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Correlations between yield and energy-related quality traits
of sorghum hybrids stems and leaves
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Abstract In order to analyze the correlations between yield and energy-related quality traits of stems and leaves, 96
energy sorghum hybrids were taken as study object. Field experiments in complete random block design were
conducted in two sites with distinct differences in environmental condition in North China. The coefficients of variation in
the measured traits of the 96 hybrids ranged between 3.7% — 61.3% and 4.8% — 60.0% in Jiexiu and Zhuozhou,
respectively. The coefficient of variation of stem and leaf yield and theoretical ethanol yield were the largest among the
studied traits. The stem yield and leaf yield were positively correlated. Concerning the same energy-related quality
traits, the majority of those traits were positively correlated, and the theoretical ethanol yield of stem and leaf were
positively correlated. It indicates that yield and quality traits stem and leaf can be simultaneously improved to achieve
high theoretical ethanol yield. The measured traits can be compressed into four principal components in both sites. The
first two principal components are straw yield factor and stem carbohydrate factor in Jiexiu and Zhuozhou site. Overall,
the straw yield factor and stem carbohydrate factor are the favorable traits that should be paid more attention to.

Keywords stem yield; leaf yield; theoretical ethanol yield; energy-related traits; correlation analysis

Wk B 2020-06-09

HAWH . ERRIRERRIE 2B R4 w5 H CBHE ] pR[2012]32 45 10 35 44 K e A ol 48 AT R 2> =) 9% By
H—AEF . WK BFSE AR E-mail : 18473554668@163. com

WRAE . WP B, TSR AR AR AR W OB AT RE WR AT B 5 1 BF 5T . E-mail : xiegh@ cau. edu. cn



: (IR S

2021 4 5% 26 %

75 3 (Sorghum bicolor (1..) Moench) [ £ ¥
NI /it R o S SRl o N (N W S D AR R
SR ZARBRRE S AR R R L R
SR A 7 G o R A ) 5 OB R R K Ak S
WAL g QW5 BEVR i AR K P B 2K A5 ) B T
e B B 2RI R e 2 5 R TR O
FEReli R E MM EZE AR , CAR REE
rh R FH e SRR ) P b X B TR e A OC TE AR
ALRERIE S T AEY R R HE .
SFTRITSE 19972004 AF AL R 3 | RE A Bl 25 A8
b, & BB i 3 5 B BT RUE A . SRR
SE NI AT R |t A% 1 T A el R s AR TR Y
75 AR B T RE PR B ) 84T o R R (H R
FET OB A OC R PRIR L B = X0 A JB 2T 4 R A Ly
AT SE . A R G o S RE AL MR T T 5
FEAERAEAR RS Ay i RO
L HIX SRR MRS T SRR R B AT, A
WFSE 2R B L B vm 2 4 7 B RN 2 35 5 kv (i B £ B
FREERR R 25000 X WY o P IR 4 g e e =R et
P S A2 I R A R £l R R RE AR R HL
B[R] AL 8] 4 352 4% 200 R S RE SR s RE RIS 0. I
I o T 25 R A 2 a0 IR D B U e B A
SR R R A R A MR A A EEE X,

FAT A e S M =i Ao oy SO 255
AR OE I RIS A R E . A WE S L
96 153 155 S A SRl A B R AR A W] PRI 23 A e e 25
A i e 7 A4S ZE M rh 5 AR IR G a3 1] B4 AH 56 56
£ BTERV S HIE Ol i R KA AT LA
35 A B YR v B o b ok R B BRI AR AR

1 #HE57EE

1.1 iXIEHhe

I T 2017 4F 7 1 VG A A IR T R
(37°08" N, 112°06" E) Fniuf 4t 4 & M i o [ A alk K
SN SE 3 (39°28" N, 115°51" E) #EAT, M 5 2
J& TR KBl E T R, 2017 4R A AR TR AR
BIREK &= 398 mm, AR SRR 10. 4 °Cs i M
i A5 AR $4 B KB RN AR 2SI AR B 4 R
550 mm Fl 11.6 °C, #& MR 3% [ Al F - 48 7 Hb 1)
R 5 B o s A R T S R P HE TN T
Fib . AR A 0~30 cm 2 9 1+ HE PR AL PR R
J:pH 7.4 ML 16,2 g/kg 2AE 1.7 g/kg A M
fif 63. 3 mg/kg ERAN 362. 8 mg/kg., FHM kA

3 pH AR A [ (B8 ) 841K, 22 B0 A HL
9.9 g/kg 2R 1.1 g/kg A RWE 22. 7 mg/kg . L
# 80. 5 mg/kg.,
1.2 4

PEH] 96 e B A2 s f, 12 RS2 &R 8 Ay
NEREAE WY I L AR ™ 4. 12 IR E
REMELFN 8 AT RAM B R E R LAY, W& 1,
12 AR RS2 72 M OREAL A5 i e 58 | 2B W) 0T s 3 ROKF R 2y
Se R 5 0 R AR T e BRI DR ZE AT
KEFFR " RN REIR = e T AL BR A, 4
AL AT RZMEICHT ZH TR E 2 &%
SR o AMPA50 7 S # 8 rh ik g8 A2 R R BT R &
#HIK:2 I ASAER(TINNATRELF) . 20
SEAKRIR )z AR A Y 96 1 2 A B A T B A ant
e ZREVE , B AT B AR R
1.3 AWM KAER

96 o7 = S22 PP F 2017 A 43 B AE A AR T FHE
P s R AE R 8 2 LI i, 3 IRE &
AT X /N AR 3.6 m® . AT /1N XA H [a] 457 2 (]

SCHRL15].
1.4 EERiERNE
2%/ X B LA L 0 SR IBORE I I E Ak

1R ML AR W AR R v T VAR (AT R R AT
Yk 2 R R A a0 ik R k(15 ],
1.5 HEFEHH
1o SR R £ W A T PR A T
(L4 Z L0 2 2 Fe AL 19 OB 43 545 T 51 A X
HEN,
ALV A B i = AT MRS X
FH =4 X 0.51 X 0.85 X 1 000/0.79 (1)
JE AT PR R e Ak B B = AR AT PERE X
T X 0.51 X 0,85 X 1. 11 X
0.85 % 1 000/0.79 (2
A (D)~ 2)H:0. 51, Wi etk LT 1 5 AL 2% 0. 85,
YR ML e R AL R R 7 80850, 79 W &
FERE  g/mL; 1. 11, 2R 4 2 PR A7 4 R0 B
AL REL
S CORE i = RPN Qs R+
Ak TV W e Ak £ T e 3
% F Microsoft Excel 2016 i+ & ¥ EMZ R &R
. N SPSS 25. 0 B HEAT O 25 M et L FE R
Gy RN 22 FLEE A AT . R ¢ A 6 4 A K 6 A T Y 22
S A B E M TE P<<0. 05 KF,



5 M VPG o e A SR 2

55 R TR B R A S A 43 B 3

F1 HEASREFKESERE

Table 1 Origin and types of parental sorghum lines used to generate hybrids
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Table 2 Mean squares from combined analysis of variance for the traits measured across environments

AR 75 Sk YR 77 Mean square
Trait Source of variation % Stem 0 Leaf
AR 848. 85 70,537
=N
HH \. .
_ 28275 21 221.95 204, 99"
Yield
F PR R XCRR 143.64° 13. 84
F A 7Y 32 814,37 676.09"
] R
B 117 522. 81" 15 630. 68
Soluble sugar content
J IR 7R X IR 8 4 680.52" 477.00
3 PR #Y 5 085.76"" 277.50"
FHREE
g 78 223.78" 4 971,05
Cellulose content
I (R 7 IR B 1217. 62" 163. 90
AR 4 231,79 146,18
P E G m N
7% 2 376.04 3 511,15
Hemicellulose content
F R 0 X IR B 881.817 111.39"
R R 1 845.05™ 87.48
JRR &
27 26 081,62 15 162.97
Lignin content
I (R # XIRE 418.58" 84.58
F R 7Y 603. 48" 307.717
KAy &
78 1 008. 66 1702.20%
Ash content
I (R H XIRE 137.61° 173.77
e R A 115 769 125. 67 6 177 816. 12"
BIS O W yE i . )
78 3 642 864 472,15 11 217 712.66™
Theorical ethanol yield
F R X FR 21 349 737.41" 1 145 374. 30

/\”Uizo 83 1 0. 85,

v L oex Fl s S RIFEIRTE P<<0.05,.P<0. 01 Al P<<0.001 /K F W3, FH.
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Table 3 Variations of tested parameters of sorghum hybrids

Hh wE et o] He/ME ¥ {E siﬁi A5 R Y
Site Organ Parameter Max Min Mean Ccv
deviation
FEa/ (1/hm?) 62. 2 1.8 19. 4 11.5 59. 4
R PERE 5/ (g/kg) 429.6 21.6 229. 3 88.9 38.8
HH{EEGE/(g/k) 352.3 132.7 238.0 35.9 15.1
ES YR S/ (g/ke) 286. 2 100. 7 176.5 36. 3 20. 6
KRR E &=/ (g/kg) 181.1 70. 3 122.1 21.5 17.6
Koy &/ (g/kg) 85.5 20.5 41.8 13.3 31.9
PN g 2B a/(L/hm®) 23 326. 4 592.9 6 681.6 4 096.3 61.3
Jiexiu FEhE/(t/hm”) 30. 2 2.5 10.1 4.5 44.5
AR S &/ (g/ke) 117. 8 16.7 70. 4 19.6 27.9
FHR &=/ (g/k) 304.5 245.8 271. 4 11.7 4.3
nt FLYER S/ (g/ke) 238.8 187.3 213. 4 8.0 3.7
RFEE S =/ (g/ke) 149. 6 110.1 128.1 7.5 5.8
Rt/ (g/ke) 122.1 64.9 90. 8 10.0 11.0
B LB R/ (L/hm®) 8 342.4 671.9 2 929.4 1343.9 45.9
7o/ (t/hm?) 100. 8 2.0 31.5 18.6 59.1
R VERE R/ (g/kg) 444.0 29. 2 258. 4 94. 2 36.5
YRS E/(g/ke) 379. 3 162.9 261.3 43.3 16.6
EN LAY R E R/ (g/kg) 259.7 107. 4 172.3 30.9 17.9
ARIEE S &/ (g/ke) 218.0 70. 9 135.5 25.9 19.1
KA it/ (g/ke) 91.0 11.9 39.2 13.3 34.0
M T PRI W /(L/hm®) 37 358.6 621.8 11 719.2 7 032.3 60. 0
Zhuozhou 7= i/ (t/hm*) 41. 4 2.6 11.3 5.4 48.0
AT MRS R/ (g/ke) 270.5 3.3 60. 0 24.0 40. 1
FHERE &/ (g/ke) 315.2 207.0 277.3 13.4 4.8
n HOYER S/ (g/kg) 239. 1 144.7 208. 4 10.5 5.1
ARFE &/ (g/ke) 166.7 110.4 138.3 9.7 7.0
Wy &/ (g/kg) 279. 2 41.7 87.4 16.7 19.2

it O mE H/(L/hm?*) 12 370. 3 732.1 3210.3 1554.9 48.4




2021 4 5% 26 %

G R I A N S 4

WBL70— TV FE 0
800 €0°0— T1 HE EH Y
w9170 w870— L0270 TH B EH &G4k
w1270 W€ET0— L ZE°0 .ZET0 DEEEWLZ
10°0 LST°0 w08°0— LGP 0—  L127°0— 1S FH Y M u o
6670 S 9T70— 80°0  xST°0 L1100 500 — AT Hed
S¥8°0 L8T70— 20°0 %310 wlT70 €0°0— 7870 S Bl 7NHE  noyzonyy
w@V0— 2070 900 70°0 ET0— L 9T°0— L TIF0— L.FS0— SV {5 %
010 90°0— €20  LI£°0 L9170 LSET0— L2170 60°0 .2l °0— STEEEH N
60°0— 0070 w0270 .62°0 60°0  WIE°0—  L0°0— LEL0— IO .06°0 H B2 +%
LEL70 90°0— w920  .0£°0 WL1°0 L 62°0— LTI L6100 W8T°0— 670 w1870 SO HE EFH# s
AR 80°0—  w22°0— .92°0— 90°0— L I€°0 170 w6l°0 w¥2°0— w180— .960— .I18°0— SS B MM
7870 w81°0— 7070 10 8170 00— ..S8°0  .66°0 ..2S°0— LSI°0 L0°0— ..61°0 AR AS Bal¥
01°0— TV HE 5
W12°0— .28 TT HE FH
90°0  .LT0—  ..SE70 TH B8 EH 74
W 1€°0 00°0 w8270 L6570 10 HEEHLE
0270 WGE0— L LL0—  LTE0—  ..0Z7°0— IS H 5 m o
660 80°0— .L6T°0— €070 w1270 G170 AT Eal
2870 80°0—  .l1°0— 0170 2870 VL0 L1870 SH =l wll 2 NS nixai[
W87 0—  .,52°0 6270 60°0— WE€E°0— LL2°0— LLVO— LF90— SV HEL0M % oy
00—  .VZ2°0 «8€°0 w1170 170 «07°0—  20°0— .81°0— ..6Z°0 STEHEEU Y
LPE0—  LT20 S €770 010 *PT0— L IF0— .28°0— ..6F0— .ZL°0  ..8L°0 SH HE 2¥#l7+4%
LEL0— 1270 W €70 LAT0 700 w68°0—  I1°0— ,.I12°0— .SGF'0  .€870 ~ 7870 SO BEY ¥dilEw
9270 wl20—  LZF0—  60°0— 90°0  wZP'0 €270 970 LE90— .88°0— L.E6°0— LE€3°0— SS BE#MHEYU T
L7870 90°0—  .9T°0— 0170 L6870 %2170 880  .66°0 .P90— xZ1°0— .lP0— L60°0— ..0F°0 AS ¥
me Mﬂ uQHQEmHmm mtm
73 v T1 TH 0 1S AT SL N\ ST SH SO SS s _—

WX AT

HEE v

noyzonyy pue NIXal[ 18 pajen[eas spliqAy wnysios jo sisyoweled paredl Lienb pue paif jo sisf[eue UoOnB[PII0) § d[qeL

HOE N E L i E



% 5 W VIRSF S AR 20 Al ZE o 7 i 5 R TR BT P R DG 23 7

2.4 ERHHW

FH 5 A2 AN AR > 1 A9 E s R 4
A H BT STk R N AR T 84, 22%0 , N T 78. 95%0,
CE T P KRN I N X (=0 O

FENRTTR AL B 1 B FRIE(E R 4. 14, 5T
Bk 29,5706 Fo 88 1 3= it 43 b ik i A Y
P 2, 1 7= AL ) B 4 o B R R 0. 95, Hk
RZEFE (0. 94) FIZE Y BEE 2 B hE (0. 91) L (A Ik
5 1 B PR =R T, 8 2 BT
kR 27,8596 s HARRAIF 1) 2 40 X6 {8 5 K 9 IR
AR AR (—0.93)  HIR B W T g RS

w0, 9D AR TR O0.ID.ERTR F &
(0.90) , HZE AT i 3% 1% ik (1 FRAE 1] 5k 246 %o {38 >
0. 90, IG5 2 3 B Ar FR o 25 B ok (b & 9 R
55 3 2 A A A AIE i ek 4 (L i K A AR A 2 £F 2
R 0.90), KGR L4 R & & (0. 76) (AR5
R 0. 44) AR AL (0. 38) , PR H:
PR Aok A AR 7. 55 4 F2 o R AE 1) 4
X E B B M AR A i B K 43 B it (0. 81, k2
AR S B (— 0. 73), Hoob e i k] s v
T 2R 4 A R B 2 R R AR N
FUAE o PR LR SRy i 2 7= e 5 S i o R

K5 BRESHEMFTENGEERELSSN

Table 5 Principal component analysis of characters in sorghum hybrids

MR Jiexiu FHINTT Zhuozhou
g

Parameter %1 52 %3 54 51 52 %3 54

F WS F S F S BT F WS F S F S F WS

E Sk 0.94 —0.20 0.13 0.01 0.95 0.03 0.11 0. 04
TR 0.23 —0.93 0. 00 —0.17 0.18 —0.95 —0.01 —0.11
YR S ht —0. 04 0.91 0.11 0.15 0.18 0.93 0. 06 0.12
VYR —0.32 0.91 —o0.01 0.16 —0.12 0.97 0.07 0.08
EARTER S & 0.05 0. 90 0.13 0.15 0.12 0.96 0.09 0.11
LIRS —0.56 0.52  —0.23 0.19 —0.65 0.01 0.10 0.12
ESL VAN Vs s 0.91 —0.25 0.13 —0.00 0.95 —0.03 0.10 0. 04
n g 0.95 —0.01  —0.01 —0.07 0.92 0.01 0.09 0.11
IR Cp e e e 0.14 —0.28 —0.38 —0.73 0.08 —0.29 —0.36 —0.51
YRR 0.34 —0.03 0.76 0.13 0.16 0.01 0.39 0.57
LT Y R 0.01 0.11 0.90 —0.02 0.05 0.25 0.77 0.25
MR TR E —0.18 0.29 0.44 0. 69 0.01 0.14 —0.10 0.88
R 43 it 0.03 0.13  —0.31 0. 81 —0. 11 0. 06 —0.87 0.02
- HE I 2 0.95 —0.02 0.02 —0.12 0.92 —0.01 0.11 0.10
FRIE(E 4.14 3.90 1.92 1.83 4.07 3.78 1.70 1.51
TR/ % 29.57 27.85 13.74 13.07 29. 04 27.0 12.15 10. 77
FitvrmkE/ % 29. 57 57.41 71.15 84. 22 29. 04 56. 04 68.19 78. 95

TEHM Tl 38 1 U RRAEAE Oy 4. 07, 5T
BRA N 29. 0406588 1 0 22 9 G S B
P25 B 7 R 1) 4 o fE B R P49 08 0. 95, Lok
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