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Abstract

Previous work in the High Plains with alternativarging geometries of corn and grain
sorghum has shown potential benefits in drylandlpction. Studies conducted in 2009-2011 at
Tribune, KS evaluated five planting geometriesamcand grain sorghum: conventional, clump,
cluster, plant-one skip-one (P1S1), and plant-tkip-8vo (P2S2). Geometries were evaluated at
three plant densities in corn: 3.0, 4.0, and 5ahtsl nf. Every measured corn production
characteristic was affected by planting geomeggding rate, or an interaction in at least one of
the years. Corn planted in a P2S2 configurationdyeed the least above-ground biomass,
kernels plarit, kernels ear ro;, and the highest kernel weight. Conventionallynf#d corn
minimized harvest index and maximized stover prtéidac Alternative geometries produced
similar harvest indices. Grain yield response &xlgg rate varied by geometry and year.
Responsiveness and contribution of yield componeate affected by geometry. Yield and
yield components, other than ears pfamtere the least responsive to seeding rate insis
geometry. Clump planting consistently maximizedhlets plant. Prolificacy was observed in
the cluster treatment and barrenness in the skipmeatments. Light interception at silking was
highest for clump and conventional geometries amgkst for the skip-row treatments. Corn in a
P2S2 configuration did not fully extract availaBtal water. Conventionally planted corn had the
lowest levels of soil water at tassel-silk indiogtiearly-season use which potentially affected
kernel set. In the lowest yielding year, grain watge efficiency was highest for clump and
P2S2. Across-years, grain yields were lower fonqoanted in a P2S2 geometry. Across-years
corn yields were maximized when planted in clumfpator intermediate plant density,
conventional and P1S1 at low plant density, P13iight density, or cluster at any density.

Planting grain sorghum in a P1S1 or P2S2 configamaeduced total biomass, grain
yield, water use efficiency for grain production Q&g), and water use efficiency for biomass
production (WUEDb) compared to conventional, clumpcluster geometries at the yield levels
observed in this study. Total water use was ungdteby planting geometry although cumulative
water use at flower / grain fill was higher for eentional, clump, and cluster than for skip-row
configurations. Sorghum planted in a conventioragetry was always in the highest grouping

of grain yields. Grain yields from sorghum in eitlaecluster or clump geometry were each in the



top yield grouping two of three years. When evadaicross-years, sorghum planted in a clump,
cluster, or conventional geometry resulted in aamigvels of above-ground biomass, grain yield,
WUEg, and WUEb. Clump or cluster planting appedrawe substantially less downside in a
high yielding year than skip-row configurations.

A comparison of corn and sorghum reinforced thdifigs of others that the relative
profitability of the crops is largely dependenttbe environment for any given crop year.
Relative differences in grain yield, WUEg, WUEbdaret returns varied by year. Net returns
over the three year study were maximized by coneeal, cluster, and clump planted sorghum

as well as clump planted corn.
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Figure A.17 - 2009 Corn late vegetative soil watemtent, drawn with contour step = 0.005°cm
CITTZ, CIUSEEr GEOMELIY. ...ttt ettt ee e ee e s s e e 253
Figure A.18 - 2009 Corn late vegetative soil wamtent, drawn with contour step = 0.005°cm
CMT>, CONVENTIONAI GEOMELIY. ... vttt ee ettt en e eesees e 254
Figure A.19 - 2009 Corn late vegetative soil wamtent, drawn with contour step = 0.005°cm

O, PLSL GEOMEIIY. ...t o2ttt en ettt e s eenen st etenneneeteseennenes 254
Figure A.20 - 2009 Corn late vegetative soil wamtent, drawn with contour step = 0.005°cm
CITTZ, P2S2 GEOMEIIY. ...t o2t en ettt n s e s en st et ennane et eseenenenes 255

Figure A.21 - 2009 Corn tassel-silk soil water @} drawn with contour step = 0.005 @m’

3 ClUMP GEOMEIIY. ...ttt ettt en s eee ettt e e n e e 255
Figure A.22 - 2009 Corn tassel-silk soil water @} drawn with contour step = 0.005 @

3 ClUSEET GEOMETIY. ...vveieieeeeeeceeee ettt ee ettt ee sttt en et eeeenas et es e e seseeeanas 256
Figure A.23 - 2009 Corn tassel-silk soil water @} drawn with contour step = 0.005 @

3 CONVENLIONAI GEOMELIY. ....vviiiieieecececeseeeece ettt en e ee et n e 256
Figure A.24 - 2009 Corn tassel-silk soil water @} drawn with contour step = 0.005 @

3 PLSL GEOMELIY. ..ot n ettt e st e st e s et et etsee et e naeereess e s eae e s seeen s 257
Figure A.25 - 2009 Corn tassel-silk soil water @} drawn with contour step = 0.005 @
3 P2S2 GEOMELIY. ...ttt e et e st et eeee et e e s en e seeeeen. 257
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Figure A.26 - 2009 Corn grain fill soil water contedrawn with contour step = 0.005 tom®,
(o] [0 g gTo I [=To] 4 1] { o PRSP U PP PP PP PPPRPRRP 258
Figure A.27 - 2009 Corn grain fill soil water contedrawn with contour step = 0.005 tom®,
ClUSEET GEOMIBIIY. ...t e e e e e s e s 258
Figure A.28 - 2009 Corn grain fill soil water contedrawn with contour step = 0.005 tomi®,
(olo] 1Vt gl iToT o E= o [=To] 1 41 (PP U PP UPUPPPPPPPP 259
Figure A.29 - 2009 Corn grain fill soil water contedrawn with contour step = 0.005 tom®,

[ Sy R [T 0] 1 1= 1 AU UPPPPPPPPRTN 259
Figure A.30 - 2009 Corn grain fill soil water contedrawn with contour step = 0.005 tomi®,
P2S2 GEOMEBLIY. ..ttt st ettt e e e e e e e et e bbb e e e e e e teaeeneaesbbaaneeeaeeeeenes 260

Figure A.31 - 2009 Corn harvest soil water contdrawn with contour step = 0.005 tom®,

(o] [0 gV oI T=To ] 1 1] { AU U PRSPPI 260
Figure A.32 - 2009 Corn harvest soil water contdrawn with contour step = 0.005 tam®,

(o] W1y (=T 0T 0] 1] 1 T 261
Figure A.33 - 2009 Corn harvest soil water contdrayn with contour step = 0.005 tom,

(oo] 01V ol iToT o= o [=To] 1 411 1 oY/ PP PUPRPPPPPPP 261

Figure A.34 - 2009 Corn harvest soil water contdrayn with contour step = 0.005 tom?,

PLSL GEOMELIY. ..ottt st 4+ttt e e e et et e e tbb e e e e e e eeeeeneansban e e e aaeeennnes 262
Figure A.35 - 2009 Corn harvest soil water contdrayn with contour step = 0.005 tom?,
P2S2 GEOMELIY. ..ottt sttt ettt e e e e e et et et e e e e e e eeeeeneaneban e e e e aeeeenee 262

Figure A.36 - 2009 Corn planting to early vegetatthange in soil water content, drawn with
contour step = 0.005 Gromi®, cluMpP GEOMELIY.........cvovivevieeeeee e eeeeee e, 263

Figure A.37 - 2009 Corn planting to early vegetathange in soil water content, drawn with
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ........c.cvveveeeeeeeeeeeeeee e, 264

Figure A.38 - 2009 Corn planting to early vegetathange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional GEOMEtrY. .........ccoovevveveeeeeeeeeeeeee e, 264

Figure A.39 - 2009 Corn planting to early vegetatrhange in soil water content, drawn with

contour step = 0.005 oM >, PLSL GEOMELIY. ....c.o.viveveeieeeeiee s teeseesieeeeeaeeans 265
Figure A.40 - 2009 Corn planting to early vegetatnhange in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......c.cueieeeieeeeeees oo nen e, 265
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Figure A.41 - 2009 Corn planting to mid vegetaiiange in soil water content, drawn with

contour step = 0.005 ¢romi®, clumMpP GEOMELIY.........ovovivevieeeeeeecee e, 266
Figure A.42 - 2009 Corn planting to mid vegetaange in soil water content, drawn with
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ..........cvveveeeeeeeeeeeeee e, 266
Figure A.43 - 2009 Corn planting to mid vegetaange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional GEOMEtrY. ........cccoovevveveeeeeereeeeree e, 267
Figure A.44 - 2009 Corn planting to mid vegetaange in soil water content, drawn with
contour step = 0.005 CHOM >, PLSL GEOMELIY. ....c.o.vvevieeeeeeee s eesieeneeaeenns 267
Figure A.45 - 2009 Corn planting to mid vegetaange in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......c.cueieeeieeeeeee oo enenen e, 268
Figure A.46 - 2009 Corn planting to late vegetatiiange in soil water content, drawn with
contour step = 0.005 Gromi®, ClUMP GEOMELIY.........viviveeieeeeeeeeee e, 268
Figure A.47 - 2009 Corn planting to late vegetatiiange in soil water content, drawn with
contour step = 0.005 Grom>, ClUSLEr GEOMELTY. ........c.cvieeeeeeeeeeeee e, 269
Figure A.48 - 2009 Corn planting to late vegetatiiange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional EOMEtrY. .........cccoovevveeeeeeeeeeeereeeeeeeen. 269
Figure A.49 - 2009 Corn planting to late vegetatiiange in soil water content, drawn with
contour step = 0.005 Gomi®, PLSL GEOMEIIY. ...cvcvcveieeeieeeece s s en e 270
Figure A.50 - 2009 Corn planting to late vegetatiiange in soil water content, drawn with
contour step = 0.005 Gomi®, P2S2 GEOMELIY. ......cvcveuievieieeeece s e en e, 270
Figure A.51 - 2009 Corn planting to tassel-silkmgpain soil water content, drawn with contour
step = 0.005 CATM®, CIUMP GEOMEIIY. ........vivieeeeeiee et 271
Figure A.52 - 2009 Corn planting to tassel-silkmetpain soil water content, drawn with contour
step = 0.005 CATM®, CIUSTEr JEOMELTY. .......c.eivveeeeeeeces et 271
Figure A.53 - 2009 Corn planting to tassel-silkmegpain soil water content, drawn with contour
step = 0.005 cAtm®, conventional EOMELIY. ..........ccceveiveeeeeeieeeeeeee et 272
Figure A.54 - 2009 Corn planting to tassel-silkmegpain soil water content, drawn with contour
step = 0.005 CATMS, PLSL GEOMELIY. ....cvvveveeeieeeee et seees s en e 272
Figure A.55 - 2009 Corn planting to tassel-silkmetpgain soil water content, drawn with contour
step = 0.005 CATNMTS, P2S2 GEOMEIIY. .....cvcviueieeeeeeeeeee et en e en e 273
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Figure A.56 - 2009 Corn planting to grain fill clgenin soil water content, drawn with contour
step = 0.005 CATM®, CIUMP GEOMELIY.......c.vivieieieiee et 273
Figure A.57 - 2009 Corn planting to grain fill clgenin soil water content, drawn with contour
step = 0.005 CATMT®, CIUSLEr JEOMELTY. .......c.eveeeeeeeeeee et 274
Figure A.58 - 2009 Corn planting to grain fill clggnin soil water content, drawn with contour
step = 0.005 cAtm®, conventional EOMELIY. ..........cccvveiveeeeeeieeeeee e e 274
Figure A.59 - 2009 Corn planting to grain fill clgenin soil water content, drawn with contour

step = 0.005 CATM, PLSL GEOMELIY. ....cuvveveeeeeeeeee et s e en e 275
Figure A.60 - 2009 Corn planting to grain fill clgenin soil water content, drawn with contour
step = 0.005 CATNMT, P2S2 GEOMEIIY. .....cvcviueieeeeeeeeeee s e en e 275
Figure A.61 - 2009 Corn planting to harvest chaingsil water content, drawn with contour
step = 0.005 CATNMT®, CIUMP GEOMELIY. ......o.veeeeeeeee et 276
Figure A.62 - 2009 Corn planting to harvest chaingsoil water content, drawn with contour
step = 0.005 CATNMT®, CIUSLEr JEOMELTY. .......c.eieeeeeeeeeeeeeeeeeeeee et 276
Figure A.63 - 2009 Corn planting to harvest chaingsoil water content, drawn with contour
step = 0.005 cAtm®, conventional GEOMELIY. ..........cceieieeeeeeereeeee e 277
Figure A.64 - 2009 Corn planting to harvest chaingsoil water content, drawn with contour
step = 0.005 CATM®, PLSL GEOMEIIY. .....ovcviveeieeeeeeeeeee s en s e st en e 277
Figure A.65 - 2009 Corn planting to harvest chaingsoil water content, drawn with contour
step = 0.005 CATM®, P2S2 GEOMEIIY. .....cvcviveeieeeeeeeeece st eeeeeeens s en s 278

Figure A.66 - 2009 Corn early vegetative to midetatjve change in soil water content, drawn
with contour step = 0.005 Gromi>, clump gEOMELIY. .....covvveveeeeeeee e, 278
Figure A.67 - 2009 Corn early vegetative to midetagjve change in soil water content, drawn
with contour step = 0.005 Gromi>, CluSter GEOMETTY.........ccvveveveveeeereeeeseseseeee s 279
Figure A.68 - 2009 Corn early vegetative to midetagjve change in soil water content, drawn
with contour step = 0.005 ¢rami®, conventional geometry. .........c.ccoveveveeeereeeeeenenen. 279
Figure A.69 - 2009 Corn early vegetative to midetagjve change in soil water content, drawn
with contour step = 0.005 Grom>, P1S1 gEOMELIY. ......cveueviveereereese s s seeee s 280
Figure A.70 - 2009 Corn early vegetative to midetagjve change in soil water content, drawn
with contour step = 0.005 Gram>, P2S2 gEOMELIY. .......covoveveveeeeeeeeee s nnen s 280
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Figure A.71 - 2009 Corn early vegetative to tass&lchange in soil water content, drawn with
contour step = 0.005 Gromi®, cluMpP GEOMELIY.........ovovivevieeeeeece e, 281
Figure A.72 - 2009 Corn early vegetative to tass&lchange in soil water content, drawn with
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ........c.cvieviieeeeeeeeeee e, 281
Figure A.73 - 2009 Corn early vegetative to tass&lchange in soil water content, drawn with
contour step = 0.005 ¢romi®, conventional GEOMEtrY. .........ccocvevveveeeerereeeere e, 282
Figure A.74 - 2009 Corn early vegetative to tass&lchange in soil water content, drawn with
contour step = 0.005 CHOM >, PLSL GEOMELIY. ....c.o.vivivieeeeeeeee s eeeseesieeeeeaneans 282
Figure A.75 - 2009 Corn early vegetative to tass&lchange in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......cvcveieeeeeeeeeee oo en e, 283
Figure A.76 - 2009 Corn early vegetative to hanebsinge in soil water content, drawn with
contour step = 0.005 Gromi®, ClUMP GEOMELIY.........ovivoveeieeeeeeeee e, 283
Figure A.77 - 2009 Corn early vegetative to hanobsinge in soil water content, drawn with
contour step = 0.005 Grom>, ClUSLEr GEOMELTY. ........c.cvieeeeeeeeeeeeeeee e, 284
Figure A.78 - 2009 Corn early vegetative to hanobsinge in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional GEOMEtrY. .........cccoovevveeeeeeeeeeeeee e, 284
Figure A.79 - 2009 Corn early vegetative to hanobsinge in soil water content, drawn with
contour step = 0.005 Gomi®, PLSL GEOMELIY. ...cvcvcveuieeeieeeeee s s en e 285
Figure A.80 - 2009 Corn early vegetative to hanobsinge in soil water content, drawn with
contour step = 0.005 Gomi®, P2S2 GEOMEIY. ......c.cveiveieeeece s s en e, 285
Figure A.81 - 2009 Corn mid vegetative to late tatjee change in soil water content, drawn
with contour step = 0.005 Gromi>, clumMp gEOMELIY. .....covvveeeeeeeeee e, 286
Figure A.82 - 2009 Corn mid vegetative to late tatjee change in soil water content, drawn
with contour step = 0.005 Gromi>, CluSter GEOMETTY.........ccvveveveveeeereeeeseseseeee s 286
Figure A.83 - 2009 Corn mid vegetative to late tatjee change in soil water content, drawn
with contour step = 0.005 ¢rami®, conventional geometry. .........c.ccoveveveeeereeeeeenenen. 287
Figure A.84 - 2009 Corn mid vegetative to late tatjee change in soil water content, drawn
with contour step = 0.005 Grom>, P1S1 gEOMELIY. ......cveueviveereereese s s seeee s 287
Figure A.85 - 2009 Corn mid vegetative to late tatjee change in soil water content, drawn
with contour step = 0.005 Gram>, P2S2 gEOMELIY. .......covoveveveeeeeeeeee s nnen s 288
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Figure A.86 - 2009 Corn late vegetative to tassklehiange in soil water content, drawn with

contour step = 0.005 Gromi®, clumMpP GEOMELIY.........ovovivevieeeeee e, 288
Figure A.87 - 2009 Corn late vegetative to tassklehiange in soil water content, drawn with
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ..........cvveveeeeeeeeeeeeee e, 289
Figure A.88 - 2009 Corn late vegetative to tasgklehiange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional GEOMEtrY. ........cccoovevveveeeeeereeeeree e, 289
Figure A.89 - 2009 Corn late vegetative to tasgklehiange in soil water content, drawn with
contour step = 0.005 CHOM >, PLSL GEOMELIY. ....c.o.vvevieeeeeeee s eesieeneeaeenns 290
Figure A.90 - 2009 Corn late vegetative to tassklehiange in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......c.cueieeeieeeeeee oo enenen e, 290
Figure A.91 - 2009 Corn tassel-silk to grain filaange in soil water content, drawn with contour
step = 0.005 CATNTS, CIUMP GEOMELIY. ......o.viveeeeeeee et 291
Figure A.92 - 2009 Corn tassel-silk to grain filasnge in soil water content, drawn with contour
step = 0.005 CATNMT®, CIUSLEr JEOMELTY. .......c.eieeeeeeeeeeeeeeeeeeeee et 291
Figure A.93 - 2009 Corn tassel-silk to grain filasnge in soil water content, drawn with contour
step = 0.005 cAtm®, conventional GEOMELIY. ..........cceieieeeeeeereeeee e 292
Figure A.94 - 2009 Corn tassel-silk to grain filasnge in soil water content, drawn with contour
step = 0.005 CATM®, PLSL GEOMEIIY. .....ovcvieeeieeeeeeeeeee e en s et en e 292
Figure A.95 - 2009 Corn tassel-silk to grain filasnge in soil water content, drawn with contour
step = 0.005 CATM®, P2S2 GEOMEIIY. .....cvcviuiieieeeeeeeees s en st en s 293
Figure A.96 - 2009 Corn tassel-silk to harvest gjgaim soil water content, drawn with contour
step = 0.005 CATMT®, CIUMP GEOMELIY. ......o.vivieeeeeie ettt 293
Figure A.97 - 2009 Corn tassel-silk to harvest deaim soil water content, drawn with contour
step = 0.005 CATM®, CIUSLEr JEOMELTY. .......c.eiveeeeeeeecee et 294
Figure A.98 - 2009 Corn tassel-silk to harvest deaim soil water content, drawn with contour
step = 0.005 cAtm®, conventional EOMELIY. ..........ccceveiveeeeeeieeeeeeee et 294
Figure A.99 - 2009 Corn tassel-silk to harvest deaim soil water content, drawn with contour
step = 0.005 CATMS, PLSL GEOMELIY. ....cuvveveeeeeeeeee et seees e en e 295
Figure A.100 - 2009 Corn tassel-silk to harvesideain soil water content, drawn with contour
step = 0.005 CATNMT, P2S2 GEOMEIIY. .....cvcviueieeee et 295
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Figure A.101 - 2009 Corn grain fill to harvest cbann soil water content, drawn with contour
step = 0.005 CATM®, CIUMP GEOMELIY.........vvieieieiee ettt 296

Figure A.102 - 2009 Corn grain fill to harvest cgann soil water content, drawn with contour
step = 0.005 CATMT®, CIUSLEr JEOMELTY. .......c.eveeeeeeeeeee et 296

Figure A.103 - 2009 Corn grain fill to harvest cgann soil water content, drawn with contour
step = 0.005 cAtm®, conventional EOMELIY. ..........cccvveiveeeeeeieeeeee e e 297

Figure A.104 - 2009 Corn grain fill to harvest cgann soil water content, drawn with contour

step = 0.005 CATMS, PLSL GEOMELIY. ....cuvveveeeieeeee et s e s 297
Figure A.105 - 2009 Corn grain fill to harvest cgann soil water content, drawn with contour
step = 0.005 CATNMT, P2S2 GEOMEIIY. .....cvcviueieeeeeeeeeee s e en e 298

Figure A.106 - 2010 Corn planting soil water comtelnawn with contour step = 0.005 tom®,

(o] [0 g g oI T=To ] 1 1] { AU PPPPPPPRPRRP 299
Figure A.107 - 2010 Corn planting soil water comtelnawn with contour step = 0.005 tomi®,

(o] 01y (=T 0= 0] 1] 1 /U 300
Figure A.108 - 2010 Corn planting soil water comtelrawn with contour step = 0.005 tom?,

(oo] 1Y ol iToT = o [=To] 1 4111 oY /AP P PP PRPPPPPPP 300
Figure A.109 - 2010 Corn planting soil water comtelrawn with contour step = 0.005 tom?,

PLSL GEOMELIY. ..ottt st ettt e e e et e et e tbb e e e e e e eeeeeneanssnn e e e eaeeeennes 301
Figure A.110 - 2010 Corn planting soil water comteilrawn with contour step = 0.005 tom?,
P2S2 GEOMELIY. ..ottt sttt ettt e e e et et e b e e e e e e eeeeeneanesan e e e eaeeeenees 301

Figure A.111 - 2010 Corn early vegetative soil watmtent, drawn with contour step = 0.005
CITE CIMTS, CIUMP GEOMELTY. ...t seesae ettt ee et s et s s eenanae e 302
Figure A.112 - 2010 Corn early vegetative soil wattent, drawn with contour step = 0.005
CITE CIMT>, CIUSTET GEOMEIIY. . ..v.viveieee ettt et ee ettt s e e s e, 302
Figure A.113 - 2010 Corn early vegetative soil wattent, drawn with contour step = 0.005
CIT CIMT>, CONVENTIONAl EOMELTY. ... eeeetee ettt en et eeaenee s 303
Figure A.114 - 2010 Corn early vegetative soil wattent, drawn with contour step = 0.005
CIMECMT, PLSL GROMELIY. ...ttt ee et n et s st eneannes s 303
Figure A.115 - 2010 Corn early vegetative soil watmtent, drawn with contour step = 0.005
CITE CIMTS, P2S2 GEOMELIY. ...t e n s et en s et e s e eeseseeeeen 304
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Figure A.116 - 2010 Corn tassel-silk soil waterteni, drawn with contour step = 0.005@m

3 ClUMP GEOMEIIY. w..e.vvieeeeeeeeeeee ettt e et en e een e et e e en e e e 304
Figure A.117 - 2010 Corn tassel-silk soil waterten, drawn with contour step = 0.005%@m

3 ClUSEEN GEOMETIY. ...voeeieeeeeeceeee ettt e ettt et n s st eeeenas et ee s enseseeeanas 305
Figure A.118 - 2010 Corn tassel-silk soil waterten, drawn with contour step = 0.005%@m

3 CONVENLIONAI GEOMELIY. ....viviiiieieeece s ee et n ettt ee e ee et n e 305
Figure A.119 - 2010 Corn tassel-silk soil waterteni, drawn with contour step = 0.005%@m

3 PLSL GEOMELIY. ..ottt s e ettt e st s s et st et s et et e nae et ees s e s eae e eseeen s 306
Figure A.120 - 2010 Corn tassel-silk soil waterteni, drawn with contour step = 0.005%@m

3 P2S2 GEOMELIY. ...t en et e et e st et eeeeean e s e eeeeeea. 306
Figure A.121 - 2010 Corn harvest soil water contdrawn with contour step = 0.005 tom®,

(o[0T g gT o T T=To ] 1 1] { U PRSPPI 307
Figure A.122 - 2010 Corn harvest soil water contdrawn with contour step = 0.005 tom®,

(o] 01y (=T 0= 0] 1] 1 YT 307
Figure A.123 - 2010 Corn harvest soil water contdrawn with contour step = 0.005 tom’,

(oo] 01V ol iToT - o [=To] 1 o111 oY 2RO PUPUPPPPPPPP 308

Figure A.124 - 2010 Corn harvest soil water contdrawn with contour step = 0.005 tom’,

PLSL GEOMELIY. ..ottt st £+ttt e e e e et e ettt e e e e e e eeeeeneansbna e e eaaeeennnes 308
Figure A.125 - 2010 Corn harvest soil water contdrawn with contour step = 0.005 tom’,
P2S2 GEOMELIY. ..ottt ettt e e et ettt e e e e e e eeeeeneasebna e e e e eeeeenee 309

Figure A.126 - 2010 Corn planting to early vege®tthange in soil water content, drawn with
contour step = 0.005 Gromi>, clump GEOMELIY.........cvovivevieeeeece e, 310
Figure A.127 - 2010 Corn planting to early vege®tthange in soil water content, drawn with
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ........c.cvveveeeeeeeeeeeeeee e, 311
Figure A.128 - 2010 Corn planting to early vege®tthange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional GEOMEtrY. .........ccoovevveveeeeeeeeeeeeee e, 311

Figure A.129 - 2010 Corn planting to early vege®tthange in soil water content, drawn with

contour step = 0.005 oM >, PLSL GEOMELIY. ....c.o.viveveeieeeeiee s teeseesieeeeeaeeans 312
Figure A.130 - 2010 Corn planting to early vege®tthange in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......c.cueieeeieeeeeees oo nen e, 312
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Figure A.131 - 2010 Corn planting to tassel-sillare in soil water content, drawn with
contour step = 0.005 Gromi®, cluMpP GEOMELIY.........ovovivevieeeeeece e, 313
Figure A.132 - 2010 Corn planting to tassel-sillare in soil water content, drawn with
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ........c.cvieviieeeeeeeeeee e, 313
Figure A.133 - 2010 Corn planting to tassel-sillare in soil water content, drawn with
contour step = 0.005 ¢romi®, conventional GEOMEtrY. .........ccocvevveveeeerereeeere e, 314
Figure A.134 - 2010 Corn planting to tassel-sillare in soil water content, drawn with
contour step = 0.005 CHOM >, PLSL GEOMELIY. ....c.o.vivivieeeeeeeee s eeeseesieeeeeaneans 314
Figure A.135 - 2010 Corn planting to tassel-sillare in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......cvcveieeeeeeeeeee oo en e, 315
Figure A.136 - 2010 Corn planting to harvest changil water content, drawn with contour
step = 0.005 CATNT®, CIUMP GEOMELIY. ... o.vveeeeeeie et 315
Figure A.137 - 2010 Corn planting to harvest changsoil water content, drawn with contour
step = 0.005 CATNMT®, CIUSLEr JEOMELTY. .......c.eieeeeeeeeeeeeeeeeeeeee et 316
Figure A.138 - 2010 Corn planting to harvest changsoil water content, drawn with contour
step = 0.005 cAtm®, conventional GEOMELIY. ..........cceieieeeeeeereeeee e 316
Figure A.139 - 2010 Corn planting to harvest changsoil water content, drawn with contour
step = 0.005 CATM, PLSL GEOMEIIY. .....ovcviveeieieeeeeeeee et en st en e 317
Figure A.140 - 2010 Corn planting to harvest changsoil water content, drawn with contour
step = 0.005 cm3 cM-3, P2S2 gEOMELIY. .....coiiiiiiiiiiiiee e 317
Figure A.141 - 2010 Corn early vegetative to tasfiklchange in soil water content, drawn with
contour step = 0.005 cm3 cm-3, CluMP GEOMELIY e i 318
Figure A.142 - 2010 Corn early vegetative to tasfiklchange in soil water content, drawn with
contour step = 0.005 cm3 cm-3, CluSter gEOMELLY.cce..vvvveeiiiiiiiiiiieiieiieieeeeeiie e 318
Figure A.143 - 2010 Corn early vegetative to tasfiklchange in soil water content, drawn with
contour step = 0.005 cm3 cm-3, conventional geoMeLL.........cccooeeieeeiirineeeeereeeeeeen 319
Figure A.144 - 2010 Corn early vegetative to tasfiklchange in soil water content, drawn with
contour step = 0.005 cm3 CM-3, P1S1 gEOMEIINY . cemmmriiiiiiiiiiiiee et 319
Figure A.145 - 2010 Corn early vegetative to tasfiklchange in soil water content, drawn with
contour step = 0.005 cmM3 CM-3, P2S2 gEOMEIINY . cermmmiiiiiiiiiiiieee et ee e 320
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Figure A.146 - 2010 Corn early vegetative to harebange in soil water content, drawn with
contour step = 0.005 cm3 cm-3, CluMpP gEOMELIY e cieieii e 320
Figure A.147 - 2010 Corn early vegetative to harebange in soil water content, drawn with
contour step = 0.005 cm3 cm-3, CluSter gEOMELLY e ce . uveveeiiiiiiiiiiieiiiiiiiieieee e 321
Figure A.148 - 2010 Corn early vegetative to harebange in soil water content, drawn with
contour step = 0.005 cm3 cm-3, conventional geoMeLr.........ccccooeeeieiinieeieieeeeeeeeenn 321
Figure A.149 - 2010 Corn early vegetative to harebange in soil water content, drawn with
contour step = 0.005 cmM3 CM-3, P1S1 gEOMEIIY . cemmmmiiiiiiiiiiiiiee et eeeee 322
Figure A.150 - 2010 Corn early vegetative to harebange in soil water content, drawn with
contour step = 0.005 cmM3 CM-3, P2S2 gEOMEIINY . cermmmiiiiiiiiiiiiiee et eeeee 322
Figure A.151 - 2010 Corn tassel-silk to harvesihdeain soil water content, drawn with contour
step = 0.005 CATNMTS, CIUMP GEOMELIY. ........vveeeeeeie et 323
Figure A.152 - 2010 Corn tassel-silk to harvesihggain soil water content, drawn with contour
step = 0.005 CATMT®, CIUSLEr JEOMELTY. .......c.eieeeeeeeeeeeeeeeeeeeee e 323
Figure A.153 - 2010 Corn tassel-silk to harvesihggain soil water content, drawn with contour
step = 0.005 cAtm®, conventional GEOMELIY. ..........cceieeeeeeeeereeeee e 324
Figure A.154 - 2010 Corn tassel-silk to harvesihggain soil water content, drawn with contour
step = 0.005 CATM®, PLSL GEOMEIIY. .....cvcviveeeeeeeeeeeeees st n s st en e 324
Figure A.155 - 2010 Corn tassel-silk to harvesihggain soil water content, drawn with contour
step = 0.005 CATM®, P2S2 GEOMEIIY. .....cvcviveeeieeeeeeece s en s en s 325
Figure A.156 - 2011 Corn early vegetative soil wattent, drawn with contour step = 0.005
CITE CIMTS, CIUMP GEOMELTY. ...t eeeae et s et s st eseenanas s 326
Figure A.157 - 2011 Corn early vegetative soil watntent, drawn with contour step = 0.005
CITE CIMT>, CIUSTET GEOMEIIY. . ..v.viveieee ettt et ee ettt s e e s e, 327
Figure A.158 - 2011 Corn early vegetative soil watmtent, drawn with contour step = 0.005
CIT CIMT>, CONVENTIONAl EOMELTY. ... eeeetee ettt en et eeaenee s 327
Figure A.159 - 2011 Corn early vegetative soil wattent, drawn with contour step = 0.005
CIMECMT, PLSL GROMELIY. ...ttt ee et n et s st eneannes s 328
Figure A.160 - 2011 Corn early vegetative soil wattent, drawn with contour step = 0.005
CITE CIMTS, P2S2 GEOMELIY. ...t e n s et en s et e s e eeseseeeeen 328
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Figure A.161 - 2011 Corn tassel-silk soil waterteni, drawn with contour step = 0.005*@m

3 ClUMP GEOMEIIY. w..e.vvieeeeeeeeeeee ettt e et en e een e et e e en e e e 329
Figure A.162 - 2011 Corn tassel-silk soil waterten, drawn with contour step = 0.005%@m

3 ClUSEEN GEOMETIY. ...voeeieeeeeeceeee ettt e ettt et n s st eeeenas et ee s enseseeeanas 329
Figure A.163 - 2011 Corn tassel-silk soil waterten, drawn with contour step = 0.005%@m

3 CONVENLIONAI GEOMELIY. ....viviiiieieeece s ee et n ettt ee e ee et n e 330
Figure A.164 - 2011 Corn tassel-silk soil waterteni, drawn with contour step = 0.005%@m

3 PLSL GEOMELIY. ..ottt s e ettt e st s s et st et s et et e nae et ees s e s eae e eseeen s 330
Figure A.165 - 2011 Corn tassel-silk soil waterten, drawn with contour step = 0.005%@m

3 P2S2 GEOMELIY. ...t en et e et e st et eeeeean e s e eeeeeea. 331
Figure A.166 - 2011 Corn grain fill soil water cent, drawn with contour step = 0.005%@m

3 ClUMP GEOMEIIY. ..ottt ettt s e s eeee e et en e e, 331
Figure A.167 - 2011 Corn grain fill soil water cent, drawn with contour step = 0.005%@m

3 CIUSLET GEOMELIY. ...t e et ettt e et ee et e e eeeeaen. 332
Figure A.168 - 2011 Corn grain fill soil water cent, drawn with contour step = 0.005@m

3 CONVENLIONAI GEOMELIY. .....oveeeceeeeeeeeeeeeee et ee ettt et en e, 332
Figure A.169 - 2011 Corn grain fill soil water cent, drawn with contour step = 0.005@m

R ST =Y 1 111 14 AR 333
Figure A.170 - 2011 Corn grain fill soil water cent, drawn with contour step = 0.005@m

S SV =T 1111\ 14 AR 333
Figure A.171 - 2011 Corn harvest soil water contdrawn with contour step = 0.005 tom’,

(o] [0 g gTo I [=To] 4 1] { o PRSP U PP U PP PPPPPUPPRP 334
Figure A.172 - 2011 Corn harvest soil water contdrawn with contour step = 0.005 tom’®,

ClUSEET GEOMIBIIY. ...ttt e e e e e e s e 334
Figure A.173 - 2011 Corn harvest soil water contdrawn with contour step = 0.005 tom®,

(olo] 01Vt a1 (ToT o E= o [=To] 1 41 (PSP U PP UPUPPPPPPPP 335
Figure A.174 - 2011 Corn harvest soil water contdrawn with contour step = 0.005 tom®,

[ Sy R [T o] 1 0= 1 AP UPPPPPPPPR 335
Figure A.175 - 2011 Corn harvest soil water contdrawn with contour step = 0.005 tom®,

P2S2 GEOMEBLIIY. ..ottt st ettt e e e e e et e e e e bbb e e e e e s teeeeneaaebbnneeeaeeeeeees 336
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Figure A.176 - 2011 Corn early vegetative to tasfiklchange in soil water content, drawn with
contour step = 0.005 Gromi®, cluMpP GEOMELIY.........cvovivevieeeeee e, 337

Figure A.177 - 2011 Corn early vegetative to tasfiklchange in soil water content, drawn with
contour step = 0.005 Gromi>, ClUSLEr GEOMETTY. ........c.cvieveieeeeeeeeeeeee e, 338

Figure A.178 - 2011 Corn early vegetative to tasfiklchange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional GEOMEtrY. ........cccocvevveveeeeeeeeeeeree e, 338

Figure A.179 - 2011 Corn early vegetative to tasfiklchange in soil water content, drawn with

contour step = 0.005 oM >, PLSL GEOMELIY. ....c.c.vivivieeeeeeee s eeeseeseeeeeanenns 339
Figure A.180 - 2011 Corn early vegetative to tasfiklchange in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......cvcueieeeeeeeeeees oo en e, 339
Figure A.181 - 2011 Corn early vegetative to gfdithange in soil water content, drawn with
contour step = 0.005 Gromi®, ClUMP GEOMELIY.........ovoviueeie e, 340
Figure A.182 - 2011 Corn early vegetative to gfdirthange in soil water content, drawn with
contour step = 0.005 Grom>, ClUSLEr GEOMELTY. ........c.cvieeeeeeeeeeeeeeee e, 340
Figure A.183 - 2011 Corn early vegetative to gfdirthange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional EOMEtrY. .........cccoovevveeeeeeeeeeeeeeeeeeeen. 341
Figure A.184 - 2011 Corn early vegetative to gfdirthange in soil water content, drawn with
contour step = 0.005 Gomi>, PLSL GEOMEIIY. ...vcvcveeieveeeeeeee s s en e 341
Figure A.185 - 2011 Corn early vegetative to gfdirthange in soil water content, drawn with
contour step = 0.005 Gomi®, P2S2 GEOMELIY. ......c.cuvievieeeeeece s en e, 342

Figure A.186 - 2011 Corn early vegetative to harebange in soil water content, drawn with
contour step = 0.005 Gromi®, cluMpP GEOMELIY.........cvovivevieeeeeee e eeeeee e, 342

Figure A.187 - 2011 Corn early vegetative to harebange in soil water content, drawn with
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ........c.cvveveeeeeeeeeeeeee e, 343

Figure A.188 - 2011 Corn early vegetative to harebange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional GEOMEtrY. .........ccoovevveveeeeeeeeeeeeee e, 343

Figure A.189 - 2011 Corn early vegetative to harebange in soil water content, drawn with

contour step = 0.005 oM >, PLSL GEOMELIY. ....c.o.viveveeieeeeiee s teeseesieeeeeaeeans 344
Figure A.190 - 2011 Corn early vegetative to harebange in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......c.cueieeeieeeeeees oo nen e, 344
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Figure A.191 - 2011 Corn tassel-silk to grain étlange in soil water content, drawn with

contour step = 0.005 Gromi®, cluMpP GEOMELIY.........cvovivevieeeeeecee e, 345
Figure A.192 - 2011 Corn tassel-silk to grain é¢ilange in soil water content, drawn with
contour step = 0.005 Gromi>, ClUSLEr GEOMETTY. ........c.cvieveieeeeeeeeee e e, 345
Figure A.193 - 2011 Corn tassel-silk to grain é¢ilange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional GEOMEtrY. ........cccocvevveveeeeeereeeeeree e, 346
Figure A.194 - 2011 Corn tassel-silk to grain é¢ilange in soil water content, drawn with
contour step = 0.005 oM >, PLSL GEOMELIY. ....c.ouvivivieeeeeeees s eeseesieeeeeaeeans 346
Figure A.195 - 2011 Corn tassel-silk to grain é¢tlange in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......c.cueuiiieieeeece oo enenen e, 347
Figure A.196 - 2011 Corn tassel-silk to harvesihdeain soil water content, drawn with contour
step = 0.005 CATNMT®, CIUMP GEOMELIY. ... vt 347
Figure A.197 - 2011 Corn tassel-silk to harvesihggain soil water content, drawn with contour
step = 0.005 CATMT®, CIUSLEr JEOMELTY. .......c.eieeeeeeeeeeeeeeeeeeeee e 348
Figure A.198 - 2011 Corn tassel-silk to harvesihggain soil water content, drawn with contour
step = 0.005 cAtm®, conventional GEOMELIY. ..........cceieeeeeeeeereeeee e 348
Figure A.199 - 2011 Corn tassel-silk to harvesihggain soil water content, drawn with contour
step = 0.005 CATM®, PLSL GEOMEIIY. .....ovcvieeeeeeeeeeeeece et en st en e 349
Figure A.200 - 2011 Corn tassel-silk to harvesihggain soil water content, drawn with contour
step = 0.005 CATM®, P2S2 GEOMEIIY. .....cvcviveeeieeeeeeece s en s en s 349
Figure A.201 - 2011 Corn grain fill to harvest cbann soil water content, drawn with contour
step = 0.005 CATMT®, CIUMP GEOMELIY. ......o.vivieeeeeie ettt 350
Figure A.202 - 2011 Corn grain fill to harvest cgann soil water content, drawn with contour
step = 0.005 CATM®, CIUSLEr JEOMELTY. .......c.eiveeeeeeeecee et 350
Figure A.203 - 2011 Corn grain fill to harvest cgann soil water content, drawn with contour
step = 0.005 cAtm®, conventional EOMELIY. ..........cccvvviveeeeeeieeeeee e 351
Figure A.204 - 2011 Corn grain fill to harvest cgann soil water content, drawn with contour
step = 0.005 CATMS, PLSL GEOMELIY. ....cvvveveeeeeeeee et en e 351
Figure A.205 - 2011 Corn grain fill to harvest cgann soil water content, drawn with contour
step = 0.005 CATNMT, P2S2 GEOMEIIY. .....cvcviueieeee et 352
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Figure A.206 - Corn planting soil water contentossryears, contour step = 0.005°cm”,
(o] [0 ggTo I [=To] 4 1] { o PP U PP PP PP PPPRPPRP 353
Figure A.207 - Corn planting soil water contentossryears, contour step = 0.005°cm’®,
ClUSEET GEOMIBIIY. ...t e e s e 354
Figure A.208 - Corn planting soil water contentossryears, contour step = 0.005°cm’®,
(olo]01VT gl ToTE= o [=To] 1 411 (TP U PP U PUPPPPPPP 354
Figure A.209 - Corn planting soil water contentossryears, contour step = 0.005°cm’®,
PLSL GEOMEBIIY. .eieiiiiiiie e e e e ettt st e+ttt a e e e e e e e e e e e bbb e e e e e e eeeeeneassbbanneeeaeeeennes 355
Figure A.210 - Corn planting soil water contentossryears, contour step = 0.005°cm’®,
A YA o <Y 0] 1 1= 1 RSP UPRSPPPPPPPPRT 355
Figure A.211 - Corn early vegetative soil waterteni across years, contour step = 0.008 cm
CITZ, CIUMP GEOMELIY. ..ottt ee et nn s en e, 356
Figure A.212 - Corn early vegetative soil waterteoi across years, contour step = 0.003 cm
CITTZ, CIUSEEr GEOMELIY. ...ttt ettt ee e ee e s s e e 356
Figure A.213 - Corn early vegetative soil waterteoi across years, contour step = 0.008 cm
CMT>, CONVENTIONAI GEOMELIY. ... vttt ee ettt en e eesees e 357
Figure A.214 - Corn early vegetative soil waterteoi across years, contour step = 0.008 cm
O, PLSL GEOMEIIY. ...t o2ttt en ettt e s eenen st etenneneeteseennenes 357
Figure A.215 - Corn early vegetative soil waterteoi across years, contour step = 0.008 cm
CITTZ, P2S2 GEOMEIIY. ...t o2t en ettt n s e s en st et ennane et eseenenenes 358
Figure A.216 - Corn tassel-silk soil water contacioss years, contour step = 0.005 cm?®,
(o] [0 g gTo I [=To] 1 1] { PP U PP PP PPPPPRPPPP 358
Figure A.217 - Corn tassel-silk soil water contaciioss years, contour step = 0.005 cm®,
ClUSEET GBOMIBIIY. ...t e e e e ren s nnnnnes 359
Figure A.218 - Corn tassel-silk soil water contaaiioss years, contour step = 0.005 cm?,
CONVENTIONAI GEOMELIY. ...ttt ee e et e ettt ettt ettt et ettt e et et e e et eeeeaeaaaaaaaaaaaaaaaaas 359
Figure A.219 - Corn tassel-silk soil water contaaiioss years, contour step = 0.005 cm?,
PLSL EOMEBLIIY. .eeeiiiiiiie e e ettt st e+ttt e e e e e e e et e et bbb e e e e e e eeeneneaesbba e e e eaeeeennns 360
Figure A.220 - Corn tassel-silk soil water contaaiioss years, contour step = 0.005 cm?,
A YA o [<To] 1 1= 1 RSP UPPPPPPPPPT 360
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Figure A.221 - Corn harvest soil water content ssrgears, contour step = 0.005°cm™,

(o] [0 g gV oI [=To] 4 1] { o PP PO U PP PP P PPPPRPRRP 361
Figure A.222 - Corn harvest soil water content ssrygears, contour step = 0.005°cm,

ClUSEET GEOMIBIIY. ...ttt e e e e e s 361
Figure A.223 - Corn harvest soil water content ssrgears, contour step = 0.005°cmi,

CONVENTIONAI GEOMELIY. ...ttt ee e ettt ettt e et ettt ettt e et et e e et e eeeaeaaaaaaaaaaaaaaaaas 362

Figure A.224 - Corn harvest soil water content ssigears, contour step = 0.005°am®, P1S1

[0 T<T0] 0 011 (PSPPI 362
Figure A.225 - Corn harvest soil water content ssrgears, contour step = 0.005°cm®, P2S2
[0 T<T0] 0 011 (PSPPI 363
Figure A.226 - Corn planting to early vegetativamge in soil water content across years,
contour step = 0.005 Gromi®, ClUMP GEOMELIY.........ovoviveeieeeeeeeee e, 364
Figure A.227 - Corn planting to early vegetativamge in soil water content across years,
contour step = 0.005 Grom>, ClUSLEr GEOMELTY. ........c.cveeeveeeeeeeeeeee e, 365
Figure A.228 - Corn planting to early vegetativamge in soil water content across years,
contour step = 0.005 ¢rom®, conventional EOMEtrY. .........cccoovevveeeeeeeeeeeree e, 365
Figure A.229 - Corn planting to early vegetativamge in soil water content across years,
contour step = 0.005 Gomi, PLSL GEOMEIIY. ...vcvcveuieveeeeeeee s e s e, 366
Figure A.230 - Corn planting to early vegetativamge in soil water content across years,
contour step = 0.005 Gomi®, P2S2 GEOMELIY. ......cvcviuieveieeeece s e sen e, 366

Figure A.231 - Corn early vegetative to tassel-sllange in soil water content across years,
contour step = 0.005 Gromi®, cluMpP GEOMELIY.........ovovivevieeeeeee e, 367
Figure A.232 - Corn early vegetative to tassel-sllange in soil water content across years,
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ..........cvvevieeeeeeeeeeee e, 367
Figure A.233 - Corn early vegetative to tassel-sllange in soil water content across years,
contour step = 0.005 ¢rom®, conventional GEOMEtrY. ........cccocvevveveeeeeeereeeere e, 368
Figure A.234 - Corn early vegetative to tassel-sllange in soil water content across years,
contour step = 0.005 CHOM >, PLSL GEOMELIY. ....c.o.vivevieeeeeiee s teeseesieeseeanenns 368
Figure A.235 - Corn early vegetative to tassel-sllange in soil water content across years,
contour step = 0.005 G, P2S2 GEOMELIY. ......cvcveeieeeeeeeeeee o e en e, 369
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Figure A.236 - Corn early vegetative to harvesinggain soil water content across years,
contour step = 0.005 Gromi®, cluMpP GEOMELIY.........cvovivevieeeeeee e, 369
Figure A.237 - Corn early vegetative to harvesingeain soil water content across years,
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ........c.cvveveeeeeeeeeee e, 370
Figure A.238 - Corn early vegetative to harvesingeain soil water content across years,
contour step = 0.005 ¢rom®, conventional GEOMEtrY. ........cccoovevveveeeeeereeeeree e, 370
Figure A.239 - Corn early vegetative to harvesingeain soil water content across years,
contour step = 0.005 CHOM >, PLSL GEOMELIY. ....c.o.vvevieeeeeeee s eesieeneeaeenns 371
Figure A.240 - Corn early vegetative to harvesingeain soil water content across years,
contour step = 0.005 G, P2S2 GEOMEIY. ......cvcveieeeeeeeeeee oo en e, 371
Figure A.241 - Corn tassel-silk to harvest chamgeail water content across years, contour step
= 0.005 cricmi®, CIUMP GEOMELIY. .....vveeeeeeeeeee e eeeeee et e, 78
Figure A.242 - Corn tassel-silk to harvest chamgsoil water content across years, contour step
= 0.005 CACMT®, CIUSLEr GEOMELY. ...ttt ettt en e 372
Figure A.243 - Corn tassel-silk to harvest chamgsoil water content across years, contour step
= 0.005 cricmi®, CONVENLIONAI GEOMELIY........c.iieeeeeeeeeeeeeee et ee e eeeeee e 373
Figure A.244 - Corn tassel-silk to harvest chamgsoil water content across years, contour step
= 0.005 CACMT®, PLSL GEOMEIIY. ...o.vviveieeeeeeee e o s steeeeeee st setenes s, 373
Figure A.245 - Corn tassel-silk to harvest chamgsoil water content across years, contour step
= 0.005 CCMT®, P2S2 GEOMEIY. .....vviveieeeeeeeeeee s o st eeeeeen sttt nesen e, 374
Figure B.1 - 2009 Sorghum early vegetative soilewabntent, drawn with contour step = 0.005
CITE CIMTS, CIUMP GEOMELTY. ...vvveieee et seesae st ee et n et s s eenanas e 375
Figure B.2 - 2009 Sorghum early vegetative soilawabntent, drawn with contour step = 0.005
CITE CIMT>, CIUSTET GEOMEIIY. . ..v.viveieee ettt et ee ettt s e e s e, 376
Figure B.3 - 2009 Sorghum early vegetative soilawabntent, drawn with contour step = 0.005
CIT CIMT>, CONVENTIONAl EOMELTY. ... eeeetee ettt en et eeaenee s 376
Figure B.4 - 2009 Sorghum early vegetative soilawabntent, drawn with contour step = 0.005
CIMECMT, PLSL GROMELIY. ...ttt ee et n et s st eneannes s 377
Figure B.5 - 2009 Sorghum early vegetative soilawabntent, drawn with contour step = 0.005
CITE IS, P2S2 GEOMEIIY. ...ttt enen et n s s et e e e neseseeeeen 377
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Figure B.6 - 2009 Sorghum flower-grain fill soil tegacontent, drawn with contour step = 0.005
CITE CIMTS, CIUMP GEOMELTY. ...t seesae et ee ettt s st eseeeanas s 378

Figure B.7 - 2009 Sorghum flower-grain fill soil tea content, drawn with contour step = 0.005
CITE CIMTS, CIUSTET GEOMEIIY. ....v.viveieee ettt st ee et s et s e e s e, 378

Figure B.8 - 2009 Sorghum flower-grain fill soil tea content, drawn with contour step = 0.005
CI CIMT>, CONVENTIONAl EOMELTY. .......vvvceeeseeeeeeee et en et eeannee s 379

Figure B.9 - 2009 Sorghum flower-grain fill soil tea content, drawn with contour step = 0.005

CIECMT, PLSL QROMEIIY. ...t sttt ettt n et s st eneas s 379
Figure B.10 - 2009 Sorghum flower-grain fill soiater content, drawn with contour step =

0.005 CMTCIMTS, P2S2 GEOMELTY. ... o s n s et aeseeee s e e eee e, 380
Figure B.11 - 2009 Sorghum harvest soil water aunrawn with contour step = 0.005 o

3 ClUMP GEOMEIIY. ..ottt ettt s e s eeeee e et en e e, 380
Figure B.12 - 2009 Sorghum harvest soil water auntirawn with contour step = 0.005 bom

3 CIUSLET GEOMELIY. ..ot ettt e et ee e et sen e eeeeeea. 381
Figure B.13 - 2009 Sorghum harvest soil water auntrawn with contour step = 0.005 o

3 CONVENLIONAI GEOMELIY. ....evieeeieeeeeeeeeee et ettt e et et en e, 381
Figure B.14 - 2009 Sorghum harvest soil water auntrawn with contour step = 0.005 dom

R ST =T 1111 14 ARSI 382
Figure B.15 - 2009 Sorghum harvest soil water auntrawn with contour step = 0.005 dom

3 P2S2 GEOMELIY. ...t st en sttt n s st ee et sast et et ees e sesaeeanes 382

Figure B.16 - 2009 Sorghum early vegetative to 8ograin fill change in soil water content,
drawn with contour step = 0.005 E0m>, ClUMP gEOMELTY. .......cvcvvvrvrieeeeeeeeeeeenean, 383
Figure B.17 - 2009 Sorghum early vegetative to 8ograin fill change in soil water content,
drawn with contour step = 0.005 E0m>, CluSter GEOMELIY.........cevvevvevereeeeeereeeeens 384
Figure B.18 - 2009 Sorghum early vegetative to 8ograin fill change in soil water content,
drawn with contour step = 0.005 &om°, conventional geometry...................c.oueuee. 384
Figure B.19 - 2009 Sorghum early vegetative to 8ograin fill change in soil water content,
drawn with contour step = 0.005 2omi, P1S1 geometry. .......c.ccoceveveveereses comen e 385
Figure B.20 - 2009 Sorghum early vegetative to 8ograin fill change in soil water content,
drawn with contour step = 0.005 E0mM>, P2S2 gEOMELTY. .........cvcveveerereeeers e 385
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Figure B.21 - 2009 Sorghum early vegetative to ésirehange in soil water content, drawn with
contour step = 0.005 Gromi®, cluMpP GEOMELIY.........cvovivevieeeeeeecee e, 386
Figure B.22 - 2009 Sorghum early vegetative to ésirchange in soil water content, drawn with
contour step = 0.005 Gromi>, ClUStEr GEOMETTY. ........c.cvieviieeeeeeeeeee e, 386
Figure B.23 - 2009 Sorghum early vegetative to ésirchange in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional GEOMEtrY. ........cccoovevveveeeerereeeeree e, 387
Figure B.24 - 2009 Sorghum early vegetative to ésirehange in soil water content, drawn with
contour step = 0.005 CHOM >, PLSL GEOMELIY. ....c.o.vivivieeeeeeeee s eeeseesieeeeeaneans 387
Figure B.25 - 2009 Sorghum early vegetative to ésirehange in soil water content, drawn with
contour step = 0.005 G, P2S2 GEOMELIY. ......cvcveieeeeeeeeeee oo en e, 388
Figure B.26 - 2009 Sorghum flower-grain fill to faiast change in soil water content, drawn with
contour step = 0.005 Gromi®, ClUMP GEOMELIY.........ovoviueeie e, 388
Figure B.27 - 2009 Sorghum flower-grain fill to fiast change in soil water content, drawn with
contour step = 0.005 Grom>, ClUSLEr GEOMELTY. ........c.cvieeeeeeeeeeeeeeee e, 389
Figure B.28 - 2009 Sorghum flower-grain fill to fiast change in soil water content, drawn with
contour step = 0.005 ¢rom®, conventional EOMEtrY. .........cccoovevveeeeeeeeeeeeeeeeeeeen. 389
Figure B.29 - 2009 Sorghum flower-grain fill to fiast change in soil water content, drawn with
contour step = 0.005 Gomi>, PLSL GEOMELIY. ...vcvcveuveveeeeece s e sen e 390
Figure B.30 - 2009 Sorghum flower-grain fill to fiast change in soil water content, drawn with
contour step = 0.005 Gomi®, P2S2 GEOMELIY. ......c.cuvievieeeeeece s en e, 390
Figure B.31 - 2010 Sorghum early vegetative sotiewaontent, drawn with contour step =
0.005 CCIT, CIUMP GEOMELTY.......cvieiieeeeeeces et eeeee s sttt en ettt en e, 391
Figure B.32 - 2010 Sorghum early vegetative sotkewaontent, drawn with contour step =
0.005 CMCIMT, CIUSTEr GEOMEIIY. ... ..vvcveeeee e eeeeee ettt n e eanens 392
Figure B.33 - 2010 Sorghum early vegetative sotkewaontent, drawn with contour step =
0.005 cricrm®, conventional GEOMETTY. ............ccerreeeeeeeereeeeseeeeesesessseeseeees e s, 9B

Figure B.34 - 2010 Sorghum early vegetative sotkewaontent, drawn with contour step =

0.005 CIICIMT, PLSL GEOMELIY. . ..veeveieeeeee et sttt eneases s s senas 393
Figure B.35 - 2010 Sorghum early vegetative sotkewaontent, drawn with contour step =
0.005 CMTCIMTS, P2S2 GEOMELTY. ... e sn st sesesee e s e eee e, 393
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Figure B.36 - 2010 Sorghum flower-grain fill soiater content, drawn with contour step =
0.005 CCIMT, CIUMP GEOMELTY......coouieeeeeeeces et eeeee s st en ettt en e, 394

Figure B.37 - 2010 Sorghum flower-grain fill soiater content, drawn with contour step =
0.005 CCIMT, CIUSTEr GEOMEIIY. ... ..vvcveeeeee et ee ettt n e eanens 394

Figure B.38 - 2010 Sorghum flower-grain fill soiater content, drawn with contour step =
0.005 cricrm®, conventional GEOMETTY. ............cceurereeeeeeeereeeeseeeeeseseeseseseeeesen s, 9

Figure B.39 - 2010 Sorghum flower-grain fill soiater content, drawn with contour step =

0.005 CIICIMT, PLSTL GEOMELIY. . ..veeveeeeeeeeee et st siees et eneeses s seesenas 395
Figure B.40 - 2010 Sorghum flower-grain fill soiater content, drawn with contour step =

0.005 CMICIMTS, P2S2 GEOMELTY. .....vevveeeeeeeeee e oo s s s et aesesee e e e eee e, 396
Figure B.41 - 2010 Sorghum harvest soil water aunrawn with contour step = 0.005 domi

3 ClUMP GEOMEIIY. ..ottt ettt s e s eeeee e et en e e, 396
Figure B.42 - 2010 Sorghum harvest soil water auntirawn with contour step = 0.005 bom
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Chapter 1 - Evaluation of alternative planting geonetries and plant

densities on dryland corn production

Introduction

High Plains dryland corn production

Crop production throughout the Great Plains, ape@slly the High Plains is limited by
growing season water supply. Evapotranspirationastehduring periods of cropping exceeds
precipitation making soil water storage a necedsityguccessful crop production. Vast
advancements in crop productivity throughout thghHPlains have resulted from improvements
in precipitation storage efficiency (PSE) and ppéation use efficiency (PUE) as tillage has
been reduced, often through no-till systems, anel$eof surface residue have increased (McGee
et al., 1997; Nielsen et al., 2005), weed contrgirioved (Smika, 1990; Wicks and Smika,
1973), and cropping systems intensified (Farahtai.£1998). A significant change in PUE has
resulted from replacing a portion of the fallowipdrin a wheat-fallow (W-F) rotation with a
summer annual crop (Nielsen et al., 2005; Petegsah, 1996; Schlegel et al., 2002). In
addition to improving PUE of dryland cropping syste this intensification provides greater
economic returns (Dhuyvetter et al., 1996; Schlegel., 2002) and opportunities to better
manage weed populations (Lyon and Baltensperg8§;9oltzer et al., 1996). Commonly
utilized summer annual crops include cafisgmaysL.), grain sorghum$orghum bicolor (L.)
Moench], proso milletFanicum miliaceumL.), and sunflowerHeianthus annuusL.). The
production of corn has the largest support systesiiable to producers with regard to genetics,
herbicide and marketing options, and end-user ddpmaaking it a popular crop choice.

Dryland corn production throughout the High Plaiegion has steadily increased over
the past 20+ years (Figure 1.1) (NASS, 2013). Adearents in no-till farming practices,
herbicides, corn hybrids, and crop insurance pragraoupled with increasing demand for corn
have fueled this growth. Harvested acres have ifgeadreased throughout crop reporting
districts located in the High Plains region of veestKansas, western Nebraska, eastern
Colorado and the Oklahoma and Texas Panhandleswegth limited acreage in the Texas
Southern High Plains (Figure 1.1) with total hatedsacreage in 2011 totaling over 800,000

hectares (nearly 2 million acres).
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Figure 1.1 - Non-irrigated harvested corn acres sumed by state from central and
southern High Plains crop reporting districts.

Adoption of dryland corn and growth of harvestetkamccurred earliest in Nebraska.
By the early 1990’s adoption in Kansas and Colotaatb approached that of Nebraska with
Kansas exceeding Nebraska’s harvested acreagesinyeers since 1996. Dryland corn
production in the Oklahoma and Texas Panhandle§ axras southern plains has been fairly
limited in land area and highly variable in botkaplanted and harvested. Alternative crop
choices such as sorghum and cot@asgypium hirstumL.), higher evaporative demand, less
surface residues, and higher levels of tillagdendropping system are all factors which make
dryland corn production more difficult in that regi

Although advancements have been made, corn graguptivity is still limited by

growing season water supply. Improvements in fakbdficiency prior to seeding the corn crop



can result in higher levels of available soil wateplanting which in general results in increased
grain yields (Nielsen et al., 2009). However, menigcal is the timing and amounts of in-season
precipitation, which has been shown to explain ashras 67% of the variability in grain yields
(Nielsen et al., 2010), incorporating availabld sater at planting improved the relationship to
explain 93% of the variability. It is well knownahwater stress at critical growth stages can
have significant effects on grain yield. Water s¢rat and immediately following silking has
been shown to cause the greatest effect on grald (Claassen and Shaw 1970; Robins and
Domingo 1953; Denmead and Shaw, 1960; Eck, 198@hapily through reductions in kernels
plant® (Grant et al., 1989).

Previous research efforts

Seeding rate

As interest in and adoption of dryland corn prodhrctn the region has increased, the
correct plant population necessary to maximizedgiéh a productive year, while resisting crop
failure during drought, has been a reoccurring tyoiesMultiple research studies spanning
several decades in the region have attempted ¢ordiete optimal seeding rates. Early work
from a two year study at Colby, Kansas reportettigideclined as seeding rates increased from
4.0 to 6.9 plants (16,200 to 27,900 plants dcwith a subsequent study indicating an optimal
seeding rate near 3.4 plant¥ 13,800 plants a (Anonymous, 1975). Work by Havlin and
Lamm (1988) also at Colby, found no differenceigld/when corn was seeded at 2.1, 2.5, and
3.7 plants rif (8.5- 10- and 15,000 plants3c

A variety of studies at Tribune, Kansas would eaterthe optimal corn seeding rate to
be near 3.7 plants {15,000 plants &) when evaluated across multi-year studies (Schlege
2007; A. Schlegel, personal communication). In baaist Kansas, Norwood and Currie (1996)
evaluated three seeding rates, 3.0, 4.4, and &@gh? (12-, 18-, and 24,000 plants Amver
four site-years. Yields declined with increasingdiag rate in one year of the study, in two years
yields increased, with the fourth year resultingiquadratic response with an optimum near the
intermediate seeding rate. In a subsequent studlygda period of above normal rainfall,
Norwood (2001) reported non-linear positive resgsria grain yield as population increased
from 3.0 to 5.9 plants f(12- to 24,000 plants &} Fjell (2005) showed large differences in

optimal seeding rate due to environmental condstianany given site-year in western Kansas.



Densities that optimized yields ranged from 4.@ ®plants rif (16- to 20,000 plants &gin

four of the seven years of the study. During threetdriest years of the study grain yields
declined with increasing population, resultinghe towest seeding rate in the study being
optimal. In western Nebraska, Blumenthal et al0@0eported increasing grain yields as
seeding rate increased from 1.73 to 2.73 plafft§fmto 11,000 plants &, at higher plant
densities yields became unstable. This work was laged to calibrate a crop simulation model
which resulted in production probability distribaris of economic return across a range of plant
populations and soil water availabilities (Lyoraét 2003). In general, model predictions
suggested a base seeding rate of 3 plafit&léh 100 plants &) in western Nebraska dryland
conditions and that probability of profit declineith decreasing levels of available soil water at

planting.

Row-spacing

While seeding rates in the region have been evaduay several researchers, row-
spacing until recently was essentially an untoudbet in the High Plains region. This is likely
driven by the almost exclusive adoption of a 76(8thinch) row spacing for the production of
irrigated corn in the region in addition to its useneighboring eastern regions with established
histories of dryland or rainfed corn production.

In general when resources are non-limiting, unifoomequidistant cropping will
maximize light interception, photosynthesis, angstbverall efficiency. However, when
resources are limiting, non-uniform treatment & klind may provide advantages (Loomis,
1983). Research in more productive corn produdieas with fewer water resource limitations
has evaluated changing geometry through use of nawswer than 76 cm (30 inches) resulting
in a configuration more closely resembling equatst These studies have often been conducted
in combination with plant density treatments, oamaally resulting in significant interactions
along with potential interactions of row spacinghwhybrid (Farnham, 2001). The results of
these studies have been mixed in nature findingipeg¢Nielsen, 1988; Widdicombe and
Thelen, 2002; Sharratt and McWilliams, 2005) angatiee (Farnham, 2001; Johnson et al.,
1998) responses often with mixed responses fromiduhl site-years (Farnham, 2001; Nielsen,
1988; Staggenborg et al., 2001). Some Studies iegeted no effects from reductions in row
spacing (Westgate et al., 1997; Van Roekel andt€q@012; Porter et al., 1997; Shapiro and



Wortmann, 2006). Thelen (2006) provided exampldsosf site-year variability and even within
field variability could result in highly variabl@sponses to narrow rows.

Wide rows were shown to redistribute solar radrafrom upper to lower leaves
although the redistribution is not typically enougloffset interception reductions in the upper
canopy, resulting in a net reduction in solar radiainterception (Ottman and Welch, 1989).
Increased solar radiation interception by narronger was shown (Yao and Shaw, 1964a;
Aubertin and Peters, 1961; Sharratt and McWillia@4)5), especially at lower plant
populations (Maddonni et al., 2001; Maddonni anddbt, 1996) and supports the generalization
that positive responses to reducing row spacirapin are more prevalent in light limited
environments, perhaps those above 43° N latitude,(RO06). Andrade et al. (2002)
summarized that response to narrow rows was atoserb when the standard row spacing was
able to capture >90% of light at the critical timekating to kernel set. However, increased light
interception, especially earlier in the seasonyltesn higher water use which can be a detriment
in water-limited environments (Sharratt and McVditlis, 2005; Staggenborg et al., 2001;
Andrade et al., 2002). In eastern Canada, FultéiA@Levaluated 50 and 100 cm (20 and 40
inch) rows at a range of plant densities and watezls and found that narrow rows only
increased grain yields in the presence of hightmlansities and high soil moisture levels.
Barbieri et al. (2012) reported 8.4% higher ET frplanting until 55 days after planting (DAP)
for corn grown in 35 cm (13.8 inch) rows comparethwO cm (27.6 inch) rows.

In the row spacing studies most closely relatedigh Plains dryland corn production
Staggenborg et al. (2001) showed in eastern Kahaaghe response to narrower row spacing of
38 and 51 cm compared to 76 cm (15 and 20 inchapaed to 30 inches) was highly
dependent upon environmental conditions and yietdmgial for a given site-year. In general
narrow row spacing resulted in decreased graimyiehen conventional rows yielded less than
7.5 Mg h&' (120 bu. ac). Under a limited irrigation scenario in the Tel@nhandle Bean and
Gerik (2005) reported higher yields for corn plahite 1.02 m (40 inch) rows than that planted in
51 or 76 cm (20 or 30 inch) rows.

Skip-row
Use of the skip-row concept in semi-arid areas)euwlatively new to corn production,
has been the subject of study and producer adojtibath grain sorghum and cotton.

Evaluations of skip-row sorghum were performed unbtgland (Blum and Naveh, 1976;
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Routley et al., 2003; Olson et al., 2010; Abuny&wal., 2010; Abunyewa et al., 2011) and
limited irrigation (Musick and Dusek, 1972) condits. Skip-row planting of cotton in various
configurations is a common dryland practice ongiwthern High Plains primarily due to crop
insurance implications, despite no clear advantage conventional row spacing and in some
cases decreased water use efficiency (WUE) (HodsvleaMichael, 1986). Skip-row planting of
corn under limited irrigation scenarios were evtddan the Texas Panhandle (Musick and
Dusek, 1972; Baumhardt, 2010) and resulted in redlgecain yields on a land area basis.

In the last decade, research conducted in the Pligihs region has evaluated wider and
non-uniform row spacing in an attempt to stabihrel improve dryland corn yields. In the early
and mid 2000’s work in Nebraska, and later in Karesad Colorado, evaluated corn planted in a
variety of skip-row configurations. Vigil et al. @28) reported that skip-row configurations in
corn and grain sorghum offered a 376 kg t&ibu. at) advantage in grain yield over
conventional row spacing when evaluated acrosstd-ysars at Akron, Colorado and Scott
County, Kansas. The response to skip-row geometrigss study was most positive at
conventional yield levels of less than 3500 kg (&6 bu. ac). Pavlista et al. (2010) evaluated
conventional and plant-two rows skip-two rows (PR&hfigurations at three seeding rates, 2.5,
3.7, and 5.0 plants ™(10-, 15-, and 20,000 plants“3cNo significant geometry x seeding rate
interaction was observed. Across four site-yeagklgiin the P2S2 configuration were higher
than yields in conventional geometry in one instahawer than conventional in one instance,
and equivalent to conventional in two site-yealtse Targest advantage to the P2S2 configuration
was at the site-year when conventional plantintglgie the least, 4670 kg h474.4 bu. ad), the
P2S2 produced 5460 kg h&7 bu. ad) of grain.

Lyon et al. (2009) summarized 23 site-years of éatduating conventional, P2S2, plant-
one row skip-one row (P1S1), and plant-two rowp-<siie row (P2S1) that were collected from
10 locations across the central High Plains andjden yielding locations in central and eastern
Nebraska. Planting geometry affected grain yieltl3aof the 23 site-years. The P2S2 treatment
(and potentially other skip-row treatments in thedg) produced higher grain yields five times
and lower yields eight times. Regression analysis used to determine threshold conventional
yields below which a skip-row configuration woulelg a positive response compared with a
conventional configuration and were estimated @&946300, and 4500 kg h474, 101, and 72
bu. a¢") for P2S2, P1S1, and P2S1, respectively.



Although the anticipated response of alternativengetries has been characterized
relative to conventional grain yield, there is pui&l that some interactions may occur in ear
development which complicates this issue. Two g#ars of the study conducted by Pavlista et
al. (2010) produced essentially the same conveatticorn grain yield of 7220 kg Hg115 bu.
ac?), but produced accompanying P2S2 vyields of 751054180 kg ha (119.7 and 92.1 bu. ac
1), When P2S2 performed worse it was largely accaegiawith more prolificacy in both
geometries, indicating an environmental situatiod hybrid selection which promoted
prolificacy, and a shorter primary ear in the P28atment. When P2S2 performed better than
conventional there was less prolificacy in botlatneents and a longer primary ear in the P2S2
treatment compared to conventional.

Other researchers have failed to observe a consbsitive response to planting corn in
a skip-row configuration. In the northern Greatifdaa P2S1 (plant two rows, skip one row)
configuration showed no effects on grain yield Meat index, or PUE, but did increase total
above-ground biomass production and biomass PUERA2012). At seven site-years in
western Kansas, Olson et al. (2010) reported nd diéference between a P2S2 system over
conventional planting, including site-years at gildvels below 5 Mg h&(80 bu. aé). In that
study, the P2S2 system had numerically lower gyiiis of 63 to 502 kg Ha(1 to 8 bu. ad)
compared to conventional. A three year study diune, Kansas (Schlegel, 2007; also included
in the analysis of Lyon et al., 2009) evaluated fgeometries, P1S1, P2S2, P2S1, and
conventional at three seeding rates, 2.5, 3.7 4aéhglants rif (10-, 15-, and 20,000 plants3c
Planting geometry only affected grain yields in @f¢hree years with conventional producing
higher grain yields than either P2S1 or P2S2. Sgedite resulted in a different response each
year, in the lowest yielding year increasing segdate decreased grain yield, in the highest
yielding year increasing seeding rate increaseuh grald, and in the moderate year a curvilinear
response was observed with the 3.5 plant{15,000 plants a0 seeding rate being optimal.
Work has also been conducted on row configuratiagryland areas of Australia. In a one year
study, Simons et al. (2008) reported higher coaigyields for a P1S1 system than either a
conventional or P2S2 system with conventional rpaceng of 92 cm (36 inches). In this study

the P1S1 configuration resulted in a higher haretgx (HI) than conventional planting.

Clump



Clump planting of sorghum has been shown to impgreé yields, reduce tillering,
change plant architecture, change dry matter paniitg and increase harvest index in the central
and southern High Plains (Bandaru et al., 2006 gHemal Schlegel, 2009; Pidaran et al., 2011;
Kapanigowda et al., 2010a; Krishnareddy et al. 020Clump planting of sorghum has also
shown to be an effective technique for reducirgriihg at low plant populations. Tillering in
dryland corn production is occasionally an issuieth both by genotype and its propensity to
tillering and accentuated by low plant populati¢fistio-Kagho and Gardner, 1988a). It was
hypothesized that clump planting of corn may redilezing among other potential effects that
could positively affect grain yields.

Mohammed et al. (2012) evaluated dryland corn géoasan the Texas Panhandle at
densities of 2.96 and 3.96 plant¥ 12- and 16,000 plants‘4c They reported that planting
corn in three or four plant clumps reduced leafiadex (LAI) at the V11 growth stage by 5-
14% and resulted in a 5-10% higher harvest indar tlorn planted in conventional rows while
total aboveground biomass was not different amozagments. Clump planted corn also had
higher numbers of harvestable ears and higher kesgights although no effect on grain yield
was observed.

Kapanigowda et al. (2010b) evaluated corn plametiree plant clumps and corn
planted conventionally in 76 cm (30 inch) rowshe fTexas Panhandle. Corn was seeded at 3.9
plants n¥ (15,800 plants & and grown under three water treatments, dryla6d2.95), and
125 mm (4.92 inches) of applied irrigation wateack level of irrigation water was applied with
two methods, low-energy precision application (LBERAd low-elevation spray applicators
(LESA). They reported reduced tiller productiorgreased grain yields of 13 to 55%, and
increased harvest indices of 10 to 33% for cornvgrim clump geometry. Clump planting also
resulted in a lower intercept for the water prodarctunction, indicating it took less water to
produce the first kernel of grain on plants inanagb configuration than plants planted
conventionally.

Work resembling current attempts at clump plantat tbas been conducted in the edge
of tropical rainforest in Nigeria (Babalola and @gul981). They reported lower grain yields for
corn planted in three seeds per hill in 90 cm (&%) rows compared with plants spaced
equidistantly in that row spacing. They also meagudrigher stomatal resistances on the ear

leaves of clump planted plants. This study howewes conducted in a humid climate where the



driest growing season precipitation was 749 mm5#&ches), nearly double that of some areas
of the High Plains, thus likely an environment wdezduced light interception could have

negatively affected yields.

Current recommendations

Currently seeding rates recommendations vary athessegion. Dryland corn
production is not yet mainstream in the Texas Padillesbut recommendations (Bean, 2007)
include only planting with moisture present in @@t cm (2.5 to 3 feet) of the soil profile and
to not exceed seeding rates of 3.7 plantg(1%,000 plants &b).

Colorado dryland corn seeding recommendations pibet seeding rates of 3 to 4
plants n¥ (12- to 16,000 plants &pwill maximize yields for average and below averaginfall
years, but that soil moisture conditions at seetimg should be used to fine-tune decisions
(Bauder and Waskom, 2003). Recommendations foranestansas are generalized between 3.5
to 4.9 plants M (14- to 20,000 plants @ with mention of skip-row systems for areas with
inherently low yield potential (Roozeboom et aD02).

Recommendations for western Nebraska dryland aermare specific and dependent
upon location, surface residue level, profile saker, and hybrid maturity (Klein and Lyon,
2011). Suggested seeding rates range from “dolant porn” and seeding rates of 2.0 to 4.0
plants n? (8- to 16,000 plants &}. Western Nebraska recommendations also presskipeow
planting in the P2S2 pattern at anticipated yielels of less than 4706 kg™h&r5 bu. aé) and
the P1S1 pattern at yield levels less than 627dakg(100 bu. ac).

Objective

In general the response to skip-row plantings enHigh Plains have been somewhat
inconsistent, however occasional occurrences afesschave continued to peak the interests of
producers and researchers alike. Additional sites/ef observation may help further clarify the
yield potentials at which various planting geonestrare optimal. Clump planting of sorghum
and early experimentation on clump planting of doas shown the potential of planting
geometry to alter plant responses to the envirotniRarhaps a better understanding of the
dynamics involved would inform better managemeimisiens regarding alternative planting
geometries. Also unknown is the effect of altewaplanting geometries on optimal seeding

rate. The purpose of this study was to agrononyiealaluate geometries including conventional,



clump, and skip row treatments, across a rangéaot pensities, on the ecophysiology of

dryland corn in the central High Plains.
Materials and Methods

Production management

Plots were established in 2009, 2010, and 201ieaiKtState Southwest Research-
Extension Center near Tribune, Kansas. This sitecated in the central High Plains with a
long-term annual precipitation of 429 mm (16.9 iesh A significant portion of the precipitation
(48 %) falls during the months of May, June, anl¢.Jlhroughout the study duration,
temperature and solar radiation were recorded lutsmated weather station located no further
than 853 meters (2,800 feet) from the study locatierowing degree days were calculated with
an upper temperature threshold, described as méthot¥icMaster and Wilhelm (1997), using a
base temperature of 10° C (50° F) and a maximurpeeature of 30° C (86° F).

10
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The study was a factorial design of five plantimginetries (Figure 1.2). All geometries
were planted in 76 cm (30 inch) row spacing. Geoe®evaluated included conventional rows
in which plants were equidistantly spaced withiwspclumps of three plants each, clusters
where six plants were planted sequentially alténgatetween two rows, plant-one skip-one skip
row (P1S1), and plant-two skip-two skip rows (P2E3ch of the geometries were seeded at
three rates termed low, intermediate, and high setding rates of approximately 3.0, 4.0, and
5.1 plants rif (12,300, 16,200, and 20,600 plant8)acespectively.

Plots measuring 8 rows in width by 12 m (40 feetlength were no-till planted into
wheat stubble from the previous year using a CHs&2D0 vacuum planter (CNH North
America, Racine, WI). Blank plates were machinetionse to the author’s design for metering
the desired plant geometries. Corn was typicabyfad to a depth of 7 cm (2.75 inches).
Additional details regarding cultural practices presented in Table 1.1.

Table 1.1. - Production practices for corn geometryx seeding rate study, Tribune, Kansas,

2009-2011

Year

2009

2010

2011

Location

Soil Type

Soil Description

Planting Date

Fertility

Hybrid

Light Interception

Harvest Date

Dixon Dryland Annex,
SWREC-Tribune
Irrigation Field

Ulysses Silt Loam

Fine-silty, mixed,
superactive, mesic
Aridic Haplustolls

5/7/2009 (DOY 127)

90 kg ha™ (80 Ib ac™) N
applied 5/12/09 (DOY
132)

Pioneer 33B54

N/A

10/28/2009 (DOY 301)
10/11/09 Hard Freeze -
6° C (22° F)

SWREC-Tribune
Dryland Station

Richfield Silt Loam

Fine, smectitic, mesic
Aridic Argiustolls

5/4/2010 (DOY 124)

90 kg ha™ (80 Ib ac™)
N applied 3/23/2010
(DOY 82)

56 | ha-1 (6 gal ac™)
10-34-0 at planting

Pioneer 33B54

7/1/2010 (DOY 182)

9/8/2010 (DOY 251)

Dixon Dryland Annex,
SWREC-Tribune
Irrigation Field

Ulysses Silt Loam

Fine-silty, mixed,
superactive, mesic
Aridic Haplustolls

5/21/2011 (DOY 141)

90 kg ha™ (80 Ib ac™)
N applied 4/6/2011
(DOY 96)

Pioneer 33B54

8/3/2011 (DOY 215)

9/30/2011 (DOY 273)
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Soil water

Volumetric soil water contents were determineddach geometry in the intermediate
seeding rate by neutron attenuation. Access tulees placed in an effort to represent a
repeatable cross-section perpendicular to a gieemgtry for interpolation that would be
representative of the true soil water status (ledu®). Neutron attenuation readings were
recorded at 15 cm (6 inch) intervals to a depth8% cm (6 feet) at various times throughout the
season. At a minimum, measurements were takensagaplanting as possible typically
representing a postemergence early vegetative gretate, at R1 (tassel/silk), and at harvest
after reaching physiological maturity. In some weadditional measurements were recorded
during the growing season. Existing calibrationd anavailable soil water values from other
experiments at the experiment station were usedltulate volumetric plant-available water
from the ratio of raw neutron counts to the aversepsonal standard count.

Values of profile available soil water were cal¢athfor each tube at each measurement
time from the neutron data. Analysis of variance wsed to test for differences with respect to
tube position. This analysis utilized geometry blye position combinations in a one-way
analysis to test if differences in profile soil eaacross the entire study area were affected by
tube location. Values of available water contentensdso evaluated within geometry and depth
with respect to tube position to test if spatidfedences in available soil water existed within a
given geometry.

Calculated volumetric soil water measurements fn@wtron attenuation measurements
were used as the input for a spatial interpolgbietedure to obtain a more complete cross-
sectional representation of soil water status (kbouk et al., 2011). Interpolation was conducted
using the griddata procedure with the v4 methodatlab (MathWorks, 2012). This procedure
uses biharmonic spline interpolation to estimaleesat desired interpolation points (Sandwell,
1987). Interpolation was conducted on a domain oregagin width equal to the repeatable
pattern of each geometry and depth to the deepedtqf soil water measurement, 183 cm (72
inches) for all geometries. Cells in the interpetatlomain were 2.54 cm x 2.54 cm (1 inch x 1
inch) in dimension.

Volumetric water content for each combination aftgdy time of measurement was
calculated by computing the mean volumetric watetent of the cells in the interpolated

domain. Total profile water was calculated by nphliing the volumetric water content for each
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plot by time of measurement combination by the ifgafepth. Total water use for each
combination of plot by time of measurement wasudated by subtracting profile water at
postemergence or other beginning period of intdrest the profile total and the ending
measurement then adding precipitation. This methaaclusive of both evaporation (E) and
transpiration (T) components while assuming zertemass due to runoff and deep percolation.
Change in soil water with respect to spatial laratvas calculated by subtracting grid cell
values of the two interpolated cross-sections t&frest. For ease of visual interpretation and
display, each interpolated cross-section was nad@s necessary to generate a cross section
measuring 305 cm (120 inches) across, the smald@sinon factor among the various individual

Cross sections.

Light interception

Photosynthetic photon flux density (PPFD) was messusing a LAI-2000 (LI-COR,
Inc., Lincoln, NE) which recorded simultaneous masents from a 1 m line quantum sensor
attachment (Model LI-191SB, LI-COR, Inc., LincoME) and a quantum sensor placed outside
the crop canopy (Model LI-190, LI-COR, Inc., LinnpNE). Measurements of
photosynthetically active radiation (PAR) transedtthrough the plant canopy)Xwere
measured at the soil surface. Due to the non-unifaature of the plant geometries special
consideration was made to select locations for@emgasurement. Measurements were made
with the line quantum sensor placed parallel togld rows at approximately 5 cm (2 inch)
increments between planted rows. In the clump &uster treatments two sets of measurements
were taken to fully represent the entire spatiedragement of plants (Figure 1.3). When
necessary, the sensor was masked to only inteigapfrom the length necessary to obtain
measurements from spatially repeatable areas asishqFigure 1.3). When a portion of the
sensor was masked, measurements were scaleddquivalent value for a 1 m operating
length. Measurement of incident PAR) (lvas obtained simultaneously from the sensor place

outside the plant canopy.
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Conventional Clump

Figure 1.3 - Sampling areas for photosyntheticallynctive radiation (PAR) within planting
geometries.

Intercepted photosynthetically active radiationAl® was calculated ag + I, and thus
includes potential PAR reflected from the canopg soil. Gallow and Daughtry (1986) found
that prior to the R5 stage in corn the potentiebrsrdue to this inclusion of reflected PAR were
less than 3.5%. The fraction of PAR intercepted easulated a8 = (I, — ly)/lo. The simple
average of the fractional interception values (ageroft’s) for a spatially repeatable portion of
the planting geometry were used to calculate tlegadMfraction of PAR intercepted)(for a
given treatment. Field measurements were schedlleghter around solar noon on any given
day to reduce the influence of sun angle. Measun&weere taken in either open sky or
uniformly overcast conditions. Occurrences of olbgiyg erroneous data were replaced with the
meang value from the same spatial location in otherlitthe same treatment. In 2010 0.07%
of the values were identified and replaced and 1o2%e values in 2011. Sensors were

intercalibrated by collecting measurements sidesidg-with a full sky view at solar noon.
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Plot harvest and data collection

At physiological maturity, 20 plants from the contienal, P1S2, and P2S2 treatments,
18 plants (3 clusters) from the cluster treatmantl 21 plants (7 clumps) from the clump
treatment were hand harvested at ground levelcbheentional, P1S1, and P2S2 treatments
were associated with a harvest area of 6.6, 5d3ahnt (71, 54, and 42 % for the low,
intermediate, and high seeding rates, respectiVélg.cluster treatment had harvest areas of 5.9,
4.5, and 3.5 M(64, 48, 38 fi) and the clump had harvest areas of 6.9, 5.24dndf (75, 56,
and 44 ff) for the low, intermediate, and high seeding ratespectively. Plants were harvested
from areas having uniform stand as per the tredatimémntions, implying complete emergence.
Ears were removed and counted as harvestablemnpiete. Kernel rows (KR) and kernels ear-
row” (KER) were counted on each ear. Ears were mechinghelled; wet grain weight and
oven-dry cob weights were recorded. Grain sampkre &@nalyzed for moisture and test weight
(GAC2100, Dickey John Auburn, IL, USA). A subsampfegrain was dried at 60° C for a
minimum of 72 hours. Kernel weight (KW) was detanad by counting 300 seeds from the
subsample, drying, and reweighing. Grain from tiesample was ground using a sample mill
for use in determining N and P concentration ingten. Grain concentrations for N and P were
obtained by the sulfuric acid — hydrogen peroxiggestion method (Thomas et al., 1967) and
were performed by the K-State Soil Testing Lab, N&tan, Kansas. Above ground biomass,
less the ears, was dried at 60° C for a minimurh wekek and weighed to obtain stover weight.
Grain yields were corrected to 155 g'kg5.5%) moisture content for analysis, total above
ground biomass is the sum of the stover, grain,cafdon a dry matter basis. Harvest index was
calculated by dividing grain yield by total abowe@gnd biomass, both components on a dry
matter basis. Plant rectangularity, a method tatityaspatial uniformity of a planting
arrangement, was calculated for each treatmenagvey the calculated rectangularity for each
plant (Wiley and Heath, 1970, Maddonni et al, 20013 repeatable pattern.

Statistical analysis
Statistical analysis was completed using the PROXHD procedure is SAS 9.2.
Denominator degrees of freedom were obtained ubmgontainment method. Variance

component estimation was performed with the restlicnaximum likelihood technique
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(REML). In instances where variance components wstinated as near zero or negative the
NOBOUND option was invoked to attempt completioradd matrix that was positive definite.

Invoking NOBOUND in these situations provides bettentrol of the Type | error rate
and better power in estimates of whole-plot eramances (Littell et al., 2006). Individual ear
data with measurements of KR and KER were analgsel RCBD with subsampling, each ear
as a subsample. Statistical analysis of soil wadéa was performed on profile totals or within a
given depth. Data were analyzed as individual yeattsreplication taken as a random effect
term. Data were also analyzed across years witharehreplication within year taken as random
effects terms. Means separation was performed wsigon the LSMEANS output utilizing the
PDMIX800 macro (Saxton, 1998).

All reported means are least square means (LSMEA®E)ting from a mixed-model
analysis. Each analysis fits the optimal mixed-nmdalethat specific dataset and its variance-
covariance structure. As a result, means presemtiheé across-years analysis will differ slightly
than the arithmetic means of the individual yebrsaddition to each analysis being fit with a
unique model, the across-years analysis uses almvdte different structure of random effects.
Each unique model results in unique estimatedi®LEMEANS. The across-years analysis also
results in an unbalanced design due to five refidina in 2010 and four replications in 2009 and
2011. The use of LSMEANS from the PROC MIXED prosegis the most appropriate way to
handle unbalanced data (Milliken and Johnson, 2(R&ports of other agronomic research have
shown LSMEANS to differ from arithmetic means wheamducting across-years analysis with

unbalanced data (Teasdale et al., 2007).
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Results

2009 Tribune
Corn grain yields as a whole were exceptional i69@ith a mean yield of 6970 kg ha
(111 bu ad). In-season precipitation was above normal fomttagority of the growing season

(Figure 1.4), recovering from a deficit that petesisfrom planting up until DOY 147.
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Figure 1.4 - Corn growing season precipitation depéure from normal, Tribune, Kansas
20009.

Additional precipitation increased the cumulatigéat further above average in the time
period after silking and during grain fill (Figuie5) ending with 366 mm (14.41 inches) of in-
season precipitation. Heat unit accumulation wasnabthroughout the growing season (Figure
1.6).
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Figure 1.5 - Corn season cumulative precipitationTribune, Kansas 2009.
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Figure 1.6 - Cumulative corn heat units, Tribune, Kansas 2009.
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Table 1.2 — Corn biomass, yield, and yield compon&nas affected by planting geometry and seeding mat
Tribune, Kansas, 2009.

Harvest Kernels Kernels ear 1

Kernel

Geometry Seeding rate  Above-ground biomass Stover Grain yield index planfl Kernel rows row Ears plant weight Yield plam—l
2
(100‘(’)'1?; :S" achy Mo ha™ (I ac™) Mg ha™ (Ib ac™) Mg ha™ (bu ac™) mg 9
Clump 10.6 (9,440) ab’" 471 (4200) bc  6.95  (111) ab® 055 ab 640 a  17.3 415 a 1.02 b 246 bc 159 a'
Cluster 106 (9,450) ab  4.88 (4350)ab  6.76 (108)b 054 b 621 a 175 399 b 108 a 240 c 150 ab
Conventional 111  (9,940) a 5.15 (4600) a 709 (113)ab 054 b 643 a  17.6 425 a 100 b 241 ¢ 156 a
P1S1 112 (9,990) a 485 (43200ab 752 (120)a 057 a 627 a 171 415 ab 099 b 257 a 162 a
P2S2 9.9 (8,840) b 440 (3930) c 652 (104)b 055 ab 554 b  17.0 366 c 098 b 254 ab 142 b
3.0 (12.3) 105  (9,350) 454 (4050) b 7.02 (112 057 a 748 a 175 a' 444 a  1.03 261 a 195 a
4.0 (16.2) 10.6  (9,460) 471 (4200) b 6.97  (111) 055 a 610 b 174 ab 402 b  1.01 247 b 151 b
5.1 (20.6) 11.0  (9,800) 5.14  (4590) a 6.91  (110) 053 b 493 ¢ 170 b 365 c  1.00 234 ¢ 116 ¢
Clump 3.0 (12.3) 102 (9,140) 438 (3910) 6.94  (111) 0.57 772 17.5 45.3 1.03 260 abc’ 201
4.0 (16.2) 11.2 (10,000) 482 (4300) 756  (120) 0.57 682 17.4 428 1.00 252 be 172
5.1 (20.6) 103 (9,180) 492 (4390) 6.36  (101) 0.52 465 16.9 36.4 1.04 225 e 105
Cluster 3.0 (12.3) 10.9 (9,680) 475  (4240) 722 (115) 0.56 726 17.3 435 1.08 264 ab 191
4.0 (16.2) 102 (9,070) 471  (4200) 6.46  (103) 0.54 613 18.2 39.3 1.09 234 de 143
5.1 (20.6) 10.8  (9,600) 5.17  (4620) 6.61  (105) 0.52 523 17.1 36.8 1.08 224 e 117
Conventional 3.0 (12.3) 112 (9,950) 4.99 (4450) 729 (116) 0.55 805 17.8 476 1.03 254 be 203
4.0 (16.2) 11.6 (10,400) 5.27 (4700) 752  (120) 0.54 640 17.4 423 1.00 247 cd 158
5.1 (20.6) 10.6  (9,490) 520 (4630) 6.44  (103) 0.51 485 17.5 376 0.99 222 e 107
P1S1 3.0 (12.3) 10.4  (9,280) 443  (3950) 7.07  (113) 0.57 730 17.4 44.7 1.00 270 a 197
4.0 (16.2) 10.7  (9,530) 468 (4170) 710 (113) 0.56 608 17.1 416 0.99 245 cd 150
5.1 (20.6) 12.5 (11,200) 5.43  (4850) 837  (133) 0.57 545 16.8 38.1 0.98 255 abc 139
P2s2 3.0 (12.3) 9.7 (8,670) 415 (3710) 6.59  (105) 0.57 706 17.4 411 1.01 260 abc 184
4.0 (16.2) 9.3 (8,310) 4.07 (3630) 6.21 (99) 0.56 510 16.7 35.0 0.99 257 abc 131
5.1 (20.6) 10.7  (9,540) 4.99 (4450) 6.76  (108) 0.53 447 16.9 337 0.94 246 cd 110
LSD = 0.05
Geometry 0.9  (800) 033  (290) 0.74 (12) 0.02 58 0.5 1.6 0.04 11 16
Population 0.7  (620) 025  (230) 0.57 ©) 0.01 45 0.4 1.2 0.03 8 12
Geometry x Seeding Rate 1.6 (1,400) 057 (510 1.28 (20) 0.03 100 0.9 2.8 0.08 19 27
ANOVA P>F
Effect
Geometry 0.0040 0.0010 0.0985 0.0135  0.0218 0.1294 <0.0001 0.0002  0.0069 0.0902
Seeding Rate 0.6736 <0.0001 0.9234 <0.0001 <0.0001  0.0992 <0.0001 0.3175  <0.0001 <0.0001
Geometry x Seeding Rate 0.1129 0.2260 0.1002 0.4335  0.2482 0.5009 0.1966 0.8701 _ 0.0679 0.1460

T Letters within a column and an effect represent differences at LSD (0.05) unless noted otherwise
¥ Letters within a column and an effect represent differences at LSD (0.10)
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Biomass, stover, grain yield, and harvest index

Total above-ground biomass was affected by plargemmetry (P=0.0040). Corn planted
in a P2S2 configuration produced 9.91 Mg 1§8840 Ib a&") of total above-ground biomass, less
than corn grown in a conventional or P1S1 configana(Table 1.2). The conventional and P1S1
geometries produced biomass averaging 11,2 Mg®@70 Ib ac). Biomass production for the
clump and cluster treatments was comparable ttladir geometries (Table 1.2).

Both planting geometry (P=0.0010) and seeding(R4®.0001) affected stover (biomass
less grain) production (Table 1.2). Conventionkister, and P1S1 occupied the top LSD group
with an average stover production of 4.96 M{ #420 Ib a&) with the conventional geometry
producing the greatest amount of stover, 5.15 M(#&00 Ib a&). Corn planted in a P2S2
configuration resulted in less stover productiadp4vig ha' (3930 Ib at), than all geometries
except clump. Stover production from the clump apnbtion was comparable to the skip-row
treatments. Stover production increased as seediagncreased (Table 1.2) with the two lowest
seeding rates producing lower levels of stovem\arage of 4.63 Mg Aa4130 Ib at)
compared to the high seeding rate with a stovedlymiion of 5.14 Mg ha (4590 Ib ad).

Corn grain yield was affected (P=0.0985) by plapptjeometry (Table 1.2). The P1S1
geometry produced grain yields higher than thetetusr P2S2 configurations. Corn grown in
clump or conventional configurations produced samylields to the other treatments.
Differences among grain yields due to planting getmynwere driven primarily by changes in
KP through the KER yield component. Although orilg P2S2 geometry resulted in lower KP
(LSD=0.05), the trend in KER was very similar, wiile contribution coming from the KR
yield component. Differences in KW accentuateddifierences in KER in contributing to final
grain yield in the case of the P1S1 geometry alghaimilarly high KW for the P2S2 geometry
was inadequate to overcome the lower KER in béiegsburce of reduced grain yield.

Grain yield in 2009 was not affected by seeding (@able 1.2), all yield components
flexed downward as plant density increased to raairgquivalent grain yields. The combined
effects of yield component compensation resultedbinlifferences in grain yield as plant density
increased.

Harvest index (HI) was affected by both plantingmetry and seeding rate (Table 1.2).
Harvest index for the P1S1 geometry was the highte81557 and comparable to HI in the clump

and P2S2 treatments, both with a HI of 0.55. Thistel and conventional geometries resulted in
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the lowest value for HI, 0.54. The combined effgfcyield component compensation resulted in
declining harvest index as total above-ground bgsnacreased with increasing plant density
while grain yields remained constant. Geometryatéfen harvest index in 2009 were driven by

both total above-ground biomass and grain yields.

Yield components

Both treatment main effects affected kernels plgiP) (Table 1.2). The P2S2 geometry
resulted in a lower KP, 554, than any other geoynethich averaged 633 (Table 1.2). KP
declined 34% as seeding rate increased from théddhe high rate. Both of the contributing
yield components to KP were affected by seeding aline or by both seeding rate and
geometry treatments (Table 1.2). Kernel rows (KIRjanaffected by seeding rate (P=0.0992)
and declined from 17.5 to 17.0 as seeding rateasad, indicating an increasing proportion of
ears with 16 KR. Kernels per ear rO{KER) was affected by both planting geometry atzahip
population (Table 1.2). Corn planted in clump onwentional geometry resulted in more KER
than the cluster or P2S2 configuration. The clugeametry resulted in KER less than clump
and conventional, but more than P2S2, which proditice least KER. Ears plahtvas affected
by planting geometry (Table 1.2). Corn plantedhia tluster geometry had more ears ptant
than any other geometry, 1.08 compared to an agerbd).00.

Kernel weight was affected by a geometry x seedhbginteraction (P=0.0679) (Table
1.2). In general, kernel weight declined with irasig seeding rate in each geometry (Figure
1.7). The magnitude of the decline was affecte@lbpting geometry with clump, cluster, and
conventional planting having relatively larger dees in kernel weight with respect to
increasing plant population than either of the gkiw treatments. The two skip-row treatments
were the most resilient to changes in kernel weigtit respect to plant density. Over the range
of seeding rates, the clump, cluster, and conveatigeometries decreased 35, 40, and 32 mg
respectively, while the P1S1 and P2S2 treatmerdiéngéd 15 and 14 mg respectively, not a
significant change (Figure 1.7).
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Figure 1.7 - Effect of planting geometry and seedmrate on corn kernel weight, Tribune,
Kansas 2009.

Grain yield plarit was affected by planting geometry (0.0902) and isgetite
(<0.0001). Corn planted in a P2S2 configurationites in a lower yield plaft 142 g, than the
clump, conventional and P1S1 geometries, whichamest 159 g. Yield platitfor the cluster
geometry was not different than any other confitjara As seeding rate increased, yield pfant
decreased 68.7%.
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Soil water, water use, and water use efficiency

Profile water totals across measurement positions

Profile water totals were different among measurdrpesitions for three of the seven
measurement times in 2009 (Table 1.3). At the sgamseason measurement on 13 July, the
lowest levels of profile soil water were found hetin-between and in-row positions of the
conventional and P2S2 geometries. All other treatmbad higher and similar levels of soll
water, with the highest levels found in the midoliehe skip in the P2S2 geometry and the 76
cm (30 inch) position in the cluster geometry. A fourth in-season measurement on 28 July
the highest level of soil water was found in theldhe of the skip of the P2S2 geometry and was
similar to measurements in the 38 and 76 cm (153@ndch) clump positions, 76 cm (30 inch)
cluster position, and 38 and 76 cm (15 and 30 iRdi§1 positions. The lowest level was located
in-row in the conventional geometry, and was sintitethe in-row clump position, 0 and 38 cm
(0 and 15 inch) cluster positions, 38 cm (15 inadnventional position, and the 0, 38, and 95 cm
(0, 15, and 37.5 inch) positions in the P2S2 gepmé&bserved differences at the fifth in-season

measurement on 5 August were similar to the previngasurement

Soil water content by depth within geometries

Differences in soil water content by position ie tlump geometry typically occurred at
depths of less than 61 cm (24 inches) in 2009 @alt). In general, water contents at the 76 cm
(30 inch) position were higher than water contetithe 30, 46, and 61 cm (12, 18, and 24 inch)
depths. The maximum number of differences, atdiepths, was observed on 28 July, which
coincided with tassel-silk. From this point forwdhg number of observed differences declined
sharply to 1 and 2 on the remaining measuremetiffer&ces among positions were observed
for the majority of depths on 21 and 28 July. A¢dé times and at depths of 30 to 61 cm (12 to
24 inches) water contents were highest for then7§30 inch) position and lowest for the in-

clump position. Water contents at the 38 cm (15)position were intermediate in comparison.
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Table 1.3 - Available soil water in 183 cm (72 inghprofile as affected by sampling position in cormplanting geometries.

Tribune, Kansas 2009.

Geometry Tube position 06/19/09 07/02/09 07/13/09 07/21/09 07/28/09 08/05/09 10/05/09
cm (inches) Available soil water, mm (inches)
Clump 0 195 (7.67) 158 (6.21) 131 (5.15) abc 111 (4.37) 98 (3.84) 100 (3.95) bcde 91 (3.57)
38 (15) 191 (7.52) 161 (6.35) 137 (5.40) ab 115 (4.52) 100 (3.94) 107 (4.21) bc 94 (3.70)
76 (30) 192 (7.57) 161 (6.35) 139 (5.46) ab 119 (4.70) 103 (4.07) 110 (4.34) ab 96 (3.79)
Cluster 0 176 (6.94) 163 (6.40) 131 (5.14) abc 109 (4.29) 92 (3.63) 93  (3.65) bcde 76 (2.99)
38 (15) 175 (6.88) 161 (6.34) 131 (5.15) abc 109 (4.27) 91 (3.60) 90 (3.56) bcde 71 (2.81)
76 (30) 178 (7.01) 171 (6.75) 144 (5.68) a 121  (4.78) 105 (4.14) 105 (4.14) bcd 82 (3.23)
Conventional 0 154  (6.07) 131 (5.16) 105 (4.15) cde 89 (3.52) 72 (2.85) 71 (2.78) e 57 (2.23)
38 (15) 166 (6.52) 142 (5.59) 116 (4.56) bcde 96 (3.78) 81 (3.20) 83 (3.25) bcde 66 (2.60)
P1S1 0 178 (7.02) 154  (6.06) 128 (5.04) abcd 109 (4.31) 97  (3.80) 98 (3.85) bcde 83 (3.25)
38 (15) 180 (7.08) 159 (6.25) 135 (5.31) abc 114 (4.50) 99 (3.91) 98 (3.87) bcde 83 (3.27)
76 (30) 176 (6.92) 165 (6.48) 143 (5.64) abc 123 (4.85) 107 (4.22) 104 (4.11) bcd 83 (3.25)
pP2S2 0 153 (6.02) 124 (4.90) 100 (3.95) de 86 (3.39) 75 (2.96) 77  (3.05) cde 56 (2.21)
38 (15) 149 (5.88) 122 (4.81) 99 (3.90) e 84  (3.31) 75 (2.94) 75 (2.97) de 55 (2.15)
95 (37.5) 162 (6.37) 146  (5.76) 129 (5.08) abc 110 (4.35) 97 (3.81) 106 (4.16) bcd 73 (2.89)
152 (60) 158 (6.21) 151 (5.95) 145 (5.72) a 133  (5.23) 123  (4.86) 139 (5.48) a 99 (3.91)
LSD =0.10
Tube Position 33  (1.28) 29 (1.15) 28  (1.10) 27  (1.08) 26 (1.01) 31 (1.22) 35 (1.38)
ANOVA P>F
Effect
Tube Position 0.3446 0.1466 0.0870 0.1519 0.1026 0.0873 0.4892

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Table 1.4 - Soil water by depth in corn planted irclump planting geometry. Tribune,
Kansas, 2009.

Tube position

Date Depth ANOVA P>F 0 38 cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™®
06/19/2009 15 (6) 0.5721 0.259 0.265 0.262
30 (12) 0.9720 0.275 0.277 0.276
46 (18) 00592 0259 b' 0268 ab 0274 a
61 (24) 0.5627 0.249 0.247 0.257
76 (30) 0.5210 0.241 0.235 0.238
91 (36) 0.0692 0.232 a 0.222 b 0.226 ab
107 (42) 0.1370 0.220 0.214 0.215
122 (48) 0.5357 0.214 0.212 0.209
137 (54) 05681  0.214 0.210 0.207
152 (60) 0.4949 0.219 0.213 0.213
168 (66) 0.8323 0.216 0.214 0.213
183 (72) 0.5411 0.213 0.211 0.208
07/02/2009 15 (6) 0.3101 0.222 0.228 0.233
30 (12) 0.0047 0237 b 0.249 a 0.254 a
46 (18) 0.0568 0.228 b 0.242 a 0.245 a
61 (24) 0.4983 0.224 0.226 0.233
76 (30) 0.5533 0.220 0.214 0.217
91 (36) 0.1395 0.217 0.211 0.208
107 (42) 0.1163 0.211 0.208 0.203
122 (48) 0.2582 0.201 0.205 0.198
137 (54) 0.3816 0.197 0.202 0.196
152 (60) 0.5028 0.202 0.206 0.203
168 (66) 0.6300 0.204 0.203 0.201
183 (72) 0.6623 0.205 0.200 0.203
07/13/2009 15 (6) 0.7583 0.209 0.213 0.214
30 (12) 0.0045 0.207 b 0.219 a 0.225 a
46 (18) 0.0203 0.187 b 0.203 a 0.212 a
61 (24) 01194  0.185 0.194 0.203
76 (30) 0.6795 0.193 0.194 0.198
91 (36) 0.4769 0.202 0.200 0.197
107 (42) 0.2946 0.203 0.203 0.198
122 (48) 0.0663 0.198 ab 0.202 a 0.193 b
137 (54) 0.6839 0.198 0.201 0.197
152 (60) 0.7862 0.201 0.203 0.203
168 (66) 0.2970 0.204 0.202 0.200
183 (72) 0.5231 0.206 0.200 0.203
07/21/2009 15 (6) 0.8762 0.203 0.204 0.206
30 (12) 0.0705 0.197 b 0.201 b 0.211 a
46 (18) 00760 0175 b 0187 a 0192 a
61 (24) 0.0575 0.166 b 0.176 ab 0.185 a
76 (30) 0.2268 0.168 0.172 0.177
91 (36) 0.9990 0.180 0.180 0.180
107 (42) 09141  0.187 0.188 0.187
122 (48) 0.2732 0.190 0.193 0.187
137 (54) 09231  0.193 0.194 0.194
152 (60) 0.9698 0.198 0.199 0.199
168 (66) 0.1652 0.202 0.197 0.197
183 (72) 0.1869 0.205 0.195 0.202

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.4 (continued) — Soil water by depth in corplanted in clump planting geometry.
Tribune, Kansas, 2009.

Tube position

Date Depth ANOVA P>F 0 38 cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/28/2009 15 (6) 0.0600 0201 a' 0.190 b 0.197 a
30 (12) 0.1044 0.192 0.196 0.203
46 (18) 0.0309 0.168 b 0.176 b 0.189 a
61 (24) 0.1024 0.158 0.161 0.177
76 (30) 0.3124 0.155 0.157 0.162
91 (36) 0.8131 0.161 0.164 0.164
107 (42) 0.2206 0.170 0.177 0.169
122 (48) 0.3496 0.180 0.187 0.179
137 (54) 0.4709 0.186 0.193 0.187
152 (60) 0.0408 0.198 a 0.198 a 0.192 b
168 (66) 0.4008 0.201 0.198 0.196
183 (72) 0.1491 0.206 0.195 0.199
08/05/2009 15 (6) 0.9823 0.219 0.220 0.218
30 (12) 0.0760 0.206 b 0.210 ab 0.217 a
46 (18) 0.1088 0.178 0.188 0.197
61 (24) 0.2172 0.160 0.170 0.180
76 (30) 0.3666 0.156 0.162 0.167
91 (36) 0.4542 0.159 0.160 0.166
107 (42) 0.2860 0.165 0.170 0.170
122 (48) 0.1285 0.170 0.181 0.174
137 (54) 0.7580 0.183 0.187 0.184
152 (60) 0.4630 0.195 0.196 0.193
168 (66) 0.1405 0.199 0.195 0.193
183 (72) 0.4699 0.205 0.198 0.198
10/05/2009 15 (6) 0.9678 0.215 0.213 0.215
30 (12) 0.1001 0.211 0.212 0.221
46 (18) 0.1048 0.181 0.194 0.194
61 (24) 0.2018 0.170 0.170 0.179
76 (30) 0.9306 0.164 0.164 0.165
91 (36) 0.8007 0.162 0.160 0.159
107 (42) 0.9532 0.160 0.161 0.160
122 (48) 0.2143 0.158 0.165 0.162
137 (54) 0.4771 0.164 0.169 0.168
152 (60) 0.5042 0.174 0.177 0.177
168 (66) 0.9915 0.180 0.180 0.180
183 (72) 0.6426 0.189 0.185 0.185

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Differences in soil water content by position wergy observed at the 15 and 168 cm (6
and 66 inch) depths on the first sampling dat&enduster geometry (Table 1.5). As the season
progressed, differences became more apparent atrmgysons and became more
commonplace at multiple and deeper depths. In g&rtbe highest water content values were
observed at the 76 cm (30 inch) position and dedlicloser to the planted row until the lowest
values were observed, which were in the planted Byathe end of the season most differences
had disappeared except at the 76, 168, and 183@n%6, and 72 inch) depths.

In the conventional geometry, differences were gmeat most depths on 2 July and 13
July, with differences observed at seven depthsiloiged across the profile (Table 1.6). As the
season progressed and by the time tassel-silkesatied, the number of depths with observable
differences declined indicating a rather completg spatially uniform extraction of soil water.
At the end of the growing season, differences wbserved at the bottom of the profile with
more soil water being present in the inter-row d@hea under the rows.

In the P1S1 configuration, based on observed éifiees in soil water, the front of soil
water extraction progressed with sampling dateraadhed a depth of 107 cm (42 inches) on 28
July which coincided with tassel-silk (Table 1.If) general, soil water content increased as
measurement position moved away from the planted The relative differences observed at
the bottom of the profile were considered pre-@xgstrends not related to the study.

Corn planted in a P2S2 geometry resulted in diffees in soil water with respect to
sampling position at the very first sampling tinmel aifferences grew in magnitude, frequency,
and depth of occurrence as the growing seasongsesg (Table 1.8). The highest levels of soail
water were observed in the 152 cm (60 inch) pasitioe center of the skip, and declined to the
lowest levels of soil water which were observeduaen the pair of planted rows. Differences in
soil water were observed at all depths except 612&hinches) at the final two measurement

times.
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Table 1.5 - Soil water by depth in corn planted ircluster planting geometry. Tribune,
Kansas, 2009.

Tube position

Date Depth ANOVA P>F 0 38cm 76 cm
(15inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
06/19/2009 15 (6) 0.0755 0.252 b 0.263 a 0.260 a
30 (12) 0.3540 0.276 0.272 0.273
46 (18) 0.8828 0.266 0.266 0.268
61 (24) 0.2368 0.246 0.252 0.252
76 (30) 0.3803 0.235 0.241 0.235
91 (36) 0.7859 0.223 0.223 0.225
107 (42) 08473 0215 0.213 0.214
122 (48) 0.4673 0.208 0.200 0.209
137 (54) 04516  0.197 0.195 0.203
152 (60) 0.8662 0.192 0.191 0.194
168 (66) 0.0818 0.190 a 0.182 b 0.185 ab
183 (72) 0.4053 0.191 0.183 0.184
07/02/2009 15 (6) 0.0002 0205 ¢' 0221 b 0.238 a
30 (12) 0.1249 0.229 0.241 0.247
46 (18) 0.5658 0.238 0.241 0.244
61 (24) 0.0114 0.228 c¢ 0233 b 0.238 a
76 (30) 0.1297 0.220 0.224 0.232
91 (36) 0.7048 0.217 0.219 0.221
107 (42) 0.7051 0.217 0.213 0.216
122 (48) 0.2955 0.214 0.205 0.211
137 (54) 0.1749 0.212 0.202 0.205
152 (60) 0.3030 0.210 0.202 0.204
168 (66) 0.0665 0.209 a 0.197 b 0.201 b
183 (72) 0.0279 0.202 a 0.195 b 0.201 a
07/13/2009 15 (6) 0.0163 0.196 b 0.198 b 0.210 a
30 (12) 0.0300 0.201 b 0.208 b 0.223 a
46 (18) 0.0488 0.194 b 0.204 ab 0.216 a
61 (24) 0.0049 0.181 c¢ 0.196 b 0.211 a
76 (30) 0.0007 0.187 c 0.198 b 0.206 a
91 (36) 0.6180 0.198 0.201 0.204
107 (42) 0.8221 0.205 0.203 0.203
122 (48) 0.2603 0.206 0.197 0.201
137 (54) 0.2102 0.206 0.197 0.204
152 (60) 0.3851 0.207 0.201 0.201
168 (66) 0.0524 0.206 a 0.195 b 0.201 ab
183 (72) 0.0045 0.204 a 0.196 b 0.203 a
07/21/2009 15 (6) 0.5405 0.192 0.191 0.194
30 (12) 0.1027 0.194 0.198 0.204
46 (18) 0.1813 0.181 0.189 0.193
61 (24) 0.0194 0.163 b 0.173 b 0.185 a
76 (30) 0.0007 0.160 c¢ 0.172 b 0.184 a
91 (36) 0.0243 0.170 b 0.178 b 0.188 a
107 (42) 04405  0.185 0.187 0.191
122 (48) 0.5597 0.195 0.190 0.196
137 (54) 0.1054 0.199 0.190 0.199
152 (60) 0.2796 0.203 0.195 0.198
168 (66) 0.0203 0.204 a 0.191 b 0.199 a
183 (72) 0.0006 0.204 a 0.193 c¢ 0.200 b

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.5 (continued) — Soil water by depth in corplanted in cluster planting geometry.
Tribune, Kansas, 2009.

Tube position
Date Depth ANOVA P>F 38 cm 76 cm

0 (15inches) (30 inches)
cm (inches) Volumetric water content, cm® cm
07/28/2009 15 (6) 0.0543 0187 a' 0.182 b 0.182 b
30 (12) 0.4242 0.189 0.190 0.194
46 (18) 0.2867 0.176 0.178 0.183
61 (24) 0.0346 0.157 b 0163 b 0.172 a
76 (30) 0.0162 0.151 b 0.158 b 0.170 a
91 (36) 0.0274 0.151 b 0.158 b 0.172 a
107 (42) 0.0631 0.160 b 0.170 ab 0.178 a
122 (48) 0.1268 0.177 0.176 0.188
137 (54) 0.4018 0.189 0.184 0.192
152 (60) 0.2992 0.199 0.190 0.195
168 (66) 0.0231 0.203 a 0.190 b 0.195
183 (72) 0.0004 0202 a 0193 b 0.203 a
08/05/2009 15 (6) 0.4669 0.211 0.206 0.212
30 (12) 0.0319 0.205 a 019 b 0.205 a
46 (18) 0.1872 0.183 0.179 0.184
61 (24) 0.0496 0.157 b 0161 b 0.170 a
76 (30) 0.0071 0.149 b 0.156 b 0.167 a
91 (36) 0.0385 0.149 b 0.156 b 0.166 a
107 (42) 0.0333 0.158 b 0.164 b 0.172 a
122 (48) 0.1245 0.168 0.169 0.180
137 (54) 0.1595 0.178 0.175 0.185
152 (60) 0.5368 0.191 0.187 0.192
168 (66) 0.1111 0.194 0.186 0.193
183 (72) 0.0203 0.200 a 0.193 b 0.200 a
10/05/2009 15 (6) 0.1301 0.200 0.198 0.202
30 (12) 0.5016 0.207 0.205 0.209
46 (18) 0.6095 0.190 0.186 0.190
61 (24) 0.3517 0.164 0.165 0.168
76 (30) 0.0308 0.153 b 0153 b 0.159 a
91 (36) 0.2076 0.148 0.149 0.153
107 (42) 0.3992 0.150 0.150 0.153
122 (48) 0.2132 0.152 0.149 0.156
137 (54) 0.1077 0.156 0.153 0.162
152 (60) 0.5069 0.165 0.161 0.167
168 (66) 0.0552 0.172 a 0164 b 0.172 a
183 (72) 0.0023 0.176 b 0.170 c¢ 0.181 a

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.6 - Soil water by depth in corn planted irconventional planting geometry. Tribune,
Kansas, 2009.

Tube position

Date Depth ANOVA P>F 0 36 cm
(15 inches)
cm (inches) Volumetric water content, cm® cm™
06/19/2009 15 (6) 0.6651 0.258 0.256
30 (12) 0.0521 0268 b 0274 a
46 (18) 0.0147 0255 b 0267 a
61 (24) 0.0503 0.240 b 0.249 a
76 (30) 0.3458 0.231 0.237
91 (36) 0.1838 0.218 0.225
107 (42) 0.0095 0.200 b 0.208 a
122 (48) 0.1301 0.177 0.184
137 (54) 0.3486 0.169 0.171
152 (60) 0.2646 0.173 0.178
168 (66) 0.0457 0175 b 0184 a
183 (72) 0.1576 0.182 0.190
07/02/2009 15 (6) 0.1989 0.211 0.203
30 (12) 0.0231 0.219 b 0.233 a
46 (18) 0.2094 0.226 0.235
61 (24) 0.0405 0.220 b 0.224 a
76 (30) 0.5190 0.218 0.223
91 (36) 0.1441 0.208 0.214
107 (42) 0.0206 0.198 b 0.205 a
122 (48) 0.0518 0.190 b 0.192 a
137 (54) 0.1285 0.179 0.182
152 (60) 0.0386 0.173 b 0.182 a
168 (66) 0.0066 0.173 b 0.185 a
183 (72) 0.0186 0.179 b 0.188 a
07/13/2009 15 (6) 0.4398 0.198 0.193
30 (12) 0.0248 0.198 b 0.206 a
46 (18) 0.0169 0.181 b 0.197 a
61 (24) 0.0845 0.177 b 0.185 a
76 (30) 0.7884 0.186 0.187
91 (36) 0.6882 0.190 0.192
107 (42) 0.0995 0.189 b 0.196 a
122 (48) 0.8877 0.189 0.189
137 (54) 0.1051 0.183 0.184
152 (60) 0.0837 0.178 b 0.186 a
168 (66) 0.0178 0.175 b 0.188 a
183 (72) 0.0135 0.181 b 0.190 a
07/21/2009 15 (6) 0.3577 0.196 0.188
30 (12) 0.3830 0.193 0.196
46 (18) 0.0208 0.170 b 0.181 a
61 (24) 0.0676 0.156 b 0.166 a
76 (30) 0.4084 0.159 0.163
91 (36) 0.5957 0.165 0.169
107 (42) 0.4083 0.173 0.178
122 (48) 0.5775 0.182 0.180
137 (54) 0.9682 0.182 0.182
152 (60) 0.4322 0.181 0.185
168 (66) 0.0845 0.179 b 0.187 a
183 (72) 0.1529 0.184 0.190

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.6 (continued) - Soil water by depth in corplanted in conventional planting

geometry. Tribune, Kansas, 2009.

Tube position

Date Depth ANOVA P>F 0 36 cm
(15 inches)
cm (inches) Volumetric water content, cm® cm™
07/28/2009 15 (6) 0.1702 0.186 0.181
30 (12) 0.1524 0.185 0.190
46 (18) 0.0577 0.164 b’ 0.175 a
61 (24) 0.2542 0.154 0.156
76 (30) 0.8399 0.150 0.150
91 (36) 0.2068 0.147 0.153
107 (42) 0.3106 0.153 0.159
122 (48) 0.3386 0.164 0.168
137 (54) 0.3467 0.171 0.174
152 (60) 0.1010 0.175 0.184
168 (66) 0.0713 0.178 b 0.187 a
183 (72) 0.1119 0.182 0.190
08/05/2009 15 (6) 0.8598 0.205 0.204
30 (12) 0.3104 0.186 0.197
46 (18) 0.1406 0.165 0.176
61 (24) 0.0277 0.151 b 0.156 a
76 (30) 0.3448 0.147 0.151
91 (36) 0.2309 0.147 0.151
107 (42) 0.2333 0.149 0.156
122 (48) 0.3473 0.157 0.161
137 (54) 0.1041 0.165 0.168
152 (60) 0.0589 0.170 b 0.181 a
168 (66) 0.0301 0.173 b 0.185 a
183 (72) 0.0636 0.181 b 0.189 a
10/05/2009 15 (6) 0.1862 0.203 0.197
30 (12) 0.3180 0.196 0.199
46 (18) 0.1594 0.173 0.180
61 (24) 0.2834 0.151 0.158
76 (30) 0.2176 0.145 0.147
91 (36) 0.1324 0.141 0.144
107 (42) 0.2665 0.140 0.143
122 (48) 0.4589 0.144 0.145
137 (54) 0.0441 0.143 b 0.149 a
152 (60) 0.0245 0.148 b 0.159 a
168 (66) 0.0144 0.155 b 0.169 a
183 (72) 0.0235 0.166 b 0.179 a

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.7 - Soil water by depth in corn in plant-Iskip-1 (P1S1) planting geometry.
Tribune, Kansas, 2009.

Tube position

Date Depth ANOVA P>F 0 38cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
06/19/2009 15 (6) 0.0077 0.249 b' 0.266 a 0.270 a
30 (12) 0.7790 0.274 0.272 0.274
46 (18) 0.5384 0.262 0.267 0.267
61 (24) 0.8920 0.250 0.252 0.249
76 (30) 0.5543 0.237 0.238 0.233
91 (36) 0.6426 0.222 0.222 0.218
107 (42) 0.8765 0.207 0.209 0.205
122 (48) 0.6229 0.197 0.196 0.191
137 (54) 01766  0.198 0.195 0.193
152 (60) 0.0245 0.203 a 0.197 b 0.195 b
168 (66) 0.0705 0.201 a 0.201 a 0.194 b
183 (72) 0.1917 0.204 0.200 0.199
07/02/2009 15 (6) 0.0053 0.213 ¢ 0229 b 0.255 a
30 (12) 0.0468 0.232 ¢ 0241 b 0.258 a
46 (18) 0.1504 0.233 0.237 0.252
61 (24) 0.5357 0.226 0.232 0.233
76 (30) 0.8135 0.222 0.225 0.221
91 (36) 0.8725 0.213 0.214 0.212
107 (42) 0.8107 0.207 0.207 0.204
122 (48) 0.8995 0.198 0.198 0.196
137 (54) 0.1997 0.198 0.194 0.191
152 (60) 0.0508 0.200 a 0.196 ab 0.194 b
168 (66) 0.3760 0.200 0.201 0.197
183 (72) 0.9122 0.202 0.202 0.201
07/13/2009 15 (6) 0.0662 0.204 b 0.215 ab 0.222 a
30 (12) 0.0012 0.207 ¢ 0.217 b 0.231 a
46 (18) 0.0051 0.195 b 0.204 b 0.226 a
61 (24) 0.0142 0.188 b 0.199 b 0.213 a
76 (30) 0.2141 0.191 0.198 0.206
91 (36) 0.5819 0.198 0.199 0.203
107 (42) 0.9133 0.197 0.198 0.196
122 (48) 0.7290 0.196 0.199 0.195
137 (54) 0.2720 0.198 0.195 0.193
152 (60) 0.1190 0.199 0.196 0.192
168 (66) 0.7159 0.198 0.199 0.197
183 (72) 0.0210 0.203 a 0.200 b 0.201 b
07/21/2009 15 (6) 0.2491 0.197 0.205 0.208
30 (12) 0.0021 0.199 ¢ 0.203 b 0.209 a
46 (18) 0.0212 0.186 b 0.192 b 0.202 a
61 (24) 0.0188 0.171 b 0.180 b 0.190 a
76 (30) 0.0303 0.167 b 0.174 b 0.187 a
91 (36) 0.0402 0.174 b 0.178 b 0.190 a
107 (42) 0.4355 0.182 0.183 0.189
122 (48) 0.6332 0.187 0.189 0.190
137 (54) 0.5576 0.194 0.191 0.191
152 (60) 0.2625 0.196 0.194 0.191
168 (66) 0.8907 0.196 0.196 0.195
183 (72) 0.1156 0.202 0.200 0.200

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.7 (continued) — Soil water by depth in corplanted in plant-1 skip-1 (P1S1)

planting geometry. Tribune, Kansas, 20009.

Tube position

Date Depth ANOVA P>F 0 38 cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/28/2009 15 (6) 0.8905 0.196 0.196 0.194
30 (12) 0.0401 0196 b' 0.197 b 0.200 a
46 (18) 0.2763 0.182 0.183 0.188
61 (24) 0.2185 0.166 0.171 0.175
76 (30) 0.0439 0.157 b 0.163 ab 0.169 a
91 (36) 0.0242 0.158 b 0.162 b 0.174 a
107 (42) 0.0510 0.162 b 0.167 b 0.179 a
122 (48) 0.1924 0.174 0.177 0.184
137 (54) 0.2653 0.186 0.185 0.189
152 (60) 0.5657 0.195 0.192 0.191
168 (66) 0.7060 0.195 0.195 0.193
183 (72) 0.0571 0.201 a 0.198 b 0.202 a
08/05/2009 15 (6) 0.9507 0.211 0.212 0.211
30 (12) 0.9131 0.206 0.204 0.204
46 (18) 0.7904 0.189 0.186 0.189
61 (24) 0.6719 0.169 0.169 0.172
76 (30) 0.0616 0.159 b 0.162 ab 0.167 a
91 (36) 0.0922 0.156 b 0.160 ab 0.167 a
107 (42) 0.0326 0.158 b 0.162 b 0.171 a
122 (48) 0.1167 0.166 0.170 0.176
137 (54) 0.2099 0.179 0.177 0.184
152 (60) 0.9154 0.189 0.187 0.188
168 (66) 0.8600 0.194 0.193 0.192
183 (72) 0.0174 0202 a 0197 b 0.200 a
10/05/2009 15 (6) 0.7995 0.206 0.209 0.206
30 (12) 0.3566 0.207 0.206 0.202
46 (18) 0.8123 0.190 0.187 0.186
61 (24) 0.7144 0.170 0.172 0.169
76 (30) 0.7182 0.160 0.161 0.159
91 (36) 0.9983 0.155 0.155 0.155
107 (42) 0.4808 0.156 0.155 0.153
122 (48) 0.4583 0.154 0.157 0.157
137 (54) 0.4760 0.160 0.161 0.164
152 (60) 0.7261 0.167 0.167 0.169
168 (66) 0.7171 0.172 0.173 0.174
183 (72) 0.2916 0.180 0.178 0.182

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.8 - Soil water by depth in corn planted ira plant-2 skip-2 (P2S2) planting
geometry. Tribune, Kansas 2009.

Tube position

Date Depth ANP(>)|\:/ A 0 38 cm 95 cm 152 cm
(15 inches) (37.5inches) (60 inches)
cm (inches) Volumetric water content, cm® cm™
06/19/2009 15 (6) 0.0516 0249 b" 0246 b 0.265 a 0.256 ab
30(12) 0.1864 0.266 0.263 0.275 0.269
46 (18) 0.6555 0.254 0.253 0.265 0.255
61 (24) 0.8808 0.235 0.227 0.241 0.235
76 (30) 0.8406 0.221 0.208 0.220 0.221
91 (36) 0.9130 0.209 0.199 0.205 0.207
107 (42) 0.9523 0.191 0.188 0.187 0.193
122 (48) 0.9303 0.180 0.181 0.182 0.186
137 (54) 0.4039 0.179 0.181 0.186 0.181
152 (60) 0.5249 0.182 0.187 0.189 0.185
168 (66) 0.3375 0.183 0.190 0.192 0.189
183 (72) 0.7354 0.189 0.192 0.190 0.193
07/02/2009 15 (6) 0.0006 0.199 b 0.206 b 0.235 a 0.245 a

30(12) 0.0010 0.220 b 0.217 0.251 0.260
46 (18) 0.0055 0.216 b 0.213 b 0.246 a 0.247 a

o
Q
Q

61 (24) 0.3081 0.210 0.204 0.228 0.224
76 (30) 0.4707 0.205 0.198 0.211 0.216
91 (36) 0.5782 0.200 0.191 0.203 0.204
107 (42) 0.9412 0.191 0.185 0.190 0.191
122 (48) 0.9504  0.180 0.180 0.181 0.184
137 (54) 0.7559 0.178 0.178 0.181 0.184
152 (60) 0.3239 0.180 0.185 0.188 0.188
168 (66) 0.3110 0.180 0.189 0.189 0.189
183 (72) 0.9249 0.190 0.191 0.191 0.193
07/13/2009 15 (6) 0.0006 0.193 c 0.195 c 0.217 b 0.232 a
30(12) 0.0002 0.203 c 0.200 c 0.226 b 0.253 a
46 (18) 0.0008 0.185 c 0.185 c 0.213 b 0.241 a
61 (24) 0.0133  0.172 bc 0.169 c 0.196 ab 0.220 a
76 (30) 0.0093 0.172 b 0.166 b 0.191 a 0.210 a
91 (36) 0.0085 0.177 b 0.175 b 0.193 a 0.201 a
107 (42) 0.2773  0.181 0.178 0.193 0.191
122 (48) 0.5356 0.181 0.176 0.188 0.185
137 (54) 0.5187 0.177 0.176 0.186 0.183
152 (60) 0.2437 0.179 0.184 0.191 0.188
168 (66) 0.2178  0.180 0.186 0.193 0.190
183 (72) 0.8803  0.192 0.194 0.193 0.196
07/21/2009 15 (6) 0.0007 0.187 c 0.190 c 0.204 b 0.218 a
30 (12) <.0001 0.196 c 0.192 c 0.213 b 0.238 a
46 (18) 0.0018 0.177 c 0.176 ¢ 0.197 b 0.224 a
61 (24) 0.0170 0.161 b 0.157 b 0.178 b 0.208 a
76 (30) 0.0039 0.157 bc 0.152 c 0173 b 0.202 a
91 (36) 0.0010 0.160 c 0.156 c 0.178 b 0.198 a
107 (42) 0.0389 0.165 b 0.164 b 0.182 a 0.187 a
122 (48) 0.2584 0.171 0.169 0.183 0.182
137 (54) 0.3331 0.174 0.173 0.183 0.182
152 (60) 0.1954 0.178 0.181 0.188 0.186
168 (66) 0.3297 0.180 0.185 0.190 0.188
183 (72) 0.9454  0.192 0.191 0.191 0.193

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.8 (continued) — Soil water by depth in corplanted in a plant-2 skip-2 (P2S2)

planting geometry. Tribune, Kansas, 20009.

ANOVA Tube position

Date Depth PoF 0 38cm 95 cm 152 cm
(15 inches) (37.5inches) (60 inches)
cm (inches) Volumetric water content, cm® cm™
07/28/2009 15 (6) 0.1402  0.183 0.194 0.195 0.198
30 (12) 0.0002 0.193 bc' 0.190 ¢ 0.201 b 0.225 a
46 (18) 0.0057 0.174 b 0.171 b 0.187 b 0.215 a
61 (24) 0.0217 0.156 b 0.154 b 0.167 b 0.199 a
76 (30) 0.0019 0.149 b 0.145 b 0.161 b 0.196 a
91 (36) 0.0010 0.149 c 0.147 ¢ 0.164 b 0.192 a
107 (42) 0.0030 0.151 c 0.151 c¢ 0.171 b 0.186 a
122 (48) 0.0094 0.159 b 0.157 b 0.175 a 0.182 a
137 (54) 0.0419 0.166 b 0.166 b 0.180 a 0.181 a
152 (60) 0.0800 0.177 b 0.176 b 0.188 a 0.186 a
168 (66) 0.3080 0.179 0.183 0.188 0.190
183 (72) 0.7899  0.192 0.190 0.192 0.195
08/05/2009 15 (6) 0.0281 0.209 b 0.201 b 0212 b 0.224 a
30 (12) 0.0009 0.203 b 0.194 b 0.204 b 0.238 a
46 (18) <.0001 0.179 bc 0.172 c 0.190 b 0.223 a
61 (24) 0.0024 0.156 bc 0.153 c 0.173 b 0.206 a
76 (30) 0.0006 0.149 c 0.147 c 0.168 b 0.203 a
91 (36) 0.0005 0.148 c 0.149 c 0.173 b 0.199 a
107 (42) 0.0041 0.150 b 0.152 b 0.178 a 0.195 a
122 (48) 0.0072 0.154 b 0.154 b 0.181 a 0.193 a
137 (54) 0.0115 0.158 b 0.161 b 0.182 a 0.191 a
152 (60) 0.0139 0171 b 0.174 b 0.187 a 0.191 a
168 (66) 0.0481 0.174 b 0.181 ab 0.188 a 0.191 a
183 (72) 0.8310  0.193 0.190 0.192 0.195
10/05/2009 15 (6) 0.0427 0.187 b 0.196 ab 0.204 a 0.205 a
30 (12) 0.0029 0.198 b 0.195 b 0.202 b 0.219 a
46 (18) 0.0226 0.175 b 0.173 b 0.182 b 0.200 a

61 (24) 0.1560  0.156 0.151 0.161 0.177

76 (30) 0.0295 0.148 b 0.142 b 0.151 b 0.170 a
91 (36) 0.0045 0.145 b 0.143 b 0.150 b 0.168 a
107 (42) 0.0021 0.143 bc 0.141 c 0.150 b 0.164 a
122 (48) 0.0013 0.142 c 0.142 c 0.153 b 0.167 a
137 (54) 0.0007 0.143 c 0.144 c 0.156 b 0.171 a
152 (60) 0.0039 0.149 c¢ 0.147 c¢ 0.162 b 0.176 a
168 (66) 0.0030 0.152 ¢ 0.155 ¢ 0.169 b 0.181 a
183 (72) 0.0100 0.165 b 0.165 b 0.174 b 0.188 a

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Cross-section analysis of soil water

Interpolated cross-sectional figures that visuphgsent soil water content and soil water
changes can be found in the appendix. Planting gegrdid not affect profile available water,
range of soil water content, or standard deviat&iD) of soil water content at the first
measurement in 2009 (Table 1.9). On the 2 July ureagent, during early vegetative growth,
the widening range of soil water content affectgdybometry became apparent as the cross-
section under the P2S2 geometry had a larger riargg@l water content than any other
geometry (P=0.0062). Similar contrasts are preigethte other geometries, however not
statistically differentiable.

At the mid vegetative sampling on 13 July, profilater differences among geometry
treatments were undetectable although treatmentéedispatial patterns resulted in differences
in the range (P<0.0001) and SD (P=0.0007) forwatkr contents among geometries (Table
1.9). The trend for both range and SD were esdbriiee same, with the profile under a P2S2
geometry having the largest range in soil wateteas and largest variability as quantified by
SD. The P1S1 configuration followed and was notuely different than the profile underlying
a cluster or clump configuration. The conventiogedmetry resulted in the smallest range and
lowest SD indicating a more uniform spatial pattefisoil water. While no differences in
cumulative water use were observed, in the intdreah early vegetative measurement on 2 July
until mid vegetative measurement on 13 July, cora cluster configuration had the highest
water use followed by clump, conventional, and Pi&ling similar levels of water use
(P=0.0001) (Table 1.9). Corn in a P2S2 configuratiad the lowest water use.

Profile water, cumulative water use, and intervatew use from the prior measurement
were not different with regard to planting geometttyen evaluated on 21 July during late
vegetative growth (Table 1.9). Differences in spdtication of soil water content are reflected
in differences in range and SD of water contenthéncross-sections underlying the various
planting geometries. The P2S2 geometry exhibitiedger range and higher level of variability
than any other geometry.

The sampling on 28 July coincided with tassel-Mgain no differences were detectable
in profile soil water content (Table 1.9), howettee same numerical trend that had been
persistent for several samplings remained withctireventional treatment having the lowest

level of profile soil water and P2S2 the highesjak the profile under the P2S2 configuration
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exhibited the largest range and highest level ahbdity followed by like values among the
clump, cluster, and P1S1 treatments. The crossesashder the conventional geometry
continued to have a small range and a level ohbdity lower than any other treatment.
Cumulative water use was different among the treatmwith clump, cluster, and conventional
using similar amounts of soil water, P2S2 usingl¢last, and P1S1 being intermediate. Interval
water use was not statistically differentiable, boer P2S2 used 1.9 cm (0.75 inches) of water
compared to 2.4 cm (0.94 inches) for the othetineats on average.

Data collected at the last two samplings of thesseab August and 5 October, indicated
that although treatment differences in profile watguld not be identified, the average spatial
variability of water contents, as evaluated by $fbss geometries, continued to increase (Table
1.9). Cumulative water use remained numericallyloieest for the P2S2 configuration. Profile
available water remained the lowest numericallytfi@ conventional configuration. From the
period of tassel-silk to grain fill soil water defibns were evident across the full depth of the
profile. Soil water content at corn harvest remdigpatially affected by planting geometry and
was most noticeable following corn in a P2S2 canfijon (Table 1.8). Water use from the
interval of grain fill to corn harvest was numetigdnighest for corn in the P2S2 geometry
(Table 1.9).

Water use / Water use efficiency
No differences among planting geometries were olesein 2009 for water use, grain

water use efficiency, or biomass water use efficygfTable 1.10).
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Table 1.9 - Available soil water in 183 cm (72 inghdeep cross-section, range and SD of interpolatesil water values, and

water use as affected by corn planting geometry. Toune, Kansas, 2009.

06/19/2009 07/02/2009 07/13/2009
Geometry Prpfile Prqfile Cumulative Pmﬁle Cumulative  Interval water
available Range SD available Range SD available Range SD
water water water use water water use use
mm (in) vvt vyt mm (in) vv?! vyl mm (in) mm (in) vv?! vv?! mm (in) mm (in)
Clump 196 (7.72) 0.090 0.025 162 (6.38) 0.077 b 0.019 58 (2.28) 137 (5.40) 0.060 bc 0.013 b 102 (4.01) 44 (173) b
Cluster 181 (7.14) 0.108 0.032 165 (6.50) 0.081 b 0.017 40 (1.58) 133 (5.25) 0.061 bc 0.012 bc 91 (3.58) 51 (1.99) a
Conventional 166 (6.55) 0.111 0.037 140 (5.51) 0.080 b 0.020 50 (1.98) 112 (4.43) 0.050 c  0.010 c 97 (3.82) 47 (1.83) b
P1S1 184 (7.23) 0.097 0.030 161 (6.34) 0.080 b 0.020 46 (1.82) 136 (5.37) 0.066 b  0.013 90 (355) 44 (1.73) b
P2s2 161 (6.34) 0.113 0.034 139 (5.48) 0.111 a 0.025 46 (1.80) 120 (4.73) 0.110 0.021 a 84 (3.30) 38 (1.51) ¢
LSD =0.10
Geometry 35 (1.39) 0.024 0.0099 31 (1.21) 0.014 0.0065 14 (0.57) 30 (1.17) 0.014 0.003 15 (0.58) 3 (0.12)
ANOVA P>F
Effect
Geometry 0.4445 0.4306 0.3806 0.4007 0.0062 0.3061 0.3176 0.5100 <0.0001 0.0007 0.2895 0.0001
t Letters within a column represent differences at LSD (0.10) unless noted otherwise
07/21/2009 07/28/2009
Geometry Prpflle Cumulative Interval Prgflle Cumulative water Interval
available Range SD available Range SD
water water use water use water use water use
mm (in) vvt vyt mm (in) mm (in) mm (in) vvt vvt mm (in) mm (in)
Clump 116 (4.55) 0.064 b 0.015 b 141 (5.53) 39 (1.52) 100 (3.94) 0.068 b 0.019 ab 163 (6.44) a 23 (0.90)
Cluster 111 (4.36) 0.061 b 0.014 b 131 (5.14) 40 (1.56) 93 (3.66) 0.066 bc 0.016 bc 156 (6.13) a 25 (0.99)
Conventional 94 (3.70) 0.053 b 0.013 b 133 (5.22) 36 (1.40) 77 (3.04) 0.054 c 0.016 c 157 (6.16) a 24  (0.94)
P1S1 116 (4.55) 0.068 b 0.015 b 128 (5.04) 38 (1.49) 100 (3.93) 0.064 bc 0.017 bc 151 (5.94) ab 23 (0.91)
P2S2 103 (4.07) 0.100 a 0.020 a 118 (4.63) 34 (1.33) 92 (3.61) 0.097 a 0.020 a 137 (5.38) b 19 (0.75)
LSD =0.10
Geometry 30 (1.17) 0.017 0.003 15 (059) 5 (0.20) 28 (1.09) 0.014 0.003 15 (0.61) 4 (0.16)
ANOVA P>F
Effect
Geometry 0.6607 0.0031 0.0366 0.1652 0.2825 0.5984 0.0023 0.0895 0.0816 0.1379

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Table 1.9 (continued) - Available soil water in 188m (72 inch) deep cross-section, range and SD ofarpolated soil water

values, and water use as affected by corn plantirgeometry. Tribune, Kansas, 20009.

08/05/2009 10/05/2009
Geometry a\ljarl?l)g:;e Range sD Cumulative Interval a\ljert?l)zll;e Range sD Cumulative  Interval water
waer water use water use water water use use
mm (in) vvt vv? mm (in) mm (in) mm (in) vvt vv? mm (in) mm (in)
Clump 108 (4.26) 0.084 0.022 204 (8.02) 40 (1.59) 96 (3.78) 0.075 0.021 340 (13.37) 136 (5.35)
Cluster 95 (3.74) 0.083 0.021 202 (7.96) 46 (1.83) 76 (2.99) 0.069 0.021 345 (13.58) 143 (5.62)
Conventional 78 (3.08) 0.077 0.021 204 (8.03) 48 (1.87) 63 (2.49) 0.075 0.023 343 (13.49) 139 (5.46)
P1s1 101 (3.96) 0.077 0.021 199 (7.83) 48 (1.88) 85 (3.35) 0.072 0.022 338 (13.30) 139 (5.48)
P2S2 100 (3.93) 0.114 0.024 177 (6.97) 40 (1.59) 72 (2.82) 0.095 0.023 329 (12.95) 152 (5.98)

LSD =0.10
Geometry 36 (1.40) 0.027 0.005 24 (0.94) 14 (0.55) 41 (1.60) 0.017 0.005 29 (1.15) 14 (0.55)

ANOVA P>F

Effect
Geometry 0.6531 0.1450 0.7613 0.2709 0.7598 0.6611 0.1252 0.8850 0.8865 0.3300
T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Table 1.10 - Corn water use, grain water use effiency (WUEQ), and biomass water use
efficiency (WUED) as affected by planting geometryTribune, Kansas, 2009.

Geometry Water Use WUEg WUED
mm (in) kg ha* mm™ (b ac* in™) kg ha' mm™ (Ibactin™)

Clump 340 (13.4) 19.0 (431) 334 (756)
Cluster 345 (13.6) 15.9 (361) 29.6 (672)
Conventional 343 (13.5) 18.5 (420) 33.9 (769)
P1S1 338 (13.3) 17.7 (402) 31.6 (716)
p2s2 329 (13.0) 16.0 (363) 28.5 (645)
LSD = 0.05

Geometry 31 1.2) 3.8 (85) 5.8 (132)

ANOVA P>F

Effect

Geometry 0.9113 0.4911 0.4305
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2010 Tribune
In-season precipitation was above normal from DQ@Y though the end of the growing
season (Figure 1.8) with an ending in-season ptatign of 337 mm (13.28 inches) (Figure
1.9). Heat unit accumulation was below normal f81days after planting but then remained
normal to above normal for the rest of the growsegson (Figure 1.10) finishing 107 GDD
above normal. Grain yields in 2010 were the loveéstny year in the study averaging 4.58 Mg
ha' (73 bu a&) across all treatments (Table 1.11).
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Figure 1.8 - Corn growing season precipitation dep&ure from normal, Tribune, Kansas
2010.
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High levels of plot to plot variability were obsexvin 2010 with no identifiable cause.
As a result LSD values are relatively large andidlthe ability to statistically differentiate
treatment effects even though numerical differerarestrends are quite evident in some cases.
The P1S1 geometry at the intermediate seedingeatdted in unexplainable low grain yields
and yield components. Individual plot data wergétted, no obvious errors were found, nor
does the author recall any in-field observatiora Would explain the results. Attempts were
made to implement a spatial error model using tibegulures outlined by Stroup et al. (1994)
and Littell et al. (2006); however no underlyingsal patterns could be detected for use in

means adjustment.

Biomass, stover, grain yield, and harvest index

In 2010, planting geometry affected total abovedgbbiomass production (P=0.0414).
Corn planted in clump, cluster, and conventionalngetries produced higher levels of biomass
than corn planted in a P2S2 configuration (Tabld )1.Corn planted in a P1S1 configuration
resulted in numerically greater biomass than that P2S2 configuration and less than that in
clump, cluster, or conventional geometries, butdifferences were not significant.

Conventionally planted corn resulted in higher stgwoduction than any other geometry
(Table 1.11). Corn planted in the clump or clugometries produced less stover than the
conventional treatment, but produced more thareeiththe skip-row treatments. Stover
production was also affected by seeding rate (PX0.pand increased at each level of seeding
rate increase with an overall increase of 1.07 (952 Ib ac) as seeding rates increased
from the low to high seeding rate (Table 1.11).

Grain yields in 2010 were affected by a geometsgeading rate interaction (P=0.0901).
Corn yield response to increasing plant populatiamed by geometry (Figure 1.11). Corn
planted in a clump configuration did not responihtweasing seeding rate until the highest rate
which resulted in lower grain yields (Figure 1.1Cprn planted in a cluster configuration had a
relatively flat response to seeding rate. As sepdite increased, grain yield decreased linearly
for corn planted in a conventional geometry. Cdemfed in a P2S2 configuration produced a
guadratic response over the observed range of ptantlations. In the P1S1 configuration the
highest and lowest seeding rates produced graidsyiegher than that of the middle seeding rate
(Figure 1.11). At the highest seeding rate, coamf@d in a cluster configuration produced higher

grain yield than either the conventional or P2S@ngetries.
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Table 1.11 - Effect of planting geometry and seedirate on corn biomass, grain yield, and yield comgments, Tribune, Kansas

2010.
Geometry Seeding rate Abg\i/;mgggsnd Stover Grain yield Harvest index P;T;:flls Kernel rows Ker::)iﬁlear Ears plant™ Vlfggﬁtl p\l(;l?l
2
(100%'6:;; t”; acty MO ha'(bac?) Mgha'(bac?)  Mgha® (buac? mg 9
Clump 8.88 (7920) a' 457 (4080) b  5.09 (81) 0.48 a 520 a 17.0 336 a 1.00 215 113
Cluster 8.66 (7730) a 459 (41000 b  4.82 (77) 0.46 a 469 ab 17.0 323 b 1.03 219 104
Conventional 8.72 (7780) a 5.14 (4590) a 4.23 (67) 039 b 426 b 16.8 311 b 0.99 217 95
P1s1 7.97 (7110) ab 416 (3710)c 452 (72) 0.46 a 448 ab  16.7 313 b 0.94 216 100
P2s2 7.66 (6830) b 4.08 (3640) c  4.23 (67) 045 a 412 b 16.8 293 ¢ 1.00 221 93
3.0(12.3) 8.06 (7190) 3.99 (3560)c 4.81 (77) 050 a 579 a 173 a 361 a 1.04 a 229 a 134 a
4.0 (16.2) 8.33 (7430) 447 (3990) b 457 (73) 045 b 439 b 169 b 307 b 099 ab 219 b 9 b
5.1 (20.6) 8.74 (7800) 5.06 (4520)a 4.36 (69) 040 c 347 ¢ 164 c 278 c 094 b 204 c 72 c
Clump 3.0(12.3) 8.55 (7630) 3.95 (3530) 544 (87)a’ 054 a' 661 175 38.7 a 1.01 230 152 a
4.0 (16.2) 9.14 (8150) 4.52 (4030) 547 (87)a 0.50 abcd 537 17.0 33.4 bc 1.00 214 115 bed
5.1 (20.6) 8.94 (7970) 5.24 (4680) 4.37 (70) abcdef  0.40 ef 361 16.6 28.7 ef 0.99 200 72 fg
Cluster 3.0(12.3) 7.78 (6940) 3.84 (3420) 4.67 (74) abcdef  0.50 abc 565 17.3 349 b 1.07 230 130 abc
4.0(16.2) 8.46 (7550) 4.56 (4070) 461 (73) abcdef 0.45 cde 434 17.0 31.2 cd 1.02 222 97 def
5.1 (20.6) 9.74 (8690) 5.38 (4800) 5.17 (82) ab 0.44  def 407 16.6 30.8 de 1.00 206 86 defg
Conventional 3.0(12.3) 8.88 (7930) 4.77 (4250) 4.87 (78) abcde 0.45 cdef 579 17.2 371 a 1.12 229 136 abc
4.0 (16.2) 8.43 (7520) 4.95 (4420) 4.12  (66) bcdef 0.40 ef 408 17.0 30.5 def 0.98 213 87 defg
5.1 (20.6) 8.84 (7880) 5.71 (5100) 3.70  (59) def 033 g 290 16.2 259 gh 0.86 208 61 g
P1s1 3.0(12.3) 8.22 (7340) 3.86 (3450) 516 (82) abc 0.52 ab 595 17.2 371 a 1.01 238 144 ab
4.0(16.2) 6.99 (6240) 4.05 (3610) 3.48 (55) f 0.39 efg 360 16.6 28.1 fg 0.89 206 73 fg
5.1 (20.6) 8.70 (7770) 4.55 (4060) 491 (78) abcd 0.46 bcde 389 16.4 28.6 ef 0.92 203 81 efg
P2Ss2 3.0(12.3) 6.86 (6120) 3.55 (3170) 3.91 (62) cdef 0.48 abcd 493 17.3 325 cd 1.01 221 109 cde
4.0(16.2) 8.64 (7710) 4.29 (3830) 515 (82) abc 0.50 abcd 455 16.7 30.4 def 1.05 238 108 cde
5.1 (20.6) 7.48 (6680) 4.41 (3940) 3.63 (58) ef 0.38 fg 288 16.3 249 h 0.93 204 60 g
LSD =0.05
Geometry 0.92 (820) 0.27 (240) 0.87 (14) 0.05 73 0.3 13 0.08 11 17
Population 0.71 (630) 0.21 (180) 0.67 (11) 0.04 57 0.2 1.0 0.06 9 13
Geometry x Seeding Rate 1.60 (1400) 0.46 (410) 150 (24) 0.08 126 0.5 2.3 0.14 19 30
ANOVA P>F
Effect
Geometry 0.0414 <0.0001 0.2080 0.0053 0.0404 0.1933 <0.0001 0.3043 0.7821 0.1373
Seeding Rate 0.1632 <0.0001 0.4029 <0.0001 <0.0001 <0.0001  <0.0001 0.0084 <0.0001  <0.0001
Geometry x Seeding Rate 0.1172 0.1074 0.0901 0.0835 0.2107 0.9635 <0.0001 0.3028 0.1013 0.0496

T Letters within a column and an effect represent differences at LSD (0.05) unless noted otherwise
¥ Letters within a column and an effect represent differences at LSD (0.10)
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Figure 1.11 - Effect of planting geometry and seeqdg rate on corn grain yield, Tribune,
Kansas 2010.

Harvest index was affected by a geometry x seediteginteraction in 2010 (P=0.0835).
The highest HI values were produced by clump, elu$11S1, and P2S2 geometries at the low
seeding rate, and clump and P2S2 geometries atitheeeding rate. The highest HI for
conventionally planted corn occurred at the lowdseg rate and was lower than the HI for
clump or P1S1 at that same seeding rate. The |lddlestlues across all treatment combinations
were produced by the conventional and P2S2 geasettithe highest seeding rate (Figure
1.12). P1S1 at the mid seeding rate was also igringp, but likely as an artifact of

aforementioned data quality. Corn planted in thustelr configuration had the smallest range in
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HI values, 0.06, while the other geometries hadieann HI of 0.12 to 0.14 (Table 1.11).
Although the interaction effect was comparativelgaker, very strong main effects were
detected for geometry (P=0.0053) and seeding Pat6.0001) (Table 1.11). When looking
solely at the main effects, harvest index was Idweconventionally planted corn, 0.39, than
any of the other geometries which averaged 0.4@rase of 18%. Harvest index declined as

seeding rate increased, decreasing 0.05 or 9 tof@0@&ach step in seeding rate.
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Figure 1.12 - Effect of planting geometry and seeqg rate on harvest index of corn,

Tribune, Kansas 2010.

Yield components
Kernels plarit was affected by both geometry (P=0.0404) and sgauite (P<0.0001)

main effects (Table 1.11). Kernels plantere highest for clump planted corn with 520 késne
plant®, followed by cluster, P1S1, conventional, and P@8R 412 KP, a reduction of 21%.
Kernels plarit for the clump configuration was higher than coroven in conventional or P2S2
geometries. Kernels plahfor corn in the cluster and P1S1 treatments coatce statistically
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differentiated from the other treatments. Kernéés{' declined 24 and 21% as seeding rate
increased from low to intermediate and intermediateigh rates, respectively.

Kernel rows declined as seeding rate increased.0P8@). At the lowest seeding rate,
kernel rows averaged 17.3 (Table 1.11). As seeditegwas increased to the intermediate and
high rates, KR declined to 16.9 and 16.4, respelgtivndicating an increasing proportion of ears
with 16 KR.

Kernels ear row was affected by a geometry x seeding rate intiera¢P<0.0001)

(Table 1.11). The highest values for KER were poeduby the clump, P1S1, and conventional
geometries at the lowest seeding rate (Figure 1lla3)eneral KER declined as seeding rate
increased, however the decline occurred at diftaiees depending upon planting geometry
(Figure 1.13). Corn planted in clump and clusterrgetries at the mid seeding rate produced
similar KER as corn in P2S2 and cluster geomegig¢le low seed rate. Conventionally planted
corn had the largest decline in KER as plant dgmsireased, decreasing 11.2 kernels or 30%
(Table 1.11). Clump, P2S2, and P1S1 had reductioK&R of 26, 23, 23%, respectively. Corn
planted in a cluster configuration had the smaltesinge in KER as seeding rates increased,
decreasing only 4.1 kernels or 12%. Most of thastchent occurred between the low and mid
seeding rates with a very modest change betweeamithand high seeding rates (Figure 1.13).
At the highest seeding rate corn grown in a clustefiguration produced the highest KER with
corn grown in conventional and P2S2 configuratiprslucing KER lower than the other
treatments.

Ears plarit was affected by seeding rate (P=0.0084). Ears bleclined as seeding rate
increased (Table 1.11). Ears plaat the lowest seeding rate was 1.04 indicatinggbme
prolificacy occasionally occurred at that seediaigrAn ears plaftvalue of 0.94 at the highest

seeding rate suggests that some plants were latrteat plant density.
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Figure 1.13 - Effect of planting geometry and seed rate on corn kernels ear row (KER),
Tribune, Kansas 2010.

Kernel weight was different for each seeding r&0.0001) and declined 11% as
seeding rate increased (Table 1.11).

Grain yield plarit differed in response to a geometry x seedingindgaction
(P=0.0469) (Table 1.11). The highest per plantgyalds were obtained at the lowest seeding
rate in the geometries other than P2S2 (Figure) 1At4he lowest seeding rate, corn planted in
the clump or P1S1 configurations produced higheldyplant' than P2S2. Corn in a
conventional or cluster geometry were numericaigghbr than P2S2 and lower than clump or
conventional but not statistically distinguishafyem either. As seeding rate increased from the
low to the high rate, grain yield plahtlecreased for all geometries other than convesitidrs
seeding rate increased from the mid to high raed plant’ declined for all geometries except

P1S1 which remained flat in response (Figure 1 A#@)he highest seeding rate corn in a cluster
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geometry produced higher yield plarthan corn in either the conventional or P2S2

configuration (Figure 1.14).

Light interception and grain nutrient content

Light interception varied among planting geomet(igs0.0022) (Table 1.12). Corn
planted in conventional, clump, or cluster confagion resulted in an average fraction of PAR
intercepted of 0.558 while corn in the skip-row figurations averaged 0.404, a reduction of
28%.
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Figure 1.14 - Effect of planting geometry and seed rate on corn grain yield plant’,
Tribune, Kansas, 2010.
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Table 1.12 - Effect of corn planting geometry on itercepted photosynthetically active
radiation (IPAR), Tribune, Kansas 2010.

Fraction of PAR

Geometry intercepted (0)

Clump 0530 a'
Cluster 0.557 a
Conventional 0.588 a
P1S1 0.410 b
pP2S2 0.398 b
LSD = 0.05

Geometry 0.077

ANOVA P>F

Effect

Geometry 0.0022

T Letters within a column represent differences at LSD (0.05)

Planting geometry affected grain N content in 2(280.0691) (Table 1.13). Corn
planted in a conventional configuration resultedhigher grain N content than any of the other
geometries. Grain N for the conventional geometag W4.9 g kg (1.49%)while the average of
the four other geometries was 13.7 ¢ Kf1.37%) an 8% reduction in N content. This respgons
when paired with differences in grain yield resdlte N removal values being affected by a
geometry x seeding rate interaction (P=0.0604) i@ al13). These trends generally followed the
previously discussed trends in grain yield exchat the relatively higher N content for grain

grown in a conventional geometry accentuated remalaes.
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Table 1.13 - Effect of planting geometry and seedirate on corn grain N and P content

and removal, Tribune, Kansas, 2010.

Geometry Seeding rate Grain N N removal Grain P P removal
content content
2
plants m . g kg™ kg ha™ (Ib ac™) gkg®  kgha'(lbach
(1000 plants ac™)
Clump 140 b* 60 53 a' 3.4 ab* 15 13
Cluster 137 b 55 49 ab 3.3 bc 13 12
Conventional 149 a 52 46 b 3.3 bc 12 11
P1S1 135 b 50 45 b 33 ¢ 12 11
pP2s2 138 b 48 43 b 34 a 12 11
3.0 (12.3) 13.8 56 50 3.3 13 12
4.0 (16.2) 13.8 52 47 3.3 13 11
5.1 (20.6) 14.3 51 46 3.4 12 11
Clump 3.0 (12.3) 14.2 65 58 a' 3.4 16 14
4.0 (16.2) 13.3 61 55 ab 3.4 16 14
5.1 (20.6) 14.3 52 47 bcde 3.3 12 11
Cluster 3.0 (12.3) 13.4 53 47 bcd 3.2 13 11
4.0 (16.2) 13.8 53 48 abcd 3.3 13 12
5.1 (20.6) 13.8 59 53 ab 3.4 15 13
Conventional 3.0 (12.3) 15.0 61 54 ab 3.2 13 12
4.0 (16.2) 14.4 50 44 bcde 34 12 11
5.1 (20.6) 15.2 46 41 cde 3.3 10 9
P1S1 3.0 (12.3) 12.6 54 49 abcd 3.2 14 13
4.0 (16.2) 14.3 41 36 e 3.3 10 9
5.1 (20.6) 135 55 49 abcd 3.3 14 12
pP2Ss2 3.0 (12.3) 13.6 45 40 de 3.4 11 10
4.0 (16.2) 13.2 57 51 abc 3.3 14 13
5.1 (20.6) 14.6 43 38 de 3.6 11 10
LSD =0.05
Geometry 1.0 8 8 0.1 2 2
Population 0.8 7 6 0.1 2 2
Geometry x Seeding Rate 1.8 15 13 0.2 4 4
ANOVA P>F
Effect
Geometry 0.0691 0.0715 0.0586 0.2157
Seeding Rate 0.3629 0.3826 0.2298 0.6120
Geometry x Seeding Rate 0.5229 0.0604 0.3164 0.1010

T Letters within a column and an effect represent differences at LSD (0.05) unless otherwise noted.
T Letters within the column and effect represent differences at LSD (0.10)
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Soil water, water use, and water use efficiency

Profile water totals across measurement positions

Profile water totals were only different at onelué four measurement times, the second
in-season measurement on 30 July, which would baee during the R1 growth stage (Table
1.14). Profile water in the middle of the skip hetP2S2 geometry was higher than any other
tube position. The next highest level was obsemédbde 95 cm (37.5 inch) position of the P2S2
geometry and was similar to observations in themg30 inch) clump position, 38 and 76 cm
(15 and 30 inch) positions in the cluster, andAa@&m (30 inch) position in P1S1. The lowest
was observed in-row in the conventional geometny, \@as similar to observations in many
other positions.
Table 1.14 - Available soil water in 183 cm (72 it profile as affected by sampling

position in corn planting geometries. Tribune, Kanas, 2010.

Geometry Tube position 06/18/10 07/02/10 07/30/10 09/14/10
cm (inches) Available soil water, mm (inches)
Clump 0 174 (6.87) 140 (5.51) 102 (4.03) cd 82 (3.22)
38 (15) 171  (6.73) 142 (5.58) 103 (4.04) cd 81 (3.19)
76 (30) 172  (6.78) 140 (5.52) 106 (4.18) bcd 80 (3.15)
Cluster 0 178 (7.02) 143 (5.61) 103 (4.05) cd 81 (3.19)
38 (15) 177  (6.95) 149  (5.86) 115 (4.54) bc 87 (3.44)
76 (30) 177  (6.99) 152  (5.98) 115 (4.51) bc 85 (3.33)
Conventional 0 163  (6.41) 124 (4.90) 89 (3.48) d 70 (2.74)
38 (15) 163 (6.42) 130 (5.13) 94 (3.68) cd 75 (2.94)
P1s1 0 166 (6.53) 131 (5.15) 95 (3.74) cd 74 (2.89)
38 (15) 171 (6.72) 139  (5.45) 105 (4.14) cd 71 (2.80)
76 (30) 169  (6.65) 150  (5.91) 118 (4.63) bc 75 (2.96)
pP2s2 0 182 (7.16) 141 (5.53) 98 (3.88) cd 77 (3.05)
38 (15) 175 (6.91) 141 (5.56) 104 (4.08) cd 83 (3.29)
95 (37.5) 178 (7.01) 161 (6.35) 130 (5.12) b 96 (3.77)
152 (60) 196 (7.70) 185  (7.27) 183 (7.22) a 108  (4.25)
LSD =0.10
Tube Position 28  (1.09) 27  (1.06) 25  (0.97) 23 (0.92)
ANOVA P>F
Effect
Tube Position 0.9192 0.1158 <0.0001 0.4461

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Soil water content by depth within geometries

Differences with respect to position were only otsed at the near-surface measurement
on 30 July for the clump treatment which coincidéth tassel-silk. Water content at 38 and 76
cm (15 and 30 inches) away from the clump was higren immediately adjacent to the clump
(Table 1.15). Relatively few differences were olisdrin the cluster treatment as well (Table
1.16). The near-surface measurement on 2 July foore soil water 38 and 76 cm (15 and 30
inches) away from the cluster than immediately el to it, while on 14 September the reverse
was observed with the lowest level observed futtaesy from the cluster. Few differences
were observed in conventional geometry corn (Tall&). When differences were observed
they were consistent in higher levels of soil wéteing found in the inter-row space.

Corn in a P1S1 planting geometry resulted in datdetdifferences in soil water at
several depths and timings in 2010 (Table 1.18¢ Jieatest number of differences were
observed at the 2 July measurement. In the uppes thepths, soil water content generally
decreased as measurement location moved from tiercd the skip towards the planted row.

Corn planted in a P2S2 configuration resulted ompunced differences in soil water
observed at three of the four measurement tim2610 (Table 1.19). At the 2 July
measurement, soil water contents were the lowégtdam the planted rows and adjacent to a
planted row at the 15, 30, and 46 cm (6, 12, anithd!®) depths. At these depths soil water
contents 95 cm (37.5 inches) from the middle ofplaamted rows were higher than water
contents between the rows or in-row, but were Iavan soil water contents observed 152 cm
(60) inches from the center of the planted rowsctvhad the highest soil water contents. At
depths of 61 to 107 cm (24 to 42 inches), only ghogs of soil water content were detected,
with the two locations closest to the planted rtnaging lower levels of soil water than the two
locations away from the planted rows. On 30 Julyiclv coincided with tassel-silk, soil water
contents were highest in the middle of the skiglla&xcept the deepest two measurement depths.
Measurements taken 95 cm (37.5 inches) from thelleiof the planted rows had the next
highest water contents at each depth except therbdivo depths. At the 152 cm (60 inch)
depth, similar levels of soil water were observexdtie 0, 38, and 95 cm (0, 15, and 37.5 inch)
measurement positions. The same general relatipmshiserved on 30 July were observed on 14
September, although the differences were less stiligespect to position and detectable at

fewer depths.
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Table 1.15 - Soil water by depth in corn in clump fanting geometry. Tribune, Kansas,
2010.

Tube position

Date Depth ANOVA P>F 0 38 cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
06/18/2010 15 (6) 0.8668 0.261 0.261 0.263
30 (12) 0.7068 0.259 0.259 0.261
46 (18) 04175  0.255 0.257 0.258
61 (24) 0.8702 0.261 0.261 0.262
76 (30) 0.6963 0.258 0.255 0.257
91 (36) 0.8392 0.244 0.242 0.241
107 (42) 0.3969 0.236 0.231 0.228
122 (48) 0.4817 0.211 0.202 0.206
137 (54) 0.8654 0.186 0.182 0.186
152 (60) 0.8350 0.166 0.168 0.165
168 (66) 0.5332 0.168 0.165 0.165
183 (72) 0.6526 0.175 0.172 0.172
07/02/2010 15 (6) 0.3011 0.185 0.200 0.200
30 (12) 0.5443 0.215 0.215 0.226
46 (18) 0.9222 0.223 0.220 0.220
61 (24) 0.6159 0.234 0.235 0.230
76 (30) 0.4789 0.238 0.240 0.234
91 (36) 0.9699 0.231 0.232 0.232
107 (42) 0.7990 0.227 0.228 0.224
122 (48) 0.8975 0.209 0.208 0.206
137(54) 07387  0.190 0.185 0.181
152 (60) 0.8620 0.166 0.169 0.169
168 (66) 0.7228 0.166 0.165 0.162
183 (72) 0.4027 0.172 0.168 0.171
07/30/2010 15 (6) 0.0657 0.174 b' 0.185 a 0.187 a
30 (12) 0.3495 0.198 0.195 0.200
46 (18) 08164  0.197 0.195 0.197
61 (24) 0.3447 0.195 0.198 0.200
76 (30) 0.8164 0.194 0.192 0.195
91 (36) 0.1677 0.175 0.178 0.182
107 (42) 08419  0.177 0.178 0.179
122 (48) 0.9684 0.186 0.186 0.187
137 (54) 0.7429 0.187 0.184 0.188
152 (60) 09141  0.176 0.177 0.176
168 (66) 0.5317 0.174 0.170 0.168
183 (72) 0.3026 0.174 0.168 0.173
09/14/2010 15 (6) 0.5987 0.149 0.148 0.143
30 (12) 0.2315 0.183 0.187 0.184
46(18) 01764  0.189 0.190 0.187
61 (24) 0.9812 0.189 0.190 0.190
76 (30) 0.6657 0.183 0.185 0.185
91 (36) 0.7357 0.167 0.166 0.168
107 (42) 0.2402 0.160 0.164 0.162
122 (48) 0.7872 0.168 0.166 0.166
137(54) 07088  0.171 0.168 0.170
152 (60) 0.4215 0.170 0.168 0.167
168 (66) 0.2389 0.169 0.165 0.167
183 (72) 0.1321 0.173 0.168 0.171

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.16 - Soil water by depth in corn in clusteplanting geometry. Tribune, Kansas,
2010.

Tube position

Date Depth A’;S'\:/ A 0 38 cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm®em?
06/18/2010 15 (6) 0.3569 0.256 0.262 0.270
30 (12) 0.2707 0.258 0.258 0.268
46 (18) 0.2412 0.261 0.254 0.264
61 (24) 0.2738 0.254 0.248 0.257
76 (30) 0.6764 0.244 0.240 0.242
91 (36) 0.1947 0.233 0.235 0.229
107 (42) 0.1705 0.220 0.224 0.216
122 (48) 0.1757 0.215 0.216 0.208
137 (54) 0.2505 0.209 0.206 0.198
152 (60) 0.3327 0.193 0.193 0.190
168 (66) 0.8655 0.185 0.184 0.183
183 (72) 0.4051 0.178 0.173 0.174
07/02/2010 15 (6) 0.0309 0.182 b’ 0.198 a 0.200 a
30 (12) 0.1107 0.210 0.220 0.230
46 (18) 0.1179 0.219 0.223 0.242
61 (24) 0.2298 0.223 0.223 0.240
76 (30) 0.6341 0.223 0.223 0.230
91 (36) 0.2804 0.221 0.226 0.221
107 (42) 0.0547 0.216 ab 0.222 a 0212 b
122 (48) 0.2165 0.212 0.214 0.207
137 (54) 0.4949 0.208 0.210 0.204
152 (60) 0.2290 0.195 0.195 0.191
168 (66) 0.9482 0.186 0.185 0.186
183 (72) 0.3985 0.175 0.172 0.171
07/30/2010 15 (6) 0.2243 0.178 0.196 0.192
30 (12) 0.5903 0.199 0.205 0.204
46 (18) 0.6056 0.202 0.203 0.207
61 (24) 0.2457 0.192 0.191 0.199
76 (30) 0.1267 0.176 0.180 0.186
91 (36) 0.0684 0.168 b 0.181 a 0.181 a
107 (42) 0.1117 0.167 0.181 0.178
122 (48) 0.1201 0.172 0.185 0.181
137 (54) 0.5872 0.189 0.196 0.191
152 (60) 0.3417 0.195 0.201 0.197
168 (66) 0.4988 0.189 0.192 0.190
183 (72) 0.6412 0.183 0.180 0.179
09/14/2010 15 (6) 0.0950 0.153 a 0.153 a 0.145 b
30 (12) 0.8869 0.189 0.188 0.189
46 (18) 0.2986 0.195 0.191 0.196
61 (24) 0.2331 0.188 0.182 0.186
76 (30) 0.6438 0.172 0.175 0.174
91 (36) 0.1473 0.157 0.168 0.166
107 (42) 0.2280 0.153 0.162 0.158
122 (48) 0.3168 0.153 0.160 0.157
137 (54) 0.1675 0.165 0.175 0.171
152 (60) 0.3007 0.181 0.190 0.184
168 (66) 0.6080 0.182 0.185 0.185
183 (72) 0.9912 0.179 0.178 0.179

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.17 - Soil water by depth in corn in convemnal planting geometry. Tribune,
Kansas, 2010.

Tube position

Date Depth ANOVA P>F 0 36 cm
(15 inches)
cm (inches) Volumetric water content, cm® cm™
06/18/2010 15 (6) 0.9974 0.256 0.255
30 (12) 0.8649 0.255 0.257
46 (18) 0.4753 0.254 0.258
61 (24) 0.3878 0.249 0.256
76 (30) 0.2137 0.253 0.246
91 (36) 0.3592 0.241 0.233
107 (42) 0.6116 0.215 0.220
122 (48) 0.4031 0.184 0.192
137 (54) 0.6881 0.173 0.169
152 (60) 0.8305 0.170 0.168
168 (66) 0.7926 0.173 0.171
183 (72) 0.5491 0.181 0.178
07/02/2010 15 (6) 0.0575 0.180 b 0.196 a
30 (12) 0.5531 0.209 0.216
46 (18) 0.5018 0.216 0.220
61 (24) 0.7549 0.222 0.220
76 (30) 0.4100 0.226 0.223
91 (36) 0.5169 0.223 0.221
107 (42) 0.7349 0.213 0.215
122 (48) 0.6432 0.190 0.195
137 (54) 0.9328 0.172 0.173
152 (60) 0.1774 0.161 0.166
168 (66) 0.1847 0.164 0.168
183 (72) 0.2953 0.174 0.175
07/30/2010 15 (6) 0.1265 0.169 0.181
30 (12) 0.8203 0.192 0.194
46 (18) 0.6526 0.188 0.190
61 (24) 0.6624 0.180 0.180
76 (30) 0.8679 0.177 0.176
91 (36) 0.6285 0.173 0.171
107 (42) 0.1632 0.174 0.178
122 (48) 0.2701 0.178 0.185
137 (54) 0.6614 0.175 0.177
152 (60) 0.3187 0.166 0.170
168 (66) 0.1956 0.167 0.171
183 (72) 0.3434 0.175 0.177
09/14/2010 15 (6) 0.0917 0.137 b 0.144 a
30 (12) 0.5376 0.179 0.184
46 (18) 0.5501 0.182 0.183
61 (24) 0.1447 0.176 0.172
76 (30) 0.4152 0.170 0.166
91 (36) 0.7438 0.162 0.161
107 (42) 0.1551 0.158 0.162
122 (48) 0.1415 0.161 0.168
137 (54) <.0001 0.163 b 0.170 a
152 (60) 0.1916 0.162 0.168
168 (66) 0.2813 0.166 0.170
183 (72) 0.4390 0.174 0.176

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.18 - Soil water by depth in corn in plant-Iskip-1 (P1S1) planting geometry.
Tribune, Kansas, 2010.

Tube position

Date Depth ANOVA P>F 0 38cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
06/18/2010 15 (6) 0.8781 0.255 0.258 0.257
30 (12) 0.2118 0.257 0.264 0.263
46 (18) 0.2074 0.258 0.264 0.262
61 (24) 0.4347 0.252 0.256 0.248
76 (30) 0.7726 0.241 0.245 0.242
91 (36) 0.6171 0.239 0.231 0.234
107 (42) 0.4854 0.230 0.220 0.225
122 (48) 0.6865 0.205 0.208 0.210
137 (54) 0.0857 0.183 b' 0192 a 0.194 a
152 (60) 0.4223 0.168 0.176 0.170
168 (66) 0.6878 0.167 0.168 0.165
183 (72) 0.5494 0.169 0.172 0.172
07/02/2010 15 (6) 0.0449 0.182 b 0.190 b 0.210 a
30 (12) 0.0063 0.213 ¢ 0225 b 0.241 a
46 (18) 0.0029 0.223 ¢ 0.234 b 0.242 a
61 (24) 0.3065 0.221 0.228 0.235
76 (30) 0.3280 0.219 0.222 0.231
91 (36) 0.3257 0.222 0.216 0.227
107 (42) 0.3250 0.222 0.212 0.218
122 (48) 0.8122 0.208 0.205 0.210
137 (54) 0.1536 0.185 0.193 0.195
152 (60) 0.1077 0.167 0.179 0.175
168 (66) 0.5304 0.166 0.171 0.167
183 (72) 0.3837 0.166 0.168 0.170
07/30/2010 15 (6) 0.4415 0.171 0.176 0.186
30 (12) 0.2507 0.198 0.208 0.213
46 (18) 0.1835 0.199 0.209 0.207
61 (24) 0.4031 0.190 0.196 0.193
76 (30) 0.1946 0.176 0.185 0.189
91 (36) 0.1931 0.171 0.174 0.186
107 (42) 0.2214 0.174 0.172 0.187
122 (48) 0.1163 0.178 0.181 0.195
137 (54) 0.1027 0.182 0.186 0.197
152 (60) 0.1261 0.174 0.184 0.188
168 (66) 0.2549 0.172 0.178 0.183
183 (72) 0.4368 0.171 0.176 0.181
09/14/2010 15 (6) 0.0369 0.143 a 0.137 b 0132 b
30 (12) 0.7184 0.186 0.182 0.183
46 (18) 0.3780 0.190 0.193 0.189
61 (24) 0.3966 0.182 0.182 0.176
76 (30) 0.9125 0.168 0.169 0.170
91 (36) 0.5658 0.162 0.158 0.163
107 (42) 0.4976 0.159 0.151 0.158
122 (48) 0.8284 0.161 0.156 0.160
137 (54) 0.8342 0.166 0.164 0.168
152 (60) 0.3484 0.165 0.167 0.173
168 (66) 0.1289 0.167 0.169 0.176
183 (72) 0.1033 0.169 0.172 0.180

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.19 - Soil water by depth in corn in plant-Zkip-2 (P2S2) planting geometry.
Tribune, Kansas, 2010.

ANOVA Tube position

Date Depth P>E 0 38cm 95 cm 152 cm
(15 inches) (37.5 inches) (60 inches)
cm (inches) Volumetric water content, cm® cm™
06/18/2010 15 (6) 0.0801 0.257 ab' 0233 b 0.264 a 0.276 a

30 (12) 0.0328 0.259 a 0241 b 0.264 a 0.272 a
46 (18) 0.0331 0.261 a 0.251 b 0.262 a 0.268 a

61 (24) 0.3272 0.251 0.250 0.252 0.260
76 (30) 0.7620 0.244 0.247 0.242 0.248
91 (36) 0.4788 0.238 0.239 0.237 0.247
107 (42) 0.5624 0.234 0.234 0.231 0.243
122 (48) 0.5528 0.228 0.225 0.220 0.234
137 (54) 0.6028 0.217 0.218 0.202 0.215
152 (60) 0.4952 0.179 0.183 0.177 0.194
168 (66) 0.4830 0.178 0.182 0.174 0.183
183 (72) 0.0827 0.182 0.183 0.177 0.178
07/02/2010 15 (6) 0.0001 0.176 c 0.173 c 0219 b 0.258 a
30 (12) <.0001 0.205 c¢ 0.204 c 0.236 b 0.259 a
46 (18) <.0001 0.218 c 0.215 c 0.247 b 0.256 a
61 (24) 0.0030 0.218 b 0.222 b 0.241 a 0.252 a
76 (30) 0.0240 0.217 b 0219 b 0.232 a 0.238 a
91 (36) 0.0435 0.219 b 0.223 b 0229 ab 0.238 a
107 (42) 0.0921 0222 b 0221 b 0224 b 0.236 a
122 (48) 0.2369 0.223 0.217 0.221 0.230
137 (54) 0.4751 0.218 0.216 0.210 0.222
152 (60) 0.6656 0.185 0.189 0.181 0.194
168 (66) 0.4877 0.176 0.182 0.173 0.188
183 (72) 0.1494 0.180 0.181 0.176 0.177
07/30/2010 15 (6) 0.0030 0.154 c 0.171 bc 0199 b 0.243 a
30 (12) <.0001 0.193 ¢ 0.197 c 0.212 b 0.255 a
46 (18) <.0001 0.198 c 0.198 c 0.215 b 0.255 a
61 (24) <.0001 0.189 c¢ 0.193 c 0.207 b 0.248 a
76 (30) <.0001 0.171 c 0.178 c 0.193 b 0.232 a
91 (36) <.0001 0.161 c 0.169 c 0.191 b 0.230 a
107 (42) <.0001 0.167 c 0.169 c 0.197 b 0.228 a
122 (48) 0.0007 0.177 c¢ 0174 c 0.205 b 0.225 a
137 (54) 0.0055 0.196 c 0.194 c 0212 b 0.226 a
152 (60) 0.1020 0.192 0.197 0.197 0.211
168 (66) 0.5829 0.185 0.190 0.184 0.195
183 (72) 0.4172 0.183 0.185 0.177 0.190
09/14/2010 15 (6) 0.0817 0.143 b 0.151 ab 0.157 a 0.159 a
30 (12) 0.0499 0.184 bc 0.182 c 0.195 ab 0.202 a
46 (18) 0.0198 0.192 b 0191 b 0.204 a 0.206 a
61 (24) 0.0037 0.183 c 0.186 c 0.193 b 0.201 a
76 (30) 0.0066 0.167 c¢ 0.171 bc 0175 b 0.182 a
91 (36) 0.1057 0.155 0.162 0.167 0.174
107 (42) 0.1162 0.154 0.157 0.163 0.172
122 (48) 0.1033 0.156 0.155 0.165 0.176
137 (54) 0.2041 0.170 0.174 0.184 0.191
152 (60) 0.2804 0.177 0.183 0.189 0.194
168 (66) 0.3301 0.180 0.186 0.189 0.194
183 (72) 0.4405 0.181 0.184 0.183 0.192

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Cross-section analysis of soil water

Interpolated cross-sectional figures that visuptgsent soil water content and soil water
changes can be found in the appendix. No differen@re observed amongst planting
geometries at the first measurement on 18 Jund€Tab0). Conventional corn had the lowest
numerical profile available water, a trend whichultbcontinue through the growing season.
Measurements were taken on 2 July during earlytaéige growth. The effects of planting
geometry on spatial distribution of soil water warade evident though differences in range
(P=0.0114) (Table 1.20). P2S2 had the largest rardjeating uneven distribution of soil water.
Cross-sections under the clump, cluster, and Pa8flgurations had similar ranges but were
narrower than P2S2. The smallest range, althougHtifierentiable from clump or P1S1, was
the conventional geometry, indicating a more umifalistribution of soil water contents. From
postemergence until the early vegetative measurgroam in a P2S2 configuration had less
water use than any other geometry. Change in sag¢mover this time period would indicate
root extraction potentially coming from as deefpasm (20 inches) with the most intense
extraction occurring at depths less than 25 cmr{@éBes).

Measurements obtained on 30 July coincided witbelesilk. At this point in time,
profile water remained numerically the lowest forrcgrown in a conventional configuration
(Table 1.20). The largest range in soil water cotstevas found in the profile underlying the
P2S2 configuration followed by P1S1 and clusteffigomations which had similar ranges. The
smallest ranges were found in profiles under threventional and clump configurations. The
profile under the P2S2 planting geometry also hada®ger than any other treatment. At the
time of tassel-silk, cumulative water use was fesshe P2S2 configuration than any other.

The final sampling of the season, at harvest, sedurn 14 September. Interval water
use from tassel-silk to harvest was highest folRB82 geometry, although not distinguishable
from the P2S1 and cluster geometries, and wasaWelidoy the clump geometry. Corn in a

conventional geometry had the least water use femsel-silk until harvest.
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Table 1.20 - Available soil water in 183 cm (72 i) deep cross-section, range and SD of interpolateil water values, and

water use as affected by corn planting geometry. Toune, Kansas, 2010.

06/18/2010 07/02/2010
Geometry Profile available Range SD Profile available Range sD Cumulative
water water water use
mm (in) vvl vyt mm (in) vv'! vv'  mm(in)
Clump 179  (7.05) 0.124 0.041 143 (5.62) 0.127 bc 0.036 38 (1.50) a
Cluster 185 (7.27) 0.115 0.032 150 (5.90) 0.141 ab 0.031 37 (1.44) a
Conventional 170  (6.69) 0.125 0.040 130 (5.12) 0.119 ¢ 0.033 42 (1.65) a
P1S1 176  (6.94) 0.119 0.039 140  (553) 0.132 bc 0.033 38 (1.48) a
P2S2 187 (7.35) 0.133 0.034 158  (6.23) 0.155 a  0.033 30 (1.19) b
LSD =0.10
Geometry 28  (1.11) 0.045 0.014 29 (1.15) 0.015 0.006 6 (0.23)
ANOVA P>F
Effect
Geometry 0.8324 0.9620 0.7744 0.5271 0.0114 0.7585 0.0435
T Letters within a column represent differences at LSD (0.10) unless noted otherwise
07/30/2010 09/14/2010
Geometry Profile available Cumulative Interval Profile available Cumulative Interval water
water Range sb water use water use water Range  SD water use use
mm (in) vvt vvt mm (in) mm (in) mm (in) vvl vyt cm (in) mm (in)
Clump 104 (4.10) 0.092 c 0.024 b 179 (7.06) a 141 (5.56) 78 (3.07) 0.125 0.027 303 (11.9) 124 (4.87) bc
Cluster 114 (448) 0108 b 0.023 b 175 (6.90) a 139 (5.46) 83 (3.25) 0.128 0.027 304 (12.0) 129 (5.08) abc
Conventional 92 (3.62) 0.088 c¢ 0.022 b 182 (7.17) a 140 (5.53) 71 (2.78) 0.125 0.025 301 (11.9) 119 (4.69) c
P1s1 105 (4.13) 0.107 b 0.023 b 175 (6.91) a 138 (5.43) 68 (2.68) 0.136 0.027 310 (12.2) 135 (5.31) ab
p2s2 127 (5.02) 0.143 a 0.030 a 163 (6.43) b 133 (5.25) 89 (3.50) 0.135 0.027 300 (11.8) 136 (5.37) a
LSD =0.10
Geometry 25 (0.98) 0.013 0.004 11 (0.45) 9 (0.37) 22 (0.89) 0.031 0.006 17 (0.7) 11 (0.45)
ANOVA P>F
Effect
Geometry 0.1973 <0.0001 0.0466 0.0995 0.6099 0.4871 0.9338 0.9639 0.8413 0.0910

t Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Water use / Water use efficiency

No differences among planting geometries were @lskin 2010 for water use (Table
1.21). Grain water use efficiency was affected layfing geometry with clump and P2S2
having the highest values and were similar to elushd conventional. Corn in the P1S1
configuration resulted in the lowest grain wate afficiency. Biomass water use efficiency was
also affected by planting geometry in 2010 withncplanted in a P1S1 configuration having a

lower efficiency than all other geometries.

Table 1.21 - Corn water use, grain water use effiency (WUEQ), and biomass water use

efficiency (WUED) as affected by planting geometryTribune, Kansas, 2010.

Geometry Water Use WUEg WUEDb
mm (in) kg ha' mm™ (b ac* in™) kg ha™ mm™ (Ib ac™ in™)

Clump 303 (11.9) 15.7 (356) a' 30.5 (691) a
Cluster 304 (12.0) 134 (304) ab 28.3 (641) a
Conventional 301 (11.9) 13.3 (302) ab 30.3 (687) a
P1S1 310 (12.2) 10.1 (230) b 23.2 (525) b
p2s2 300 (11.8) 15.3 (346) a 29.5 (669) a
LSD = 0.05

Geometry 17 0.7) 2.8 (64) 3.1 (69)

ANOVA P>F

Effect

Geometry 0.8413 0.0310 0.0058

t Letters within a column represent differences at LSD (0.10) unless noted otherwise
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2011 Tribune
Exceptional grain yields were produced in 2011 agierg 7.86 Mg h& (125 bu ag) in-
spite of record high temperatures. Heat unit acdatian occurred much more rapidly than the
long-term normal (Figure 1.15). In-season precigtawas below normal through much of the
vegetative growth stages and even into early retdee stages (Figure 1.16). Due to dry
conditions, silking was delayed several days pgestypical heat unit trigger of 1360 GDD.
Substantial precipitation was received just asctita was fully reaching the R1 (silking) growth

stage (Figure 1.16). Cumulative in-season pregipitavas 358 mm (14.08 inches) (Figure
1.17).
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Figure 1.15 - Cumulative corn heat units, TribuneKansas, 2011.
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Figure 1.16 - Corn growing season precipitation degrture from normal, Tribune, Kansas
2011.
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Figure 1.17 - Corn season cumulative precipitationribune, Kansas 2011.

64



Biomass, stover, grain yield, and harvest index

Planting geometries produced differing levels af\adaground biomass (P=0.0040). Corn
planted in a P2S2 configuration produced 10.4 M§ (8810 Ib at) of biomass, less biomass
than any other geometry, which together averagetbiMg ha' (10,200 Ib a¢) of total above-
ground biomass (Table 1.22).

Stover production was affected by both plantingngety (P<0.0001) and seeding rate
(P=0.0394) in 2011 (Table 1.22). Corn planted inmgd, cluster, and conventional geometries
produced an average of 4.86 Mg*{&340 Ib a&) of stover, 480 and 800 kg h#430 and 700
Ib ac*) more than corn in a P1S1 or P2S2 configuratiespectively. Corn in a P1S1
configuration produced 320 kg h&280 Ib a&") more stover than corn in a P2S2 configuration,
which produced the lowest level of stover. Stovedpction was highest for corn seeded at the
high seeding rate and lowest for corn seeded anhteemediate rate. Corn seeded at the low rate,
resulted in stover production that was not diffeteéan the other two seeding rates (Table 1.22).

Grain yields were not affected by treatments in228len though many yield
components varied by treatment. Grain yields rarfged 7.54 Mg ha (120 bu ag) for P2S2 to
8.07 Mg h& (129 bu ad) for corn planted in the cluster and P1S1 georeifTable 1.22).

Grain yields averaged 7.86 Mghé125 bu at) across all three seeding rates with a range of
only (2 bu ad).

Planting geometry (P<0.0001) and seeding rate (l®20) both affected harvest index
(Table 1.22). Corn planted in either of the skip+@onfigurations resulted in a harvest index of
0.61, higher than the cluster, clump, or convertigeometries. Higher Hl in the P1S1
treatment was driven by both increased grain yiatldsreduced biomass whereas the relatively
higher HI for the P2S2 configuration was driverepby lower above-ground biomass as grain
yields were reduced compared to other treatmemish Qrown in the conventional geometry
resulted in the lowest harvest index of 0.57 duledtitn above average biomass production and
below average grain yield. Harvest index for cdanted at the low and intermediate densities
was 0.01 to 0.02 higher, respectively, than thamgld at the high density (Table 1.22).
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Table 1.22 - Effect of planting geometry and seedirate on corn biomass, grain yield, and yield congments, Tribune, Kansas
2011.

Geometry Seeding rate Above-ground Stover Grain yield Harvest Kernels Kernel rows Kernels ear Ears plant® Kernel Yield
biomass index plant™ row™ P weight plant™
2
Plants ™™ \ighal(bac’)  Mgha®(bac’) Mg ha® (buacl) mg g
(1000 plants ac™)
Clump 115 (10,200) a' 4.83 (4310)a  7.87  (125) 058 bc 719 a 174 ab 436 a  1.01 238 ¢ 173 a*
Cluster 11.6 (10,400) a  4.81 (4290)a  8.07  (129) 059 b 694 ab 172 b 432 ab 1.01 251 b 176 a
Conventional 11.5 (10,300) a 495 (4410) a 7.74 (123) 057 ¢ 709 a 176 a 43.2 ab 1.00 237 ¢ 171 ab
P1S1 11.2 (9,990)a 4.38 (3910) b  8.07  (129) 061 a 679 b 169 ¢ 422 b 101 256 ab 176 a
P2S2 10.4 (9,310) b 4.06 (3630) c 7.54 (120) 0.61 a 615 c 170 c 409 ¢ 0.98 264 a 163 b
3.0 (12.3) 11.2 (10,000) 458 (4090) ab 7.87  (125) 059 a 773 a 174 a 470 a 102 a 284 a 220 a
4.0 (16.2) 11.1  (9,940) 447 (3990) b  7.89  (126) 060 a 695 b 172 ab 433 b 1.00 b 240 b 166 b
5.1 (20.6) 11.4 (10,100) 476 (4250)a  7.81  (124) 058 b 581 ¢ 170 b 375 ¢ 099 b 224 ¢ 129 ¢
Clump 3.0 (12.3) 11.9 (10,600) 5.02 (4480) 8.14  (130) 0.58 773 17.5 480 ab 1.01 294 a 227 a
4.0 (16.2) 11.3 (10,100) 4.50 (4010) 8.03  (128) 0.60 756 17.5 443 d  1.00 224 de 169 cd
5.1 (20.6) 11.2 (10,000) 4.97 (4430) 7.44  (118) 0.56 627 17.0 386 g 1.01 197 f 123 e
Cluster 3.0 (12.3) 11.3 (10,100) 4.60 (4110) 7.94  (126) 0.59 779 17.4 475 ab 1.06 284 a 221 a
4.0 (16.2) 11.9 (10,600) 4.81 (4290) 8.37  (133) 0.59 710 17.2 449 cd 1.00 249 bc 176 ¢
5.1 (20.6) 11.7 (10,400) 5.01 (4470) 791  (126) 0.57 593 17.1 373 ¢ 0.99 221 de 131 e
Conventional 3.0 (12.3) 12.2 (10,900) 5.22 (4660) 8.24  (131) 0.57 817 17.8 482 a  1.01 281 a 230 a
4.0 (16.2) 10.8 (9,670) 4.60 (4100) 739  (118) 0.58 709 17.6 422 ef 1.00 220 de 156 d
5.1 (20.6) 11.4 (10,200) 5.02 (4480) 761  (121) 0.56 601 17.4 391 g  1.00 210 ef 126 e
P1S1 3.0 (12.3) 10.9 (9,680) 4.25 (3790) 7.82  (125) 0.61 774 17.4 453 cd 1.03 282 a 218 ab
4.0 (16.2) 11.4 (10,200) 4.46 (3980) 8.27  (132) 0.61 694 16.7 436 de 1.00 251 bc 174 ¢
5.1 (20.6) 11.3 (10,100) 4.43 (3950) 8.11  (129) 0.61 570 16.6 376 g  1.00 235 cd 134 e
P2S2 3.0 (12.3) 9.9 (8,860) 3.82 (3410) 7.24  (115) 0.62 723 17.0 462 bc 1.00 280 a 202 b
4.0 (16.2) 10.2  (9,130) 4.00 (3570) 7.38  (118) 0.61 607 17.0 416 f 0.98 256 b 155 d
5.1 (20.6) 11.1  (9,920) 4.37 (3900) 799  (127) 0.61 516 16.9 348 h 098 256 b 132 e
LSD =0.05
Geometry 06  (570) 0.28 (250) 0.49 8) 0.01 27 0.3 1.1 0.03 11 9
Population 05  (450) 0.22 (200) 0.38 (6) 0.01 21 0.2 0.8 0.02 8 7
Geometry x Seeding Rate 1.1 (1000) 0.49 (440) 0.85 (14) 0.02 46 0.5 1.9 0.05 18 16
ANOVA P>F
Effect
Geometry 0.0040 <0.0001 0.1603 <0.0001 <0.0001 <0.0001 <0.0001 0.2146 <0.0001 0.0519
Seeding Rate 0.6736 0.0394 0.9087 0.0010 <0.0001 0.0008 <0.0001 0.0228 <0.0001 <0.0001
Geometry X Seeding Rate 0.1129 0.1104 0.1274 0.2021 0.1471 0.3016 0.0042 0.7272 0.0001 0.0284

T Letters within a column and an effect represent differences at LSD (0.05) unless noted otherwise
¥ Letters within a column and an effect represent differences at LSD (0.10)
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Yield components

Kernels plarit was numerically highest for corn planted in cluggmmetry (719 kernels
plant?) and lowest for corn planted in a P2S2 configora{615 KP) (Table 1.22). Corn planted
in clump or conventional geometries (average of KB} produced higher KP than corn planted
in either of the skip-row geometries. Corn plantethe cluster geometry was not different than
corn planted in either clump, conventional, or Pt8idfigurations (Table 1.22). Corn in a P2S2
geometry produced less kernels pfatitan any other geometry treatment. Kernels plant
responded negatively to increasing seeding ratdindey from a high of 773 KP at the low rate
to 581 KP at the high rate.

In 2011, as seeding rate increased, kernel rowgdsed. Corn seeded at the low rate
resulted in mean kernel rows of 17.4 likely dua tagher proportion of ears with 18 kernel
rows. This was higher than corn planted at the hagga which had a mean of 17 KR, likely
resulting from an approximately equal proportiori6fand 18 KR. Kernel rows were also
affected by planting geometries (P<0.0001). Coamt@d in a conventional geometry resulted in
the highest number of KR (17.6) than any other geoynalthough not statistically different
than clump planted which produced 17.4 (Table 1.28)mp planted corn produced equivalent
KR as conventional and cluster, but higher thameeiof the skip-row treatments. The P1S1 and
P2S2 geometries resulted in the lowest number oitR a mean of 16.95.

Kernels ear row was affected by a geometry x seeding rate intera¢P=0.0042, Table
1.22). At the lowest seeding rate, KER was higf@storn planted in a conventional, clump, or
cluster geometry, followed by the P2S2 and P1Sing#wes (Figure 1.18). As seeding rate
increased to the intermediate rate, the conventge@metry had the highest rate of decline (6
kernels) and went from the highest KER to one eflthwest along with the P2S2 geometry
(Figure 1.18). The P1S1 treatment had the smallesige in KER between the low and
intermediate seeding rate treatments declining diykernels. The rate of decline in KER as
seeding rate increased to the highest level waidasifar all geometry treatments except
conventional (Figure 1.18). There was little diéfiece among planting geometries at the highest
seeding rate, only corn grown in a P2S2 configaratiiffered with the lowest KEBf 34.8

compared to the other geometries which averageti(3able 1.22).
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Figure 1.18 - Effect of planting geometry and seed rate on corn kernels per ear row
(KER), Tribune, Kansas, 2011.

Ears plant was affected by seeding rate (P=0.0228) (Tabl2)14s seeding rate
increased, ears plahtleclined from 1.02 for the lowest seeding ratert@verage of 0.995 for
the mid and high seeding rate, which did not diffem each other.

The planting geometry x seeding rate interactidacééd KW in 2011 (P=0.0001) (Table
1.22). In all geometries KW declined as seeding matreased, however planting geometry
played a role in the responsiveness of KW to irgirgaplant density (Figure 1.19). At the
lowest seeding rate, no differences were observé&dN due to planting geometry. As seeding
rate increased to the intermediate level, KW dedirapidly, 61 and 70 mg kerflel
respectively, for conventional and clump geometitean average level of 222 mg kefhel
(Figure 1.19). Kernel weights in the other threergetries declined more moderately, an
average of 31 mg kernkto an average level of 252 mg kefheht the highest seeding rate,
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corn planted in a P2S2 configuration resulted entilghest KW, which was no different than the
KW of P2S2, P1S1, or cluster treatments at therande seeding rate. P1S1 resulted in a KW
that was higher than either conventional or cluamigd corn at the highest seeding rate (Figure
1.19). Kernel weight of corn planted in a clusteogetry was numerically lower than P1S1 and
higher than either conventional clump but couldb®distinguished as being different from any
of those treatments (Figure 1.19). Overall, coanf#d in a conventional or clump configuration

had the largest response in KW with respect teemsing plant population.
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Figure 1.19 - Effect of planting geometry and seedg rate on corn kernel weight, Tribune,
Kansas, 2011.

Yield plant* was affected by a planting geometry x seedingirageaction (P=0.0284)
(Table 1.22). At the lowest seeding rate corn @dmh a P2S2 configuration resulted in less
yield plant! than any of the other geometries. Yield pfadéclined with increasing plant

population for all seeding rates (Figure 1.20). @iberease in yield was most pronounced for
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corn planted in a conventional geometry. As seethtgs increased from the low to intermediate
rates, grain yield per plant for the conventiorabmetry declined 58 g compared to 58, 47, 45,
and 44 g for the clump, P2S2, cluster, and P1Sfigrtoations, respectively. Yield per plant for
any geometry at either the mid or high seedingmatesr exceeded yield planat the low
population (Figure 1.20). At the mid seeding ratan in the cluster and P1S1 configurations
resulted in higher yield planthan the conventional or P2S2 configurations aad mumerically
higher than corn in a clump configuration. Contreryhe first increment in plant density, corn

in a conventional geometry had the smallest redndti grain yield plant as seeding rates
increased from the mid to the high rate. At thenbig seeding rate, no difference in yield pfant

due to planting geometry was observed.
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Figure 1.20 - Effect of planting geometry and seed rate on corn grain yield plant’,
Tribune, Kansas, 2011.
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Light interception and grain nutrient content

Planting geometry affected light interception irl2qP=0.0007) (Table 1.23). The
highest IPAR values were for corn planted in comel or clump geometries and comparable
to the cluster geometry. Corn in a P1S1 configaraitntercepted less light than clump or
conventional, and a similar amount as cluster. HA82 configuration resulted in less IPAR than
any other geometry and was 32% less than the av#P#R values for conventional and clump
planted corn.
Table 1.23 - Effect of corn planting geometry on itercepted photosynthetically active
radiation (IPAR), Tribune, Kansas 2011.

Fraction of PAR

Geometry intercepted (0)

Clump 0.826 a
Cluster 0.754 ab
Conventional 0.842 a
P1s1 0673 b
pP2s2 0564 ¢
LSD =0.05

Geometry 0.083

ANOVA P>F

Effect

Geometry 0.0007

T Letters within a column represent differences at LSD (0.05)

Grain N content and N removal was affected by jpgngeometry in 2011 (Table 1.24).
Grain N content was higher for the clump, converdlpand P1S1 geometries and averaged 12.4
g kg' (1.24%) compared to the P2S2 and cluster configurawhich averaged 11.6 gkg
(1.16%). Nitrogen removal via grain was higherdirgeometry treatments when compared to
the P2S2 configuration. This reduced level of Naeat was clearly affected not only by lower
grain N content but also lower grain yields (Tabl22). Grain P content was affected by
geometry (P=0.0620) and was higher for corn plamteduster, conventional, or P1S1
geometries as compared to P2S2 (Table 1.24). Tditfseences in grain P content along with
differences in grain yield (Table 1.22) resultedlifierences in P removal by the grain with corn
planted in a P2S2 configuration having a lower l@fd> removal than any other geometry
(Table 1.24).

71



Table 1.24 - Effect of planting geometry and seedirate on corn grain N and P, 2011.

Geometry Seeding rate Grain N N removal Grain P P removal
content content
2
plants m L. 9gkg' kgha®(bac’)  gkg®  kgha®(bac”)
(1000 plants ac™)
Clump 125 a 83 74 a 28 ab® 19 17 a
Cluster 11.7 b 80 71 a 29 a 20 18 a
Conventional 123 a 81 72 a 29 a 19 17 a
P1s1 123 a 84 75 a 30 a 20 18 a
p2s2 115 b 73 65 b 27 b 17 15 b
3.0 (12.3) 12.0 80 71 2.9 19 17
4.0 (16.2) 12.1 8L 72 2.9 19 17
5.1 (20.6) 12.1 80 71 2.8 19 17
Clump 3.0 (12.3) 12.0 83 74 2.8 19 17
4.0 (16.2) 12.5 85 76 2.8 19 17
5.1 (20.6) 13.1 82 73 2.9 18 16
Cluster 3.0 (12.3) 11.5 77 69 2.9 19 17
4.0 (16.2) 11.9 84 75 2.9 20 18
5.1 (20.6) 11.6 78 70 3.0 20 18
Conventional 3.0 (12.3) 12.6 88 78 3.1 21 19
4.0 (16.2) 12.6 79 70 3.0 19 17
5.1 (20.6) 11.7 75 67 2.8 18 16
P1sS1 3.0 (12.3) 12.4 82 73 3.0 20 18
4.0 (16.2) 12.0 84 75 3.0 21 19
5.1 (20.6) 12.5 85 76 2.9 19 17
p2s2 3.0 (12.3) 11.4 69 62 2.6 16 14
4.0 (16.2) 11.5 72 64 2.7 17 15
5.1 (20.6) 11.6 78 69 2.7 18 16
LSD =0.05
Geometry 0.6 6 5 0.2 2 2
Population 0.5 4 4 0.2 1 1
Geometry x Seeding Rate 1.0 10 9 0.4 3 3
ANOVA P>F
Effect
Geometry 0.0030 0.0028 0.0620 0.0030
Seeding Rate 0.8339 0.8952 0.8526 0.6455
Geometry x Seeding Rate 0.2956 0.1330 0.7767 0.2701

T Letters within a column and an effect represent differences at LSD (0.05) unless otherwise note
T Letters within the column and effect represent differences at LSD (0.10)
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Soil water, water use, and water use efficiency

Profile water totals across measurement positions

Differences in profile water totals were evideneaery date of measurement in 2011
(Table 1.25). At the first measurement, the highmstls of profile water were observed in all
three positions in the P1S1 geometry and the 95L&Accm (37.5 and 60 inch) positions in the
P2S2 geometry. The lowest levels occurred in-rothéconventional and in-between rows in
the P2S2 geometries. Similar values occurred inlathp treatments, in-row in the cluster and
P2S2 treatments, and in-between rows in the coiorelttreatment. At the first in-season
measurement on 26 July coinciding with R1 (tassk);$he highest level of profile soil water
was observed in the middle of the skip in the P@&&2ment. The next highest levels were found
in the 95 cm (37.5 inch) P2S2 position and werdlairto all tube position the P1S1 treatment.
The lowest level of soil water was observed inithew conventional position and was similar
to several other positions in the clump, clusted B2S2 geometries (Table 1.25). At the second
in-season measurement on 18 August, the highestdéprofile soil water was again observed
at the 152 cm (60 inch) followed by the 95 cm (3rAdh) positions in the P2S2 treatment. The
lowest level was observed in-row of the conventidreatment, and was similar to all positions
in the clump geometry, the in-row position in tthester geometry, and the between-row
positions in the conventional and P2S2 treatmenhatvest, the lowest values were in all
positions of the clump, cluster, and conventionedtiments along with the between-row position
in the P2S2 treatments and the in-row positiomefR1S1 and P2S2 geometries. Profile water in
the middle of the P2S2 skip was higher than angrgbosition at corn harvest (Table 1.25).
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Table 1.25 - Available soil water in 183 cm (72 i profile as affected by sampling

position in corn planting geometries. Tribune, Kanas, 2011.

Geometry Tube position 07/08/11 07/26/11 08/18/11 09/30/11
cm (inches) Available soil water, mm (inches)
Clump 0 127 (4.99) efg 68 (2.69) de 62 (2.44) ¢ 37 (1.45) e
38 (15) 124 (4.89) efg 68 (2.66) de 72 (2.83) efg 41 (1.60) e
76 (30) 126 (4.96) efg 67 (2.62) de 70 (2.77) efg 39 (1.55) e
Cluster 0 129 (5.10) defg 71  (2.80) de 69 (2.70) efg 38 (1.50) e
38 (15) 139 (5.49) bcde 79 (3.11) cd 82 (3.21) de 41 (1.62) e
76 (30) 136 (5.34) cdef 79 (3.11) cd 78  (3.06) def 39 (1.53) e
Conventional 0 117 (4.61) ¢ 63 (2.50) e 63 (2.46) ¢ 39 (152) e
38 (15) 124 (4.86) efg 66 (2.59) de 66 (2.62) fg 39 (152) e
P1s1 0 148 (5.84) abc 94  (3.69) bc 90 (3.54) cd 45 (1.78) cde
38 (15) 154 (6.07) ab 98 (3.87) bc 99 (3.89) c 51 (1.99) bcd
76 (30) 156 (6.15) a 105 (4.14) bc 104 (4.11) bc 52 (2.03) bc
pP2s2 0 116 (4.58) g 68 (2.70) de 71 (2.79) efg 42 (1.64) de
38 (15) 122 (4.82) fg 74 (2.93) de 79  (3.10) def 45 (1.76) cde
95 (37.5) 146 (5.77) abc 98 (3.87) b 118 (4.63) b 58 (2.28) bc
152 (60) 145 (5.72) abcd 133 (56.23) a 141 (6.57) a 75 (2.93) a
LSD =0.10
Tube Position 17  (0.65) 16  (0.61) 15 (0.58) 9 (0.36)
ANOVA P>F
Effect
Tube Position 0.0005 <0.0001 <0.0001 <0.0001

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Soil water content by depth within geometries

Lower levels of soil water were observed 76 cmi(@bes) away from the clump than
adjacent to the clump at several depths on 8 hdy2& July (Table 1.26). This trend became
much more evident on 18 August at grain fill. Apttes of 15, 40, and 46 cm (6, 12, and 18
inches) soil water contents immediately adjacetihéoclump were lower than at distances of 38
and 76 cm (15 and 30 inches) away from the clurhgs fielationship was observed for only two
depths, 30 and 183 cm (12 and 72 inches), on 3@kRber.

At the 8 July measurement of corn planted in atelusonfiguration, soil water at depths
of 91, 107 and 122 cm (36, 42, and 48 inches) talée highest at a distance of 38 cm (15
inches) from the cluster (Table 1.27). At the 2l ampling, which coincided with tassel-silk,
the trend was for the highest levels of soil wabdoe detected 76 cm (30) inches from the
cluster. This trend was detected at depths of 8597, and 137 cm (6, 30, 36, and 54 inches). At
the 107 cm (42 inch) depth on 8 August and 9 Semeerand the 91 cm (36 inch) depth on 30
September, the highest water contents were fourahB@.5 inches) from the cluster.

Few differences among measurement position werereed for corn planted in a
conventional geometry in 2011 (Table 1.28). Wheffer@nces were detected, the most being at
three different depths during grain fill on 8 Augusoil water contents were higher between
rows than within the planted row.

Corn planted in a P1S1 configuration tended tolt@slower levels of soil water to be
present in the planted row and increased with nicgtdrom the planted row into the skip (Table
1.29). This trend was seen on 8 July and was nvad¢® in relative differences and spatial
continuity at the 26 July and 18 August samplingsich coincided with tassel-silk and grain
fill.
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Table 1.26 - Soil water by depth in corn in clump fanting geometry. Tribune, Kansas,
2011.

Tube position

Date Depth ANOVA P>F 0 38cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/08/2011 15 (6) 0.0976 0217 a' 0209 b 0.208 b
30 (12) 0.2939 0.223 0.225 0.229
46 (18) 0.3784 0.228 0.228 0.224
61 (24) 0.0649 0.225 a 0.221 ab 0.218 b
76 (30) 0.5213 0.214 0.216 0.214
91 (36) 0.5431 0.208 0.198 0.208
107 (42) 0.4031 0.199 0.199 0.201
122 (48) 0.1878 0.188 0.184 0.190
137 (54) 0.7842 0.173 0.171 0.172
152 (60) 0.9619 0.166 0.165 0.166
168 (66) 0.4968 0.162 0.163 0.164
183 (72) 0.2105 0.165 0.170 0.167
07/26/2011 15 (6) 0.4648 0.176 0.177 0.174
30 (12) 0.2647 0.168 0.172 0.171
46 (18) 0.3716 0.160 0.163 0.160
61 (24) 0.0378 0.157 a 0.155 a 0.151 b
76 (30) 0.2965 0.155 0.153 0.152
91 (36) 0.4539 0.159 0.159 0.156
107 (42) 0.5996 0.167 0.164 0.164
122 (48) 0.1456 0.175 0.169 0.175
137 (54) 0.6992 0.172 0.170 0.171
152 (60) 0.2880 0.166 0.163 0.166
168 (66) 0.6072 0.163 0.164 0.163
183 (72) 0.2781 0.165 0.169 0.167
08/18/2011 15 (6) 0.0008 0.198 b 0.232 a 0.228 a
30 (12) 0.0761 0.171 b 0.187 a 0.186 a
46 (18) 0.0530 0.162 b 0.168 a 0.168 a
61 (24) 0.2132 0.153 0.157 0.156
76 (30) 0.4786 0.150 0.152 0.150
91 (36) 0.6205 0.151 0.149 0.149
107 (42) 0.4748 0.151 0.153 0.153
122 (48) 0.2792 0.157 0.156 0.161
137 (54) 0.6804 0.160 0.160 0.158
152 (60) 0.8648 0.162 0.161 0.161
168 (66) 0.6738 0.161 0.163 0.161
183 (72) 0.4571 0.165 0.168 0.167
09/30/2011 15 (6) 0.3800 0.171 0.170 0.165
30 (12) 0.0253 0.162 b 0.169 a 0.169 a
46 (18) 0.3106 0.153 0.157 0.156
61 (24) 0.7347 0.148 0.148 0.147
76 (30) 0.4372 0.143 0.144 0.143
91 (36) 0.5854 0.140 0.142 0.140
107 (42) 0.5375 0.140 0.139 0.141
122 (48) 0.3737 0.141 0.140 0.143
137 (54) 0.4412 0.141 0.143 0.142
152 (60) 0.8186 0.144 0.144 0.146
168 (66) 0.1518 0.144 0.149 0.147
183 (72) 0.1006 0.150 0.156 0.154

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.27 - Soil water by depth in corn in clusteplanting geometry. Tribune, Kansas,
2011.

Tube position

Date Depth A';SI\:/ A 0 38cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/08/2011 15 (6) 0.7206 0.219 0.229 0.227
30 (12) 0.1049 0.226 0.237 0.240
46 (18) 0.2104 0.222 0.228 0.233
61 (24) 0.6266 0.219 0.222 0.225
76 (30) 0.8254 0.217 0.219 0.218

91 (36) 0.0323 0.209 b' 0.216 a 0.209 b
107 (42) 0.0749 0.202 ab 0.208 0.197 b
122 (48) 0.0909 0.191 ab 0.196 a 0.188 b

@

137 (54) 0.1812 0.174 0.183 0.176
152 (60) 0.2833 0.165 0.170 0.170
168 (66) 0.8153 0.167 0.170 0.168
183 (72) 0.9795 0.172 0.172 0.173
07/26/2011 15 (6) 0.7573 0.180 0.182 0.179
30 (12) 0.3977 0.173 0.171 0.174
46 (18) 0.2459 0.157 0.159 0.163
61 (24) 0.1068 0.152 0.156 0.161

76 (30) 0.0373 0.153 b 0.161 a 0.163 a
91 (36) 0.0546 0.157 b 0.167 a 0.167 a

107 (42) 0.1251 0.169 0.177 0.174
122 (48) 0.1529 0.174 0.181 0.179
137 (54) 0.1454 0.173 0.180 0.177
152 (60) 0.4085 0.170 0.174 0.173
168 (66) 0.7001 0.168 0.172 0.171
183 (72) 0.9742 0.173 0.173 0.172
08/18/2011 15 (6) 0.0944 0213 b 0.233 a 0231 a
30 (12) 0.1864 0.181 0.189 0.188
46 (18) 0.5988 0.164 0.168 0.166
61 (24) 0.4048 0.153 0.159 0.156

76 (30) 0.0150 0.148 b 0.156 a 0.155 a

91 (36) 0.0333 0.150 b 0.157 a 0.155 a

107 (42) 0.0161 0.153 b 0.163 a 0.154 b

122 (48) 0.2142 0.158 0.165 0.161

137 (54) 0.0496 0.159 b 0.167 a 0.165 a

152 (60) 0.1817 0.164 0.169 0.170

168 (66) 0.4756 0.166 0.171 0.171

183 (72) 0.9702 0.175 0.174 0.174
09/30/2011 15 (6) 0.5478 0.171 0.172 0.167

30 (12) 0.9681 0.166 0.167 0.166

46 (18) 0.4966 0.151 0.151 0.153

61 (24) 0.9188 0.146 0.145 0.144

76 (30) 0.5756 0.141 0.143 0.141

91 (36) 0.0989 0.139 ab 0.142 a 0.138 b
107 (42) 0.0090 0.139 b 0.144 a 0.137 b

122 (48) 0.1174 0.139 0.142 0.139
137 (54) 0.1496 0.139 0.143 0.141
152 (60) 0.5987 0.145 0.145 0.147
168 (66) 0.5214 0.149 0.152 0.153
183 (72) 0.8541 0.161 0.159 0.162

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.28 - Soil water by depth in corn in convemnal planting geometry. Tribune,
Kansas, 2011.

Tube position

Date Depth ANOVA P>F 36 cm
0 (15 inches)
cm (inches) Volumetric water content, cm® cm™
07/08/2011 15 (6) 0.0307 0.201 b 0.216 a
30 (12) 0.1292 0.223 0.229
46 (18) 0.8051 0.224 0.225
61 (24) 0.7575 0.221 0.222
76 (30) 0.6940 0.217 0.216
91 (36) 0.2514 0.194 0.209
107 (42) 0.3424 0.193 0.198
122 (48) 0.3980 0.177 0.183
137 (54) 0.1659 0.162 0.164
152 (60) 0.5801 0.160 0.159
168 (66) 0.3741 0.163 0.160
183 (72) 0.3583 0.169 0.165
07/26/2011 15 (6) 0.9842 0.177 0.177
30 (12) 0.7339 0.170 0.169
46 (18) 0.6268 0.158 0.157
61 (24) 0.6679 0.153 0.152
76 (30) 0.2458 0.152 0.155
91 (36) 0.0029 0.154 b 0.161 a
107 (42) 0.0179 0161 b 0170 a
122 (48) 0.1085 0.168 0.173
137 (54) 0.5813 0.165 0.167
152 (60) 0.8245 0.161 0.162
168 (66) 0.5825 0.163 0.160
183 (72) 0.3177 0.170 0.164
08/18/2011 15 (6) 0.3169 0.205 0.214
30 (12) 0.7146 0.177 0.176
46 (18) 0.6040 0.165 0.163
61 (24) 0.9635 0.155 0.155
76 (30) 0.0815 0.149 b 0.152 a
91 (36) 0.0334 0147 b 0151 a
107 (42) 0.1340 0.149 0.155
122 (48) 0.0648 0.152 b 0.159 a
137 (54) 0.1824 0.153 0.158
152 (60) 0.9444 0.158 0.158
168 (66) 0.5273 0.164 0.161
183 (72) 0.3797 0.171 0.166
09/30/2011 15 (6) 0.9397 0.169 0.169
30 (12) 0.5293 0.164 0.166
46 (18) 0.8757 0.153 0.153
61 (24) 0.2854 0.147 0.148
76 (30) 0.2726 0.143 0.145
91 (36) 0.1374 0.139 0.141
107 (42) 0.7567 0.139 0.140
122 (48) 0.3012 0.137 0.140
137 (54) 0.8755 0.141 0.141
152 (60) 0.4509 0.144 0.144
168 (66) 0.1262 0.151 0.147
183 (72) 0.2853 0.161 0.156

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.29 - Soil water by depth in corn in plant-Iskip-1 (P1S1) geometry. Tribune,
Kansas, 2011.

Tube position

Date Depth ANPS'\:/ A 0 38 cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/08/2011 15 (6) 0.0071 0220 b" 0225 b 0.235 a
30 (12) 0.2748 0.234 0.238 0.244
46 (18) 0.5927 0.237 0.241 0.236
61 (24) 0.0628 0231 b 0.241 a 0234 b
76 (30) 0.4918 0.229 0.229 0.232
91 (36) 0.2963 0.221 0.220 0.224
107 (42) 0.6119 0.212 0.215 0.216
122 (48) 0.0479 0201 b 0.206 a 0.206 a
137 (54) 0.1777 0.189 0.193 0.194
152 (60) 0.6684 0.181 0.183 0.184
168 (66) 0.8621 0.177 0.175 0.177
183 (72) 0.8247 0.178 0.179 0.177
07/26/2011 15 (6) 0.7001 0.189 0.185 0.185
30 (12) 0.6342 0.182 0.180 0.182
46 (18) 0.4475 0.172 0.175 0.176
61 (24) 01217  0.167 0.174 0.178
76 (30) 0.1078 0.167 0.174 0.184
91 (36) 0.0727 0.175 b 0.176 b 0.191 a
107 (42) 0.0886 0.183 b 0.189 ab 0.196 a
122 (48) 0.0655 0.187 b 0.191 ab 0.194 a
137 (54) 0.0479 0.183 b 0.189 a 0.191 a
152 (60) 0.7180 0.185 0.186 0.187
168 (66) 0.7201 0.180 0.182 0.180
183 (72) 0.9824 0.179 0.180 0.180
08/18/2011 15 (6) 0.4326 0.220 0.227 0.233
30 (12) 0.4522 0.193 0.196 0.201
46 (18) 0.2183 0.177 0.184 0.185
61 (24) 0.1936 0.169 0.178 0.176
76 (30) 0.1025 0.165 0.170 0.175
91 (36) 0.0853 0.161 b 0.165 ab 0.173 a
107 (42) 0.1120 0.165 0.171 0.175
122 (48) 0.0889 0.166 b 0.173 ab 0.178 a
137 (54) 0.0326 0.169 b 0.178 a 0.181 a
152 (60) 0.5130 0.178 0.180 0.180
168 (66) 0.8251 0.179 0.180 0.180
183 (72) 0.9121 0.182 0.182 0.183
09/30/2011 15 (6) 0.5358 0.173 0.174 0.170
30 (12) 0.9680 0.172 0.173 0.173
46 (18) 0.3214 0.161 0.164 0.163
61 (24) 0.0912 0.153 b 0.161 a 0.157 ab
76 (30) 0.1867 0.149 0.152 0.153
91 (36) 0.1268 0.145 0.146 0.148
107 (42) 0.0425 0.142 b 0.146 a 0.146 a
122 (48) 0.1462 0.140 0.144 0.146
137 (54) 0.2456 0.141 0.145 0.147
152 (60) 0.2620 0.146 0.148 0.151
168 (66) 0.2792 0.150 0.153 0.157
183 (72) 0.7488 0.159 0.161 0.162

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 1.30 - Soil water by depth in corn in plant-Zkip-2 (P2S2) geometry. Tribune,
Kansas, 2011.

Tube position

Date Depth ANPS::/ A 0 38cm 95 cm 152 cm
(15 inches) (37.5inches) (60 inches)
cm (inches) Volumetric water content, cm® cm™
07/08/2011 15 (6) <.0001 0201 b' 0205 b 0.260 a 0.248 a
30 (12) 0.0001 0.204 b 0.212 b 0.251 a 0.243 a
46 (18) 0.0030 0.207 b 0.213 b 0.243 a 0.237 a
61 (24) 0.0361 0.209 b 0.214 b 0.227 a 0.229 a
76 (30) 0.0023 0.208 b 0.210 b 0.219 a 0.223 a
91 (36) 0.0010 0.197 c¢ 0.204 b 0.211 a 0.211 a
107 (42) 0.0520 0.191 c¢ 0.194 bc 0.202 ab 0.204 a
122 (48) 0.4727 0.183 0.184 0.187 0.191
137 (54) 0.4286 0.176 0.175 0.173 0.179
152 (60) 0.8192 0.171 0.172 0.170 0.173
168 (66) 0.9594 0.174 0.175 0.174 0.173
183 (72) 0.8666 0.177 0.179 0.179 0.178
07/26/2011 15 (6) <.0001 0.176 c¢ 0.177 c¢ 0.206 b 0.239 a
30 (12) <.0001 0.164 c¢ 0.170 c¢ 0.192 b 0.230 a
46 (18) <.0001 0.156 c¢ 0.159 c¢ 0.178 b 0.217 a
61 (24) <.0001 0.152 ¢ 0.155 ¢ 0.175 b 0.208 a
76 (30) <.0001 0.151 c¢ 0.157 c¢ 0.175 b 0.203 a
91 (36) <.0001 0.154 d 0.161 c 0.183 b 0.202 a
107 (42) <.0001 0.163 c¢ 0.166 c 0.186 b 0.196 a
122 (48) 0.0028 0.171 c¢ 0.174 c¢ 0.183 b 0.193 a
137 (54) 0.0906 0.173 b 0.173 b 0.176 b 0.184 a
152 (60) 0.5459 0.174 0.174 0.172 0.179
168 (66) 0.9158 0.174 0.176 0.174 0.175
183 (72) 0.8425 0.177 0.179 0.180 0.178
08/18/2011 15 (6) 0.0001 0.216 b 0.218 b 0.257 a 0.262 a
30 (12) <.0001 0.176 c¢ 0.186 c 0.231 b 0.243 a
46 (18) <.0001 0.163 c¢ 0.166 c¢ 0.206 b 0.226 a
61 (24) <.0001 0.154 c¢ 0.158 ¢ 0.190 b 0.213 a
76 (30) <.0001 0.151 c¢ 0.156 c¢ 0.183 b 0.204 a
91 (36) <.0001 0.148 d 0.155 c¢ 0.177 b 0.198 a
107 (42) <.0001 0.153 ¢ 0.157 c¢ 0.177 b 0.196 a
122 (48) 0.0004 0.159 c¢ 0.162 c¢ 0.176 b 0.191 a
137 (54) 0.0037 0.163 ¢ 0.168 bc 0.174 b 0.187 a
152 (60) 0.0774 0.168 b 0.169 b 0.175 ab 0.181 b
168 (66) 0.5341 0.173 0.176 0.178 0.179
183 (72) 0.1051 0.176 0.180 0.183 0.184
09/30/2011 15 (6) <.0001 0.173 b 0.171 b 0.190 a 0.191 a
30 (12) 0.0073 0.163 b 0.167 b 0.178 a 0.181 a
46 (18) 0.0660 0.153 b 0.153 b 0.162 ab 0.168 a
61 (24) 0.1211 0.148 0.148 0.152 0.160
76 (30) 0.0341 0.144 b 0.146 b 0.148 b 0.157 a
91 (36) 0.0213 0.141 b 0.144 b 0.145 b 0.156 a
107 (42) 0.0101 0.140 b 0.143 b 0.146 b 0.160 a
122 (48) 0.0155 0.144 b 0.144 b 0.150 b 0.162 a
137 (54) 0.0073 0.146 b 0.147 b 0.151 b 0.167 a
152 (60) 0.0055 0.148 b 0.150 b 0.155 b 0.170 a
168 (66) 0.0090 0.151 ¢ 0.155 bc 0.163 ab 0.173 a
183 (72) 0.0014 0.157 b 0.161 b 0.173 a 0.178 a

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Differences in soil water content were apparemvatry sampling time for corn in a P2S2
configuration (Table 1.30). In general, soil watentents were lowest in-between and under the
planted rows (position 0), increased with distaame@y from the planted rows, and were highest
in the middle of the skip. This relationship wasetved through the 107 cm (42 inch) depth on
8 July was observed at deeper depths with eaclesggumeasurement. At the 8 July
measurement, two distinct LSD groups were preseatiwo locations closest to the planted
rows and the two locations located in the skiptifesseason progressed three distinct groups
were present on 26 July and 18 August, coincidiith tassel-silk and grain fill, with soil water
contents closest to the planted rows being lessttisse at the 95 cm (37.5 inch) position, which
were less than those at the mid-skip 152 cm (6@)iposition. At the final measurement two

groups generally existed with water contents highiel-skip than the other positions.

Cross-section analysis of soil water

Interpolated cross-sectional figures that visuphgsent soil water content and soil water
changes can be found in the appendix. The firssareanent in 2011 occurred later than in
previous years of the study with the corn in eadgetative growth. Profile water content
differed among planting geometries (P=0.0365) (dbB1) and was highest for the profile
underlying the P1S1 configuration, although notedént than cluster or P2S2. Profile water
content was lowest for the cross-section underliti@gconventional geometry, although not
different than clump or cluster.

The measurements obtained on 26 July coincidedtastsel-silk. Geometries affected
profile water (P=0.0087), with profiles underlyitige P1S1 and P2S2 geometries having a
higher level of soil water than any of the otheometries (Table 1.31). The profile underlying
the P2S2 geometry had the largest range and sthddaiation indicating spatial variability in
soil water contents. The smallest range, standavthtion, and visual appearance of uniformity
were exhibited by the conventional treatment. Cativg water use differed among planting
geometries (P=0.0014) and was lower for the P28khgay than any other.

Measurements coinciding with grain fill were obtdnon 18 August. Planting geometry
affected profile water (P=0.0021) with the highlestls found in the skip-row treatments, the
lowest level in the conventional, and intermedIatesls in the clump and cluster treatments
(Table 1.31). The largest range and standard dewiaf soil water content was again attributed

to the P2S2 treatment. Cumulative water use wasiethe profile underlying the P2S2
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configuration than any other. Water use by the glireatment was intermediate and similar to
cluster and P1S1 geometries. P2S2 had the lowést use during this time period (Table 1.31).
Differences in profile water will still evident #te time of grain harvest (P=0.0125)

(Table 1.31). Solil profiles underlying the skip-rtneatments had higher levels of soil water than
the other treatments. The largest range and stam@garation were again observed for the P2S2
geometry. Cumulative water use was highest for Rifsticluster geometries, and similar among
clump, conventional, and P2S2 geometries. Watefargle interval of grain fill to harvest also
differed among treatment with the highest valuésbated to the skip-row treatments, the lowest

to conventional, and clump and cluster being ineshate.
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Table 1.31 - Available soil water in 183 cm (72 i) deep cross-section, range and SD of interpolatebil water values, and

water use as affected by corn planting geometry. Toune, Kansas 2011.

07/08/2011 07/26/2011
Geometry Profll\(,evgtvezillable Range sD Profll\(,evgtvezillable Range SD C\,;J;;Iit;\;e
mm (in) vvt vyt mm (in) vv? vv? mm (in)
Clump 128 (5.04) b 0.074 0.024 69 (2.70) b 0.044 bc 0.011 b 88 (347) a
Cluster 141 (5.54) ab 0.080 0.024 79 (3.10) b 0.041 bc 0.010 b 91 (3.58) a
Conventional 125 (491) b 0.075 0.026 66 (2.60) b 0.037 ¢ 0.010 b 87 (3.44) a
P1S1 157 (6.19) a 0.078 0.023 100 (3.93) a 0.046 b 0011 b 86 (3.38) a
pP2s2 140 (5.53) ab 0.105 0.027 95 (3.74) a 0.099 a 0019 a 74 (292) b
LSD =0.10
Geometry 17 (0.66) 0.023 0.005 16 (0.64) 0.009 0.002 6 (0.22)
ANOVA P>F
Effect
Geometry 0.0365 0.1578 0.6516 0.0087 <0.0001 <0.0001 0.0014
T Letters within a column represent differences at LSD (0.10) unless noted otherwise
08/18/2011 09/30/2011
Geometry Profile available Cumulative Interval water Pr?’f"e Cumulative water Interval water
water Range Sb water use use available Range Sb use use
water
mm (in) vyt vvt mm (in) mm (in) mm (in) vt vyt mm (in) mm (in)
Clump 76 (2.98) bc 0.123 ab 0.028 b 231 (9.09) a 143 (5.61) b 41 (1.61) b 0.046 b 0.012 b 330 (13.0) bc 99 (3.91) cd
Cluster 84 (331) b 0.128 a 0.027 b 235 (9.25) a 144 (5.68) ab 41 (1.61) b 0.043 b 0.012 b 343 (13.5) ab 108 (4.25) bc
Conventional 68 (2.67) ¢ 0.102 ¢ 0.022 ¢ 235 (9.26) a 148 (5.82) a 40 (1.56) b 0.039 b 0.011 b 328 (129) c¢ 93 (3.66) d
P1S1 103 (4.06) a 0.108 bc 0.023 c 232 (9.15) a 146 (5.77) ab 51 (1.99) a 0.045 b 0.013 ab 350 (13.8) a 117 (4.61) ab
pP2s2 110 (433) a 0137 a 0.031 a 209 (8.22) b 135 (5.31) c 56 (2.20) a 0.064 a 0.015 a 327 (129) c¢ 119 (4.67) a
LSD =0.10
Geometry 16 (0.63) 0.017 0.003 8 (0.31) 4 (0.15) 8 (0.32) 0.010 0.002 13  (0.5) 9 (0.36)
ANOVA P>F
Effect
Geometry 0.0021 0.0170 0.0014 0.0003 0.0005 0.0125 0.0071  0.0702 0.0419 0.0012

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Water use / Water use efficiency

Planting geometry affected water use in 2011. @tanted in a P1S1 configuration
resulted in the highest water use and was sinalaotn in cluster configuration, while corn
planted in a conventional or P2S2 configuratiomltes in the lowest water use and was similar
to corn in a clump configuration (Table 1.32). Grand biomass water use efficiencies were not
affected by planting geometry in 2011.

Table 1.32 - Corn water use, grain water use effiency (WUEQ), and biomass water use
efficiency (WUED) as affected by planting geometryTribune, Kansas, 2011.

Geometry Water Use WUEg WUEDb
mm (in) kg ha’ mm™ (bactin®) kgha®mm™(bactin™)

Clump 330 (13.0) bc' 20.6 (466) 34.2 (775)
Cluster 343 (13.5) ab 20.6 (468) 34.6 (785)
Conventional 328 (12.9) ¢ 19.0 (431) 33.0 (749)
P1S1 350 (13.8) a 20.0 (453) 32.8 (743)
p2S2 327 (12.9) ¢ 19.0 (432) 31.3 (709)
LSD = 0.05

Geometry 13 (0.5) 1.7 (38) 25 (57)

ANOVA P>F

Effect

Geometry 0.0419 0.2997 0.2080

T Letters within a column represent differences at LSD (0.10) unless noted otherwise

84



2009-2011 Tribune across-years analysis
Cumulative growing season precipitation was gehecainsistent across years (Figure
1.21), although timing of precipitation events wilspect to critical growth stages, heat stress,
and available soil water at planting influencedd/i®ate of heat unit accumulation likely
influenced grain filling rates and duration alsteafing grain yields. Over the course of the
study, grain yields averaged 6461 kg't§202.9 bu acd), which are above average for dryland
corn production at Tribune.
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Figure 1.21 - Cumulative corn growing season preciation, Tribune, Kansas, 2009-2011.

Biomass, stover, grain yield, and harvest index.

Across years, planting geometry (P<0.0001) andisgedte (P=0.0545) affected above-
ground biomass (Table 1.33). Corn planted in a R2B#guration resulted in between 8 and
12% less above-ground biomass than any other tesdtrAbove-ground biomass increased with
increasing plant density (Table 1.33). Corn plaraethe highest seeding rate produced more

above-ground biomass than the other two rates.
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Stover production was affected by both plantingngety (P<0.0001) and seeding rate
(P<0.0001) across years (Table 1.33). Corn plantacdconventional configuration produced the
highest level of stover. Clump and cluster georastwere no different and produced on average
4.72 Mg hd (4210 Ib ad) of stover, 7% less than the conventional treatraad 6 and 13%
more than the P1S1 and P2S2 treatments, respgctBtelver production increased by 650 kg
ha' (570 Ib ad) or 15% as seeding rate increased (Table 1.33).

A geometry x seeding rate interaction affectedrgyald (P=0.0235) (Table 1.33). The
top LSD group of yields included all geometriesastthan P2S2 at the lowest seeding rate,
clump and cluster geometries at the middle seeditey and P1S1 and cluster geometries at the
high seeding rate (Figure 1.22). At the lowest septhte, P2S2 produced grain yields lower
than the clump, conventional, or P1S2 geometriéshdintermediate seeding rate, clump
planted corn was higher than corn in a P1S1 cordigan. At the highest seeding rate, corn in a
P1S1 configuration produced grain yields highentbarn in a P2S2, conventional, or clump
configuration. Response to increasing seedingvaied among geometries. Corn planted in a
clump or P2S2 configuration exhibited a quadraigtdyresponse with increasing seeding rate,
although the clump treatment resulted in higheldgi¢han P2S2 at the low and middle seeding
rate and equivalent yields at the highest seeditey(Figure 1.22). Corn planted in a cluster
configuration did not respond to changes in plamtsity (Figure 1.22). Yields for the P1S1
treatment were lowest at the intermediate seeditgg likely driven by the abnormal yields for
that treatment observed in 2010. Grain yield fangadanted in a conventional configuration

declined linearly as seeding rate increased (Fi§jL22).
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Table 1.33 - Effect of planting geometry and seedirate on corn biomass, grain yield, and yield comgments, Tribune, Kansas

2009-2011.
Above-ground Kernels Kernels ear Yield
Geometry Seeding rate biomiss* Stover Grain yield Harvest index lant® Kriwsl ont | Ears plant* VKV:SE: plant™
2
(100‘(’)'2?;2 achy Mo hal(bac?) Mg ha (bach) Mg ha’* (bu ac?) mg g
Clump 10.3 (9210) a*  4.69  (4190) b' 6.66  (106) a 054 a 627 a 172 a 396 a 101 ab 233 c 149 a
Cluster 10.3 (9180) a 4.75 (4230) b 6.56 (104) a 053 a 594 ab 172 a 386 b 1.04 a 237 bc 144 a
Conventional 10.4 (9310) a 5.09 (4540) a 6.33 (101) ab 050 b 589 b 173 a 387 b 1.00 b 232 ¢ 140 ab
P1S1 10.1 (8990) a 4.44 (3960) c 6.67 (106) a 054 a 584 b 169 b 381 b 097 b 242 ab 145 a
P2S2 9.33 (8320) b 4.18 (3730) d 6.09 97) b 054 a 528 ¢ 169 b 358 ¢ 099 b 246 a 132 b
3.0 (12.3) 9.9 (8830) b® 4.34 (3880) c 6.57 (105) 056 a 700 a 174 a 425 a 1.03 a 258 a 182 a
4.0 (16.2) 10.0 (8940) b 4.55 (4060) b 6.47 (103) 053 b 580 b 171 b 381 b 1.00 b 235 b 138 b
5.1 (20.6) 10.4 (9240) a 4.99 (4450) a 6.34 (101) 050 ¢ 473 ¢ 168 ¢ 338 ¢ 098 b 221 c 106 c
Clump 3.0 (12.3) 10.2 (9120) 441 (3940) 6.87  (109) abc 057 a 739 a8 175 442 a 101 260 a 193 a
4.0 (16.2) 10.6 (9420) 461 (4110 7.04  (112) ab 056 ab 658 bc 17.3 400 cd 1.00 230 bc 152 hc
5.1 (20.6) 10.2 (9090) 5.06  (4510) 6.06 (97) de 0.49 ef 485 fg  16.8 346 g 101 208 e 101 g
Cluster 3.0 (12.3) 9.9 (8860) 435  (3890) 6.60  (105) abcde 056 ab 690 ab 17.3 420 b 107 258 a 180 a
4.0 (16.2) 10.2 (9060) 468  (4180) 6.48  (103) abcde 053 bcd 583 d  17.5 387 de 1.03 235 b 139 cd
5.1 (20.6) 10.8 (9620) 520  (4640) 6.59  (105) abcde 051 cde 509 ef  16.9 350 fg 1.02 218 cde 112 fg
Conventional 3.0 (12.3) 10.7 (9560) 498  (4440) 6.79  (108)abcd 052 bcde 731 a  17.6 440 a  1.06 254 a 189 a
4.0 (16.2) 10.3 (9170) 494  (4410) 6.31  (101) bcde 050 de 581 d  17.3 380 e 0.99 227 bed 133 de
5.1 (20.6) 10.3 (9210) 534  (4760) 5.88 (94) e 0.46 f 455 gh 171 341 g 094 214 de 98 g
P1S1 3.0 (12.3) 9.8 (8770) 416  (3710) 671 (107)abcd 057 a 701 ab 17.3 424 b 101 263 a 186 a
4.0 (16.2) 9.6 (8580) 437  (3900) 6.21 (99) cde 052 cde 548 de 168 376 e 095 234 b 131 de
5.1 (20.6) 10.8 (9630) 479  (4270) 710 (113) a 054 abc 502 efg 16.6 345 g  0.96 231 bc 118 ef
p2s2 3.0 (12.3) 8.8 (7860) 3.82  (3410) 5.90 (94) e 056 ab 639 ¢ 17.2 401 ¢ 101 252 a 164 b
4.0 (16.2) 9.5 (8440) 414  (3690) 6.30  (100) bcde 056 ab 528 ef 16.8 362 f 101 251 a 133 de
5.1 (20.6) 9.7 (8670) 458  (4080) 6.07 (97) de 050 de 416 h 167 310 h 095 235 b 101 g
LSD =0.05
Geometry 0.5 (440) 019  (170) 0.43 ) 0.02 34 0.2 0.8 0.04 8 9
Population 0.4 (340) 015  (130) 0.33 (5) 0.02 27 0.2 0.6 0.03 6 7
Geometry x Seeding Rate 0.9 (770) 033  (290) 0.75 (12) 0.04 59 0.4 1.3 0.06 13 15
ANOVA P>F
Effect
Geometry <0.0001 <0.0001 0.0383 <0.0001 <0.0001 <0.0001 <0.0001 0.0054 0.0008 0.0058
Seeding Rate 0.0545 <0.0001 0.3997 <0.0001 <0.0001 <0.0001 <0.0001 0.0004 <0.0001 <0.0001
Geometry x Seeding Rate 0.1182 0.7174 0.0235 0.0414 0.0791 0.5066 0.0053 0.3233 0.0087 0.0082

T Table values are least square means and may differ from across-years arithmetic means.
T Letters within a column and an effect represent differences at LSD (0.05) unless noted otherwise
§ Letters within a column and an effect represent differences at LSD (0.10)
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Figure 1.22 - Effect of planting geometry and seedg rate on corn grain yield, Tribune,
Kansas, 2009-2011

Harvest index was affected by a geometry x seediteginteraction (0.0414) (Table
1.33). In general, harvest index declined for abhmetries as seeding rates increased from the
low to high seeding rate (Figure 1.23). The higloéesds of HI values was observed for all
geometries except P2S2 at the lowest seedingthatelump and P2S2 geometries at the
intermediate seeding rate, and the P1S1 geometing &igh seeding rate. Corn planted in the
conventional configuration resulted in the lowestHeach level of seeding rate (Figure 1.23).
Corn planted in the cluster and P1S1 configuratiadsthe smallest change in HI with respect to

seeding rate. As seeding rate increased from theéddhe intermediate level, P1S1,
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conventional, and cluster all exhibited declinesilrwhile clump P2S2 treatments remained
relatively unaffected (Figure 1.23). As seedingsancreased form the intermediate to the high
level HI values decreased for all geometries oti@n P1S1 (Figure 1.23). The P1S1 harvest
index response to seeding rate is partially charaetd by a relatively low value at the

intermediate seeding rate, likely an artifact o1Q@ata.
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Figure 1.23 - Effect of planting geometry and seeng rate on corn harvest index, Tribune,
Kansas, 2009-2011.

Yield components
Kernels plarit was affected by a geometry x seeding rate intera¢P=0.0791) (Table

1.33). In general, KP declined for all geometrieseeding rates increased (Figure 1.24).
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Figure 1.24 - Effect of planting geometry and seeqg rate on corn kernels plant-1,
Tribune, Kansas 2009-2011.

The highest values for KP were produced by all getaes other than P2S2 at the lowest
seeding rate. Corn planted in a P2S2 configurageunlted in lower KP than all other geometries
at the lowest seeding rate. At the intermediateisgerate, corn planted in the clump
configuration resulted in the highest KP (Figur24). At the highest seeding rate, the lowest KP
values were produced by corn planted in the commealtand P2S2 configurations. Corn planted
in either a cluster or P1S1 configuration resuitethe highest KP at the highest seeding rate,
while clump and conventional were not distinguidbdlom either the upper or lower group
(Figure 1.24). If the main effect for seeding rigtexamined it becomes apparent that KP on
average declines with increasing seeding rate.nfdia effect for geometry (P<0.0001) shows
KP when averaged across seeding rates is highetsiefalump configuration (Table 1.33). P2S2
results in the lowest KP with conventional and Pp&iducing higher values. Corn in the cluster
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configuration numerically produced lower KP thaanap and higher than conventional or P1S1
but is statistically indistinguishable from either.

Kernel rows were affected by both geometry (P<010@hd seeding rate (P<0.0001)
main effects across years (Table 1.33). Kernel rawghe clump, cluster, and conventional
geometries averaged 17.3, higher than either asklperow treatments, which averaged 16.9.
Kernel rows declined 0.6 as seeding rate increfisetlow to high rates.

A geometry x seeding interaction was present iryaisaof KER (P=0.0053) (Table
1.33). Kernels ear rowdeclined with increasing seeding rate for all filemmgeometries (Figure
1.25). Corn planted in a clump or conventional aurition resulted in the highest value for
KER at the low seeding rate followed by the P1Sd @uaster configurations. At the middle
seeding rate, clump and cluster planted corn prditize highest KER followed by the
conventional and P1S1 treatments, which were rifg@rdint than the cluster treatment. At the
highest seeding rate, all geometries except P2&ped a similar KER. Corn planted in a
P2S2 configuration resulted in the lowest KER argvevel of seeding rate (Figure 1.25). The
largest reduction in KER with increasing plant dgnaas observed in the conventional
geometry, a reduction of 9.9 kernels. The smatkadtiction, 7 kernels, was observed in the
cluster treatment. When each level of treatmeav@&uated as main effects, underlying themes
seen in the interaction persist with clump prodgaime highest and P2S2 the lowest KER values
when averaged across seeding rates and a reducH@&R with increasing seeding rate when

averaged across geometries (Table 1.33).
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Ears plart was affected by both planting geometry (P=0.0@8%) seeding rate
(P=0.0004) treatments (Table 1.33). Corn plantealctuster configuration resulted in higher
ears plarit than corn in a conventional, P1S1, or P2S2 cordiipn. Corn planted in a clump
configuration had ears plahnumerically less than cluster and higher tharother geometries,
but could not be distinguished statistically froimer. As seeding rate increased from low to
high rates, ears plahaveraged across geometries decreased from 1M08&pa 5% reduction.

A planting geometry x seeding rate interaction exdent in the analysis for kernel
weight (P=0.0087) (Table 1.33). No differences agplanting geometries were evident at the
lowest seeding rate (Figure 1.26). In general, édeneight declined as seeding rate increased.
As seeding rate increased from low to intermediagenel weight declined for all planting
geometries except P2S2 which had no responseeAntbrmediate seeding rate, P2S2 produced
higher kernel weight than all other treatments ((Fégl.26). As seeding rate increased to the high
rate, kernel weight declined for all planting gednes and resulted in P2S2 and P1S1 having the
largest kernel weight and clump the smallest. Qxanted in the clump configuration had the
most responsive kernel weight to changes in plansitly, declining 52 mg over the range of
plant densities. Corn planted in a P2S2 configaraiad the smallest response, a decline of 17
mg (Figure 1.26).

Yield plant* was affected by a geometry x seeding rate intera¢P=0.0082) (Table
1.33). At the lowest seeding rate, corn in a Pa8#iguration had lower yield planthan all
other treatments. In general as seeding ratesasedeyield plantdecreased (Figure 1.27). At
the intermediate seeding rate, corn in a clumpigardtion produced the highest yield plant
and the conventional, P1S1, and P2S2 geometrielsiped the lowest. The yield planof
clump planted corn at the intermediate seedingwateequal to yield plantof corn in the P2S2
configuration at the lowest seeding rate (Figu¥)L.Yield plant for the cluster treatment at
the intermediate seeding rate was indistinguishiblia any other treatment statistically. At the
high plant density, corn planted in a P1S1 confgjon resulted in the highest kernel weight
values with clump, conventional, and P2S2 produtiregowest. Corn in a cluster configuration
produced lower kernel weights than P1S1 but higfeem the other treatments numerically at the

high seeding rate (Figure 1.27).
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Figure 1.27 - Effect of planting geometry and seedq rate on corn grain yield plant,
Tribune, Kansas, 2009-2011.

Light interception and grain nutrient content

Across two years of measurement, 2010 and 201f,ptanting geometry affected IPAR
(P<0.0001) (Table 1.34). Corn planted in a conwarati or clump configuration resulted in the
highest values for IPAR. Corn planted in a clustarfiguration had higher values for IPAR than
either of the skip-row treatments and was not déffiéthan corn planted in a clump
configuration. Corn planted in either a P1S1 or P& figuration produced the lowest values
for IPAR, an average of 0.518, a reduction of 26&tfthe average IPAR of the conventional

and clump geometries of 0.696.
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Table 1.34 - Effect of corn planting geometry on itercepted photosynthetically active
radiation (IPAR), Tribune, Kansas 2010-2011.

Fraction of PAR

Geometry intercepted (6)

Clump 0.678 ab'
Cluster 0651 b
Conventional 0.715 a
P1S1 0.538 ¢
pP2S2 0.498 ¢
LSD = 0.05

Geometry 0.052

ANOVA P>F

Effect

Geometry <0.0001

t Table values are least square means and may differ from across-
years arithmetic means.
¥ Letters within a column represent differences at LSD (0.05)

Grain N content across years of measurement, 2010;2vas affected by planting
geometry (P=0.0119) (Table 1.35). The highest gkagontents came from corn planted in a
conventional configuration. Corn planted in a adusP1S1 or P2S2 configuration resulted in
lower grain N contents, averaging 12.7 §'Kf).27%) Corn planted in a clump configuration
resulted in grain N contents less than that of eatienal but higher than any other treatment. N
removal was affected by a geometry x seeding raeaction (P=0.0239) (Table 1.35). While
grain N content across years was affected by gegnibe larger driving factor in N removal
was grain yields.
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Table 1.35 - Effect of planting geometry and seedirate on corn grain N and P content

and removal, Tribune, Kansas, 2010-2011.

Geometry Seeding rate Grain NT N removal Grain P P removal
content content
plants m? 4 4 1 ) 4 1
(1000 plants ac g kg kgha™ (bac”)  gkg kg ha™ (Ibac™)
Y
Clump 132 ab* 71 64 a 3.1 17 15 a°
Cluster 127 b 68 60 ab 3.1 17 15 a
Conventional 136 a 66 59 b 3.1 15 14 ab
P1s1 128 b 66 59 ab 3.1 16 14 a
p2s2 127 b 61 54 c 3.1 15 13 b
3.0 (12.3) 12.9 68 60 3.1 16 15
4.0 (16.2) 13.0 66 59 3.1 16 14
5.1 (20.6) 13.2 65 58 3.1 16 14
Clump 3.0 (12.3) 13.1 74 66 a 3.1 18 16 a°
4.0 (16.2) 12.9 73 65 ab 3.1 17 15 ab
5.1 (20.6) 13.7 67 60 abcde 3.1 15 13 bcdef
Cluster 3.0(12.3) 12.5 65 58 bcdef 3.0 16 14 abcde
4.0 (16.2) 12.9 68 61 abcde 3.1 16 15 abcd
5.1 (20.6) 12.7 69 62 abcd 3.2 17 16 a
Conventional 3.0(12.3) 13.8 74 66 ab 3.1 17 15 ab
4.0 (16.2) 13.5 64 57 cdef 3.2 15 14 bcdef
5.1 (20.6) 13.6 60 54 def 3.0 14 12 ef
pP1s1 3.0 (12.3) 12.4 68 61 abcde 3.1 17 15 abc
4.0 (16.2) 13.2 61 55 cdef 3.1 15 13 cdef
5.1 (20.6) 12.9 70 62 abc 3.1 17 15 abcd
p2s2 3.0 (12.3) 12,5 57 51 f 3.0 13 12 f
4.0 (16.2) 12.4 65 58 bcdef 3.0 16 14 abcde
5.1 (20.6) 13.2 60 53 ef 3.2 15 13 def
LSD =0.05
Geometry 0.6 5 5 0.1 2 1
Population 0.5 4 4 0.1 1 1
Geometry x Seeding Rate 1.1 9 8 0.2 3 2
ANOVA P>F
Effect
Geometry 0.0119 0.0035 0.9201 0.0522
Seeding Rate 0.3584 0.4619 0.8688 0.4493
Geometry x Seeding Rate 0.6933 0.0239 0.5844 0.0604

t Table values are least square means and may differ from across-years arithmetic means.

¥ Letters within the column and effect represent differences at LSD (0.10)

8 Letters within the column represent differences at LSD (0.10)
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Soil water, water use, and water use efficiency

Profile water totals across measurement positions

Measurements of available soil water were groupecktyp developmental stage for
across-years analysis across tube position andegep(iable 1.36). Differences among
sampling position were evident at each time of measent. Group 1 represented early
vegetative growth stages with measurements takmmedran average of 1008 GDD after
planting. At the early vegetative stage acrosssyahe lowest levels of available soil water,
indicating the highest amounts of soil water extosc were found in-row in the conventional
treatment, and in-row and in between rows of th&ZP2eatment. The highest level of available
water was found in the middle of the skip of th&P2reatment, which was not different than the
95 cm (37.5 inch) position in the P2S2 treatmerther38 or 76 cm (15 or 30 inch) positions in
the P1S1 or cluster treatments. Group 2 includeasomements taken at the R1 (tassel-silk)
growth stage, with measurements taken at an avefalg03 GDD after planting. The highest
level of soil water was observed in the middleref P2S2 skip followed by the 95 cm (37.5
inch) position in the P2S2 the 38 and 76 cm (153thdhch) position in the P1S1 and the 76 cm
(30 inch) position in the cluster. The lowest lewlere observed in-row in the conventional
treatment (Table 1.36). Group 3 included measuré&staken at harvest, after physiological
maturity had occurred. The highest levels of sa@itav were again observed in the middle of the
P2S2 skip followed by the 95 cm (37.5 inch) positilo P2S2, all positions in the clump
treatment, and the 76 cm (30 inch) position inRB&1 geometry. The lowest water contents

were similar among all other positions and treatisien
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Table 1.36 - Available soil water in 183 cm (72 it profile as affected by sampling

position in corn planting geometries. Tribune, Kanas, 2009-2011.

» Early vegetative Tassel / silk
Geometry Tube position Harvest
1008 GDD 1603 GDD
cm (inches) Available soil water, mm (inches)
Clump 0 141 (5.57) cde 89 (3.52) cde 70  (2.75) bc
38 (15) 142 (5.61) cde 90 (3.55) cde 72  (2.83) bc
76 (30) 142 (5.61) cde 92  (3.63) cde 72  (2.83) bc
Cluster 0 145 (5.70) bcd 89 (3.49) cde 65 (2.56) bcd
38 (15) 150 (5.90) abc 95 (3.75) cd 67 (2.62) bcd
76 (30) 153 (6.02) abc 100 (3.92) bc 68 (2.70) bcd
Conventional 0 124 (4.89) f 75 (2.94) f 55 (2.16) d
38 (15) 132 (5.19) def 80 (3.16) ef 60 (2.36) cd
P1S1 0 144  (5.68) bcd 95 (3.74) cd 67 (2.64) bcd
38 (15) 150 (5.92) abc 101  (3.97) bc 68 (2.69) bcd
76 (30) 157 (6.18) ab 110 (4.33) b 70  (2.75) bc
P2S2 0 127 (5.00) f 81 (3.18) ef 58  (2.30) cd
38 (15) 129 (5.06) ef 84  (3.32) def 61 (2.40) cd
95 (37.5) 151 (5.96) abc 108 (4.27) b 76 (2.98) b
152 (60) 160 (6.31) a 147  (5.77) a 94  (3.70) a
LSD =0.10
Tube Position 14  (0.56) 13 (0.51) 14  (0.54)
ANOVA P>F
Effect
Tube Position 0.0001 <0.0001 0.0050

t Letters within a column and an effect represent differences at LSD (0.10) unless noted otherwise

Cross-section analysis of soil water

Interpolated cross-sectional figures that visuphgsent soil water content and soil water
changes can be found in the appendix. Soil wat@sorements were taken as close to planting
as possible in all years, however in 2011 collectaok place much later. An across years
analysis of 2009 and 2010 data at postemergeneea@s of 693 GDD after planting) revealed
no discernible differences among treatments (Ta3@&). At this sampling, soil water in the
conventional geometry was the lowest numericallyead that would be persistent throughout

the season.
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Data from all three years were used in describailgugater at the early vegetative growth
stages (average of 1008 GDD after planting). Rrofihiter content was numerically lowest for
the conventional treatment but not discernible fattrer treatments (P=0.1163) (Table 1.37).
The largest range in soil water contents withinghefile was attributed to the P2S2 geometry
and the smallest range to the conventional geom@trgnulative water use differed among
planting geometries with the highest amounts obwase attributable to the conventional and
clump geometries, which were similar to the P2Sdngetry. Corn in cluster and P2S2
geometries had the lowest water use and were sitoithe P1S1 geometry.

Soil water measurements taken at the tassel-slktyrstage, which on average occurred
1603 GDD after planting, showed that geometry aéfiéprofile water content (P=0.0115)
(Table 1.37). The lowest level of soil water wasertved in the conventional geometry, which
was similar to clump. The profile underlying theS22configuration had the highest level of soil
water and was similar to the P1S1 and cluster gardtions. The profile under the P2S2
treatment had the largest range and SD for soitae contents while conventional resulted in
the smallest. These correspond with the degrepaifed uniformity of soil water content and
extraction. Other treatments produced intermedialees. Cumulative water use at tassel-silk
was highest for the clump treatment, which waslaimio the cluster and conventional
treatments. The lowest cumulative water use walsarP2S2 geometry with P1S1 resulting in an
intermediate value similar to cluster and convergiloWater use for the interval of early
vegetative to tassel-silk was not different amoagrgetries (P=0.1524). Numerically the largest
spread was between the P2S2 treatment and alkothieich would coincide with observations
in profile water.

No differences among geometries were evident atelsaith respect to profile water
content (Table 1.37), although numerically the éstgspread was between conventional and all
other treatments, consistent with observationsatemuse and water content earlier in the
season. Cumulative water use (measured from eaggtative) was similar among all
treatments. Interval water use varied among tre@sn@<0.0001) with the highest use in the
P2S2 geometry followed by cluster with P1S1 simtidalboth. The lowest water use values from

tassel-silk to harvest were observed in the clungb@nventional geometries.
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Table 1.37 - Available soil water in 183 cm (72 it deep cross-section, range and SD of interpolateil water values, and

water use as affected by corn planting geometry. Toune, Kansas 2009-2011.

Postemergence (693 GDD)" Early vegetative (1008 GDD)
Geometry Prgfile Prgfile Cumulative
available Range SD available Range SD
water water water use
mm (in) vv'! vv'! mm (in) vv' vv'! mm (in)
Clump 188 (7.39) 0.107 0.033 144 (5.68) 0.093 bc 0.026 48 (1.89) a
Cluster 183 (7.21) 0.111 0.032 152 (5.98) 0.101 b 0.024 38 (1.51) b
Conventional 168 (6.62) 0.118  0.038 132 (5.18) 0.091 c  0.026 46 (1.82) a
P1S1 180 (7.08) 0.108  0.035 153 (6.02) 0.097 bc 0.025 42 (1.65) ab
pP2S2 174 (6.85) 0.123 0.034 146 (5.75) 0.123 a 0.028 38 (1.49) b
LSD =0.10
Geometry 21 (0.84) 0.023 0.008 14 (0.57) 0.009 0.003 7 (0.29)
ANOVA P>F
Effect
Geometry 0.5708 0.7395 0.7682 0.1163 <0.0001 0.2655 0.1036

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
¥ Includes data from 2009 and 2010

Tassel / silk (1603 GDD) Harvest
Geometry Profile available Cumulative Interval Pr(_)flle Cumulative  Interval water
Range SD available Range SD
water water use water use water water use use
mm (in) vt vt mm (in) mm (in) mm (in) vyt vvt mm (in) mm (in)
Clump 91 (358) bc 0.068 b 0018 b 144 (5.65)a 82 (3.23) 72 (2.82) 0.082 b 0.020 324 (12.8) 120 (4.71) c
Cluster 95 (3.74) ab 0.072 b 0.016 bc 141 (5.53) ab 82 (3.22) 67 (2.62) 0.080 b 0.020 331 (13.0) 127 (4.98) b
Conventional 78 (3.09) ¢ 0.060 ¢ 0.016 c 142 (559) ab 82 (3.24) 58 (2.28) 0.080 b 0.020 324 (12.8) 117 (4.60) c
P1S1 102 (4.00) ab 0.072 b 0.017 bc 137 (541) b 80 (3.17) 68 (2.68) 0.084 b 0.021 333 (13.1) 130 (5.13) ab
pP2Ss2 105 (4.12) a 0.113 a 0.023 a 125 (491)c 76 (3.00) 72 (2.84) 0.098 a 0.022 319 (12.6) 136 (5.34) a
LSD =0.10
Geometry 13 (0.50) 0.007 0.002 6 (0.24) 5 (0.18) 15 (0.57) 0.011 0.002 11 (0.4) 6 (0.25)
ANOVA P>F
Effect
Geometry  0.0115 <0.0001  <0.0001 <0.0001 0.1524 0.4793  0.0357  0.5596 0.2667 <0.0001

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Water use / Water use efficiency

In the across-years analysis, water use differeacesg treatments were not observed
(Table 1.38). No differences were observed amagjrinents with regard to grain water use
efficiency however, the clump treatment was thetrseparated from the other treatments
numerically. Biomass water use efficiency was déddy planting geometry with the clump
and conventional configurations producing the hgglvalues, which were similar to those of the
cluster configuration. Corn in the skip-row configtions resulted in the lowest levels for

biomass water use efficiency.

Table 1.38 - Corn water use, grain water use effiency (WUEQ), and biomass water use

efficiency (WUED) as affected by planting geometryTribune, Kansas, 2009-2011.

Geometry Water Use' WUEg WUEDb
mm (in) kgha'mm®* (bactin® kgha®mm™ (bactin™)

Clump 324 (12.8) 18.4 (417) 32.7 (741) a*
Cluster 331 (13.0) 16.7 (377) 30.9 (699) ab
Conventional 324 (12.8) 17.0 (384) 32.4 (735) a
P1S1 333 (13.1) 16.0 (362) 29.2 (661) b
p2s2 319 (12.6) 16.8 (380) 29.8 (674) b
LSD = 0.05

Geometry 11 (0.4) 1.7 (38) 2.4 (54)

ANOVA P>F

Effect

Geometry 0.2667 0.1910 0.0576

t Table values are least square means and may differ from across-years arithmetic means.
T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Discussion

Inter-plant competition

Within-row plant to plant spacing is consistent ag¢he conventional, P1S1, and P2S2
configurations, as well as two-thirds of the plaintthe cluster configuration, however, the
across-row spacing varies considerably. Corn plianasP1S1 or cluster configuration are 152
cm (60 inches) to the next across-row plant, wpidats in the P2S2 configuration are 76 cm (30
inches) in one direction and 229 cm (90 inchegnather, resulting in the same average across-
row distance. However, plant competition effecestgpically described as exponential in nature
(Wiley and Heath, 1970), thus, these spatial aearents likely have different effects.

Differences in rate of decline for all yield compgors with increasing seeding rate
indicates that as seeding rate increases, theptaat competition effects on each plant vary
greatly. Each corn plant in a conventional plantiegmetry experiences an equal increase in
inter-plant competition as plant density increa3éss is in contrast to the cluster geometry
where the plant at each end of the cluster expeggea change in inter-plant competition but the
four plants within the center of the cluster expece relatively little change. A similar case
exists for corn in a clump configuration. The twadside plants in the clump experience the
largest changes in inter-plant competition as s&pdites change. In the clump configuration,
compared to the cluster configuration, there aneefeplants, one compared to four, which can
buffer the effect of increased inter-plant compatit The skip-row configurations result in little
change in inter-plant competition as seeding riaigease. These relationships are somewhat
characterized by the rectangularity of the variplasting geometries with increasing seeding
rate (Figure 1.28). Using this measure, a valukwbuld represent a perfect equidistant pattern.
As the index increases it indicates a more uneatterm with regard to inter-row and intra-row
plant spacing, and presumably plant competitiore fEHttangularity values for the clump and
cluster configurations are the average of the wataeindividual plants within a clump or
cluster. The ClumpDiag values use the diagonahdcst to the next closest clump in the
adjoining row rather than the distance straighos€r152 cm (60 inches) to the next clump. Corn
in a clump geometry typically produced individuglg components at the upper end of
observations, but also produced some of the stedpebnes as plant density increased. This is

possibly due to the comparatively more rapid insega rectangularity as seeding rate increases.
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Figure 1.28 - Rectangularity of planting geometrieand plant densities used. Tribune,

Kansas, 2009-2011.

Light interception
Planting geometry affected light interception ast-silk. Corn in a P2S2 geometry
intercepted the least amount of light in both yehight interception in 2010 and in the across-
years analysis for corn in a P1S1 configuration ecaaparable to P2S2. Maximum light
interception occurred in the conventional and cligepmetries in both years, and the cluster
geometry in 2010. The spatial arrangement of plplaigs a larger role in light interception at
low plant densities, such as those used in Higm®lryland production. Maddonni et al. (2001)
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reported that the effect of row spacing on ligleineption was much greater at plant densities of
3 to 4.5 plants (12 to 18,000 plants &Fthan at densities of 9 to 12 plant¥ (36 to 49,000
plants a&). While skip-row configurations allow more light teach deeper into the canopy
longer into the season (Ottman and Welch, 1989)rlike wider row spacing, leaves lower in
the canopy have lower photosynthetic capacity,arie time of critical growth rates for kernel
set provide little assimilate (Dwyer and Stewa@8@). In the case of the skip-row geometries,
less light is intercepted on a land-area basi®niytdue to the presence of skips but also the
high level of mutual shading among leaves duedaced plant spacing within the planted row.
The mutual shading among plants within the plantees of P2S2 further reduces light
interception as compared to a P1S1 configuratitwe. [dwest level of light interception in the
P2S2 configuration, together with reduced soil waduexploration and root water uptake,
resulted in a reduction in biomass production. Guapwth rate, which is largely dependent on
light interception, is critical for kernel set aralitassel-silk (R1). Data collected in this study
would suggest that reduced light interception egkip-row treatments contributed to reduced
kernel set.

Above-ground biomass

Above-ground biomass was affected by geometry anyeyear of the study. Total above-
ground biomass was similar amongst clump, cluatet,conventional planting geometries which
differed by 560 kg ha (500 Ib ac") in 2010 and only 153 and 215 kg*h@37 and 192 Ib &9
in 2011 and 2009, respectively. The similarityotat biomass production among these
treatments is despite differences that existeéityeseason light interception and plant growth
due to spatial arrangement under non-limiting watet light conditions. The lower harvest
index and high level of stover in the conventiogebmetry, as compared to the alternative
geometries, is likely the result of higher cropwtio rate in the conventional geometry during
early vegetative stages followed by equal growtasamongst the geometries during kernel set
and grain fill. This is supported by known effectsnter-plant competition on early growth.
Corn in a conventional geometry is more equidistan the alternative geometries when
evaluated in terms of its rectangularity (Wiley atelth, 1970) (Figure 1.28). This arrangement
minimizes inter-plant competition and promotes gtowhen resources are non-limiting. While

holding plant density constant, Bullock et al. (8D8ported that plants in a more equidistant
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pattern, obtained by narrow row spacing of 38 chifithes) compared to 76 cm (30 inches),
had a higher crop relative growth rate prior to GIDD and thus more biomass. Corn in the
narrow rows (more equidistant) maintained an acgmtn crop growth rate until around 1100
GDD and resulted in higher levels of total aboveumd biomass. Tollenaar et al. (2006)
reported 16% higher biomass and leaf area at feeke after planting for plants on equal intra-
row spacing than for plants in a clump. The diffee between plant spacing treatments in the
Tollenaar et al. (2006) study remained apparetdtad biomass two weeks after silking. The
advantage to the equally spaced plants was magat@ine to having an equivalent growth rate
as the irregularly spaced plants from two weeks-pitlang until maturity. In the Texas
Panhandle, less leaf area in clump planted corrpeoad to conventional has been reported at 60
days after planting (Kapanigowda et al., 2010b) anthe V6 and V13 growth stages
(Mohammed et al., 2012). Kapanigowda et al. (20HMx) reported higher water use at 60 days
after planting for corn planted in a conventionabgetry compared to clump. Although not
documented in their studies, the LAl and wateralsgervations would indicate increased early
season biomass production. In this study, corndareventional geometry had the lowest levels
of profile available water at the early vegetativel tassel-silk measurement times (Table 1.37)
and was the lowest numerically at postemergencesunement. These observations support the
notion of increased biomass production prior tonkéset and grain fill.

In this study differences in total above-groundnbéss were not observed between the
conventional and clump geometries. This is simaone-year of observations from the Texas
Panhandle by Mohammed et al. (2012) whose abowadrbiomass yields were similar to those
observed in 2010. Kapanigowda et al. (2010b) howeyaorted 16% higher total above-ground
biomass for corn in a clump configuration in a 2Zdystudy in the Texas Panhandle. Availability
of soil water during early season growth is a gaesexplanation for differences among these
observations. In order for differential growth amdter use to occur there would need to be
sufficient water to allow the conventional plantaxn to utilize its light interception advantage.
Average profile soil water at first measurement weaxy similar in 2009 and 2010 in this study
measuring 17.8 and 17.9 cm (7.00 and 7.06 inchespectively, (Table 1.9, and Table 1.20).
Profile water at first measurement in 2011 was, [#38 cm (5.44 inches) (Table 1.31),
however, the measurement was taken much lateeisghson, after additional crop water use

had occurred.
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No treatments similar to the cluster geometry ia sudy were found in the literature for
comparison. Other than producing more above-grdmmehass than corn in a P2S2 treatment, no
consistent trends relative to other treatments wbserved. The next highest levels of total
above-ground biomass were typically found in th& Preatment. Other than in 2009 when it
was in the top LSD grouping along with the convemdl geometry, corn in a P1S1 configuration
has tended to produce levels of above-ground bistmagher than P2S2 but lower than the other
geometries. While these levels were not alwaysndjsishable from the other treatments, they
would coincide with relative differences in ligintérception (Table 1.12) and soil water use
(Table 1.9, Table 1.20, Table 1.31, Table 1.37).

Total above-ground biomass was consistently lovegstorn planted in a P2S2
configuration. The spatial arrangement of plantthia configuration limits light interception
(Table 1.12) as well as access to soil water ateeced by lack of water extraction from the
inter-row skip and relatively higher levels of dahie water at most measurement times. While
imposing artificial limitations on resource availély, specifically with a time component, is an
objective of alternative planting geometries, itulgbappear in this study that P2S2 may be too
aggressive of an approach. Light and water reseweee limited to the point where significant
reductions in dry matter accumulation occurred Whianslated into reduced grain yields. The
spatial arrangement of plants in the P2S2 conftgamdimited light and water interception and
thus plant growth. This reduction in biomass cattavith findings in other locations. Simons et
al. (2008) in Australia reported no differencesbove ground biomass between conventional,
P2S1, and P2S2 configurations. In the northern tG@éns corn in a P2S1 configuration
resulted in 12% higher biomass (Allen, 2012).

Effect of seeding rate on total above-ground biaweas not apparent in any year,
although the numerical trend was for increasingraiss with increasing seeding rate in two of
three years. These trends observed in individuaisy@ere apparent in the across-years analysis.
Increasing biomass with increasing seeding ratensistent with the observations of Hashemi et
al. (2005).

Stover and harvest index
Harvest index, averaged across all treatmentssmwadiest in 2010 with an average of

0.45. Harvest indices in 2009 and 2011 averagesi&anél 0.59, respectively. Total above-ground
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biomass and grain yields were also the lowest k02 all three years of the study, and in an
across-years analysis, HI declined as seedingmateased with the highest seeding rate always
having the lowest HI. Declining HI along with nunealy increasing total above-ground
biomass resulted in increasing levels of stoveseasling rate increased. Declines in HI with
increasing plant density are evident in the liter@tf(Tollenaar, 1989; DeLoughery and
Crookston, 1979; Tollenaar, 1992b) including drdaonditions (Allen, 2012).

Planting geometry affected the rate of HI declissogiated with increased seeding rate
in this study. Corn planted in a clump configuratresulted in the highest rate of decline with
increasing plant density, a reduction of 0.08 (€abB3). Harvest index for corn in a
conventional or P2S2 geometry declined 0.06 owerdnge of populations, and declines of 0.05
and 0.03 were observed for the cluster and P1Sheees, respectively. The reduced
sensitivity of the P1S1 geometry contributed toghemetry x seeding rate interaction present in
the 2010 and across years analysis, and was evidergrically in 2009 and 2011. The presence
of a planting geometry x seeding rate interactmrealed that planting geometry could affect
how plants respond to increases in plant densitlgeir partitioning of dry matter into grain.

Corn planted in a conventional configuration resailih the lowest HI in 2010, 2011, and
across-years. The consistently lower HI value onén a conventional configuration resulted as
a combination of above-ground biomass yields thexevhigher than the average of all geometry
treatments in every year while producing graindsedt or below the average of all geometry
treatments in every year. Corn in a clump or clustafiguration tended to have similar values
of above-ground biomass as conventional corn, adtreduced levels of stover and increased
HI. Overall, the alternative geometries were ablpartition a larger portion of a smaller total
biomass accumulation into grain.

Harvest index values for corn in a P1S1 or P2SZgaration were always higher than
the conventional, often equal and sometimes gréader clump and cluster geometries. Simons
et al. (2008) in Australia reported higher harvedex for P1S1 compared to conventional while
Allen (2012) observed no difference between conwaat and a P2S1 configuration in the
northern Great Plains. Harvest index for the cligapmetry was always numerically higher than
the conventional, and was substantially higherGh@ the lowest yielding year, and in the
across-years analysis. The across-years analysissin 8% improvement in HI for clump

planting compared to conventional geometry. Kapandp et al. (2010b) and Mohammed et al.
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(2012) reported harvest indices of 10 to 33% higbeclump planted corn compared to
conventional geometry. Hybrid x seeding rate x ptengeometry interactions have been shown
to affect HI (Ottman and Welch 1989) which coulgkexn the variability of results. In 2009,
corn in a P1S1 configuration produced a HI sintikaclump and higher than cluster (Table 1.2).
In 2009 corn in a P1S1 configuration had the highksesulting in less stover production
compared to conventional which produced a simiao@nt of total above-ground biomass. In
2010, 2011, and when analyzed across-years, caii51 configuration produced less stover
than conventional, cluster, or clump, but high&els of stover than corn in a P2S2
configuration. Stover production was consistertlyést in all years and across-years for corn in
a P2S2 configuration. Although HI in P2S2 was highan in conventional and comparable to
other geometries, it was not enough to compensateduced total biomass, thus consistently
resulting in the lowest levels of stover production

In none of the years, or in the across-years aisalyas stover affected by a geometry x
seeding rate interaction, while geometry and sepdite main effects were consistently

observed.

Grain yield

Grain yields were affected by treatments in 2009 20110. Seeding rate alone never
affected yields but was expressed through a gegmeteeding rate interaction in 2010 and in
the across-years analysis. Lyon et al. (2009) teda geometry x seeding rate interaction at
only one of 23 site-years when evaluating skip-ggemetries. The study of Lyon et al. (2009)
contained a wide variety of hybrids which could tdoute to finding no interaction, while this
study contained only one hybrid. However the hylisdd in this study was also used in a
number of the site-years included in Lyon et ab0@).

The range of HI and total above-ground biomassweag small in 2011 and the
responses to geometry and seeding rate were lavffsstting, resulting in no effect on grain
yields, and a very minor effect on yield componeitge hybrid used in this study is considered
a medium maturity, flex-ear, typically non-prolifiwith above average drought tolerance and is
popular in the High Plains region due to these attaristics and its performance in dryland
situations. In all years, and in the across-yeaadysis all yield components were affected by

planting geometry, seeding rate, or both.
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Yields in 2010 were most representative of avegégje expectations for the study site.

In 2010, corn planted in a clump configuration Hegliin more grain yield than corn in a
conventional geometry at the intermediate seeditey Corn planted in a clump configuration
maintained grain yields as seeding rate increased the low to intermediate level whereas
grain yield of corn in the conventional geometrgldesd.

For clump planted corn in 2010 there was no diffeesbetween the low and intermediate
seeding rates, the increase in plant density owe¥aaductions in KP through KR and KER,
ears plant and KW. In 2010 yield declined significantly iretielump geometry as seeding rate
increased from the intermediate to the high ratsimilar trend of reduced yield at the highest
seeding rate was observed numerically in 2011.p8ngtioning of yield reduction among yield
components was similar in both years with redustioh33%, 14%, and 7% for KP, KER, and
KW, respectively, in 2010. It is clear that the KEield component in clump planted corn is
sensitive to changes in overall plant density. Dettan this study, with one hybrid, suggest that
increasing plant density beyond an optimum in cligepmetries may result in reductions in key
yield components and grain yield.

Corn planted in a cluster configuration had a miletter response to seeding rate than
the other planting geometries. This resulted fromelatively flat responsiveness of most yield
components. Corn planted in a cluster configuratvgh this hybrid expressed prolificacy. This
additional flexible yield component added additidmaffering to changes in sink:source
relationships with increasing seeding rate, thuepkeg yield component responses subtle. While
there was no apparent optimum seeding rate forglamted in a cluster configuration, the use of
a hybrid that is strictly non-prolific or one maueolific, would likely alter the response.

Corn planted in a P2S2 configuration generallyrditirespond to seeding rate. Corn in
P2S2 configuration was never in the top LSD graarpgfain yield other than the intermediate
seeding rate in 2010. Low yields for the P2S2 cpmtion in 2009 were the result of reductions
in KER compared to other planting geometries. Winaaduated across-years, P2S2 remained in
the lowest LSD grouping for yield across the entarege of planting densities.

The negative response to corn in a P2S2 geometigt isecessarily contrary to existing
work due to the yield levels observed in this stutizas been stated that yields of corn in a
conventional configuration would need to be bel&@@®kg h& (56 bu at) (Vigil et al, 2008)
or 4600 kg hd (74 bu ad) (Lyon et al., 2009) to expect a positive responik the P2S2
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configuration. The data collected in this studyrespond with a large multi-year, multi-location
study summarized by Lyon et al. (2009) in which rtiean yields of sites with a positive
response to skip-row plants was 2760 kg t& bu at), while mean yields of 5460 kg h487

bu ac') resulted in no response. Lyon et al. (2009) rembthat locations with negative
responses had a mean yield of 8470 k§ {85 bu at) and that neutral or negative responses to
P2S2 were expected at yield levels above 4140 RgTabu ad). In the present study, negative
responses were observed at conventional yielddefef080 kg ha (112.9 u ad) in 2009 with

a corresponding P2S2 yield of 6510 kg't§203.8 bu ad). However, in that same year a
positive response to the P1S1 configuration wasmbsl. This study tended to see a negative
response to a P2S2 configuration and a positiyeorese to a P1S1 configuration. This contrasts
other work in the immediate vicinity by SchlegeD(Z) and Olson et al. (2010) and in the
northern plains (Allen, 2012) all of whom reporteal difference in grain yields. Lyon et al.
(2009) stated that that positive response to a RbSfiguration would be found at conventional
yields below 5660 kg ha(101 bu ag). The results of this study would suggest that the
breakpoint may be higher than that.

Responses to clump planting in this study were igdigeneutral and smaller in
magnitude than those reported in the Texas Pandaikdpanigowda et al. (2010b) reported
grain yield increases of 13-55% for clump plantethat a similar plant density as the
intermediate level in this study. While both thegent study and that of Kapanigowda et al.
(2010b) reported higher values in harvest inde#, ketnels plant (as calculated from their
data) there were several contrasts. Kapanigowdh €t010b) reported higher kernel weight and
above-ground biomass for clump planted corn whereafound no difference. The results of
Mohammed et al. (2012) closely mirror those ofghesent study where corn in a clump
configuration resulted in higher harvest index andherically higher grain yields, but was not
statistically differentiable. The yield levels pees in the data of Mohammed et al. (2012) most
closely resemble those experienced in 2010 of tesemt study.

Although consistent responses were difficult tanitfg, it is important to note that when
evaluated across seeding rates, grain yield wakbwetred due to use of an alternative planting

geometry other than P2S2.
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Yield components — Ears plant

Ears plarit was the only yield component unaffected by a gepmeseeding rate
interaction although geometry clearly contribute@bserved trends. Ears plamteclined
numerically with increasing seeding rate in 2008] was different between the high and low
seeding rates in 2010, 2011, and in the acrossyemlysis. An increase in ears plaat the
lowest seeding rate was driven by apparent pratifidn the cluster treatment while decreased
ears planit at the highest seeding rate was contributed byebaess in the skip-row geometry,
and occasionally the conventional geometry. Deslineears plafitwere also observed in a
similar study in the Texas Panhandle (data caledlfbm Mohammed et al., 2012).

The ears plafittreatment means for planting geometry would furthdicate that in the
cluster configuration some plants are prolific2B09, assuming no barrenness existed on any
plant, which is consistent with field observatiapproximately 8% of the plants in the cluster
treatment were prolific. Field observation through seasons noted this and that prolific plants
were the outside plants of a cluster. These plavitgh represent 1/3 of the total plants seeded,
would have the lowest level of inter-plant competitof any plants in the entire study (within a
seeding rate). This reduction in inter-plant contjget and perhaps increased resource
availability at the per-plant level likely influeed this response (Prior and Russell, 1975). Light
quality as defined by R:FR ratio was likely higlethe cluster configuration which has been
shown to promote tillering and prolificacy (Mouk#al., 1999). Ears plahimeans of less than
one for the P2S2 skip-row treatment in 2009, 2@hd, across-years, indicates by definition that
some level of barrenness was occurring in thes¢gnrents. In data calculated from Mohammed
et al. (2012), corn planted in a clump configunatiesulted in higher ears pldrthan corn in a
conventional geometry, which is supported by a moaktrend in this work. However, it is
apparent from their data that the hybrid used bhafomed et al. (2012) was more prolific than
the hybrid used in this study. Under highly strelssenditions in the region, barrenness can
result in the ears plahtyield component having a large effect on grairdgeln southwest
Kansas, Norwood (2001) reported that 26-34% ofytélkel was attributed to the ears planield
component variability in a study involving multiphgbrids and seeding rates. The ears plant
mean for the P1S1 treatment in the across-yeatgséa driven by the abnormal data of the

P1S1 treatment at the middle seeding rate.
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Yield components - Kernel rows

Kernel rows (KR) is generally the least flexiblelg component and is influenced
heavily by genotype. In this study it was appathat plant density played a role, as in every
year KR decreased with increasing plant densitgeigg with observations of Hashemi et al.
(2005) and Tetio-Kagho and Gardner (1988b). Aggeteounts were performed on the ears the
means declining between 18 and 16 indicate anasorg number of ears with 16 kernel rows
compared to 18 kernel rows as seeding rate inale&s2011 and the across-years analysis, KR
for the skip-row treatments were less than the entional, cluster, or clump. A similar
numerical trend existed in 2009. Differences amgegmetries on KR in 2010, the lowest
yielding year were minimal. The high inter-plantrgoetition due to small intra-row plant
spacing appeared to affect ear development airtigedf KR determination in the skip-row

configurations more drastically than in the clumgloister configuration.

Yield components - Kernels ear réw

Kernels ear row (KER) consistently declined with increasing segdiate in every year
of the study. In 2010 and 2011 the nature of tleatide was affected by planting geometry. The
lowest KER was consistently observed for corn @dnh a P2S2 configuration with corn in a
P1S1 the next lowest. Corn in a clump configuratigmncally produced the highest numerical
KER when averaged across seeding rates and waistenrtly in the top LSD group at any
seeding rate in any year. In 2009 the decline iiRK& any geometry other than P2S2 was
greatest as seeding rate increased from the ldlaetmtermediate level. From the intermediate
to the high level of seeding rate, the rate of KdeRline increased for the P2S2 configuration,
decreased for the clump and conventional geomeareswas flat for the cluster and P1S2
configurations. Similar to responses in 2010, rafedecline in KER were greatest for the
conventional geometry as seeding rates increasattfre low to the intermediate level. All
other geometries had steeper declines in KER flamritermediate to the high seeding rate, a
contrasting response to 2010. The largest sprel&ihbetween conventional and clump
geometries occurred at the intermediate seediregahich was an important contributing factor
to the difference in grain yield at that seeding.ra

Although corn in a conventional geometry likely werto the kernel set and grain fill

period with the highest amount of accumulated b&sna consistently produced the lowest
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values for harvest index. Monneveux et al. (20@b)nt no relationship between above-ground
biomass at anthesis and yield, indicating thanarease in vegetative reserves does not
necessarily increase stress tolerance. It hasdyemmn that less than 10% of the assimilate used
during kernel set and grain fill is produced ptosilking (Swank et al., 1982; Simmons and
Jones, 1985) and that plant competition during tagye growth has little or no effect on final
grain yield (Hashemi et al., 2005). The limitedligypio reallocate assimilate from stored
carbohydrate reserves in the plant places almbsbaice requirements of kernel set and grain
fill on concurrent photosynthesis and assimilatadpction especially when the corn plant is
under water stress (Schussler and Westgate, 1R8f)el number determination is driven by
plant growth rate in a time period bracketing floiwg (Edmeades and Daynard, 1979; Andrade
et al., 1993; Tollenaar, 1992a; Kiniry and Knie¥8b5; Otegui and Bonhomme, 1998). Plant
growth rate is determined by light interception aadiation use efficiency (Sinclair and
Muchow, 1999a) which can be reduced by heat andng#itess (Earl and Davis, 2003) and
perhaps evaporative demand of the environment egpdeas vapor-pressure deficit (Stockle and
Kiniry, 1990; Kiniry et al., 1998; Sinclair and Maow, 1999b; Kiniry, 1999). Higher
photosynthetic rates and crop growth would allomfimre kernels, up to the genetic capacity of
the plant, to be set thus raising the maximumradtae grain yield. Data in this study indicate
that light interception, and thus likely plant gtbmwas lowest for the P2S2 geometry, followed
by P1S1. This corresponds with trends in KP. teesonable to assume that some of the
alternative geometries exhibited a higher plantwnarate during kernel set than the
conventional geometry, especially the clump treatménich tended to have higher KP and
KER, notably in 2010 (Table 1.4).

Working in western Nebraska, Pavlista et al. (20&@prted higher KP though a longer
primary ear for corn grown in a P2S2 configuratiothree of four years. That contrasts the
results of this study which measured consistepiiel KER for corn in a P2S2 configuration
while corn in a P1S1 generally resulted in equineéER as corn in a conventional geometry.
Corn planted in clump, cluster, or conventionalrgetries tended to produce equivalent KER
with the clump configuration typically resulting the highest values as evidenced in the across-
years analysis. Pavlista et al. (2010) reportetivitien corn in a P2S2 configuration
outperformed corn in a conventional geometry it washarily due to increased ear length along

with kernel weight. Data collected in this studgatontrasts calculated kernelsefiom the
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data of Mohammed et al. (2012). Their data inditdtigher kernels eadrfor corn planted in a
conventional geometry as opposed to clumps of8mants although they reported higher
kernel weight for clump planted corn, the oppositeesponses observed in the present study. It
is important to note that the data of Mohammed.g2812) is from a one-year study, and that
environmental conditions for that year could haffecded the observed responses. The data of
Pavlista et al. (2010) was collected on a hybrat thas clearly prolific and the data suggest that

the axillary ears changed the dynamics of kerntedusé grain fill.

Yield components - Kernel weight

Although it was not evaluated in this study, pressovork has reported that management
effects on KW are a result of differences in gfdlrduration and not necessarily grain fill rate
(Jones and Simmons, 1983; Poneleit and Egli, 18@$mith and Ritchie, 1992). Changes in
KW as plant density increased varied among geoesetor all years of the study. At the lowest
seeding rate in all years, except the P2S2 geonmef§10, kernel weights were equal and likely
represented the maximum attainable kernel weighthtat particular site-year.

Kernel weight responded to a geometry x seedirginéraction in 2009, 2011, and in
the across-years analysis. Data from 2009 and a6 dimilar and two distinct responses are
evident, the response of the skip-row treatmentistla@ response of the conventional and clump
treatments. Response of the cluster treatmentd/agigzear. In two higher yielding years of the
study, 2009 and 2011, corn planted in either ofstip-row configurations had the largest
average KW and also the smallest change in KWa# plensity increased. In 2009, the smallest
changes in KW were 14 and 15 mg sééat the P2S2 and P1S1 geometries, respectively. In
2011, the smallest changes in KW were again foP@2®2 and P1S1 treatments with reductions
of 24 and 47 mg seéd

Kernel weight of corn planted in either a convendilbor clump configuration was more
responsive to changes in plant density in 2009281d.. The largest responsiveness for any
geometry occurred in 2011 when KW of corn planted clump configuration declined 97 mg
seed" as seeding rate decreased. Corn in clump and otanel configurations had nearly
identical declines in kernel weight as plant densitreased (Figure 1.7, Figure 1.19).

In 2009 and 2011, corn in a P2S2 configurationthachighest mean KW, different

however is the quadratic response of KW with insisg seeding rate. Biomass and grain yields
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were the lowest in 2010 of any year in the study tuin-season stress. Reductions in RUE
caused by plant stress may have limited plant droate and assimilate production relative to
potential sink capacity, resulting in all treatreefiling kernels in a source-limited manner. The
reduction in KW with increasing seeding rate re=iifiorm inadequate assimilate production.
This response was also evident in other yield corapts which declined linearly with
increasing plant density.

When evaluating the 2009 and 2011 data, the rakstips of KW, KP, light interception,
and water use in this study would indicate thatidnger KW and lack of KW response to
increasing plant density in the skip-row treatmeassilt from a sink limited grain-fill process.
The relatively lower values for kernel weight, espfly under increasing plant densities for the
clump and conventional geometries likely resultrfra source-limited grain fill process.

In the skip-row configurations, reductions in kdreet reduced the strongest sink for
assimilate and increased the assimilate availaolgriin fill on a per kernel basis. Harder et al.
(1982) and Claassen and Shaw (1970) reportedftk& was reduced early by stress, within one
to two weeks post-silking, and conditions remaifaarable thereafter, there could be increased
KW with decreasing KP. Estimates of the criticaldiframe for plant growth rate and kernel set
referenced to silking include -15 to +15 days (Aatir et al., 1993); -7 to +21 days (Tollenaar,
1992a); and 0 to +10 days (Kiniry and Knievel (1p¥3tegui and Bonhomme (1998) defined
the window in thermal time which in practice placadre emphasis on the time prior to silking,
typically 2.5 to 3 weeks and approximately one weest-silking. The windows critical to kernel
set combined with the findings of Harder et al.§2pwould support the scenario of reduced
kernel set followed by assimilate production aglative high per kernel rate, thus resulting in
heavier kernels such as those seen in the skigreatments, especially P2S2. Sink-limited
grain fill for the skip-row treatments results iretrelative lack of responsiveness in KW to
increases in plant density. Kernel weight declimethe skip-row treatments with increasing
plant density as assimilate production declinestduesource competition, even though it is
declining at a faster rate than reductions in siak. Overall the sink:source relationship in the
skip-row treatments results in higher KW at the eandl high seeding rates.

As discussed in a prior section, corn in the cotiveal or clump geometry produced
higher KP relative to the skip row and cluster tm@nts as plant density increased (except

cluster in 2010), predominantly through the KERdieomponent. Reduced KW compared to
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the skip-row treatments are supported by Uribetaeteal. (2008) who reported that when kernel
number increased through management, kernel weagtiined due to less assimilate availability
per kernel. Reductions in KW within the conventilbaad clump treatments as seeding rate
increased are similar to responses observed bgiadr (1992a) and Monneveux et al. (2005).
Tollenaar (1992a) and Monneveux et al. (2005) replothat in source limited conditions, such
as increasing plant density, kernel weight declimben the potential assimilate sink remains
relatively unchanged or declines at a rate slohan tsource availability. Hashemi et al. (2005)
reported a negative trend in kernel weight withré@asing plant density and speculated that
downward adjustments in kernel number with incregugilant density, specifically KER allowed
remaining kernels to grow at higher grain-fillireges than would otherwise occur. In this study,
average kernel weight at the low plant density ighest in 2011, the year of steepest declines
with increasing seeding rate. This illustrates thatears with higher potential, the affect of
source limited grain fill on kernel weight is mapparent in the conventional and clump
configurations.

Kernel weight for corn in a cluster geometry destlron the same magnitude as
conventional and clump in 2009, although a greatetion of the decline came as seeding rate
increased from the low to intermediate rate. In2Bawever, the decline in kernel weight for
cluster planting was greater than that of conveatior clump, the additional decline occurring
as seeding rates increased from the mid to high(Fagure 1.19). The cluster planting geometry
resulted in prolificacy that was evident throughthg study. The level of prolificacy was much
higher in 2009 with a mean of 1.08 ears pfamtross seeding rates. The additional ears provided
an assimilate sink in addition to kernels. As ailtethe cluster treatment was more source
limited in 2009 much like the clump and conventiag@ometries. Prolificacy in the cluster
treatment was not evident at the mid and high segdites in 2011. Reduced prolificacy resulted
in plants being more sink limited than source leditn 2011, however increased KP relative to
the skip-row treatments provided additional assitaikink. This resulted in a response to
increasing plant density that lies between the@slimited response of the clump and
conventional treatments and the sink-limited respaof the skip-row treatments.

As in this study, Pavlista et al. (2010) found gased kernel weight from corn planted in
a P2S2 configuration, however he did not obsergeametry x seeding rate interaction or a

seeding rate main effect. Increased KW was a factarsite-year where corn in a P2S2
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configuration produced higher grain yields thamadora conventional geometry (Pavlista et al.,
2010). While not a direct comparison, Maddonnile(2006) reported that kernel weight in wide
rows was less affected by increases in plant der@drn planted in a clump geometry in this
study produced equivalent kernel weight to that conventional configuration. This is in
contrast to findings of Mohammed et al. (2012) Kaganigowda et al. (2010b) who reported
higher kernel weights for clump compared to conweatlly planted corn grown in the Texas
Panhandle.

Contrary to the findings of Pavlista et al. (201D3tio-Kagho and Gardner, (1988a); and
Ahmadi et al. (1993) we consistently observed r&dos in kernel weight with increasing plant

density in every year of this study, except forivitthe skip-row configurations.

Grain nutrient content

Grain N content for corn in a P2S2 configuratiorswansistently in the bottom LSD
grouping while grain N content for corn in a contrenal configuration was consistently in the
top LSD grouping. Based on water extraction past@frthe geometries in this study it is
intuitive that access to water-soluble nutrientth soil profile, such as N, would be affected.
Corn in a conventional geometry resulted in thetregen and complete exploration of the soil
profile while corn in a P2S2 configuration represeiithe opposite scenario. Stickler (1964)
reported that under water-limiting conditions mecpiidistant plant spacing resulted in higher
grain N concentration, presumably through moredhgh soil profile exploration. Along with
root exploration and N uptake, treatment relatéi@idinces in kernel fill rate and duration, and
thus kernel weight, could affect grain N contera different levels of dilution with carbohydrate
starch. Harder et al. (1982) and Jurgens et ar.§jl@ported increased grain N content when
kernel weight was reduced due to water stresseftbet of incomplete profile exploration by
the roots, and thus N uptake, combined with hatlegargest kernel weights, likely contributed
to low grain N contents in the P2S2 configurati@nain P content did not appear to be
correlated with any other measurement obtainelighstudy for aid in explanation of

differences amongst geometry treatments.

Water use and water use efficiency (WUE) of graindabiomass production
Water use was only affected by geometry in one gé#re study, 2011 (Table 1.32).

Corn in a P1S1 configuration resulted in a highatewuse than other geometries but was similar

118



to corn in a cluster configuration. It is importéaotnote that seasonal crop water use being the
highest for the P1S1 geometry resulted from hatheghighest water use, along with P2S2, for
the interval of grain fill to harvest (Table 1.3The P2S2 followed a similar pattern. During this
interval, cluster and clump used less water tharskip row treatments while corn in a
conventional geometry used the least. This pattasievident in 2009 and 2010 as well (Table
1.9 and Table 1.20). In this study no differenceserobserved in water use between the clump
and conventional geometries which agrees withitigbrfgs in the Texas Panhandle by
Kapanigowda et al. (2010b). Likewise, this study ot find differences in water use between
conventional and skip-row which mirrors the findsrig Australia presented by Simons et al.
(2008).

Biomass WUE and grain WUE were lower for corn ia1&51 configuration than any
other geometry in 2010, the year of lowest bionzssgrain yields. This should be interpreted
with caution however as the unexplainable outlfahe intermediate seeding rate in the P1S1
geometry was an influence. However, with respetiamass WUE, corn in a P2S2
configuration produced the lowest numerical valystme distance in 2009 and 2011. These
numerical differences manifest themselves in thesscyears analysis where corn planted in
clump or conventional geometries results in a besn&UE higher than corn planted in either of
the skip-row configurations while the cluster getnyevas intermediate in nature. Allen (2012)
reported increased PUE with a P2S1 configuratigdhéNorthern Great Plains. The calculations
of Allen (2012) did not take into account soil wadkepletion so it is not directly comparable. In
the present study, no differences in seasonal wateivere observed between conventional and
skip-row. If that finding was assumed for the Ali@®©12) study then it would imply higher
biomass WUE for skip-row, a finding in contrastiwihe findings of this study.

In 2010, P1S1 data aside, grain WUE was highethimclump and P2S2 treatments
compared to the cluster and conventional treatm@&imis conflicts with the findings of
Baumhardt (2010) who evaluated P2S2 under limiteghition in the Texas Panhandle and
found reduced grain WUE compared to conventiorehtohg. In all years, corn in a clump
configuration resulted in the highest numericalexatse efficiency. Kapanigowda et al. (2010b)
reported grain WUE for clump planted corn of 14kgitha' mm™* (5.8 bu a¢ in™) compared to
13.86 kg hd mmi* (5.6 bu a¢ in™) for conventional. This relationship was generatetthe

lower yielding year of a two-year study with yieldsging from 2280 to 5100 kg h436.3 to
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81.3 bu at). In the second year of the study yields rangechf2970 to 7030 kg Ha(47.3 to
112.0 bu ad) with conventional corn having a grain WUE of Z8K&y ha' mm* (10.7 bu at in”

) compared to 19.71 kg fianm* (7.4 bu a& in™) for clump planted corn in the higher yielding
year of the study. When their dataset is combimedss-years, conventionally planted corn
maintains a higher grain WUE. However, key to raveelower intercepts under clump planting.
That is, it takes less water use to produce tiseKernel of grain, resulting in higher grain yeld
under lower water levels. This is an important pairdryland cropping systems where attaining

threshold ET is a key step in the success of agrogucing economical yield.

Soil water

While planting geometry did not always affect watee, WUE, or average soil water
content across the soil profile cross sectiorg &pparent that planting geometry affected the
spatial distribution of water extraction by plaatsd water contents in the soil profile.

Water extraction among treatments was not equgiamtity or spatial distribution at
most times of measurement. These differences waderd in analysis of profile water by
measurement location across geometries, analysiatef content by measurement location
within geometries and depths, and through anabfsisterpolated profile cross-sections.

For all geometries, maximum soil water depletioourced closest to the planted row and
declined as measurement location was moved awaytfie planted row. The relative
differences in depletion between measurement paositeclined as the growing season
progressed indicating lateral root expansion, alifnosome soil water redistribution may have
played a role. This is consistent with the obseéowatof Yao and Shaw (1964b) who reported
that water depletion declined as you moved awamw fitee planted row in a 107 cm (42 inch)
row spacing. However, higher levels of depletiothia P2S2 treatment were observed in-
between the planted rows than within the planted(ftable 1.36).

Differences in soil water content by depth were miess apparent in 2010 than in 2009
or 2011. Itis possible that root growth was les2010 than other years, or perhaps more lateral
root growth occurred thus minimizing differencesw®Een measurement locations. The 2010
study was on a different soil type which may haffecéed root growth and soil water
redistribution characteristics differently than2@09 and 2011. In 2009, the progression of water
extraction by roots was very apparent through gassn and lower water contents were found
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under the planted rows with progressing depthllipears, the time of measurement when the
most number of soil water differences were deteetetkd by geometry.

The most pronounced differences were in the P28ghgey, with differences detected
at deeper depths as the season progressed aneébehwest measurement positions. Differences
between the area directly under the planted rowstasa middle of skip were apparent for the
entire depth of the profile, 183 cm (72 inches2@99 and 2011 (Table 1.8 and Table 1.30), but
only to a depth of 122 cm (48 inches) in 2010 altiiothe numerical trend existed through the
entire depth (Table 1.19). Corn planted in eithBd&1 or P2S2 configuration in general rooted
to deeper depths more quickly than corn planteahinof the other geometries.

When profile total water is evaluated, a commondreoth statistically and numerically
of less profile soil water in the conventional treant compared to others, especially at tassel-
silk. This supports the observations of overalt@ased biomass and stover production in
conventional geometry of this study, and would b@atcome of increased early-season
vegetative growth which data in this study suppé#fiten evaluating profile water totals by tube
position across geometries at tassel-silk, the sbwalues were consistently observed directly
under the planted row in the conventional treatnfi@idwed by the inter-row position in the
conventional treatment (Table 1.3, Table 1.14, @4b25, and Table 1.36). The clump and
cluster treatments had more soil water availabtbem at tassel-silk and based on measures of
range, SD, depth of observed differences, and Misteapretation of soil water content, and
appeared to have root systems exploring a sinoidwslume as the conventional treatment.
These differences in soil water could explain theesved reductions in HI and kernel set in the
conventional treatment.

Total biomass growth, cross-section analysis ohgkan soil water, and ending values
of soil water content all support that corn growraiP2S2 configuration did not fully explore the
soil profile over the course of the growing seagohypothesized objective of skip-row planting
is to artificially limit soil water availability aa function of time via plant and root growth.
However, it is counter-productive to reduce theeite use of water (EUW) (Blum, 2009) by
leaving soil water in the profile at the expensglaht growth and partitioning into yield. Water
left in the profile is subject to evaporation lass¢ the surface, and/or loss to deep percolation
should enough precipitation be received prior ® log a subsequent crop. Similar lack of profile

extraction was observed in skip-row dryland commdpiction by other researchers in the central
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High Plains, (Vigil et al., 2008) as well as in Awadia (Robertson et al., 2003). In the findings of
Robertson et al. (2003) only 29% of soil water wasacted at a distance of 120 cm (47 inches)
into the skip away from the planted row. Under tediirrigation on graded furrows in the Texas
Panhandle, Musick and Dusek (1982) reported that immts were able to extract water 75 cm
(30 inches) away from the row, the center poira ohe-row skip in their study, but were unable
to extract water 113 cm (44.5 inches) away, théecguoint of a two-row skip. In Australia,
Simons et al. (2008) speculated that a P2S2 caafignn had too wide of a skip for water
extraction. In contrast to the aforementioned fiigdi, Pavlista et al., (2010), working in the
Nebraska Panhandle, did not measure soil watedidwbserve root growth in the middle of the
skip in a P2S2 configuration with most roots lodatethe top 50 cm and some present to a
depth of 76 cm, much shallower than the depthspfadion observed in this study. It is known
that root architecture can be affected by genofyjsenerali et al., 2003; Campos et al., 2004;
Lorens et al., 1987; Vincet and Woolley, 1972; Haeneet al., 2009), particularly through the
genetically control expression of root angle (Gialiet al., 2005), which could explain
variability in observations from studies utilizidgfferent hybrids. Pavlista et al. (2010) did not
guantify root density or water extraction, nor thés study measure the physical presence of
roots. It is possible that roots were present fheoskip but extracted relatively small amounts of
water.

With the exception of the P2S2 configuration, inahhack of root exploration across
the entire soil volume limited water use, soil watentents and total cumulative water use
among geometry treatments tended to be equalizecée either tassel-silk or grain fill and
harvest. Barbieri et al. (2012) reported increasater use for narrow vs. wide rows in a corn
row spacing study, however soil water differencssidated as the season progressed. Late
season water use in the P2S2 geometry was theshigimong geometries (Table 1.9, Table
1.20, Table 1.31, and Table 1.37) and was likelyedr by evaporation as evidenced by spatial
position of soil water depletion in graphical pl¢fsgure A.241 through Figure A.245). This was
more pronounced in years where data were avaitaldgaluate water use from grain fill to
harvest such as 2009 (Figure A.101 through Figul®3), and 2011 (Figure A.201 through
Figure A.205). This high rate of water use relatv¢he other treatments equalized total water
use among geometries when evaluated across the seéison. The harvest measurement was

the only time of measurement where P2S2 was censigino different than the other
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geometries with respect to profile water, even giospatial distribution of that water within the

profile remained quite different.

Evaporation component of water use — concerns andnmagement

A potential concern for alternative planting geomastis that a reduction in light
interception by leaves increases solar radiati@ilavle for interception at the soil surface. In
dryland corn in western Nebraska, Todd et al. (198ported the effect of canopy shading on
reducing soil surface evaporation to be substaytiggher than the placement of 6700 kg'ha
(5980 Ib ad") of small grains residue on the surface. In thesent study it has been apparent
through reductions of near surface soil water qustéhat surface evaporation is greater as the
point of measurement is moved away from the plardged clump, or cluster. It is likely in this
study that evaporative losses have affected th& Eafto, especially for the skip-row
configurations, which have resulted in reduced laissrand grain water use efficiencies.
Differences in light interception observed in thiady due to planting geometry (Table 1.34)
indicate that differing levels of solar energy wibble available to drive surface evaporation.
This same effect was found with various row spaginggrain sorghum by Adams et al. (1976).
The final measurement in 2010 occurred after sopiged period without precipitation. The
lowest values of soil water in the near-surfacesussment were observed 76 cm (30 inches)
away from the plants in the cluster and P1S1 candigons, an area more exposed to
evaporative demand, mostly though solar energyalsat possibly through wind movement
(Tolk et al., 1995) and the processes of advectidrich in semi-arid areas has been shown to be
a significant source of heat for the ET process¢daet al., 1971). The effects of evaporation
are especially apparent in the last measuremesvadtof any season, which consistently
resulted in higher rates of water use for the PAI8LP2S2 treatments. Lack of accompanying
yield and yield component responses in these teraBrcombined with soil water reductions in
the near surface layers and in the skips of thres¢nbhents support evaporative losses as a major
factor in late season water use. By the end ofitheiing season, surface residues from the
previous crop have broken down and are reduced tineminitial levels, thus providing less
protection against evaporative demand. Less craprwae, and thus less competition from crop
roots, offers little competition to evaporation fate season precipitation. Additionally, as leaves

senesce more of the soil surface is subject todepting solar radiation energy.
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Having adequate levels of surface residue is kegimmizing the affect of increased
solar radiation interception by the soil surfacali€rnative geometries are to be implemented.
Adams et al. (1976) showed soil surface evaporatites during first stage drying as high as
93% of potential evaporation in between widely-gahiows of grain sorghum in Texas. Adding
as little as 2000 kg Hg1785 Ib ad) of small grains residue resulted in substanédlctions in
evaporation, and similar results have been desthgethers (Russel, 1939; Bond and Willis,
1969; Bond and Willis, 1970). In the present stuatiequate levels of surface residue in the form
of wheat stubble were present in every year osthdy. Residue levels were not quantified but
should be of concern when implementing a plantiegngetry that will result in more solar
energy reaching the soil surface at any pointéngtowing season. Adapting technology such as
stripper headers to leave more residue in placeraad upright architecture may further reduce
evaporative losses (Baumhardt et al., 2002).

Conclusions

Several strategies are implemented through thieatidn of alternative planting
geometries This includes spacing of plants to leaeas of the soil profile available for root
exploration later in the growing season and thecedn of leaf area and light interception per
unit of available water supply to better match watsd light resources in order to reduce stress
induced reductions in radiation use efficiency (RlUEy matter accumulation and partitioning
into grain yield components.

When evaluated across-years, above-ground biomass, yield, harvest index, and
most yield components were affected by a geomesigexing rate interaction, showing that
planting geometry can create differences in dryt@ena@iccumulation and how corn plants
partition dry matter into various yield componeassoverall plant density on a land area basis
changes.

Water use and stover production measurementsdrsthdy, along with observations in
the literature, would indicate that corn in a cami@nal planting geometry produced more
biomass relative to the alternative geometriesrpadernel set and grain fill. Clump, cluster and
conventional configurations produced similar lewdl$otal above-ground biomass, larger than
the biomass production of the skip-row treatme@ten planted in a P2S2 geometry consistently

produced the least above-ground biomass due t@#igctions imposed on light interception
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and water extraction. In this study, the purposifydlementation of crowding stress via
alternative planting geometries increased HI re¢atd a more equidistant plant spacing pattern.
As seeding rate increased, harvest index declinddfarent rates depending upon planting
geometry.

Grain yields were affected by geometry or geometsgeding rate in two of three years.
Although no clear advantage to a particular plangeometry and seeding rate emerged, it is
important to note that other than the P2S2 conditjom, yields were not reduced compared to
conventional planting at relatively high yield Iévéor the region. The inability of corn planted
in a P2S2 geometry to fully explore the soil volymed reduced levels of light interception,
resulted in less total biomass production.

Kernel rows eat were reduced by the skip-row geometries indicatirag high levels of
inter-plant competition affected plant growth a time of KR determination. Reduced kernel
set in the skip-row treatments relative to otheas Vikely due to reduced light interception and
thus plant growth rate during the critical timedketing silking for kernel set. Kernels ear fbw
declined with increasing plant density regardleégslanting geometry, although the rate of
decline varied with geometry and year. Corn plaiea clump or conventional configuration
tended to have the highest rates of decline inadfttbree years. Corn planted in a clump
geometry tended to produce higher levels of KERnKleweights were highest for the skip-row
treatments and had minimal reductions with incregagpiant density. Increased KW was most
likely due to reduced kernel set, thus grain-filkhese treatments became a sink-limited process.
In conventional and clump planted corn, KW declimath increasing seeding rate, most likely
due to reduced assimilate production on a per-kéamss, in other words source-limited grain
fill. In the cluster geometry KW dynamics were ughced by prolificacy.

Differences in total water use and water use efficy were not frequently apparent.

Corn planted in a conventional geometry had theskievels of profile soil water at tassel-silk.
Profile water content located directly under thenpéd row in a conventional geometry was the
lowest of any measurement position in the studyhadle years. In an across-years analysis, corn
planted in clump or conventional geometry resuita biomass WUE higher than corn planted in
either of the skip-row configurations.

Progression of soil water extraction varied by mieasient position, geometry, and year.

The most pronounced differences in soil water aurtteroughout the season and remaining at
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harvest were in the P2S2 geometry. Soil water cdstend season water use among the
geometry treatments (other than P2S2) were eqdabietveen tassel-silk or grain-fill and

harvest.

Commercialization recommendations

Corn planted in a cluster configuration typicalldhhigher HI than conventional and
responded similarly to environment and seedingaatelump and conventional. For many
producers implementation of the cluster geometryldibe difficult, especially those utilizing
auto-swath and individual row clutches. Currertyghnology to properly synchronize plate
position between rows while using row clutchesdswidely available to producers. Without
synchronization and proper placement of the plaokesters and the open portions of row there
is no management control over the intended objestof regulating light interception and soll
water extraction. Additionally, yield componentpesases of the cluster configuration were
complicated by a typically non-prolific hybrid exgasing prolificacy. It would seem that this
geometry may be especially sensitive to hybriddigle. For these reasons, and equally or more
promising results from other alternative geomettiteis the opinion of the author that cluster
geometry is likely not the best alternative for ecoencial adoption.

Planting corn in a P2S2 configuration resultecesslthan necessary light interception
and incomplete extraction of soil water resultingeduced dry matter accumulation which
translated into reduced grain yields. For the g#tars evaluated in this study, the P2S2
configuration was an overly defensive strategyelsgason reductions of soil water in the P2S2
geometry near the soil surface, and in the skiicated elevated levels of water loss to
evaporation. While the findings of this study da discount the potential response of skip-row
systems at lower yield potentials as reported gl \ét al. (2008), Lyon et al. (2009) and
Pavlista et al. (2010), it does raise concernithatany environments the P2S2 configuration is
overly defensive and that in moderate yielding-géars may be detrimental to grain yields as
compared to conventional planting. Producers censid adoption of a skip-row alternative
planting geometry should consider a P1S1 configamafr he data in this study showed no
advantages to P2S2 relative to any other treatnyagids and most yield components minimized
with this treatment, other than KW. Even in theedtiyear of the study, no advantage was

observed relative to conventional geometry cornR282 was numerically lower relative to the
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other alternative geometries. Soil water data cestly shows uneven water distribution at the
end of the growing season.

Based on the results in this study and currenttiplgtechnologies, clump and P1S1
planting geometries appear to be the most vialWledmmercial implementation and evaluation
in further research efforts. These two treatmeatsistently produced similar values of total
above-ground biomass and higher values of harmdskithan corn planted in a conventional
geometry and resulted in grain yields that wereaéqubetter than conventionally planted corn.
Additional consideration may be warranted for thergp geometry as the KP yield component
tended to be higher than in P1S1, although KW téridée less. The ears planield
component tended to show some level of prolificadhe clump treatment while barrenness
was common in the P1S1 configuration. Implementatitthe P1S1 geometry requires no
equipment investment on the part of the produéerproducer were to implement P1S1 on all
his acres, planter row units could be removed fsenvice thus reducing maintenance and
replacement costs. Adoption of the clump plantiagrgetry will involve the purchase of another
set of metering devices, i.e. seed discs, fingeval plates, etc.

Should a producer implement an alternative georiddata collected in this study show
that for the yield levels experienced, conventiamah yields of 4.23 to 7.74 Mg H467 to 123
bu ac’), the clump and P1S1 alternative geometries pameédrequal to or better than corn
planted in a conventional geometry, with any adagetbeing inconsistent and occurring at
specific seeding rates. In cases where yield diffees were not detected, differences in yield
components indicated that corn planted in alteveageometries responded as though it were
under less stress and was more effective at aitity biomass into grain.

There was no overwhelming evidence to suggesttiaiging planting geometry would
necessitate large changes in seeding rate. In@enern in a P1S1 configuration responded to
increases in plant density in 2 of 3 years. Inéngaseeding rate from the intermediate to high
level reduced grain yield in clump planted corrlinthree years of the study. Corn planted in a
conventional geometry tended to perform best alavest seeding rate, although in 2009 a high
yielding year, the intermediate seeding rate predube largest numerical grain yield. A
potential concern is reaching the limit of yielchgmonents that are increased through use of an
alternative planting geometry. Seeding rates shbeldhaintained at a level high enough to

ensure some yield component flexibility remainshbatthe upward and downward directions.
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Seeding at a lower than optimal rate may resutanous yield components, most notably KER
and KW, limiting out at their genetic potentialuthcapping yields and the ability of the plant to
flex upward under better than normal growing candg.

Any commercial implementation of an alternativenpilag geometry should only occur
within the context of cropping systems that maxarsarface residue, i.e. no-till and planting
corn into small-grains stubble or heavy row-crafbbte. Situations where surface residue is
lacking, when combined with the open areas of mdtéve planting geometries will be prone to
increased weed pressure and surface evaporatsesldsvaporation losses will negatively affect
WUE and PUE of the entire cropping system, andel®ss some level will negate any potential

gains in productivity attained via planting georgetr

Avenues for future research

Many avenues for future research efforts exishenarea of alternative planting
geometries. The results of this study establisli#erednces in IPAR at the R1 growth stage.
While it gives a snapshot glimpse into light inegstion at a very critical time for kernel set and
grain fill, it leaves many questions unansweretbdsow plant growth and leaf area development
from emergence until R1 affects light interceptidrtime-series study of light interception and
growth analysis would allow further investigatiohntleese mechanisms and evaluation of the
effects of planting geometry on RUE. Characteraratf leaf profile within the canopy and the
development of extinction coefficients for lightenception would create opportunities in crop
modeling where geometries and seeding rates cauavaluated for light interception and
coupled with split-component ET models to evaluh&epartitioning of E:ET under various
scenarios (Lascano et al., 1987 and Gardiol e2@03).

In addition to research with IPAR and RUE, measam®tisiof R:FR light ratio at various
locations in the canopy may provide data relatilagfresponses to inter-plant competition.
Measurements of R:FR light ratio at perpendicudaations away from a planted row in the
P2S2 system may indicate at what distance neighdpacross-row plants are detectable and
could explain differences between the P2S2, P18l cluster systems, which for the most part
share a common intra-row plant to plant spacing.

This study was performed with a single hybrid, dlaevell understood hybrid that has
performed well in dryland environments. Althougtrexhibits the traits that future hybrids
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adapted to High Plains dryland corn production adiklely have, it is still a relevant question if
a hybrid x geometry x seeding rate interaction ewagt. Hybrid x row spacing and hybrid x
seeding rate interactions are well documentederiitérature. It is well known that hybrids
respond differently to many of the components imgdlin alternative planting geometries
including leaf orientation plasticity in responsechanges in R:FR light ratio via interplant
competition (Maddonni et al., 2001), yield stalilinder drought stress via breeding method
(Guillen-Portal et al., 2003), harvest index wiglspect to changes in plant density and row
spacing (Ottman and Welch, 1989), light intercapti@ differences in leaf architecture (Ottman
and Welch, 1989; Maddonni and Otegui, 1996), stah@bsure with respect to limited soill
water (Ray and Sinclair, 1997), and root architex{Yamerali et al., 2003; Campos et al., 2004,
Lorens et al., 1987; Vincet and Woolley, 1972; Haeneet al., 2009, Giuliani et al., 2005). The
rate of new hybrid introduction into the market Wwbmake evaluation of individual hybrids
unfeasible. However, evaluating hybrid groups repnéative of phenotypical characteristics
such as prolificacy, ear-flex, maturity, rootinggéa etc. may provide generalized data that
would be more robust as specific hybrids change.

While planting in skip-row configurations, partiadly P2S2, appeared to be too
defensive of an approach for the environmental itmm$ encountered by this study, there may
be value to it from a systems approach. Previouk wothe High Plains region has been mixed
regarding second-year or continuous row croppirg Joil water left in the skip of a skip-row
system may be particularly valuable in ensuringeb@nomic success of a subsequent row crop
planted into the previous years skip. Improvingghebability of success of a subsequent row
crop would help mitigate the economic losses dugdinl reductions of corn in a P2S2
configuration in a good year. In this study howeweportion of the soil water not used in the
P2S2 configuration for crop growth was lost latéhie season via evaporation. Management
improvements to further minimize evaporative lossesld be necessary for this approach to be
viable. Observations regarding grain nutrient conéand soil water extraction patterns may be
the basis for research questions regarding theepy@pcement of water soluble nutrients such as
N to ensure that corn planted in alternative geapehas sufficient nutrient availability.

The effect of various spatial arrangements of glamt micro-climatic conditions is not
well understood. It is theorized that the clumpafiglants may reduce the apparent vapor-

pressure deficit within the clump as it appearth&leaf surface, thus reducing transpirational
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demand (B.A. Stewart, personal communication). $hisly was conducted in relatively large
plots in terms of field research, but yet smalhwiéspect to production fields. It is quite possibl
that large areas of a particular geometry wouldlteifferent micrometeorological conditions
within the plant community. The effects of plantiggometry on wind movement through the
canopy and its effect on evaporative demand nebd &valuated. This is especially true in the

(N

skip-row systems where the skip provides an open™for which dryer air can be moved
through rapidly, thus potentially keeping VPD & thaf surface relatively high.

While data were generated from this study, morestjmes worthy of future investigation
are apparent if the mechanisms at work are to derstood. A better understanding of these
mechanisms may open the doors to planting georaethyplant density recommendations that
are more specific to environmental conditions r@sglin dryland production systems that

maximize economic returns while minimizing risk.
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Chapter 2 - Evaluation of alternative planting geonetries on

dryland grain sorghum production

Introduction

Grain sorghum$orghum bicolor (L.) Monech] is a staple crop of dryland cropping
systems in the central and southern High Plainsvé$ted acreage has varied by year and has
declined recently (Figure 2.1). However, it stificapies a significant amount of dryland
cropland in the High Plains. Grain sorghum has lmenof the key summer annual crops that
have played a role in intensifying cropping systéragond a wheat-fallow system (Hansen et
al., 2012; Nielsen et al., 2005; Peterson et 8b61 Schlegel et al., 2002) which has improved
precipitation use efficiency (PUE) and economicimes (Norwood and Dhuyvetter, 1993;
Dhuyvetter et al., 1996; Schlegel et al., 2002j)héligh dryland corn has gained popularity in
the region, sorghum may have an advantage in lgigkting environments (Norwood and
Currie, 1997; Staggenborg et al., 2008). Grainlmangresponds to increasing levels of available
soil water at planting as well as in-season préaipin (Stone and Schlegel, 2006). This
characteristic allows grain sorghum to benefit frenmpping systems which reduce tillage and
increase levels of surface residue resulting inenawailable soil water at planting and less in-
season evaporative losses. From 1939 to 1997 sorglalds on the southern High Plains
increased 139%. Unger and Baumhardt (1999) reptns®3% of the increase was due to

increased levels of soil water at planting.
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Figure 2.1 - High Plains dryland grain sorghum hanest acres, 1956-2012.

In semi-arid environments, crop growth and develepinis limited by available water
resources, especially stored soil water that marsy¢he plant through times of sparsely spaced
precipitation events that are unable to fully meep evapotranspiration (ET). Sorghum
production is most reliable when the crop enteessading stage with sufficient supplies of
available soil water. Harvest index (HI) of graorghum increases as available soil water at
planting increases (Bond et al., 1964; Brown anc&dr, 1959). Cultural practices which tend
to stimulate early-season water use are undesi(Bbled et al., 1964) as they reduce available
soil water at booting and flowering, a critical &rfor yield determination (Craufurd et al., 1993;
Krieg and Lascano, 1990). In the worst cases, gaf of soil water in conjunction with lack of
precipitation can result in the production of ostgver and a HI of zero (Brown and Shrader,

1959). Reductions in pre-anthesis water use caease post-anthesis water use and thus yield
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potential (van Oosterom et al., 2008). Early seagater use and soil water depletion is higher
with narrower rows in grain sorghum (Steiner, 1986in Choy and Kanemasu, 1974;
McGowan et al., 1991; Peters, 1960) leading to $gmp of plant stress such as increased
stomatal resistance (Steiner, 1986; Sanabria,et385). Limited water resources lead to the
plant undergoing heat and drought stress and #digcing radiation-use efficiency (RUE), dry-
matter accumulation, and dry matter partitioningtain through reductions in HI (Prihar and
Stewart, 1990, 1991).

Alterations in planting geometry, specifically r@pacing and plant density, reduced
tillering, leaf-area index (LAI), light interceptig net radiation, and water use during the
vegetative stage. Steiner (1986) and Blum and N&1@¥6) reported lower LAl when sorghum
was planted in wider rows or skip-row configuragoiihis reduction in LAl is accompanied by
a reduction in transpiration. Sorghum planted idemiows intercepts less light (Witt et al., 1972;
Clegg et al., 1974). Due to the effect of row spga@n light interception and thus water use,
optimum row spacing depends on expected yield (Mged Foale, 1981; Thomas et al., 1981).
In the High Plains, expected yield is regulatedylywing season water supply. In environments
with ample growing season water supply, decreas@dspacing may result in higher levels of
productivity (Staggenborg et al., 1999). Decreasedspacing my also have an advantage in
environments with limited or no surface residuegettuce evaporation (Steiner, 1987). Research
conducted in western Kansas on narrow-row sorghagrshown yield advantages when growing
season water supply is adequate (Thompson, 198#%ded, 1982). Narrow-row, high seeding
rate, grain sorghum can be beneficial in drylareppmg systems due to the nature of the
surface residue that remains. However, as moisteremes more limiting optimal row spacing
becomes wider (Bond et al., 1964; Brown and Shra®59; Steiner, 1986).

In addition to altering the spacing of regular raawsl plant-to-plant spacing within a row
via plant density, alternative approaches usingnegular geometries such as skip-rows and
planting in clumps have been evaluated. Blum aneeN41976) demonstrated the use of
altering planting geometry to induce inter-planingetition for the purposes of reducing water
use. This followed from work that showed reductionsoil water use prior to grain fill when
management reduced LAI (Blum, 1972). Blum and Na\I&76) arranged plants in plant-two
skip-three skip-row configuration on 40 cm row spg@and compared those to plants in an

every-row 40 cm row spacing at equal plant derssifitney reported reduced LA, total biomass,
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and tillering while grain yields were increasedwno of four trials through both the kernels
paniclé’ and kernel weight yield components. Yield increasethe skip-row treatment were
attributed to higher levels of available soil waaéthe boot to full bloom growth stages.

Planting grain sorghum in a skip-row configuratitas become an accepted practice in
dryland regions of Australia (Thomas et al., 198dkai and Foale, 1988; Routley et al., 2003)
where datasets have been sufficient to allow thdification and calibration of crop models
(Whish et al., 2005; McLean et al., 2003). Resegnals of skip-row sorghum have also shown
potential in semi-arid areas of Ethiopia (Mesfirakt 2010).

Across the High Plains, skip-row techniques werpl@mented in crops other than
sorghum. In the southern High Plains skip-row prenof dryland cotton (Hons and McMichael,
1986) is a common practice, while the evaluatioskiyb-row planting of corn is a relatively new
area of investigation in the central High Plaingdh et al., 2009). Limited work with skip-row
sorghum has been conducted on the southern HighsPWide unplanted areas adjacent to
sorghum rows have been suggested for use in dglélygnonset of moisture stress and reducing
irrigation requirements (Musick and Dusek, 1974ariCand Knight (1996) reported that skip-
row planting resulted in more stable yields butdowet returns than sorghum planted in
conventional rows. Jones and Johnson (1991), wgikirthe same location reported decreased
yields from a plant-one skip-one (P1S1) configumain two of three years.

Work in the central High Plains on skip-row sorghlbas produced mixed findings. Vigil
et al. (2008) reported in northeast Colorado thaiingsorghum planted in a plant-two rows skip-
two rows (P2S2) arrangement yielded better thavexationally planted sorghum in a two-year
study irrespective of a 4.9 or 9.9 plant$ (80 or 40,000 plants @} seeding rate, while a plant-
one row skip-one row (P1S1) arrangement perforneébthan conventional in one of those
years. Olson et al. (2010) found that sorghum plaim a conventional configuration produced
higher grain yields than P2S2 planted sorghum a@egen site-years in western Kansas. In
years of optimal conditions the difference wasaagd as 3.9 Mg Ha(62 bu a&"). Abunyewa et
al. (2010), working in central and western Nebras&ported that the relative response of skip-
row planting to conventional planting depended ugienyield environment.

In addition to using a skip-row system, recent wiarkhe region has tested planting
sorghum in clumps to achieve similar objectivesnBhg grain sorghum in clumps has been

evaluated in the central and southern High Plamashes shown under some conditions to
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improve grain yield. Working in the Texas Panharadid in western Kansas, Bandaru et al.
(2006) reported that clump planting reduced biomlass area, leaf temperature, and tillering,
while increasing grain yields through increasedatyield levels of less than 3000 kg'h@8 bu
ach). A reduction in tillers plantand increased partitioning of dry matter to repigive use
was also reported by Haag and Schlegel (2009 reéimtral High Plains. Kapanigowda et al.
(2010), working in the southern High Plains, repdnteduced tillering for clump planted
sorghum, fewer leaves per tiller, and that thersllpresent were more likely to produce grain.
While the aforementioned methods have been evaluatdifferent scenarios previously,
a study with direct comparisons for the High Plaggion had not been conducted. The
objective of this study was to evaluate multiplpexds of growing grain sorghum in
conventional, skip-row, clump, and cluster plantygpmetries under central High Plains

growing conditions.
Materials and Methods

Production management

Plots were established in 2009, 2010, and 201ealKtState Southwest Research-
Extension Center near Tribune, Kansas. This sitecated in the central High Plains with a
long-term annual precipitation of 429 mm (16.9 iesh A significant portion of the precipitation
(48%) falls during the months of May, June, ang Jihroughout the study, temperature and
solar radiation were recorded by an automated weatation located no further than 853 meters
(2,800 feet) from the study location. Growing degdays were calculated with an upper
temperature threshold, described as method 2 in &tdd and Wilhelm (1997), using a base
temperature of 10° C (50° F) and a maximum tempegaif 37.8° C (100° F).

The study included five planting geometries (Figair2). All geometries were planted in
76 cm (30 inch) row spacing. Geometries evaluatelided conventional rows in which plants
were equidistantly spaced within rows, clumps afrfplants each, clusters where six plants were
planted sequentially alternating between two rqalest-one skip-one skip row (P1S1), and
plant-two skip-two skip rows (P2S2). All geometrigsre seeded at a density of 8.7 plants m
(35,200 plants ab).

Plots measuring 8 rows in width by 12 m (40 feetlength were no-till planted into

wheat stubble from the previous year using a CHs&2D0 vacuum planter (CNH North

145



America, Racine, WI). Blank plates were machinetionse to the author’s design for metering
the desired plant geometries. Sorghum was typigédigited to a depth of 5 cm (2 inches).

Additional details regarding cultural practices presented in Table 2.1.
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Figure 2.2 - Spatial arrangement of plants and neubn access tubes in grain sorghum

planting geometries under evaluation.

147



Table 2.1 - Production practices for grain sorghunplanting geometry study. Tribune,
Kansas, 2009-2011.

Year 2009 2010 2011
Dixon Dryland Annex, _ Dixon Dryland Annex,
_ _ SWREC-Tribune _
Location SWREC-Tribune _ SWREC-Tribune
o _ Dryland Station o )
Irrigation Field Irrigation Field
_ _ Richfield Silt Loam / _
Soil Type Ulysses Silt Loam ) Ulysses Silt Loam
Ulysses Silt Loam
) Fine-silty, mixed, _ N ) Fine-silty, mixed,
Soil i ) Fine, smectitic, mesic _ )
o superactive, mesic o _ superactive, mesic
Description o Aridic Argiustolls o
Aridic Haplustolls Aridic Haplustolls

Planting Date 5/26/2009 (DOY 146) 5/26/2010 (DOY 146) 5/21/20DD( 141)

90 kg ha (80Ibac) 90kghd (80Ibac) N 90 kg ha (80 Ib ac) N
Fertility N applied 5/12/09 applied 5/12/09 applied 4/6/2011
(DOY 132) (DOY 82) (DOY 96)
56 | ha' (6 gal ac)
10-34-0 at planting
Hybrid Pioneer 87P06 Pioneer 87P06 Pioneer 87P06

8.7 plants rif 8.7 plants rif 8.7 plants rif
(35,200 plants ab (35,200 plants ab (35,200 plants ab
10/27/11 (DOY 300)
Harvest Date  9/30/2009 (DOY 273)  9/28/2010 (DOY)271 Hard Freeze,
-5°C (23° F)
11/22/2011 (DOY 326)
Harvest

Seeding Rate

Soil water
Volumetric soil water contents were determineddach geometry by neutron
attenuation. Access tubes were placed in an dfiogpresent a repeatable cross-section

perpendicular to a given geometry for interpolatiosit would be representative of the true soll
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water status (Figure 2.2). Neutron attenuationirgmdwere recorded at 15 cm (6 inch) intervals
to a depth of 183 cm (6 feet) at various timesuflmut the season. At a minimum,
measurements were taken as near to planting ablgosgpically representing an early
vegetative growth stage, at boot to flowering, antarvest after reaching physiological
maturity. In some years additional measuremente wexde during the growing season. Existing
calibrations and unavailable soil water values fattrer experiments at the experiment station
were used to calculate volumetric plant-availabédéerfrom the ratio of raw neutron counts to
the average seasonal standard count.

Values of profile available soil water were caltathfor each tube at each measurement
time from the neutron data. Analysis of variances wsed to test for differences with respect to
tube position. This analysis utilized geometry blyd position combinations in a one-way
analysis to test if differences in profile soil eaacross the entire study area were affected by
tube location. Values of available water contentensdso evaluated within geometry and depth
with respect to tube position to test if spatidfediences in available soil water existed within a
given geometry. As soil water dynamics can invddeéh drainage from the soil profile as well
as water uptake by roots, comparisons were madhérvatgiven depth, as a depth x tube
position interaction would inherently occur withawdcessarily being representative of treatment
effects.

Calculated volumetric soil water measurements fn@utron attenuation measurements
were used as the input for a spatial interpolgpietedure to obtain a more complete cross-
sectional representation of soil water status (k#mk et al., 2011). Interpolation was conducted
using the griddata procedure with the v4 methodatlab (MathWorks, 2012). This procedure
uses biharmonic spline interpolation to estimaleesat desired interpolation points (Sandwell,
1987). Interpolation was conducted on a domain oregggin width equal to the repeatable
pattern of each geometry and depth to the deepedtqf soil water measurement, 183 cm (72
inches) for all geometries. Cells in the interpetatiomain were 2.54 x 2.54 cm (1 inch x 1 inch)
in dimension.

Volumetric water content for each combination aftgdy time of measurement was
calculated by computing the mean volumetric watertent of the cells in the interpolated
domain. Total profile water was calculated by nphliing the volumetric water content for each

plot by time of measurement combination by theifgafepth. Total water use for each

149



combination of plot by time of measurement wasuated by subtracting profile water at
planting or other beginning period of interest frtma profile total of the ending measurement
then adding precipitation. This method is inclusi¥édoth evaporation (E) and transpiration (T)
components while assuming zero water loss duertofirand deep percolation. Change in soil
water with respect to spatial location was cal@daty subtracting grid cell values of the two
interpolated cross-sections of interest. For esesoal interpretation and display, each
interpolated cross-section was mirrored as necgssaenerate a cross section measuring 305
cm (120 inches) across, the smallest common farhang the various individual cross sections.

Plot harvest and data collection

At physiological maturity plants were harvestedy@aund level from an area measuring
2.32 nf (25.0 ft) for the conventional, P1S2, and P2S2 treatmémtie cluster geometry 18
plants (3 clusters) were harvested representir@#’424.5 ft), and 20 plants (5 clumps) from
the clump treatment representing 2.0%(#2.0 ft). Plants were harvested from areas having
uniform stand as per the treatment intentions. @owere made of plants and tillers. Tillers
plant* was calculated by dividing the tiller count by thiant count. Plant population was
calculated by dividing plant count by harvest aRanicles with harvestable grain were
removed, counted, and mechanically threshed. Rapapulation was calculated by dividing
panicle count by harvest area. Panicles plavas calculated by dividng panicle count by plant
count. Grain weight and oven-dry panicle weighs lgsain was recorded. Grain samples were
analyzed for moisture and test weight (GAC2100kBycJohn Auburn, IL, USA). A subsample
of grain was dried at 60° C for a minimum of 72 teoernel weight (KW) was determined by
counting 300 seeds from the subsample, dryingremdighing. Kernels panicfewas
calculated by dividing oven-dry plot grain weight kernel weight and then dividing by panicle
count. Grain from the subsample was ground ussanagple mill for use in determining N and P
concentration in the grain. Grain concentrationdNf@nd P were obtained by the sulfuric acid —
hydrogen peroxide digestion method (Thomas ef867) and were performed by the K-State
Soil Testing Lab, Manhattan, Kansas. Above grouodhbss, grain, was dried at 60° C for a
minimum of 1 week and weighed to obtain stover Weirain yields were corrected to 135 g
kg' (13.5%) moisture content for analysis, total abgraind biomass is the sum of the stover
and grain on a dry matter basis. Harvest indexacadé=ilated by dividing grain yield by total
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above ground biomass, both components on a drenissis. Yield plaftwas calculated by

dividing oven dry grain weight by plant population.

Statistical analysis

Statistical analysis was completed using the PROXED procedure is SAS 9.2.
Denominator degrees of freedom were obtained ubmgontainment method. Variance
component estimation was performed with the restlicnaximum likelihood technique
(REML). In instances where variance components wstinated as near zero or negative the
NOBOUND option was invoked to attempt completioradd matrix that was positive definite.

Invoking NOBOUND in these situations provides bettentrol of the Type | error rate
and better power in estimates of whole-plot eraances (Littell et al., 2006). Statistical
analysis of soil water data was performed on pedbtals or within a given depth. Data were
analyzed as individual years with replication taksra random effect term. Data were also
analyzed across years with year and replicatiohimwitear taken as random effects terms.
Means separation was performed using LSD on the ESNS output utilizing the PDMIX800
macro (Saxton, 1998).

All reported means are least square means (LSMEA8iting from a mixed-model
analysis. Each analysis fits the optimal mixed-nmdalethat specific dataset and its variance-
covariance structure. As a result, means presemtie across-years analysis will differ slightly
than the arithmetic means of the individual yebBraddition to each analysis being fit with a
unique model, the across-years analysis uses al widbe different structure of random effects.
Each unique model results in unique estimatedi®LEMEANS. The across-years analysis also
results in an unbalanced design due to five rejpdica in 2010 and four replications in 2009 and
2011. The use of LSMEANS from the PROC MIXED proagedis the most appropriate way to
handle unbalanced data (Milliken and Johnson, 20®&ports of other agronomic research have
shown LSMEANS to differ from arithmetic means whemducting across-years analysis with

unbalanced data (Teasdale et al., 2007).
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Results

2009
Growing conditions in 2009 were characterized bygvabnormal precipitation throughout
the course of the growing season (Figure 2.3), witibtal in-season precipitation of 354 mm
(13.92 inches) (Figure 2.4). Heat unit accumulatimsely resembling the long-term average
(Figure 2.5).
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Figure 2.3 - Precipitation departure from normal during grain sorghum growing season.
Tribune, Kansas, 2009.
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Figure 2.4 - Cumulative precipitation during grain sorghum growing season. Tribune,
Kansas, 2009.
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Figure 2.5 - Cumulative heat units during grain soghum growing season. Tribune, Kansas
20009.

Yield, yield components, water use, and water uieiency

Total above-ground biomass in 2009 was affectepldyting geometry (P<0.0001)
(Table 2.2). Sorghum planted in a clump or conwetai geometry produced the highest levels
of biomass, 29% more than the lowest levels whiehevproduced by the P1S2 and P2S2
treatments. Sorghum planted in a cluster configumgiroduced an intermediate amount of
above-ground biomass. Stover production was hifgitesorghum planted in a clump or
conventional geometry than all other configuratipfable 2.2). Sorghum grain yields followed
the same trend as above-ground biomass (P<0.00@)the highest yields produced by the
clump and conventional configurations, the lowesthe skip-row configurations, and an
intermediate yield from the cluster configuratidime same trend being evident both in above-
ground biomass and grain yields was indicativemfraatment effects on harvest index (HI)
(Table 2.2). Tillers plaftwere affected by planting geometry (P=0.0070)gBom in a

conventional or cluster geometry produced the gstatumber of tillers plant averaging 2.4
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(Table 2.2). Sorghum planted in a clump geometoglpced the lowest number of tillers, 1.6 and
was comparable to sorghum in a P1S1 geometry. i@vie panicles plahiwas affected by
planting geometry (P<0.0001). Sorghum plantedctuater configuration resulted in the largest
number of panicles with grain while sorghum plantedither of the skip-row configurations
produced the fewest number of harvestable pampaeplant (Table 2.2). Final plant stand was
lower for sorghum in a cluster configuration thary ather geometry (Table 2.2). This was a
unique occurrence in 2009 and in-season obsersatvonld suggest it is likely due to a planter
configuration error. Final panicle population wagher for clump, cluster, and conventional
geometries than the skip-row configurations (T&bB). Yield per plant was highest for sorghum
in the cluster geometry. This was driven by redygledt stand and subsequent compensation
evidenced by increases in the panicles plakernels paniclé and kernel weight yield
components. This indicates that despite the altesgeometry some plasticity in yield
components is still evident in the event of redustaehds. No differences were observed in total
water use (Table 2.3), this combined with diffelesin total biomass production and grain
yield, resulted in geometry affecting water uséceghcy for grain production (WUEQ)
(P<0.0001) and water use efficiency for biomassipetion (WUED) (P<0.0001). Sorghum
planted in a clump or conventional geometry resuibeWUEQg higher than any other treatment
while sorghum planted in either of the skip-row figurations resulted in the lowest WUEg. A
similar trend was evident in WUEb (Table 2.3).
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Table 2.2- Effect of planting geometry on grain sathum biomass, grain yield, and yield components. Twune, Kansas, 2009.

Above-ground o Harvest Tillers  Panicles Kernels . Panicle Kernel ) 1
Geometry biomass Stover Grain yield index plant* plant™ panicle™ Plant population population weight Yield plant
1 1 1 1 1 1 1 1000 ha™ 1000 ha™
m
Mgha” (lbac”) Mgha~ (lbac™) Mgha™ (buac™) gg (1000 ac'l) (1000 ac'l) g g
Clump 9.53 (8500) a' 3.42 (3050) a 7.06 (112) a 052 16 c 22 b 1811 70.6 (28.6) a 155.6 (63.0) a 21.7 87 b
Cluster* 755 (6740) b 272 (2420) b 559 (89) b 0.52 21 ab 27 a 1899 417 (16.9) b 1116 (452) b 229 118 a
Conventional  9.34 (8340) a 3.49 (3110) a 6.77 (108) a 0.51 23 a 21 b 1751 743 (30.1) a 1539 (62.3) a 21.8 79 b
P1Ss1 6.74 (6010) ¢ 254 (2270) b 485 (77) c 0.51 1.9 bc 14 c 1749 82.7 (33.5) a 106.2 (43.0) b 227 53 ¢
pP2s2 6.59 (5880) ¢ 246 (2190) b 4.78 (76) c 0.51 19 b 13 ¢ 1719 81.2 (32.9) a 106.0 (429) b 228 52 ¢
LSD =0.05
Geometry 0.71 (640) 0.30 (260) 0.56 9) 0.02 0.3 0.4 169 16.3 6.6 124 5.0 0.4 18
ANOVA P>F
Effect
Geometry <0.0001 <0.0001 <0.0001 0.3016  0.0070 <0.0001 0.2125 0.0009 <0.0001 0.2854 <0.0001

T Letters within a column represent differences at LSD (0.05)
¥ Potentially affected by a planting error in 2009.

Table 2.3 - Effect of planting geometry on grain sghum water use, grain water use efficiency (WUEg)and biomass water
use efficiency (WUED). Tribune, Kansas, 2009.

Geometry Water use WUEg WUEb
. kg ha® mm™ kg ha’ mm?
mm (in
(in) (b actin™ (Ibactin®
Clump 369 (145 165 (375) a' 258 (585) a
Cluster* 357 (14.1) 136 (307) b 212 (480) b
Conventional 350 (13.8) 16.7 379) a 26.7 (605) a
P1S1 354  (140) 11.9 (269) ¢ 19.0 (431) ¢
P2S2 340 (134) 121 (275) ¢ 194 (439) bc
LSD =0.05
Geometry 19 (0.7) 1.4 (31) 2.0 (46)
ANOVA P>F
Effect
Geometry 0.0572 <0.0001 <0.0001

T Letters within a column represent differences at LSD (0.05)
¥ Potentially affected by a planting error in 2009.
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Soil water

Interpolated cross-sectional figures that visuphgsent soil water content and soil water
changes can be found in the appendix. Different@safile water among tube positions were
not observed in 2009 (Table 2.4). Relatively feffedences among sampling positions within
depths and geometries were observed in 2009 farltinep geometry (Table 2.5). Soil water
contents tended to be highest near the clusteeasmmements made later in the season (Table
2.6), particularly at depths of 15 to 76 cm (6 @iriches). In the conventional geometry, the
only differences observed were located near tHaceiwith the lowest soil water contents
detected in-row early in the growing season andetween rows later in the season (Table 2.7).
Differences among tube position in the P1S1 gegnvedre most apparent at the harvest
measurement where soil water content increaseceasurement moved from the planted row to
the middle of the skip (Table 2.8). Differences agtube positions with respect to depth were
most apparent in the P2S2 geometry in 2009 (TaBle oil water contents early in the season
were generally highest near the planted rows. Hewas the season progressed the highest
water contents were generally found in the skiptl@n22 July measurement, soil water contents
were higher in the skip than under the planted ratnseven depths.

Differences were detected in water use from 10 ttuB2 July (P=0.0099) (Table 2.10)
with P2S2 having the lowest rate of water use, 86 (141 inches), and clump, conventional,
and P1S1 averaging a water use of 44 mm (1.74 $)cBerghum in a cluster configuration was

intermediate relative to the other treatments aeatill2 mm (1.64 inches).
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Table 2.4 - Available soil water in 183 cm (72 inghprofile as affected by sampling position in grairsorghum planting

geometries. Tribune, Kansas, 2009.

Geometry Tube position 06/26/09 07/10/09 07/22/09 08/04/09 08/17/09 10/28/09
cm (inches) Available soil water, mm (inches)
Clump 0 177  (6.97) 173  (6.83) 153 (6.02) 131 (5.17) 109 (4.28) 94  (3.71)
38 (15) 177  (6.98) 170 (6.70) 144  (5.68) 126 (4.97) 106 (4.18) 90 (3.52)
76 (30) 180 (7.10) 176  (6.92) 152 (5.97) 132 (5.21) 108 (4.27) 94  (3.70)
Cluster 0 162 (6.38) 157 (6.18) 137 (5.38) 121 (4.77) 96 (3.77) 83 (3.25)
38 (15) 162 (6.38) 158 (6.22) 135 (5.31) 114 (4.50) 94  (3.69) 80 (3.14)
76 (30) 161 (6.34) 158 (6.22) 134 (5.29) 112 (4.41) 91 (3.59) 74 (2.93)
Conventional 0 174 (6.86) 169 (6.66) 145 (5.71) 134 (5.26) 113  (4.46) 103 (4.07)
38 (15) 173 (6.81) 171 (6.72) 141  (5.53) 128 (5.04) 109 (4.29) 99 (3.91)
P1S1 0 170 (6.68) 163 (6.41) 143  (5.63) 127 (5.01) 102 (4.02) 87 (3.41)
38 (15) 173 (6.81) 168 (6.63) 144  (5.65) 128 (5.04) 106 (4.16) 86 (3.39)
76 (30) 177  (6.99) 175 (6.88) 153 (6.02) 135 (5.33) 111 (4.35) 90 (3.53)
pP2S2 0 177 (6.96) 166 (6.56) 139 (5.45) 122 (4.82) 108 (4.25) 105 (4.13)
38 (15) 173  (6.81) 166 (6.55) 146  (5.73) 131  (5.15) 113 (4.45) 107 (4.23)
95 (37.5) 172 (6.76) 170 (6.68) 155 (6.11) 139 (5.49) 121 (4.78) 109 (4.28)
152 (60) 164 (6.45) 162 (6.38) 153 (6.04) 144  (5.67) 127 (4.98) 102 (4.02)
LSD =0.10
Tube Position 21 (0.82) 20 (0.77) 18 (0.70) 19 (0.77) 20 (0.78) 19 (0.77)
ANOVA P>F
Effect
Tube Position 0.9054 0.8892 0.5767 0.3901 0.2517 0.1008

t Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Table 2.5 - Soil water by depth in grain sorghum g@nted in clump geometry. Tribune,
Kansas 2009.

Tube position

Date Depth ANOVA P>F 0 38 cm 76 cm
(15inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
06/26/2009 15 (6) 0.0870 0254 b' 0258 a 0.258 a
30 (12) 0.6073 0.276 0.275 0.272
46 (18) 0.6365 0.258 0.265 0.265
61 (24) 0.5287 0.243 0.247 0.250
76 (30) 0.3012 0.237 0.239 0.242
91 (36) 0.6574 0.226 0.230 0.229
107 (42) 0.8368 0.219 0.222 0.221
122 (48) 0.6691 0.204 0.210 0.208
137 (54) 0.9729 0.197 0.196 0.197
152 (60) 0.2207 0.195 0.184 0.190
168 (66) 0.4819 0.193 0.184 0.192
183 (72) 0.7983 0.194 0.189 0.192
07/10/2009 15 (6) 0.4750 0.249 0.241 0.245
30 (12) 0.6523 0.267 0.264 0.261
46 (18) 0.3682 0.250 0.254 0.261
61 (24) 0.2310 0.235 0.238 0.246
76 (30) 0.0776 0.230 b 0231 b 0.237 a
91 (36) 0.4926 0.221 0.221 0.225
107 (42) 0.6192 0.214 0.218 0.215
122 (48) 0.7513 0.207 0.210 0.207
137 (54) 0.9292 0.200 0.201 0.202
152 (60) 0.3359 0.200 0.190 0.197
168 (66) 0.2287 0.200 0.188 0.197
183 (72) 0.7179 0.201 0.195 0.196
07/22/2009 15 (6) 0.1179 0.227 0.206 0.213
30 (12) 0.2252 0.241 0.230 0.235
46 (18) 0.4773 0.225 0.219 0.231
61 (24) 0.4910 0.213 0.213 0.219
76 (30) 0.3090 0.213 0.214 0.219
91 (36) 0.6434 0.209 0.212 0.212
107 (42) 0.5664 0.209 0.210 0.206
122 (48) 0.7135 0.203 0.206 0.202
137 (54) 0.9796 0.199 0.199 0.200
152 (60) 0.3371 0.200 0.189 0.199
168 (66) 0.3249 0.199 0.188 0.197
183 (72) 0.7082 0.200 0.195 0.196

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.5 (continued)- Soil water by depth in grairsorghum planted in clump geometry.
Tribune, Kansas 2009.

Tube position

Date Depth ANOVA P>F 0 38 cm 76 cm
(15inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
08/04/2009 15 (6) 0.0798 0235 a' 0226 b 0.225 b
30 (12) 0.1766 0.228 0.223 0.224
46 (18) 0.4788 0.202 0.201 0.208
61 (24) 0.1708 0.184 0.185 0.207
76 (30) 0.0485 0.185 b 0.184 b 0.195 a
91 (36) 0.9227 0.187 0.188 0.189
107 (42) 0.6909 0.191 0.191 0.188
122 (48) 0.4847 0.192 0.195 0.190
137 (54) 0.9434 0.194 0.194 0.195
152 (60) 0.5293 0.197 0.188 0.194
168 (66) 0.3760 0.200 0.190 0.193
183 (72) 0.5993 0.201 0.197 0.195
08/17/2009 15 (6) 0.6090 0.213 0.212 0.211
30 (12) 0.8287 0.221 0.221 0.219
46 (18) 0.5408 0.195 0.198 0.202
61 (24) 0.2867 0.175 0.178 0.181
76 (30) 0.2608 0.172 0.173 0.177
91 (36) 0.7239 0.169 0.170 0.171
107 (42) 0.9138 0.170 0.171 0.170
122 (48) 0.6848 0.172 0.175 0.172
137 (54) 0.5985 0.179 0.179 0.176
152 (60) 0.1583 0.189 0.178 0.185
168 (66) 0.4282 0.195 0.185 0.191
183 (72) 0.4572 0.198 0.191 0.191
10/28/2009 15 (6) 0.2974 0.264 0.258 0.253
30 (12) 0.1226 0.240 0.231 0.239
46 (18) 0.1850 0.193 0.190 0.202
61 (24) 0.1293 0.166 0.167 0.172
76 (30) 0.3158 0.160 0.161 0.163
91 (36) 0.4078 0.155 0.157 0.157
107 (42) 0.4342 0.154 0.154 0.152
122 (48) 0.3391 0.152 0.155 0.153
137 (54) 0.9016 0.155 0.156 0.156
152 (60) 0.3593 0.164 0.156 0.163
168 (66) 0.5215 0.172 0.164 0.170
183 (72) 0.6001 0.179 0.173 0.174

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.6 - Soil water by depth in grain sorghum g@nted in cluster geometry. Tribune,

Kansas 2009.

Tube position

Date Depth ANOVA P>F 0 38 cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
06/26/2009 15 (6) 0.0034 0260 b' 0.270 a 0263 b
30 (12) 0.2713 0.275 0.273 0.271
46 (18) 0.1746 0.266 0.262 0.261
61 (24) 0.9346 0.242 0.240 0.241
76 (30) 0.7823 0.230 0.229 0.227
91 (36) 0.6890 0.216 0.216 0.218
107 (42) 0.3135 0.203 0.203 0.208
122 (48) 0.6940 0.185 0.183 0.188
137 (54) 0.9192 0.173 0.173 0.174
152 (60) 0.6310 0.175 0.179 0.177
168 (66) 0.5374 0.182 0.182 0.179
183 (72) 0.3432 0.191 0.190 0.185
07/10/2009 15 (6) 0.4221 0.245 0.251 0.252
30 (12) 0.1973 0.268 0.264 0.263
46 (18) 0.8813 0.253 0.255 0.255
61 (24) 0.9846 0.233 0.233 0.234
76 (30) 0.2382 0.228 0.222 0.221
91 (36) 0.1575 0.215 0.210 0.214
107 (42) 0.1149 0.203 0.204 0.208
122 (48) 0.4982 0.194 0.193 0.198
137 (54) 0.9930 0.181 0.182 0.182
152 (60) 0.4036 0.176 0.183 0.178
168 (66) 0.2366 0.181 0.185 0.179
183 (72) 0.7627 0.188 0.190 0.187
07/22/2009 15 (6) 0.5866 0.223 0.224 0.221
30 (12) 0.3220 0.242 0.234 0.234
46 (18) 0.7926 0.228 0.223 0.225
61 (24) 0.8578 0.209 0.205 0.207
76 (30) 0.8352 0.207 0.206 0.204
91 (36) 0.4408 0.201 0.200 0.203
107 (42) 0.3768 0.196 0.197 0.199
122 (48) 0.4573 0.191 0.190 0.194
137 (54) 0.9379 0.184 0.185 0.186
152 (60) 0.7248 0.179 0.183 0.179
168 (66) 0.5326 0.182 0.183 0.179
183 (72) 0.4856 0.190 0.190 0.185

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.6 (continued)- Soil water by depth in grairsorghum planted in cluster geometry.
Tribune, Kansas 2009.

Tube position

Date Depth ANOVA P>F 0 38cm 76 cm

(15 inches) (30 inches)

cm (inches) Volumetric water content, cm® cm™
08/04/2009 15 (6) 0.0090 0237 a' 0.233 a 0219 b
30 (12) 0.0253 0231 a 0222 b 0217 b

46 (18) 0.1809 0.208 0.200 0.202

61 (24) 0.5563 0.185 0.179 0.180

76 (30) 0.6262 0.181 0.178 0.176

91 (36) 0.6043 0.180 0.176 0.179

107 (42) 0.1966 0.183 0.177 0.182

122 (48) 0.7531 0.184 0.181 0.182

137 (54) 0.7862 0.184 0.181 0.184

152 (60) 0.7875 0.180 0.183 0.181

168 (66) 0.6258 0.184 0.185 0.181

183 (72) 0.4912 0.194 0.189 0.187
08/17/2009 15 (6) 0.0259 0.218 a 0.220 a 0209 b

30 (12) 0.1030 0.223 0.217 0.214

46 (18) 0.4142 0.197 0.193 0.193

61 (24) 0.7098 0.171 0.170 0.168

76 (30) 0.3912 0.166 0.164 0.162

91 (36) 0.7660 0.161 0.160 0.160

107 (42) 0.9901 0.160 0.160 0.160

122 (48) 0.3772 0.162 0.159 0.163

137 (54) 0.8529 0.166 0.166 0.167

152 (60) 0.6039 0.171 0.175 0.175

168 (66) 0.7140 0.179 0.179 0.177

183 (72) 0.6232 0.189 0.186 0.185
10/28/2009 15 (6) 0.0347 0.268 a 0.261 a 0.248 b
30 (12) 0.0181 0.233 a 0221 b 0.211 ¢
46 (18) 0.0037 0.193 a 0.188 b 0.183 ¢

61 (24) 0.8584 0.164 0.162 0.162
76 (30) 0.0820 0.158 a 0.155 ab 0152 b

91 (36) 0.4902 0.149 0.151 0.151

107 (42) 0.1127 0.146 0.147 0.149

122 (48) 0.8838 0.147 0.147 0.146

137 (54) 0.9420 0.147 0.148 0.148

152 (60) 0.3437 0.149 0.153 0.152

168 (66) 0.7357 0.156 0.158 0.155

183 (72) 0.8844 0.167 0.165 0.165

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.7 - Soil water by depth in grain sorghum @nted in conventional geometry.
Tribune, Kansas 2009.

Tube position

Date Depth ANOVA P>F 0 38 cm
(15 inches)
cm (inches) Volumetric water content, cm® cm™
06/26/2009 15 (6) 0.0276 0.255 b' 0.258 a
30(12) 0.5495 0.270 0.265
46 (18) 0.9897 0.258 0.258
61 (24) 0.7227 0.242 0.238
76 (30) 0.8206 0.228 0.229
91 (36) 0.9463 0.222 0.222
107 (42) 0.6643 0.214 0.215
122 (48) 0.9624 0.204 0.204
137 (54) 0.8808 0.195 0.196
152 (60) 0.8566 0.195 0.196
168 (66) 0.8671 0.196 0.195
183 (72) 0.3593 0.199 0.195
07/10/2009 15 (6) 0.5433 0.230 0.233
30(12) 0.6259 0.259 0.254
46 (18) 0.7654 0.253 0.249
61 (24) 0.9277 0.233 0.232
76 (30) 0.5507 0.223 0.226
91 (36) 0.5473 0.219 0.221
107 (42) 0.2378 0.213 0.215
122 (48) 0.7694 0.209 0.208
137 (54) 0.2878 0.200 0.207
152 (60) 0.5171 0.198 0.205
168 (66) 0.9339 0.201 0.202
183 (72) 0.5176 0.207 0.203
07/22/2009 15 (6) 0.5952 0.209 0.207
30(12) 0.6335 0.228 0.221
46 (18) 0.5475 0.220 0.211
61 (24) 0.4654 0.209 0.199
76 (30) 0.5980 0.204 0.200
91 (36) 0.8137 0.203 0.202
107 (42) 0.7340 0.204 0.203
122 (48) 0.8908 0.202 0.203
137 (54) 0.5173 0.199 0.203
152 (60) 0.6370 0.198 0.202
168 (66) 0.9781 0.202 0.202
183 (72) 0.5013 0.208 0.204

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.7 (continued) - Soil water by depth in grai sorghum planted in conventional

geometry. Tribune, Kansas 2009.

Tube position

Date Depth ANOVA P>F 0 38cm
(15 inches)
cm (inches) Volumetric water content, cm® cm™
08/04/2009 15 (6) 0.0129 0.235 a' 0.229 b
30 (12) 0.3631 0.230 0.219
46 (18) 0.7606 0.206 0.202
61 (24) 0.6188 0.186 0.182
76 (30) 0.6268 0.180 0.178
91 (36) 0.3861 0.184 0.180
107 (42) 0.9189 0.187 0.187
122 (48) 0.5378 0.194 0.192
137 (54) 0.7974 0.195 0.196
152 (60) 0.8579 0.199 0.201
168 (66) 0.9580 0.203 0.202
183 (72) 0.3272 0.211 0.205
08/17/2009 15 (6) 0.9512 0.214 0.214
30 (12) 0.6648 0.223 0.219
46 (18) 0.9025 0.202 0.204
61 (24) 0.8635 0.180 0.178
76 (30) 0.8554 0.171 0.170
91 (36) 0.4664 0.170 0.167
107 (42) 0.3328 0.172 0.169
122 (48) 0.1414 0.176 0.173
137 (54) 0.6166 0.179 0.177
152 (60) 0.8407 0.187 0.186
168 (66) 0.6589 0.196 0.193
183 (72) 0.5334 0.204 0.200
10/28/2009 15 (6) 0.2722 0.262 0.254
30 (12) 0.5251 0.231 0.227
46 (18) 0.9656 0.201 0.201
61 (24) 0.8467 0.176 0.174
76 (30) 0.8877 0.163 0.164
91 (36) 0.9515 0.161 0.161
107 (42) 0.6835 0.161 0.160
122 (48) 0.8135 0.162 0.162
137 (54) 0.9913 0.164 0.164
152 (60) 0.9537 0.169 0.168
168 (66) 0.5965 0.176 0.172
183 (72) 0.1562 0.186 0.179

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.8 - Soil water by depth in grain sorghum g@nted in plant-1 skip-1 (P1S1)

geometry. Tribune, Kansas, 2009.

Tube position

Date Depth ANOVA P>F 0 38cn 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
06/26/2009 15 (6) 0.1979 0.250 0.261 0.259
30 (12) 0.5869 0.265 0.272 0.271
46 (18) 0.8156 0.252 0.256 0.253
61 (24) 0.7036 0.239 0.239 0.242
76 (30) 0.5979 0.232 0.229 0.229
91 (36) 0.9295 0.224 0.223 0.223
107 (42) 0.0522 0.218 0.213 b 0.220 a
122 (48) 0.1536 0.206 0.206 0.211
137 (54) 0.0506 0.195 0.197 b 0.203 a
152 (60) 0.1840 0.191 0.191 0.198
168 (66) 0.3643 0.189 0.192 0.193
183 (72) 0.0879 0.188 0.192 ab 0.197 a
07/10/2009 15 (6) 0.1978 0.233 0.247 0.249
30 (12) 0.4569 0.252 0.262 0.263
46 (18) 0.2183 0.241 0.247 0.253
61 (24) 0.2096 0.231 0.229 0.238
76 (30) 0.9714 0.223 0.223 0.224
91 (36) 0.6506 0.220 0.217 0.218
107 (42) 0.0114 0.213 0.210 c 0.216 a
122 (48) 0.2493 0.206 0.208 0.210
137 (54) 0.0605 0.200 0.202 ab 0.206 a
152 (60) 0.1434 0.196 0.197 0.203
168 (66) 0.2593 0.194 0.198 0.201
183 (72) 0.1428 0.193 0.199 0.201
07/22/2009 15 (6) 0.9443 0.217 0.218 0.221
30 (12) 0.3120 0.225 0.229 0.240
46 (18) 0.3047 0.212 0.214 0.223
61 (24) 0.0863 0.207 0.204 b 0.215 a
76 (30) 0.9880 0.207 0.206 0.206
91 (36) 0.8723 0.207 0.207 0.208
107 (42) 0.1220 0.207 0.203 0.209
122 (48) 0.1220 0.202 0.203 0.207
137 (54) 0.0004 0.198 0.198 b 0.205 a
152 (60) 0.1664 0.197 0.196 0.201
168 (66) 0.3676 0.196 0.199 0.201
183 (72) 0.4380 0.196 0.199 0.202

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.8 (continued)- Soil water by depth in grairsorghum planted in plant-1 skip-1

(P1S1) geometry. Tribune, Kansas, 2009.

Tube position

Date Depth ANOVA P>F 0 38cn 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
08/04/2009 15 (6) 0.7599 0.232 0.231 0.228
30 (12) 0.8938 0.223 0.224 0.227
46 (18) 0.8601 0.198 0.199 0.202
61 (24) 0.0873 0.183 b’ 0.186 ab 0.191 a
76 (30) 0.2975 0.184 0.181 0.186
91 (36) 0.2735 0.187 0.182 0.189
107 (42) 0.1595 0.192 0.187 0.195
122 (48) 0.0320 0191 b 0192 b 0.199 a
137 (54) 0.0416 0192 b 0194 b 0.200 a
152 (60) 0.2041 0.194 0.196 0.201
168 (66) 0.1654 0.194 0.199 0.202
183 (72) 0.2310 0.199 0.202 0.205
08/17/2009 15 (6) 0.6128 0.212 0.216 0.215
30 (12) 0.5768 0.213 0.218 0.221
46 (18) 0.8714 0.191 0.194 0.193
61 (24) 0.5000 0.174 0.175 0.179
76 (30) 0.9164 0.170 0.169 0.170
91 (36) 0.2828 0.169 0.167 0.172
107 (42) 0.0513 0.172 a 0.167 b 0.174 a
122 (48) 0.0421 0171 b 0.169 b 0.178 a
137 (54) 0.1186 0.174 0.176 0.181
152 (60) 0.5073 0.181 0.184 0.186
168 (66) 0.1710 0.185 0.193 0.192
183 (72) 0.2296 0.193 0.199 0.199
10/28/2009 15 (6) 0.2578 0.257 0.258 0.249
30 (12) 0.8954 0.227 0.222 0.224
46 (18) 0.9794 0.187 0.185 0.187
61 (24) 0.8371 0.166 0.166 0.168
76 (30) 0.4061 0.160 0.157 0.159
91 (36) 0.5332 0.156 0.153 0.155
107 (42) 0.0665 0.154 a 0.151 b 0.155 a
122 (48) 0.0041 0.152 b 0.153 b 0.156 a
137 (54) 0.0011 0153 b 0.153 b 0.160 a
152 (60) 0.0743 0.157 b 0.159 ab 0.163 a
168 (66) 0.0394 0.162 b 0.165 ab 0.168 a
183 (72) 0.0930 0172 b 0.176 ab 0.179 a

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)

166



Table 2.9 - Soil water by depth in grain sorghum g@nted in plant-2 skip-2 (P2S2)

geometry. Tribune, Kansas, 2009.

Tube position

Date Depth ANOVA 38cm 95 cm 152 cm
P>F 0
(15inches)  (37.5inches) (60 inches)
cm (inches) Volumetric water content, cm® cm™
06/26/2009 15 (6) 0.5250 0.258 0.252 0.258 0.258
30 (12) 0.3292 0.274 0.270 0.271 0.268
46 (18) 0.0605 0268 a' 0.255 b 0.261 ab 0.254 b
61 (24) 0.0778 0.250 a 0.238 b 0.239 b 0234 b
76 (30) 0.7755 0.230 0.228 0.227 0.225
91 (36) 0.3614 0.213 0.216 0.219 0.211
107 (42) 0.7666 0.207 0.208 0.211 0.207
122 (48) 0.6036 0.209 0.207 0.205 0.202
137 (54) 0.1361 0.204 0.202 0.200 0.189
152 (60) 0.0487 0.199 a 0.200 a 0.193 ab 0.185 b
168 (66) 0.0436 0.192 ab 0.197 a 0.188 b 0.187 b
183 (72) 0.1153 0.189 0.196 0.188 0.191
07/10/2009 15 (6) 0.0035 0.226 b 0231 b 0.252 a 0.253 a
30 (12) 0.4721 0.249 0.258 0.267 0.263
46 (18) 0.1794 0.257 0.248 0.257 0.249
61 (24) 0.0892 0.242 a 0231 b 0232 b 0.228 b
76 (30) 0.7882 0.225 0.220 0.222 0.222
91 (36) 0.8235 0.211 0.214 0.215 0.214
107 (42) 0.8107 0.206 0.208 0.211 0.208
122 (48) 0.5629 0.208 0.205 0.205 0.202
137 (54) 0.0204 0.207 a 0.204 a 0.206 a 0192 b
152 (60) 0.0368 0.205 a 0.204 a 0.198 a 0.187 b
168 (66) 0.0465 0.200 ab 0.204 a 0.192 bc 0.189 ¢
183 (72) 0.1185 0.190 0.199 0.192 0.192
07/22/2009 15 (6) 0.0008 0202 d 0.214 ¢ 0.227 b 0.239 a
30 (12) 0.0017 0225 b 0233 b 0.246 a 0.255 a
46 (18) 0.0102 0.216 b 0.217 b 0.237 a 0.241 a
61 (24) 0.0237 0.205 b 0.206 b 0.220 a 0.217 a
76 (30) 0.0145 0199 b 0.207 a 0.212 a 0.214 a
91 (36) 0.0157 0197 b 0.205 a 0.211 a 0.209 a
107 (42) 0.0379 0.198 ¢ 0.201 bc 0.207 a 0.205 ab
122 (48) 0.6668 0.203 0.202 0.201 0.199
137 (54) 0.0206 0.203 a 0.201 a 0.203 a 0191 b
152 (60) 0.0580 0.204 a 0.202 a 0.200 a 0.189 b
168 (66) 0.1124 0.200 0.202 0.194 0.190
183 (72) 0.1119 0.192 0.200 0.195 0.191

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.9 (continued)- Soil water by depth in grairsorghum planted in plant-2 skip-2
(P2S2) geometry. Tribune, Kansas, 2009.

Tube position

Date Depth ANP(;\:/ A 0 38cm 95 cm 152 cm
(15inches)  (37.5inches) (60 inches)
cm (inches) Volumetric water content, cm® cm™
08/04/2009 15 (6) 0.4191 0.222 0.228 0.226 0.230
30 (12) 0.0004 0223 ' 0.228 ¢ 0.236 b 0.244 a
46 (18) 0.0104 0.207 bc 0.202 ¢ 0.216 ab 0.226 a
61 (24) 0.0015 0.184 ¢ 0.186 ¢ 0.195 b 0.209 a
76 (30) 0.0005 0.175 ¢ 0.183 ¢ 0191 b 0.207 a
91 (36) 0.0003 0.173 ¢ 0.186 b 0.195 a 0.202 a
107 (42) 0.0028 0.179 ¢ 0.189 b 0.199 a 0.200 a
122 (48) 0.2777 0.189 0.193 0.199 0.197
137 (54) 0.0460 0.193 bc 0.196 ab 0.200 a 0.191 ¢
152 (60) 0.0721 0.199 a 0.201 a 0.200 a 0.190 b
168 (66) 0.2314 0.199 0.200 0.195 0.191
183 (72) 0.1400 0.192 0.200 0.197 0.194
08/17/2009 15 (6) 0.1973 0.208 0.213 0.222 0.218
30 (12) 0.3254 0.224 0.222 0.230 0.232
46 (18) 0.1771 0.208 0.197 0.208 0.213
61 (24) 0.4180 0.184 0.179 0.186 0.190
76 (30) 0.0606 0.169 b 0.173 b 0.178 ab 0.187 a
91 (36) 0.0030 0.165 ¢ 0173 b 0.178 b 0.188 a
107 (42) 0.0006 0.168 ¢ 0.173 ¢ 0.182 b 0.189 a
122 (48) 0.0159 0.175 ¢ 0.178 bc 0.182 b 0.189 a
137 (54) 0.2191 0.179 0.183 0.188 0.185
152 (60) 0.2993 0.183 0.190 0.192 0.188
168 (66) 0.1992 0.190 0.198 0.189 0.193
183 (72) 0.0250 0.188 ¢ 0.198 a 0.194 ab 0.193 b
10/28/2009 15 (6) 0.0667 0.263 a 0.264 a 0.261 a 0.250 b
30 (12) 0.0023 0.248 a 0.249 a 0.239 a 0222 b
46 (18) 0.1186 0.209 0.202 0.205 0.194
61 (24) 0.7008 0.179 0.174 0.177 0.174
76 (30) 0.9720 0.165 0.165 0.166 0.167
91 (36) 0.4605 0.159 0.161 0.165 0.166

107 (42) 0.0342 0.157 ¢ 0.162 bc 0.165 ab 0.168 a
122 (48) 0.0742 0.163 ¢ 0.163 bc 0.168 ab 0.169 a

137 (54) 0.2905 0.165 0.166 0.171 0.167
152 (60) 0.5144 0.169 0.174 0.175 0.170
168 (66) 0.5933 0.172 0.178 0.175 0.176
183 (72) 0.2366 0.173 0.182 0.181 0.181

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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affected by grain sorghum planting geometry. Tribure, Kansas, 2009.

Table 2.10 - Available soil water in 183 cm (72 i) deep cross-section, range and SD of interpolate@lues, and water use as

06/26/2009 07/10/2009 07/22/2009
Profile Profile ) Profile .
Geometry available  Range  SD available Range  SD Cumulative available Range  SD Cumulative Interval water use
water water water use water water use
mm (in) vvt vyt mm (in) vvt vyt mm (in) mm (in) vvt vyt mm (in) mm (in)
Clump 183 (7.19) 0.105 0.030 175 (6.89) 0.089 0.024 37 (1.47) 148 (5.84) 0.065 0.014 81 (3.20) 44 (1.73) ab
Cluster 168 (6.60) 0.112 0.036 162 (6.38) 0.099 0.030 35 (1.39) 137 (5.41) 0.072 0.019 77 (3.03) 42 (1.64) b
Conventional 180 (7.08) 0.094 0.028 174 (6.83) 0.091 0.022 36 (1.42) 144 (5.68) 0.072 0.015 82 (3.24) 46 (1.82) a
P1S1 178 (7.02) 0.101 0.028 172 (6.77) 0.081 0.021 36 (1.42) 147 (5.78) 0.061 0.012 78 (3.08) 42 (1.66) ab
P2S2 176 (6.94) 0.099 0.028 171 (6.73) 0.089 0.023 35 (1.39) 152 (5.99) 0.086 0.016 71 (2.79) 36 (1.41) c
LSD =0.10
Geometry 23 (0.90) 0.019 0.008 21 (0.82) 0.020 0.007 5 (0.18) 18 (0.72) 0.020 0.005 7 (0.29) 4 (0.17)
ANOVA P>F
Effect
Geometry 0.8087 0.5305 0.2960 0.8197 0.6379 0.2222 0.9211 0.6940 0.2903 0.2716 0.1118 0.0099
T Letters within a column represent differences at LSD (0.10) unless noted otherwise
08/04/2009 08/17/2009 10/28/2009
Geometry a\'jarlﬁzllfle Range  SD Cumulative Interval a\'jarlicl)zll;e Range  SD Cumulative Interval a\'jarlicl)zll;e Range sD Cumulative  Interval water
water water use water use water water use water use water water use use
mm (in) vvt vvt mm (in) mm (in) mm (in) vvt vvt mm (in) mm (in) mm (in) vvt vvt mm (in) mm (in)
Clump 131 (5.16) 0.071 0.018 154 (6.07) 73 (2.88) 108 (4.27) 0.068 0.019 218 (8.59) 64 (2.52) 99 (3.88) 0.137 b 0.039 362 (14.2) 144 (5.66)
Cluster 119 (4.68) 0.075 0.021 152 (5.97) 75 (2.93) 96 (3.77) 0.073 0.022 216 (8.49) 64 (2.52) 88 (3.46) 0.162 a 0.042 357 (14.1) 142 (5.58)
Conventional 133 (5.24) 0.075 0.020 149 (5.88) 67 (2.64) 112 (4.43) 0.081 0.021 211 (8.32) 62 (2.44) 107 (4.21) 0.135 b 0.037 350 (13.8) 139 (5.48)
P1s1 132 (5.19) 0.069 0.018 149 (5.86) 71 (2.78) 107 (4.22) 0.071 0.019 215 (8.46) 66 (2.60) 94 (3.70) 0.140 b 0.039 362 (14.2) 147 (5.79)
P2S2 138 (5.44) 0.078 0.017 141 (5.54) 70 (2.74) 120 (4.72) 0.077 0.018 200 (7.88) 59 (2.34) 114 (4.48) 0.133 b 0.037 340 (134) 140 (5.51)
LSD =0.10
Geometry 23 (0.91) 0.023 0.006 12 (0.48) 9 (0.35) 23 (0.90) 0.013 0.003 15 (0.57) 5 (0.21) 22 (0.87) 0.018 0.005 16 (0.6) 7 (0.29)
ANOVA P>F
Effect
Geometry 0.6551 0.9554 0.7545 0.3984 0.6192 0.4756 0.4739 0.1724 0.2595 0.3089 0.2960 0.0863 0.2807 0.1256 0.3883

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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2010
In-season precipitation during the 2010 seasonbeblsv normal until DOY 204 and was
above normal for the rest of the season (Figurkg alhough the departure never exceeded 69
mm (2.73 inches). Cumulative in-season precipitatias 337 mm (13.28 inches) (Figure 2.7).
Heat unit accumulation was above normal for thee2010 growing season ending 278 GDD

above normal (Figure 2.8).

Yield, yield components, water use, and water uieiency

Grain sorghum planted in either of the skip-rowfaurations resulted in the lowest
above-ground biomass in 2010 (P<0.0001). The meamneaground biomass for the skip-row
treatments was 32% less than sorghum plantedharetclump or conventional geometry
(Table 2.11). Sorghum planted in the cluster geonveas intermediate in above-ground
biomass. Stover production followed a similar traiscabove-ground biomass (P=0.0004)
despite differences in harvest index. Sorghum pthit a clump, conventional, or cluster
configuration resulted in an average grain yiel®@6 Mg hd (135 bu ac-1), 37% higher than
grain yield of the P1S1 configuration and 64% highan the P2S2 (P<0.0001). The large yield
reduction of the P2S2 resulted both from reduced/e@lground biomass and a reduction in Hl
compared to all other geometries (P=0.0143) (TaHl&). Tillers plarit was reduced in the
skip-row geometries compared to the clump or cotiwral geometry. Final panicle population
was reduced by 27% in the skip-row configuratidPsQ.0046). The cumulative differences in
yield components for the P2S2 configuration aréhfrrevident in a 29% reduction of yield
plant® (P=0.0334) (Table 2.11) relative to the clumploster geometry. Water use efficiency
for both grain and total biomass was lowest forgkip-row configurations, highest for the
clump and conventional configurations, and intenatedfor sorghum planted in a cluster
geometry (Table 2.12). Sorghum planted in a skip-configuration resulted in decreased water
use efficiencies of 34 and 31% for grain and bisnesspectively, compared to clump and
conventional planting (Table 2.12).

Grain nutrient contents in 2010 were unaffecteglayting geometry (Table 2.13)
coinciding with no effect on kernel weight. Diffexees in nutrient removal were driven by

differences in grain yield.
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Figure 2.7 - Cumulative precipitation during grain sorghum growing season. Tribune,
Kansas, 2010.
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Figure 2.8 - Cumulative heat units during grain soghum growing season. Tribune, Kansas
2010.
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Table 2.11 - Effect of planting geometry on grainarghum biomass, grain yield, and yield componentdribune, Kansas, 2010.

Till i
Geometry Above-ground biomass Stover Grain yield ﬂiLV:XSt plla(r?:i P;r:r:tlis ;e:ir::l Plant population Panicle population \lfvzrgﬁtl Yield plant'1
1 1 1 1 1 1 1 1000 ha™ 1000 ha™
Mg ha™ (Ib ac™) Mgha” (lbac™) Mgha™ (buac™) g9 (1000 ac™?) (1000 ac™) mg g
Clump 12.8 (11,400) ab’ 5.50 (4910) ab 8.45 (135) a 053 a 26 a 3.1 1551 64.1 (25.9) b 200.2 (81.0) a 22.8 114 a
Cluster 12.2 (10,900) b 5.17 (4610) b 817 (130) a 053 a 3.0 a 3.3 1535 629 (25.4) b 203.6 (82.4) a 23.4 114 a
Conventional 13.8 (12,300) a 6.25 (5580) a 8.77 (140) a 051 ab 2.6 ab 25 1452 90.4 (36.6) a 2271 (91.9) a 23.2 85 b
P1S1 9.6 (8,580) c 4.26 (3800) c 6.19 (99) b 052 a 21 b 2.6 1367 65.7 (26.6) b 158.2 (64.0) b 24.0 85 b
pP2s2 8.6 (7,650) c 4.11 (3660) c 517 (82) c 049 b 21 b 2.6 1349 58.1 (235 b 1485 (60.1) b 24.0 81 b
LSD = 0.05
Geometry 1.5 (1,340) 0.86 (770) 0.89 (14 0.03 0.5 0.8 235 13.9 (5.6) 394 (15.9) 0.4 26
ANOVA P>F
Effect
Geometry <0.0001 0.0004 <0.0001 0.0143 0.0116 0.2661 0.2796 0.0022 0.0046 0.2900 0.0334

T Letters within a column represent differences at LSD (0.05)
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Table 2.12 - Effect of planting geometry on grainarghum water use, grain water use efficiency (WUEg)ynd biomass water
use efficiency (WUED). Tribune, Kansas, 2010.

Geometry Water use WUEg WUEDb
. kg ha™ mm™ kg ha™ mm™
mm (in a4 - 4. -
(in) (b ac™tin™) (b ac™tin™)
Clump 245 (9.7 29.5 (668) a 51.1 (1158) a
Cluster 241 (9.5) 27.8 (629) a 47.4 (1075) a
Conventional 257 (10.1) 29.3 (663) a 51.2 (1161) a
P1s1 250 (9.8) 20.5 (464) b 36.1 (817) b
p2s2 255 (10.0) 17.4 (394) b 32.6 (739) b
LSD =0.05
Geometry 28 (1.1) 5.4 (122) 10.2 (231)
ANOVA P>F
Effect
Geometry 0.7127 0.0008 0.0038

T Letters within a column represent differences at LSD (0.05)
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Table 2.13 - Effect of planting geometry on sorghurgrain nutrient content and nutrient
removal. Tribune, Kansas, 2010.

Grain N Grain P

Geometry N removal P removal
content content
gkg®  kgha'(bac’)  gkg* kgha'(bac™
Clump 17.2 125 (112) ab' 3.8 28 (25) a
Cluster 16.1 114 (102) b 3.9 28 (25) a
Conventional 17.2 130 (116) ab 3.8 29 (26) a
P1S1 17.3 92 (82) c 3.9 21 (18) b
P2S2 17.2 77 (69) c 4.2 19 17) b
LSD =0.05
Geometry 1.2 15 (14) 0.4 3 3)
ANOVA P>F
Effect
Geometry 0.2494 <0.0001 0.2647 <0.0001

T Letters within a column represent differences at LSD (0.05)

Soil water

Interpolated cross-sectional figures that visuphgsent soil water content and soil water
changes can be found in the appendix. Profileveaiér differed among tube positions at all
times of measurement in 2010 (Table 2.14). At tréiesst measurement, 15 July, the highest
levels of soil water were observed mid-skip of B#52 geometry (P=0.0176) and were similar
to observed values at the 38 and 76 cm (15 andidh} P2S2 positions and the 76 cm (30
inch) P1S1 position. The lowest level was obseatetie 76 cm (30 inch) cluster position and
was similar to the in-row and 38 cm (15 inch) chngiositions. At the second in-season
measurement, which occurred at flowering / eartyrgfill, the highest profile water content was
located mid-skip in the P2S2 geometry (P=0.0038)waas similar to observations in the other
P2S2 positions and the 38 and 76 cm (15 and 30 puaditions in the P1S1 geometry. The
lowest profile total was the 76 cm (30 inch) clugtesition along with the other cluster positions
and in-row in the conventional geometry. At hartasthighest profile totals existed in the 38
and 95 cm (15 and 37.5 inch) P2S2 positions (P4®)0and were similar to many other
positions (Table 2.14). The lowest profile watdate were observed in all three of the cluster

positions as well as both of the conventional pasit
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Few differences in soil water content with resgealepth and tube position were evident
in the clump geometry (Table 2.15). When differenaere present, soil water contents tended
to be highest immediately adjacent to the clumffe@nces were evident in the cluster
treatment as the season progressed (Table 2.1@vieotheir trends did not appear to be stable
spatially or temporally. Differences present at168 cm (66 inch) depth were present from the
beginning and appear to be artifacts of the plcation. At harvest, water content at the 61 and
76 cm (24 and 30 inch) depths increased as measuatenoved away from the cluster. A
difference in soil water content among tube posgiwas only found at one depth and one
measurement time in the conventional geometry atofig a uniform extraction of water from
the soil profile (Table 2.17). The 15 July measugatin the P1S1 treatment indicated lower
levels of soil water, likely through root extragtjmnear the planted row (Table 2.18). Differences
were observed at many depths on the 15 July adugist measurements in the P2S2
geometry, generally indicating higher levels of sater were present in the skip away from the
planted rows (Table 2.19). No differences werertjyeavident at the harvest measurement. The
higher occurrence of differences in the clump dag-sow treatments was also reflected in the
highest ranges of soil water content in the intexieal data (Table 2.20). Differences in total
profile water and water use were not evident howeve

Only the range of interpolated soil water contetttsarvest was affected by planting
geometry in 2010 (Table 2.20). The range of sotlewaalues found in the cross-section
underlying the P1S1, P2S2, and clump treatmeritaraest was larger than cluster or
conventional. This indicates a less uniform saodffiie, i.e. higher spatial variability with regard

to soil water content. The increased range is apenied by numerical increases in SD as well.
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Table 2.14 - Available soil water in 183 cm (72 i profile as affected by sampling

position in grain sorghum planting geometries. Trilune, Kansas, 2010.

Geometry Tube position 07/15/10 08/11/10 09/27/10
cm (inches) Available soil water, mm (inches)
Clump 0 154 (6.06) b 125 (4.91) bc 72 (2.83) ab
38 (15) 146 (5.76) bcd 122 (4.79) bc 66  (2.60) abc
76 (30) 145 (5.71) bcd 123 (4.83) bc 66  (2.59) abc
Cluster 0 123 (4.84) de 101 (3.98) cd 50 (1.97) d
38 (15) 129 (5.08) cde 97 (3.81) cd 49 (1.95) d
76 (30) 120 (4.74) e 91 (3.59) d 48 (1.88) d
Conventional 0 147 (5.79) bcd 120 (4.73) bcd 57 (2.24) cd
38 (15) 152  (5.98) bc 131 (5.14) b 58 (2.28) bcd
P1S1 0 152 (6.00) bc 134 (5.27) b 71 (2.79) abc
38 (15) 152 (5.97) bc 144 (5.68) ab 70 (2.74) abc
76 (30) 159 (6.27) ab 141 (5.54) ab 68 (2.67) abc
P2S2 0 154 (6.06) b 146 (5.75) ab 70 (2.75) abc
38 (15) 158 (6.24) ab 143 (5.62) ab 76 (3.01) a
95 (37.5) 161 (6.32) ab 142 (5.59) ab 73  (2.88) a
152 (60) 181 (7.11) a 169 (6.65) a 71  (2.80) abc
LSD =0.10
Tube Positon 24  (0.95) 29  (1.14) 14  (0.56)
ANOVA P>F
Effect
Tube Position 0.0176 0.0038 0.0115

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Table 2.15 - Soil water by depth in grain sorghum lanted in clump geometry. Tribune,

Kansas 2010.

Tube position

Date Depth ANOVA P>F 38cm 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/15/2010 15 (6) 0.3203 0.228 0.211 0.215
30 (12) 0.1589 0.240 0.227 0.228
46 (18) 0.0822 0.227 0221 b 0219 b
61 (24) 0.2595 0.225 0.214 0.221
76 (30) 0.8031 0.232 0.229 0.230
91 (36) 0.8403 0.230 0.232 0.230
107 (42) 0.9615 0.223 0.224 0.222
122 (48) 0.8427 0.212 0.215 0.213
137 (54) 0.2895 0.205 0.204 0.198
152 (60) 0.1504 0.180 0.181 0.175
168 (66) 0.3773 0.171 0.167 0.166
183 (72) 0.8771 0.171 0.170 0.169
08/11/2010 15 (6) 0.9793 0.220 0.221 0.222
30 (12) 0.7726 0.227 0.232 0.235
46 (18) 0.4426 0.208 0.211 0.206
61 (24) 0.8733 0.198 0.194 0.195
76 (30) 0.7100 0.198 0.194 0.196
91 (36) 0.5704 0.195 0.193 0.195
107 (42) 0.6710 0.191 0.188 0.192
122 (48) 0.8769 0.191 0.190 0.190
137 (54) 0.4867 0.191 0.189 0.189
152 (60) 0.3093 0.182 0.180 0.178
168 (66) 0.1163 0.176 0.172 0.172
183 (72) 0.3401 0.174 0.169 0.171
09/27/2010 15 (6) 0.3061 0.169 0.144 0.156
30 (12) 0.0818 0.191 0.192 a 0.187 b
46 (18) 0.7525 0.182 0.183 0.181
61 (24) 0.1897 0.172 0.167 0.171
76 (30) 0.4871 0.170 0.167 0.168
91 (36) 0.8229 0.158 0.160 0.159
107 (42) 0.3919 0.149 0.153 0.150
122 (48) 0.9616 0.151 0.151 0.151
137 (54) 0.4834 0.160 0.160 0.156
152 (60) 0.2515 0.165 0.161 0.156
168 (66) 0.1665 0.169 0.164 0.163
183 (72) 0.4699 0.171 0.167 0.168

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.16 - Soil water by depth in grain sorghum lanted in cluster geometry. Tribune,
Kansas 2010.

Tube position

Date Depth ANOVA P>F 38cm 76 cm

0 (15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/15/2010 15 (6) 0.8019 0.213 0.209 0.210
30 (12) 0.6590 0.222 0.225 0.219
46 (18) 0.0615 0210 b' 0.219 a 0.214 ab
61 (24) 0.2832 0.205 0.211 0.209
76 (30) 0.3516 0.214 0.219 0.214
91 (36) 0.2732 0.216 0.214 0.211
107 (42) 0.2919 0.212 0.213 0.207
122 (48) 0.0825 0.204 b 0.210 a 0201 b
137 (54) 0.3514 0.187 0.193 0.187
152 (60) 0.4981 0.163 0.170 0.166
168 (66) 0.0477 0.150 ab 0.154 a 0.145 b
183 (72) 0.3636 0.146 0.144 0.141
08/11/2010 15 (6) 0.1327 0.205 0.223 0.208
30 (12) 0.1031 0.223 0.212 0.211
46 (18) 0.7847 0.199 0.195 0.197
61 (24) 0.4153 0.183 0.178 0.181
76 (30) 0.4729 0.183 0.180 0.182
91 (36) 0.6342 0.179 0.178 0.176
107 (42) 0.1896 0.178 0.179 0.173
122 (48) 0.0551 0.187 a 0.183 ab 0.178 b
137 (54) 0.3887 0.181 0.177 0.175
152 (60) 0.1237 0.169 0.163 0.159
168 (66) 0.0316 0.159 a 0.152 b 0.147 b
183 (72) 0.0598 0.152 a 0.149 ab 0.146 b
09/27/2010 15 (6) 0.0296 0.164 a 0.155 b 0.154 b
30 (12) 0.3084 0.183 0.181 0.179
46 (18) 0.3305 0.169 0.172 0.172
61 (24) 0.0740 0.155 b 0.158 ab 0.162 a
76 (30) 0.0668 0.156 b 0.157 ab 0.158 a
91 (36) 0.2716 0.151 0.152 0.152
107 (42) 0.5837 0.145 0.146 0.145
122 (48) 0.1849 0.149 0.149 0.146
137 (54) 0.6645 0.147 0.149 0.148
152 (60) 0.3334 0.148 0.149 0.146
168 (66) 0.0124 0.148 a 0.147 a 0.143 b
183 (72) 0.1290 0.148 0.144 0.144

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.17 - Soil water by depth in grain sorghum janted in conventional geometry.
Tribune, Kansas 2010.

Tube position

Date Depth ANOVA P>F 0 38 cm
(15 inches)
cm (inches) Volumetric water content, cm® cm™
07/15/2010 15 (6) 0.2671 0.225 0.213
30 (12) 0.9233 0.220 0.220
46 (18) 0.4142 0.211 0.220
61 (24) 0.3922 0.216 0.219
76 (30) 0.6869 0.227 0.224
91 (36) 0.3607 0.229 0.226
107 (42) 0.7956 0.224 0.223
122 (48) 0.4920 0.218 0.214
137 (54) 0.7391 0.208 0.211
152 (60) 0.1042 0.192 0.201
168 (66) 0.1651 0.170 0.190
183 (72) 0.3910 0.158 0.172
08/11/2010 15 (6) 0.2537 0.215 0.231
30 (12) 0.3292 0.231 0.236
46 (18) 0.8221 0.205 0.207
61 (24) 0.8645 0.195 0.196
76 (30) 0.0770 0.195 b’ 0.201 a
91 (36) 0.4158 0.194 0.200
107 (42) 0.4376 0.187 0.194
122 (48) 0.6179 0.191 0.195
137 (54) 0.7132 0.192 0.195
152 (60) 0.3519 0.184 0.190
168 (66) 0.1248 0.172 0.179
183 (72) 0.1379 0.163 0.168
09/27/2010 15 (6) 0.3090 0.162 0.153
30 (12) 0.3584 0.191 0.193
46 (18) 0.6970 0.174 0.174
61 (24) 0.6808 0.161 0.162
76 (30) 0.1465 0.158 0.161
91 (36) 0.9048 0.157 0.157
107 (42) 0.5438 0.147 0.148
122 (48) 0.4410 0.148 0.149
137 (54) 0.7785 0.150 0.151
152 (60) 0.1255 0.151 0.155
168 (66) 0.2989 0.153 0.155
183 (72) 0.8681 0.156 0.157

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.18 - Soil water by depth in grain sorghum lanted in plant-1 skip-1 (P1S1)

geometry. Tribune, Kansas, 2010.

Tube position

Date Depth ANOVA P>F 0 38cn 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/15/2010 15 (6) 0.7837 0.225 0.226 0.230
30 (12) 0.0335 0237 b 0231 b 0.249 a
46 (18) 0.0028 0.225 b 0.229 b 0.240 a
61 (24) 0.0471 0.224 b 0.225 b 0.236 a
76 (30) 0.1231 0.232 0.230 0.240
91 (36) 0.7680 0.233 0.231 0.235
107 (42) 0.5053 0.224 0.220 0.221
122 (48) 0.0602 0.217 a 0.216 a 0210 b
137 (54) 0.2855 0.204 0.203 0.196
152 (60) 0.8535 0.182 0.180 0.181
168 (66) 0.4587 0.168 0.169 0.173
183 (72) 0.0309 0.164 b 0.169 a 0.170 a
08/11/2010 15 (6) 0.0536 0.225 b 0.246 a 0231 b
30 (12) 0.8073 0.244 0.247 0.242
46 (18) 0.6125 0.220 0.227 0.226
61 (24) 0.5676 0.204 0.208 0.210
76 (30) 0.1425 0.202 0.209 0.211
91 (36) 0.0538 0.203 b 0.207 ab 0.209 a
107 (42) 0.5900 0.198 0.201 0.201
122 (48) 0.1567 0.197 0.204 0.196
137 (54) 0.0302 0.193 b 0.201 a 0194 b
152 (60) 0.3505 0.181 0.186 0.185
168 (66) 0.6593 0.175 0.175 0.178
183 (72) 0.2753 0.170 0.171 0.174
09/27/2010 15 (6) 0.0078 0.172 a 0.156 b 0.143 ¢
30 (12) 0.4849 0.192 0.191 0.195
46 (18) 0.3634 0.180 0.181 0.183
61 (24) 0.2221 0.166 0.166 0.171
76 (30) 0.5312 0.164 0.164 0.167
91 (36) 0.8819 0.160 0.160 0.161
107 (42) 0.8582 0.153 0.153 0.152
122 (48) 0.1049 0.152 0.154 0.148
137 (54) 0.3183 0.160 0.166 0.156
152 (60) 0.9031 0.163 0.163 0.163
168 (66) 0.7814 0.168 0.166 0.168
183 (72) 0.7670 0.170 0.172 0.172

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.19 - Soil water by depth in grain sorghum lanted in plant-2 skip-2 (P2S2)

geometry. Tribune, Kansas, 2010.

Tube position

Date Depth ANOVA 38cm 95 cm 152 cm
P>F 0
(15 inches) (37.5inches) (60 inches)
cm (inches) Volumetric water content, cm® cm™
07/15/2010 15 (6) 0.0042 0204 c' 0.211 bc 0.226 b 0.255 a
30 (12) 0.0022 0.229 ¢ 0.236 bc 0.241 b 0.264 a
46 (18) 0.0023 0.223 ¢ 0.226 bc 0.233 b 0.249 a
61 (24) 0.0095 0.213 b 0.218 b 0.235 a 0.242 a
76 (30) 0.0118 0.228 b 0231 b 0.242 a 0.247 a
91 (36) 0.0121 0.239 b 0.240 b 0241 b 0.251 a
107 (42) 0.0389 0231 b 0232 b 0.225 b 0.239 a
122 (48) 0.3581 0.220 0.221 0.221 0.225
137 (54) 0.3543 0.211 0.217 0.209 0.215
152 (60) 0.1119 0.197 0.198 0.182 0.193
168 (66) 0.2801 0.179 0.174 0.167 0.176
183 (72) 0.3770 0.169 0.170 0.167 0.163
08/11/2010 15 (6) 0.0055 0235 b 0.216 c 0230 b 0.248 a
30 (12) 0.0214 0.257 a 0.248 a 0232 b 0.260 a
46 (18) 0.2631 0.232 0.232 0.219 0.239
61 (24) 0.3454 0.209 0.207 0.209 0.224
76 (30) 0.0702 0.205 b 0.207 b 0.214 a 0.226 a
91 (36) 0.0012 0.208 b 0.211 b 0.214 b 0.232 a
107 (42) 0.0051 0.202 b 0201 b 0.205 b 0.224 a
122 (48) 0.0043 0.196 c 0.196 ¢ 0.207 b 0.219 a
137 (54) 0.0345 0195 b 0.203 b 0.204 b 0.214 a
152 (60) 0.0983 0.192 ab 0.193 ab 0.188 b 0.200 a
168 (66) 0.1900 0.185 0.184 0.177 0.185
183 (72) 0.0693 0.176 a 0.174 a 0.168 b 0.173 a
09/27/2010 15 (6) 0.1589 0.143 0.161 0.151 0.145
30 (12) 0.4768 0.197 0.197 0.197 0.192
46 (18) 0.2228 0.189 0.186 0.185 0.182
61 (24) 0.2088 0.170 0.173 0.170 0.166
76 (30) 0.9697 0.168 0.169 0.167 0.166
91 (36) 0.1960 0.166 0.168 0.165 0.171
107 (42) 0.3005 0.158 0.159 0.156 0.162
122 (48) 0.4782 0.150 0.153 0.155 0.155
137 (54) 0.5413 0.158 0.162 0.166 0.163
152 (60) 0.2912 0.162 0.166 0.165 0.168
168 (66) 0.2375 0.165 0.170 0.169 0.166
183 (72) 0.2087 0.168 0.171 0.168 0.165

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.20 - Available soil water in 183 cm (72 i) deep cross-section, range and SD of interpolate@lues, and water use as

affected by grain sorghum planting geometry. Tribure, Kansas, 2010.

07/15/2010 08/11/2010 09/27/2010
Geometry Profile Profile Cumulative Profile Cumulative  Interval water
mm (in) vvt vyt mm (in) vvt vyt cm (in) mm (in) vyt vv? mm (in) mm (in)

Clump 151 (5.95) 0.108 0.027 126 (497) 0.092 0024 107 (419) 65 (2.54) 0.108 ab 0023 245 (9.66) 139 (5.47)
Cluster 131 (5.18) 0.107 0028 102 (4.03) 0096 0025 111 (437) 49 (1.95) 0074 c¢ 0017 241 (9.49) 130 (5.12)
Conventional 157 (6.17) 0.093 0.022 132 (5.20) 0.092 0024 106 (4.19) 59 (2.31) 0090 bc 0020 257 (10.1) 151 (5.93)
P1S1 158 (6.23) 0.112 0031 147 (578) 0.105 0027 93 (3.66) 67 (2.64) 0.117 a 0023 250 (9.84) 157 (6.18)
P2s2 167 (6.57) 0.121 0029 151 (596) 0.105 0025 97 (3.83) 71 (281) 0122 a 0023 255 (10.0) 157 (6.19)
LSD =0.10

Geometry 28 (1.09) 0.021 0.006 32 (1.25) 0.020 0004 13 (0.50) 14 (0.57) 0.019 0.004 23 (0.89) 24 (0.93)

ANOVA P>F

Effect

Geometry 0.2714 0.2567 0.1892 0.1073 0.5872 0.7500 0.1319 0.1323 0.0044 0.1177 0.7127 0.2322

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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2011
In-season precipitation in the 2011 season wasardazlow normal for the first half of
the growing season until a large precipitation ¢xenDOY 210 (Figure 2.9). Another large
event was received late in the growing seasontreguh an ending in-season precipitation of
156 mm (6.14 inches) above normal, although itexdiayo role in crop growth and development.
Cumulative in-season precipitation in 2011 was 434¢h7.09 inches) (Figure 2.10). Heat unit
accumulation was above normal throughout the 20@Wigg season, ending 500 GDD above

normal (Figure 2.11).
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Figure 2.9 - Precipitation departure from normal during grain sorghum growing season.
Tribune, Kansas, 2011.

184



450 18
— 2011 16
400 91 | —— Long-term average i
350 - 14
— )
£ 300 - -2 2
E £
S 250+ F10 S
= 2
S 200 -8 8
© 2
@ o
@ 150 - Le O
o
100 A -4
50 A )
O T T T T T T T T O
120 140 160 180 200 220 240 260 280

DOY

Figure 2.10 - Cumulative precipitation during grain sorghum growing season. Tribune,
Kansas, 2011.
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Figure 2.11 - Cumulative heat units during grain saghum growing season. Tribune,
Kansas 2011.
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Yield, yield components, water use, and water uieiency

Above-ground biomass was highest for the clustdrcamventional geometries in 2011
(P=0.0023), averaging 12.3 Mgh&11,000 Ib aé), and lowest for the skip-row geometries with
a mean of 9.35 Mg Fa(8340 Ib ad), a reduction of 24% (Table 2.21). Sorghum plaiieal
clump configuration produced an intermediate l@fédiomass, 10.7 Mg ha (9590 Ib3c
Stover production followed a similar trend as th&es no difference in HI. Grain yields were
reduced by 25% in the skip-row treatments and 8#%erclump treatment relative to the
conventional and cluster configurations (Table 2.Zillers plant' was reduced an average of
38% (P=0.0366) when sorghum was planted in a skipeonfiguration relative to the other
geometries (Table 2.21). Kernels pariicteas highest for sorghum in a conventional or elust
geometry, lowest for the skip-row treatments, andrimediate for sorghum in a clump
geometry. Reductions in kernels pariitieere somewhat offset by increased kernel weight fo
treatments with reduced kernel number, particuldmyskip-row treatments. However, yield
plant® was larger for treatments with more kerenels panhicdlthough tillering was reduced in
the skip-row treatments, the concurrent reductiokeirnels paniclé suggest that relative to the
other geometries, yield was not limited by redutdian potential kernel number. Trends in yield
plant® resembled those found in grain yield except thanp was in the top LSD grouping of
yield plant* but not grain yield.. Season water use was uriafiidoy planting geometry,
however both WUEg and WUED responded to plantiragrgry (P=0.0018 and P=0.001,
respectively) (Table 2.22). Water use efficienaydmin production was maximized when
sorghum was planted in a cluster, conventionatjump geometry and was the least for
sorghum planted in skip-row configurations. Sorghlanted in a skip-row configuration
resulted in a WUED lower than the other geometudule the highest values of WUEb were
obtained with sorghum planted in a cluster or cotieaal configuration (Table 2.22).

Grain N content was on average 12% higher for sorgplanted in the skip-row
geometries than the other treatments (P=0.006®)I€TA23), while grain P content was 19%
higher (P=0.0140). These differences in grain ratrcontent were not of large enough
magnitude to overcome the reductions in grain yietdhe associated treatments to result in

detectable effects in nutrient removal.
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Table 2.21 - Effect of planting geometry on grainarghum biomass, grain yield, and yield componentdribune, Kansas, 2011.

Harvest Tillers  Panicles Kernels Plant Kernel

- i i i i i i 1
Geometry Above-ground biomass Stover Grain yield index plant’l plant'l panicle'l population Panicle population weight Yield plant
1 1 1 1 1 4 1 1000 ha 1000 ha™
m
Mg ha™ (Ib ac™) Mgha™ (lbac™) Mgha™ (buac™) gg (1000 ac™) (1000 ac’™) g g
Clump 10.7  (9,590) bc'  4.34 (3870) bc 7.47 (119) b 0.55 12 a 2.0 1890 bc 714 (28.9) 147.2 (59.6) a 234 c 92 a
Cluster 12.3 (11,000) a 5.16 (4600) a 816 (130) a 054 13 a 2.0 2113 a 74.0 (30.0)0 1418 (57.4) ab 23.7 bc 83 a
Conventional 12.3 (11,000) ab 4.87 (4350) ab 8.15 (130) a 0.56 13 a 1.7 2018 ab 89.3 (36.2) 150.2 (60.8) a 234 c 98 ab
P1S1 100 (8,880) cd 4.15 (3700) c 6.44 (103) c 0.54 08 b 1.7 1724 cd 79.7 (32.2) 129.7 (525) b 250 a 73 b
pP2S2 8.8 (7,800) d 3.71 (3310) c 586 (93) ¢ 0.54 08 b 1.6 1693 d 79.2 (32.1) 1125 (455) c 246 ab 66 b
LSD =0.05
Geometry 1.6 (1,430) 0.63 (560) 0.69 (11) 0.02 0.4 0.4 173 149 (6.00 16.7 (6.8) 0.3 19
ANOVA P>F
Effect
Geometry 0.0023 0.0032 <0.0001 0.2885 0.0366 0.0584 <0.0001 0.1340 0.0004 0.0045 0.0236

T Letters within a column represent differences at LSD (0.05)

Table 2.22 - Effect of planting geometry on grainarghum water use, grain water use efficiency (WUEg}gnd biomass water
use efficiency (WUED). Tribune, Kansas, 2011.

Geometry Water use WUEg WUEb
. kg ha’ mm™ kg ha’ mm™
mm (in
(in) (b ac™in™) (b ac™in™)
Clump 377 (14.9) 17.0 (385) ab 28.5 (645) bc
Cluster 383 (15.1) 18.8 (425) a 32.2 (730) a
Conventional 388 (15.3) 19.1 (433) a 31.6 (717) ab
P1S1 385 (15.2) 151 (341) bc 25.8 (585) cd
p2s2 382 (15.1) 13.2 (299) ¢ 22.9 (519) d
LSD =0.05
Geometry 8 (0.3) 2.5 (57) 3.7 (84)
ANOVA P>F
Effect
Geometry 0.1155 0.0018 0.0011

T Letters within a column represent differences at LSD (0.05)
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Table 2.23 - Effect of planting geometry on sorghurgrain nutrient content and nutrient

removal. Tribune, Kansas, 2011.

Grain N Grain P

Geometry N removal P removal
content content
gkgt  kgha'(bac’) gkg®  kgha®(lbach
Clump 137 ¢ 88 (718 25 ¢ 16 (14)
Cluster 132 ¢ 95 (85) 27 bc 20 a7
Conventional 141 bc 104 (93) 27 ¢ 20 (18)
P1S1 152 ab 88 (79) 31 ab 17 (16)
P2S2 155 a 83 (74) 32 a 17 (15)
LSD =0.05
Geometry 1.2 20 (18) 0.4 4 3)
ANOVA P>F
Effect
Geometry 0.0066 0.2356 0.0140 0.1659

t Letters within a column represent differences at LSD (0.05)
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Soil water

Interpolated cross-sectional figures that visuphgsent soil water content and soil water
changes can be found in the appendix. Samplindipasiresulted in differing levels of profile
soil water for all times in 2011 (Table 2.24). Agetfirst measurement, on 13 July, the highest
levels of profile water were present in the skipaaof the P2S2 geometry (P=0.0004) with the
lowest levels present at all positions of the cluoipster, and conventional geometries, and the
0 and 38 cm (0 and 15 inch) tube positions of th8IPconfiguration. At the in-season
measurement on 27 July, the mid-skip position i82RBad a higher level of profile water than
any other position (P<0.0001). The lowest obsepredile total was the 38 cm (15 inch) clump
position. This was similar to all other positionsthe clump, cluster, and conventional
geometries. At harvest the highest levels of sailewwere found in the four P2S2 positions
(P=0.0001). The lowest levels of profile water aced at the 38 and 76 cm (15 and 30 inch)
cluster positions and was similar to observatisomfall other cluster positions, all clump and
conventional positions, and the 38 and 76 cm (Ib3ihinch) P1S1 positions (Table 2.24).
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Table 2.24 - Available soil water in 183 cm (72 i profile as affected by sampling

position in grain sorghum planting geometries. Trilune, Kansas, 2011.

Geometry Tube position 07/13/11 07/27/11 11/22/11
cm (inches) Available soil water, mm (inches)
Clump 0 123 (4.85) f g8 (3.47) fgh 76 (3.00) cd
38 (15) 123 (4.85) f g5 (3.35) h 74 (2.93) cd
76 (30) 125 (4.92) ef 86 (3.38) gh 80 (3.14) cd
Cluster 0 130 (5.12) def g9 (3.50) fgh 76 (2.98) cd
38 (15) 126 (4.96) ef g7 (3.44) fgh 73  (2.89) d
76 (30) 132 (5.21) cdef 94 (3.69) defgh 73 (2.88) d
Conventional 0 130 (5.14) def g8  (3.48) fgh 77 (3.05) cd
38 (15) 134 (5.26) cdef 91 (3.58) efgh 73 (2.86) de
pP1S1 0 131 (5.14) def 99 (3.90) cdefg 86 (3.37) bc
38 (15) 135 (5.32) cdef 103 (4.06) cde 81 (3.20) cd
76 (30) 142 (5.60) cd 109 (4.30) c 78 (3.07) cd
p2S2 0 146 (5.74) bc 107 (4.20) cd 95 (3.74) ab
38 (15) 138 (5.44) cde 101 (3.99) cdef 95 (3.75) ab
95 (37.5) 158 (6.23) ab 130 (5.13) b 106 (4.17) a
152 (60) 165 (6.48) a 154 (6.05) a 105 (4.13) a
LSD =0.10
Tube Position 14  (0.55) 14  (0.56) 12 (0.48)
ANOVA P>F
Effect
Tube Position 0.0004 <0.0001 0.0001

T Letters within a column represent differences at LSD (0.10) unless noted otherwise

Very few differences between tube positions witthpths and geometry were observed
in the measured soil water data for the clump (@&b25), cluster (Table 2.26), and conventional
(Table 2.27) geometries. Differences in the skig-tieatments were more apparent. Soil water
contents in the P1S1 configuration increased wighadce away from the planted row (Table
2.28). Near-surface soil water contents were Idwéhe skip-row area at the harvest
measurement, likely due to evaporative losses.V@&ir contents in the P2S2 geometry were
notably different by tube position across severtliepn the 27 July measurement (Table 2.29),
with higher water contents found in the middlelw# skip area. These differences persisted

through harvest at the deeper depths of the profile
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Analysis of the interpolated profile cross-sectitata revealed higher total profile water
available in the P2S2 geometry than any otherrtreat at the 13 July (P=0.0620), 27 July
(P=0.0030), and 22 November (P=0.0103) measuren(Ealde 2.30). At the 27 July
measurement, total profile water in the P1S1 coméion was less than in P2S2 but higher than
conventional, clump, or cluster. Water use fromd@ly through 27 July was highest for the
conventional and cluster geometries followed bydlienp geometry, and lowest for the skip-
row geometries, however, from 27 July through thevést measurement, the skip-row
treatments had higher water use than the other gei@n At the 27 July measurement, the
highest range and SD of interpolated values wasrgbd in the P2S2 configuration, indicating
spatially variable soil water extraction.
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Table 2.25 - Soil water by depth in grain sorghum lanted in clump geometry. Tribune,
Kansas 2011.

Tube position

Date Depth ANOVA P>F 38 cm 76 cm

0 (15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/13/2011 15 (6) 0.4631 0.192 0.204 0.194
30 (12) 0.0313 0.213 b' 0.208 b 0.222 a
46 (18) 0.3285 0.216 0.215 0.221
61 (24) 0.8940 0.221 0.222 0.220
76 (30) 0.3737 0.218 0.211 0.212
91 (36) 0.4140 0.206 0.201 0.208
107 (42) 0.8938 0.199 0.198 0.200
122 (48) 0.7512 0.188 0.185 0.186
137 (54) 0.9918 0.174 0.174 0.174
152 (60) 0.6792 0.170 0.172 0.170
168 (66) 0.1577 0.171 0.174 0.171
183 (72) 0.0934 0.176 b 0.180 a 0.176 b
07/27/2011 15 (6) 0.2595 0.172 0.182 0.174
30 (12) 0.2733 0.177 0.175 0.184
46 (18) 0.3774 0.166 0.167 0.171
61 (24) 0.6959 0.169 0.164 0.166
76 (30) 0.1102 0.178 0.162 0.165
91 (36) 0.4121 0.179 0.170 0.174
107 (42) 0.9138 0.183 0.181 0.182
122 (48) 0.8490 0.185 0.183 0.183
137 (54) 0.6487 0.178 0.176 0.174
152 (60) 0.4833 0.173 0.176 0.173
168 (66) 0.8518 0.174 0.175 0.174
183 (72) 0.7422 0.178 0.181 0.178
11/22/2011 15 (6) 0.7823 0.229 0.234 0.232
30 (12) 0.0287 0.225 a 0.215 b 0.233 a
46 (18) 0.0410 0.202 a 0.189 b 0.210 a
61 (24) 0.2136 0.178 0.168 0.178
76 (30) 0.1374 0.156 0.148 0.155
91 (36) 0.5494 0.145 0.145 0.147
107 (42) 0.8633 0.145 0.146 0.146
122 (48) 0.1071 0.145 0.148 0.147
137 (54) 0.1523 0.146 0.150 0.148
152 (60) 0.1341 0.150 0.154 0.150
168 (66) 0.1055 0.153 0.159 0.153
183 (72) 0.2449 0.162 0.167 0.159

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.26 - Soil water by depth in grain sorghum lanted in cluster geometry. Tribune,
Kansas 2011.

Tube position

Date Depth ANOVA P>F 0 38cn 76 cm
(15 inches) (30 inches)

cm (inches) Volumetric water content, cm® cm™

07/13/2011 15 (6) 0.3426 0.199 0.197 0.206

30 (12) 0.1418 0.222 0.214 0.220

46 (18) 0.4218 0.222 0.218 0.222

61 (24) 0.6001 0.218 0.221 0.218

76 (30) 0.8372 0.213 0.215 0.215

91 (36) 0.5703 0.207 0.199 0.208

107 (42) 0.2242 0.203 0.195 0.206

122 (48) 0.2393 0.198 0.193 0.199

137 (54) 0.3396 0.185 0.180 0.185

152 (60) 0.8363 0.175 0.174 0.174

168 (66) 0.6822 0.172 0.175 0.172

183 (72) 0.5278 0.175 0.180 0.179
07/27/2011 15 (6) 0.2211 0.176 0.179 0.183

30 (12) 0.8032 0.177 0.176 0.177

46 (18) 0.8323 0.167 0.167 0.168

61 (24) 0.7116 0.164 0.164 0.168

76 (30) 0.7779 0.166 0.165 0.169

91 (36) 0.2334 0.174 0.170 0.179

107 (42) 0.4392 0.187 0.184 0.191

122 (48) 0.0761 0.189 ab' 0.184 b 0.192 a

137 (54) 0.0645 0.186 a 0.180 b 0.187 a

152 (60) 0.1913 0.180 0.176 0.179

168 (66) 0.5467 0.175 0.179 0.176

183 (72) 0.4325 0.175 0.183 0.180
11/22/2011 15 (6) 0.8504 0.233 0.233 0.235

30 (12) 0.1096 0.226 0.218 0.219

46 (18) 0.0335 0.203 a 0.196 b 0192 b

61 (24) 0.1359 0.174 0.170 0.163

76 (30) 0.4261 0.153 0.149 0.149

91 (36) 0.8258 0.145 0.143 0.144

107 (42) 0.5303 0.146 0.143 0.148

122 (48) 0.4656 0.146 0.144 0.148

137 (54) 0.1164 0.146 0.145 0.149

152 (60) 0.1878 0.149 0.151 0.150

168 (66) 0.0904 0.151 b 0.159 a 0.154 ab

183 (72) 0.4361 0.159 0.167 0.163

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.27 - Soil water by depth in grain sorghum janted in conventional geometry.
Tribune, Kansas 2011.

Tube position

Date Depth ANOVA P>F 0 38 cm
(15 inches)
cm (inches) Volumetric water content, cm® cm™
07/13/2011 15 (6) 0.2908 0.192 0.203
30 (12) 0.2832 0.216 0.220
46 (18) 0.7132 0.223 0.224
61 (24) 0.6201 0.218 0.220
76 (30) 0.8397 0.215 0.216
91 (36) 0.2376 0.208 0.212
107 (42) 0.7338 0.204 0.205
122 (48) 0.8709 0.196 0.196
137 (54) 0.9113 0.186 0.186
152 (60) 0.6731 0.178 0.176
168 (66) 0.7941 0.175 0.175
183 (72) 0.3222 0.180 0.178
07/27/2011 15 (6) 0.3466 0.178 0.182
30 (12) 0.7517 0.181 0.182
46 (18) 0.1454 0.168 0.171
61 (24) 0.6118 0.161 0.163
76 (30) 0.9801 0.164 0.163
91 (36) 0.7248 0.170 0.172
107 (42) 0.3172 0.180 0.184
122 (48) 0.2413 0.186 0.189
137 (54) 0.8360 0.187 0.186
152 (60) 0.9883 0.181 0.181
168 (66) 0.8371 0.178 0.178
183 (72) 0.1954 0.183 0.179
11/22/2011 15 (6) 0.9843 0.234 0.234
30 (12) 0.0545 0231 a' 0224 b
46 (18) 0.0494 0.208 a 0.197 b
61 (24) 0.0379 0.178 a 0.169 b
76 (30) 0.1523 0.151 0.149
91 (36) 0.2864 0.143 0.144
107 (42) 0.0633 0.142 b 0.144 a
122 (48) 0.5273 0.144 0.144
137 (54) 0.4926 0.148 0.147
152 (60) 0.6750 0.151 0.149
168 (66) 0.7883 0.152 0.152
183 (72) 0.0917 0.160 a 0.158 b

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.28 - Soil water by depth in grain sorghum lanted in plant-1 skip-1 (P1S1)

geometry. Tribune, Kansas, 2011.

Tube position

Date Depth ANOVA P>F 0 38cn 76 cm
(15 inches) (30 inches)
cm (inches) Volumetric water content, cm® cm™
07/13/2011 15 (6) 0.0184 0.199 b’ 0.207 b 0.223 a
30 (12) 0.0396 0.224 b 0225 b 0.238 a
46 (18) 0.0076 0.221 b 0226 b 0.235 a
61 (24) 0.0573 0.220 b 0.225 ab 0.229 a
76 (30) 0.1730 0.216 0.220 0.221
91 (36) 0.9176 0.208 0.209 0.210
107 (42) 0.4177 0.200 0.204 0.204
122 (48) 0.2633 0.193 0.197 0.198
137 (54) 0.7359 0.184 0.188 0.185
152 (60) 0.9877 0.175 0.174 0.174
168 (66) 0.7979 0.174 0.171 0.173
183 (72) 0.9886 0.177 0.176 0.176
07/27/2011 15 (6) 0.7891 0.185 0.189 0.187
30 (12) 0.4688 0.187 0.187 0.190
46 (18) 0.0077 0176 b 0.180 b 0.188 a
61 (24) 0.0166 0.176 b 0179 b 0.189 a
76 (30) 0.0023 0.178 ¢ 0.186 b 0.195 a
91 (36) 0.0480 0.183 b 0.190 a 0.193 a
107 (42) 0.1705 0.187 0.193 0.196
122 (48) 0.2905 0.188 0.192 0.194
137 (54) 0.5926 0.185 0.187 0.188
152 (60) 0.6840 0.180 0.177 0.180
168 (66) 0.6441 0.178 0.173 0.175
183 (72) 0.8347 0.181 0.179 0.178
11/22/2011 15 (6) 0.0032 0.239 a 0226 b 0.214 ¢
30 (12) 0.0064 0.234 a 0225 b 0.209 ¢
46 (18) 0.0777 0.210 a 0.206 a 0190 b
61 (24) 0.1120 0.189 0.184 0.174
76 (30) 0.5378 0.166 0.163 0.161
91 (36) 0.2624 0.149 0.150 0.153
107 (42) 0.1440 0.148 0.148 0.153
122 (48) 0.0553 0.148 b 0.151 ab 0.155 a
137 (54) 0.1431 0.148 0.150 0.155
152 (60) 0.0749 0151 b 0.150 b 0.156 a
168 (66) 0.2124 0.154 0.153 0.159
183 (72) 0.2784 0.159 0.000 0.166

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.29 - Soil water by depth in grain sorghum lanted in plant-2 skip-2 (P2S2)

geometry. Tribune, Kansas, 2011.

Tube position

Date Depth ANOVA 38 cm 95cm 152 cm
P>F 0
(15 inches) (37.5inches) (60 inches)
cm (inches) Volumetric water content, cm® cm™
07/13/2011 15 (6) 0.0003 0199 b' 0.192 b 0.236 a 0.234 a
30 (12) 0.0001 0219 b 0.215 b 0.247 a 0.251 a
46 (18) 0.0019 0.226 ¢ 0.219 ¢ 0236 b 0.249 a
61 (24) 0.0099 0.227 b 0.217 ¢ 0229 b 0.242 a
76 (30) 0.6339 0.224 0.219 0.224 0.227
91 (36) 0.4995 0.219 0.212 0.222 0.216
107 (42) 0.3780 0.212 0.208 0.215 0.212
122 (48) 0.7154 0.212 0.206 0.205 0.207
137 (54) 0.8091 0.199 0.199 0.200 0.204
152 (60) 0.9361 0.190 0.190 0.192 0.193
168 (66) 0.8174 0.183 0.182 0.184 0.189
183 (72) 0.5197 0.179 0.181 0.182 0.190
07/27/2011 15 (6) 0.0014 0.186 ¢ 0.185 ¢ 0.204 b 0.227 a
30 (12) 0.0006 0.180 ¢ 0.185 ¢ 0.206 b 0.242 a
46 (18) 0.0005 0.175 ¢ 0.176 c 0201 b 0.234 a
61 (24) 0.0044 0.174 ¢ 0.167 ¢ 0.198 b 0.228 a
76 (30) 0.0243 0.182 bc 0.170 ¢ 0.201 ab 0.213 a
91 (36) 0.0227 0.185 b 0175 b 0.203 a 0.208 a
107 (42) 0.0360 0192 b 0.188 b 0.206 a 0.205 a
122 (48) 0.5598 0.199 0.196 0.201 0.204
137 (54) 0.4936 0.196 0.190 0.198 0.200
152 (60) 0.4260 0.192 0.192 0.198 0.194
168 (66) 0.8301 0.187 0.188 0.188 0.192
183 (72) 0.4225 0.186 0.186 0.185 0.195
11/22/2011 15 (6) 0.7127 0.237 0.225 0.239 0.225
30 (12) 0.4127 0.231 0.235 0.230 0.224
46 (18) 0.5634 0.213 0.219 0.206 0.207
61 (24) 0.8569 0.193 0.196 0.187 0.192
76 (30) 0.9982 0.173 0.174 0.174 0.174
91 (36) 0.1058 0.159 0.158 0.171 0.165
107 (42) 0.0111 0.155 b 0.154 b 0.168 a 0.167 a
122 (48) 0.3101 0.159 0.158 0.166 0.168
137 (54) 0.0222 0.155 b 0.154 b 0.168 a 0.171 a
152 (60) 0.0381 0.157 b 0.159 b 0.173 a 0.170 a
168 (66) 0.0785 0.160 c 0.162 bc 0.171 ab 0.176 a
183 (72) 0.1567 0.166 0.167 0.176 0.182

T Letters within a row represent differences within a geometry, time, and depth at LSD (0.10)
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Table 2.30 - Available soil water in 183 cm (72 i) deep cross-section, range and SD of interpolate@lues, and water use as

affected by grain sorghum planting geometry. Tribure, Kansas, 2011.

07/13/2011 07/27/2011 11/22/2011
Geometry
Profile available Profile available Cumulative water Profile available Cumulative
water Range  SD water Range SD use water Range  SD water use Interval water use
mm (in) vvt vyt mm (in) vv? vv! mm (in) mm (in) vvt vyt mm (in) mm (in)

Clump 125 (4.92) b 0.076 0.019 86 (3.38) ¢ 0.052 b 0.012 ab 66 (2.60) b 81 (3.21) b 0103 0.033 377 (149) 311 (123) b
Cluster 129 (5.09) b 0.064 0.018 89 (351) ¢ 0.039 c 0.010 b 67 (2.64) ab 80 (3.14) b 0.112 0.034 383 (15.1) 316 (125) b
Conventional 135 (5.32) b 0.074 0.019 91 (357) ¢ 0039 c 0.011 b 71 (2.81) a 81 (3.18) b 0.103 0.036 388 (15.3) 317 (125) b
P1S1 138 (5.43) b 0.078 0.020 105 (4.12) b 0.037 ¢ 0.009 b 60 (2.37) c 87 (341) b 0.097 0.031 385 (152) 325 (12.8) a
P2S2 154 (6.06) a 0.082 0.019 123 (4.86) a 0.079 a 0.015 a 59 (2.31) ¢ 106 (4.17) a 0.102 0.029 382 (15.1) 324 (128) a
LSD =0.10

Geometry 15 (0.59) 0.015 0.006 13  (0.52) 0.020 0.003 5 (0.19) 11 (0.43) 0.019 0.005 7 (0.3) 6 (0.2)

ANOVA P>F

Effect

Geometry 0.0620 0.3331 0.9671 0.0030 0.0007 0.0717 0.0048 0.0103 0.3882 0.1561 0.1155 0.0061

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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2009-2011 Across-years

Yield, yield components, water use, and water uieiency

When evaluated across years, sorghum plantedneresf the skip-row configurations
resulted in 26% less above-ground biomass relédiviee mean of the other geometries
(P<0.0001) (Table 2.31). Harvest index was unaéitty planting geometry, thus differences in
grain yield (P<0.0001) mirrored the response ofvabground biomass (Table 2.31). Reduced
grain yields in the skip row treatment resultedvfreeductions in panicles plah(P=0.0160) and
kernels paniclé (P=0.0044) despite having increased kernel wéh0.0046) (Table 2.31).
Plant population was affected by geometry, althahghreduced value for the cluster treatment
is driven by the planter mechanical error in 20D&ferences in panicle population among
treatments were more influential in grain yieldriltafferences in plant population. Sorghum
planted in either of the skip-row treatments ha#%28ss harvestable panicles than sorghum
planted in the clump or conventional geometry (P802) (Table 2.31). Yield plahtwas
reduced 34% in the skip-row geometries relativhéoclump and cluster geometries. Plant
population was numerically higher for conventiopglanted sorghum in two of the three years,
resulting in an intermediate value for yield pfanivater use efficiency for grain production was
minimized with sorghum planted in either of thepskbw treatments relative to the other
geometries (P=0.0022) (Table 2.32). Water useieffay for biomass production was highest
(P=0.0210) for sorghum grown in a clump or convami geometry, lowest in a P2S2 geometry,
and intermediate for the P1S1 and cluster geonsetrie

Grain nutrient contents across years were unaffdoyeplanting geometry (Table 2.33),
although the affects of differences in grain N emitin 2011 are evident in the across-years
means. Differences in nutrient removal were driggmarily by differences in grain yield and
not grain nutrient content (Table 2.33) despite euncally higher means for grain nutrient

content resulting from the 2011 crop year.
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Table 2.31 - Effect of planting geometry on grainarghum biomass, grain yield, and yield componentSribune, Kansas, 2009-

2011.
Above-ground i Panicles Kernels Yield
Geometry . g + Stover Grain yield H_arvest T|IIeri 1 .1 Plant population Panicle population Ke.rnel 1
biomass index  plant plant panicle weight plant
Mg ha™ (Ib ac™) Mg ha® (lbac?) Mg ha® (bu ac™) * 1000 ha'* 1000 ha mg g
9 g 9 99 (1000 ac™) (1000 ac™)
Clump 112  (9,960) a* 450 (4020) ab 7.66 (122) a 053 1.8 25 ab 1757 ab 68.5 (27.7) bc 163.4 (66.1) a 228 b 98 a
Cluster® 10.8 (9,660) a 4.41 (3930) ab 7.56 (120) a 0.53 2.1 27 a 1878 a 59.3 (24.0) ¢ 150.5 (60.9) ab 234 ab 110 a
Conventional  12.0 (10,700) a 4.98 (4440) a 8.01 (128) a 0.52 2.1 21 bc 1774 ab 845 (342) a 1711 (69.2) a 229 b 83 b
P1s1 8.8 (7,880) b 3.70 (3300) bc 599 (96) b 052 1.6 19 ¢ 1610 bc 75.8 (30.7) ab 131.7 (53.3) bc 241 a 70 bc
pP2s2 7.9 (7,000) b 344 (3070) ¢ 534 (8) b 051 1.7 19 ¢ 1573 ¢ 719 (29.1) b 1256 (50.8) c 240 a 65 c
LSD = 0.05
Geometry 1.6 (1450) 0.95 (850) 0.68 (11) 0.02 0.6 0.5 172 112 (4.5) 218 (8.8) 0.2 15
ANOVA P>F
Effect
Geometry <0.0001 0.0143 <0.0001 0.1577 0.2171 0.0160 0.0044 0.0008 0.0002 0.0046 <0.0001

T Table values are least square means and may differ from across-years arithmetic means.
T Letters within a column represent differences at LSD (0.05)
¥ Potentially affected by a planting error in 2009.
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Table 2.32 - Effect of planting geometry on grainarghum water use, grain water use efficiency (WUEg)ynd biomass water
use efficiency (WUED). Tribune, Kansas, 2009-2011.

Geometry Water use WUEg WUEDb
kg ha’ mm™ kg ha' mm™
mm (in) gha mm o
(lbac™in™) (lbac™in™)
Clump 324 (22.7) 214 (486) a 36.0 (816) a
Cluster* 320 (12.6) 20.5 (464) a 34.5 (781) ab
Conventional 325 (12.8) 22.1 (502) a 37.4 (847) a
P1S1 323 (12.7) 16.2 (368) b 27.8 (631) bc
pP2S2 313 (12.3) 14.8 (336) b 26.1 (591) c
LSD = 0.05
Geometry 45 (1.8) 4.2 (95) 8.0 (181)
ANOVA P>F
Effect
Geometry 0.9872 0.0022 0.0210

t Letters within a column represent differences at LSD (0.05)
T Potentially affected by a planting error in 2009.
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Table 2.33 - Effect of planting geometry on sorghurgrain nutrient content and nutrient

removal. Tribune, Kansas, 2010-2011.

Across Years

Grain N Grain P
Geometry N N removal P removal
content content
g kg™ kg ha™ (Ib ac™) g kg™ kg ha™ (Ib ac™)
Clump 15.6 109 97) a' 3.3 23 (20) ab
Cluster 14.9 106 (94) ab 3.4 24 (22) a
Conventional 15.8 119 (106) a 3.3 25 (22) a
P1S1 16.4 90 (81) bc 35 19 (17) b
P2S2 16.7 78 (69) ¢ 3.8 18 (16) b
LSD =0.05
Geometry 1.6 16 (14) 0.6 5 4
ANOVA P>F
Effect
Geometry 0.1909 0.0001 0.3400 0.0269

t Table values are least square means and may differ from across-years arithmetic means.
¥ Letters within a columnrepresent differences at LSD (0.05)
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Soil water

Interpolated cross-sectional figures that visuphgsent soil water content and soil water
changes can be found in the appendix. Measureroéptsfile soil water from individual years
were grouped by cumulative GDD since planting arglsum developmental stage to perform
an across-years analysis. At the early vegetatviad, which on average occurred 1298 GDD
after planting, differences between tube positiwage observed (Table 2.34). The highest level
of profile soil water was present in the middleloé skip of the P2S2 geometry followed by the
95 cm (37.5 inch) P2S2 position. The lowest levgirofile water occurred at the (30 inch)
cluster position, similar to the cluster 0 and &8(© and 15 inch) positions and the clump 38 cm
(15 inch) position. At the flower / grain fill timef measurement, typically around 1826 GDD,
the highest level of soil water was present inrttedle of the skip of the P2S2 geometry (Table
2.34). The lowest values were present in all cluohpster, and conventional positions as well as
the P1S1 in-row and P2S2 between-rows positionbaAtest the highest levels of profile soil
water occurred at all four positions of the P2S@ngetry (Table 2.34). The lowest levels of soll

water occurred in the three positions of the cluseatment.
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Table 2.34 - Available soil water in 183 cm (72 i profile as affected by sampling

position in grain sorghum planting geometries. Trilune, Kansas, 2009-2011.

. Early vegetative Flower / grain fill
Geometry Tube position Harvest
(1298 GDD) (1826 GDD)
cm (inches) Available soil water, mm (inches)
Clump 0 143 (5.64) cd 110 (4.32) de 81 (3.18) bc
38 (15) 138 (5.43) def 106 (4.16) de 77  (3.02) cd
76 (30) 141 (5.53) de 109 (4.29) de 80 (3.14) c
Cluster 0 130 (5.12) ef 105 (4.14) de 69 (2.73) de
38 (15) 130 (5.12) ef 101 (3.97) e 68 (2.66) e
76 (30) 129 (5.08) f 103 (4.05) de 65 (2.56) e
Conventional 0 141 (5.54) cd 111 (4.37) cde 79 (3.12) c
38 (15) 142 (5.59) cd 109 (4.31) de 77  (3.02) cd
P1S1 0 142 (5.59) cd 113 (4.46) cde 81 (3.19) bc
38 (15) 143  (5.65) cd 116  (4.55) cd 79 (311 c
76 (30) 152 (5.97) bc 122 (4.82) bc 78 (3.09) c
P2s2 0 145 (5.73) cd 113 (4.46) cde 90 (3.53) ab
38 (15) 147 (5.81) bcd 116  (4.55) cd 93 (3.66) a
95 (37.5) 157  (6.19) ab 133 (5.24) ab 95 (3.75) a
152 (60) 166 (6.52) a 146 (5.73) a 92 (3.61) a
LSD =0.10
Tube Position 11 (0.43) 13 (0.51) 9 (0.35)
ANOVA P>F
Effect
Tube Position <0.0001 <0.0001 <0.0001

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Analysis of the interpolated soil water contentas years at the early vegetative,
flower / grain fill, and harvest timings revealeddtment effects on profile available water and
water use (Table 2.35). At the early vegetativertgrthe highest levels of available water in the
profile cross-section were present in the P2S2igordtion (P=0.0378) with similar levels
present in the P1S1 and conventional geometriesidieest levels of available water in the
profile cross-section were evident in the clump aludter geometries. When measured at flower
/ grain fill, the profile cross-section under sanghin a P2S2 configuration had 130 mm (5.10
inches), more available soil water than any otreatment except P1S1 (P=0.0342). The lowest
amount of soil water was found in the cluster cgufation and was similar to clump and
conventional with a mean profile available watel68 mm (4.26 inches). The range in
interpolated values was also highest for the P282ngtry (P=0.0661), indicating a more
uneven spatial distribution of soil water in thefile. Cumulative water use from early
vegetative to flowering / grain fill was highest frghum in a clump, cluster, or conventional
configuration (P=0.0315) compared to the P1S1 &®PRyjeometries. Differences in profile
water content remained at harvest time with théédsglevel found with the P2S2 geometry
(P=0.0018). Profile water contents for the clunmgnwentional, and P1S1 configurations were
intermediate in nature and the least availablevgaier was found under the cluster treatment.
Water use from flowering / grain fill through phgkigical maturity was higher for the skip-row
treatments than either clump or cluster (P=0.0438).
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Table 2.35 - Available soil water in 183 cm (72 i) deep cross-section, range and SD of interpolate@lues, and water use as
affected by grain sorghum planting geometry. Tribure, Kansas, 2009-2011.

Early vegetative (1187 GDD) Flower / grain fill (1826 GDD) Harvest
Geometry T
Profile available Profile available Cumulative Interval rp e Cumulative  Interval water
Range SD Range SD available  Range SD
water water water use water use water water use use
mm (in) vvl vyt mm (in) vyt vyt mm (in) mm (in) mm (in) vvl vyt mm (in) mm (in)
Clump 150 (5.92) bc 0.091 0.023 114 (4.51) bc 0.072 b 0.018 109 (4.29) a 73 (2.88) 82 (3.21) b 0.116 0.032 328 (12.92) 198 (7.80) b
Cluster 141 (5.55) ¢ 0.090 0.025 103 (4.07) ¢ 0.070 b 0.019 110 (433) a 75 (2.93) 72 (2.85) ¢ 0.116 0.031 327 (12.88) 196 (7.72) b
Conventional 155 (6.11) ab 0.086 0.021 119 (4.67) ab 0.069 b 0.018 109 (4.29) a 67 (2.64) 82 (3.23) b 0.109 0.031 332 (13.07) 202 (7.96) ab
P1S1 156 (6.14) ab 0.090 0.024 128 (5.03) ab 0.070 b 0.018 101 (3.97) b 71 (2.78) 83 (3.25) b 0.118 0.031 332 (13.08) 210 (8.25) a
pP2S2 164 (6.44) a 0.098 0.024 137 (5.40) a 0.086 a 0.019 99 (3.88) b 70 (2.74) 97 (3.80) a 0.120 0.030 325 (12.81) 207 (8.15) a
LSD =0.10
Geometry 12  (0.46) 0.011 0.003 13 (0.52) 0.011 0.003 6 (0.23) 9 (0.36) 9 (0.35) 0.013 0.003 10 (0.38) 8 (0.33)
ANOVA P>F
Effect
Geometry 0.0378 0.5190 0.3222 0.0016 0.0834 0.9466  0.0028 0.6277 0.0018 0.7082 0.8012 0.7025 0.0438

T Letters within a column represent differences at LSD (0.10) unless noted otherwise
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Discussion

Above-ground biomass and grain yield

Planting grain sorghum in a skip-row configuratiparticularly P2S2, resulted in
less above-ground biomass and grain yield thawottiner geometries in all years.
Reduction of biomass production in skip-row plagsimas been observed in several
environments abroad (Blum and Naveh, 1976; FukaiFoale, 1988) as well as the
southern High Plains (Jones and Johnson, 199tprtrast to the findings of Bandaru et
al. (2006) and Kapanigowda et al. (2010) there measeduction in above-ground
biomass for the clump geometry relative to the emional configuration. Bandaru et al.
(2006) and Kapanigowda et al. (2010), using sewdfi@rent hybrids including Pioneer
8699 and Dekalb 39Y, reported that the reductidniemass for the clump treatment
resulted primarily from reduced tillering. In thetudy, the clump geometry was effective
in reducing tillering in only one of three yearsithVho effective reduction in tillering,
the mechanism by which clump planting was showrtiuce above-ground biomass was
inhibited.

Reduced grain yields in skip-row compared with @ntional geometry is not a
particularly unique observation. It is well estahkd that wider row spacing or the use of
a skip-row system would reduce light interceptioet, radiation, and thus plant growth
and yield when RUE is not limited by water stresar( and Davis, 2003). Multi-year
average grain sorghum yields at the study sitthercontext of a wheat-sorghum-fallow
rotation, have been reported as 4.4 Mg (%0 bu a¢) to 6.2 Mg h& (99 bu ad)

(Schlegel 2013a, 2013b). All three years of thegfroduced average to above average
grain yields for the site with means of 5.81, 788 7.22 Mg ha (93, 117, and 115 bu.
ach) in 2009, 2010, and 2011, respectively. The yialtisined in this study indicate that
water supplies were adequate to support a higkel ¢ light interception than
accomplished by the skip-row treatments. Otherare$ers have used the yield of the
conventional geometry or the mean of geometrietefme the environmental threshold
above which skip-row plantings intercept inadequexels of light to maximize plant
growth and yield. In central and western Nebragkainyewa et al. (2010) reported that
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sorghum in a conventional geometry produced higledds than several skip-row
configurations when the mean vyield across geonsettieeeded 4.5 Mg 1472 bu at)
and recommended skip-row techniques be used wloevirgy season water supply (sum
of 120 cm soil profile water at planting and in-sea precipitation) was expected to be
<675 mm (26.6 inches). Lower thresholds have beparted in Australia with
Spackman et al. (2001) and Routley et al. (2008) ptacing the threshold at 2.5 Mg ha
1 (40 bu ad). In Ethiopia, stover and grain yield were redubgdskip row planting when
yields of the conventional treatment were near 3Hdty(48 bu a&). Clark and Knight
(1996), in the southern High Plains, reported &dyiilgcrease with skip-rows at yields of
<2 Mg ha, but a yield decrease at yield levels of 3 Mg (#8 bu at). Jones and
Johnson (1991), also working in the southern HilginB, found no yield difference
between conventional and P1S1 at a yield level&My ha® (54 bu at), but yields
were reduced by skip-row when conventional yielésexbetween 4.5 and 5.6 Mgtha
(71 and 90 bu &9. For the environments and hybrid included inghesent study the
threshold where skip-row treatments provide an athge could not be determined but
would have been less than a conventional yield 67 &1g ha' (108 bu at), the lowest
conventional yield observed in this study.

The other alternative geometries, clump and clupteduced similar grain yields
to conventional planting, with the exception ofrojuplanted sorghum in 2011. The
findings of this study partially agree with the ebstions of Bandaru et al. (2006) in the
southern High Plains, who reported a yield advanfagclump planted sorghum when
yields were below 3 Mg Ha(48 bu at), but no difference to a slight reduction at yield
of 5 Mg ha' (80 bu ad). In 2010, there was no difference between corierat and
clump planted sorghum with an average vield of 683 2a* (110 bu ac). However, in
2011 conventional yields were (119 butgand higher than clump planting. This
suggests that the threshold yield for advantagbsadvantage of clump planting relative
to conventional may be near this yield level. Adbaial work in the southern High Plains
found no yield differences between clump and cotigeally planted sorghum at
conventional yield levels of 3.8 Mg 461 bu a¢) (Kapanigowda et al., 2010). The
results of this study show that relative to conigrdl planting, the threshold yield
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between negative and positive response for a chungfuster configuration is much

higher than for skip-row.

Harvest index

Harvest indices in this study were exceptionallyhhitypically falling near the
upper-bound genetic harvest index for grain sorgbtithh53 (Prihar and Stewart, 1990),
indicating that stress had not reduced harveskiidg. Harvest index was only affected
in one of the three study years, 2010, when theR28figuration resulted in a Hl less
than the clump, P1S1, and conventional geometiestley et al. (2003) reported
consistently higher HI for skip-row plants, althdudpeir yield environments was lower
than those encountered in this study. In otheristy@t higher yields, HI has been found
to be relatively unaffected by skip-row plantindhfimas et al., 1981; Jones and Johnson,
1991). The absence of increased HI for clump coethtr conventional planted sorghum
is contrary to previous findings in the southerglPlains (Bandaru et al., 2006).
However, no differences were observed in anothetysat this site while using the same
hybrid, although numerical trends of higher HI &wump plantings were consistent
(Bandaru et al., 2006). Kapanigowda et al. (20bhowsed that clump planting reduced
tillering and increased the survival rate of renvagrtillers. This reduction in tiller
biomass and increase in tiller grain productiomitesl in higher tiller HI while HI of the
main culm was unaffected by planting geometry.threowords, the mechanism for
increasing HI through clump planting resulted frieduced tillering and increased HI of
remaining tillers. In the present study, tilleriryen in the conventional treatments, was
at a relatively low level. Due to these condititine mechanism by which Hl is increased

by clump planting was inhibited.

Tillers plant®
Tillers plant' was consistently lower for sorghum planted inesithf the skip-
row configurations than in a conventional or clustenfiguration. This was reflected in
reduced panicle population relative to the clumg eonventional treatments in all years
and to the cluster treatment in 2010. Planting $Rip-row configuration decreases plant-
to-plant spacing within the row which has been shéovreduce tillering even when plant

density was held constant (Staggenborg et al., ;199€kler and Wearden, 1965). The
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reduction of tillering by planting in a skip-row mitiguration has been observed by other
researchers (Blum and Naveh, 1976; Fukai and Fba&8).

Cluster, clump, and conventional geometries prodsimilar tillers plarit
except in 2009 when the clump treatment producedavest tillers plant of any
geometry. Previous work in the southern High Plaind at the present study location has
consistently observed a reduction in tillers pfaior clump planted sorghum relative to
conventional (Bandaru et al., 2006; Haag and Sehl2§09; Kapanigowda et al., 2010;
Krishnareddy et al, 2010) even when grain yield weaffected. Several possible
explanations exist for the lack of response ingfesent study. Initiation of tillering in
grain sorghum was shown to be regulated by supplyde@mand of assimilate within the
plant (Kim et al., 2010; Lafarge and Hammer, 20@2pilable soil water at planting was
higher in 2009 than either 2010 or 2011, additignfabm planting forward, in-season
precipitation was above normal for the growing seasvhereas in 2010 and 2011 in-
season precipitation was at or below normal thraatgeast DOY 208. With ample
supplies of water available, more assimilate wdade been produced, thus supporting
tiller initiation. Light quality, especially R:RFatio (Casal et al., 1986) has been shown to
affect tillering as well, and is believed to beravithg mechanism resulting from clump
planting (Krishnareddy et al., 2010), most likelyregulating cessitation of tiller growth
(Lafarge and Hammer, 2002). Additional influencetloa light ratio may have been
provided by wheat stubble residue, which resul& liower R:FR ratio than soll
(Kasperbauer, 1999). The favorable conditions egpeed during the time of this study
may have resulted in assimilate production withia plant of such supply that light
quality influences were insufficient to curtailést growth.

The overall level of tillering observed in this gyuwas relatively low, so the
guestion may not be why tillering was not supprésbet rather, why tillering in the
conventional treatment was not more evident. Onienpial explanation stems from the
findings of Lafarge et al. (2002). They reportedtttiller initiation on lower axils was
driven by surplus assimilate in the main culm whiiler initiation on upper axils was
influenced by R:FR light ratio. Data were not cotéd on the location of tillers in this
study, however it is plausible that the tillersgaet were from lower axils while tillering
was inhibited from upper axils due to planting getny affecting R:FR ratio. This
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mechanism however fails to explain the low tillgriof the conventionally planted
sorghum. Additionally, differences among hybridsheir propensity to tiller is well
documented (Larsen and Vanderlip, 1994; Caraveth,e1990). Short-season hybrids,
such as the one used in this study, tend to profdweer tillers due to less surplus
assimilate (Baumhardt and Howell, 2006; Lafargalet2002). It is noteworthy that
clump planted sorghum did produce the lowest §ill@ant' of any geometry in 2009, the
year of lowest yields, and the year where clumptolg possessed a numerical yield
advantage over conventional planting. This wouladdesistent of the responses seen by
other researchers. The reduced available plantrwag910 and 2011 would have likely
resulted in less assimilate production within thenp thus tillering was limited across all
geometries due to resource scarcity. Tiller indawould have occurred during a time of
ample plant available water in 2009, allowing piagigeometry to play a role in limiting

tiller development rather than assimilate availgbil

Kernels paniclé" and kernel weight

Reduced grain yields in the clump geometry in 26drtesponded with a
reduction in kernels panicfeelative to the conventional and cluster configiorat and
reduced kernel weight relative to the cluster aqqunfation. Kernel number in sorghum is
influenced by the rate of dry matter accumulatiog-gnthesis (Muchow et al., 1982).
When stress occurs pre-anthesis, kernel numbediged (Krieg and Lascano, 1990). In
the absence of water stress kernel number, viardyer accumulation rate, would be
reduced with reduced light interception as likelppens in the clump treatment. This
response, due to decreased light interceptionsasevident in reduced kernel number for
the skip-row treatments in 2009 and in the acresas/analysis. Kernels panitleas
reduced in the skip-row treatments despite a sanaltbus reduction in panicle population
via reduced tillering. A reduction in panicles pait land area is typically accompanied
by an increase in kernels paniti@hen resources, principally light, are non-limifirn
other studies with yield responses to planting getoynkernels paniclehas been
regarded as the most responsive yield componemwinf@k et al., 1981). This reduction in
kernel number and accompanying reduction in therglase sink size at grain fill

resulted in a corresponding increase in kernel mtelgernel weight tended to be highest
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for the skip row treatments relative to conventlaral clump treatments as reflected in
the across-years analysis.

Kernel weight was most affected by planting geoynetr2011 while numerical
advantages for the skip-row treatments were algeatin 2009 and 2010 and
contributed to an across-years response. Thonas(@081) reported higher kernel
weights for wide spaced and skip-row configurationdustralia while in the southern
High Plains Jones and Johnson (1991) observedffeoatices in kernel weight between
conventional and P1S1. Kernel weight is largelyelniby post-anthesis stress (Muchow
et al., 1982; Krieg and Lascano, 1990), which {ikghyed a role in the varying
responses observed. In all years of this studgjpitation during the grain fill period
was above normal and adequate soil water supplisted. Increased kernel weight for
the skip-row treatments was also correlated withdased grain N and P contents. Larger
kernels would result in exponentially more starol protein (Lee et al., 2002) and thus
more N and P per unit of waxy seed coat. Howewaing/ields affected nutrient

removal more than grain nutrient content.

Water use, water use efficiency, and soil water

Total water use was not affected by planting gegmetany year. The reduction
in biomass and grain yield for the skip-row treattsenithout an accompanying
reduction in water use resulted in reduced WUEg\WkiEDb for the P1S1 and P2S2
configurations in all years. The reduction of WUBgskip-row planting given the yield
and precipitation levels experienced is supportedidservations in the literature.
Abunyewa et al. (2011), in central and western Hgka, found that WUEg was higher
with skip-row configurations only when site-yearanegrowing season precipitation was
<2 mm day (0.08 inches da}). In the southern High Plains, Jones and Johriegi)
reported reduced WUE(g for a P1S1 configuration @megbto conventional when
conventional yields ranged from 4.5 to 5.6 M@'lfa1 to 90 bu at).

While season-long differences in water use wereheerved, there were
differences in timing of water use. In 2011, até / grain fill, profile cross-section
water use was highest for the conventional geonatdywas comparable for the cluster

configuration, while water use was lowest amongstip-row configurations. From the
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time of flowering / grain fill to harvest in 201Water use was the highest among the
skip-row treatments. These same trends were nuatigrevident in 2010. In the across
years analysis, the P2S2 treatment specificallythadowest water use from early
vegetative to flowering / grain fill, while bothigkrow treatments, as well as
conventional, had similar levels of water use fritmavering / grain fill to harvest.
Abunyewa et al. (2011) and Routley et al. (2008prted reduced water use for skip-row
systems compared to conventional when measuredtssas, followed by increased
water use until harvest. These differences typiaafiset and resulted in few season long
differences in water use. Musick and Dusek (19@2hé southern High Plains found
lateral root growth from a sorghum row into an wampéd area measuring 114 cm (45
inches) at boot and 140 cm (55 inches) at flower@antinued root growth after
flowering (McClure and Harvey, 1962) and water agtion by sorghum roots as far as
114 cm (45 inches) away from the last planted mglwgick and Dusek, 1975) would
allow extraction of available soil water as showrihie graphics of interpolated change in
soil water.

Differences in measured soil water content amobg positions, both profile
totals and at individual depths, were seldom seehe conventional, clump, and cluster
treatments. Lack of differences among tube postialong with no apparent differences
in the range and SD of interpolated water conteartd,visual inspection of interpolation
results all indicate that the conventional, clurpd cluster configurations extracted
water more evenly from the soil profile than thgstow configurations. Routley et al.
(2003) reported a root front velocity of 2 cm d49.79 inches daj) in all directions
from the base of a sorghum plant in dryland coadgi Root front velocity in the vertical
axis in a rainfed environment was reported as thslay" (0.98 inches daj) by Stone et
al. (2001). Over a time period of sufficient lengtie soil volume explored by roots in
conventional, clump, and cluster configurations lddae equalized. Visual plots of
interpolated data indicate the influence of plapeometry on extraction pattern, with
water closest to the planted row generally consuiingtd Differences in soil water
content by tube position were evident in the skiy-configurations with higher soll
water contents found in the skip.

212



Above normal levels of precipitation in 2009 resdlin masking treatment
related differences in soil water content throudtiba season when profile cross-section
totals were considered. In 2010 and 2011 there wa@rsistently higher levels of soll
water present in the skip-row treatments, partityia the skip area, and these
differences were more pronounced as the seasonegsagl. Across-years the P2S2
treatment averaged 18 mm (0.70 inches) more pnahlker at harvest than the clump,
cluster, and conventional treatments. Abunyewd. ¢2@11) reported 10 to 35 mm more
soil water at harvest in P1S1 and P2S2 configuratiban conventional in Nebraska.
Their analysis was performed using soil water mesamsants from the middle of the skip
only, which could have overestimated differencésp-$ow configurations were
effective at reducing early season water use amthgtsoil water in the skip. For the
conditions encountered in this study, the redudtiomater use appeared to be too drastic
and thus limited grain yields. While a hypothesipbgective of skip-row planting is to
purposely limit soil water availability as a furanti of time via plant and root growth, it is
counter-productive to reduce the effective use atew(EUW) (Blum, 2009) by leaving
soil water in the profile at the expense of plaiovwgh and partitioning into yield. Water
left in the profile is subject to evaporation lasse the surface, and/or loss to deep
percolation should enough precipitation be recepaal to use by a subsequent crop. It
is clear in this study that soil water was beirfgu@aused in the skip-row configurations,
particularly P2S2. Abunyewa et al. (2011) showexilar differences at many of their
site years. In general, differences between plgrggometries were minimized at very
dry site-years with soil water contents near pemnawilting point (PWP) or wet site-
years with soil water contents near field capa@@). No differences were observed
between clump, cluster, and conventional geometvittsrespect to profile cross-section
available water or profile totals by tube positidhis is in contrast to the findings of
Bandaru et al. (2006). In their study they repodendsistently less available soil water
for sorghum in a conventional geometry comparedump. A key difference is that
clump planting reduced tillering and biomass praiducin the study of Bandaru et al.
(2006), whereas in the present study no such rieshscbccurred, thus no reduction in

water use would be expected assuming constanpiratisn efficiency.
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In the present study, particularly 2010, reductiohsear surface soil water
contents, likely due to surface evaporation, aeaggr as the point of measurement is
moved away from the planted row, clump, or cludtas apparent in this study that
evaporative losses have likely affected the E:Hibraspecially for the skip-row
configurations, and may be a cause in the reducti®WUEDb and WUEg. Reduced
WUED due to reduced biomass and equal water udeesrgther reduced transpiration
efficiency for skip-row configurations or increaseghaporation, the later is the more
likely explanation. Canopy shading, a feature abseer a portion of the skip-row
configurations, particularly P2S2, can play a lamge in reducing evaporative losses in
the central High Plains (Todd et al., 1991). Wide spacing and skipped areas increase
water losses to first stage evaporation (Adams e1@76). By the end of the growing
season, surface residues from the previous crop bieken down and are reduced from
their initial levels, thus providing less protectiagainst evaporative demand. Less crop
water use, and thus less competition from cropstarfters little competition to
evaporation for use of late season precipitatiatdiionally, as leaves senesce more of
the soil surface is subject to intercepting sadaliation energy. If alternative geometries
are to be implemented, having adequate levelsridciresidue is essential in
minimizing the effect of increased solar radiatioterception by the soil surface and
maintaining PUE. Adams et al. (1976) reported soiface evaporation rates during first
stage drying as high as 93% of potential evaparatidoetween widely-spaced rows of
grain sorghum in Texas. Adding as little as 200b&4(1785 Ib ad") of small grains
residue resulted in substantial reductions in ekatfmm. Similar results have been
described by others (Russel, 1939; Bond and WilB§9; Bond and Willis, 1970). In the
present study, adequate levels of surface residtieiform of wheat stubble were
present in every year of the study. Residue lewel® not quantified but should be of
concern when implementing a planting geometrywhktresult in more solar energy
reaching the soil surface at any point during tfteeming season. Adopting technology
such as stripper headers to leave more residdade pnd in an upright architecture may
further reduce evaporative losses (Baumhardt €2@0D2). Effects resulting from skip
row planting were shown in subsequent fallow pesiaith reductions in fallow
efficiency due to decreased average ground cowveut{& et al., 2006). Maintaining
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surface residues will also be important to helppsegs weeds in the absence of shading
from the crop canopy. These wide areas would sdsmdre prone to weed pressure as
sunlight can reach the surface to aid in weed segdrown and development.
Additionally, if a geometry results in additionalilsmoisture in the skip, that further

invites weed competition.

Conclusions

Planting grain sorghum in a P1S1 or P2S2 configamaeduced total biomass,
grain yield, WUEg, and WUEb compared to conventioclamp, or cluster geometries
at the yield levels observed in this study. Totatev use was unaffected by planting
geometry although cumulative water use at flowgnain fill was higher for
conventional, clump, and cluster than for skip-immfigurations. Water use from flower
/ grain fill through harvest was higher for thegskow configurations. In this set of high
yielding years, sorghum planted in a conventiomalingetry was always in the highest
grouping of grain yields. Grain yields from sorghunmreither a cluster or clump
geometry were each in the top yield grouping twthoée years. The clump treatment
was in the top LSD grouping in both years it waanpdd correctly. When evaluated
across-years, sorghum planted in a clump, clustampnventional geometry resulted in
similar levels of above-ground biomass, grain yi8WJEg, and WUED. Due to the set of
environments encountered during this study, aodlegeometries at low yield levels was
not attained for comparison to the findings of imyed yields with alternative
geometries. However, of the various alternativeg geometries proposed for use in
the High Plains, clump or cluster planting appednave substantially less downside in a
high yielding year than skip-row configurations.efimdings of this study, along with
prior work in the literature, indicate that thedahhold yield at which an advantage or
disadvantage occurs relative to conventional phgns much higher for cluster or clump
planted sorghum than for a skip-row system. Impnosets in crop management should
improve yields in poor years but also should maitliyields when the highly variable
conditions in the High Plains provide an optimalwing environment. Results of this
study indicate that of the various proposed altragplanting geometries, the clump and

cluster configurations are most worthy of furtherastigation for the yield environments
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encountered in the central High Plains. Currenthaeical limitations of seeding
equipment and adoption of technologies such asyaito planter-row clutch control

make clump planting a more feasible option comp#wgalanting in a cluster geometry.

Commercialization recommendations

Should a producer implement an alternative plangegmetry for sorghum
production? Grain yields attained in this studyevat or above average for the region. It
is clear that skip-row planting of sorghum resultededuced levels of biomass and grain
yield due to inadequate light interception for tegter supply available. As a result, soil
water was left unused for crop production in thefig. While the findings of this study
do not discount the potential response of skip-sgsatems at lower yield potentials, it
does clearly demonstrate potential losses at {@slels experienced by producers in the
central High Plains. Similarly, this study was uleaio show a benefit to planting in a
clump configuration as others have, or a clustefigaration which was novel to this
study. However, it was shown that when evaluatdds&i=0.05, these geometries did not
result in yield reductions at average to aboveayewield levels for the region. For
many producers, implementation of the cluster gengnveould be overly difficult,
especially those utilizing auto-swath and individuav clutches on their planters.
Currently, technology to properly synchronize pladsition between rows while using
row clutches is not commercially available to proehs. There is no management control
over the intended objectives of regulating lightmeption and soil water extraction
without synchronization and proper placement ofdlamted clusters and the open
portions of row. There appears to be little dowedmthe adoption of clump planting.
Adoption cost by a producer would be limited to tst of metering seed disk for their
planter, typically $40 to $80 per row for the cost generic plate and shop labor for
modification.

Any commercial implementation of an alternativenpilag geometry should only
occur within the context of cropping systems thakimmize surface residue, i.e. no-till
and planting grain sorghum into small-grains staldslheavy row-crop stubble.
Situations where surface residue is lacking, whenlined with the open areas of

alternative planting geometries, will be pronertoreased weed pressure and certainly
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increased surface evaporation losses. Evaporaigses$ will negatively affect WUE and
PUE of the entire cropping system, and lossesraedevel will negate any potential

gains in economic productivity or risk managemeanhgd via planting geometry.

Avenues of future research

The potential interaction of genotype with alteivaiplanting geometries is an
avenue for future research. Differences among Hglwith respect to tillering, root
architecture, and yield component flex would affibet response to alternative planting
geometries. Hybrids differ in their propensity ilteting (Larson and Vanderlip, 1994;
Wade et al., 1993; Caravetta et al., 1990). Thidccoertainly affect the responsiveness
of a hybrid. Work in Australia has identified geicetariability in sorghum root
architecture which may give certain genotypes afathge in alternative geometries.
Singh et al. (2008) reported that nodal root angleen evaluated across 70 inbred lines
and hybrids, ranged from 15 to 50 degrees. Thiddveuggest that variability exists
among the commercial hybrids available today, winngty help explain some of the
variability in findings among studies with regaadadverall crop performance and water
extraction. Traditionally, sorghum was selected laredl for maximum vyield with little
regard for how yield potential is partitioned amangin culms and tillers. The tillers
plant' yield component is often relied upon to be the rfiesible in response to pre-
anthesis or flowering stress, while kernel weigtavies yield compensation for post-
anthesis stress. If alternative planting geometifesgoing to be used to suppress
vegetative growth via reductions in tillering, thidse identification of hybrids with
greater flexibility in the kernels pani¢lgield component would be useful. Hybrids
which respond to pre-anthesis stress, or lack dtighg flex in kernels paniclewould
allow the plant to still be responsive to negativgositive changes in the environment
without the water and assimilate costs associatddproducing tiller biomass.

If tillering can be inhibited, as other studies @ahown, this may open the door
to opportunities for managing plant density onte-specific basis. Previous efforts with
variable rate seeding in tillering crops, suchagisum, have been largely fruitless due
to the compensatory ability through the tillerinogess. Adopting planting strategies that

inhibit tillering would allow producers to implemevariable rate seeding strategies that
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incorporate knowledge of spatial variability in lgigootential and thus optimal seeding

rate.
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Chapter 3 - Comparing corn and sorghum in alternatve

planting geometries and implications to net returns

Introduction

Both corn and grain sorghum have been proposednasier annual crops for use
in intensifying the wheat-fallow rotation on thent&al High Plains. Notable differences
exist among the crops. Corn typically has highetewase efficiency for grain production
(WUEQ) than sorghum under both dryland (Petersah. £1996) and irrigated conditions
(Stone et al., 2006). The higher WUE leads to higin¢ential yields under optimal
conditions in Kansas (Staggenborg et al., 2008efas2013). However, timing of in-
season precipitation is critical to success in poiag economic grain yields (Nielsen et
al., 2010). Corn is relatively more sensitive toiges of drought stress than grain
sorghum, especially during the time period bracigsilking. Additionally, corn has a
higher intercept of the yield water-use functioartlgrain sorghum, in other words, more
water is consumed in order to produce the firsh&kof grain. Stone et al. (2006)
reported a threshold ET 57% higher for corn thaingsorghum. These characteristics of
dryland corn production lead to yields that are encariable through time.

Significant effort has been expended on the comparof corn and sorghum in
the central High Plains and their suitability irrieas cropping systems. Staggenborg et
al. (2008) evaluated 13 years of grain sorghumcamnd yield trials from variety
performance tests in Kansas and Nebraska, andudettthat grain sorghum had a yield
advantage in environments where corn yields wesetlean 6.4 Mg ha(102 bu ad).
Grain sorghum-to-corn price ratio was critical etefmining the threshold yield at which
net returns favored one crop over the other. Aexgrarghum prices were evaluated at
levels ranging from 70% to 117% of corn price, time@shold corn yield below which
sorghum production was preferred increased fromat18.6 Mg ha (73 to 216 bu ab).
These results were based on a production cost®h&7less for grain sorghum than
corn, which could vary widely due to seed and tedei costs. More recent work by
Assefa (2013), using only Kansas performance t&st, donfirmed the findings of
Staggenborg et al. (2008), by reporting a long-témrashold yield of 6.3 Mg fa(100 bu
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ach). However, Assefa (2013) also reported that theftualue was 8.0 Mg ha(127 bu
ac’) when data from 1992-1996 was used compared thl§.6a’ (96 bu a¢) when

data from 2007-2012 was used. This indicates thptavements in corn management
and genetics may be lowering the threshold yielgldhd research in southwest Kansas
demonstrated higher grain yields and net returnsdm in site-years where corn yields
ranged from 5.8 to 7.5 Mg Hg93 to 119 bu at) (Norwood and Currie, 1997; 1998).
Dryland corn production in western Kansas has as®d in importance in recent years
and has became an important factor in the cogtieficy of farms (Langemeier et al.,
2013).

The purpose of this analysis was to explore thésaufsadopting alternative
planting geometries and compare corn and sorghoduption characteristics within the
context of a three-year study that evaluated atera geometries. The objective was to
identify underlying trends at the crop level andneestigate if planting geometry
influenced these trends.

Methods

The cultural practices relating to the producticemiaigement of the research plots
has been described in preceding chapters. Datatfrertwo studies were combined and
analyzed as a split-plot RCBD design with crop sgeas the whole plot and planting
geometry as the split-plot. Only corn data fromititermediate seeding rate were
included in the analysis. A mixed models approael unplemented using PROC
MIXED in SAS version 9.2. Crop, geometry, and cropeometry were taken as fixed
effects with replication and replication x cropeakas random effects. In the across-years
analysis, year, replication within year, and regtiien x crop within year were taken as
random effects. When necessary, the NOBOUND optias invoked to allow negative
estimates of variance components. All means repae least-squared means
(LSMEANS) resulting from a mixed-model analysiscEanalysis fits the optimal
mixed-model for that specific dataset and its var@&covariance structure. As a result,
means presented in the across-years analysisifdi dlightly than the arithmetic means
of the individual years for several reasons. Thayais for comparing corn and sorghum

is conducted on the data as a split-plot desigrredsethe analysis in chapters one and
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two were conducted on each crop as a RCBD. Eadtoagip has a different set of fixed
and random effects which result in slightly diffieténear mixed models being fit to the
data, and thus differences in the LSMEANS whichestemated from the fitted model.
Additionally, the across-years analysis resultarirunbalanced design due to five
replications in 2010 and four replications in 2@0®@1 2011. Also contributing to the
imbalance with respect to sorghum, a P2S2 sorghatwas lost in 2011. The use of
LSMEANS from the PROC MIXED procedure is the mggprpriate way to handle
unbalanced data (Milliken and Johnson, 2009). Rspafrother agronomic research have
shown LSMEANS to differ from arithmetic means whemducting across-years
analysis with unbalanced data (Teasdale et al:7)200

Net returns were calculated using a modified versiba corn cost-return budget
(Dumler and O’Brien, 2013a) and a modified grairgbam cost-return budget (Dumler
and O’Brien, 2013b) that had been developed foladd/producers in western Kansas.
Production costs and government program revenuesdbr the 6.2 Mg ha(100 bu atc
1) yield level were used from the budgets in thewakion of net revenue. Grain revenue,
harvesting costs, and fertilizer costs (based op cemoval) were calculated on a per-
plot basis using plot yields. Phosphorus and nénogmoval rates in 2009 were
calculated using the mean removal rate of 201028dd for each respective treatment.
Removal rates in 2010 and 2011 were from grainenttanalysis values. Budgets used
for the analysis are summarized in Table 3.1.

Profile soil water cross-sections were comparembat tassel-silk with grain
sorghum heading-flowering and at harvest usingssey@ars means. Details regarding

the calculation of cross-section profile water emt$ are discussed in previous chapters.
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Table 3.1 - Corn and grain sorghum cost-return budgts used in computation of net

returns.
Corn Grain Sorghum
Income USD ha™ (USD ac™) USD ha™ (USD ac™)
Yield per acre Per Plot Per Plot
Price per bushel 6.49 5.87
Net government payment 32.54 (13.17) 32.54 (13.17)
Returns/acre Per Plot Per Plot Per Plot Per Plot
Costs
Seed 172.41 (69.80) 25.05 (10.14)
Herbicide 61.22 (24.79) 61.22 (24.79)
Insecticide / Fungicide 2.47 (1.00) - -
Fertilizer and Lime Per Plot Per Plot Per Plot Per Plot
Miscellaneous 13.59 (5.50) 13.59 (5.50)
Custom Hire / Machinery Expense
Fertilizer Application 13.24 (5.36) 13.24 (5.36)
No-Till Planting 38.24 (15.48) 38.24 (15.48)
Herbicide Applications 26.97 (10.92) 26.97 (10.92)
Harvest Base Charge 64.57 (26.14) 53.15 (21.52)
Harvest Flex Charges Per Plot Per Plot Per Plot Per Plot
Non-machinery Labor 22.52 (9.12) 23.80 (9.64)
Land Charge / Rent 288.99 (117.00) 288.99 (117.00)
SUB TOTAL Per Plot Per Plot Per Plot Per Plot
Interest on 1/2 Nonland Costs 23.14 (9.37) 18.02 (7.29)
TOTAL YIELD INDEPENDENT COSTS 727.34 (294.47) 562.26 (227.64)
Inputs for per plot expense calculations
N Cost $1.43 kg™ ($0.65 Ib™)
P Cost $1.32 kg™ ($0.60 Ib™)
Harvest Overage $20.13 Mg™  ($0.207 bu™) $19.74 Mg ($0.203 bu™)
Harvest Overage Threshold 4.64 Mg ha' (74 bu ac?) 2.26 Mg ha® (36 bu ac™)
Harvest Trucking $6.85 Mg™  ($0.174 bu™) $7.48 Mg™  ($0.19 bu™)
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Results and Discussion

Cost of adopting alternative planting geometries

Of the geometries evaluated in these studies,|timepcand cluster configurations
would require the purchase of new seed meter coergsrior implementation. In the
case of a vacuum planter meter system, blank ssed would be purchased and
modified to obtain the desired pattern. Blank s#isds currently cost approximately
$30.00 each for John Deere planters and $50.00featase-IH planters. The author
estimates necessary shop time of approximatelyd dech for modification. At a shop
labor rate of $60.00 hourthis results in a finished goods cost of approxétya$60 to
$80 each. The assignment of those cost on a peanaai basis is difficult as a defined
service life is not well known for seed meteringadi. If a producer desires to attach the
full cost to the year of adoption, then planteesand acres planted are obvious factors.
Assuming a finished goods cost of $60 distost per unit area as a function of planter

size and acreage planted is shown in Figure 3.1.
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Adoption Cost of an Alternative Planting Geometry
Effects of Planter Size and Planted Acres
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Figure 3.1 - Adoption cost of an alternative plantig geometry.

The cost of adoption is relatively minor and desesarapidly as planted area
increases for all planter sizes. As planter sizesiases the rate of decrease in per unit
area cost decreases. Alternative planting georsatrggy not result in improved yields in
every year, but as this analysis shows, a measusaijle-year response would be
adequate to cover the cost of adoption. Howevés atually possible that in a year that
would support exceptional yields, the use of aeralitive geometry could result in
decreased yields relative to conventional plantitay.any size of planter, a yield
response of 63 kg Ha1 bu a&') on 182 ha (450 acres) would cover adoption c&sts.
an 8-row planter, only 61 ha (150 acres) would éeessary to cover adoption cost with a
63 kg h&d (1 bu a&) yield response. The cost of adoption was nouiheti in the cost-

return budgets prepared for the data in this stGdgt of adoption would be very much
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operation specific with respect to planter size arah planted and as illustrated here, for

most commercial situations would be minor relatwvether input costs.

2009 Comparison

Corn produced more above-ground biomass than goaghum in 2009
(P=0.0024, Table 3.2). When averaged across ctiopsnost biomass was produced
when corn or sorghum was planted in a clump or entiwnal geometry. Stover
production followed a similar trend with corn prathg more than sorghum. The most
stover was produced by planting corn or sorghuaéfump or conventional geometry,
followed by P1S1 and cluster. The lowest levelstoYer resulted from planting in a
P2S2 geometry. Grain yields followed the same tashdbove-ground biomass with
higher corn grain yields than sorghum (P=0.014%|d8.2) and more grain production
occurring in clump and conventional geometries tienothers. Water use efficiency for
grain production was higher for corn than grairgham. Corn or sorghum planted in
clump or conventional geometry resulted in high&y&g and water use efficiency for
biomass production (WUEDb) than any other geométeg.returns mirrored the trend of
grain yields and WUE with corn producing higher reatenue than sorghum and either

crop producing higher net revenue when grown ioraventional or clump geometry.
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Table 3.2 - Corn and grain sorghum production and \ater use characteristics as affected by planting genetry, Tribune,

Kansas, 2009.

Above Ground

Harvest

Crop Geometry . + Stover Grain Yield Water Use WUEg WUED Net Returns
Biomass Index
kg ha™ kg ha™ kg ha™ : kg ha™ mm™ kg ha™ mm™ USD ha®
-1 -1 -1 mm (in) 1. -1 1. -1 1
(Ib ac™) (Ib ac™) (bu ac™) (Ibac™in™) (Ibac™in™) (USD ac™)
Corn 9,900 (8,830) 4520 (4030) 6370 (102) 0.53 326 (12.8) 17.0 (384) 31.0 (702) 747 (302)
Grain Sorghum 10,200 (9,080) 4190 (3740) 6930 (110) 0.53 329 (13.0) 18.5 (420) 314 (712) 817 (331)
Clump 10,800 (9,640) ab® 4530 (4040) b 7340 (117)a 055 a 328 (12.9) 19.7 (447) a 339 (768) a 924 (374) a
Cluster 10,400 (9,310) b 4520 (4030) b 6920 (110)a  0.53 abc 329 (13.0) 18.3 (416) a 322 (730) a 840 (340) a
Conventional 11,100 (9,880) a 4940 (4400) a 7180 (114)a 051 c 328 (12.9) 19.3 (438) a 345 (781) a 877 (355) a
P1S1 9,180 (8,190) c 4010 (3580) ¢ 6050 (96.4) b 0.52 bc 331 (13.0) 15.9 (360) b 28.1 (636) b 659 (267) b
pP2s2 8,690 (7,760) c 3780 (3380) c 5760 (91.7) b 0.53 ab 322 (12.7) 155 (351) b 27.3 (620) b 608 (246) b
Corn Clump 10,400 (9,320) b 4580 (4090) abc 6940 (111) bc 0.56 a 324 (12.8) 18.4 (417) abc 32.7 (741) abd 874 (354) abe
Corn Cluster 10,000 (8,960) bcd 4660 (4160) abc 6380 (102) cd 0.53 b 331 (13.0) 16.7 (377) bcd 30.9 (699) abcd 751 (304) bcdef
Corn Conventional 10,200 (9,070) bcd 4920 (4390) ac 6210 (99)d 050 b 324 (12.8) 17.0 (384) bcd 32.4 (735) abcd 706 (286) dfg
Corn P1S1 9,510 (8,480) cde 4340 (3880) bd 6110 (97.4) d 051 b 333 (13.1) 16.0 (362) d 29.2 (661) cef 686 (278) dfg
Corn pP2S2 9,350 (8,340) de 4110 (3670) de 6200 (98.9) d 056 a 319 (12.6) 16.8 (380) bcd 29.8 (674) bcde 716 (290) cdfg
Grain Sorghum Clump 11,200 (9,970) ab 4480 (4000) cd 7750 (123)ab 0.54 ab 331 (13.0) 21.0 (476) a 35.1 (796) ab 973 (394) abc
Grain Sorghum Cluster® 10,800 (9,670) bc 4380 (3910) cd 7470 (119) b 0.53 ab 327 (12.9) 20.0 (454) ab 33.6 (762) abc 929 (376) abcd
Grain Sorghum Conventional 12,000 (10,700) a 4950 (4420) ab 8140 (130) a 0.53 ab 332 (13.1) 21.7 (492) a 36.5 (828) a 1049 (425) a
Grain Sorghum P1S1 8,840 (7,890) de 3670 (3280) ef 5980 (95.3) cd 0.53 ab 330 (13.0) 158 (358) cd 27.0 (611) def 632 (256) efg
Grain Sorghum pP2S2 8,040 (7,170) e 3460 (3080) f 5310 (84.5)d 051 b 325 (12.8) 142 (322) d 249 (565) e 500 (202) f
LSD = 0.05
Crop 1,600 (1,400) 680 (610) 1200 (19) 0.04 30 (1.2) 4.7 (106) 7.2 (163) 251 (102)
Geometry 610 (550) 250 (220) 480 (8) 0.02 9 (03) 15 (349 24 (55) 101 (41)
Crop x Geometry 1,300 (1,100) 550 (490) 990 (16) 0.04 22 (09) 35 (80) 55 (124) 209 (85)
ANOVA P>F
Source
Crop 0.7091 0.3074 0.3238 0.8735 0.8347 0.3146 0.6692 0.5540
Geometry <0.0001 <0.0001 <0.0001 0.0054 0.3481 <0.0001 <0.0001 <0.0001
Crop x Geometry <0.0001 0.0173 <0.0001 0.0015 0.5512 <0.0001 0.0015 <0.0001

T Table values are least square means and may differ from across-years arithmetic means.

¥ Letters within a column and an effect represent differences at LSD (0.05).

§ Potentially affected by a planting error in 2009.
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2010 Comparison

Stress in 2010 severely restricted growth and agweént of corn as reflected in
the collected measurements. Above-ground bioma®81f was affected by a crop x
planting geometry interaction (Table 3.3). Grainghoim in a clump or conventional
geometry produced the most above-ground biomalsswixd by sorghum in cluster
geometry. Sorghum planted in either of the skip-omnfigurations produced a similar
level of above-ground biomass as any of the coomggries other than P1S1 which
produced the least biomass of any treatment. Sfmeeluction was highest for sorghum
in a conventional geometry and lowest for any efgkip-row treatments as well as
clump and cluster planted corn. Grain yields weghdst for grain sorghum in
conventional, clump, and cluster geometries. Fgrgaven geometry, corn yields were
less than the corresponding sorghum yield (Taldg Blarvest index was highest among
sorghum treatments as well as corn in clump an@Rp8figurations. Water use was
higher for corn than sorghum. The increased watey when combined with the
reductions in above-ground biomass and yield, teduh WUEg and WUED generally
being less for corn treatments than sorghum. Tivedbvalues for WUEg were produced
by corn planted in conventional, P1S1, and clugé@metries. The highest values for
WUEg and WUED were for grain sorghum planted imguconventional, and cluster
geometries. Only corn planted in a clump resulted WUEg high enough to be
comparable to any grain sorghum treatments. Netnmetwere highest for grain sorghum
planted in clump, conventional, and cluster geoie&tiThe lowest net returns were for
corn planted in a conventional or P1S1 geometr. Aighest net returns amongst corn
treatments were for the clump and P2S2 geomettigshwvere similar to the grain
sorghum skip-row treatments (Table 3.3). Crop sielecesulted in much larger
differences to net returns than did planting geoynétor example, conventionally
planted corn was one of the worst corn treatmevitie conventionally planted sorghum
was one of the best sorghum treatments (Table 3.3).
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Table 3.3 - Corn and grain sorghum production and \ater use characteristics as affected by planting genetry, Tribune,
Kansas, 2010.

Above Ground

Harvest

Crop Geometry . Stover Grain Yield Water Use WUEg WUEb Net Returns
Biomass Index
kg ha™ kg ha™ kg ha™ : kg ha™ mm™ kg ha™ mm™ USD ha®
1 -1 -1 mm (in) B B 1
(Ibac™) (b ac™) (bu ac™) (lbac™in™) (lbac™in™) (USD ac™)
Corn 8,330 (7,430) b 4470 (3990) 4570 (73) b 0.45 300 (11.8) a 13.6 (308) b 284 (644) b 343 (139) b
Grain Sorghum 11,400 (10,200) a 5060 (4510) 7350 (117) a 0.52 253 (10.0) b 249 (564) a 43.8 (992) a 886 (359) a
Clump 11,000 (9,790) a 5010 (4470) b 6960 (111) a 052 a 274 (10.8) 226 (512) a 409 (926) a 822 (333) a
Cluster 10,300 (9,230) a 4860 (4340) b 6390 (102) a 0.49 ab 273 (10.7) 20.6 (467) a 37.9 (860) a 702 (284) a
Conventional 11,100 (9,930) a 5600 (5000) a 6450 (103) a 045 ¢ 279 (11.0) 21.3 (483) a 409 (926) a 698 (282) a
P1S1 8,310 (7,410) b 4160 (3710) c 4840 (77) b 0.46 bc 280 (11.0) 153 (347) b 297 (672) b 380 (154) b
pP2s2 8,610 (7,680) b 4200 (3740)c 5160 (82) b 0.49 ab 277 (10.9) 16.3 (370) b 311 (706) b 473 (191) b
Corn Clump 9,140 (8,150) ¢ 4520 (4030) cde 5470 (87)bc 050 ab 300 (11.8) 157 (356) bc 30.5 (692) bhc 549 (222) bc
Corn Cluster 8,460 (7,550) c 4560 (4070) cde 4610 (74)cd 045 b 301 (11.8) 13.4 (304) cd 28.4 (643) cd 353 (143) cd
Corn Conventional 8,430 (7,520) ¢ = 4950 (4420) bcd 4120 (66)de 0.40 c¢ 298 (11.7)  13.3 (302) cd 304 (689) bcd 240 (97) de
Corn P1S1 6,990 (6,240)d 4050 (3610) e 3480 (56) e 0.39 c¢c 307 (12.1) 101 (230) d 23.2 (526) d 96 (39) e
Corn P2s2 8,640 (7,710)c 4290 (3830) e 5150 (82)bc 050 ab 297 (11.7) 153 (346) ¢ 29.6 (671) bcd 478 (193) bc
Grain Sorghum Clump 12,800 (11,400) ab 5500 (4910) b 8450 (135) a 053 a 249 (9.8) 295 (668) a 51.2 (1160) a 1094 (443) a
Grain Sorghum Cluster 12,200 (10,900) b 5170 (4610) bc 8170 (130)a 053 a 244 (9.6) 278 (629) a 475 (1077) a 1050 (425) a
Grain Sorghum  Conventional 13,800 (12,300) a 6250 (5580) a 8770 (140) a 0.51 ab 261 (10.3) 29.3 (663) a 51.3 (1163) a 1155 (468) a
Grain Sorghum P1S1 9,620 (8,580) ¢ 4260 (3800) de 6190 (99)b 052 ab 253 (10.0) 205 (464) b 36.1 (819) b 664 (269) b
Grain Sorghum pP2Ss2 8,570 (7,650) c 4110 (3660) de 5170 (82)cd 049 ab 258 (10.2) 17.4 (394) bc 32.7 (741) bc 467 (189) bcd
LSD =0.05
Crop 1,300  (1,200) 860 (770) 1190 (19) 0.08 23 (0.9) 6.1 (138) 8.3 (188) 278 (113)
Geometry 960 (850) 450  (400) 723 (12 0.04 16 (0.6) 3.0 (69) 52 (117) 156  (63)
Crop x Geometry 1,500 (1,300) 760 (670) 1160 (18) 0.07 23 (0.9) 4.6 (103) 75 (169) 256 (104)
ANOVA P>F
Source
Crop 0.0027 0.1326 0.0029 0.0748 0.0129 0.0153 0.0154 0.0056
Geometry <0.0001 <0.0001 <0.0001 0.0089 0.8411 <0.0001 0.0001 <0.0001
Crop x Geometry <0.0001 0.0163 <0.0001 0.0029 0.6332 0.0006 0.0067 <0.0001

T Letters within a column and an effect represent differences at LSD (0.05).
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2011 Comparison

Total above-ground biomass in 2011 was affected bpp x geometry
interaction. The largest amount of above-groundniss was produced by corn in the
clump, P1S1, and cluster configurations, and gsanghum in the conventional and
cluster configuration. The least above-ground bissnaas produced by sorghum either
skip-row configuration. Planting geometry affecgtaver production similarly for both
corn and grain sorghum (P<0.0001, Table 3.4) wiikter and conventional producing
the highest levels of stover and P2S2 the leastil&igrain yields were produced in
2011 by corn in a clump, P1S1, or cluster configareand grain sorghum in a
conventional or cluster configuration. Differencefarvest index, although subject to a
crop x geometry interaction, were largely drivently crop component. Harvest indices
were higher in corn than grain sorghum for all getsias other than conventional. Corn
in a conventional geometry was comparable to ggarghum in a conventional treatment
and higher than all other sorghum treatments. Wosdér use was 14% higher for grain
sorghum than corn (P=0.0004, Table 3.4). When geeracross crops, water use was
highest for the P1S1 and cluster geometries antb#se for the clump, conventional, and
P2S2 geometries. Water use efficiency for graimdpetion was highest for the corn
treatments and sorghum grown in either a conveationcluster configuration. Sorghum
grown in either of the skip-row configurations rited in the lowest values for WUEg.
The largest values for WUEDb were produced by thie teatments other than P2S2 and
the conventional and cluster sorghum treatmentsrédierns were largest for corn grown
in clump, P1S1, and cluster configurations andtsanggrown in conventional or cluster
geometries. Net returns were least for grain sarggrown in either skip-row

configuration (Table 3.4).
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Table 3.4 - Corn and grain sorghum production and \ater use characteristics as affected by planting genetry, Tribune,
Kansas, 2011.

Harvest

Crop Geometry Above Ground Biomass Stover Grain Yield Index Water Use WUEg WUEb Net Returns
kg ha™ kg ha™ kg ha™ . kg ha™ mm™ kg ha' mm* USD ha®
1 1 1 mm (in) 1. -1 1. -1 1
(Ibac™) (Ibac™) (bu ac™) (lbac™in™) (lbac™in™) (UsSD ac™)
Corn 11,100 (9,940) 4470 (3990) 7890 (126) 060 a 336 (13.2) b 19.9 (450) a 33.2 (752) a 1099 (445) a
Grain Sorghum 10,800 (9,650) 4450 (3970) 7370 (117) 055 b 383 (15.1) a 16.6 (377) b 28.2 (639) b 923 (373) b
Clump 11,000 (9,830) bc 4420 (3940) bc 7720 (123)ab  0.58 354 (13.9) ¢ 18.8 (425) ab 31.3 (710) ab 1032 (418) ab
Cluster 12,100 (10,800) a 4980 (4440)a 8340 (133) a 0.57 363 (14.3) ab 19.7 (446) a 33.4 (757) a 1163 (471) a
Conventional 11,600 (10,300) ab 4740 (4230) ab 7980 (127) ab 0.57 358 (14.1) bc 19.1 (432) a 32.3 (733) a 1072 (434) ab
P1S1 10,700  (9,550) ¢ 4300 (3840)c 7490 (119) b 0.58 367 (14.5) a 17.5 (397) bc 29.3 (664) bc 985 (399) b
pP2Ss2 9,480 (8,460) d 3860 (3440) d 6610 (105) c 0.57 355 (14.0) bc 16.1 (366) ¢ 27.1 (614) c 801 (324)c
Corn Clump 11,300 (10,100) abc 4500 (4010) 8030 (128) abc 0.60 a 330 (13.0) 20.6 (466) a 34.2 (775) ab 1127 (456) ab
Corn Cluster 11,900 (10,600) ab 4810 (4290) 8370 (133) a 059 a 343 (135)  20.6 (468) a 34.6 (785) a 1209 (489) a
Corn Conventional 10,800 (9,670) bcd 4600 (4100) 7390 (118) cd 058 b 328 (12.9) 19.0 (431) ab 33.0 (749) ab 982 (397) bc
Corn P1S1 11,400 (10,200) ab 4460 (3980) 8270 (132) abc 0.61 a 350 (13.8) 20.0 (453) a 32.8 (743) ab 1185 (479) a
Corn P2S2 10,200 (9,130) cd 4000 (3570) 7380 (118) cd 061 a 327 (12.9) 19.0 (432) a 31.3 (709) bc 992 (401) bc
Grain Sorghum Clump 10,700  (9,590) bcd 4340 (3870) 7410 (118) bcd 055 cd 377 (14.9) 17.0 (385) bc 28.5 (645) cd 938 (380) cd
Grain Sorghum Cluster 12,300 (11,000) a 5160 (4600) 8310 (132)ab  0.54 cd 383 (15.1) 18.8 (425) ab 32.2 (730) ab 1118 (452) abc
Grain Sorghum  Conventional 12,300 (11,000) a 4870 (4350) 8580 (137) a 0.56 bc 388 (15.3) 19.1 (433) a 31.6 (717) ab 1163 (470) ab
Grain Sorghum P1s1 9,950 (8,880) de 4150 (3700) 6710 (107) de 0.54 cd 385 (15.2) 15.1 (341) cd 25.8 (585) de 785 (318) de
Grain Sorghum P2S2 8,730  (7,790) e 3720 (3320) 5840 (93) e 054 d 382 (15.0) 13.2 (300) d 22.9 (518) e 611 (247) e
LSD =0.05
Crop 840 (750) 440  (390) 640  (10) 0.02 9 (0.3) 14 (33) 25 (56) 131 (53)
Geometry 860 (770) 330 (300) 650 (10) 0.01 9 (0.3) 1.5 (33) 23 (51) 135 (55)
Crop x Geometry 1,200  (1,100) 490  (440) 920 (15) 0.02 12 (0.5) 21 (47) 3.3 (74) 191 (77)
ANOVA P>F
Source
Crop 0.3111 0.8642 0.0811 0.0019 0.0004 0.0057 0.0076 0.0238
Geometry <0.0001 <0.0001 0.0003 0.4170 0.0176 0.0005 <0.0001 0.0004
Crop x Geometry 0.0060 0.1448 0.0010 0.0019 0.0508 0.0030 0.0197 0.0010

T Letters within a column and an effect represent differences at LSD (0.05).
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Across-years comparison

Most measured variables were affected by a cropoxngtry interaction in the
across-years analysis (Table 3.5). Grain sorghamt@dl in a clump or conventional
geometry was in the top LSD group for above-grobiathass. The smallest amounts of
biomass were produced in the skip-row geometridstf corn and grain sorghum.
Grain yields were highest for clump and conventigemmetries of grain sorghum. Corn
in conventional or skip-row geometries and sorglmskip-row geometries produced
the lowest grain yields. The highest harvest irgliwere observed in clump and P2S2
planted corn while the lowest were observed in eotienal, P1S1, and cluster corn and
P2S2 grain sorghum. Water use was not affectedelaynbents in the across-years
analysis (Table 3.5). Water use efficiencies tertdddvor grain sorghum. The highest
values for WUEQ was observed in the clump, coneeiati, and cluster geometries in
grain sorghum and the clump geometry in corn. Dinekt values of WUEQ were
produced by the other corn treatments and therskipsorghum treatments. Values of
WUEDb were highest for corn in clump, conventiomald cluster configurations and for
sorghum in clump and conventional configuratiortse Towest values for WUEb were
observed in the skip-row configurations of bothrcand grain sorghum. Net returns were
highest for clump planted corn and sorghum in cluogmventional, or cluster geometry.
The lowest net returns were generated by the ceatrhents other than clump, and the

skip-row sorghum treatments (Table 3.5).
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Table 3.5 - Corn and grain sorghum production and \ater use characteristics as affected by planting genetry, Tribune,

Kansas, 2009-2011.

Above Ground Harvest

Crop Geometry . t Stover Grain Yield Water Use WUEg WUEDb Net Returns
Biomass Index
kg ha™ kg ha® kg ha' ’ kg ha’ mm™ kg ha' mm™ USD ha*
-1 -1 -1 mm (in) B B 1
(b ac™) (Ib ac™) (buac™) (lbac™in™) (lbac™in™) (USD ac™)
Corn 9,900 (8,830) 4520 (4030) 6370 (102) 0.53 326 (12.8) 17.0 (384) 31.0 (702) 747 (302)
Grain Sorghum 10,200 (9,080) 4190 (3740) 6930 (110) 0.53 329 (13.0) 18.5 (420) 314 (712) 817 (331)
Clump 10,800 (9,640) ab* 4530 (4040) b 7340 (117) a 055 a 328 (12.9) 19.7 (447) a 33.9 (768) a 924 (374) a
Cluster 10,400 (9,310) b 4520 (4030) b 6920 (110) a 0.53 abc 329 (13.0) 18.3 (416) a 32.2 (730) a 840 (340) a
Conventional 11,100 (9,880) a 4940 (4400) a 7180 (114) a 051 c 328 (12.9) 193 (438) a 345 (781) a 877 (355) a
P1S1 9,180 (8,190) c 4010 (3580) ¢ 6050 (96.4) b 0.52 bc 331 (13.0) 159 (360) b 28.1 (636) b 659 (267) b
pP2S2 8,690 (7,760) c 3780 (3380) c 5760 (91.7) b 0.53 ab 322 (12.7) 155 (351) b 27.3 (620) b 608 (246) b
Corn Clump 10,400 (9,320) b 4580 (4090) abc 6940 (111) bc 0.56 a 324 (12.8) 18.4 (417) abc 32.7 (741) abd 874 (354) abe
Corn Cluster 10,000 (8,960) bcd 4660 (4160) abc 6380 (102) cd 0.53 b 331 (13.0) 16.7 (377) bcd 30.9 (699) abcd 751 (304) bcdef
Corn Conventional 10,200 (9,070) bcd 4920 (4390) ac 6210 (99) d 050 b 324 (12.8) 17.0 (384) bcd 32.4 (735) abcd 706 (286) dfg
Corn P1S1 9,510 (8,480) cde 4340 (3880) bd 6110 (97.4)d 051 b 333 (13.1) 16.0 (362) d 29.2 (661) cef 686 (278) dfg
Corn pP2S2 9,350 (8,340) de 4110 (3670) de 6200 (98.9) d 056 a 319 (12.6) 16.8 (380) bcd 29.8 (674) bcde 716 (290) cdfg
Grain Sorghum Clump 11,200 (9,970) ab 4480 (4000) cd 7750 (123)ab 0.54 ab 331 (13.0) 21.0 (476) a 35.1 (796) ab 973 (394) abc
Grain Sorghum Cluster® 10,800 (9,670) bc 4380 (3910) cd 7470 (119) b 0.53 ab 327 (12.9) 20.0 (454) ab 33.6 (762) abc 929 (376) abcd
Grain Sorghum Conventional 12,000 (10,700) a 4950 (4420) ab 8140 (130) a 0.53 ab 332 (13.1) 21.7 (492) a 36.5 (828) a 1049 (425) a
Grain Sorghum P1S1 8,840 (7,890) de 3670 (3280) ef 5980 (95.3)cd 0.53 ab 330 (13.0) 158 (358) cd 27.0 (611) def 632 (256) efg
Grain Sorghum p2S2 8,040 (7,170) e 3460 (3080) f 5310 (84.5)d 051 b 325 (12.8) 142 (322) d 249 (565) e 500 (202) f
LSD =0.05
Crop 1,600 (1,400) 680 (610) 1200 (19) 0.04 30 (1.2) 4.7 (106) 7.2 (163) 251 (102)
Geometry 610 (550) 250 (220) 480 (8) 0.02 9 (03) 15 (34 2.4  (55) 101 (41)
Crop x Geometry 1,300 (1,100) 550 (490) 990 (16) 0.04 22 (09) 35 (80) 5.5 (124) 209 (85)
ANOVA P>F
Source
Crop 0.7091 0.3074 0.3238 0.8735 0.8347 0.3146 0.6692 0.5540
Geometry <0.0001 <0.0001 <0.0001 0.0054 0.3481 <0.0001 <0.0001 <0.0001
Crop x Geometry <0.0001 0.0173 <0.0001 0.0015 0.5512 <0.0001 0.0015 <0.0001

t Table values are least square means and may differ from across-years arithmetic means.
¥ Letters within a column and an effect represent differences at LSD (0.05).
§ Potentially affected by a planting error in 2009.
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Variability of net returns through time is importda a producer from a risk-
management standpoint. The maximum, minimum, standkeviation, and CV for each
main effect and treatment combination across theetiiears are presented in Table 3.6.
These values are calculated from annual treatmeahmand not individual plots, i.e.
n=3. The maximum net return during the study waslpced by cluster planted corn in
2011 while the smallest net return was produceBIfy1 corn in 2010. The fact that both
the maximum and minimum net returns were obsemembin production is also
reflected in the higher standard deviation and @Wes observed for corn relative to
grain sorghum. Of the corn treatments, the smal&stor net returns was produced
when corn was planted in a clump configuration wiiile largest CV was for the P1S1
configuration (Table 3.6). In grain sorghum, CV f@t return was minimized with a
clump configuration and highest with cluster plagtiAcross crops, planting in a clump

configuration resulted in a lower CV for net retsyrvhile P1S1 had the most variability.

Table 3.6 - Maximum, minimum, and variability of net returns for corn and

sorghum in various planting geometries, Tribune, Kasas, 2009-2011.

Crop Geometry Maximum Net Minimum Net  Standard Deviation CV of Net
Return Return of Net Return Return

USD ha™ USD ha™ USD ha™ %
(USD ac™) (USD ac™) (USD ac™) ’
Corn 1099 (445) 343 (139) 386 (156) 50
Grain Sorghum 923 (373) 583 (236) 187 (76) 23
Clump 1032 (418) 822 (333) 106 (43) 12
Cluster 1163 (471) 650 (263) 283 (114) 34
Conventional 1072 (434) 698 (282) 187 (76) 21
P1Ss1 985 (399) 380 (154) 303 (123) 45
P2s2 801  (324) 473 (191) 174 (70) 29
Corn Clump 1127 (456) 549 (222) 301 (122) 34
Corn Cluster 1209 (489) 353 (143) 428 (a73) 56
Corn Conventional 982 (397) 240 (97) 426 172) 58
Corn P1Ss1 1185 (479) 96 (39) 562 (228) 78
Corn pP2S2 992 (401) 478 (193) 258 (104) 36
Grain Sorghum Clump 1094 (443) 819 (331) 138 (56) 15
Grain Sorghum Cluster’ 1118 (452) 550 (223) 310 (125) 34
Grain Sorghum  Conventional 1163 (470) 764 (309) 228 (92) 22
Grain Sorghum P1s1 785 (318) 400 (162) 197 (80) 32
Grain Sorghum pP2S2 611 (247) 380 (154) 117 (47) 24

T Potentially affected by a planting error in 2009

240



Soil water content was affected by a crop x geoynateraction when measured
at the early vegetative stage (Table 3.7). Prafiigilable water tended to be lower
amongst corn treatments with the lowest amoungsaffle water present in the clump
and conventional treatments in the corn and th&@tureatment in sorghum. The most
spatial variability in soil water extraction ocoerin the P2S2 treatment as indicated by
the widest range of soil water contents (Table.F7)file available water was generally
higher in the grain sorghum when compared at eamppsaeproductive stage. The largest
amounts of profile available water were presernhégrain sorghum skip-row
geometries. The smallest amounts were in the ¢|UB1S1 and P2S2 corn treatments
and the cluster grain sorghum treatment. Cumulat&ter use at reproductive stage was
higher for corn than grain sorghum (P=0.0026, T&br@. Corn or grain sorghum planted
in clump, cluster, or conventional geometries higthér cumulative water use at the
reproductive stage, followed by P1S1 and P2S2. Mooéle available water was present
in grain sorghum than corn at harvest although dative water use was not different.
The largest amounts of profile water were founthenP2S2 configuration, indicating
incomplete extraction. The range and standard tiemiaf soil water contents were
higher for grain sorghum than corn (Table 3.7)gating a higher level of spatial

variability in soil water extraction.
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Table 3.7 - Cross-section profile soil water charderistics as affected by crop and planting geometryTribune, Kansas, 2009-
2011.

Early VegetativeT Reproductive Harvest
Crop Geometry  ppgfile Available Profile Available Cumulative Profile Available Cumulative
Water Range Sb Water Range Sb Water Use Water Range Sb Water Use
mm (in) vv' vv' mm (in) vv?t vv?t mm (in) mm (in) vv't vv?t mm (in)
Corn 143  (5.62) b* 0.101 0.026 92 (3.62) b 0.077 0.018 139 (5.46) a 65 (2.56) b 0.083 b 0.020 b 329 (12.95)
Grain Sorghum 156 (6.12) a 0.091 0.024 124 (4.86) a 0.073 0.018 104 (4.09) b 85 (3.34) a 0.119 a 0.031 a 326 (12.84)
Clump 147  (5.80) 0092 b  0.025 103 (406) b 0070 bc 0018 b 126 (496) a 76 (3.01) ab 0.099 b  0.026 326 (12.84)
Cluster 146  (5.76) 0.096 b  0.025 100 (393) b 0071 b 0018 b 125 (492) a 69 (272) b 0098 b  0.026 329 (12.95)
Conventional 143  (5.64) 0089 b  0.024 99 (390) b 0064 ¢ 0017 b 125 (493 a 70 (275 b 0095 b  0.025 328 (12.91)
P1S1 154  (6.08) 0.094 b  0.025 115 (454) a 0071 b 0017 b 119 (468 b 75 (295 b 0.102 ab 0.026 332 (13.09)
pP2s2 155  (6.09) 0111 a 0.026 122 (479) a 0099 a 0021 a 111 (439) ¢ 84 (331) a 0110 a 0.026 322 (12.68)
Corn Clump 142 (558) cd 0.093 bc 0.026 89 (3.49) fg 0068 cd 0018 b 145 (5.70) 69 (2.73) 0.080 0.020 327 (12.88)
Corn Cluster 149 (5.88) bc 0101 b  0.024 93 (366) ef 0072 ¢ 0016 b 142 (558) 64 (2.53) 0.078 0.020 333 (13.13)
Corn Conventional 129 (5.08) d 0.091 bc 0.026 76 (3.00) g 0060 d 0016 b 143 (5.64) 56 (2.19) 0.078 0.020 327 (12.87)
Corn P1S1 150 (5.92) bc 0.097 bc 0.025 99 (391) ef 0072 ¢ 0017 b 139 (5.45) 66 (2.59) 0.082 0.020 335 (13.21)
Corn pP2s2 144 (5.65) bc 0123 a  0.028 103 (4.04) e 0113 a 0023 a 126 (4.95) 70 (2.75) 0.096 0.022 322 (12.66)
Grain Sorghum  Clump 153 (6.01) bc 0.092 bc 0.023 118 (463) cd 0072 cd 0018 b 107 (4.22) 83 (3.29) 0.119 0.032 325 (12.81)
Grain Sorghum  Cluster® 143 (5.64) cd 0.091 bc 0.025 107 (4.20) de 0.070 cd 0019 b 108 (4.26) 74 (2.92) 0.119 0.032 324 (12.77)
Grain Sorghum Conventional 157 (6.20) ab 0.087 ¢  0.021 122 (4.80) bc 0069 cd 0018 b 107 (4.23) 84 (3.30) 0.112 0.031 329 (12.95)
Grain Sorghum  P1S1 158 (6.23) ab 0.091 bc 0.024 131 (5.16) ab 0.070 cd 0018 b 99 (3.90) 84 (3.32) 0.121 0.031 329 (12.97)
Grain Sorghum  P2S2 166 (6.54) a 0.098 b  0.024 141 (553) a 008 b 0019 b 97 (3.83) 98 (3.86) 0.123 0.030 322 (12.69)
LSD =0.10
Crop 11 (0.43) 0.012 0.0034 10 (0.38) 0.011 0.0027 16 (0.63) 13 (0.50) 0.020 0.0060 25 (0.97)
Geometry 9  (0.36) 0.007 0.0023 9 (0.36) 0.006 0.0016 4  (0.16) 8 (0.33) 0.008 0.0018 7 (0.29)
Crop x Geometry 14 (0.56) 0.012 0.0038 14 (0.54) 0.011 0.0027 11 (0.44) 14 (0.55) 0.017 0.0045 18 (0.72)
ANOVA P>F
Source
Geometry 0.0616 0.1784 0.2120 0.0001 0.5422 0.8139 0.0026 0.0175 0.0101 0.0079 0.8347
Geometry 0.1584 <0.0001 0.6476 <0.0001 <0.0001 0.0012 <0.0001 0.0347 0.0689 0.9938 0.2239
Crop x Geometry 0.0243 0.0470 0.1190 0.0572 0.0002 0.0073 0.2439 0.2591 0.6245 0.3881 0.6956

T Table values are least square means and may differ from across-years arithmetic means.
T Letters within a column and an effect represent differences at LSD (0.10) unless noted otherwise
§ Potentially affected by a planting error in 2009.
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Conclusions

Cost of adoption of alternative planting geometvidsbe unique to a given producer
and is a function of planter size and land areatpth In general, cost of adoption would be
minor for most commercial producers.

The results of this study reinforce the findingotfers in that the relative profitability of
dryland corn or grain sorghum in western Kansaargely dependent on the environment for
any given crop year. In years with favorable candsg to corn production, corn tended to
surpass sorghum in grain yield, WUEg, WUED, andekirns. However, in a year when
environmental stresses limited corn yields to agrage of 4520 kg Wa(73 bu at), grain
sorghum treatments generally had relatively higtimve-ground biomass, grain yield, WUEg,
WUEDb, and net returns. In the third year of thelgfyields were maximized equally by
producing corn in a clump, P1S1, or cluster comfigjon and grain sorghum in a conventional
or cluster configuration. The highest grain yieldsen averaged across all years were produced
by the conventional and clump sorghum geometries réturns however were maximized by
conventional, cluster, and clump planted sorghunvedbas clump planted corn. Skip-row
planting consistently reduced net returns for lmotps.

While the results of this study provide some infation useful to a producer choosing
between corn and grain sorghum and various plaggagnetry options, caution must be
applied, as using the results presented here &domake inferences is an oversimplification of a
producer’s decision making process. The resultsgoted here ignore differences in production
costs that may exist among producers. Additionalbt,addressed are the implications of crop
insurance on minimizing downside risk, the levelich is determined by upside potential as
reflected in actual production history (APH). Tiraitation to downside risk allows producers to
choose production alternatives that are more risy those that would be chosen without the
limitation to downside risk. Additionally, in a soptimal year, if a planting geometry results in
marginal yields compared as opposed to completefaiture, a producer’s net revenue may

actually be reduced relative to crop failure duadbcollecting insurance indemnities.
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Appendix A - Corn supplemental soil water data

2009 Interpolated soil water content
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Figure A.1 - 2009 Corn planting soil water contentdrawn with contour step = 0.005 cri

cm’®, clump geometry.
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Figure A.2 - 2009 Corn planting soil water contentdrawn with contour step = 0.005 cri

cm?, cluster geometry.
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Figure A.3 - 2009 Corn planting soil water contentdrawn with contour step = 0.005 cri

cm’, conventional geometry.

246



Position (inches)
0 20 40 60 80 100 1

v
10
20
€ 303 [ 1024
o [8]
= £
£ =
g 100 05 0.23
o [0)
a
120 r 10.22
50

140
60

160
70

180
0 50 100 150 200 250 300

Position (cm)
Figure A.4 - 2009 Corn planting soil water contentdrawn with contour step = 0.005 cri

cm®, P1S1 geometry.

Position (inches)
60 100
% T

20
m
— 30 ©
£ £ [ 1023
~ =
5 =
o =
= - 10.22
3 0z
[a)
r 10.21
50

[%2]
o

70

0 50 100 150 200 250 300
Position (cm)

Figure A.5 - 2009 Corn planting soil water contentdrawn with contour step = 0.005 cri

cm®, P2S2 geometry.
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Figure A.6 - 2009 Corn early vegetative soil watezontent, drawn with contour step = 0.005

cm®cm’, clump geometry.
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Figure A.7 - 2009 Corn early vegetative soil watetontent, drawn with contour step = 0.005

cm®cm’®, cluster geometry.
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Figure A.8 - 2009 Corn early vegetative soil waterontent, drawn with contour step = 0.005

cm®cm®, conventional geometry.
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Figure A.9 - 2009 Corn early vegetative soil watetontent, drawn with contour step = 0.005

cm’cm, P1S1 geometry.
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Figure A.10 - 2009 Corn early vegetative soil watezontent, drawn with contour step =

0.005 cniicm™, P2S2 geometry.
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Figure A.11 - 2009 Corn mid vegetative soil waterantent, drawn with contour step = 0.005

cm®cm’, clump geometry.
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Figure A.12 - 2009 Corn mid vegetative soil waterantent, drawn with contour step = 0.005

cm®cm’®, cluster geometry.
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Figure A.13 - 2009 Corn mid vegetative soil waterantent, drawn with contour step = 0.005

cm’cm’®, conventional geometry.
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Figure A.14 - 2009 Corn mid vegetative soil waterantent, drawn with contour step = 0.005

cm®cm, P1S1 geometry.
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Figure A.15 - 2009 Corn mid vegetative soil waterantent, drawn with contour step = 0.005

cm’cm’, P2S2 geometry.
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Figure A.16 - 2009 Corn late vegetative soil wataontent, drawn with contour step = 0.005

cm®*cm®, clump geometry.
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Figure A.17 - 2009 Corn late vegetative soil waterontent, drawn with contour step = 0.005

cm®cm’, cluster geometry.

253



Position (inches)
0 20 40 60 80 100 128

= 2
e <
=S g
= < 10.175
s =
a &
a 410.17

120 7 —— T T T

a
o

140+
60
160 5 o O O 0.16
180E 370 0.155
0 50 100 150 200 250 300

Position (cm)
Figure A.18 - 2009 Corn late vegetative soil waterontent, drawn with contour step = 0.005

cm’cm’®, conventional geometry.
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Figure A.19 - 2009 Corn late vegetative soil waterontent, drawn with contour step = 0.005

cm’cm’®, P1S1 geometry.
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Figure A.20 - 2009 Corn late vegetative soil wataontent, drawn with contour step = 0.005

cm®cm®, P2S2 geometry.

Position (inches)
0 20 40 60 80 100 128
T

Depth (cm)
Depth (inches)

0 50 100 150 200 250 300
Position (cm)

Figure A.21 - 2009 Corn tassel-silk soil water coaht, drawn with contour step =

cm’, clump geometry.
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Figure A.22 - 2009 Corn tassel-silk soil water cosnt, drawn with contour step = 0.005 crh

cm?, cluster geometry.
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Figure A.23 - 2009 Corn tassel-silk soil water coant, drawn with contour step =

cm’, conventional geometry.
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Figure A.24 - 2009 Corn tassel-silk soil water coant, drawn with contour step = 0.005 crh

cm®, P1S1 geometry.
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Figure A.25 - 2009 Corn tassel-silk soil water coant, drawn with contour step = 0.005 crh

cm®, P2S2 geometry.
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Figure A.26 - 2009 Corn grain fill soil water contat, drawn with contour step = 0.005 cri

cm’, clump geometry.
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Figure A.27 - 2009 Corn grain fill soil water contat, drawn with contour step = 0.005 cri

cm’, cluster geometry.
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Figure A.28 - 2009 Corn grain fill soil water contat, drawn with contour step = 0.005 cri

cm’, conventional geometry.
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Figure A.29 - 2009 Corn grain fill soil water contat, drawn with contour step = 0.005 cri

cm®, P1S1 geometry.
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Figure A.30 - 2009 Corn grain fill soil water contat, drawn with contour step = 0.005 cri

cm®, P2S2 geometry.
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Figure A.31 - 2009 Corn harvest soil water contengjrawn with contour step = 0.005 cri

cm’, clump geometry.
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Figure A.32 - 2009 Corn harvest soil water contengjrawn with contour step = 0.005 cri

cm?, cluster geometry.
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Figure A.33 - 2009 Corn harvest soil water contengjrawn with contour step = 0.005 cri

cm’, conventional geometry.
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Figure A.34 - 2009 Corn harvest soil water contengjrawn with contour step = 0.005 cri
cm®, P1S1 geometry.
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Figure A.35 - 2009 Corn harvest soil water contentjrawn with contour step = 0.005 cri

cm®, P2S2 geometry.
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Figure A.36 - 2009 Corn planting to early vegetati® change in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure A.37 - 2009 Corn planting to early vegetati® change in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure A.38 - 2009 Corn planting to early vegetati® change in soil water content, drawn

o

with contour step = 0.005 cricm™, conventional geometry.
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Figure A.39 - 2009 Corn planting to early vegetati® change in soil water content, drawn

with contour step = 0.005 cmicm™®, P1S1 geometry.
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Figure A.40 - 2009 Corn planting to early vegetati® change in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.

265



Position (inches)
0 20 40 60 80 100 128
T T

= A
£ 2
=4 g

P £ | 1004
B :
o )
o

L 1005

0 50 100 150 200 250 300
Position (cm)

Figure A.41 - 2009 Corn planting to mid vegetativehange in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure A.42 - 2009 Corn planting to mid vegetativehange in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure A.43 - 2009 Corn planting to mid vegetativehange in soil water content, drawn

o

with contour step = 0.005 cricm™, conventional geometry.
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Figure A.44 - 2009 Corn planting to mid vegetativehange in soil water content, drawn

with contour step = 0.005 cmicm™, P1S1 geometry.
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Figure A.45 - 2009 Corn planting to mid vegetativehange in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.
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Figure A.46 - 2009 Corn planting to late vegetativehange in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure A.47 - 2009 Corn planting to late vegetativehange in soil water content, drawn

with contour step = 0.005 cricm™, cluster geometry.
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Figure A.48 - 2009 Corn planting to late vegetativehange in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.
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Figure A.49 - 2009 Corn planting to late vegetativehange in soil water content, drawn

with contour step = 0.005 criicm™, P1S1 geometry.
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Figure A.50 - 2009 Corn planting to late vegetativehange in soil water content, drawn

with contour step = 0.005 cmicm™®, P2S2 geometry.
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Figure A.51 - 2009 Corn planting to tassel-silk chage in soil water content, drawn with

contour step = 0.005 cricm™, clump geometry.
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Figure A.52 - 2009 Corn planting to tassel-silk chage in soil water content, drawn with

contour step = 0.005 cricm’®, cluster geometry.
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Figure A.53 - 2009 Corn planting to tassel-silk chage in soil water content, drawn with

contour step = 0.005 crhcm’®, conventional geometry.
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Figure A.54 - 2009 Corn planting to tassel-silk chage in soil water content, drawn with

contour step = 0.005 cricm™®, P1S1 geometry.
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Figure A.55 - 2009 Corn planting to tassel-silk chage in soil water content, drawn with

contour step = 0.005 cricm™, P2S2 geometry.
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Figure A.56 - 2009 Corn planting to grain fill charge in soil water content, drawn with

contour step = 0.005 cricm™, clump geometry.
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Figure A.57 - 2009 Corn planting to grain fill charge in soil water content, drawn with

contour step = 0.005 crhcm’®, cluster geometry.
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Figure A.58 - 2009 Corn planting to grain fill charge in soil water content, drawn with

contour step = 0.005 crhcm’, conventional geometry.
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Figure A.59 - 2009 Corn planting to grain fill charge in soil water content, drawn with
contour step = 0.005 cricm™, P1S1 geometry.
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Figure A.60 - 2009 Corn planting to grain fill charge in soil water content, drawn with
contour step = 0.005 cricm™, P2S2 geometry.
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Figure A.61 - 2009 Corn planting to harvest changm soil water content, drawn with

contour step = 0.005 cricm™®, clump geometry.
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Figure A.62 - 2009 Corn planting to harvest changm soil water content, drawn with

contour step = 0.005 cricm™, cluster geometry.
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Figure A.63 - 2009 Corn planting to harvest changm soil water content, drawn with

contour step = 0.005 crhcm’®, conventional geometry.
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Figure A.64 - 2009 Corn planting to harvest changm soil water content, drawn with

contour step = 0.005 cricm™®, P1S1 geometry.
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Figure A.65 - 2009 Corn planting to harvest changm soil water content, drawn with
contour step = 0.005 cricm’®, P2S2 geometry.
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Figure A.66 - 2009 Corn early vegetative to mid vegative change in soil water content,

drawn with contour step = 0.005 criicm’®, clump geometry.
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Figure A.67 - 2009 Corn early vegetative to mid vegative change in soil water content,

drawn with contour step = 0.005 criicm™, cluster geometry.
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Figure A.68 - 2009 Corn early vegetative to mid vegative change in soil water content,

drawn with contour step = 0.005 criicm’, conventional geometry.
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Figure A.69 - 2009 Corn early vegetative to mid vegative change in soil water content,

drawn with contour step = 0.005 cmicm’®, P1S1 geometry.
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Figure A.70 - 2009 Corn early vegetative to mid vegative change in soil water content,

drawn with contour step = 0.005 cmicm’®, P2S2 geometry.
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Figure A.71 - 2009 Corn early vegetative to tasssltk change in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure A.72 - 2009 Corn early vegetative to tasssltk change in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure A.73 - 2009 Corn early vegetative to tasssltk change in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.
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Figure A.74 - 2009 Corn early vegetative to tasssltk change in soil water content, drawn

with contour step = 0.005 cmicm™, P1S1 geometry.
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Figure A.75 - 2009 Corn early vegetative to tasssltk change in soil water content, drawn

with contour step = 0.005 cmicm™®, P2S2 geometry.
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Figure A.76 - 2009 Corn early vegetative to harvesthange in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure A.77 - 2009 Corn early vegetative to harvesthange in soil water content, drawn

with contour step = 0.005 cricm™, cluster geometry.
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Figure A.78 - 2009 Corn early vegetative to harvesthange in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.
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Figure A.79 - 2009 Corn early vegetative to harvesthange in soil water content, drawn

with contour step = 0.005 criicm™, P1S1 geometry.
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Figure A.80 - 2009 Corn early vegetative to harvesthange in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.
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Figure A.81 - 2009 Corn mid vegetative to late vetgive change in soil water content,

drawn with contour step = 0.005 criicm™, clump geometry.
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Figure A.82 - 2009 Corn mid vegetative to late vetgive change in soil water content,

drawn with contour step = 0.005 criicm’®, cluster geometry.
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Figure A.83 - 2009 Corn mid vegetative to late vetgive change in soil water content,

drawn with contour step = 0.005 criicm’®, conventional geometry.
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Figure A.84 - 2009 Corn mid vegetative to late vetgive change in soil water content,

drawn with contour step = 0.005 cicm’®, P1S1 geometry.
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Figure A.85 - 2009 Corn mid vegetative to late vetgive change in soil water content,

drawn with contour step = 0.005 cicm’®, P2S2 geometry.

Position (inches)
20 40 60 80 100 128

o

N
o

w
o

Depth (cm)
Depth (inches)

a
o

70

50 100 150 200 250 300
Position (cm)

Figure A.86 - 2009 Corn late vegetative to tassallschange in soil water content, drawn

o

with contour step = 0.005 criicm™, clump geometry.
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Figure A.87 - 2009 Corn late vegetative to tassallschange in soil water content, drawn

with contour step = 0.005 cricm™, cluster geometry.
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Figure A.88 - 2009 Corn late vegetative to tassallschange in soil water content, drawn

with contour step = 0.005 criicm™, conventional geometry.
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Figure A.89 - 2009 Corn late vegetative to tassallschange in soil water content, drawn

with contour step = 0.005 criicm™, P1S1 geometry.
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Figure A.90 - 2009 Corn late vegetative to tassallschange in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.
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Figure A.91 - 2009 Corn tassel-silk to grain fill bange in soil water content, drawn with

contour step = 0.005 cricm™, clump geometry.
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Figure A.92 - 2009 Corn tassel-silk to grain fill bange in soil water content, drawn with

contour step = 0.005 cricm™, cluster geometry.
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Figure A.93 - 2009 Corn tassel-silk to grain fill bange in soil water content, drawn with

contour step = 0.005 crhcm’, conventional geometry.
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Figure A.94 - 2009 Corn tassel-silk to grain fill bange in soil water content, drawn with
contour step = 0.005 cricm™®, P1S1 geometry.
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Figure A.95 - 2009 Corn tassel-silk to grain fill bange in soil water content, drawn with

contour step = 0.005 cricm™, P2S2 geometry.
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Figure A.96 - 2009 Corn tassel-silk to harvest chae in soil water content, drawn with

contour step = 0.005 cricm™, clump geometry.
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Figure A.97 - 2009 Corn tassel-silk to harvest chae in soil water content, drawn with

contour step = 0.005 crhcm’®, cluster geometry.
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Figure A.98 - 2009 Corn tassel-silk to harvest chae in soil water content, drawn with

contour step = 0.005 crhcm’, conventional geometry.
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Figure A.99 - 2009 Corn tassel-silk to harvest chae in soil water content, drawn with

contour step = 0.005 cricm™®, P1S1 geometry.
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Figure A.100 - 2009 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 cricm’®, P2S2 geometry.
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Figure A.101 - 2009 Corn grain fill to harvest chage in soil water content, drawn with

contour step = 0.005 cricm™, clump geometry.
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Figure A.102 - 2009 Corn grain fill to harvest chage in soil water content, drawn with

contour step = 0.005 crhicm’®, cluster geometry.
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Figure A.103 - 2009 Corn grain fill to harvest chage in soil water content, drawn with

contour step = 0.005 crhcm’, conventional geometry.
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Figure A.104 - 2009 Corn grain fill to harvest chage in soil water content, drawn with

contour step = 0.005 cricm’®, P1S1 geometry.
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Figure A.105 - 2009 Corn grain fill to harvest chage in soil water content, drawn with

contour step = 0.005 cricm™, P2S2 geometry.
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2010 Interpolated soil water content
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Figure A.106 - 2010 Corn planting soil water contetn drawn with contour step = 0.005 cri

cm’, clump geometry.
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Figure A.107 - 2010 Corn planting soil water contetn drawn with contour step = 0.005 cri

cm’, cluster geometry.
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Figure A.108 - 2010 Corn planting soil water contetn drawn with contour step = 0.005 cri

cm’, conventional geometry.

300



Position (inches)

0 20 40 60 80 100 120
10
20
o
€ 302 L 022
o [5}
= =)
2 100 wE [ o2
o [0)
at 402
120
50
140
60
160
70

0 50 100 150 200 250 300
Position (cm)

Figure A.109 - 2010 Corn planting soil water contetp drawn with contour step = 0.005 cril
cm®, P1S1 geometry.
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Figure A.110 - 2010 Corn planting soil water contetp drawn with contour step = 0.005 crii

cm®, P2S2 geometry.
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Figure A.111 - 2010 Corn early vegetative soil wateontent, drawn with contour step =

0.005 cnicm™, clump geometry.
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Figure A.112 - 2010 Corn early vegetative soil wateontent, drawn with contour step =

0.005 cnicm™, cluster geometry.
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Figure A.113 - 2010 Corn early vegetative soil wateontent, drawn with contour step =

0.005 cnicm™, conventional geometry.
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Figure A.114 - 2010 Corn early vegetative soil wateontent, drawn with contour step =

0.005 criicm™, P1S1 geometry.
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Figure A.115 - 2010 Corn early vegetative soil wateontent, drawn with contour step =

0.005 cnicm™, P2S2 geometry.
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Figure A.116 - 2010 Corn tassel-silk soil water coant, drawn with contour step = 0.005

cm®cm’, clump geometry.
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Figure A.117 - 2010 Corn tassel-silk soil water ceent, drawn with contour step = 0.005

cm®cm’®, cluster geometry.
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Figure A.118 - 2010 Corn tassel-silk soil water coant, drawn with contour step = 0.005

cm’®cm’®, conventional geometry.
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Figure A.119 - 2010 Corn tassel-silk soil water coant, drawn with contour step = 0.005

cm®cm, P1S1 geometry.
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Figure A.120 - 2010 Corn tassel-silk soil water coant, drawn with contour step = 0.005

cm’cm’, P2S2 geometry.
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Figure A.121 - 2010 Corn harvest soil water contentirawn with contour step = 0.005 cr

cm’, clump geometry.
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Figure A.122 - 2010 Corn harvest soil water contentirawn with contour step = 0.005 cr

cm?, cluster geometry.
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Figure A.123 - 2010 Corn harvest soil water contentirawn with contour step = 0.005 crh

cm’, conventional geometry.
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Figure A.124 - 2010 Corn harvest soil water contentirawn with contour step = 0.005 cr

cm®, P1S1 geometry.
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Figure A.125 - 2010 Corn harvest soil water contentirawn with contour step = 0.005 cr

cm®, P2S2 geometry.
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2010 Changes in soil water content
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Figure A.126 - 2010 Corn planting to early vegetatie change in soil water content, drawn

with contour step = 0.005 criicm™, clump geometry.
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Figure A.127 - 2010 Corn planting to early vegetatie change in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure A.128 - 2010 Corn planting to early vegetatie change in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.
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Figure A.129 - 2010 Corn planting to early vegetatie change in soil water content, drawn

with contour step = 0.005 criicm™, P1S1 geometry.
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Figure A.130 - 2010 Corn planting to early vegetatie change in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.
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Figure A.131 - 2010 Corn planting to tassel-silk a@mge in soil water content, drawn with

contour step = 0.005 cricm™, clump geometry.
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Figure A.132 - 2010 Corn planting to tassel-silk admge in soil water content, drawn with

contour step = 0.005 crhcm’®, cluster geometry.

313



Position (inches)

2 20 40 60 80 100 120
0
20 -0.01
40 -0.02
60
m
— $ F 1004
5 80 5
p= E - 1-0.05
£ 100 £
[ Q
a L
2 0.06
50 r "0.07

(o2}
o

100 150 200 250 300
Position (cm)

o
al
o

Figure A.133 - 2010 Corn planting to tassel-silk admge in soil water content, drawn with

contour step = 0.005 crhcm’®, conventional geometry.
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Figure A.134 - 2010 Corn planting to tassel-silk admge in soil water content, drawn with
contour step = 0.005 cricm™, P1S1 geometry.
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Figure A.135 - 2010 Corn planting to tassel-silk agmge in soil water content, drawn with
contour step = 0.005 cricm™, P2S2 geometry.
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Figure A.136 - 2010 Corn planting to harvest changm soil water content, drawn with

contour step = 0.005 cricm™, clump geometry.
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Figure A.137 - 2010 Corn planting to harvest changmm soil water content, drawn with

contour step = 0.005 crhicm’®, cluster geometry.

Position (inches)
0 20 40 60 80 100 128

... . —
e e |

20E
=10

80/\—/\/\/\30
/\’_//\_’_//\’/\

we—---—————— 140

Depth (cm)
Depth (inches)

50

-0.15

0 50 100 150 200 250 300
Position (cm)

Figure A.138 - 2010 Corn planting to harvest changm soil water content, drawn with

contour step = 0.005 crhcm’, conventional geometry.
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Figure A.139 - 2010 Corn planting to harvest changmm soil water content, drawn with

contour step = 0.005 cricm™, P1S1 geometry.
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Figure A.140 - 2010 Corn planting to harvest changm soil water content, drawn with

contour step = 0.005 cm3 cm-3, P2S2 geometry.
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Figure A.141 - 2010 Corn early vegetative to tassellk change in soil water content, drawn

with contour step = 0.005 cm3 cm-3, clump geometry
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Figure A.142 - 2010 Corn early vegetative to tasssilk change in soil water content, drawn

with contour step = 0.005 cm3 cm-3, cluster geometr
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Figure A.143 - 2010 Corn early vegetative to tasssilk change in soil water content, drawn

with contour step = 0.005 cm3 cm-3, conventional gmetry.
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Figure A.144 - 2010 Corn early vegetative to tasssilk change in soil water content, drawn

with contour step = 0.005 cm3 cm-3, P1S1 geometry.
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Figure A.145 - 2010 Corn early vegetative to tasssilk change in soil water content, drawn
with contour step = 0.005 cm3 cm-3, P2S2 geometry.
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Figure A.146 - 2010 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 cm3 cm-3, clump geometry.
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Figure A.147 - 2010 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 cm3 cm-3, cluster geometr
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Figure A.148 - 2010 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 cm3 cm-3, conventional gmetry.

321



Position (inches)
60

0.01
20 10 0
20 -0.01
20 0.02
60
% b 1-0.03
E 8oF 5
= £ {004
2 100 |0 s
a 40 § L 1.0.05
120 L 06

50 100 150 200 250 300
Position (cm)

o

Figure A.149 - 2010 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 cm3 cm-3, P1S1 geometry.
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Figure A.150 - 2010 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 cm3 cm-3, P2S2 geometry.
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Figure A.151 - 2010 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 cricm™®, clump geometry.
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Figure A.152 - 2010 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 crhcm’®, cluster geometry.
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Figure A.153 - 2010 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 crhcm’, conventional geometry.
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Figure A.154 - 2010 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 cricm™, P1S1 geometry.
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Figure A.155 - 2010 Corn tassel-silk to harvest cimge in soil water content, drawn with
contour step = 0.005 cricm™, P2S2 geometry.
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2011 Interpolated soil water content
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Figure A.156 - 2011 Corn early vegetative soil wateontent, drawn with contour step =

0.005 cnicm™, clump geometry.
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Figure A.157 - 2011 Corn early vegetative soil wateontent, drawn with contour step =

0.005 criicm™, cluster geometry.
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Figure A.158 - 2011 Corn early vegetative soil wateontent, drawn with contour step =

0.005 criicm™, conventional geometry.
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Figure A.159 - 2011 Corn early vegetative soil wateontent, drawn with contour step =

0.005 cnicm™, P1S1 geometry.
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Figure A.160 - 2011 Corn early vegetative soil wateontent, drawn with contour step =

0.005 criicm™, P2S2 geometry.
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Figure A.161 - 2011 Corn tassel-silk soil water ceent, drawn with contour step = 0.005

cm®cm’, clump geometry.
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Figure A.162 - 2011 Corn tassel-silk soil water coant, drawn with contour step = 0.005

cm®cm’, cluster geometry.
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Figure A.163 - 2011 Corn tassel-silk soil water coent, drawn with contour step = 0.005

cm’cm’®, conventional geometry.
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Figure A.164 - 2011 Corn tassel-silk soil water coent, drawn with contour step = 0.005

cm®cm’®, P1S1 geometry.
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Figure A.165 - 2011 Corn tassel-silk soil water ceent, drawn with contour step = 0.005

cm®cm’, P2S2 geometry.
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Figure A.166 - 2011 Corn grain fill soil water conent, drawn with contour step = 0.005 crh

cm’, clump geometry.
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Figure A.167 - 2011 Corn grain fill soil water conent, drawn with contour step = 0.005 crh

cm’®, cluster geometry.
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Figure A.168 - 2011 Corn grain fill soil water conent, drawn with contour step = 0.005 crh

cm’, conventional geometry.
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Figure A.169 - 2011 Corn grain fill soil water conént, drawn with contour step = 0.005 crh

cm®, P1S1 geometry.
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Figure A.170 - 2011 Corn grain fill soil water conént, drawn with contour step = 0.005 crh

cm®, P2S2 geometry.
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Figure A.171 - 2011 Corn harvest soil water contentirawn with contour step = 0.005 cr

cm’, clump geometry.
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Figure A.172 - 2011 Corn harvest soil water contentirawn with contour step = 0.005 cr

cm’, cluster geometry.
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Figure A.173 - 2011 Corn harvest soil water contentirawn with contour step = 0.005 cr

cm’, conventional geometry.
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Figure A.174 - 2011 Corn harvest soil water contentirawn with contour step = 0.005 cr

cm®, P1S1 geometry.
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Figure A.175 - 2011 Corn harvest soil water contentirawn with contour step = 0.005 cr

cm®, P2S2 geometry.
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Figure A.176 - 2011 Corn early vegetative to tassellk change in soil water content, drawn

with contour step = 0.005 criicm™, clump geometry.
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Figure A.177 - 2011 Corn early vegetative to tasssilk change in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure A.178 - 2011 Corn early vegetative to tasssilk change in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.
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Figure A.179 - 2011 Corn early vegetative to tasssilk change in soil water content, drawn

with contour step = 0.005 cmicm™®, P1S1 geometry.
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Figure A.180 - 2011 Corn early vegetative to tasssellk change in soil water content, drawn

with contour step = 0.005 cmicm™®, P2S2 geometry.
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Figure A.181 - 2011 Corn early vegetative to graifill change in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure A.182 - 2011 Corn early vegetative to graifill change in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure A.183 - 2011 Corn early vegetative to graifill change in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.
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Figure A.184 - 2011 Corn early vegetative to graifill change in soil water content, drawn

with contour step = 0.005 cmicm™®, P1S1 geometry.
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Figure A.185 - 2011 Corn early vegetative to graifill change in soil water content, drawn
with contour step = 0.005 cmicm™®, P2S2 geometry.
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Figure A.186 - 2011 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure A.187 - 2011 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 cricm™, cluster geometry.
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Figure A.188 - 2011 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.
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Figure A.189 - 2011 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 criicm™, P1S1 geometry.
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Figure A.190 - 2011 Corn early vegetative to harveshange in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.
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Figure A.191 - 2011 Corn tassel-silk to grain filthange in soil water content, drawn with

contour step = 0.005 cricm™®, clump geometry.
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Figure A.192 - 2011 Corn tassel-silk to grain filthange in soil water content, drawn with

contour step = 0.005 cricm™, cluster geometry.
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Figure A.193 - 2011 Corn tassel-silk to grain filthange in soil water content, drawn with

contour step = 0.005 crhcm’®, conventional geometry.
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Figure A.194 - 2011 Corn tassel-silk to grain filthange in soil water content, drawn with

contour step = 0.005 cricm™®, P1S1 geometry.
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Figure A.195 - 2011 Corn tassel-silk to grain filthange in soil water content, drawn with

contour step = 0.005 cricm™, P2S2 geometry.
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Figure A.196 - 2011 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 cricm™®, clump geometry.
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Figure A.197 - 2011 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 cricm’®, cluster geometry.
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Figure A.198 - 2011 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 crhcm’, conventional geometry.
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Figure A.199 - 2011 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 cricm’®, P1S1 geometry.
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Figure A.200 - 2011 Corn tassel-silk to harvest cimge in soil water content, drawn with

contour step = 0.005 cricm’®, P2S2 geometry.
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Figure A.201 - 2011 Corn grain fill to harvest chage in soil water content, drawn with

contour step = 0.005 cricm™, clump geometry.
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Figure A.202 - 2011 Corn grain fill to harvest chage in soil water content, drawn with

contour step = 0.005 cricm’®, cluster geometry.

350



Position (inches)

0 20 40 60 80 100 129
10
20
i
= 30 ©
5 5 F 4004
~ c
5 =
g 100 0%
8 r 4-005
120
50
140
60
160
70

180
0 50 100 150 200 250 300

Position (cm)

Figure A.203 - 2011 Corn grain fill to harvest chage in soil water content, drawn with
contour step = 0.005 crhcm™, conventional geometry.
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Figure A.204 - 2011 Corn grain fill to harvest chage in soil water content, drawn with

contour step = 0.005 cricm™, P1S1 geometry.
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Figure A.205 - 2011 Corn grain fill to harvest chage in soil water content, drawn with

contour step = 0.005 cricm™, P2S2 geometry.
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Figure A.206 - Corn planting soil water content acoss years, contour step = 0.005 érom’®,

clump geometry.
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Figure A.207 - Corn planting soil water content acoss years, contour step = 0.005 éom’>,

cluster geometry.

Position (inches)

0 20 40 60 80 100 120
10
20
)
= 300
5 5t Ho0.22
= £
E =
2 100 0% [ 021
[a] i [0}
o
120 L 402
50
140
60
160
180 70
0 50 100 150 200 250 300

Position (cm)
Figure A.208 - Corn planting soil water content acoss years, contour step = 0.005 érom’®,

conventional geometry.
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Figure A.209 - Corn planting soil water content acoss years, contour step = 0.005 éom’>,

P1S1 geometry.
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Figure A.210 - Corn planting soil water content acoss years, contour step = 0.005 éom’,

P2S2 geometry.
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Figure A.211 - Corn early vegetative soil water cdent across years, contour step = 0.005

cm®cm’, clump geometry.
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Figure A.212 - Corn early vegetative soil water cdent across years, contour step = 0.005

cm®cm’, cluster geometry.
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Figure A.213 - Corn early vegetative soil water cdent across years, contour step = 0.005

cm’cm’®, conventional geometry.
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Figure A.214 - Corn early vegetative soil water cdent across years, contour step = 0.005

cm’cm’, P1S1 geometry.

357



Position (inches)
60

m

2 2L 022
&) [S]
e c
5 =
o Ny

2+ 4021
a g
o

o
o

[%2]
o

70

0 50 100 150 200 250 300
Position (cm)

Figure A.215 - Corn early vegetative soil water cdent across years, contour step = 0.005

cm’cm’, P2S2 geometry.
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Figure A.216 - Corn tassel-silk soil water conterscross years, contour step = 0.005 Grom’

3 clump geometry.
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Figure A.217 - Corn tassel-silk soil water conterticross years, contour step = 0.005 Grom’

3 cluster geometry.
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Figure A.218 - Corn tassel-silk soil water conterdicross years, contour step = 0.005 érom’

3 conventional geometry.
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Figure A.219 - Corn tassel-silk soil water contersicross years, contour step = 0.005 Grom’

% P1S1 geometry.
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Figure A.220 - Corn tassel-silk soil water conterticross years, contour step = 0.005 Grom’

3 P2S2 geometry.
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Figure A.221 - Corn harvest soil water content acrss years, contour step = 0.005 crom™,

clump geometry.
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Figure A.222 - Corn harvest soil water content acrss years, contour step = 0.005 crom’®,

cluster geometry.
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Figure A.223 - Corn harvest soil water content acrss years, contour step = 0.005 crom™,

conventional geometry.
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Figure A.224 - Corn harvest soil water content acrss years, contour step = 0.005 crom’®,

P1S1 geometry.

362



Position (inches)
60
T

= A
£ <
") e r 10.175
s =
o =
s r 1017
a &
[a]
r 10.165

| N | |
0 50 100 150 200 250 300

Position (cm)

Figure A.225 - Corn harvest soil water content acrss years, contour step = 0.005 crom’®,

P2S2 geometry.
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Figure A.226 - Corn planting to early vegetative cange in soil water content across years,

contour step = 0.005 cricm™, clump geometry.
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Figure A.227 - Corn planting to early vegetative cange in soil water content across years,

contour step = 0.005 crhcm’®, cluster geometry.
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Figure A.228 - Corn planting to early vegetative cange in soil water content across years,

contour step = 0.005 crhcm’, conventional geometry.
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Figure A.229 - Corn planting to early vegetative cange in soil water content across years,
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contour step = 0.005 cricm™, P1S1 geometry.
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Figure A.230 - Corn planting to early vegetative cange in soil water content across years,

contour step = 0.005 cricm’®, P2S2 geometry.
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Figure A.231 - Corn early vegetative to tassel-silkhange in soil water content across years,

contour step = 0.005 cricm™, clump geometry.
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Figure A.232 - Corn early vegetative to tassel-silkhange in soil water content across years,

contour step = 0.005 crhcm’®, cluster geometry.
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Figure A.233 - Corn early vegetative to tassel-silkhange in soil water content across years,

contour step = 0.005 crhcm’®, conventional geometry.
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Figure A.234 - Corn early vegetative to tassel-silkhange in soil water content across years,

contour step = 0.005 cricm™®, P1S1 geometry.
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Figure A.235 - Corn early vegetative to tassel-silkhange in soil water content across years,

contour step = 0.005 cricm’®, P2S2 geometry.
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Figure A.236 - Corn early vegetative to harvest chriage in soil water content across years,

contour step = 0.005 cricm™, clump geometry.
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Figure A.237 - Corn early vegetative to harvest chriage in soil water content across years,

contour step = 0.005 crhcm’®, cluster geometry.
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Figure A.238 - Corn early vegetative to harvest chriage in soil water content across years,

contour step = 0.005 crhcm’, conventional geometry.
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Figure A.239 - Corn early vegetative to harvest chriage in soil water content across years,

contour step = 0.005 cricm™®, P1S1 geometry.
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Figure A.240 - Corn early vegetative to harvest chriage in soil water content across years,

contour step = 0.005 cricm’®, P2S2 geometry.
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Figure A.241 - Corn tassel-silk to harvest changeaisoil water content across years, contour
step = 0.005 criicm®, clump geometry.
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Figure A.242 - Corn tassel-silk to harvest changaisoil water content across years, contour

step = 0.005 cricm™, cluster geometry.
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Figure A.243 - Corn tassel-silk to harvest changaisoil water content across years, contour

step = 0.005 cricm®, conventional geometry.
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Figure A.244 - Corn tassel-silk to harvest changaisoil water content across years, contour

step = 0.005 cricm®, P1S1 geometry.
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Figure A.245 - Corn tassel-silk to harvest changaisoil water content across years, contour

step = 0.005 criicm®, P2S2 geometry.
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Appendix B - Grain sorghum supplemental water data

2009 Interpolated soil water content
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Figure B.1 - 2009 Sorghum early vegetative soil wat content, drawn with contour step =

0.005 cniicm™, clump geometry.
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Figure B.2 - 2009 Sorghum early vegetative soil wat content, drawn with contour step =

0.005 cniicm™, cluster geometry.
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Figure B.3 - 2009 Sorghum early vegetative soil wait content, drawn with contour step =

0.005 cniicm™, conventional geometry.

376



Position (inches)
0 20 40 60 80 100 128

= 3
5 S | 023
~ {=
E= =
s £
o
a
2t 1022

0 50 100 150 200 250 300
Position (cm)

Figure B.4 - 2009 Sorghum early vegetative soil wait content, drawn with contour step =

0.005 cnicm™, P1S1 geometry.
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Figure B.5 - 2009 Sorghum early vegetative soil wat content, drawn with contour step =

0.005 criicm™, P2S2 geometry.
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Figure B.6 - 2009 Sorghum flower-grain fill soil wéer content, drawn with contour step =

0.005 cnicm™, clump geometry.
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Figure B.7 - 2009 Sorghum flower-grain fill soil wé&er content, drawn with contour step =

0.005 criicm™, cluster geometry.
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Figure B.8 - 2009 Sorghum flower-grain fill soil wé&er content, drawn with contour step =

0.005 cnicm™, conventional geometry.
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Figure B.9 - 2009 Sorghum flower-grain fill soil wéer content, drawn with contour step =

0.005 cnicm™, P1S1 geometry.
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Figure B.10 - 2009 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cnicm™, P2S2 geometry.

Position (inches)
0 20 40 60 80 100 128

a 30
S
=
2 100 40
o
120
50
140
60
160
180 70
0 50 100 150 200 250 300

Position (cm)

Depth (inches)

10.22

Figure B.11 - 2009 Sorghum harvest soil water cont& drawn with contour step = 0.005

cm®cm’, clump geometry.
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Figure B.12 - 2009 Sorghum harvest soil water contgé drawn with contour step = 0.005

cm®cm’®, cluster geometry.
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Figure B.13 - 2009 Sorghum harvest soil water conmig drawn with contour step = 0.005

cm’cm’®, conventional geometry.
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Figure B.14 - 2009 Sorghum harvest soil water contgé drawn with contour step = 0.005

cm’cm®, P1S1 geometry.
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Figure B.15 - 2009 Sorghum harvest soil water conmigé drawn with contour step = 0.005

cm®cm’, P2S2 geometry.
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2009 Changes in soil water content
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Figure B.16 - 2009 Sorghum early vegetative to flav-grain fill change in soil water

content, drawn with contour step = 0.005 cfitm™, clump geometry.
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Figure B.17 - 2009 Sorghum early vegetative to flav-grain fill change in soil water

content, drawn with contour step = 0.005 ciicm®, cluster geometry.
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Figure B.18 - 2009 Sorghum early vegetative to flav-grain fill change in soil water

content, drawn with contour step = 0.005 cfitm™, conventional geometry.
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Figure B.19 - 2009 Sorghum early vegetative to flav-grain fill change in soil water
content, drawn with contour step = 0.005 cAicm™, P1S1 geometry.
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Figure B.20 - 2009 Sorghum early vegetative to flav-grain fill change in soil water

content, drawn with contour step = 0.005 ciicm™, P2S2 geometry.
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Figure B.21 - 2009 Sorghum early vegetative to haegt change in soil water content,

with contour step = 0.005 criicm™, clump geometry.
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Figure B.22 - 2009 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure B.23 - 2009 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 criicm™, conventional geometry.
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Figure B.24 - 2009 Sorghum early vegetative to haegt change in soil water content, drawn
with contour step = 0.005 cmicm™®, P1S1 geometry.
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Figure B.25 - 2009 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.
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Figure B.26 - 2009 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure B.27 - 2009 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 cricm™, cluster geometry.
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Figure B.28 - 2009 Sorghum flower-grain fill to hawest change in soil water content, drawn

180

o

with contour step = 0.005 cricm™, conventional geometry.
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Figure B.29 - 2009 Sorghum flower-grain fill to havest change in soil water content, drawn

with contour step = 0.005 criicm™, P1S1 geometry.
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Figure B.30 - 2009 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 cmicm™®, P2S2 geometry.
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2010 Interpolated soil water content
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Figure B.31 - 2010 Sorghum early vegetative soil wex content, drawn with contour step =

0.005 cnicm™, clump geometry.
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Figure B.32 - 2010 Sorghum early vegetative soil wex content, drawn with contour step =

0.005 cniicm™, cluster geometry.
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Figure B.33 - 2010 Sorghum early vegetative soil wex content, drawn with contour step =

0.005 cniicm™, conventional geometry.
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Figure B.34 - 2010 Sorghum early vegetative soil wex content, drawn with contour step =
0.005 cnicm™, P1S1 geometry.
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Figure B.35 - 2010 Sorghum early vegetative soil wex content, drawn with contour step =

0.005 criicm™, P2S2 geometry.
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Figure B.36 - 2010 Sorghum flower-grain fill soil vater content, drawn with contour step =
0.005 cniicm™, clump geometry.
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Figure B.37 - 2010 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cnicm™, cluster geometry.
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Figure B.38 - 2010 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cnicm™, conventional geometry.
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Figure B.39 - 2010 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cnicm™, P1S1 geometry.
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Figure B.40 - 2010 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cnicm™, P2S2 geometry.
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Figure B.41 - 2010 Sorghum harvest soil water conmig drawn with contour step = 0.005

cm®*cm®, clump geometry.
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Figure B.42 - 2010 Sorghum harvest soil water contgé drawn with contour step = 0.005

cm®cm’, cluster geometry.
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Figure B.43 - 2010 Sorghum harvest soil water contgé drawn with contour step = 0.005

cm’cm’®, conventional geometry.
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Figure B.44 - 2010 Sorghum harvest soil water conté drawn with contour step = 0.005

cm’cm®, P1S1 geometry.
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Figure B.45 - 2010 Sorghum harvest soil water contgé drawn with contour step = 0.005

cm®*cm?®, P2S2 geometry.
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2010 Changes in soil water content
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Figure B.46 - 2010 Sorghum early vegetative to flav-grain fill change in soil water

content, drawn with contour step = 0.005 cfitm™, clump geometry.
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Figure B.47 - 2010 Sorghum early vegetative to flav-grain fill change in soil water

content, drawn with contour step = 0.005 circm™, cluster geometry.
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Figure B.48 - 2010 Sorghum early vegetative to flav-grain fill change in soil water
content, drawn with contour step = 0.005 cfitm™, conventional geometry.
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Figure B.49 - 2010 Sorghum early vegetative to flav-grain fill change in soil water
content, drawn with contour step = 0.005 cAicm™®, P1S1 geometry.
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Figure B.50 - 2010 Sorghum early vegetative to flaev-grain fill change in soil water
content, drawn with contour step = 0.005 cAcm™, P2S2 geometry.
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Figure B.51 - 2010 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure B.52 - 2010 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure B.53 - 2010 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.

Position (inches)

60
0
20
4 0.02
— -0.04
[%]
= -30 ©
S T N e U}
~ c
E =
< 100} _| s
a 20§
o
120
=50

%]
o

70

0 50 100 150 200 250 300
Position (cm)

Figure B.54 - 2010 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 criicm™, P1S1 geometry.
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Figure B.55 - 2010 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.
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Figure B.56 - 2010 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 cricm™, clump geometry.
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Figure B.57 - 2010 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 cricm™, cluster geometry.
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Figure B.58 - 2010 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.
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Figure B.59 - 2010 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 cmicm™®, P1S1 geometry.
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Figure B.60 - 2010 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 cmicm™®, P2S2 geometry.
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2011 Interpolated soil water content

Position (inches)

- 2
§ 5 b 40195
s e
5 =
o ey
s L Joio

g g

~0.185

0 50 100 150 200 250 300
Position (cm)

Figure B.61 - 2011 Sorghum early vegetative soil wex content, drawn with contour step =

0.005 cniicm™, clump geometry.
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Figure B.62 - 2011 Sorghum early vegetative soil wex content, drawn with contour step =

0.005 cnicm™, cluster geometry.
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Figure B.63 - 2011 Sorghum early vegetative soil wex content, drawn with contour step =

0.005 criicm™, conventional geometry.
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Figure B.64 - 2011 Sorghum early vegetative soil wex content, drawn with contour step =

0.005 cnicm™, P1S1 geometry.
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Figure B.65 - 2011 Sorghum early vegetative soil wex content, drawn with contour step =

0.005 cnicm™, P2S2 geometry.
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Figure B.66 - 2011 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cnicm™, clump geometry.
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Figure B.67 - 2011 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cniicm™, cluster geometry.
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Figure B.68 - 2011 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cnicm™, conventional geometry.
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Figure B.69 - 2011 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cniicm™, P1S1 geometry.
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Figure B.70 - 2011 Sorghum flower-grain fill soil vater content, drawn with contour step =

0.005 cniicm™®, P2S2 geometry.
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Figure B.71 - 2011 Sorghum harvest soil water conmigé drawn with contour step = 0.005

cm®cm’, clump geometry.
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Figure B.72 - 2011 Sorghum harvest soil water contgé drawn with contour step = 0.005

cm®cm’®, cluster geometry.
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Figure B.73 - 2011 Sorghum harvest soil water comig drawn with contour step = 0.005

o

cm’cm’®, conventional geometry.
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Figure B.74 - 2011 Sorghum harvest soil water conmigé drawn with contour step = 0.005

cm®*cm?®, P1S1 geometry.
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Figure B.75 - 2011 Sorghum harvest soil water comigé drawn with contour step = 0.005

cm’cm’, P2S2 geometry.
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2011 Changes in soil water content
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Figure B.76 - 2011 Sorghum early vegetative to flav-grain fill change in soil water

content, drawn with contour step = 0.005 cfitm™, clump geometry.
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Figure B.77 - 2011 Sorghum early vegetative to flav-grain fill change in soil water

content, drawn with contour step = 0.005 ciicm, cluster geometry.
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Figure B.78 - 2011 Sorghum early vegetative to flav-grain fill change in soil water

content, drawn with contour step = 0.005 cfitm™, conventional geometry.
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Figure B.79 - 2011 Sorghum early vegetative to flav-grain fill change in soil water
content, drawn with contour step = 0.005 ciicm™, P1S1 geometry.
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Figure B.80 - 2011 Sorghum early vegetative to flav-grain fill change in soil water
content, drawn with contour step = 0.005 cArcm™®, P2S2 geometry.
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Figure B.81 - 2011 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 criicm™, clump geometry.
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Figure B.82 - 2011 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure B.83 - 2011 Sorghum early vegetative to haegt change in soil water content, drawn
with contour step = 0.005 cricm™, conventional geometry.
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Figure B.84 - 2011 Sorghum early vegetative to haegt change in soil water content, drawn
with contour step = 0.005 cmicm™®, P1S1 geometry.
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Figure B.85 - 2011 Sorghum early vegetative to haegt change in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.
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Figure B.86 - 2011 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 criicm™, clump geometry.
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Figure B.87 - 2011 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 criicm™, cluster geometry.
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Figure B.88 - 2011 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 cricm™, conventional geometry.
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Figure B.89 - 2011 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 criicm™, P1S1 geometry.
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Figure B.90 - 2011 Sorghum flower-grain fill to hawest change in soil water content, drawn

with contour step = 0.005 criicm™, P2S2 geometry.
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Across-years interpolated soil water content
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Figure B.91 - Sorghum early vegetative soil wateromtent across years, drawn with contour

step = 0.005 criicm’®, clump geometry.
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Figure B.92 - Sorghum early vegetative soil wateromtent across years, drawn with contour

step = 0.005 cricm’®, cluster geometry.
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Figure B.93 - Sorghum early vegetative soil wateromtent across years, drawn with contour

step = 0.005 cricm’®, conventional geometry.

424

200

s
40
_—

250

250

10

20

30

o
o

60

70
300

Depth (inches)

Depth (inches)

10.2

10.215

r 10.21

10.205

0.19

0.185



Position (inches)
60

s

= 2

€ <

z 2
= < r 10.21

2000 — O — =

13 08

MM D
)

120

a
o

o)}
o

0 50 100 150 200 250 300
Position (cm)

Figure B.94 - Sorghum early vegetative soil wateromtent across years, drawn with contour
step = 0.005 cricm®, P1S1 geometry.
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Figure B.95 - Sorghum early vegetative soil wateromtent across years, drawn with contour
step = 0.005 criicm 3, P2S2 geometry.
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Figure B.96 - Sorghum flower-grain fill soil watercontent across years, drawn with

contour step = 0.005 cricm™, clump geometry.
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Figure B.97 - Sorghum flower-grain fill soil watercontent across years, drawn with

contour step = 0.005 cricm’®, cluster geometry.

426



Depth (cm)

Position (inches)
00 20 40 60 80 100 12
F v

20
10
40
20
60
7
308 b Ho2
80 £
2
100 40% L 10195
[a)

120

140

160

180 70 0.18
0 50 100 150 200 250 300
Position (cm)

Figure B.98 - Sorghum flower-grain fill soil watercontent across years, drawn with

contour step = 0.005 crficm™, conventional geometry.
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Figure B.99 - Sorghum flower-grain fill soil watercontent across years, drawn with

contour

step = 0.005 cricm’®, P1S1 geometry.
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Figure B.100 - Sorghum flower-grain fill soil watercontent across years, drawn with

contour step = 0.005 cricm™, P2S2 geometry.
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Figure B.101 - Sorghum harvest soil water contentaoss years, drawn with contour step =

0.005 cnicm™, clump geometry.
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Figure B.102 - Sorghum harvest soil water contentaoss years, drawn with contour step =

0.005 cnicm™, cluster geometry.
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Figure B.103 - Sorghum harvest soil water contentaoss years, drawn with contour step =

0.005 cnicm™, conventional geometry.
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Figure B.104 - Sorghum harvest soil water contentaoss years, drawn with contour step =

0.005 cniicm™®, P1S1 geometry.

Position (inches)

20 40 60 80 100 12

0
O=

100 40

Depth (cm)

120
50

140
160

180 | 70
100 150 200 250
Position (cm)

Depth (inches)

0.19

0.18

Figure B.105 - Sorghum harvest soil water contentaoss years, drawn with contour step =

0.005 criicm™, P2S2 geometry.
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Across-years change in soil water content
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Figure B.106 - Sorghum early vegetative to flower+sgin fill change in soil water content

across years, drawn with contour step = 0.005 ctom’, clump geometry.
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Figure B.107 - Sorghum early vegetative to flowersgin fill change in soil water content

across years, drawn with contour step = 0.005 ctom’®, cluster geometry.
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Figure B.108 - Sorghum early vegetative to flowersgin fill change in soil water content

across years, drawn with contour step = 0.005 clom™, conventional geometry.
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Figure B.109 - Sorghum early vegetative to flowersgin fill change in soil water content
across years, drawn with contour step = 0.005 ctom®, P1S1 geometry.
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Figure B.110 - Sorghum early vegetative to flower+sgin fill change in soil water content
across years, drawn with contour step = 0.005 ctom’®, P2S2 geometry.
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Figure B.111 - Sorghum early vegetative to harveshange in soil water content across

years, drawn with contour step = 0.005 cftm™, clump geometry.
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Figure B.112 - Sorghum early vegetative to harveshange in soil water content across

years, drawn with contour step = 0.005 cfitm™, cluster geometry.
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Figure B.113 - Sorghum early vegetative to harveshange in soil water content across

years, drawn with contour step = 0.005 cAtm®, conventional geometry.
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Figure B.114 - Sorghum early vegetative to harveshange in soil water content across

years, drawn with contour step = 0.005 citm>, P1S1 geometry.
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Figure B.115 - Sorghum early vegetative to harveshange in soil water content across

years, drawn with contour step = 0.005 cftm®, P2S2 geometry.
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Figure B.116 - Sorghum flower-grain fill to harvestchange in soil water content across

years, drawn with contour step = 0.005 cftm™, clump geometry.
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Figure B.117 - Sorghum flower-grain fill to harvestchange in soil water content across

years, drawn with contour step = 0.005 cfAtm™, cluster geometry.
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Figure B.118 - Sorghum flower-grain fill to harvestchange in soil water content across

years, drawn with contour step = 0.005 cAtm®, conventional geometry.
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Figure B.119 - Sorghum flower-grain fill to harvestchange in soil water content across

years, drawn with contour step = 0.005 cfitm>, P1S1 geometry.
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Figure B.120 - Sorghum flower-grain fill to harvestchange in soil water content across

years, drawn with contour step = 0.005 cftm®, P2S2 geometry.
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Appendix C - MatLab Code Routines For Processing Sld/Vater

Data

SkipClumpThetaData.m

This code is the base program for taking in neus@hwater data that has already been

converted into values of theta. This program deitemthe geometry of each data read based

upon its properties and applies the correct infetpm procedure. This code also performs

mirroring of the various interpolations and genesatomposite data layers for a 120 inch wide

and 72 inch deep soil profile.

% SkipClumpThetaData - Written to process neutron d
key,x,y,theta

% into an interpolated cross section of soil water.

% each tube and read event. .mat files are created

% interpoliated grid of values for each tube at eac

% then be averaged, subtracted, etc.

% Written by Gerard Kluitenberg and Lucas Haag
% K-State Research & Extension, Fall 2012 / Spring

% Clear MATLAB environment

clear all ;
close all ;
clc;

% Load in-season precipiation data that is later me
% of each plot after interpolation
load YearCropTime.mat ;

% Read input data from Excel spreadsheet - NOT CURR
% format is xIsread('FileName','SheetName','upper |

% colrow"), if only a single return arguement is us

% is returned, 2 arguments are needed if text is to

% [data, key] returns numerical informaton to an ar

% returns text information to a cell array

%][data, key] = xIsread('MatlabSoilWaterlnput',1,'a2
complete data set

% The cell array "key" contains the CropYear/CropTi
% Column 1 of matrix "data" contains horizontal spa
% Column 2 of matrix "data" contains vertical space
% Column 3 of matric "data" contains measured water

%Read Data though txt file - CURRENTLY IN USE
%fileID holds integer value to identfy files, 0-2 a
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%likely is assigned value 3

filelID=fopen( ‘MatlabSoilWaterlnput.txt' );
%textscan reads in from fileID, string, float, floa t, float, float
data=textscan(filelD, '%s %f %f %f %f' )

%oclose open file
fclose(filelD);

% Create individual column vectors by subsampling m atrix "data”

% data brought in through the textscan are placed i nto cell arrays

% use the cell2mat to convert cell arrays into nume ric vectors or arrays

key = cell(data{1,1}); %creates key cell array by reading out of cell 1,1 in
data cell array

x = cell2mat(data(:,2)); %creates x position vector of x by 1 (where x is

number of data lines read)

y = cell2mat(data(:,3)); %creates y position vector of y by 1 (where y is

number of data lines read)

z = cell2mat(data(:,4)); %creates theta vector of z by 1 (where z is number

of data lines read)

%Generates a cell array with unique keys, uniquekey S

%Generates two column vectors with the row of first occourance (UKidx) not
used, and

%a vector that references each entry in key to its accompanying line in
uniquekeys

[uniquekeys, UKidx, UKnumber] = unique(key, first' );

%Save a uniquekeys matlab file that serves as the | ookup datasource for
Y%postprocessing script
save( 'KeyFile.mat' , 'uniquekeys'  );

% Determine the number of unique keys
L = length(uniquekeys);

% Create a cell array with dimensions to fit summar y data
SummaryData = cell(L,8);

% Select interpolation method

% method = 'linear"; % default interpolation method
% method = 'cubic’;

% method = 'nearest’;

method = 'v4'

for k=1:.L  %Loop through all unique keys

% Determine indices for data set of interest
% idx is a column vector of indicies that match the current k (key)
idx = find(UKnumber==k);

% Create filename for output
filename = uniquekeys{k}

440



% Subsample column vectors "x", "y", and "z"
% X, y, and z contain all data read in from .txt or

xx = X(idx);
yy = y(idx);
zz = z(idx);

% Determine length of vector "idx". The scalar "LL"
% for determining the tube configuration of the dat
LL = length(idx);

% Assign variables that control size and shape of g
% All values have units of inches

%If statement for TRT 42-P2S2, i.e. 48 entries unde

if LL==48
Xmin = 0.0;
Xstep = 1.0;
Xmax = 60.0;
Ymin = 0.0;
Ystep = 1.0;
Ymax = 72.0;

%If statement for TRT 22-SwinR, 32-P1S1, and 52-Clu
elseif LL==36

Xmin = 0.0;
Xstep = 1.0;
Xmax = 30.0;
Ymin = 0.0;
Ystep = 1.0;
Ymax = 72.0;
%lIf LL dosent match the above then it has to be TRT
else

Xmin = 0.0;
Xstep = 1.0;
Xmax = 15.0;
Ymin = 0.0;
Ystep = 1.0;
Ymax = 72.0;
end

% Create grid of points at which water content is t

% pull x and y min max and steps from variables dep

% key/geometry being evaluated in this loop step
[X,Y] = meshgrid(Xmin:Xstep:Xmax,Ymin:Ystep:Ymax)

% Interpolate water content at grid points using re
% and estimating at points X, Y
Z = griddata(xx,yy,zz,X,Y,method);

% Calculate volumes of water and soil in the contro
% 3.16.2013 LH - Note that due to spacing of interp
% cells for summing it is necessary to sum 1/2 of t
% endpoint cells, and 1/4 for the corner cells both
% with depth (Y), summing with dA for all points wi
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% overestimation of Vw and Vs and will unfairly wei ght end cells

dA = Xstep*Ystep; %calculate the "area" of each interpolation cell;
[a,b] = size(2); %size command returns number of rows=a and columns=
matrix Z
%Vw = sum(sum(Z))*dA; %multiply sum of matrix wate r contents by area, eq.

19 in handout
%where dA is delta x by delta z

%Calculate Vw that was created in interpolation but is located in areas
%outside the intended domain (x<0 and x>30, y<0 and y>72

%Remove 0.50 of Vw located in first and last rows
XVwr = 0.5*(sum(Z(1,1:b))+sum(Z(a,1:b)));

%Remove 0.50 of Vw located in first and last column S

XVwce = 0.5%(sum(Z(1:a,1))+sum(Z(1:a,b)));
%lIn this approach the 0.25 of the corner cell value s are subtracted
%twice, need to calculate those for inclusion in th e sum later

XVWx = (0.25%(Z(1,1)+Z(1,b)+Z(a,1)+Z(a,b)));

%Calculate total Vw by summing entire Z (interpolat ion domain) then
%subtracting out water that lies outside the indend ed summing domain,
%subtract extra water on outside edge rows and colu mns and add back
%in water that was subtracted twice as part of the process, i.e.
%corners

Vw = sum(sum(Z))-XVwr-XVwc+XVwx;

Vs = (a-1)*(b-1)*dA; %calculate Vs, subtract 1 from a and b to get to cr
sectional area instead of fully interpolated area

% Calculate depths of water and soil in the control section at each
% interpolation point, NOTE: If summed it will resu Itin an area that
% reflects the interpolation domain, not the true ¢ ontrol section.

Dw = sum(Z)*Xstep; %sum the columns of interpolated data matrix Z to g

depth of water across the transect

Ds = a*Xstep; %depth of soil

save(filename, xx' oy, 'zt XY 2w, 'VYs L 'Dw', DS );
% Match first 6 characters (Year and CropTime) of ¢ urrent key to
% in-season precipitation table and return location of occourance

YCT=strncmpi(YearCropTime(:,1), filename,6);

%Add values for key, Vw, Vs, Dw, Ds, and cum. preci p to master result file
SummaryData{k,1}=uniquekeys{k};
SummaryData{k,2}=Vw;
SummaryData{k,3}=Vs;
SummaryData{k,4}=Vw/Vs;

SummaryData{k,5}=YearCropTime{YCT, 4}, %matched precipiation value
SummaryData{k,6}=max(Z(:)); % Max value from interpolation
SummaryData{k,7}=min(Z(®)); % Min value from interpolation
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SummaryData{k,8}=std(Z(:)); % StdDev of values from interpolation

end

save( 'Summary.mat’ , 'SummaryData' );

% SkipClumpThetaAveraging

% Written by Lucas Haag

% K-State Research & Extension, Dept. of Agronomy
% Written to provide postprocessing of neutron data
% been performed. Averages plots within each Year/C
% and produces a file with average interpolated val

% Clear MATLAB environment

clear all ;
close all ;
clc;

% Load file named "FileKeys.mat" which contains the
% keys
load KeyFile.mat

%Create

% Extract YearCropTime entries from uniquekeys

% Define search expression

expression = \d\d\d\d\S\S\d\d" ;

[YCT] = regexp(uniquekeys,expression, 'match’
%Generates a cell array with unique YearCropTime en
%Generates two column vectors with the row of first
used, and

%a vector that references each entry in key to its
%uniquekeys (UKYCTnumber)

uniqueYCT = unique(YCT);

% Loop through uniqueYCT values, load files for eac

% cropyear/croptime/treatment combination and produ

% dataset

for CurrentYCT = 1:length(uniqueYCT);
CurrentYCTExpression=strcat((uniqueYCT{CurrentYCT

%Select keys from uniquekeys that match currentYCT
Selectedkeys =
find(~cellfun(@isempty,(regexp(uniquekeys,CurrentYC

for CurrentSK = 1:length(Selectedkeys);

% Load *.mat file selected in dialog box
Selectedkeyfile=uniquekeys{Selectedkeys(Current
load(Selectedkeyfile, “mat' );
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%0O0n first iteration just copy variables, this also
%when CurrentSK=1, add to exisitng if CurrentSK>1
if CurrentSK==1;
AvgX=X;
AvgY=Y;
AvgZ=Z7;
AvgVw=Vw;
AvgVs=Vs;
AvgDw=Dw;
AvgDs=Ds;
AvgMax=max(Z(:));
AvgMin=min(Z(:));
AvgStd=std(Z(:));
else
AvgX=AvgX+X;
AvgY=AvgY+Y;
AvgZ=AvQZ+Z,
AvgVw=AvgVw+Vw;
AvgVs=AvgVs+Vs;
AvgDw=AvgDw+Dw;
AvgDs=AvgDs+Ds;
AvgMax=AvgMax+max(Z(:));
AvgMin=AvgMin+min(Z(3));
AvgStd=AvgStd+std(Z(3));
end;

% Clear all variables in workspace created by the e
% "load" command before loading another file.
clear XY Z xx yy zz Dw Ds Vw Vs;

end;

%Variables have been summed across plots, now divid
Plots=length(Selectedkeys);
X=AvgX/Plots;
Y=AvgY/Plots;
Z=AvgZ/Plots;
Vw=AvgVw/Plots;
Vs=AvgVs/Plots;
Dw=AvgDw/Plots;
Ds=AvgDs/Plots;
Max=AvgMax/Plots;
Min=AvgMin/Plots;
Std=AvgStd/Plots;

%clear temp averaging variables
clear
AvgMin AvgStd ;

%Save means to file
AVGfilename=strcat((uniqueYCT{CurrentYCT}),

save(AVGfilename, X' ,'Y' ,'Z" ,'Vw' ,'Vs' | 'Dw'
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%Create composite dataset

%Flip X, Y, and Z matricies (mirrors) for use in bu ilding 120 inch
composite
%I X=fliplr(X); don't want to flip X, just add spaci ng interger to it
%IY=fliplr(Y); no need to flip Y
1Z=fliplr(2);

%Build composite matrix for P2S2

if regexp(AVGfilename, 42|94 ==1;
CX=[X,(X(;,2:end)+60)];

CY=[Y,Y(;,2:end)];

Cz=[Z,1Z(:,2:end)];

%Build composite matrix for P1S1, Clump, or Cluster

elseif
regexp(AVGfilename, ".....52|.....95]....22|.....92|.....32]..... 93" )==
| CX=[X,(X(;,2:end)+30),(X(:, 2:end)+60), (X(:, 2:en d)+90)J;

CY=[Y,Y(;,2:end),Y(:,2:end),Y(:,2:end)];
Cz=[z,1Z(:,2:end),Z(:,2:end),IZ(:,2:end)];

%Build composite matrix for Conventional

elseif  regexp(AVGfilename, L2120 )==1,;
CX=[X,(X(;,2:end)+15),(X(;,2:end)+30),(X(;,2:en d)+45), ...
(X(:,2:end)+60),(X(:,2:end)+75),(X(;,2:end)+9 0),(X(:,2:end)+105)];
CY=[Y,Y(;,2:end),Y(:,2:end),Y(;,2:end),Y(;,2:end),Y (:,2:end),Y(;,2:end),Y(;,2
:end)];
Cz=[z,1Z(:,2:end),Z(:,2:end),IZ(:,2:end),Z(:,2:end) 12(:,2:end),Z(:,2:end),l1Z
(:,2:end)];
end
%Move CX, CY, and CZ into standard variable names X ,Y,and Z
X=CX; Y=CY; Z=CZ;
clear CX
clear CY,
clear Cz
%Save Composite data to file
Cfilename=strcat((uniqueYCT{CurrentYCT}), 'CMP")
save(Cfilename, DS AVAR
clear X;
clear Y;
clear Z;
end;
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DifferenceGUI2.m

This code creates a graphical user interface sxstie data of interest, control which
plots are generated, and perform the mathematiocatibns of subtracting data from different

dates and supplying that information to the plgttiautines.

function  varargout = DifferenceGUI2(varargin)

% DIFFERENCEGUI2 MATLAB code for DifferenceGUI2.fig

% DIFFERENCEGUI2, by itself, creates a new DIFFER ENCEGUI2 or raises the
existing

% singleton*.

%

% H = DIFFERENCEGUIZ returns the handle to a new DIFFERENCEGUIZ2 or the
handle to

% the existing singleton*.

%

% DIFFERENCEGUI2('CALLBACK',hObject,eventData,han dles,...) calls the local
% function named CALLBACK in DIFFERENCEGUI2.M wit h the given input
arguments.

%

% DIFFERENCEGUI2('Property','Value',...) creates a new DIFFERENCEGUI2 or
raises the

% existing singleton*. Starting from the left, pr operty value pairs are
% applied to the GUI before DifferenceGUI2_Openin gFcn gets called. An

% unrecognized property name or invalid value mak es property application
% stop. All inputs are passed to DifferenceGUI2_O peningFcn via varargin.
%

% *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one

% instance to run (singleton)".

0,

02 See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to hel p DifferenceGUI2
% Last Modified by GUIDE v2.5 25-Mar-2013 19:27:39

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;

gui_State = struct( '‘gui_Name' , mfilename,
‘gui_Singleton’ , gui_Singleton,
‘gui_OpeningFcn' , @DifferenceGUI2_OpeningFcn,
‘gui_OutputFcn’ , @DifferenceGUI2_OutputFcn,
'gui_LayoutFcn' 0.
‘gui_Callback’ . D;

if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end

if nargout

[varargout{1:nargout}] = gui_mainfcn(gui_State, v arargin{:});
else
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gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT

% --- Executes just before DifferenceGUI2 is made v

function  DifferenceGUI2_OpeningFcn(hObject, eventdata, hand
% This function has no output args, see OutputFcn.

% hObject handle to figure

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% varargin command line arguments to DifferenceGUI

% Choose default command line output for Difference
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);

%Start of PostProcessCode - Load keyfile produced i

load keyfile.mat ;

YearExpression = ‘\d\d\d\d' ;
UniqueYears=unique(regexp(uniquekeys,YearExpression
UniqueYears=vertcat( . ,UniqueYears);

%Fill year list boxes with UniqueYears
set(handles.IstECropYear, 'string’ , UniqueYears);
set(handles.IstBCropYear, 'string’ , UniqueYears);
%Set AVG and CMP as potential input data types;
%InputOptions={'AVG','CMP'};

InputOptions={  'AVG' , 'CMP' };

set(handles.Istinput, 'string’ .InputOptions);
%Set to calculate differences by default;
set(handles.chkCalcDiff, 'value' ,1);

% UIWAIT makes DifferenceGUI2 wait for user respons
% uiwait(handles.figurel);

% --- Outputs from this function are returned to th

function  varargout = DifferenceGUI2_OutputFcn(hObject, even
% varargout cell array for returning output args (s

% hObject handle to figure

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Get default command line output from handles stru
varargout{1} = handles.output;

% --- Executes on button press in btnCancel.
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function  btnCancel_Callback(hObiject, eventdata, handles)

% hObject handle to btnCancel (see GCBO)

% eventdata reserved - to be defined in a future ve rsion of MATLAB
% handles structure with handles and user data (se e GUIDATA)

% --- Executes on button press in btnCalculate.
function  btnCalculate_Callback(hObject, eventdata, handles)
% hObject handle to btnCalculate (see GCBO)

% eventdata reserved - to be defined in a future ve rsion of MATLAB
% handles structure with handles and user data (se e GUIDATA)
%Determine if use has selected AVG or CMP as input data type
InputType=get(handles.IstIinput, ‘value' );
InputOptions=get(handles.Istinput, 'string’ );
InputFileExt=InputOptions{get(handles.Istinput, ‘value' )}
%check to see if directories needed for dataoutput exist

% Directory for individual difference plots
if exist( 'DiffPlots' )~=7
mkdir(  'DiffPlots’ );
end
% Directory for individual theta plots
if exist( 'ThetaPlots' )~=7
mkdir(  'ThetaPlots' );

end;

% Directory for composite difference plots
if exist( 'MultiDiffPlots' )~=7
mkdir( 'MultiDiffPlots’ );

end;

% Directory for composite theta plots

if exist( 'MultiThetaPlots' )~=7
mkdir( 'MultiThetaPlots' );
end;

%load list of potential keys
load keyfile.mat ;

%Build expression mask from selections in list box

ECropYear=get(handles.IstECropYear, 'string’ );
ECropTime=get(handles.IstECropTime, 'string’ );
ETrt=get(handles.IStETrt, 'string’ )i
EndingFile=strcat(ECropYear(get(handles.IstECropYea r, 'value' )),
ECropTime(get(handles.IstECropTime, ‘value' ),
ETrt(get(handles.IStETrt, ‘'value' )));
ECT=ECropTime{get(handles.ISstECropTime, ‘value' )}
% Build list of EndingFiles
EndingFiles=regexp(uniquekeys,EndingFile, 'match’ , ‘once' );
EndingFiles=unique(EndingFiles(~cellfun( ‘isempty’ ,EndingFiles)));
% Query Beginning File CropTime selection from list box
BCropTime=get(handles.IstBCropTime, 'string’ );
BCT=BCropTime{get(handles.IstBCropTime, ‘value' )}
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% Begin Processing Loop
LastEF=length(EndingFiles);
for CurrentEF=1:LastEF;

%Process ending files for geometries and time perio
EFile=strcat(EndingFiles{CurrentEF},InputFileEx
load(EFile);

EX=X;
EY=Y;
EZ=Z7;
MultiEX(:,:,CurrentEF)=X;
MUltiEY(;,:,CurrentEF)=Y;
MultiEZ(:,:,CurrentEF)=Z;

%Process beginning files for geometries and time pe
BFile=strcat(strrep(EndingFiles{CurrentEF},ECT,
load(BFile);

BX=X;
BY=Y;
Bz=z7;
MultiBX(:,:,CurrentEF)=X;
MultiBY(:,:,CurrentEF)=Y;
MultiBZ(:,:,CurrentEF)=Z;

%Process data for generating difference plots

Z=EZ-BZ;
MultizZ(:,:,CurrentEF)=2;
MultiX(:,:,CurrentEF)=X;
MultiY(:,:,CurrentEF)=Y;
DFile=strcat(strrep(EndingFiles{CurrentEF},
" ,EndingFiles{CurrentEF});
MultiNames{CurrentEF}=DFile;
%Convert MultiNames strings to treatment text

expr= "\d\d\d\d\S\S12\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\
\d\d\d\S\S\d\d' ; TName= 'Conventional’ ;
MultiNames=regexprep(MultiNames,expr,TNam

expr= "\d\d\d\d\S\S22\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\
\d\d\d\S\S\d\d" ; TName= "Cluster’ ;
MultiNames=regexprep(MultiNames,expr,TNam

expr= "\d\d\d\d\S\S32\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\
\d\d\d\S\S\d\d" ; TName= 'P1S1' ;
MultiNames=regexprep(MultiNames,expr,TNam

expr="\d\d\d\d\S\S42\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\
\d\d\d\S\S\d\d' ; TName= 'P2S2' ;
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MultiNames=regexprep(MultiNames,expr,TNam e);

expr= "\d\d\d\d\S\S52\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\ d\S\S95\S\S\S\S\S\s\d
\d\d\d\S\S\d\d" ; TName= 'Clump' ;
MultiNames=regexprep(MultiNames,expr,TNam e);
set(handles.txtFileName, 'string’ ,DFile);
%If user has selected individual input file graphs then
%generate EFile and BFile plots
if get(handles.chkinputGraph, 'value' )==1
ColorCode=1;
if CurrentEF==1,
BPIlotTitle=input(strcat( 'Enter plot title for individual
beginning input file ' ,BFile, " ), 's" );
end;
BFullPlotTitle={BPlotTitle; 'Soil Water Content, Contour Step =
0.005 v vA{-1} ;[MultiNames{CurrentEF}, 'Geometry' ]}
PlotSingleTheta(BX,BY,BZ,strcat( '"ThetaPlots\' ,BPlotTitle,
" ,MultiNames{CurrentEF}, "emf ),BFullPlotTitle,MultiNames{CurrentEF},ColorCod
e, 'Soil Water Content, Contour Step = 0.005 v v ~{ -1 )
if CurrentEF==1;
EPlotTitle=input(strcat( ‘Enter plot title for individual ending
input file' JEFile, " ), 's" )
end;
EFullPlotTitle={EPIotTitle; 'Soil Water Content, Contour Step =
0.005 v vA{-1} ;[MultiNames{CurrentEF}, 'Geometry' ]}
PlotSingleTheta(EX,EY,EZ,strcat( "ThetaPlots\' ,EPlotTitle,
" ,MultiNames{CurrentEF}, "emf ),EFullPlotTitle,MultiNames{CurrentEF},ColorCod
e, 'Soil Water Content, Contour Step = 0.005 v v ~{ -1 )
end;
%If user has selected individual difference graphs then generate plot
if get(handles.chkDiffGraph, 'value' )==1
ColorCode=1;
if CurrentEF==1,
DiffPlotTitle=input(strcat( ‘Enter plot title for individual diff
file" ,DFile, ":" ), 's" );
end;
DiffFullPlotTitle={DiffPlotTitle; '‘Change in Soil Water Content,
Contour Step = 0.005 v vA\{-1} ;[MultiNames{CurrentEF}, 'Geometry' 1}
IndDFile=[ ‘DiffPlots\' ,DFile, ‘'emf ]
%PIlotSingleTheta(X,Y,Z,FileName,PlotTitle, Geometry, ColorCode,DataTitle)
PlotSingleTheta(X,Y,Z,IndDFile,DiffFullPlotTitle,Mu [tiNames{CurrentEF},ColorC
ode, 'Change in Soil Water Content, Contour Step = 0.005 v v A -1} )i
end;
DFileMat=strcat(DFile, "mat" );
save(DFileMat, DG A AR
end;
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%Convert MultiNames strings to treatment text

expr= "\d\d\d\d\S\S12\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\ d\S\S91\S\S\S\S\S\s\d
\d\d\d\S\S\d\d" ; TName= 'Conventional' ;
MultiNames=regexprep(MultiNames,expr, TName);

expr= "\d\d\d\d\S\S22\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\ d\S\S92\S\S\S\S\S\S\d
\d\d\d\S\S\d\d" ; TName= "Cluster’ ;

MultiNames=regexprep(MultiNames,expr, TName);
expr="\d\d\d\d\S\S32\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\ d\S\S93\S\S\S\S\S\S\d
\d\d\d\S\S\d\d" ; TName= 'P1S1' ;

MultiNames=regexprep(MultiNames,expr, TName);
expr="\d\d\d\d\S\S42\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\ d\S\S94\S\S\S\S\S\S\d
\d\d\d\S\S\d\d" ; TName= 'P2S2' ;

MultiNames=regexprep(MultiNames,expr,TName);

expr= "\d\d\d\d\S\S52\S\S\S\S\S\S\d\d\d\d\S\S\d\d|\d\d\d\ d\S\S95\S\S\S\S\S\S\d
\d\d\d\S\s\d\d" ; TName= 'Clump’ ;

MultiNames=regexprep(MultiNames,expr,TName);

%If user has selected input composite graphs then p rocess
if get(handles.chkinputSubplot, 'value' )==1
ColorCode=1;
if get(handles.chkinputGraph, ‘value' )~=1
EPIlotTitle=({input(strcat( 'Enter graph title for: ' ,EFile,
"), 's' ); 'Soil Water Content, Contour Step = 0.01 v vA{-1}' b;
BPIlotTitle=({input(strcat( 'Enter graph title for: ' ,BFile,
"), 's' ); 'Soil Water Content, Contour Step = 0.01 v vA{-1}' b;
else
EPIlotTitle={EPIotTitle; 'Soil Water Content, Contour Step = 0.01 v v{-
1}
BPIlotTitle={BPIotTitle; 'Soil Water Content, Contour Step = 0.01 v v{-
1}k
end;
PlotMultiTheta(MultiEX,MUltiEY ,MultiEZ, strcat( '‘MultiThetaPlots\' ,EFile),Color
Code,EPlotTitle,MultiNames);
PlotMultiTheta(MultiBX,MultiBY,MultiBZ,strcat( ‘MultiThetaPlots\' ,BFile),Color
Code,BPlotTitle,MultiNames);
end;
%If user has selected difference composite then pro cess
if get(handles.chkDiffSubplot, 'value' )==1
ColorCode=1;
if get(handles.chkDiffGraph, 'value' )~=1
GraphTitle=({input([ 'Enter graph title! for:' ,DFile, ":" ], 's" ); 'Change
in Soil Water Content, Contour Step = 0.01 v v\{-1} "
else
GraphTitle={DiffPlotTitle; '‘Change in Soil Water Content, Contour Step =
0.01 v v¥{-1}' }
end;
PlotFileName=strcat( 'MultiDiffPlots\' ,DFile, ‘'emf ),
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%function [] =

PlotMultiTheta(X,Y,Z,PlotFileName,ColorCode,GraphTi tle,DataTitle)
PlotMultiTheta(MultiX,MultiY ,MultiZ,PlotFileName,Co lorCode,GraphTitle,MultiNa
mes);

end;
% %Build expression mask from selections in list bo X

% BCropYear=get(handles.IstBCropYear,'string’);

% BCropTime=get(handles.IstBCropTime,'string');

% BTrt=get(handles.IstBTrt,'string");

% BeginningFile=strcat(BCropYear(get(handles.IstBCr opYear,'value'),...
% BCropTime(get(handles.IstBCropTime,'value')),.. .

% BTrt(get(handles.IstBTrt,'value")))

% BCT=BCropTime(get(handles.IstBCropTime,'value'));

% Build list of BeginningFiles
%BeginningFiles=regexp(uniquekeys,BeginningFile,'ma tch','once’)
%BeginningFiles=unique(BeginningFiles(~cellfun(ise mpty',BeginningFiles)));

% --- Executes on selection change in IstBCropYear.
function  IstBCropYear_Callback(hObject, eventdata, handles)
% hObject handle to IstBCropYear (see GCBO)

% eventdata reserved - to be defined in a future ve rsion of MATLAB

% handles structure with handles and user data (se e GUIDATA)

% Hints: contents = cellstr(get(hObject,'String')) returns IstBCropYear
contents as cell array

% contents{get(hObject,'Value")} returns selecte d item from IstBCropYear
% If user selectes a different year fill CT and TRT listboxes with actual
% options

Listltems=get(handles.IstBCropYear, 'string' );
Current=get(handles.IstBCropYear, ‘'value' ),

[CTlist, TRTIlist]=CT(Listlitems(Current));

set(handles.IstBCropTime, 'string’ wvertcat(  '.." ,CTIist));
set(handles.IstBTrt, 'string’ wvertcat( '.." ,TRTIist));

% --- Executes during object creation, after settin g all properties.

function  IstBCropYear_CreateFcn(hObject, eventdata, handles

% hObject handle to IstBCropYear (see GCBO)

% eventdata reserved - to be defined in a future ve rsion of MATLAB

% handles empty - handles not created until after all CreateFcns called

% Hint: listbox controls usually have a white backg round on Windows.
% See ISPC and COMPUTER.
if ispc && isequal(get(hObject, ‘BackgroundColor' )
get(0, ‘defaultUicontrolBackgroundColor' )
set(hObject, ‘BackgroundColor’ , 'white' );
end

% --- Executes on selection change in IstBCropTime.
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function  IstBCropTime_Callback(hObject, eventdata, handles)
% hObject handle to IstBCropTime (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Hints: contents = cellstr(get(hObject,'String’))
contents as cell array
% contents{get(hObject,'Value')} returns selecte

% --- Executes during object creation, after settin

function  IstBCropTime_CreateFcn(hObject, eventdata, handles
% hObject handle to IstBCropTime (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles empty - handles not created until after

% Hint: listbox controls usually have a white backg
% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, ‘BackgroundColor' )

get(0, 'defaultUicontrolBackgroundColor' )
set(hObject, ‘BackgroundColor’ , 'white" );
end

% --- Executes on selection change in IstBTrt.

function  IstBTrt_Callback(hObject, eventdata, handles)
% hObject handle to IstBTrt (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Hints: contents = cellstr(get(hObject,'String'))
as cell array
% contents{get(hObject,'Value")} returns selecte

% --- Executes during object creation, after settin

function  IstBTrt_CreateFcn(hObject, eventdata, handles)
% hObject handle to IstBTrt (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles empty - handles not created until after

% Hint: listbox controls usually have a white backg
% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, '‘BackgroundColor' ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObject, '‘BackgroundColor’ , 'white' );
end

% --- Executes on selection change in IStECropYear.

function  IstECropYear_Callback(hObject, eventdata, handles)
% hObject handle to IstECropYear (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se
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% Hints: contents = cellstr(get(hObject,'String’))
contents as cell array
% contents{get(hObject,'Value')} returns selecte

% If user selectes a different year fill CT and TRT
% options

returns IstECropYear

d item from IStECropYear

listboxes with actual

Listltems=get(handles.IstECropYear, 'string’ );
Current=get(handles.IstECropYear, ‘'value' ),

[CTlist, TRTIist]=CT(Listlitems(Current));

set(handles.IstECropTime, 'string’ wvertcat(  '.." ,CTIist));
set(handles.IstETrt, 'string’ ,vertcat( , TRTIist));

% --- Executes during object creation, after settin

function  IstECropYear_CreateFcn(hObject, eventdata, handles
% hObject handle to IstECropYear (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles empty - handles not created until after

% Hint: listbox controls usually have a white backg
% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, ‘BackgroundColor' )

get(0, ‘defaultUicontrolBackgroundColor' )
set(hObject, '‘BackgroundColor’ , 'white' );
end

% --- Executes on selection change in IStECropTime.

function  IstECropTime_Callback(hObject, eventdata, handles)
% hObject handle to IstECropTime (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Hints: contents = cellstr(get(hObject,'String'))
contents as cell array
% contents{get(hObject,'Value")} returns selecte

% --- Executes during object creation, after settin

function  IstECropTime_CreateFcn(hObject, eventdata, handles
% hObject handle to IstECropTime (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles empty - handles not created until after

% Hint: listbox controls usually have a white backg
% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, '‘BackgroundColor' ),

get(0, 'defaultUicontrolBackgroundColor' )
set(hObject, '‘BackgroundColor’ , 'white' );
end
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% --- Executes on selection change in IStETTrt.

function  IstETrt_Callback(hObject, eventdata, handles)
% hObject handle to IstETrt (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Hints: contents = cellstr(get(hObject,'String’))
as cell array
% contents{get(hObject,'Value")} returns selecte

% --- Executes during object creation, after settin

function  IstETrt_CreateFcn(hObject, eventdata, handles)
% hObject handle to IstETrt (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles empty - handles not created until after

% Hint: listbox controls usually have a white backg
% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, '‘BackgroundColor' ),

get(0, ‘'defaultUicontrolBackgroundColor' )
set(hObject, '‘BackgroundColor’ , 'white' );
end

% --- Executes on button press in chkinputSubplot.

function  chklnputSubplot_Callback(hObject, eventdata, handl
% hObject handle to chkinputSubplot (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Hint: get(hObject,'Value') returns toggle state o

% --- Executes on button press in chkinputGraph.

function  chklnputGraph_Callback(hObject, eventdata, handles
% hObject handle to chkinputGraph (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Hint: get(hObject,'Value') returns toggle state o

% --- Executes on selection change in Istinput.

function Istinput_Callback(hObject, eventdata, handles)
% hObject handle to Istinput (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Hints: contents = cellstr(get(hObject,'String'))
as cell array
% contents{get(hObject,'Value")} returns selecte
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% --- Executes during object creation, after settin

function Istinput_CreateFcn(hObject, eventdata, handles)
% hObject handle to Istinput (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles empty - handles not created until after

% Hint: listbox controls usually have a white backg
% See ISPC and COMPUTER.

if ispc && isequal(get(hObject, '‘BackgroundColor' ),
get(0, 'defaultUicontrolBackgroundColor' )
set(hObject, '‘BackgroundColor’ , 'white' );

end

% --- Executes on button press in chkDiffSubplot.

function  chkDiffSubplot_Callback(hObject, eventdata, handle
% hObject handle to chkDiffSubplot (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Hint: get(hObject,'Value') returns toggle state o

% --- Executes on button press in chkDiffGraph.

function  chkDiffGraph_Callback(hObiject, eventdata, handles)
% hObject handle to chkDiffGraph (see GCBO)

% eventdata reserved - to be defined in a future ve

% handles structure with handles and user data (se

% Hint: get(hObject,'Value') returns toggle state o

% --- Executes on button press in chkCalcDiff.

function  chkCalcDiff_Callback(hObject, eventdata, handles)
% hObject handle to chkCalcDiff (see GCBO)

% eventdata reserved - to be defined in a future ve
% handles structure with handles and user data (se

% Hint: get(hObject,'Value') returns toggle state o
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PlotMultiTheta.m

This code accepts data passed to it from the Gt lganerates the requested plots. This
subroutine generates a figure with five subplot#t,oone for each geometry at a single time or
for a specific difference calculation. Scaling aswline placement are determined based on the

data range supplied to the subroutine.

function []=
PlotMultiTheta(MultiX,MultiY,MultiZ,PlotFileName,Co lorCode,GraphTitle,MultiNa
mes)

% Profile water plotter

% This program generates countour plots interpolate d neutron access data

% that has been generated by SkipClumpThetaData

% It is currenlty setup to read a composite file wh ere variables are

% CX,CY,and CZ

% Lucas Haag, K-State Research & Extension, 2013.

% Calculate isoline increment based on range, round range to outside
% integers, and generate vector of isolines for use on contourf
Highlso=ceil(max(MultiZ(:))*100)/100;

Lowlso=floor(min(MultiZ(:))*100)/100;

RangeMax=max(MultiZ(:));

RangeMin=min(MultiZ(:));

IsoV=(Lowls0:0.010:Highlso);

%Determine number of diminsions present in MultiZ f or loop
MultiCount=size(MultiZ,3);

%Setup Figure
delete(figure(2));
figure(2);
set(figure(2), 'Position’ ,[1305 9 740 932));
% set(figure(2),'Position’,[23 272 963 667]);

for CMulti=1:MultiCount;

subtightplot(MultiCount,1,CMulti,[0.04],[0.05,0.1 0],[0.10])
contourf(MultiX(:,:,CMulti),MultiY(;,;,CMulti),Mu ItiZ(:,:;,CMulti),IsoV);
set(gca, '‘ActivePositionProperty’ , 'Position’ , 'LineWidth' ,0.1); %keeps things
aspect ratio
if CMulti==1
%set(gca, clipping’,'off','OuterPosition',[0 0 1 1. 1));
title(GraphTitle, 'FontSize'  ,12);
StdAxis=gca;
xlabel(StdAxis, '‘Position (inches)' , 'FontSize'  ,10);
end;
StdAxis=gca,; %Assign handle to current axis
set(StdAxis, '‘box' ,'off ); %cleans up box lines and tick marks involved with
double axis
set(StdAxis, 'FontSize'  ,10);
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if ColorCode==1

colormap(flipud(jet)); %reverse jet colormap so that low theta is red,
high theta blue
end;
cb=colorbar( YLim' ,[RangeMin RangeMax]); %give cb handle to colorbar
ylabel(cb,MultiNames{CMulti}, 'FontSize' ,12)
%revese Y axis to properly display with depth, and put standard

%measurements on top and right positions

set(StdAxis, 'YDir , 'reverse’ , 'XAxisLocation' , 'top’ , "YAxisLocation' , ‘right’
set(gca, ‘DataAspectRatio’ J111));
set(gca, 'PlotBoxAspectRatio’ J111));

% Create metric axis for y and x
MetricAxis=axes( 'Position’ ,get(StdAxis, '‘Position’ ), "XAxisLocation' -
'Bottom' , "YAxisLocation' , left’ , 'Color' ,'none' , 'XLim' , ...

get(StdAxis, ‘XLim' )*2.54, 'YLim' ,get(StdAxis, YLim' )*2.54, 'YDir' , ‘reverse'
if CMulti==MultiCount;

xlabel(MetricAxis, 'Position (cm)’ , 'FontSize'  ,10);
end;
set(MetricAxis, ‘box' , 'off" )
set(MetricAxis, 'FontSize'  ,10);
ylabel(StdAxis, ‘Depth (inches)' , 'FontSize'  ,10);
ylabel(MetricAxis, '‘Depth (cm)’ , 'FontSize'  ,10);
set(StdAxis, '‘DataAspectRatio’ J111)); % force proper relative scale
between x and y axis
set(StdAxis, 'PlotBoxAspectRatio’ J111)); % force proper relative scale
between x and y axis
set(MetricAxis, ‘ActivePositionProperty’ , 'Position’ )i
set(MetricAxis, '‘DataAspectRatio’ J111));
set(MetricAxis, 'PlotBoxAspectRatio’ J111));
%drawnow;
%hold on;
end;

%[ax4,h3]=suplabel(GraphTitle,'t);
%set(h3,'FontSize',12)

saveas(gcf,PlotFileName, 'emf' );
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PlotSingleTheta.m

This code accepts data passed to it from the Gt lganerates the requested plots. This
subroutine generates a figure for a single geonagtdytime of measurement or difference
calculation. Scaling and isoline placement arerdateed based on the data range supplied to the

subroutine.

function []=
PlotSingleTheta(X,Y,Z,FileName,PlotTitle, Geometry,C olorCode,DataTitle)
% Profile water plotter
% This program generates countour plots interpolate d neutron access data
% that has been generated by SkipClumpThetaData
% It is currenlty setup to read a composite file wh ere variables are
% CX,CY,and CZ
% Lucas Haag, K-State Research & Extension, 2013.

% Calculate isoline increment based on range, round range to outside
% integers, and generate vector of isolines for use on contourf
Highlso=ceil(max(Z(:))*100)/100;

Lowlso=floor(min(Z(:))*100)/100;

IsoV=(LowlIs0:0.005:Highlso);

% PlotTitle = 'Planting Geometry Neat Plot'

delete(figure(2));
figure(2);
set(figure(2), 'Position'’ ,[23 272 963 667]);
contourf(X,Y,Z,IsoV);
% title({PlotTitle;['Change in Volumetric Soil Wat er Content'];[Geometry,’
Geometry'l}, 'FontSize',16);
title(PlotTitle, 'FontSize"  ,16);
%FileName=strcat('DiffPlots\',PlotTitle,' ',Geometr y,.emf)
StdAxis=gca,; %Assign handle to current axis
set(StdAxis, 'ActivePositionProperty" , 'position’ );  %keeps things aspect
ratio
set(StdAxis, ‘box' ,'off ); %cleans up box lines and tick marks involved with
double axis
set(gca, ‘DataAspectRatio’ J[111]); % force proper relative scale between x
and y axis
set(gca, 'PlotBoxAspectRatio’ J[111]); % force proper relative scale
between x and y axis
%plot3(xx1,yyl,zz1,'0") Can't use for composite as XX,YY,ZZ data has

%been dropped

if ColorCode==1
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colormap(flipud(jet)); %reverse jet colormap so that low theta is red,
high theta blue

end;

cb=colorbar; %give cb handle to colorbar
%ylabel(cb,DataTitle,'FontSize',12) - Did have pro vision for title on
%colorbar but then removed and moved that title to 2nd line of plot
Y%title
%revese Y axis to properly display with depth, and put standard

%measurements on top and right positions

set(StdAxis, 'YDir , 'reverse’ , 'XAxisLocation' , 'top’ , "YAxisLocation' , ‘right’
set(gca, '‘DataAspectRatio’ J111));
set(gca, 'PlotBoxAspectRatio’ J111));
% Create metric axis for y and x
MetricAxis=axes( 'Position’ ,get(StdAxis, 'Position’ ), 'XAxisLocation' ,
'‘Bottom' , "YAxisLocation' , 'left’ , 'Color' , 'none' , 'XLim'

get(StdAxis, 'XLim' )*2.54, 'YLim' ,get(StdAxis, 'YLim' )*2.54, 'YDir' , 'reverse'

set(MetricAxis, ‘ActivePositionProperty’ , 'position’ )i
set(MetricAxis, ‘box' ,'off" )
ylabel(StdAxis, '‘Depth (inches)' , 'FontSize'  ,12);
xlabel(StdAxis, '‘Position (inches)' , 'FontSize'  ,12);
ylabel(MetricAxis, '‘Depth (cm)’ , 'FontSize'  ,12);
xlabel(MetricAxis, '‘Position (cm)' , 'FontSize'  ,12);
set(gca, ‘DataAspectRatio’ J111));
set(gca, 'PlotBoxAspectRatio’ J111));
set(StdAxis, 'FontSize' ,12)
set(MetricAxis, ‘FontSize'  ,12)
saveas(gcf,FileName, ‘emf' );

end
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Groupings.m
This subroutine is used to consolidate individa&iipolation datasets into 3-
demensional data arrays for grouping of like s@tev measurements, based on time of
measurement, across years. Using a loop withindimne the layers of the 3-d array are

individually fed to plotting routines.

%Groupings.m written by Lucas Haag, K-State Researc h & Extension March,
%2013, this code manually pulls together selected i ndividual datasets that
%have been produced by SkipClumpThetaData dn SkipCl umpThetaPostProcess and
%generates across-year plots for selected growth st ages by calling the
%PlotMultiTheta function. Currently not setup to ge nerate individual

%treatment plots.

Y%***+* CORN GROUP 0

% Load individual years then average to create grou p data
load( '2009CP12CMP.mat" )

71=7

load( '2010CP12CMP.mat" )

72=7

ZM=(Z1+Z2)/2

Z=ZM

save( 'CGO0-12" ,'X' ,'Y' ,'Z" )

load( '2009CP22CMP.mat" )
Z1=Z7

load( '2010CP22CMP.mat" )
22=7

ZM=(Z1+Z2)/2

Z=ZM

save( 'CG0-22" ,'X' ,'Y' ,'Z" )

load( '2009CP32CMP.mat' )
71=7

load( '2010CP32CMP.mat' )
22=7

ZM=(Z1+22)/2

Z=ZM

save( 'CG0-32' ,'X' ,Y' ,'Z' )

load( '2009CP42CMP.mat" )
Z1=7

load( '2010CP42CMP.mat" )
722=7

ZM=(Z1+Z2)/2

Z=ZM

save( 'CG0-42" ,'X' ,'Y' ,'Z" )

load( '2009CP52CMP.mat" )
Z1=7
load( '2010CP52CMP.mat" )
72=7
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ZM=(Z1+22)/2
Z=ZM
save( 'CG0-52' ,'X' ,'Y' ,'Z' );

Ypr**rxxk CORN GROUP 01 - same as CG1 except 2011 da
%difference calculations with CGO which contains da

load( '2009C112CMP.mat" )

Z1=7

load( '2010C112CMP.mat" )

22=7

ZM=(Z1+Z2)/2

Z=ZM

save( 'CGO1-12" ,'X" ,'Y'" ,'Z' ),

load( '2009C122CMP.mat" )
Z1=Z7

load( '2010C122CMP.mat" )
22=7

ZM=(Z1+Z2)/2

Z=ZM

save( 'CGO01-22" ,'X' ,'Y'" ,'Z" ),

load( '2009C132CMP.mat' )
z1=7

load( '2010C132CMP.mat' )
22=7

ZM=(Z1+22)/2

Z=ZM

save( 'CG01-32' ,'X' ,'Y' ,'Z' )

load( '2009C142CMP.mat' )
71=7

load( '2010C142CMP.mat’ )
72=7

ZM=(Z1+22)/2

Z=ZM

save( 'CG01-42' ,'X' ,'Y' ,'Z' )

load( '2009C152CMP.mat" )
Z1=Z7

load( '2010C152CMP.mat" )
22=7

ZM=(Z1+Z2)/2

Z=ZM

save( 'CGO1-52" ,'X' ,'Y'" ,'Z" ),

%p****+xxx CORN GROUP 1
load( '2009C112CMP.mat' )
Z1=7

load( '2010C112CMP.mat" )
22=7

load( '2011CP12CMP.mat" )
73=7

ZM=(Z1+Z2+Z3)/3
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Z=7ZM
save( 'CG1-12" ,'X' ,'Y'" ,'Z" ),

load( '2009C122CMP.mat" )
Z21=7

load( '2010C122CMP.mat" )
722=7

load( '2011CP22CMP.mat" )
23=Z

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'CG1-22" X' ,'Y' ,'Z" )

load( '2009C132CMP.mat’ )
71=7

load( '2010C132CMP.mat’ )
22=7

load( '2011CP32CMP.mat' )
73=7

ZM=(Z1+22+23)/3

Z=ZM

save( 'CG1-32' ,'X' ,'Y' ,'Z );

load( '2009C142CMP.mat' )
Z1=7

load( '2010C142CMP.mat" )
z2=7

load( '2011CP42CMP.mat" )
73=7

ZM=(Z1+Z22+Z3)/3

Z=ZM

save( 'CG1-42" ,'X' ,'Y'" ,'Z" )

load( '2009C152CMP.mat" )
Z1=7

load( '2010C152CMP.mat" )
22=7

load( '2011CP52CMP.mat" )
23=Z

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'CG1-52" X' ,'Y' ,'Z" )

Qprrrrrns CORN GROUP 2

load( '2009C412CMP.mat’ )
71=Z

load( '2010C212CMP.mat’ )
22=7

load( '2011C112CMP.mat’ )
73=7

ZM=(Z1+Z2+23)/3

Z=ZM

save( 'CG2-12' ,'X' ,'Y' ,'Z' )

load( '2009C422CMP.mat" )
71=7
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load( '2010C222CMP.mat’
72=7

load( '2011C122CMP.mat’
73=Z

ZM=(Z1+Z2+23)/3

Z=ZM

save( 'CG2-22' ,'X' ,'vY' ,'Z

load( '2009C432CMP.mat’
z1=7

load( '2010C232CMP.mat’
22=7

load( '2011C132CMP.mat
23=Z

ZM=(Z1+Z2+23)/3

Z=ZM

save( 'CG2-32" , X' ,'Y'" ,'Z" ),

load( '2009C442CMP.mat’
Z1=7

load( '2010C242CMP.mat'
z2=7

load( '2011C142CMP.mat'
73=7

ZM=(Z1+Z22+Z3)/3

Z=ZM

save( 'CG2-42" ,'X' ,'Y' ,'Z" )

load( '2009C452CMP.mat'
Z1=7

load( '2010C252CMP.mat'
z2=7

load( '2011C152CMP.mat'
73=7

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'CG2-52' , X' ,'Y' ,'Z

Yp**xxxxxxxx CORN GROUP 3
load( '2009CH12CMP.mat'
Z1=7

load( '2010CH12CMP.mat'
z2=7

load( '2011CH12CMP.mat'
73=7

ZM=(Z1+Z2+Z3)/3

Z=ZM

)
)
)

)
)
)

);

save( 'CG3-12" , X' ,'Y' ,'Z" ),

load( '2009CH22CMP.mat'
Z1=7

load( '2010CH22CMP.mat'
z2=7

load( '2011CH22CMP.mat'
73=7

ZM=(Z1+Z2+Z3)/3
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Z=7ZM
save( 'CG3-22' , X' ,"Y

load( '2009CH32CMP.mat'
Z21=7

load( '2010CH32CMP.mat'
722=7

load( '2011CH32CMP.mat'
23=Z

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'CG3-32" , X',V

load( '2009CH42CMP.mat'
Z1=7

load( '2010CH42CMP.mat'
z2=7

load( '2011CH42CMP.mat'
23=7

ZM=(Z1+Z22+Z3)/3

Z=ZM

save( 'CG3-42' , X',V

load( '2009CH52CMP.mat'
Z1=7

load( '2010CH52CMP.mat'
z2=7

load( '2011CH52CMP.mat'
73=7

ZM=(Z1+Z22+Z3)/3

Z=ZM

save( 'CG3-52' , X',

VAN ¥

VAN ¥

VAN ¥

Yprrx SORGHUM GROUP 1

load( '2009S191CMP.mat'
Z1=7

load( '2010SP91CMP.mat'
z2=7

load( '2011SP91CMP.mat'
Z3=7

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'SG1-91" , X' ,Y

load( '2009S192CMP.mat'
z1=7

load( '2010SP92CMP.mat
72=7

load( '2011SP92CMP.mat
73=Z

ZM=(Z1+Z2+23)/3

Z=ZM

save( 'SG1-92' ,'X' ,'Y'

load( '2009S193CMP.mat'
71=7

)
)
)

VAN ¥

VAN ¥
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load( '2010SP93CMP.mat'
722=7

load( '2011SP93CMP.mat'
73=7

ZM=(Z1+Z22+Z3)/3

Z=ZM

save( 'SG1-93" , X' Y

load( '2009S194CMP.mat'
Z1=7

load( '2010SP94CMP.mat'
22=7

load( '2011SP94CMP.mat'
Z3=7

ZM=(Z1+Z22+Z3)/3

Z=ZM

save( 'SG1-94" , X',

load( '2009S195CMP.mat'
Z1=7

load( '2010SP95CMP.mat'
z2=7

load( '2011SP95CMP.mat'
73=7

ZM=(Z1+Z22+Z3)/3

Z=ZM

save( 'SG1-95" , X',

V2,

V2,

Yprrrxeik SORGHUM GROUP 2

load( '2009S391CMP.mat'
Z1=7

load( '2010S191CMP.mat'
z2=7

load( '2011S191CMP.mat'
Z3=7

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'SG2-91" , X',

load( '2009S392CMP.mat'
Z1=7

load( '2010S192CMP.mat'
z2=7

load( '2011S192CMP.mat'
73=7

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'SG2-92" , X',

load( '2009S393CMP.mat'
Z1=7

load( '2010S193CMP.mat'
z2=7

load( '2011S193CMP.mat'
73=7

ZM=(Z1+Z2+Z3)/3

)
)
)

V2,

V2,
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Z=7ZM
save( 'SG2-93" , X' ,'Y' ,'Z" )

load( '2009S394CMP.mat" )
Z1=7

load( '2010S194CMP.mat" )
z2=7

load( '2011S194CMP.mat" )
Z3=7

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'SG2-94" ,'X' ,'Y' ,'Z" )

load( '2009S395CMP.mat’ )
71=7

load( '2010S195CMP.mat’ )
22=7

load( '2011S195CMP.mat’ )
73=7

ZM=(Z1+22+23)/3

Z=ZM

save( 'SG2-95' , X' ,'Y' ,'Z );

O *FrHxkxkrkx SORGHUM GROUP 3

load( '2009SH91CMP.mat' )
z1=7

load( '2010SH91CMP.mat' )
22=7

load( '2011SH91CMP.mat' )
23=Z

ZM=(Z1+Z2+23)/3

Z=ZM

save( 'SG3-91' ,'X' ,'Y' ,'Z' )

load( '2009SH92CMP.mat" )
Z1=7

load( '2010SH92CMP.mat" )
722=7

load( '2011SH92CMP.mat" )
23=Z

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'SG3-92' X' 'Y ,'Z" )

load( '2009SH93CMP.mat" )
Z1=7

load( '2010SH93CMP.mat" )
22=7

load( '2011SH93CMP.mat" )
73=7

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'SG3-93" |, X' ,'Y' ,'Z" )
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load( '2009SH94CMP.mat" )
Z1=7

load( '2010SH94CMP.mat" )
722=7

load( '2011SH94CMP.mat" )
73=Z7

ZM=(Z1+Z2+Z3)/3

Z=ZM

save( 'SG3-94' X' 'Y, 'Z' )

load( '2009SH95CMP.mat" )
Z1=7

load( '2010SH95CMP.mat" )
22=7

load( '2011SH95CMP.mat" )
23=7

ZM=(Z1+Z2+2Z3)/3

Z=ZM

save( 'SG3-95° ,'X' ,'Y' ,Z )

% Take treatment/group files and build a multi-dime nsion array for each
% group with X,Y,Z where Z is each treatment
load( 'CGO-12.mat'" )

MultiEX(:,:,1)=X;

MUItEY(:,:,1)=Y;

MultiEZ(:,:,1)=Z;

load( 'CGO-22.mat" )

MultiEZ(:,:,2)=Z;

MUltiEY(:,:,2)=Y;

MultiEX(:,:,2)=X;

load( 'CGO-32.mat" )

MUltiEZ(:,:,3)=Z;

MultiEX(:,:,3)=X;

MUltEY(:,:,3)=Y;

load( 'CGO-42.mat'" )

MUltEY(:,:,4)=Y;

MultiEX(:,:,4)=X;

MUltiEZ(:,:,4)=Z;

load( 'CGO-52.mat’" )

MUltiEZ(:,:,5)=Z;

MultiEX(:,:,5)=X;

MuUltiEY(:,:,5)=Y;

save( 'CGO.mat' , 'MultiEX' ,'MultiEY' ,'MultiEZ" )

load( 'CGO1-12.mat" )
MultiEX(:,:,1)=X;
MUltiEY(:,:,1)=Y;
MultiEZ(:,:,1)=Z;
load( 'CGO1-22.mat" )
MultiEZ(:,:,2)=Z;
MUltiEY(:,:,2)=Y;
MUItEX(:,:,2)=X;
load( 'CGO1-32.mat" )
MUltiEZ(:,:,3)=Z;
MultiEX(:,:,3)=X;
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MUltiEY(:,:,3)=Y;
load( 'CGO01-42.mat'
MUltiEY(:,:,4)=Y;
MultiEX(:,:,4)=X;
MultiEZ(:,:,4)=Z;
load( 'CGO1-52.mat'
MUltiEZ(:,:,5)=Z;
MUItiEX(:,:,5)=X;
MUltEY(:,:,5)=Y;

save( 'CGOl.mat" , 'MultiEX'

load( 'CG1-12.mat’
MUltiEX(:,:,1)=X;
MUItEY(:,:,1)=Y;
MUltiEZ(:,:,1)=Z;
load( 'CG1-22.mat'
MUltiEZ(:,:,2)=Z;
MUItEY(:,:,2)=Y;
MultiEX(:,:,2)=X;
load( 'CG1-32.mat'
MultiEZ(:,:,3)=Z;
MUItEX(:,:,3)=X;
MUltiEY(:,:,3)=Y;
load( 'CG1-42.mat’
MUltiEY(:,:,4)=Y;
MuUltiEX(:,:,4)=X;
MultiEZ(:,:,4)=Z;
load( 'CG1-52.mat’
MUltiEZ(:,:,5)=Z;
MultiEX(:,:,5)=X;
MUItEY(:,:,5)=Y;

save( 'CGl.mat" , 'MultiEX'

load( 'CG2-12.mat
MUltiEX(:,:,1)=X;
MUItEY(:,:,1)=Y;
MUltiEZ(:,:,1)=Z;
load( 'CG2-22.mat'
MUltiEZ(:,:,2)=Z;
MUItEY(:,:,2)=Y;
MultiEX(:,:,2)=X;
load( 'CG2-32.mat'
MultiEZ(:,:,3)=Z;
MUItEX(:,:,3)=X;
MUltiEY(:,:,3)=Y;
load( 'CG2-42.mat’
MUltiEY(:,:,4)=Y;
MultiEX(:,:,4)=X;
MultiEZ(:,:,4)=Z;,
load( 'CG2-52.mat’
MUltiEZ(:,:,5)=Z;
MultiEX(:,:,5)=X;
MUItEY(:,:,5)=Y;

save( 'CG2.mat" , 'MultiEX'

, 'MultiEY"

, 'MultiEY"

, 'MUltiEY"

, 'MultiEZ'

, 'MultiEZ'

, 'MultieZ'
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load( 'CG3-12.mat’
MUltEX(:,:,1)=X;
MUltiEY(:,:,1)=Y;
MultiEZ(:,:,1)=Z;
load( 'CG3-22.mat’
MultiEZ(:,:,2)=Z;
MUltiEY(:,:,2)=Y;
MUItEX(:,:,2)=X;
load( 'CG3-32.mat'
MUltiEZ(:,:,3)=Z;
MUItEX(:,:,3)=X;
MUltEY(:,:,3)=Y;
load( 'CG3-42.mat'
MUltiEY(:,:,4)=Y;
MUItEX(:,:,4)=X;
MultiEZ(:,:,4)=Z;
load( 'CG3-52.mat'
MultiEZ(:,:,5)=Z;
MUItiEX(:,:,5)=X;
MuUltiEY(:,:,5)=Y;
save( 'CG3.mat'

'MultiEX" , 'MUltiEY"

%******** SO RG H U M

load( 'SG1-91.mat'
MultiEX(:,:,1)=X;
MuUltiEY(:,:,1)=Y;
MultiEZ(:,:,1)=Z;
load( 'SG1-92.mat'
MUltiEZ(:,:,2)=Z;
MUltiEY(:,:,2)=Y;
MUItEX(:,:,2)=X;
load( 'SG1-93.mat'
MUltiEZ(:,:,3)=Z;
MUltEX(:,:,3)=X;
MUltEY(:,:,3)=Y;
load( 'SG1-94.mat'
MUltEY(:,:,4)=Y;
MultiEX(:,:,4)=X;
MultiEZ(:,:,4)=Z,
load( 'SG1-95.mat'
MultiEZ(:,:,5)=Z;
MultiEX(:,:,5)=X;
MuUltiEY(:,:,5)=Y;
save( 'SGl.mat'

load( 'SG2-91.mat'
MUltiEX(:,:,1)=X;
MUltiEY(:,:,1)=Y;
MUltiEZ(:,:,1)=Z;
load( 'SG2-92.mat'
MUltiEZ(:,:,2)=Z;
MUItEY(:,:,2)=Y;
MUItEX(:,:,2)=X;
load( 'SG2-93.mat'
MUltiEZ(:,:,3)=Z;

)

)

)

)

)

'MultiEX' , 'MultiEY"

)

)

, 'MultiEZ'

, 'MultiEZ'
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MultiEX(:,:,3)=X;
MUltiEY(:,:,3)=Y;

load( 'SG2-94.mat" )
MUltiEY(:,:,4)=Y;
MultiEX(:,:,4)=X;
MultiEZ(:,:,4)=Z;

load( 'SG2-95.mat" )
MUltiEZ(:,:,5)=Z;
MUItiEX(:,:,5)=X;
MUltEY(:,:,5)=Y;
save( 'SG2.mat' , 'MultiEX' , 'MultiEY' , 'MultiEZ'

load( 'SG3-91.mat" )
MUltiEX(:,:,1)=X;
MUItEY(:,:,1)=Y;
MUltiEZ(:,:,1)=Z;

load( 'SG3-92.mat" )
MUltiEZ(:,:,2)=Z;
MUltiEY(:,:,2)=Y;
MUItEX(:,:,2)=X;

load( 'SG3-93.mat' )
MUltiEZ(:,:,3)=Z;
MultiEX(:,:,3)=X;
MUltiEY(:,:,3)=Y;

load( 'SG3-94.mat" )
MUltiEY(:,:,4)=Y;
MultiEX(:,:,4)=X;
MultiEZ(:,:,4)=Z;

load( 'SG3-95.mat" )
MultiEZ(:,:,5)=Z;
MUItiEX(:,:,5)=X;
MuUltiEY(:,:,5)=Y;
save( 'SG3.mat' , 'MultiEX' , 'MultiEY' , 'MultiEZ'

%Load MultiNames which contains geometries
load( 'MultiNamesTemp.mat' );

%Calculate corn differences and plot graphics
load( 'CGO.mat" )
X0=MUltiEX;
YO=MUItiEY;
Z0=MultiEZ;

load( 'CGOl.mat" )
X01=MultiEX;
YO01=MultiEY;
Z01=MuUltiEZ;

load( 'CGl.mat" )
X1=MultiEX;
Y1=MultiEY;
Z1=MultiEZ,

load( 'CG2.mat" )
X2=MUltiEX;
Y2=MUItiEY;
Z2=MultiEZ;
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load( 'CG3.mat" )
X3=MuUltiEX;
Y3=MuUltiEY;
Z3=MultiEZ;

CG3CG1=273-71,
CG2CG1=22-71,
CG3CG2=23-72;
CG01CG0=201-Z0;

%Corn Group Theta Plots - Subplot graphics using Pl otMultiTheta function
PlotMultiTheta(X0,Y0,Z0, 'MultiThetaPlots\CGO0.emf' ,1,{ '2009-2010 Corn -
Planting’ ; 'Soil Water Content, Contour Step = 0.01 v vA{-1} },MultiNames)
PlotMultiTheta(X1,Y1,Z1, 'MultiThetaPlots\CG1.emf' ,1,{ '2009-2011 Corn - Early
Vegetative' ; 'Soil Water Content, Contour Step = 0.01 v vA{-1}' },MultiNames)
PlotMultiTheta(X1,Y1,Z2, 'MultiThetaPlots\CG2.emf' ,1,{ '2009-2011 Corn -
Tassel/Silk' ; 'Soil Water Content, Contour Step = 0.01 v v*{-1}' },MultiNames)
PlotMultiTheta(X1,Y1,Z3, 'MultiThetaPlots\CG3.emf' ,1,{ '2009-2011 Corn -
Harvest' ; 'Soil Water Content, Contour Step = 0.01 v v{-1}' },MultiNames)
%Corn Group Difference Plots - Subplot graphics wit h PlotMultiTheta function
%PlotMultiTheta(MultiX,MultiY,MultiZ,PlotFileName,C olorCode,GraphTitle,MultiN
ames)

PlotMultiTheta(X1,Y1,CG01CGO, ‘MultiDiffPlots\CG01CGO0.emf' ,1,{ '2009-2010 Corn
- Planting to Early Vegetative' ; 'Change in Soil Water Content, Contour Step =

0.01 v v¥{-1}' },MultiNames)

PlotMultiTheta(X1,Y1,CG3CG1, 'MultiDiffPlots\CG3CG1.emf' ,1,{ '2009-2011 Corn -
Early Vegetative to Harvest' ; 'Change in Soil Water Content, Contour Step =

0.01 v vM{-1}' },MultiNames)

PlotMultiTheta(X1,Y1,CG2CG1, ‘MultiDiffPlots\CG2CG1.emf' ,1,{ '2009-2011 Corn -
Early Vegetative to Tassel/Silk' ; 'Change in Soil Water Content, Contour Step

=0.01 v v¥{-1} },MultiNames)

PlotMultiTheta(X1,Y1,CG3CG?2, 'MultiDiffPlots\CG3CG2.emf' ,1,{ '2009-2011 Corn -
Tassel/Silk to Harvest' ; 'Change in Soil Water Content, Contour Step = 0.01

vA{-1}  },MultiNames)

%Corn Individual - using PlotSingleTheta function

%Assume that array dimensions are the same for all inputs, loop is for
%(different geometries which are in Z dimension of a rray
%Determine number of diminsions present in MultiZ f or loop

MultiCount=size(Z1,3);

for CMulti=1:MultiCount;
%function [] =

PlotSingleTheta(X,Y,Z,FileName,PlotTitle, Geometry,C olorCode,DataTitle)
% Plot individual theta plot for geometry CMulti

%Plot theta plots

PlotSingleTheta(X0(:,:,CMulti),YO(:,:,CMulti),Z0(:, ;,CMulti),[ ‘ThetaPlots\CGO
- ,MultiNames{CMullti}, “emf ],{ '2009-2010 Corn - Planting' ; 'Soil Water

Content, Contour Step = 0.005 v vA\{-1}' ;[MultiNames{CMulti},

Geometry' J}, " 1, ),
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PlotSingleTheta(X1(:,:;,CMulti),Y1(:,:;,CMulti),Z1(;, ;,CMulti),[ "ThetaPlots\CG1

- ,MultiNames{CMulti}, “emf" ],{ '2009-2011 Corn - Early Vegetative' ; 'Soil
Water Content, Contour Step = 0.005 v vA{-1} ;[MultiNames{CMulti}, '
Geometry' 1}, ' .1, ),

PlotSingleTheta(X2(:,:,CMulti),Y2(:,:,CMulti),Z2(:, ;,CMulti),[ ‘ThetaPlots\CG2
- ,MultiNames{CMullti}, “emf" ],{ '2009-2011 Corn - Tassel/Silk' ; 'Soil Water
Content, Contour Step = 0.005 v vA\{-1}' ;[MultiNames{CMulti},

Geometry' J}, " 1, V),

PlotSingleTheta(X3(:,:;,CMulti),Y3(:,:,CMulti),Z3(;, ;,CMulti),[ "ThetaPlots\CG3
- ,MultiNames{CMullti}, “emf ],{ '2009-2011 Corn - Harvest' ; 'Soil Water

Content, Contour Step = 0.005 v v{-1}' ;[MultiNames{CMulti}, '

Geometry' J}, " 1, V),

%Plot diff plots

PlotSingleTheta(X0(:,:,CMulti),YO(:,:,CMulti),CG01C GO(:,:,CMulti),[ 'DiffPlots
\CGO01CGO-" ,MultiNames{CMulti}, "emf" ],{ '2009-2010 Corn - Planting to Early
Vegetative' ; 'Change in Soil Water Content, Contour Step = 0.005 v v{-

1} ;[MultiNames{CMulti}, 'Geometry" 1}, 0,1, ),
PlotSingleTheta(X1(:,:,CMulti),Y1(:,:,CMulti), CG3CG 1(:,:,CMulti),[ 'DiffPlots\
CG3CG1-',MultiNames{CMulti}, emf" ],{ '2009-2011 Corn - Early Vegetative to

Harvest' ; 'Change in Soil Water Content, Contour Step = 0.005 v v{-

1} ;[MultiNames{CMulti}, "Geometry" 1}, L)
PlotSingleTheta(X1(:,:,CMulti),Y1(:,:,CMulti),CG2CG 1(,:,CMulti),[ 'DiffPlots\
CG2CG1-' ,MultiNames{CMulti}, emf" ],{ '2009-2011 Corn - Early Vegetative to
Tassel/Silk' ; 'Change in Soil Water Content, Contour Step = 0.005 VAVAE

1} ;[MultiNames{CMulti}, "Geometry" 1}, L, U );
PlotSingleTheta(X1(:,:,CMulti),Y1(:,:,CMulti),CG3CG 2(:,:,CMulti),[ 'DiffPlots\
CG3CG2-' ,MultiNames{CMullti}, “emf ],{ '2009-2011 Corn - Tassel/Silk to

Harvest' ; 'Change in Soil Water Content, Contour Step = 0.005 v v{-

1} ;[MultiNames{CMulti}, "Geometry" 1}, VL, W),

end;

% Calculate sorghum differences and plot graphics
load( 'SGl.mat'" )
X1=MUltiEX;
Y1=MultiEY;
Z1=MultiEZ;

load( 'SG2.mat' )
X2=MUltiEX;
Y2=MUItiEY;
Z2=MuUltiEZ,

load( 'SG3.mat' )
X3=MUltiEX;
Y3=MUItiEY;
Z3=MuUltiEZ;

SG3SG1=23-71,
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SG2SG1=72-71,
SG3S5G2=23-72,

%Sorghum Group Theta Plots

PlotMultiTheta(X1,Y1,21, 'MultiThetaPlots\SG1.emf' ,1,{ '2009-2011 Sorghum -
Early Vegetative' ; 'Soil Water Content, Contour Step = 0.01 v v{-

1} },MultiNames)

PlotMultiTheta(X1,Y1,22, 'MultiThetaPlots\SG2.emf' ,1,{ '2009-2011 Sorghum -
Flower/Grain Fill' ; 'Soil Water Content, Contour Step = 0.01 v v{-

1} },MultiNames)

PlotMultiTheta(X1,Y1,Z3, 'MultiThetaPlots\SG3.emf' ,1,{ '2009-2011 Sorghum -
Harvest' ; 'Soil Water Content, Contour Step = 0.01 v v{-1}' },MultiNames)

%Sorghum Group Difference Plots

%PlotMultiTheta(MultiX,MultiY,MultiZ,PlotFileName,C olorCode,GraphTitle,MultiN
ames)

PlotMultiTheta(X1,Y1,SG3SG1, '‘MultiDiffPlots\SG3SG1.emf' ,1,{ '2009-2011 Sorghum
- Early Vegetative to Harvest' ; 'Change in Soil Water Content, Contour Step =

0.01 v v{-1}' },MultiNames)

PlotMultiTheta(X1,Y1,SG2SG1, 'MultiDiffPlots\SG2SG1.emf' ,1,{ '2009-2011 Sorghum
- Early Vegetative to Flower/Grain Fill' ; 'Change in Soil Water Content,

Contour Step = 0.01 v vA{-1} },MultiNames)

PlotMultiTheta(X1,Y1,SG3SG2, '‘MultiDiffPlots\SG3SG2.emf' ,1,{ '2009-2011 Sorghum
- Flower/Grain Fill to Harvest' ; 'Change in Soil Water Content, Contour Step =

0.01 v v¥{-1} },MultiNames)

%Sorghum Individual - using PlotSingleTheta functio n

%Assume that array dimensions are the same for all inputs, loop is for

%different geometries which are in Z dimension of a rray

%Determine number of diminsions present in MultiZ f or loop

MultiCount=size(Z1,3);

for CMulti=1:MultiCount;
%function [] =

PlotSingleTheta(X,Y,Z,FileName,PlotTitle, Geometry,C olorCode,DataTitle)
% Plot individual theta plot for geometry CMulti

%Plot theta plots

PlotSingleTheta(X1(:,:,CMulti),Y1(:,:,CMulti),Z1(:, ;,CMulti),[ "ThetaPlots\SG1
- ,MultiNames{CMulti}, emf' ]{ '2009-2011 Sorghum - Early Vegetative' ; 'Soil
Water Content, Contour Step = 0.005 v v{-1}' ;[MultiNames{CMulti},

Geometry' J}, 0,1, V),

PlotSingleTheta(X2(:,:,CMulti),Y2(:,:,CMulti),Z2(:, ;,CMulti),[ "ThetaPlots\SG2
- ,MultiNames{CMulti}, “emf" ],{ '2009-2011 Sorghum - Flowering/Grain

Fill'  ; 'Soil Water Content, Contour Step = 0.005 v v*{-

1} ;[MultiNames{CMulti}, "Geometry" 1}, L, )
PlotSingleTheta(X3(:,:,CMulti),Y3(:,:;,CMulti),Z3(:, 5,CMulti),[ ‘ThetaPlots\SG3
- ,MultiNames{CMullti}, “emf" ],{ '2009-2011 Sorghum - Harvest' ; 'Soil Water
Content, Contour Step = 0.005 v vA{-1} ;[MultiNames{CMulti}, '

Geometry' J}, " 1, ),
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%Plot diff plots

PlotSingleTheta(X1(:,:,CMulti),Y1(:,:,CMulti),SG3SG 1(:,:,CMulti),[ 'DiffPlots\
SG3SG1-' ,MultiNames{CMulti}, “emf" ],{ '2009-2011 Sorghum - Early Vegetative to
Harvest' ; 'Change in Soil Water Content, Contour Step = 0.005 v v{-

1} ;[MultiNames{CMulti}, "Geometry" ]}, L,V );
PlotSingleTheta(X1(:,:,CMulti),Y1(:,:,CMulti),SG2SG 1(,:,CMulti),[ 'DiffPlots\
SG2SG1-' ,MultiNames{CMulti}, “emf ],{ '2009-2011 Sorghum - Early Vegetative to
Flowering/Grain Fill' ; 'Change in Soil Water Content, Contour Step = 0.005

vA{-1}  ;[MultiNames{CMulti}, "Geometry' 1}, L, )
PlotSingleTheta(X1(:,:,CMulti),Y1(:,:,CMulti),SG3SG 2(:,:,CMulti),[ 'DiffPlots\
SG3SG2-' ,MultiNames{CMulti}, “emf' ]{ '2009-2011 Sorghum - Flowering/Grain

Fill to Harvest' ; 'Change in Soil Water Content, Contour Step = 0.005 v vA{-
1} ;[MultiNames{CMulti}, "Geometry" ]}, L, V)

end;
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