52 8.08 70.06 10.79 26.79 4.83 11.40 10.50 4.51 0.81 0.18 295
FGI-0AT191  128.42 5.22 59.19 8.93 31.18 7.63 13.70 20.90 4.54 0.83 0.17 296
$G1-0AT246  142.21 5.76 80.13 9.54 25.63 4.60 12.73 30.70 0.75 0.83 0.17 297
$G1-8 A1255  129.45 3.54 62.94 11.71 25.39 7.60 14.80 37.00 3.56 0.34 0.16 298
FGI-DAT153  134.78 3.17 60.62 12.78 29.92 6.47 16.83 14.00 4.31 1.19 0.15 299
$G1-2A1156  118.17 4.38 58.13 11.21 24.68 6.43 14.97 14.30 4.80 1.06 0.13 300
F$G1-2 AT 147 93.48 3.52 53.47 11.82 22.26 4.43 14.37 44.50 4.21 0.75 0.11 301
$G1-0A1205 101.46 2.63 59.02 10.52 28.90 2.73 10.47 21.70 4.59 0.90 0.06 302
3 T AL 7R 1. 7~2. 84,2 {H o 2. 042, {HAHEER
S A PEAR B A 5 AR HOR 2 B PR R 25 Ml R
3.1 X FRFERERXUERNEREERS AN —BHy , e an o3 BEBOR BB T Y A S R A0 i)

HEED
[RSNGB B T A I ER A (= 7
T e ™ B9 T8 T AR AR T B — PR T2 24N A G
PR U IR 7 B 45 S o Rt 3 o X 2% 52 s AR A 7=
i MR DG MR T AT 8 A% 8 S B 2 R PR A A, AT X
%4 38 Jei AT 0T 5 R 0 3 AL AR S o R R T
TR W FIW . A &, GM1-ATZ¢ % F o f{
F 77 ik e AR SR AR AR AR B R 1 st A% AR 7, 10 1
AR B 78 S R BOAE 13.91%~45.58%, S 14 K
24.51% 31X 5 IE S F R R e s Je AR R
T PEIR A BF 58 45 S — 0. 10 Motk i Z R v 4R B

k45,58 % 1 36. 63 % #b i = FOF YA, H H 2R
PEFR B 1. 58 M 1. 57, i AR TP 39 E , X i
GMI1-ATRY F AR 48 53 AR K H AR &40 A A8,
X — IG5 JCHE & AR ST S B2
X R AW GE I F AT AT O % O BBk 1T T
A Ay Ji B2 Rl AR IR

3.2 REHXXFRAFEREEIEREMMASR
S

ZRFP LAY I — R B R, M2 H
Foft 0 2% b 000 35 ) R LR VF Z2AE W s AL B RN R
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TP ERGEAR . AR AR Ok TR
R 410 A i S LR 2 I8 A P N 1
FIH AT F A B R AR SR B 22 AT 1 A X
BAL T3 o3 W R 2 BRSSP B B Y A B R g
R IF I REA GML 2 2R & 1L R 4258
Al A R E Z A S, Pt
TEZR P AL 4 Foh o B A . N F AUAR X 38 1R
J1R HOBE BEA S GML R o PR 19 A X g % 7 #8
ST, IXANERM EAEW] T F NS GMTT T,
BRI WEYN,F S A GMT BB RE, Rk
2 R AL A B — B X SR g AR T
=i 2R AR B A AR S T I AR — B

3.3 REZXIZFRMER BRI T IHIE

i i AL SIS R S R I )
B 2R AR AR DGR e R R R S R
PR DU AT FL R A o 7 Y R B R bRz —
AT FE AL AE BT A 5 AR SR S R R R
BHEEMKE MEREEF PR — XS
BN BT T 45 R — 2.l o 7 A 45 0k B
B T E o> BERCRI Y AR S BUR S F AU 2E
PR EEHER, A RESITERRE 55
PEAR fr 4 (9 265 [ S HE 5 25 5 PR de 22 1 55 11 6 A
PO, R T BEROR (] 5 DU A 1 AR A
ANJEHE ] 9 22 S o2 - TR A K R AR T AR 11
1 B AR MR EE o R AR 23 BE T B 0 BE )
R AT MR S BT R AT BE R E R T . Horb T
AR A X T S DU B R B 8 B L I BT T LR
PR AT e B AT BT 5 A o R gt AL R P i o AT
WA 25 5 PF A 89 Z (B HE 2 O 28 11 15 40 HE 44 5E A
(DL 5 4 BE AR 15 03 HE 44 5 )5 19 22 S R b il 4
BT 15 AR IR T 28 A PR iR 4 9 55 2R, HE 44
Ja 15 B8RP A 13 Gy a4 R R T 25 A PR iR 22 1
B0 KRB BT A R S RE D 4 R AEA —
B, AN TR 53 A 05 vk B R B S IE  UE T T e 4 2R 2
ATAE B HEA BT 15 B8R AT A DR 90 A0 0 2 ) o 42
TR

4 i
HEIR [ 42 B GM1-AT 4% 58 F R BE 0K B9 7= B K%

FOAR G PR BAT = 6 A9 18 A% Z R0, BT A7 R S IR
HP 5 FRR B R A B IR OG0 A5 BN

BT FASERY R B 25 G PP Z A8, 75 LR 28 43 B VR S 3
Uk, WA O e T 15 0 25 A IR O R EDB G SR AR Y
BB, X SERP R R 2 — R TR .
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