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Experiment# 1

• The mechanical properties of the stems of six mature sorghum cultivars were

investigatedusinga three-point bendingtest protocol.

In Weslaco,Texasin a RCBD. Datawasanalyzedusinga mixedmodel approachto estimate

LSMeans. Response= Geno +Stem Section;Traits include: LG= Lodging, PSL=Plant

Slenderness,EI=FlexuralRigidity, IVO=Int. Volume, IDM=Int. Diameter, NOI=Numberof

Internodes,PHT=PlantHeight,Stiffness,ISL=Int Slenderness,STR=Strength,ILH=Int. Length.

Figure1. Boxplotfor mechanicalpropertiesfor internodes
andnodes. A)Stiffness,B)StrengthC)Rigidity

Figure 2. Bar plot for LSMeans for internode
biomechanicalproperties averagedacrossinternodes
1-8 for all sixgenotypes

Figure 3. Line graph for
biomechanical properties for
internodes1-8 (lowest= 1)

Figure 4. Heat bar plot for
biomechanicalproperties for six
sweetsorghumgenotypesplotted
againstInternodeNo. (1-8) above
the ground.

Conclusions

• Significantgeneticvariationwasfound for all mechanicalproperties.

• Biomechanical traits were moderately to highly repeatable within and across
environments,indicating that phenotypingtechniqueswere relatively consistentand
not confoundedby the environment.

• Mechanicalpropertieswere significantlyassociatedwith morphologicaltraits aswell as
lodgingtendency.

• Nodeswere two to three-fold stronger,stiffer, andmorerigid than internodes.

• In general,internodeswere numericallyweakestand more rigid betweeninternodes
3 and6, correspondingto the areawherehigherstemmechanicalfailure isobserved.

Table1. Singleenvironmentandoverallrepeatabilitymeasurementsacrossenvironmentsmorphological
andbiomechanicaltraits of 15sorghumgenotypesgrownin Texas.

Figure9-11. Regressionfor diametermeasuredmanuallyvsdiametermeasuredwith a CTandCTimages.

Figure7. Boxplotfor rind thicknessand vascularbundledensitytake with a flat
bedscannerwith a semi-automatedcomputeranalyses.

Significance of 

Fixed Effects

Repeatability

Locations
Traits E G GxE CSE CSL WES Overall

Plant Morphology Height ** ** ** 0.98 0.97 0.97 0.74

Slenderness Ratio ** ** ** 0.94 0.98 0.96 0.73

Internode MorphologyLength ** * ** 0.86 0.77 0.50 0.66

Diameter * ** ** 0.94 0.94 0.97 0.70

Slenderness Ratio * * ** 0.93 0.8 0.9 0.69

Volume * * * 0.91 0.87 0.89 0.63

Internode 

Biomechanics

Stiffness (E) ** * ** 0.89 0.84 0.87 0.65

Strength ** ** ** 0.81 0.87 0.86 0.72

Rigidity (EI) * ** ** 0.88 0.86 0.89 0.86

*Significant at the 0.05 probability level, ** Significant at the 0.01 probability level, ns=non-significant at 0.05 probabilitylevel

Figure 5. Robust 
correlations of BLUPS 
among morphological, 
biomechanical, and 
lodging scores in six 
sweet sorghum 
genotypes. Corrscale 
represents the 
strength of the 
correlation. 

Figure 8. Cross section image
processingof sorghum

Figure6. Representativeimagesof three
naturally occurring modes of failures
observedin the culmsof sorghumsweet
types. (A) Brazierbuckling or Brackling:
failure of middle internodes(B) Snap(C)
Bucklingor Creasing
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where Loc: locations; Blk(Loc); block within locations; Geno: genotype; GenoLoc: 
genotype by environment interaction; ‐: residual

Experiment# 2

• The mechanical properties of the stems of 15 mature sorghum cultivars were
investigatedusinga three-point bendingtest protocol in three locationsin Texasin a
RCBD.

• Datawasanalyzedusinga mixedmodelapproachto estimateLSMeans. Repeatabilities
wereestimatedfor morphologicalandmechanicaltraits with effectsrandom.

• Image analysis using a flatbed scanner and x-ray computed tomography show promise 
for rapid phenotyping of stem anatomy, morphology, and mechanical properties.

• These results indicate the potential of these methods as a selective breeding tool for 
indirect selection or as a selective breeding index of stem lodging resistance in sorghum 
and future improvement.
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BackgroundandObjective

• Thedevelopmentof novelapproachesto improvestemlodgingsuchasbiomechanicalpropertiesishighlyimportant to assistcropbreederswith plant-breedingresearchoutcomes.

• Currentbreedingefforts to improve lodgingresistancein sorghumhavebeen typically relied on countingthe number of lodgedstalksat harvest. Unfortunately,this method is
unreliablebecauseit isseverelyconfoundedby abioticandbiotic factors.

• Thisstudyseeksto developa new phenotypingmethod that doesnot rely on lodging-relatedabioticandbiotic factorsandcouldpotentiallybe usedasa selectivebreedingtool to
selectfor lodgingresistancein bioenergysorghum.

Methods& Results


