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Summary

This study was carried out to investigate the traits, heritability of
cultivars and soil conditions for establishing the cultural method and
determining possibility of a biomass crop with introduced sweet sorghum
(Sorghum bicolor (L.) Moencn) in Jeju region. The result obtained are

summarized as follows;

Traits and Heritability of Sweet Sorghum Cultivars

Sweet sorghum were seeded on 18 May, 1997 and the traits and heritability
were Investigated to select the best adapted cultivars in Jeju region for a
biomass crop.

1. Days to heading were longest (101.7 days) in M81E71-1 and shortest (83.0
days) in MN-1054, MN-1060 and Mer80-10. The early maturing cultivars were
Wary, MN-1054, Keller and Rio, and the late maturing cultivars were
MS81E71-1, Tamu Rama, Cowley and Sart.

2. MB1E71-1, Keller and Sart had the longest culm, MN-1054, Brandes,
Ramoda, MN-1060 and Cowley had the shortest culm less than 240cm.

3. Keller, Wary and Dale cultivars had thicker stem and Brandes, MN-1060,
Cowley, and MN-1054 had slender one. Mer 80-10, and MN-1060 had larger
leaves and Dale had the smallest leaves.

4. The greatest lodging was in Dale and Wary, and lodging was not
observed in Brandes, Cowley, MN-1060. Wary, MN-1060 and Ramoda had

aphid resistance.



5. Degree Brix in the soluble solid of juice at 45 days after heading was
highest (18°Brix) in Keller. Dale and Tamu Rama had more than 17°Brix
but Brandes was lowest (5.2°Brix).

6. Fresh stem weight and amount of extracted juice per 10a were greatest in
MS1E71-1 and Sart. Total sugar and ethanol yield per 10a were greatest in
Dale, Tamu Rama and Keller but were least in Brandes.

7. Panicle weight was heavier in MN-1060 and Cowley. MN-1060, Tamu
Rama and M81E71-1 had greater grains per panicle and Wary, Ramoda and
Sart had least.

8. 1,000 grains weighed greater than 25g for Sart, Cowley, MN-1060 and
MN-1054, and Brandes and Dale had small seed (20g and less).

9. The grain weight per panicle and grain yield per 10a were greatest in
MN-1060, Cowley and MN-1054 while the other cultivars had lower yield.

10. Degree Brix was not significantly varied from 1 July to 5 August but
were increased on 18 August and highest on 12 September. Brix degree of
aboveground was highest in 8 and 9 internode.

11. Degree Brix after heading was increased rapidly and was 17.3°Brix at
30 days after heading and them decreased from 50 days after heading.

12. Heritability estimates for the soluble solid, days to maturity, grain weight
per panicle, panicle weight, the number of primary branches per panicle and the
weight of 1,000 grains were high. And low heritabilities were obtained in
panicle length, culm length and leaf length.

13. Degree Brix was positively correlated with stem diameter, and ethanol
yield was positively correlated with stem diameter, fresh stem weight per 10a,
degree Brix, juice and total sugar but negatively correlated with grain weight

per panicle.



The best adaptable cultivar in Jeju region for a biomass production appears
to be Tamu Rama on the basis of °Brix, fresh stem weight, ethanol and grain

yield.

Effects of Soils on growth of Sweet Sorghum in Jeju Region

‘Tamu Rama’ cultivar was seeded on 5 May, 1998 and grown in various soils
to determine the best soils for sweet sorghum in Jeju region.

1. Days to heading was shortest on sandy loam soil and maturity was not
significantly affected by soil type.

2. Leaf length and width were greatest in soil mixed volcanic ash but were
shortest in silt loam of non volcanic ash.

3. No. of nodes and stem diameter were greater in volcanic ash soil and silt
loam of non volcanic ash soil but were least in soil mixed sandy loam.

4. Culm length and fresh stem weight were greatest in volcanic ash soil and
silt loam of non volcanic ash soil(350m altitude) but were least in soil mixed
sandy loam.

5. Degree Brix was not significantly affected by soil type and weight of 1000
grains were least in sandy loam.

6. Grain yield was highest in volcanic ash soil and silt loam of non volcanic
ash soil and was least in sandy loam soil.

7. There were highly positive correlation between degree Brix and stem
diameter, and between fresh stem weight and plant height, clum length, stem
diameter, weight of 1,000 grains, and grain yield per 10a.

For sweet sorghum volcanic ash soil and silt loam of non volcanic ash soil

appear better than sandy loam soil.
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Broadhead®} Freemanell ©Jat¥ oE717F & -5 EhiEEoh Bk
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ARE Z7|d FAL 7 e A= PHoEAN 2 A7AE9 sk
olo] 9]ste] Matzinger®t Kempthorne(1956)7} S-<=<ol A,
Tarumota®t Oizumi(1967)= sorghumZ:ol wsle] tpzbx el Fd% A4S
st em 1 A= FF A 71odeka 9

drrs CAERA A" A4 SEFRT iRaEol | A ik
TS el B2 A== 7IAS A uig AHeA8E =vhal &l
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Tahttar BaEtgdth Putnam 5(1991)2 @447 WRTH ethanol AJA
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biomass?t= ol et stAA T FHfKe] At MEIRME FFo] L9l 53
.

Hoshikawa(1981)ell ©]st¥ oA w+= ethanol AJAikel &gk B
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Table 1. Chemical properties of top soil before the experiment.

Organic  Available Exchangeable cation (cmol’/kg)
D EC
(1:5 ~ matter RO (dS/m)
(g/kg) (mg/kg) Ca Mg K
5.93 26.8 67.7 4.62 3.38 0.33 0.28

Table 2. Air temperatures and precipitation during the growing season of
1997 with the 4-year(1993-1996) average.

Mean Tem.(T) Max. Tem.(C) Min. Tem.(C) Pre%igir;a)tion

Month
4-yr avg. 1997 4-yr avg. 1997 4-yr avg. 1997 4-yr avg. 1997

May Middle 175 19.8 22.6 23.1 114 16.5 33.2 8.2
Late 19.3 191 242 22.7 14.7 157 25.0 4.5
June Early 20.0 20.9 24.6 23.1 153 18.8 53.3 18.0
Middle 216 224 264 254 177 19.5 1156 0.5
Late 22.8 23.2 26.9 26.8 19.5 21.5 65.5 55.0
July Early 25.3 25.2 29.9 279 214 23.3 571.7 45.2
Middle  27.8 26.1 314 29.2 24.5 23.8 36.1 50.3
Late 2712 2718 30.8 30.0 24.0 25.8 479 0.0
Aug. Early 28.3 28.0 31.8 30.1 25.2 25.5 711 110.2
Middle 271 26.0 30.6 274 24.3 24.1 206.7 20.4
Late 27.2 271 30.3 29.6 23.0 23.8 68.8 2.5
Sept Early 24.9 26.0 28.7 27.3 21.1 23.7 5.2 0.1
Middle  22.3 22.1 25.8 25.1 189 20.5 6.8 28.2
Late 20.8 179 24.4 18.3 172 174 20.7 10.0
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Table 3. Chemical properties of soils used for the experiment in 1998

Organic  Available Exchangeable cation

Sail type ( 1p_ 5) matter P205 (cmol /kg) ( d]ESBSm)
7 (mg/kg)  (mg/ke) Ca Mg K
Sandy loam 8.10 0.07 7.67 2101 176 056 0.33

Volcanic ash 520  2.12 2024 329 078 083  0.72
Silt loamI"Y 700  0.35 7658 2418 244 272 1.08
Silt loamII” 665  0.18 80.10 531 353 077 026
Va+Sal(55) 735 084 1287 3134 338 123 097

SilT +Sal(5:5) 790  0.11 4356 2428 248 118 059

Silll +Sal(5:5) 770  0.14 3078 2702 344 075 063
Va+Sal(7:3) 720  1.40 1232 4324 322 134 094

% 1) Non volcanic ash silt loam soil of 100m altitude
2) Non volcanic ash silt loam soil of 350m altitude
Sil : Silt loam soil Sal : Sandy loam soil Va : Volcanic ash soil

_11_



AFxAE 5ENTH 2AZIEd 9ste] 79 10575 o=z BE,
SA4% 1029 fHkE 55 A ™, ‘Brixe
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¥ AL Digital refractometer PR-100 ATAGO= =4 3%t

A EFe stetd 54 1 394 HEAa g Azt 5
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Table 4. Ten day average air temperature and precipitation during the growing
season of 1998.

Month Air temperature (©) ternpgroeiureJ Precaz;? tion raﬁ?i‘?iron
Max. Min. Mean (C) (W/m®)

May Late 18.7 175 18.1 195 1.6 59764
June Early 180 171 17.6 18.8 4.0 32692
Middle 20.1 19.3 10T 20.8 148.6 40003

Late 23.0 24 227 231 142.6 32954

July Early 269 26.2 26.6 24.7 0.8 56045
Middle 26.2 255 209 25.2 68.4 42259

Late 24.5 238 241 245 113.2 43029

Aug. Early 285 218 282 26.1 484 51280
Middle 27.3 265 269 259 0.8 38508

Late 239 23.1 235 23.8 33.8 40384
Sept. Early 234 225 229 23.1 0.0 45884
Middle 23.0 22.1 22.5 232 88.2 40146

Late 215 209 212 21.8 2474 20687

Oct. Early 197 19.0 19.3 20.0 3.6 35306
Middle 184 177 18.1 187 61.8 19931

’ At the depth of 10cm

_12_



1) B € £AFHE

A FA el A biomass ©l&7ts S HES A G 13 F59 5
s ZARSE AR, HigE, B AEHHEE R SolA BEe oukel 2o {HEFE
T 59 27l A 2992 FF3F Aolrk EE gllem e g A
M FaAEtE He SR ESERY AlRHe] Hie Al HMEE
o) Audrel oA =719 Hin FHS FAHAT F Ae A2z Keller,
Wary#Z&°]l 89 9~10¢=  HEl7E mE #Holloem  Tamu Rama,
MBIE71-1%%5°] 8¢ 2193 BU=E HEVF =& Aotk 571+ Wary

rr

Lo

ol

MN-1054%F&°] 9€¢ 12, 144 = mE Wl Tamu Rama, MSIE71-1E%°]
99 265~26¢ = A=77F =2 Aot i HEE M81E71-1, Cowley 7}t 11.3
A, 1L7¢ 2 A &2 Holla Dale?t Riowdol 5t 15¥4= 1 A4S
Btk BB 7P 7 FES MBIETI-122 4 101790 th& 2
+ Tamu Rama, Sart, Cowley=Z< o2 H A s 27 95.0, 92.3, 91.3¥ ©]
dom Waryet KellersFo] °F 83d= HEHHEZ &L ZHIo|dn
MN-1054, MN-1060, Mer80-10% %2 7 8644 oldth KA HEH
Bol w23 Ao g MRIE71-1, Tamu Rama¥* %] 131, 12992 ZAAx

f

Wary#30] 116792 71 A5d7E @&skem vao] MN-1054, Kellers:
Fo] 5o} 119¥€ o]0t} Wary, MN-1054, Keller, Rio¥%%0°] A&7|7to] & H
HEffioll &3k FFo|al MRS EELS MSIE71-1, Tamu Rama, Cowley
2 Sart ok
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Table 5. Date of emergence, heading and maturity, and days to emergence,
heading and duration of growth of 13 cultivars.

Cultivar Date of Date' of Date .of Days to Days‘ to Duration of
emergence heading maturity emergence heading  growth
Brandes May 28 Aug. 18 Sept. 19 14.0 92.0 124.3
Dale May 28 Aug. 16 Sept. 17 15.0 90.3 122.0
Keller May 28 Aug. 9 Sept. 15 13.7 83.7 119.7
MSIE71-1 May 27 Aug. 28 Sept. 26 11.3 101.7 131.0
Rio May 28 Aug. 14 Sept. 15 15.0 87.7 120.0
Sart May 28 Aug. 18 Sept. 20 14.0 92.3 125.0
Tamu Rama May 28 Aug. 21 Sept. 25 12.7 95.0 129.0
Wary May 27 Aug. 10 Sept. 12 12.3 83.3 116.7
Mer80-10 May 28 Aug. 13 Sept. 19 B4 86.7 124.0
Cowley May 28 Aug. 17 Sept. 22 11.7 91.3 127.0
MN-1054 May 28 Aug. 12 Sept. 14 13.0 86.0 119.3
MN-1060 May 27 Aug. 12 Sept. 16 13.0 86.3 121.3
Ramoda May 29 Aug. 16 Sept. 19 13.7 89.7 123.7
LSD(5%) - - - 1.8 6.2 2.2

2) W ER ABRME
U5 EFY AGY oY Fdol gF 54 E 63 714 mi ks
2o RS MSBIETI-1, Keller, Sart¥#Z&°| 2t} 306, 291, 276cm&z X1 £EAt

o]l aL,

7} 228cm, Ramoda, MN-1060, Cowley & ©

F ol
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Table 6. Culm traits and lodging of 13 cultivars.

. Culm 'Stem No. of Length of upper o
Cultivar length diameter most intemode  Lodging
(em)  (mm) "o (cm)

Brandes 228 18.0 13.0 1.8 t
Dale 262 22.0 14.0 17.7 LA
Keller 291 23.2 13.7 155 ¥
MSIE71-1 306 21.5 15.7 6.4 t+
Rio 266 19.3 13.0 176 ¥
Sart 276 21.0 14.7 6.9 t+
Tamu Rama 242 189 15.0 15.0 ¥
Wary 261 22.3 14.7 15.2 Tt
Mer80-10 250 20.0 1213 125 ¥
Cowley 240 18.6 13.0 7.0 +
MN-1054 219 18.8 13.7 5.5 ¥
MN-1060 237 18.3 13.0 6.3 t
Ramoda 230 20.7 12.3 10.8 t

LSD(5%) 37 1.7 1.3 4.8 -

J Longing was scored on a ¥ =upright to ¥+ =prostrate.

LEAL 20.0mm W<

o =
AR -

220mm= &7]7F ¥ He|AaL

o]l 7} %2 Brandes, MN-1060, Cowley, MN1054%1t}. @i
1577824 MS81E71-1, Tamu Rama, Sart, Warys#%°] 157, 150, 1474 =%

4], Keller, Wary, Dale¥&©°] Ztz} 23.2, 22.3,
5o MRIE7I-1, Sartd] =olglon] %
= 123~

worom Mer80-10% Ramoda”} 12342 At tidd o=z el 7
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Tamu Rama¥® o] 15cm ooz 71 Ao £3kE 50|91, Brandes$t
MN-1054%F 2 6cm ©ldt= 7Hd &tk A4 o= flifo] A3t o5
T AR HAAAEAGE) e Holrt #e FFo] oA ffkel e A
ol 3t

AN 71 kel Ao FfRS Dale, Wary®3F°l 7H4  Astdon
Brandes, Cowley, MN-1060, Rmoda® %2 (ke A3t =d gade=z #
IRl 260cmel’dl FFo] @kl kg HolAar fEEEo] 240cm ol 3kl #FF
Eol @kel ZFgk 7 kol ATt

Chlorophyll meter &% *]+= Brandes”} 35.8% 7} 9kl Keller, Ramoda
F50] 500l o weton tSo g = MSIE71-17} 49.7, Wary”| 48.159]
AT FEERES 76.6~926cme] #elel AR, FFF FoAE /e,
2 Sarte} Mer80-10°] 9.9cm= 7F4 W lal, MN-1054, Dale¥ & °] 7.4cm,
78cm=zZ FUTh Mer80-10, MN-1060, Rio¥&©] JEhEo]HA] ZIHo| Sl
Dalewr&o] o] & F2 FFoldem MN 1054#FF2 42 ZA
(89.3cm) HEMEHS 74cmZ 7FE 3L Sarty FEES 99cmz HAA T HELS
87cm® ThA 2o EZEo|du). A<s7)o FAFSE HE A= Rio, Tamu

Rama, Keller, Sart= 139 °]d<l #FE&ol2la Cowley$} Ramodats 119 ©]
A9 E A AEE= Brandes®t MSIE71-1%F0] Al&tA walsle] bl
B

of °Fgt FF ol Wary, MN-1060, Ramoda:® #13& wASHA] ¢kol %

of 3t fitd#lEEFolRd e Dale, Keller, Cowley =%% Walo] tha A&
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Table 7. Leaf traits and aphid occurrence of 13 cultivars.

Chlorophyll Leaf Leaf No. of Aphid
Cultivar meter length width green occurrence
readings (cm) (cm) leaves  degree(0-9)”

Brandes 35.8 88.1 9.2 11.3 7
Dale 474 76.6 7.8 12.6 1
Keller 52.1 82.3 8.4 13.7 1
MSI1E71-1 49.7 89.1 8.6 12.7 7
Rio 46.9 90.0 9.2 14.3 5}
Sart 43.6 86.6 9.9 13.0 3
Tamu Rama 41.8 84.3 9.0 13.7 5
Wary 48.1 78.9 8.1 12.7 0
Mer80-10 47.1 92.6 9.9 11.3 5
Cowley 45.8 39.8 o3 10.3 3
MN-1054 41.7 89.3 7.4 12.0 1
MN-1060 474 92.0 9.8 11.0 0
Ramoda ol4 87.1 9.3 10.7 0

LSD(5%) 3.7 NS 1.0 2.1 -

> 0 : non-occurrence of aphid

3 i a few occurrence
7 © many occurrence

3) B E 2 ethanol A4

G5 FEO wE F7] (e, ks 9
8ol A K= ule} 2},

HhE ERES KEKT REY e A

ol 747} 1,354, 1,339go 2 F-79on

1 : very few occurrence
5 : middle occurrence

9 : a great many occurrence

ethanol AAF=FS 19 1

7}

=5

of Hl#lst= = MSIE71-1, Sart# &

theo]

Wary, Dale, Tamu Rama,



Keller¥& <<ola, dlHFE HfEQ #35(Brands, MN-1060, Ramoda,
Cowley, Mer80-10)¢] #E Akd o] 7MoY RioF&2 ko]l 1HA
o Q3lE KELo] ThEo] #hiE A HE S T31go® AATHLH).
10a%d /E&HS pE AgHE I nS2ek A gFeolfl=tl MBIETI-1, Sarti#<°]
10,033, 9913kge. & 7} FAH o thso] Dale, Wary, Tamu Rama, Keller
Z0]20 a1, Rio 5417kg, Ramoda®Zo] 5971kg o2 10a9 EXEdio] # it
Z7] AFH9 Brix@Ew 52004 18.0°Brixe] Welel Ao Kellerid
Fo] 180°Brix® 7} #=kil Dale, Tamu Rama¥&°] 17Brix ©]/d°]3l

+ Ramoda, Mer80-10 o]t} Brandes® %< 5.2 Brix®

o
A
=
oo
10

74 vkt MIN-1060, Sart, Cowley® %< 10°Brix ©o]at=  wtt}
MSBIE71-1, Sart# &< AgHES FHEAY @271 10°Brix® w2 Holgla
Dale, Keller, Tamu Rama< & HES FAEE FolA T AZoXw G =

T 17Brixe| o2 =& FZFo|qdu)

1£Sh stem weight(g) OIFreshstemweight/plant @ Degree Brix Degree Brix
120
L 1354 1339
1400 e o e
1200 F o | 16
o, 1042 1047 @
we [ 10 e
1000 | ] ° % @ 9
868 ] 965 ] 4
s s ] 12
800 ol 7 o it
] (]
600 ' 18
40 | @
14
200
0 0
Brandes Dale Keler MBIE Rio Sat Tamu Way Mer Cowley MN- MN- Ranpda
714 Rama 80410 1054 1060
Cultivar

Fig 1. Fresh stem weight per plant and degree Brix of 13 cultivars.
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Table 8. Fresh stem weight, juice, total sugar and ethanol yields of 13

cultivars.
Cultivar Frivszigslf‘fm Degree Brix Juice ’31;1()gtzllr Ethanol yield
(ke/108) (kg/10a) (kg/102) (#/10a)
Brandes 7,380 5.2 3,926 204.2 1154
Dale 7,959 17.9 4,362 780.8 4411
Keller 7,588 18.0 3,915 704.7 398.1
MSIE71-1 10,033 10.2 5,088 570.0 322.0
Rio 5,417 125 2,763 3454 195.1
Sart 9,913 94 5,204 489.2 276.4
Tamu Rama 7,721 17.7 3,969 710.5 401.4
Wary 7,760 138 4,097 565.4 3194
Mer80-10 6,429 144 3,343 481.4 271.8
Cowley 7,040 10.0 3,661 366.1 206.8
MN-1054 7,149 13.3 3,703 492.5 278.2
MN-1060 7,003 8.3 3,621 300.5 169.8
Ramoda 5,971 154 3,164 487.3 275.3
LSD(5%) 1,341 2.3 790 1435 69.8

=71 A ZAEFe FAFE 10a Exdo] BT MSIE7TI-1, Sarts S o
5588kg ¥ 5204kgo & 7} wekomn the o 23 Dale, Wary, Tamu Rama,
Keller3##9°] %12 Ramoda, Rio¥®Zo] S =Fo] At} 10ad #bE &2 Dale
o] 780.8kg, Tamu Rama & ©°] 710.5kg, Keller¥ o] 704.7kgo.2 7} w3k
o™ Brandes®} MN-1060%&°] Z+7; 204.2kg, 300.5kgl.= 7} wieka o}

+°] Rio, Cowley# & o]t}
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ethanol A4F&E Dale, Tamu Rama, KellerssZ©o] Z}z} 10a9 441.1, 401.4,
39817 =2 7H wtow tgo® = MBIET1-1(322 74 ), Wary(319.4 2 )=°]
1l Brandes¥%£0°] 11547 2 7F4 A o™ MN-1060, Rio%E % ethanol A3
Abol 1029 2002 oldt® AL Hol Atk Tamu Rama¥® &2 T E7F FobA
Az dio] Hlal ethanol AAte] W& FFoIAaL, MSIE71-1, Sarts# &< A«
Fo FHAT G227t vrol 95| {3} ethanol A4S 2FRITh Dale,

Tamu Rama, Keller%<2 10a3d A& do] 7500kgo|dolHA w7t 17°

N
A

Brix o]} o = ihi&s ¥} ethanol Aol B FFolATh

4) BmEKE

Fr 1370 FFY fE die dA54S F 99 17 204 B ks
Zo], fiF-2 MN-10602 Cowley s & ©l ZF2F 587, 55.6g 02 714 FAE =+
Zolgon WaryEEE 253g0 8 714 7HHe EF &3, EE49
upel fliE wsle] %2 Aeh Holglrh RS Rio¢t Sart#E 26cm ©]7
o2 A3 Keller®t Tamu Rama, Mer80-103%F°] 11.2, 159, 16.5cm= 7}
e FFolded e Ava fido] ¥ AR AL oty

B IR = Cowley, MN-1060% F©] 2t7+ 69.0, 68370 = Wil ot
£ Sart, M8IE71-1, Rio%= o2 @Zgon KellerEZ2 363702 714
A3 Wary, Mer80-10% &% A2 Ho|doh 1 &E K= Keller,
Mer80-10, Tamu Rama, Brandes, M81E71-1, Rio, Dale, MN-10543%%°] 30
7N ol o2 kil Sart®} Ramodaw &< ZH7F 180, 19.771=2 717 Al Th

B K= FEd w2k Zelzk Askled, MN-1060, Tamu Rama,
MBIE71-1%&°] 1,7007 °]Jo= wokrem Wary, Ramoda ¥ Sart# &2

L1007} o]t o)abe F4 47} A,
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Table 9. Panicle, grain traits and bird damage of 13 cultivars.

. . No. of No. of Grain Weight
Panicle Panicle . . No. of . )
. . primary grains . weight of 1000  Bird
Cultivar weight length . grains . . >
(@) (cm) branches /primary /panicle /panicle grains damage
/panicle branch (g) (g)
Brandes 217 21.0 52.0 31.3 1618 23.0 16.7 i
Dale 38.3 189 47.0 30.7 1447 22.0 15.3 Tt
Keller 34.3 11.2 36.3 33.7 1211 26.0 21.3 T

MBIE71-1 457 22.2 56.0 31.3 1771 37.3 21.0 ++

Rio M7 26 553 303 1691 327 213
Sart N7 22 617 180 1096 357 327  ttt
Tamu 457 159 547 330 1797 410 230 +
Rama

Wary 253 183 423 240 1024 213 203 e

Mer80-10  39.7 16.5 44.7 33.3 1468 34.7 22.3 LA
Cowley 55.7 23.0 69.0 24.0 1642 47.3 28.0 LA
MN-1054  44.0 21.1 46.7 30.3 1399 38.0 26.0 t
MN-1060  58.7 214 68.3 273 1865 50.7 27.0 t

Ramoda 33.3 17.0 52.3 19.7 1028 23.7 21.7 AARAS

LSD(5%) 5.7 5.6 5.9 6.1 304 51 3.0 -
D> ¥ : Non damage ¥+ : a little damage
¥+ : middle damage ¥t © maximum damage

MU fEEH-S MN-10609F Cowley# &l 717t 50.7, 47.3go= 71 A
A3, o2 Tamu Rama, MN-1054%% <olla, 7H 7MHld EF52
Wary, Dale, Blandes, Ramoda %] 24gelst= #37+ =o]7F Zth 1,0009
& 156.3~327g9 WYl AQ=d, Sart, Cowley, MN-1060 = MN-1054*
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26g ol FFoE Kfiffie] &3 il, Tamu Rama, Mer80-10,
Ramoda, Rio, Keller, M81E71-1, Wary# <% &< "ofiffi, Brandes®} Dale<
20golet= A /RIS 2 = AT

Aol gk ¥ v FEIE Zol7t A=l Brandes, MN-10603% %
& A A8zt s BAstA ok oy Dale, MN-1060% &2 A 7F A 53h=
FETOR ME st At MEMoE Aujstew A dE Fol=
Aol I gt}

10a% FEEES MN-1060, Cowley, MN-10543%%°] 77 860, 786,
745kg o &2 7} @ekrom Tamu Rama, Brandes, Sart, MS8IE71-1% %2
600kg o] o] a1 Wary, Rmoda, Dale, Kellers%%-2 500kg ©|dF= fifi B i it

Brandes Dale Keller MBIE Ro Sat Tamu Way Mer Conley MN- MN\- Ranoda
714 Rana 8010 1054 1060

Cultivar

Fig 2. Grain yield of 13 cultivars(LSD 5% : 176).
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b) AFBMEA bW HH R BEE 8t
g AS Al wE 7 23 Brix 9E9 Wsh= 19 3 ~74A4] B
1

£ ovbsh 2k WEe 4%2719 79 19 2AAE BE Al A9 ¢l

=

ZAL A= MN-1064%F0] 7Hd 7F59a Wary & 5 ©]
B =717 #en, 8¢ 109 RAFIAE KEfLe] HaAE e
o] Fee Hak kel AT A st Tt HMEIE 52 Hare]
=7] w718 FA4sorE MR A8 AT AFol GASHA o] FolA WA

*0 (em - -+ - Brandes

1w —a— Dale
—e— Keller

0 —x— MBIE714
—<—Rio

20 —e— Sart
—+— Tamu Rama

150 —=— Wary
—o— Mer 8040

10 —+— Cowley
—a— VNA0A

0 -~ MNH08
—a— Ranoda

0

1 . 10 Aug- 21 Sept. 10 Cxct.
Date

Fig 3. Change in plant height in 13 cultivars.
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—x— Wary
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Fig 4. Change in stem diameter in 13 cultivars.
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Change in fresh stem weight in 13 cultivars.
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ol7F FelstAl yekston, 99 21 o] F-o
7Ha} 2] gk Ramoda, M8IE71-1%} SartFE-& A& S718 BATHLHE5).

Brix §x=¢ #59d W= 17 604 He vkef o] BE FFo] 79 1

M

d G FAHoA = 28~36Brix®Z F&IF & WHolw gldlen 7Y 23¢9
M 34~49Brix® H|szstd ou A 8Y 5Y SAoAM= 7€ 23¢Y
SA% dEETE 23y A FFANA SA dE

84 189 XAt = BE FF Bt vda S7tskr]l AlEeial 9¢
129 SAHoAM = Brix @7t dA3 Srkste] H Ao =gl 57t
2 FE Aolr7t Wtk Brandes®t MN-1060% &2 S 7F%°] 2.0°
Brixe]slgl ot} Dale® %<& 114°Brix7} =78t il Keller, Tamu Rama %
Ramoda+ &2 8Brixeld S7ketAth. 109 129 SAHAAE= 99 12¢ =

AbRTHE Q3|8 7HASHE 780 l=dl Brandes
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=
o
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&
&)

7F 913 Mer 80-10% %2 5.0°Brix =
Keller, Cowley®} Ramoda®&olAtt. F8Alo =7l 71 & 352
Tamu Ramay&°] 17.6Brix24 W3Z+% (01 Brix® HE 5 4543 <

Eo] W7k A9 gle FFoIAA el ® %2 32 Dale, Kellerith,
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18 & 1 18| —e—Dale
16 | 1 16 | —o—Keller
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14 1 14
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12 112 —5— Sart
10 - 4 10 | —¥— Tamu Rama
s | 1 s —A— Wary
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—X%-— Cowley
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Fig 6. Change in degree Brix in 13 cultivars.
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159 _-* Tt ————0
16 14.8— R VA
0/
12 //
85 ’/ ¢
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5.3
L 4
4
0

30 20 40 0 10 20 30 40 5 60 70 8 DO
Days after heading

Fig 7. Degree Brix change in Tamu Rama cultivar in 1998.

) EAL R BERE AL

G FAo] AEA Aol wt o¥A REHEVIE S b 49
of W& Brix X9 WH3E L 45694 AR =, 1 Z29%+= ® 10
I 9 (A K= vlel 2t Brandes®t SartEFE S A AH THo A 64,
10.9°Brix= #l¥ =93 MN-10549F MN-1060% &2 A5 84, Keller,
Sart, Tamu Rama, Wary, Mer 80-10 ¥ Ramoda® %< 94, Rio, Mer
80-10, Cowley# &2 104, Dalex= 114, M8IE71-1% &2 12404 Brix &

7t b =A dEE Y BE EF9 A9 Hi Brix 29 Halo| A=

0O

A48 8 940l 146Brix® 7F4 =¢tal tho] AAE10, 1, 64 o] ATh

A= AgE 1ol 57 = BE7t EojA= A Holurt A4



5AYE AR F7hs7] ARAA 8 9ANA AL ol F1 WA FUEE

i

T5 Iee Folse A4S EATHZE 8).

A5 HAaY4dSs 7o 2 HW Dale, Keller, MSIE71-1, Rio, Mer
80-10, Cowley % RamodaixZ°] A4HF HAAY 5494 % Brix ¥5&
B9 x | Tamu Rama, Wary, MN-1054%%-2 A A5 249 64, Brandes<}
MN-1060%F2 74, SartFE> AG5F HAAS 8dolA d=7t 7H =4
Hetua Aok it #3550 AT HA49 58 A 7EALel 7} Brix @

e AT AN A4 14o] B A4 B ey,
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Table 10. Degree Brix of internodes of 13 cultivars.

C.V Bran MRIE . Tamu Mer Cowl MN- MN- Ramo
N\odi des  DAle Keller o Rio Sart e WY 9010 oy 1054 1060 da

®

I 60 172 166 162 165 101 180 137 180 103 148 84 183
2 51 162 166 158 173 89 158 125 164 88 144 70 161
3 51 153 155 163 176 81 146 128 151 84 136 7.0 161
4 45 146 165 150 165 81 171 125 128 7.7 134 66 159
5 48 150 186 151 144 75 171 122 142 7.0 138 66 152
6 62 152 186 16.0 140 78 172 148 150 8.0 148 6.7 16.2
7 64 165 193 174 157 109 172 160 158 82 157 75 169
8 61 173 194 177 170102+ 175 160 171 89 167 9.0 172
9 54 178 196 177 172 106 182 164 160 97 154 82 178
10 51 181 186 188 17.7 104 180 154 160 101 141 81 156
11 47 188 181 189 151 102 173 150 148 88 131 76 153
12 44 182 174 19.0 137 100 171 134 115 84 123 66 120

13 3.8 166 162 189 11.8 99 168 121 106 81 109 65 11.2

14 - 170 - 189 95 79 161 102 - 84 - 64 -
5 - 162 - 175 - 65 - - - - - - -
6 - - - 164 - 42 - - - - - - -

* ! 1st aboveground internode
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18 Degree Bix

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
aboveground

Internode

Fig 8. Average degree Brix on aboveground internodes in different
cultivars.

&9 AN MHEMfRE & 1194 2E akep 2o BES 10a
S EIL e B MBI FES = Ee Bl AR
T AKES KEAS AS5daos Y MS Rt dEe KA
M, ethanol A} mLe] o MBS Holal lout Ml =
el () MRS BT 10aTd 7] EitES ASsdSedes 69 M
BlS RAa, BE, A%E, ethanol Y= &g Ik
th. ethanol A4beFS HEK, AKH d% 7o, #EEds SE9 F
MBS Bdov M MEEds fo] Mes Btk 1000852 Bif,
BOMEHEY &Y ES MBS RN FEcE-S B, PR ORI B
M E, 1,0008 5342 @] e MES, Asdarsts B Hs 2o

o

Lo
*
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=
pesing
ftlo
f
o
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Table 11. Correlation coefficients estimated among the characters of 13

cultivars.
Durati Fresh Total FEthanol No. of Gmin
Culm Stem stem Degree Juice . Panicie ) . Weight
Character on of 00 Gameter weight Rix  /10a Sugar vield o, kemels/ waight o)
growth ‘18 N0a /10a  /10a S hanicle /penide
Culm
0.164
length
Sem 0101 0375
diameter
Hesh stem
362" 04177 0.328°
ioht/10a 0362 0417 0.328
-0.176 0.008 0500 -0.150
Rix

Juice/10a 0361° 0414 0315 09367 -0.148

Total 0058 0241 0.630" 0503 0.768™ 0.505™
sugar/10a

Ethanol

yield

Panicle

weight

No. of

kemels  0414™ 0043 -0528" -0.147 -0234 -0.116 -0.273 -0.263 0586
/panicle

weght 04227 -0.084 -0.637" -0.020 -0421 -0.041 -0.388" -0.377° 0.856™ 0.701"
/panicle

0064 0237 06277 049" 07677 0.499™ 099%™

0.371" -0.008 -0376" -0.029 -0.122 -0.047 -0.126 -0.122

Wﬁ of 0162 0010 -0103 0222 -0149 0167 -0.046 -0.035 0572" -0103 0507
vield 0352° -0.203 -0494" 0210 -0461" 0214 -0270 -0263 0642 0510 0.823" 0434

* k% 1 Significant at 5% and 1% level of probability
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8) HEAFHES EMEX

oo EMEKS E 129 13904 RE vk} 2k 9X(95.73%), A5 AT
(90.30%), il H H(89.87%), FHHL(88.79%), BHE1AE X H(87.89%), 1,000
T(86.61%) T ifliAo]l =tom, A¥H(75.36%), “IATE(72.36%), 10ak
TR H(72.25%6), BAERIH(70.43%), 1R ER#1(63.94%), A(61.71%), H
FEH $(60.69%), H%(60.49%) &< A=A, FE(57.21%), F#E(51.73%),

Oé];g'<26.56%) %‘9\: lﬁ{ﬁyo] 1;(}_01: %019}]\1—4'

Table 12. Genetic, environmental and phenotypic variance, and heritability
estimates for days to heading and maturity, stem and leaf traits,
and soluble solid of 13 cultivars

Fresh
No. of stem  Degree
nodes weight  Brix
(g/plant)

Days Davs B Stem ' Leaf ~Leaf = Culm
Statistics  to mai,urit diameter length width length
heading Y (mm) (ecm) (ecm) (cm)

Vg 2069  16.05 0.03 1244 053 511.08 091 9013.07 1592
Ve 13.40 1.72 0.01 3441 034 47698 057 2908.50 0.71
Vph 3409 17.77 0.04 4686 0.87 988.06 1.48 11921.56 16.63

H 60.69  90.30 7236 2656 6049 5173 61.71 75.60  95.73
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Table 13. Genetic, environmental and phenotypic variance, and heritability
estimates for panicle and kernel traits, and grain yield of 13

cultivars
Panicle N.O' of NO'. of Panicle  No. of Gr.aln Weight Grain
e . primary grains . weight of 1000 .
Statistics weight . ngth grains ;i . yield
(@) branghes /primary (cm) Jpanicle /panicle grains (kkg/102)
/panicle branch (g) (g)
Vg 89.24 89.35 2294 1464 7745437 81.34 20.67 28350.74
Ve 11.26 12.31 1294 1095 3251999 9.17 3.19 10889.58
Vph 10050 101.66  35.87 2558 109974.36  90.51 23.86 39240.32
H° 88.79 8789 6394 57.21 70.43 89.87 36.61 72.25
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Table 14. Days to emergence and heading, duration of growth, leaf traits and
stem diameter of sweet sorghum as affected by soils

Days to Days Duration Leaf Leaf N ¢ Stem

Soil type emeroence to of length width an(; diameter
g heading growth (cm) (cm) (cm)
Sandy loam 12.0 93 131 59.1 75 13.3 1.66

Volcanic ash 11.8 97 137 687 87 14.7 1.84
Silt loam I " 11.3 9 139 505 65 14.0 1.76
Silt loam I 11.3 98 139 50.7 55 14.7 1.81
Va+Sal(5:5) 10.0 95 136 65.3 6.9 13.0 1.74
Sil T +Sal(5:5) 13.3 96 135 60.8 7.0 13.7 1.65
Silll + Sal(5:5) 127 95 137 o42 57 13.7 1.63

Va+Sal(7:3) 10.7 95 137 683 6.3 13.3 1.70

LSD(5%) 1.0 24 NS 48 07 14 0.13

% 1) Non volcanic ash silt loam soil of 100m altitude
2) Non volcanic ash silt loam soil of 350m altitude

Sil © Silt loam soil Sal @ Sandy loam soil Va : Volcanic ash soil
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Table 15. Culm length, fresh stem weigth, degree Brix, and grain yield as
affected by soils

' Culm Fresh stem Degree Weight Grain
Soil type length welght Brix of .1000 yield
(cm) (g/plant) grains(g)  (kg/10a)
Sandy loam 193.2 839.0 17.8 21.6 540.7
Volcanic ash 242.1 1.149.5 18.0 22.9 666.4
Silt loam I 244.3 PAITS 179 23.0 655.0
Silt loamI1? 215.7 985.1 175 22.9 648.9
Va+Sal(5:5) 204.5 992.6 17.8 22.9 640.4
Sil T +Sal(5:5) 220.4 922.8 174 224 634.0
SilTl +Sal(5:5) 197.6 901.2 176 22.6 619.2
Va+Sal(7:3) 222.7 1,061.6 18.0 23.0 654.9
LSD(5%) 15.7 39.9 NS 0.6 22.1

% 1) Non volcanic ash silt loam soil of 100m altitude
2) Non volcanic ash silt loam soil of 350m altitude
Sil : Silt loam soil Sal : Sandy loam soil Va : Volcanic ash soil

FES 343 Ee B3ASE o] mE(3]¢100m)ol A 242, 244cmE 7+
A om ALJESE nsAs|E FHEY AMEZF & Edol A 7HE 2k
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oh RE R ES FRel mlElste] S EVE 1,1495g, HISHISE o|=F
oA 11175g0 & FAYL thgo] S EZE 70% e EdelA
1,061.6g01 L AFSEZ} 839g o= 7Ha Aflio] 7B ).

Y EYr tha Aole BEAAW Fojde JdAHA Foka 1000HFS
AMFEZE 216g2 2 7P ZhASIaL 1 9] EFolA= Hsze SRR frolahA
otk 10a% e SPFs|Ee vshits] wALAGEd A 10aW 6489 ~
666.4kg 0. & WL AFFEAME 540.7kg o ® MR Ao 1 9 E
& H5E %S BT v EaE R sk Bl Ykt Zol7h gllth

Edo] mE e FAZE MHBRRE £ 16014 Be ukel 2ok il
A#s A5daes e E(H)AMS B RES HREY 9% o
Ao Ege] be] el e AgE WEHE, BEY S Ee M

FAdFeks EY MBS BRIt KEKS BEH EY MBS BA
A, ARES BREORE, KEAYE mEY Ee M-S, AR, dete
e e BEiew, des KEKy 1o Mis Bioh =3 1,0008%
< WEHE, R, A%EY EY MRS BRI s MEAY, HE
FE, E&dE 10008534 &Eze 19 Hs Bt
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Table 16. Correlation coefficients estimated among the characters as affected

by soils
Dureti Weight
Days M Plant  Culm Leaf Leaf % Stem Fresh Degree  of
Character to of . . of . stem .
et heigth length length width diameter : Brix 1000
heading growth nodes weight grains

Duration of

growth 051

Plant heigth 0213 0051
Culm length 0368 0175 0864”
Leaf length -0249 0340 0116 -0.005

Leaf width -0.138 -0340 0082 0034 00"
No. of nodes 0.608" 0486~ 0400 05787 —0.184 -0.042

o031 0MI 027 0477 0167 0203 0238

Fresh stem o s 0155 0764 08157 0290 0076 0448 05737

weight

Degree Bix -0.108 -0.063 0235 0198 032 0208 0001 0.432° 0.387
Mgﬁ D o557 0349 0446 04197 0141 0204 0342 03B  0.636" 0.160

Grain yield 05267 0203 068" 064" 0168 -0109 034 0401 0.7777 0069 0.753"

* x 1 Significant at 5% and 1% level of probability.
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