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RationalendObjectives

In recentyears, energysecurity, climate changeand sustainingrural
economieasbecomeanimportantoriority for researchersBioenergy
has an uniqgueplaceandcan play animportantrole in energysecurity,
environmenandruraldevelopmentMostof the bioenergyat presents
basedon ethanolproductionfromgrains Howevemewdedicatedeed
stocks are neededfor sustained biofuel production and minimize
competition between fuel, food and feed production Dry matter
production,grain yield and compositionof plants are importantfor
potentialuse as biofuel crop. Sorghum(Sorghumbicolor L. Moench)
exploitsall thesepossiblilitiesdueto inherentcapacityto producehigh
biomassand store sugarsin stalks (sweetsorghum,) Sweetsorghum
has high potentialfor biomassandsugarproductionwith relativelylow
Inputs comparedto other bioenergycrops Thereis a wide array of
genetic diversity and germplasm collections in sweet sorghum
However,at presentwe do not have detailed knowledgeabout the
morphological, physiological and genetic traits associated with
iImprovedefficiencyof biofuelproduction Suchknowledgas necessary
for cropselectionanddevelopmendf sustainecandefficientbioenergy
croppingsystems

The objectives of this researchwere (a) to characterizeand
evaluatesweetsorghumgermplasnfor traits associatedor improved
sugaryield and biofuel production and (b) to identify high yielding
genotypeghatcanbe usedin breedingorogramdgor hybridproduction
andcropimprovement

MaterialandMethods

Sweetsorghumgermplasmconsisting of 280 genotypeswere grown
underfield conditionsin ManhattanKansasduring2007/(irrigatedjand
2008(irrigatedandrainfedconditions) Eachgenotypevasgrownin 3-m
longrows Tworepresentativelantsfor eachgenotypeveretaggedfor
measuringphysiologicaland yield traits Dataon physiologicaltraits
(chlorophyllcontent, SPADmeter, SpectrumTechnologiesPlainfield,
IL), chlorophylfluorescencepulsemodulatedluorometerQptiScience,
HudsonNH)weremeasuredt floweringandseedfilling stages At final
harvest,dataon plant height,stemgirth, brix value,and juice volume
weremeasuredT hejuice volumewasobtainedoy subtractingstemdry
weightfrom stemfreshweightand expressedn milliliter plant!. Juice
volumeand brix valueswere usedto estimatesugaryield Basedon
data for brix value and juice volume over three seasons,only 78
genotypeswere identifliedto have extractablguice, thus, only these
genotypeswvereusedfor analysesof sugaryield Relativesugaryield
reductiondueto waterstresswas estimatecdas the differencebetween
the meanof two Irrigated seasons(2007and 2008 and one rainfed
season(2008 and expressedas percentageThe experimentatiesign
wasa randomizea@ompleteblockdesign Thethreeseasonsvereused
asreplicationsandgenotypameansvereseparatedisingLSD

Figurel. Field evaluation of sweet sorghum germplasm under rainfed (left) Masuda Black Seed (18.7Yapan

and irrigated (right) conditions during 2008 at Manhattan, KS.

ExperimentdResults

Therewas significantvariationin genotypesfor physiological(SPAD
and fluorescenceralues)andyield traits (plantheight,stemgirth, brix

percentagejuice volume and sugar yield) (Tablel). The average
percentreductionin sugar yield in rainfed conditions comparedto

Irrigatedwas61% (rangel to 98%).

Tablel. Meanand rangefor differenttraits of sweetsorghumgermplasm
averagedacrossthreeseasons(2007irrigated,2008irrigatedand rainfed)
LeastSignificanDifference®asedonthreereplicationgseasonsyvasused
to separate genotype means [*,** Significant at P<0.05 and 0.0],
respectively]

Trait GenotypesMean Range CV (%) LSD
SPAD 280 52.6 31.573.5 122 10.28*
Fo /Fm

(Thylakoid membrane damjge 280 0.25 0.210.40 16.2 0.065**
Fv/IFm

(PS Il photochemical efficiency) 280 0.750.490.80 6.4 0.0777
Plant height (cm) 280 284 930427 18.3 83.31*
Stem girth (mm) 280 16.6 7.0-296 143  3.81*
Brix (%) 78 13.4 6-21 24.6 5.35**
Juice volume (ml plaht 78 436 851185 40.5 285.1**
Sugar yield (ml pla#t 78 56 17118 9.5 40.9**
Relative sugar yield reduction 28 60.6 1.6981 236 0g 7

due to water stress (%)

Basedon three seasonsof datathe entire sweetsorghumpanelwas

rankedfor brix, juice andsugaryield Highestbrix valuewasobserved
In genotypeDuraHuria(208 %) followedby Smith,MasudaBlackseed,
Leottpelier, Tracy,Top /766 andDale(rangingirom180 0 187 %) (Table
2). Lowestbrixwasrecordedn genotypedswa,followedby SairwaMN

1540MN2386 MN2238 MN2363andMN1921(<7.0 %).

Juice volumesignificantlyvariedamonggenotypesHighestjuice
volumewasobservedn genotypeMN4566(914ml plant?), followedby
MN4564 MN2109 Co1, MN4553 MN 2238 Wray,SanyagieMN 2386
andMN2063(< 700ml plantl). Thelowestjuiceyieldwasobservedin
AmesAmber(125ml plant?) followedby HC41-13 MN2894 Luel,N111
Darse28 RedAmber|S2352andCollier(<200ml plant?).

Similarly,maximumsugar yield was recordedin genotypeWray
(118ml plant!), followedby MN4564 Caxa,|S2131 Top 766, MN4553
Smith,Dale,MN4566 and No-6 GambelaCal, Sanyagieand Wadfur-
white (<81 ml plant!) (Table3). Thelowestsugaryield wasobservedn
AmesAmber(17mlplant!) followedby 1S2352 Luel, MN2894 HC41-13
RedamberDarso28 Iswa(<30ml plant?).

Table 2. Ranking of genotypes (highest and lowest ) for brix values.

High Brix (%) Origin Low Brix (%) Origin
Dura Huria (20.8) Zaire |Iswa (6.2) Tanzania
Smith (18.7) USA  |Sairwa (6.2) Nigeria
MN 1540 (6.4) Sudan
LeotiPeltier (18.5) * MN 2386 (6.7) | Tanzania
Tracy (18.4) * MN 2238 (6.8) *
Top 765 (18.2) USA  |MN 2363 (7.2) | Tanzania
Dale (18.0) * MN 1921 (7.3) Malawi
Brawley (18.0) * MN 2161 (7.3) Malawi
MN 4135 (17.8) Yugoslavig |S 2109 (8.0) Ethiopia
N 111 (17.7) USA  |MN 1644 (8.1) | Tanzania
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Table 3. Ranking of genotypes (highest and lowest ) for sugar yield

High Sugar Yield  Origin Low Sugar Yielc Origin
(ml plant) (ml plant)
Wray (118.4) * Ames Amber (17/1) *
MN 4564 (105.0) | Ethiopia |IS 2352 (19.3) Pakistan
Caxa (100.7) Mexico |Luel (19.6) Sudan
1S 2131(98.9) Ethiopia |MN 2894 (20.8) Syria
Top 765 (98.2) USA  |H.C 4413 (22.2) *
MN 4553 (93.9) India  |Red Amber (26.3) Australia
Smith (89.6) USA Darso 28 (28.6) | Guadeloupe,
Basselerre

Dale (88.3) * Iswa (30.5) Tanzania
MN 4566 (88.0) Ethiopia |N 111 (32.0) USA
No. 6 Gambela (8%.1Fthiopia |MN 1540 (32.2) Sudan

* Origin unknown

Therewereabout20 genotypeswvhich consistentlyrankedhigher
for both sugar and juice yield across seasons Likewisethere were
about6 genotypeswith high brix andsugaryield Similarly, therewere
about 25genotypesvhichconsistentiyhadlowersugarandjuiceyields
acrossseasonsBasedon this researchweidentified20bestandworst
performersn termsof traitsassociatedvith biofuelproduction

Thereweredifferencesn performancef genotypeainderrainfed
and Irrigated conditions,suggestingthat some genotypesperformed
betterthan others Basedon relativesugaryield reduction(comparing
two Irrigatedand onerainfedseason)genotypedViIN2386 1S 2131 MN
2238 Opembanonpha,MN 600 and Atlas (>X80%9 were identified as
susceptiblégo waterstress Minimunyieldreductiondueto waterstress
(rainfedconditions)was observedin genotypesMN 818 Red Amber,
Wenabul_eottPeltierBrawleyandNlolonga<6%).

Conclusions

The evaluationof the sweetsorghumgermplasmshoweda large and

significantvariationin physiological(chlorophylicontent,chlorophyill
fluorescence)morphologicalplant height and stem girth) and sugar
yield traits (brix, juice volumeand dry matterproduction)associated
with biofuel production lrrigated conditions produced significantly
highersugaryieldscomparedo rainfedconditions Howevergenotypes
differed in their responseto water stress Genotypeswith greater
potentialfor bioenergyand droughttolerancewereidentifiedand are

beingfurtherinvestigated

FutureResearch

The selectedgenotypesfor varyingsugars,brix, and juice characters
will be further evaluatedin replicatedfield tests Furthermorethese
genotypesill beusedto identifyQTLmarkerausingbulklineanalysis
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