
I NTER.t TiNT HE. production otcanola continues to g.toW

as its use as a fhedstock for biodie.scl production (Blackshaw
et al., 2011 Pan] and Leng, 2009; Pavlista and Baltcnsperger,
2007i is evaluate d in ar.lditio.n to its current u.se as a source of
edible or br human consumption5htarncr ct a!., 1999). The
central Great Plains sf the United State.s is a region where
eanria been considered a an alrernatn e crop to he grown

in d N land rotation’ with winter wheat Nielsen. 1997, i99$.
bun most ot nbc reported vic.lds from studies done in this region.

me froui irrrpatcd studes I lcrgert er al., 2011; Pavlisn.s

12,49 kgha nn4 and the. C4 grain crop corn (Zeamaysl,,)
(25,67 teg ha-mrn hut similar to two other C oi.lseeds
(6,64 k0 haw run67 f.hr sunflower lfleiianthusannuus U a.nd
653 kg ha rnrn tor .sibs an IU’5cine max (.L.) Merr.]) grown
at Akron Nielsen Ct al., 20.1 12 dhese dil+hrenees in the response
of vreld to water use are pnmarilv a Pu netion of the photosynthetic
pathway or C md the traction otoil, protein, and starch in
the seed. Conse9urntlv. it u likely that the slope fdrwinter eanola
o0.dd not h gn’atlv diOdrent ftour sprrng eauola. dEe water use
ot+set o UXO mm could be higher tor winter eanola because there
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until ‘mr tsr riorfllansv but we are ruaware of pubhshed water
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Simulating the Production Potential of Dryland Spring Canola

.j
in the Central Great Plains

D. C. Niesen5 S. A. Saseendran, L. Ma. and L. R. Ahuja

ABSTRACT

C,inola çBramca ssaptis P.) has potential to be grown as a dryland crop to divcrsif the winter wheat (Ifilkiam aestir’w,, P.4.
fallow production system of the semiarid ee.nrral Great Plains, Extensive regional fi1d studies have not been conducted under

tainted tondirisus to provide farniets, agricultural lenders, and e rop insurance providers wirh information about the production

potentral and expected yield variability ofeanola i.n th.is region. The purpose ofth is study was to use an agricultural system model

to simulate cauola production under rainftrd conditions in the central Great l’lains and to determine the eeo.nonsic viability
of crurola production. The C ROPGRGtoanola model was used within the Root Lone Water Qaiity Model (R.ZWQM2) with
weather data (199672008) to ,simulare canola yield for nine central Gre.at Plains locations under fourpianuavailable water (PAW)
contents at planting. Average yield w th 5%. PAW was highest (.1725 kg ha’) at Champion, NE, in the north’central area and
lowest (975 kg ha67 at Whish, GO, in the sosithtoentral area, Simulated yields increased with increa.sing PAW at planting at an

average rrre of 5.31 kg ha’ Yield variability was simulated to be lowest at Sidney, NE, Stratton, CO. and Walsh, CO. and

highest at Akron, GO, Tribune, KS, and Garden City KS. Yield variability did not consistently change with amount of PAW
across the region. Cicraltgd average net returns indicate that profitable eanola production is possible, across a larg;e portion of
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(Fig., 2), TEs at percentage was ealcu.lated trom. county soils data
(NRCS ‘Web Soil Su.rvev, http://websoi.l.survcnresusdagov/
app/YVebioilSurvcvvsspx), in our previous studies, we. obtained
he.tter soil water predictions (smal.ler root mean square error

and mean relative error, greater i.ndex of agreement) fist the
silt loam soils u.sinp ri .niform soil specifications rather than
changing the soil tcxt.ure and hvdraulie properties with de.pth
(Saseendran yr al., 2009, 2010a)-.

The model was run tAr thur starring soil water conditions
CS, 50, 5, and l00° P\’W corresponding to 45, 90. 135, and
180mm of PAW in the 0 1 20’cm sod profileis SigmaPiot for
\X’induws version 110, Systat Sofiware5was used to create

I hsrr i a H at Jd n bit sn

cmrsuiatlve rr habsitr’. Jotrijaurions of simulated canolavield,

RESULTS AND DISCUSSION
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dar those taa.a loearims r. respectively. is -s.c average aonuai

,sverae’c .r:s,sxirriu rrs arrd rn.t mrs rr’erarsar5 for the noia
e:rowinesc,ssrsn. foi.i,owed the expected pattern across the
region of inereasine’ Corn northwest to s ‘utheast, a result of
both latitude and elevation difibrenees (Fig. 3” For exa.rnple,
the average rnaximrsrss ambient temperature doting th.e April
through July period st-as 263C at Co1hy (elevari..on 966 ns)
compared ss..’th 24.2’ C at Akron (elevation 1.384 m)’, A sirnila.r
pattern e.xists across the regi.on for average number ot dav.s
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Fig 3. Geographic distribution of average (l9932008)
growing season (April-july) maximum ambient temperature
and number of days with maximum temperature >30°C
(1 June-iS July) across the central Great Plains region

ham I Juno to U I i’ osith msximuns temperature >30 C
(<20 dat Sidney a nd >30 d at Wa.ish), The. patte’rn indicates
the increasing potential for yields to he reduced because of high
ambient temperatu res during flowering, pod development,
and seed fhrmation moving from. rsorthwest to southeast, The
average maximum temperature in June was 26,8°C in Sidney
(elevation 1315 n5.( and 30, CC at Garden City (elevation
866 m) (data not shosvn),

Under all four tools of PA’Ji’ at planting, a sinsilar pattern of
simulated mean canola yields svas seen across the region (Fig.

H-, presumably primarily in response to the precipitation arid
tensperirure gradients described above, Yields were losvesr at

‘Walsh and increased with distance moving northeast until
easr of the ‘,uuraska horder. so-hm rc a vte!d plateau was

b,etweon (‘ibv ard Tr:burse KS, Pc-cause of this
pattern. ne-,tu eMs at Akron sod Strar ton were neariv the

- a
dsrfis’messt fr ‘Os ‘roe so’. stner Sc mean eanoia vikid simulared

Akron with 1,02- PA’9(’ :00 runs, iii rise 0—i 2t)-cro profile)

of I I -ad k ha tflrst seisers, 10-072 ears.nsamu 00 0-c

a -roduerimass fuoati-oo •tys -0-one,’ ott cross svats’m usy and

— S 5

-at. C haospon to I C k.g isa i_i_i_i_is at (doibv, but the slopes
were nor diflIreist ,ontonc locations (P 0,681-Averaged across
locations, rise yield increase svith increasing PA\V at p. lanring
was i3-l kg ha urns (P < 0,0fl ish.ese results confirm the
insportanr management recommendation. Mr farmers in rhe
semiarid central ;5-55t Plrdro to use- no-till .s stems to increase
preeiyita.riors strsraee efficiessc.y and m.aximize drvland. crop
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Fig. 2. Geographic distribution of average (l993.2008) annual
precipitation and growing season (A.pril—july) precipitation
across the central Great Plains regiom
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5WaIsh would have been greater if we had used an earlier planting
date at those locations, but hi rthet studies svdll he needed to
serIl the- nsooei ab1 I tv to ac cii rats Iv ssnso late planting date
cileets on spring eanola yield acrosc this reipon.

liCe 15505101 iestilrs or: sinrriisteO sielia dornso rite lyric’ to
hiiOh period allow charaeteraaton ottlse vie iii va.tiabiiit
that would he encountered aew.ss the region. i3ox plots oi

s,insuiated yield ITt each of the nite locations (Fig. 5) indicate
largy veantowt.ar natiahd ty in canoh. yield in response. to
gtossnng season erie itrS nmental eondttons. The. sm.allest

C
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PATh at planting, as noted ha rh.e siae of boxes :the diihrnrncc
hetween the ield. in the 25th. and 75th percentiles) in Fi.g. 5..
For es:amp-let, yield vatiahihry te.oded. to inen::ssc with nsone
soil cyatet at planrint’at Aktoo at: 4 \Valsh 1n,r de.ereased

I
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51 1

teed lv appare.nt sehy yield variability would b.c so diffdrent
betss.cren Sidney and A.kron (996 kg has) because these two
locations are rsnly 120 k.na apart.
l5rs.sduetion risk. can he asses.sed asn.oss the central Great
l5hiie. s reeion riteoi:irh the ceo cOstIve rrsb..sh hire dsrri.rierinri

graphs (Fig. 6) created by ordering the simulated yields
from smallest to largest. For tcferenee, a dashed vertical line

h gtigpL — Ilp[— n h,rr5 [In

Ii ie indicates a yield sljrhtlv greater than the hteakwven yield
S I —0 L

Rat :ine intersects each of the eonsuiatne pnsnahuity hnes

at rise pnabahdire rsf achieving at least 1000 l..g or greater
yield. For example, at Akmn rh.e probability.’ rf adhieving ii.t

least 10.00 kg ha is 20% with.. 259a PAW at planting and rises

to a.hoatr 71% voids 100% PAW at planting. Jhese pnabahd ira
o is.r r. ihe r ion can s’ si’il in- bi. 5e es as: risk awe ssrnrnr tools a:

big a os4o ri wine 0 s bos s
ohts.ining at leasr i.ha.r yield at rh.at loeatiois svi.rh the give.ia

nsoisture condition at planting.
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isrssble: on I May at .Akron, GO, fsslkasving svheat harvest
uisde.r no-till fa:ilow management. .Applying the 0,136 m-5 nf3

svi.lriog point used in the current sinsulations to those profile
vrsiiansetrie water eemtentr, (i..vera.ging 0.243 nst ns3) gives a.is
ave eai’e ava ds,I.sle ,s• :ircr va.Ie of i gy mr in the ii.. to I dOS-ens
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Fig. 6. Cumulative probability distributions of simulated canola yield (kg bud at 100 g kg° moisture content) for nine central Great

Plains locations. Yields were simulated with CROPGRO-canola in the Root Zone Water Quality Model (RZWQM2) using weather

data from 1993 to 2008 and four plant-available water (PAW) contents at planting.
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