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ABSTRACT

(irrcnrii eanl,t -RrzsPu Fidhm I.. s gaium pot tHKr as a -Oteflti4t ieedstotk in oiic’ci production iridustru., inir1as1ng
the dcmarid mr canoia pri Juemion acreage. Agricuhural s stem nnodcis tihit similar. anoia growth and yield will help to assess
the feasibility of eanola production under various agroclinsaric conditions. in this st.udy; we adapted the CROPGRO model for
simulatiem ofspring eanitla in both Root 7one \Vater Q,pi1its Model ;RZ’QM2 and Decision Support Svseent thr kuroteeh no I
s Jr ins I i 1) “ m p wi lo.s I I tuGs P \I hi in.i pInt h i.ht md ,i uns ild dafl. Ii ant ii ri, i ui

exper.iments conducted in 2005 on a Weld silt loam soil (fine, smectitie, mesie Antic Argiustoll) i.n. the semiarid climate at Akron,
COwere usedfor model parameterization andealibrarmon, Similardata from 1993. l99-, and 200fiwere used forvalidacion. Species

id mutt a part tiers tot tnt m weut. k 1 p us ng d ci trot imtsi,rut r h I I ruin,. h5 us tint, r ROPC RD I mba hijtt
(PSciajdbe U) parameters. (.rain yields across various irrigation levels and seasons were simulated reasonab.ly well by RZWQM 2
with root mean square error (R.MSE) oI215 kgh.a 1and indexofagreement (d) of0.98, Seasonal hiomass developmenrwas simulated
wtth RMSF.s between Hi and 903 kgha, d between 1)55 and 0.99. and R2 between 0.S5 and 0.9S. The CROPGRO-eanola param
eters enveloped were alio tested within the DSSAT a.u cropping stems mode.i and fOund to p.rodoe.e results with similar ac eurac,

rat to’ SOOS s lose rsriditr consent F nil lade ‘h -

CISdtiinatcd a tic tee in th Great Plai.ns during the 20th
cc rev (Petersen itt aL 1993; Derksen itt al, 2002; Norwood

al 1990) [he P-P[ crc spi dsvstein 1 the setiuanu Great
P15 an h a e orson advrs impacts ui the soil cvi roninent

due to potential wind and wirer erosion and subsequent losses
ofoil organic matter and productivits. Spring canola could
replace summer fallow in this region when fivorable iOil water
conditions exist at planting time, However, canola has been
found to be susceptible to heat and water stress. and as such, it is
essential that it is planted at the right time to 0t into the 1gm-
climate of the area (Brandt and MeGregiar, 1997; Stoker ;snd
( irrer 1954 Nielsen 1 )9 Tn the or i sri0 regi r of West rn

od ii)5s5 orods con SI and ‘i ai.tOis. 2004)
9Vhile the increasing use ofeanola for hiodiesel could reduce

fLissil fTc1 use - little ss k noon ahots t canOe cld and it, oil irs

concentrations, Dcveloumenr of agrleulrurai system sinsula
rio .n model.s make Fr possihlc to In re’rarc and ivnrhesice the

i::.

C fr
of rIse United States (Nielsen, 1997.) ;slrhough yield reduetions
are seen under deSci wirer and h1 ten1peratnrccs’ndlttstni
Para)t etal . 7ti9 Sna op itt 30i hit

Canola is grown in beith Canada and United States as
an alternative crop ti wrnter ‘.t heat as well as ,i spring crop
neorptsrated into the olseat--lillu svsteui in uh Great Plains
Brandt and Zentner, 1995; Nuttal cx aL, 1992; Nielsen, 1997).

Interest in cultivation ofeanola is expanding primarily due to
its potc:irsa use oasrnes\ ahk energy crop for prodiietti’ n of
niosliesel Pavlrsta ad Baltensperger, 20iP’) to potentiallg off
se’t tie shortage of the conventional nonrenewable petroleum-

recognized in the past couple of decades (Minor and Meinke,
I 990) the ha sic arcs rsons Sc tnc.arrh trials its r devclss pm cur

I — I —

cation of this crop in the area are’ lacking (Viii I c’t ai., 1997).
‘ilsc’ cli.nsarc siP thc ten, iadcl (Ste at Plains otc United Stares
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Table Management detath for four canola water useiyield studies conducted at Akron, COStudy Water Irrigation Irrigation Plot Row Planting Final
designation Year Replications treatments amounts method size spacing Variety date population Fertilizermm m by m em plants ht05 47 N ha2
ROS 1993 3 four gronob siege 234 for cads flood- 274 30 ‘WestaP 20Apr11 .092.000 67liming tOstrnsnts treatment by 2.6$ROS 1994 3 four growth wee 234 for each flood 224 30 ‘Westar’ 7Apr11 1,092.000 67noting treatrnenta treatment by 2.660571 1993 4 tOur Cr50-tent. 42.. 1 3. 202. sp InkIer 6.1 by 19 Westar’ 3 Mar 1.037700 69irritatIon 264 24.4treatments

0571
. 994 4 four gradient 3-6, 1 8, 220, spunkier 6.1 19 Westar’22 Apr1 I .0312.00 94IrrIgation 26.3 by 24.4treatments

cON 27115 4 four yradient 0,61 134, 207 sçrinkler 6.1 19 ‘HyIa’ 8 April 630,000 56Irrigation by 24.4treatments
0571 1006 4 four gradient 0, 30, $7, 121 sprinkler 6.1 19 ‘Hyola’ 10 April $30,000- 56irrigation

by 24.4treatments
‘1 605 rsieout shelter experimsntt LSGI iinesourcr gradient irrigation esperirnee.s.

err are variable water .sv’sjl oitr’ ersndirsorivA diet rat-n of theL.SGL pio.t layout is given -N Nielsen (2004).
-

10 a. 515 ttLihi.i,tlti, erop sVatet use 1,Cttsputrarsspltatlotsi- s4’Srs CILICSS-’isted bS’ tilt tVJter teslatsee ruethod p510120 iwater measurements,precipitation amounts-, and irrigatit o catch 1715105 amounts, and
assuming rtsnoffand drop percolation were negligible (plot area
slope seas <6.5%, and amounts of growlssgseason precipiratien were
gener sift’ ,mali)-, Soil- seater measurelnen [5 were made sveekiv in thep618 experiments and biweekh’ in the 1Sf-Il experiments using]neutron probe at soil depths of 15, 45.75. .105. 135. and 165 cm.Leaf area index, p141st height, and bionsasa 11 05 ofone row sampleducte also measured perIodically during the gross lug season. Ihe[Al rneasurenlents were made with the 051-2000 Plant CasopvAnalyzer(L1-Cor, Inc.. Lincoln. NE). Biomass and i.,A[ were notmeasured in the’ 7501 experiments its 1993 and 1994. However.

graus v leld and bloissass ws-tc nseasured at plant usaturity.

Adaptation of CROPGROFaba Bean Modulefor Canola Simulation in Root Zone Water Quality
To paralssetr-rIze CROPGRC for eanola in RZWQEI2. we

r 2 t
Ct It C )1l n C P 2 50

for adapting the CROPORO--dec bears tsstdel. for simulation0f ffo bean. Boote cv al, (2002) stated that the advantages: ofadapting a mechanistic proeess-orented model like CROP--CR0 to a new crop inriuded being able to use etisting’ modularsubroutines that describe the basic roeesses ofphotosynthesiC. rrspirlstlon. plant N arid C balance, and scsil water and Nbalance while also besng able to use the weather handling andstandard u put--output File conventions sit’ DSS.-5 I-.
The CROPGRO module sinsulates ditT2rent crop species usingecternal apt ens. ecotype. and eultivar parameter 6ls Cones etaI.. 20503), The species li15edese r ibes various plant physiologicalprtsset-s sensitivities to environmena, and the cm lrntar pirarisete rstssjsetibeetiitjvai’ diforrenees to esrvire-:nj:nertral ‘—N-”o sri

Table 2. Precipitation received at the experimental site during 1993, 1994, 2005. and 2006, and long-’term means (1908.-.2008).
Data presented as annual and monthly totate. as well as total precipitation for the carsola growing season (April.-July) arid the May
through September period.

993 1994 2005 2006 1908.4008
lanuerv 6 10 3 I 9February 14 5 3. 2 9March 13 2 11 16 20
April, 47 53 42 23 42May 27 29 $2 37 74tune 45 6 96 19 62july 114 70 15 58 5$
,msptt

14 30 94 87 56Setember 23 8 10 29 50Octoder 95 73 75 16 23November 26 26 19 2 13December 12 13 6 26 1Annual 446 320 486 .315 415Aprl-----july 133 158 265 136 246Man—-Sr5st. 233 143 327 229 188
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Table 3. Species-specific parameters developed for simulation of canola with CROPGRO-faba bean parameters as a starting point.

Guidance from
Value literature or calibration

015 Gabrlelln at al. (I 998b).

Parameter

KCAN- Canopy light exsincbon coefficient for daily PAR, fbr equidistant. planr pacing, modified when in-row and
between row spacing are not equal.

CC MN C.otoov CC aomounsss.iuu oiur (CC2. at which baby grow pl:otosvnthrtaa is 0.01. .ra:r
PNpGTbir Cotual values 0 tcmccratnrr: or thu Grrt’or’s to roducu vanoov PG nader

XLMAXT-T&r.porature effccrs on maximum leaf photosynthesis (LMXREF).

C C C—C C C
PPCLP’ Maxvmu”o orotc:u aowc’cabov 0 isa act burma tprotb with uw.roua tauu’v of N
PRCLPG Normal growth orotein c.ooarosition in icaves during growth {kg(protcini/kgf leaf tistun)]
PROLFF- Minintum leaf protein composition after N mining )kg(proteinllkg[lesfl)
NVSMCB Relative rate of N mining during vegetative stage to that in rcproducbvu stage
Y5CEM values.’ P:artitiouinr fraction to s.ts:m at diftcrrotb-ttagos istagna corrssooub to thu ouaabsr of if tlodet

WIND Reissivu weighs of sued compared to ntaximum (ftaotion)
SLAPAR Coefficient in exponential equation to reduce SLA as PAR increases (leaf curvature)
T1JRSLA Water stress eftr:ccs on leaf arc-s expansion, ftcsoo
SuAMAXTbu ‘uav-moou sourCe ica area iScAi tar ouw loaves wbuu 1o’owrr nrlrr low (nearly aurci raoiatou but
000-raum avatsr an rhmtvtraturn or ‘hr standard r-uitiva’ (ro’°Sji

5-ENRIEtsctor us writh c.rotuiu. romeo ‘tom caves each dm 5 muitichub to dutrrotiou leaf
kg(protsin loss)]

SENRT2 Pactor by which leaf weighs is multiplied to determine senescence each day after NR7 (day when 50% of
she plants have yellowing or maturing pods) g(lesil]

SENDAY Maximum fraction of existing leaf weight which can be sane scud on day N as a function of severe water
stress 4 curSer [glprotcln iossi

I misc. P optimum i.T optlnaum 2.andl maximum for vegetative devnloprncnt.

0.90 Cabbraced

—1045 Calibrated

1.20 Calibrated
935

p 90

015 Calibrated

0.26 Calibrated

Huratr. art) Oraaroo: :973t

500020a3 PolowlckarndSawhncy
28.0.40.0 11.9881. Mo.rrisorn yr at

(19891. Ounce (2008)

00 CO Morrison at s1Ji989), Ounce
210 29% (2008).Vigil as sI. (l997),
40.0 80.0 Angadi at al. (2000). Winds

at ai, 199Sl

P 244 Cdlauskas sub Scmotoo20Pa5

0.194 Sidlauskas and Bemoras 1,2003)

0%92 Sidlauskas and Bernorss (2003)

025 Calibrated
017.5 O.3u

2.20.030.

Node number on main stem and corresponding internode length (m) in osirs

I .0. 6.0. Mornson at aI. 19891. Ounce
25.0 and 2008l.Vlgl at si. Ii 997).

40.0 Angadi at al. 2000) Nanda at
al. (1995). Klniry at sI. (1995)

0:0.11 Calibrated
10.025.
4:0.036.
6-0.01

8:0,082.
0:0.093.
14:0.087.
17:0.071,
32:0.049,
40’O, 004

1.2 ‘ — taha bran
“oar.oa !nawasrr voge
— ralna bva,r - phcsavsntsvviv 1,

a1 caccu -Psctovynltnnvsn I

I0

Sn

0,2

00
0 10 20 30 40 50 60

Tempefature, °C
Fig. I. Cardinal temperatures of faba bean modified for simulation of temperature effects on photosynthesis and vegetative growth
stage of caooio.
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Table 4. The ecological group-specific parameters developed for simulation of canola with CROPGRO-faba bean parameters as a
starting point-j

Guidance fromParameter
Value literature or calibrationTHVAR- Minimum rate of reorodurtive droomiotamnent en der long day-s and opm.:mai temperat.ure 015 CalibratedPG-EM Time between planting and emergence (VOl (thermal data)
5.0 Vigil at: at 997).EM—V Time required (tree emergence to first true leaf (VI), thermal c:aya
4.0 Calibratede--’ Time ri-ic nired from first tm ne leaf to end o juvenile abase. thermal days 0.0 Cat) ratedllj—ROTimaae re cuired bar floral inductIon.. acual to the minimma number n-f days tot floral induction under optimal 21 Calibrated

temperature and day engtha, tihotothermal eaya
PMO6 Proportion of time between firat fin-war and first p-ed fur frrat peg )peanur only) 0.0 Cahb ratedPMO9 Pmonn- rtioe- raf tine between fir-cr seed acid nhynicinaira I maturing that the iaar se-e-d oar: be formed 0.48 CalibratedLNCSH Tie e reuhned tot yrow-th of individual sheila lnfiotcthermnal da:gsi- 1.15 CalibratedR7-R8 Time between phyaioluglcal (Ri) and harveat maturity (RB) tlaermal days) 09.0 Caliianatadft-VS Tuna 1mm first flower to last ieaf c:.n main stem (photc-daarnaai clays)

441-0 Cab.hra.te-dTRIM-alL Ru-tn. c-f aronananca- n( lea-an-a: on the main sttnaa ileaves oat thermal ito) (hiS Nand,a et alL (1995)-RWIDTH Rain-five width of this encamp-a in ramp-unison: to thy: standard width n-en node iY’S’ba) defined in dae C40 Calif rated
soacies file nPn;

RHGHT f.t:ianae height. of thb ennutman in nnmtaanisun no the:-, standard height pen node [fVSidTid ofined in the i .2- Calibrated
species file (PE)

THRESH The maxinaum ratio of (seed/lseed+shell)) at maturiny. C-susa-s scads to stop growing an tlaein dry weights 7CC Calibrated
sIPPOP —r--—- -r g— a ayr

a10 1nenel t 1 1°97m
Hocking nt al. ( I 997b)SC lip (-rantmun. oil in a da [l-g)c-ii)(hg(sned)j

0).4 10 Brennan ot ni. :2)1-00).
Robenrson et an. (.2004)RI PPO lnt:resse in daylength seneibvitm after RI (CSDVAR and CODVAR baon.h. decrease wis:ia tha same smnnaenrt) (hI OcT00 Calibrated02PT81 Mininau:o daily temperature abone eehich there is no effect on siowing normal deselopment toward 0.0 Caltbratadflowering (°C)

SLOB1 SIope of relationship reducing-- p-regress toward flowering ifTMIN fun the day is less than C)PTBI 0.000 Calibrated

Development of Cuftivar Parameters
-

rcr sccd, 5:, SDPDV :ascragc scod pet pod uudct standardJo the CROPGRR) model 15 p it riocters ddinc s u los it spe si i1i ondiriou coo /10 I ss cit suhi red a mcd tr 15 adit n t tfse up I hh. p \s little nloi in itiou an those
ible liter tuca i shatna i000 Rh r son at 201)21 ohwt od

ta.soimcrcrs ss-,;s .s .silal.tie iii the oxoctsnscnty or litora.tuno, thin-
I si yr y rts Imp u ii to 5t L ueoi t alo s see re osoro

nounth calibrated torough to.;l sod crow tnt meterS nittiula- -titans sM-tb. maocasurcnscnts, Hnassmcvce, the aatstnctcos sizu:: occoratclu tonrtch CM-i s)oaodat)utns svl:th st.tcasutcd maloca. seci:nsa.x:oaotcs :oao naf (‘nil leaf. cmonj, \)—Vtiasi) fiaaaxlstiuus sucigiat used a cit).ihraecd a-oiut: of 2:201 oot2 fiat- hdZCF

Table Ti The eultivar specific parameters developed foe simulation of eaoola with CROPGRO-faba bean parameters as a starting point.
Guidaoce from literatureParameter

Value or calibrationra n’ a osoacauescoocecorutasnwr ocanlnetfeec o —Y Ca n d
short day- plan:ra) (hn)

PPSEN Slope of the reladve. response of develooment to i-hotopenlod with mime (raonihaa hon shc-rt-d-ay plan-ia) )llhn) 012 Cali-bratedcj-a,. si’y- more- am:-twee;i plant ennergiance and iio-wer a.pp-earamscn )Ri l(pb:otothernnal days)
1:6,50: Calibratedi5H Tinmim ban-man finn-i: fl ow-an and :mt nob 02.j: cphonorhnrma:l days)
6.0-CPL-SDTinne: betwe.en first fm wem md finat. seem) (RSI n-horott:enmal dams)

1100 Calih-rn:tedSD-PM Time becweeia first seed: (PS) and nhysioloeicai maturity (R7)(photothemna at n/days) 2219 CahhratedEL-IT Time bemawean i/rati1:oas-en (P it- and c-rid of i-ca) extaan.aaan (p otothermal days) 56.00-LhldA./t. ilaa.imo:o:mm:: leaf photom.y-:: tin cans mere: am /m C. iSO aoL l I/C)2. am:d high ugh-a hag CDa/imITs) 09C Callhmaned5115cR Spemifli- Inaf -area: of noltlaam under ama ndam-d at:n.—cemh conbiti-ons )::o:t.uitgi:
420.00 CalibratedSIT P Maximum aiae of fiClI leaf (three leafletslm (c:ab
22C0i3 Pob-ertso-n et al. 12:002)

xu:Pa/ May.-inon-na frecbon of daily- gnownh that: cs pamahoned to seed + shell
0.900 -ahbratede

0306 ‘-ta Ennt Ii 99Th;
Ch-ay and Thurling 11989)SPDDR Sc-ed filling duration for pod cohort at standard gtowah conditions (photothermal days) 24/30 CaiibratedSDPDV Average seed net p-ed under standard gm-wing conditions ino.ipod) 27/70 clay and’thurling II 989:-.
and Angedi at ai.(2003)PCrDDRTime reouined foe culbear to reanbr finmi :m-od load’ under ooh:aaal mondi:tin:nn. ho:to:-m’p.ormnal daay) 9//U Calibeamed
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Table 7. Evaluation statistics for CR0 PGROcanola in Root Zone Water Quailty Model (RZWQM2) simulations of total profile soilwater leaf area index (LAI), biomass, and plant height against measured values in the 1993, 1994, 2005, and 2006 canola irrigationexperiments at Akron, Co.

Total profile(0-180 cm) Plant
Year”

Treatment RMSEf R2 d RMSE

mt m”’
347 447

330 0.38

2.94 0.93

2.79 000

204 0.86

0.76 0.56

3.10 0.92

4.33 0.99

6.21 0.99

5.03 0.96

0.96

1.91 036

1.02 030

2 14 0.78

3.99 0.77

4.05 0.90

584 0,95

993.R771

9934.052

19934.053
‘t193,P,Q34

95375(717

‘ 99345012

1 993 4,5013

:. 593.05014

994.005

i994ROS2

1 994ROS3

2005.0501

2005.L5Gi2J

200SLSG13
‘‘tnt. ‘)4t

20061.SG12

2006.05013

2006L5’Gl4

LAI Biomass height
R2 d RMSE R2 d RMSE R2

836 055 094 0 032
604 r 94 0.94 11 0.92

341 0.98 0.99 9 0.94
396 096 0.95 9 094
463 052 059 8 0.91

903 0.96 0.55 7 030
510 0.95 0.89 9 0.86
777 053’ 095 3 078

3.89 0 090 076

0.89 0.73 0.94 0.83

0.95 1.05 0.5.9 0.62
tees nsa 0,ç
098

—

1.38 0.60

1.28 0.58

iSS 078

080 ““

0.81 0.79

0.77 0.89

0.15 1.00

0.81 1.00

0.61 000
Oct lOcal’ t5 ‘I’ Or”

.‘ S ,r.000 of creemc’f, r. and’ cc.ffc3tt of d:erc

7 8051, 8052, 8053, and R054 are irrigatIon trtatments under a rainoat shelter.
§ LSGII, 0012, LSOI, and LSGI4 are irrigation treatments under a iine.sosrte gradient irrigation system.

Sijamlaritaisa ot’planr ci or 11’ acre within I d fc,hserved
enaergence across the four irrigatio.n trearme.nts (Table. 6).
Simulated flowering rime as as off’bv I to 3 d, hrst pod by I to

4 9 brat seed bu (Ito 7 d, and harvest niaturtra ha 3 to 5 d.
“ii t “0’ Isis sra_O”n,l

RMSEs ranging from 0.024 to 0,031 nt3 m3 (data not shown).
[F R% aF 75 aI pr Oil 1 Si n 0 ‘L, reeL

Ii, the ci. ta Oct ‘netcv0 0 itirusureci ,snd siroulatcd dare were
between 0,84 and 0.9’S, providing confidence in soi.l water sin’au.la
tins duni.ne can ala rros.s’rh. Siia’tulartons oi’LAI, itlant .heiehrs. and

1 “‘ 5 5,1

a vi F
,, ms ts .,.n’t 6 1(7 js a’. 0

S’O’ kg h (flu,, 4
uv rn,0 It Inc t ‘75 tumid t t us srt,rc ut

‘ ‘tt1 t r” 0 t ‘7”

In .. )l,,’t; n’ 117,1” t5is’aittass Sinsulatt’.’sns tier’s: :00: rests’, ceslo Ic ts’iti’t
and 1?’ between (i.9v and 075’), and’ between 0.85 and i’i,98, [‘CS pee

tively. ila beiphr s.imularions showe.d relatively larger
PSI71k,..0,0.’., 3.-,r,5 I), en: ,‘I i,,,.000

otri’te 20)0 661.51. calibration sea depa.rted’. irons ri’ae nwaaureci
data between. ..i.3 and 9% (Fig, 5). Simntalarions otgr’ain ield l’ta.d

5,.

Flesassisedci.ira on ‘rcd 51 ‘.410 Onsteill Ctiitteists were sot sail’
able fhr comparison in 2005. 1-lowever, the sirnuisated seed. oil
eontents’at hatvest were hetweera 44 and 4596, which were within
tise isreratcurc reportod ‘‘slots t ucc”,i oil e,ntent, teem ,s4 to-ifS.

i’w <
“ F

in rise experiments’ (herween 34 and 45961 i.n .1.993 and 1994

‘1 able .5’’.. Si nsaulated seed protein contents s’.’ete berm ecu 20 and
2196 aeross irrigation treatments, which are slightly higher than
the reported protein content of lS.66 by l—{oekinger .sl. (i9Q’7h5
but similar to that repotted ha l3rennan er ii. 0000’. Hockini’et

1 1995b( reported seed n eights between 0,0(0281) to 0.00.345 g
in eanola, which are in agreement with sirnu,Iated seed weights
betwt”en 0,11(151 and 0.0033 Irs tt1e flbssr 1.rtsl5’atlon. treatments,

Model Evaluation

UneSource Gradient Irrigation Experiments in 2006
“[‘he calibrated model was first rosIn ared foe wool’s7may15 In

— 0 ‘5

1ag’yts’a:.1 sinusiated. re.asononlvweii with deviations ot’days to eme’r”

wee uthun I to 2 6 0 twerursg thin 1 n I bust pod

S 1st c 5 5 5 p d uds rn ‘tot r0 [5

r’.prc 51 s h pbs uo’og ci In S w r t 9 st tee. S 0 “rem

season welt: reas.onanly we)’i simulated (“i.”itble. ‘0), ‘[he Ek.5’IS,Es of
stat po4.lc %0 57 soul 5 0 ‘a 75 It 000 000 c n 68

Ii teilus 01’ Ii Slol’ in a’a’a’us. toll LIVers aet(’a tredtfllel’st.
rangyd from 0.1)29 to (3,046 rn-’ itt”'3,Across tme.atmclats, the
and d of total profile tearer Contents were between 0,63 and 0.95,
.,uad bersa cclii i, i and (IS’S. rests,’etgt’els l’ig C’.

Lest .iuea ndcs nseassiseuiaents in the exp,’rsne’rs’.’ers’on1t’
inad’,ei,’.’s rh,e [‘seginsi.ng’of the season and rhcmefdme thes: tat,is’ties

soil water

d
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¶1000 4005 i 2MSE = S3ti ‘g hi 2°05 RMS[ boa kgia 200 RMSE 34 kg hS
1

RMSE 396 kg’ha
Simulated

6000 • Apasured

4000
-

‘Cu2000 /

0 . 4...
_,__<l...<

.

0 20 40 50 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
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Fig. 4. Comparison of measured and simub ted canola biomass using CROPGROcanola In Root Zone Water Quality Model
(RZWQM2) in response to four irrigation treatments each in 2005 (calibration set) and 2006 linesource gradient irrigation
experiments. E rror bars indIcate one standard devia ion of the mean,

P11 SF r ngini trn r 0.51 and 0 Soon

PM SF s hetwa’en 5 and I -i. am ossean (I .M and
and 0 herween 0.94 and 0.96 (Fig.

Biornas.s and grain yields in response to the thur irrigation
treatments were fairly well simulated with hiomass R2 and d oak
ties ranging from 0.92 to 0.96 and from 0.55 to 0.95. respectively
(Table . Fio 4). Bioinss-. was consistently underestimated belore

‘,] from 465. to 0 ha. ‘Ehe .o ‘Tji ashihitad an
atJv carte rcwarc’r sate ahoatm;n nid

4’ ‘acer ste in rn, irrl4ation nat

rami tad ha ranstad grain yield. the niodeS s° elated
$ 8 kg ha (Fig. 5( In tlae rrc . tment with 4.0 em irrigation, rise
model simulated 683 kg ha’ when the. measured amount was
228 kghaz°. In the 2.9 and 13.1 ens water treatments, the model
simulated grain yield better with 891 and 1613 kg hn’ against
the measured values of M and 18(31 kg ha

*
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Fig. 5. Comparison of measured and simulated canola grain yield
using CROPGRO.canola in Root Zone Water Quality Model
(RZWQM2) in response to four irrigation treatments each in
993, 994, 2005 (calibration set), and 2006. Data in 1993 and

1994 consisted of treatments grown under both a rainout shelter
(ROS) and a 1inesource gradient irrigation (LSGI) system. Error
bars ndiate one standard deviation of the mean,

ci - 0.88
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Fig. 6. Comparison of measured and simulated total soil
profile water under canola using CROPGRO.canola in
RZWQM2 in response to four irrigation treatments each in
1993 and 1994 (under a ralnout shelter (ROS), and in 2005
(calibration set) and 2006 (under a linesource gradient
.rsigrsrlcin (LSG1) systemi.
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Table 9. Measured (H) and simulated (5) [using CROPGROcanola in OSSAT] phenology for 2005 (linewource gradient irrigationexperiment. LSGI), 2006 (ISGI). 1993 (rainout shelter experiment. ROS) and 1994 ROS) irrigation experiments at Akron. CO.
2005 (LSGI)t 2006 (L.SGI) 1993 (ROS) 1994 (ROS)

DAPt DAP flAP flAPStage
Stage -—-———-‘--—- Stage ——-—‘——-—‘—-‘ StageH S H S H S H S

Planting (8 April) Planting (20 April) Planting (20 April) Planting (1 April)
Trttrnrnt

Emergerve 4 9 ere’rgenen 3 0 emergence 9 7 errre 4
Flowering 59 54 flowering 46 46 flowering 52 46 flowering 56 53R.rd r.j:. flrstncrd 50 52 rr,-e 4 59 first mad 65 59
SariS seed 55555

-

--- 1mw seed — hieki-td day 0
. 02 harvested day 92 90 harseated day 00 99 harvested day 95 98

iirnmgsncs 14 9 ems genre 10 7 emergynce 9 . ‘ssnc
—. 14

Flowering 59 54 flowering 46 46 flowerang 52 49 flowering 56 55
:r5r mad 66 62 first one 53.

first
First seed 73 70 first seed.. 60- first seed - 62 firat seed — 69
Harvested day 104 i06 harvested day 97 96 harsested day 100 96 harvested d-ay 95 98

Treatment 3
Emergence 14 9 emergence 13 10 emergence 9 7 emergence — 14
Fiowering 59 54 flowering 46 46 flowering 52 46 flow sing 56 55Fn-5s god 68 62 flrstood 50 53 m’t nod fi4 59 rh-st sod 65 6
First seed 73 74 firsr seed ---- 60 flrst seed

- 62 firat seed — 69
Harvested day i 04 i 09 harvested- day 97 95 harasssed day 00 95 harvested ds 95 97

Imostmenr4
Emergence 14 9 emergence- 13 7 emergence 9 11 emergence — 14
Flowering 59 54 flowering 46 43 flowering 52 49 flowering 62 55
F-sat nod 68 52 ffrst nod 50 53 first pod lad 59 first nod 65 61
First seed 73 70 first seed

----- 60 -first seed — 62 flrat seed — 69
Harvested dy 04 09 harvested day 97 98 hawestrd day 00 04 harvestcd day 95 99

DAP 93r after plantirg.

a-reid in both sears, Profile 55!! (1 51) eml as ater storage itt 1993
was well sinsulared with RMSEa between 1,41 cm and 3.10cm
(Tthie T. The IC and d of profile soil water storage simula
tens were between i.3.6 and 0,92. and between (l.9- and 1
respective-Iv. Simulated grain yields responded to the Cur
1 rrtast ion levels wel - anti deviated frrrns mesrsu rn-meets —8 to

i8%avitbadseofiL6’arsd msfO, Cn19993m0
and —3% with d of 0.99 and A2 of 0.99 in 1994 (Fig. 5.

lherc ‘nerd mess-sntremnenrs fLALbirrrstss -sr: ulster

0.0031 and C0033 g per seed aero vs rreatmersrs its tlre two erssp

mc seraveers 0.0 ar-sd-h .5:Stt verse. KLa Ce Sweets. ansi. C OCt -

Simulated seed protein esrnrersrs rnrnge:d between 20 and 176%.

Performance of CROPGROCanoIa in OSSAT
As the above mestrtts indicated, trsing the’ RZTVQM2 anti].

ta tsr:: tine: with rIPe cllcwi;iiv
rievero-ped in rCa stndv mcasorrahlr simulated rise apr 04 ramada
eaperi rneora- essnduered ar Akron. CO in 19313, 1993-, 2003,

.7006 :: ::dem e-ar:rstaa met: of v-aster sass lability. Jr mar
of interest to sornemodei risers to ne-c how CROPGRO-eanola
perCrmns within DSAT 4,0, Therefore, we repeaw-d the above

P c {d!t hr c )5\ 5
keeping all the’ parameters and calibrations unchanged. In
deneral, we fort rr0 rh st the earsuin tssode-l develored es-n siren -

well, 1Cr brevity, as-c present only the simulations ofphenoingv.
LAI biomass, and grain yield as examples of the sinsulations

I 0th, ) nO Ii a I )Q 009 i 21)on I .7nfl(
eros’ amass ‘or rh .r total rf 2-f sr riarion treatnscnt’ rneirrslrng
the LOS experiments is-i 1993 and 1994), sinstrlate’d growth

11

3d fOr first ac-ed and 1 to 3d Cr nsaruritv fl1sble 9). RMSFs
of I n vs true-: rrridostrs sri rrr-atnsenr’r n 25.1113

we-re dr.r,ter.., nob :s:s (I 1.10 rr:7 or a (frg.

LA] s- imrslations itt th.e RO-S experinsents in 1993 and 199—i

ClOses’ ts-s -1, Bis:srsas: sirrtularimsrss had lbhiSl3s heewc-r-n 523-
and 1021 i-g with d between 0.93 and 0.99 (Fig-. 8 -- Grain

shoave--d :s.s-s RMS F. of 225’ k0. ha.
- and d u-f 0.97 (I••hg. 91-,

CONCLUSIONS
rs rhc studs—, we- adapre-d rise r-xistirsg CRO1tGRO_faba bean

module mu s-imnnls-rs-: sprsnrz e:snrria witl-t both RZ\VQM2 and
I )S3,\1-r.ti5rtrtg,ss,.5i1,drie ::ls’,r-v,srirsn en the m.irinra crams
growth n-r-sci de-veloprnerrt pmoeesr-es found in existing- literature.
However, we c-ireountered lack of experimental slt,t far defirrrrro
rt:an\ of the rrr’dei J’anrrw-t.-r-I. Irs t!rr*e t!trt,rrlSstS ,5ri.D!,5ted
the parame-ters available in the CROPGRO-faha bean trio-dc-I

atints rri-:-:sr-oi-r remai 1. rer’sss, i rr:gar-ssrn rr-eate.tt’t--a.t.
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