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Cytoplasmic Male Sterile Line 378A (3006)

1964
Introduced from Texas Agric. Exp. Stn.
Evaluation of Morphological
Characteristics and Combining
Ability
1980 Sudangrass 744 (2098) Intrduced from
Dekalb Agric. Res. Institute
Selections of Superior Plants
for 3 Generations
1985 Single Cross F1 Hybrid Male Parent 2098-2-4-4
1986 Performance Trial of F,
Hybrids (Hybrid No.60-11)
1987 Preliminary Yield Trial of F,
Hybrids (named ‘Hirokou No.90")
1988 named ‘Chugoku Kou No.31
Yield Trials in Hiroshima Test of Performance to Seeding Density -
Yield Trials in 5 Agric. Expt. Stn. in and at Differnt Harvest Stage
1989~92 Japan Digestion Trials and Measurement of
Tests for Resistance to Leaf Blight and Content of Crude Protein
Leaf-sheath Rot in Iwate and Saitama Evaluation of Characteristics of the Line
Agric. Expt St\n,‘respectively. and Parents
Tests for Seed Production
1993 Registered as Sorghum Norin No.8 and
Named ‘Green Ace’

Fig.1 Schematic representation of breeding ‘Green Ace’ sorghum.
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Fr 77 A1 « REOFRHERERTY, BEN, W
i, B Lo L L TEERT4H4E2E 155
R EREREL o, THMREBEEOEL S 32K
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TOHEREES, FERR LY ¥ —EAHE L EHES
ERBSE TT o7z, £ORR, BETIIBED AT
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Table1l Morphological characteristics of a female and a male parent of Green Ace.

Culm Panicle Tiller Leaf Number Juciness Panicle Density 1000
Line Length Length Number of Shape of Kernel
(cm) (cm) Main Culm  Culm P! Spikelet ~ Weight(g)
378A 124 23 1.3 Jucy Cylindrical  Compact 25.0
2098-2-4-4 244 41 7.8 Dry Conic Sparse 14.8

Table 2 Heading date of a female and a male parent of Green Ace seeded in early May, late May, and early June for 3

years in Hiroshima.

1988 1992
Seeded ? 3 -3v Seeded ? é ?-gv Seeded ? 3 -3V
Date Date Date Days Date Date Date Days Date Date Date Days
May 9 Aug. 5 Aug 2 3 May 9 Aug 2 July 25 8 May 11 Aug. 1 July 26 6
May 23 Aug. 7 Aug. 8 -1 May 23 Aug. 6 Aug. 3 3 May 29 Aug.19 Aug. 19 0

June 7 Aug. 16 Aug. 16 ]

June 5 Aug. 17 Aug. 12 5

June 18 Sep. 5 Sep. 10 -5

1) 9:378A; 3:2098-2-4-4; 2-8:(Days from seeding to heading in 378A)— (Days from seeding to heading in 2098-2-4-4)
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HIBEHALST V> P9S8 (ZEIEH), SS206 (ZHIER, A
A=tV T—) RUESX17 (# 3 afH, ATy 7R
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¥, HBENSEMELWRBER, LEEROBHITH
BHERBR 21T, B CHESEZ I & 25 EEER
B, RETERR, £ A7 — JHNIKEE, HFERER,
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Table 3 Heading Date of Green Ace, $S206, and P§88
seeded on May 28, 1991 in Hiroshima.
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e —10Rsf & L7eo —A, BELERIBCTLY, 5
H 8 BB 2 EREAFKL, 6 H28HBEX* iR
SR E L, HEABEOZE2R2 L, S5206 i3k =
BETRZOVHHMER - HRHET TS HHFEBE LY,
R - EHRHETT6 BB %o, $72, P98I,
BECEFRL L, AERKSIRREL ko, — 7, 7V —
Y I —ZARBBFHFR, SREHERE bIENZL, H
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EABEMOERR L, ) -z —AMbOREE &
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BEfEI60cm, PRE20cmDEAE 2, WS E2KE, &K
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HEE% Figl3 wWm Lz, FIXZo0D7: o icBEBZHSLA X
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P988 %> S5206 X 0  #40emF &, &/, U —vK—
Z7ED 620cm, €FFED H0mEV, BERTH-
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DA — " G & [z PSR CRIE SIS 3BT H 5

Line Heading Date
(Fig.2), BETHEEELTEDON, ) —rx—R
Green Ace _ Aug. 12 .
$S206 Aug. 2 18mmT SS206 X D % 3mm, P988 XV & dmmk <, ZX—
FrMEEOPTERELR Y, T8 7Y — v h—

P988 Aug. 6

- Table 4 The effects of day length and temperature on the heading date of Green Ace, SS206, and P988 investigated in a
day length controlling greenhouse in 1991.

Days from Seeding to Heading Difference
Li 12-hour Day Length 14-hour Day Length . of the Days
ine

Seededon  Seeded on _ Seededon  Seeded on o _ _

May 8(A)® June28(B)» B A May 8(C)* June2s@yp L C A-C B-D
Green Ace 79 70 -9 79 0 -9 0 0
S5206 64 64 0 69 58 -11 -5 6
Pogs 73 70 - -3 70 65 -5 3 5

1) A:days from the seeded date, May 8, to heading date, which means the plants grew under cooler condition than seeded
on June 28 (B) and under the same short day length. C:days from the seeded date, May 8, to heading date, which means
the plants grew under cooler condition than seeded on June 28 (B) and under the same long day length.

Therefore, (B-A) means the effect of temperature on the heading of lines under short day length and (D-C), under long
day length. (A-C) means the effect of short-day treatment on the lines under cooler conditions and (B-D), under
warmer condition.




)INED BN LAFRE ) -2 — 2 DBRIZOWT 43
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Table 5 Morphological Characteristics of Green Ace, $5206, P988, Green Hope, and Sendachi.

Characteristics Green Ace S5206 P988 Green Hope Sendachi
Culm Length(cm) 287ns 242ns 243ns 265ns 213ns
Ear Length(cm) 33.1b 27.0c 27.4¢c 37.9a - 24.7¢
Panicle Sape Conic Conic Conic Conic Conic
Density of Spikelet Sparse Sparse Sparse Sparse Sparse
Culm Diameter(mm) 18.3a 15.3bc 14.3cd 16.4b 13.2d
Tiller Number 3.0ns 3.5ns 3.2ns 1.9ns 3.7ns
Node Number 12.5ns 11.2ns 11.2ns 10.4ns 10.5ns
Leaf Length(cm)? 68.7ns 65.5ns 64.2ns 68.7ns 56.5ns
Leaf Width(cm)" 6.1a 4.9c 5.8b 6.3a 4.9¢
Juciness of Culm Dry Jucy Jucy . Jucy Jucy

Means within a row followed by the same letter are not significantly different at the 5% level according to Duncan

multiple range test.
1) The second leaf from the flag leaf.

Table 6 Plant height, culm diameter, stem number, seedling vigor, regrowth, resistance to diseases and aphid, tolerant to
lodging, and dry matter percentage of Green Ace, SS206, and P988 averaged from the data of the yield trials
cultivated in row in 8 agricultural experiment stations in different parts of Japan from 1989 to 1992.

Characteristics Green Ace . SS206 P938
Plant Heigit (cm) 1st Harvest 286 257 258
2nd Harvest 280 249 252
Culm Diameter (cm) 1st Harvest 12.5 10.7 10.7
2nd Harvest 12.0 9.7 10.6
Culm Number (/m?) 1st Harvest 37 39 38
2nd Harvest 34 38 35
Seedling vigor"? 1.8 1.8 1.9
Regrowth" 2.1 1.6 1.8
Leaf Blight? 3.8(R) 9.6 (R) 6.5(R)
Leaf-sheath Rot® 16.4 (MR) 24.6 (M) 19.6 (MR)
Aphid® 1.4 1.9 1.4
Lodging® 1.5 2.0 2.1
Dry Matter Percent 1st Harvest 17.4 17.6 . 17.6
2nd Harvest 19.4 18.6 17.9

Data except for disease resistance were obtained from 6 agricultural experiment stations mentioned in Table 10.

1) Rating by observation(l =excellent,5=bad);

2) Index of infected leaf area measured in Iwate Prefectural Agricultural Experiment Station:R =resistance;
3) Index of infected area measured in Saitama Prefectural Agricultural Experiment Station: MR =somewhat resistance,

M =medium;
4) Rating by observation (0=none, 5=occurred much)
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hilium turcicum (Passerini) Leonard & Suggs) Xt
LIEFMRERBROBR L MERR TITbh, SUHR
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TIERERBROERE Y Table 6 WWiRkL7, T 805
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Table 7 Percentage of crude protein in dry matter of Green Ace, SX17, and P988 harvested at different growing stages (%)

Before Heading (Plant Height:160cm) Boot Stage Heading Stage
Line
Ist 2nd 3rd Mean 1st 2nd Mean 1st 2nd Mean
Green Ace 16.0 13.6 15.1 14.9 9.9 11.0 10.5 7.6 6.7 7.2
SX17 15.6 14.7 14.8 15.0 9.1 10.1 9.6 7.7 6.0 6.9
P98s 14.9 12.3 14.4 13.9 8.0 10.1 9.1 7.5 6.4 7.0

Measured by Kjeldhal method

Table 8 Digestibility of dry matter(9%) of Green Ace, SX17, and P988 harvested at different growing stages.

Before Heading (Plant Height:160cm) Boot Stage Heading Stage
Line
1st 2nd 3rd Mean 1st 2nd Mean 1st 2nd Mean
Green Ace 50.0 53.2 49.1 50.8 39.3 43.5 41 .4 40.5 42.0 41.3
SX17 51.6 55.4 52.4 53.1 41.3 45.6 43.5 44.5 49.5 47.0
P988 50.7 54.8 50.2 51.9 40.1 42.4 41.3 43.7 49.0 46.4

Measured by one step cellulase method (1.09% cellulase shaked at 40°C for 6 hours).
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FROGBELERIRDLEBY ThHo7z, 1989FE RS
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BER L. 190ERBRRRIS» > LBERICHEREL
2o 1991 BRSO HBEND R, BET
Holze 19FER TR CRBIREL o7z, £z, BT
hOEHHENRFO 1 HFEOFRK BRI L 5 2 BEDHE
R EOHENH >z,

7Y =T~ AQEYINER, BETH- 71915 % -

BT 200keg/ a LA ED SR ER L, ABRNIRM =8 U Tl
D2RELD b oz, 19894 £ 1992412 i fhEERT I
BEESAD SN, 7V —>x—AIF19894E 12 X P98
¥ SS206 & D #I50kg/ a bULESE < & D, 19924DF
DT 13H9250ke/ a L BB E 2 D, SS206 & B 940
ke/a B o tze 77, 19914 b MERICEEELGHED

sh, 7V —rIT—AQEYINEIZI0ke/ a 2 Z,
P988 & Y 30keg/ a, SS206 £ D60ke/am<, WETH
EEADENZ LBREN, 4 FROEHER RS L,
7)) —vx—ADEYINEI3215ke/ a T, PI88 L D15
%, SS206 & D 22%BIL L 75 o s
(2) REBEEHARE BT 2 BIBFTOREYINE
RHEICERERER 6 5T L LBERK )5, 7
Y—rx—R, PI88 K 1rSS206 DEEHEMINED 4 F
MOFHE%: Tablel0 R L7z, 7Y —rx—AREA
BEFKIzBW»T, PSSzl T30ke/a, EIETI%
HNTH oI, Rk, #WHENFRTI0ke/a, HET
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kg/a, BET2%EWNTHo7, LLEFHT B &,
) —vI— ZAQEYINEIZ PISS kL L TH#10%,
SS206 & H# L THIB%FINTH o 7zo REFHERALILE
BRKBUTbIL 1 FHOZOFEHABROERZ
Table 11 TR U7z, MRS, REEICIERERR
6B L LR T 2 LB ELLABRT, Avik¥EEKE
EUBAEBLTHLE L, £ KT EERERLI
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Table 9 Dry forage yield(kg/a) of Green Ace, $S206, P988 in yield trials in Hiroshima Prefectural Agriculture Research

Center from 1989 to 1992

Year
Line
1989 1990 1991 1992 Mean
Green Ace 220(133) 200(108) 194(121) 248(105) 215.5(115)
55206 169(102) 189(102) 136( 85) 206( 87) 175.0( 94)
P988 165 (100) 186(100) 160 (100) 236/(100) 186.8(100)
15.d.6%) 20.5 ns. 12.3 156 .

Numbers in the parenthesis are ratio to the yield of P988.
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Table 10 Mean dry forage yield(kg/a) of Green Ace, $5206, P988 in yield trials in 6 agricultural experiment stations in

different parts of Japan from 1989 to 1992.

Experiment Station?

Line
Hiroshima Kagoshima  Nagasaki Kagawa Aichi Kanagawa Mean
Green Ace 216(115) 159(105)? 244(102) 197(107) 202(110) 187(119) 201(110)
‘55206 165( 88)2  150(100)®  229( 96) 185(101) 182( 99) 156(100) 178( 97)
P988 186 (100) 151(100)? 239(100) 183(100) 184(100) 157(100) 183(100)

Numbers in the parenthesis are ratio to the yield of P988.

1) Hiroshima: Hiroshima Prefectural Agriculture Research Center; Kagoshima: Kagoshima Prefectural Agriculrural
Experiment Station, Ohsumi Branch; Nagasaki: Nagasaki Prefectural Livestock Experiment Station; Kagawa:
Kagawa Prefectural Livestock Experiment Station; Aichi: Aichi Prefectural Agricultural Experiment Station;
Kanagawa: Kanagawa Prefectural Livestock Experiment Station

2) 1989~91 3)1989,91,92

Table 11 Dry forage yield(kg/a) of Green Ace, SS206,
P988 in yield trials in 2 experiment stations
situated in the cooler area of Japan

. Experiment Station"

Line
Nagano Syoubara
Green Ace 288(116) 188( 90)
55206 279(113) 150( 96)
Pog8 248(100) 151(100)

Numbers in the parenthesis are ratio to the yield of P988.

1) Nagano: Nagano Prefectural Livestock Experiment
Station; Syoubara: Hiroshima Prefectural Livestock
Experiment Station
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Table 12 First, 2nd, and total dry forage yield(kg/a) of Green Ace, 55206, and P988 cultivated with the different seeded

rates.
Seeded Rate
Line 200g/a 150g/a 100g/a
Ist 2nd Total 1st 2nd Total 1st 2nd Total
Green Ace 104 112 216(111) 119 128 247(127) 127 126 253(117)
SX17 113 82 195(100) 100 72 173( 89) 111 79 190( 87)
P988 99 97 195(100) 99 96 194(100) 113 103 217(100)

Numbers in the parenthesis are ratio to the yield of P988.
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Table 13 First, 2nd, (3rd), and total dry forage yield(kg/a) of Green Ace, SX17, and P988 harvested at different growing

stages.
Before Heading (Plant Height:160cm) Boot Stage - Heading Stage
Line .
1st 2nd 3rd Mean 1st 2nd Mean 1st 2nd Mean
Green Ace 33 31 33 97(103) 104 88 192 (103) 104 112 216(111)
SX17 30 24 22 76( 81) 81 46  127( 69) 113 82 195(100)
P988 31 32 31 94(100) 113 73 186 (100) 99 97  195(100)

Numbers in the parenthesis are ratio to the yield of P988.

Table 14 Seed yield of Green Ace, its parental male sterile line and the maintainer, Green Hope, and Sendachi in separated

seed-production fields or artificial crossing.

Line Year Seed yield Method of 1000 Kernel
: (kg/a) Seed Production weight (g)

1991 19.3 Artificial? -

Green A 1992(2)? 12.0 Field 23.3

Teen

een nee 19920 11.8 Field 25.0

Mean 11.9 - 24.2
1988 11.8 Field -

Green Hope 1990 1.1 Field 22.4

. Mean 11.5 - 22 .4

Sendachi _ 1986 10.1 , Field 22.0
378A (Male Sterile) 1991 18.2 Field -
378B (Maintainer) 1991 29.9 Field -

Proportion of rows for the female parent to male parent in the seed production fields were 4:1.

1) Artificial crossing was conducted by covering each female inflorescence and a male inflorescence with an embelope.
The male stem was cut and put into a small vase stuck to a female stem.

2) Rows for the male parent in the test(a) were coverd by a black plastic Sheet. When parental lines were seeded on May
13, 1992, the female parent and male parent in the test(a) headed on August 1, and July 23, respectively and the female
and the male parent in the test(b) headed on July 31 and July 25, respectively.
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A New Forage Sorghum Cultivar ‘Green Ace’

Hitoshi Nakacawa, Mitsuhiro MAEDA, Yoshiaki Do,
Masahiro MATSUURA, Zennosuke KATsuB4, and Takeshi ENDO

Summary

A new forage sorghum cultivar, Green Ace, was released and registered as ‘Sorghum Norin 8’ in 1992. Its major

morphological and agronomical characteristics are summarized as follows:

1. Green Ace is an F, hybrid between a cytoplasmic male sterile sorghum line, 378A, and a selected sudangrass

line, 2098-2-4-4.

2. Green Ace is more vigorous and gives higher yield than the other sorghum-sudangrass hybrid cultivars, P988

and SS206, in warmer area of Kanto, Toukai, Chugoku, Sikoku, and Kyushu of Japan. Its mean total dry yield of 2

or 3 harvests is ca. 200 kg/a and higher than the other cultivars by 109§ or more.
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3. Green Ace is early to mid-maturing and comes to heading around August 12 when it is seeded on the end of
May.

4. Green Ace is tall and has thick and dry culms compared to the other sorghum-sudangrass hybrid cultivars.

The culm length reaches 280 cm, longer than P988 by ca. 40 cm, the inflorescence length is 30 cm, longer than P988
by 4 cm, and the diameter of the culm is 18 mm, thicker than P988 by 4 mm, when it is separately planted in
Hiroshima. When it was seeded in row, Green Ace is taller than P988 by 30 cm at the first and second harvest
time. Although it is very tall, it is tolerant to lodging as the culm is thick. The leaves are wider than P988.

5. The content of crude protein in Green Ace is higher than P988 at the immature stage (160 cm high), at the boot
stage, and at the heading stage. The highest percentage of érude protein is more than 16 % at the first harvest of
the immature stage and the differences between Green Ace and the other cultivars are larger at the earlier stages.

6. The digestibility of the same samples for measuring the crude protein in Green Ace measured by the one-step
cellulase method is same or lower than P988 and SS206. The values are from 40 to 53 % and significantly lower
than the others by 3 to 7 % especially at the heading stage. The main reason is probably that the culm of Green Ace
is dry and the others are juicy though we need further investigations to prove it.

7. Green Ace is resistant to leaf blight (Exserohilum turcicum (Passerini) Leonard & Suggs) and leaf-sheath rot
(Rizoctonia solani Kuhn). .

8. Green Ace is more productive than P988 and SS206 when the seeding ‘density is either 200 g/a, 150 g/a, or 100
g/a. Through this experiment, the adequate seeding density for the highest yield in sorghum-sudangrass hybrid
cultivars is from 100 to 150 g/a if the germination of the seed is high. Besides, the cultivar is more productive than
P988 and SS206 when we harvest either 3 times at the immature stage, 2 times at the boot stage, or at the heading
stage. The yield is higher as the stage proceeds. Agronomically, Green Ace'is useful for the farmers because it is
more productive than the other cultivars regardless of the seeding density and harvest time, resistant to the diseases,
and tolerant to the lodging. As the digestibility at the heading stage of Green Ace becomes lower than the other
cultivars, farmers should be careful when they use it.

9. Green Ace is productive and suitable widely to the warmer area of Japan. As we have two opposite results
when they are cultivated at two places in cooler area, we need further experiments to elucidate whether it is suitable
to cooler area.

10. When the parental lines of Green Ace are seeded in May, there is no problem for the seed production of Green
Ace because the male parent flowers somewhat earlier than the female parent. The seed yield, however, isca. 12
kg/a when the proportion of the female and male row numbers is 4:1. Though it is the ordinary seed vield of the
cross between sorghum and sudangrass, the yield is the half of the cross between the male sterile line and the

maintainer, that is the cross between 378A and 378B. This may be caused by the lower supply of pollens from
sudangrass lines than from sorghums.

Key Words : New cultivar, Cytoplasmic male sterile, F, hybrid, Sorghum, Sorghum bicolor (L.) Moench, Sorghum
sudanense (Piper) Stapf. '
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Fig. 2 Inflorescences of Green Ace (center), its female parent (378A: left), and its
male parent(2098-2-4-4: right).
A scale bar indicates 30cm.

Fig.3 Green Ace and some sorghum cultivars at flowering stage.
From the left to right (each cultivar has 2 rows), P988, S5206, Green Ace,
Green Hope, and Sendachi.
A pole indicates 2m.
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