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Research on lodging resistance of Al-type and A3-type cytoplasm
sweet sorghum (Sorghum bicolor)
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Abstract The purpose of this study was to investigate the similarities and differences of lodging resistance between
Al-type and A3-type cytoplasm sweet sorghum. The result may help breed lodging-resistant hybrids and solve the
lodging problem in sweet sorghum. Five A3-type and 5 Al-type cytoplasm sweet sorghum hybrids were used for this
study and the natural lodging rate. breaking rate, and results of tensile force test were compared and analyzed. We
found that the natural lodging rate and breaking rate of A3-type cytoplasm sweet sorghum was significantly lower than
that of A1-type cytoplasm sweet sorghum. The stalk enrichment degree and stalk wall thickness of A3-type cytoplasm
sweet sorghum was significantly higher than that of Al-type cytoplasm sweet sorghum. A3-type cytoplasm sweet
sorghum had a great superiority in anti-bending ability compared with A1-type cytoplasm sweet sorghum. When stalk
was pulled to 45°.60° and 75° from vertical direction with spring scale. the used tensile force of A3 cytoplasm sweet
sorghum was 16.44% 15.63% and 18. 58% , respectively, which was more than that of Al-type cytoplasm sweet
sorghum hybrids.and the corresponding retrieved angles were 3.70°.3.96" and 4. 08" lower than A1l-type cytoplasm
sweet sorghum, respectively. We showed that A3-type cytoplasm sweet sorghum hybrids had a great lodging resistance
potential and obvious advantages to used for bio-ethanol production.
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Table 1 Hybrids’ code and their crossing combinations

(A7 HE /WK

Al-1 a1

Al-2 7050A1/LTR108
Al-3 7050A1/LTR112
Al-4 iLHf 6 %=

Al-5 7050A1/LTRI114
A3-1 307A3/1.TR108
A3-2 309A3/1L'TR108
A3-3 311A3/L'TR108
A3-4 L9 =

A3-5 303A3/1.'TR108
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Fig. 1 Variations of natural lodging rate and natural

breaking rate for sweet sorghum
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Table 2 Comparison of the lodging-resistance factors between Al-type and A3-type cytoplasm sweet sorghum

L TUEE 51 K/ em S FFHEJLRE /mom SEFFRE R/
cm B3 WS T B3 HsH 7 (mg/mmb) %
Al-1 167.0 ab 20.5 ab 22.7 a 23.3 a 20.6 b 19.6 ab 17.6 b 415.5 a 19. 6 ab
Al-2 147.9 d 18.9 ¢ 19.6 b 19.9 b 20.5 b 19.5 ab 16.8 b 402.3 b 18.4 b
Al-3 154.1 ¢ 20.8 b 22.6 a 22.9 ab 18.5 ¢ 18.3 ¢ 14.0 ¢ 394.1 ¢ 16.5 b
Al-4 145.8 d 19.8 ¢ 20.3 b 20.7b 19.8 b 18.8 ¢ 17.3 b 409.2 b 18.2 b
Al-5 150.0 ¢ 20.3 b 20.9 b 21.3 ab 17.4 ¢ 17.6 ¢ 15.5 be 399.7 ¢ 17.5 b
A3-1 160.8 b 19.5 ab 19.6 b 19.4 b 19.6 b 19.1 ab 17.3 b 408.8 b 19.4 ab
A3-2 170. 3 ab 23.6 a 23.4 a 24.1 a 22.3 a 21.1 a 18.6 a 421.6 a 20.8 a
A3-3 170. 8 ab 23.5 a 22.2 a 22.1 ab 20.1b 19.4 ab 17.1b 413.3 a 19.3 ab
A3-4 166. 2 ab 19.7 ab 20.3 b 20.5 b 20.6 b 19.2 ab 17.2 b 415.7 a 19.3 ab
A3-5 177.5 a 18.9 b 19.6 b 22.6 ab 23.3 a 21.8 a 19.6 a 428.6 a 21.6 a
CVY% 75.7 14.0 10.1 11.4 21.0 17.7 14.6 25.6 11.7
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Table 3 Correlation analysis of the lodging-resistance factors for Al-type and A3-type cytoplasm sweet sorghum

R X, X, X X, X X X7 Xs X, X X
X, 1
X 0.95™ 1
X; 0.68" 0.62" 1
X, 0.03 0.03 0. 36 1
X; 0.06 0.08 0. 26 0.82" 1
X 0.25 0.31 0.51 0.74 0.99™ 1
X7 —0.56 —0.67" 0.65" 0.05 —0.21 0.03 1
Xs —0.40 —0.68" 0.84™ 0.25 0.19 0.52 0.77 1
X —0.63 —0.73" 0.75™ 0.11 0.02 0.39 0.86" 0.80™ 1
X —0.75" —0.74" 0.82" 0.15 0.07 0.29 0.94™ 0.91" 0.88" 1
Xn —0.71"  —0.77" 0.82" 0.13 —0.06 0.21 0.95™ 0.83" 0.91" 0.96™ 1
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Table 4 Analysis of lodging resistance parameters for Al-type and A3-type cytoplasm sweet sorghum

- BUESVERE XTI ZEATAE LR U xR b7 LE X T
Iy/mm’ +% KR E/MPa =X A wy % +%

Al-1ICK  2401.4 b 0 96.3 a 0 75.6 b 0 4.9 be 0

Al-2 1935.4¢c  —19.4 72.8 b —24.3 69.9 be  —7.5 3.3d —32.6
Al-3 1401.2d  —41.6 68.6 b —28.7 52.8¢  —30.1 4.9 be —0.6
Al-4 1372.0d  —42.8 49.4 ¢ —48.6 52.8¢  —30.0 3.5d —28.2
Al-5 1211.8d  —49.5 59.6 ¢ —38.1 45.9d  —39.2 4.5 ¢ —8.4
A3-1 1883.5¢ —21.5 104.9 a 8.9 67.0 bc  —1L.3 6.8 a 36.4
A3-2 2456.8 b 2.3 95.7 a 6.6 83.9 b 11.0 5.7b 14.6
A3-3 2157.8 be  —10.1 69.4 b —27.9 74.6 b —1.2 4.9 be —1.4
A3-4 1996.0c  —16.8 89.5 b —7.0 67.7 bc  —10.3 6.0 a 21.8
A3-5 2724.1a 13.4 104.7 a 8.7 90.4 a 19.5 6.1a 22.6

$1 % 457 60°F 75° 5, AT [nl & & R )y 1] 1Y) £ B
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Table 5 Comparison of tensile force between Al-type and A3-type cytoplasm sweet sorghum under different treatments
o P AsR 1/ F K52 J5 TR A B/ F R¥ /TR
45° 60° 75° i 45° 5 i 60°J5 B 75°05 F 1B
Al1-1CK 2.4 a 2.8 a 3.1a 5.3d 7.5d 10.4 ¢ 4.6 ab 4
Al-2 1.3 ¢ 1.8 ¢ 2.1 be 8.2 ¢ 11.7 ¢ 13.5 b 2.5 ¢ 3
Al-3 1.2 ¢ 1.6 cd 2.0 be 12.7 b 14.2 b 16.6 b 3.4 be 4
Al-4 1.7b 2.1b 2.5b 11.3 b 15.8 b 15.4 ab 2.6 ¢ 5
Al-5 0.7d 1.3d 1.6 ¢ 17.4 a 20.1 a 22.1a 2.8 ¢ B
A3-1 1.3 ¢ 2.0b 2.6 b 8.3 ¢ 11.4 ¢ 14.2 b 5.1a 5
A3-2 2.1a 2.3b 2.8b 3.2d 5.7d 7.3d 5.5a S
A3-3 1.7b 2.1b 2.6 b 9.6 ¢ 10.5 ¢ 11.7 ¢ 4.3 b 4
A3-4 1.2 ¢ 1.8 ¢ 2.1 be 8.1c 12.2 ¢ 13.6 b 4.2b 4
A3-5 2.2 a 2.9 a 3.3 a 7.2 ¢ 9.7 ¢ 10.8 ¢ 5.6 a 4
YE 1.6 2.1 2.5 9.1 11.9 13.5 4.1 4.3
CV% 15.5 10. 6 9.8 155.8 128.5 107.8 30.7 9.5




5 6 39

ARSUBKAE . ALLA3 YL 5T R e 5 i Al 8 1 RE BT 5 97

5. AHEBEMESR.
3 3

A 56 B 1 T R S R I AT DU L X — B
HAEI S Rt o kAR BT . X 5 E A R
() ZEFF 58 B 7 24 48 B i a2 At a] H 78 L2 0] 2= i )
ol Y] AT AR — B A R B
3T, 5 EKRBUR AR ZE AT e 155 1~ 3 {1y [B] mg
A 25 TTREDR A R bR R L I R K
O FEA T B

AT T AL A3 45w 5 A b 8] i 5]
PEAF A B K 22 S 0 JRC PR L o 0 8 B L9 A1 (3
5.7 99 EFFRERLEE (3.5.7 49 (ZEFF 78 52 i AR 7
FEEAT TAH C M i A I 2P R > B O &
JE > ZE R RE R RE > (R ZE A A S R L e
5 HRBRFBMNME R K, X 5% ZEE,
16X 22 R A o B KPR AT 5% 10 45 SR AR — B B Y
8 2% AU RN B 5 9 9 1) 2R AT 2 R AR A i, R AL AT
(R L AR DT R S L ZEAF S BB O R E R &
B B SIRAS MR S RE 77 K B Fi 0 o5 B 1% 1 i
iR,

Tt RHUER b 2P ER S8 SR h )
D5, 25 S F W] A3 20 M BT S AP BTSN T AL ZH
JoT it A 35 T 2 R A SEBRBIR B L — . A3 4
L i 5 R 4 A8 P B 4B AR R 7 5 %) D DR B T 32 440
B R R s m Ab ik 5 HE R A G, T A3 4H
D= S Ui N K I BT E S S A IS i e
P Tk BRERL R OB IE A B ZE A AR R At
Jr e DR G ZE R 7 S B R RE JE R DA KGR e L 3 R
AT 4 5T 5 R A TR A0 3 s T T IR AL T e
J3. 000 AL 20 MBS F M AR R IR . AL 4 ST
b T 8 o ELAG A )RR L I T e B A R
0 R (= R (SRR 2 (A = 71 A B o =
T A3 AL 5 S A A RO N E AL I R
K A RO TR S AR R SR E AR IS K
FF A>T ER A KBS AT UL, A3 4 A R S R
PRV AR K AR W 2 1 1 DR L A B AR
P A W E AT IR S5

(1]

(2]

(3]

[4]

(6]

7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

FAE. EPE R 2R ML JE st AR H A . 2002
Cloninger F D, Zuber M S, Calvert O H, et al. Methods for
evaluating stalk quality in corn[ J]. Phytopathology,1970,60:
295-300

BRSO A 2 A R, S5 A ) 2T 0 M8 AR 5 R S B R F
FELI ] W AR Al K4 2000, 34(1) - 77-80

it B YL TR SR OEAR L A5 IR SR AR IR T A B H 8 AR
REWBLI ] AEY 23K . 2008(3) :54-56

Allen R R. 8¢5 W2k B AE W #0480 K w5 5 i 350 & 5 8 19 3T 52
LI ok HE AR 5% 4 ,2010(17) . 70-73

E R BTG e A s A e 2% 8 ST, A E AL, 2007(5) - 17-
19

ARSIRK L F K. B I S F R O K i E A BRI 2
HAEY),2007,27(6) :403-404

AR A R AL, TR A, R AR SK B ML BT A2, A3, A4,
A5, A6, 9E HEMERE RWFSELI]. thvg Ak FE2,1996 (3) : 35-
37

FAPRE S INER . e a2 v SR st A i R LML b e o O B 2 4
A AL, 2005

ER i, Rk E SR A2 AT R, TRRZ
R A& 4 L) R4, 1990, 16(3) 1 242-251

FEIR SC I, S G4 B K H: DPS i 4k 1 R e [ M.
dbat Bl i h: . 2002

Zuber M S, Kang M S. Corn lodging slowed by sturdier stalk
[J7. Crop Soils,1978,30:13-15

Anderson B, White D G. Evaluation of methods for
identification of corn genotype with stalk rot and lodging
resistance ] ]. Plant Dis,1994,78:590-593

Kang M S, DinA K, Zhang Y D, et al. Combining ability for
rind puncture resistance in maize[ J]. Crop Sci, 1999,39; 368-
371

) ¥y T, B AR K R A il M R S B R i B Y
[J7. FEPI 2422008, 34(4) : 653-661

XL E Bz WAL AR EN R PR T st R L.
b R 8 4R 5 2007, 23(5) £ 203-206

AR AR R S EOK ZEAFUER 9 25 AT LT .
TR 2% ,2002,20(5) :495-497

LR S AR K ERF BT R 1 1 2 AL S L . R A
R ,2003,18(3) :311-313

ARGk, T HaBK KRG, . A3 #4005 Ak R I SR AR
SRR AR A TR ST )L RO R L 2011,
16(2):8-13

WAL E L



