Prajeol Mo, RZ10LF
Dte: March 31, 2023
’\ Hurriboldt, Saskatrhewan

Quantifying Combine Auto-Adjusting
Capabilities in Canola

TECHNICAL REPORT

Submified To:  Saskalchewan Canola Devehopasen! Commesion |SaakCanala)
Weatern Gramn Research Foundaton (WGHF)

Submitled By Charley Sprengee BE M 52 Jogl Karstens, Bagneerdin. Traiming
Projec! Leader Technicd Senaces

hees Ja Tl

Ciary Bemgen, P Eng.
Agrculeal Seepcos Technical Lead

B g



TABLE OF CONTENTS

Fage

1 Exssglive Sommany L]
i T o e e i e i | it e il
k| Waleeais znd Medods . |
34 Froect Flasning and Preparafion SR e VB R i e 5
32 P Teevling TR 3

31 [Dsiz Anabns -

i Berdi aed decusmon S
4% Dals Sumirary kS 10
47 DalaAeabyss Resuls 1 i AM

i Congupons and Recommesdatons ... = |
fi Rafarwares <15
Acpeady & Fieal Repod mFigld Swevay of Combine Sram Lok in Canois Aows Weslem Canada &1
fopeadik 8 In-Fiell Sunvey Form . B-1




ACKNOWLEDGEMENTS

The Fraitie Agricumural Machineny Insituie (PEMI} acknowiecges funing for s project from ine
Saskaichewan Canols Development Commissaon [SaskCancial and Wesiem Grins Hesearh
Fourdation. FAME alao scknpwledges Bushel Flus and Sehengain for presidng supbos for fis.
resaarch program. PAMI 50 scknowedges e many canpls producens throughout Saskaichewan
snd Manitoba who voluntssred fo particioals @ this progect.



1. EXECUTIVE SUMMARY

CEnpia i5 @0 essential crop in e CanaoiEn Sraives, and canola losses @re @0 unforunats par
of harvest that muest be managed by producers, Cancda losaes pan be categorized as ether
emirgnmantsl losses, header bsses. or combine lpsses, Envinonmental msses aocur prioe o
cusfing o gathenng: heaoer lossas ooour dunng swathing, swath pckup, or whan straight
gutling: and combine bosses poour dusing harvessing and refer b gran lost [discarded wish the
chafl and straw] from the separabion and cleaning sysseme. in 2010, the Prairie Agroutural
Machmery insitute (FAME) conducted s survey of cancis losses in Westen Canada o dendify
e hannesl fachors thal Impac] cangis karves] nsses This study und thal wealhsar condbons
= 3 koy factor infuencing combine iosses, and thad combenes should be sef based on thess
condisons. It important for prodocers o reasseas thest comibine [osaes s conditions change
Bath throughaut the day and harvest seacon (PAML 3018) Aulo-adiusting separstan and
cleaning sysiems being infroduced by the major comibine manufacturers may provide a dady
peparlumily for produsers 1o retain mose sead by sutamalicaly afiusting senings is reduce
lossas hroughout @ hariest day a8 environmantal condtions changs

The objectve of fis projeel was 1o bulld on e sudy complated n 2019 and furher imestigaie
the affect of changing environmertal condidions dunng a harvest day and the methods weed o
adfjusd "on-the-By" o minimize losses, A todal of 22 combines wese l2sied {11 wih aubo-adjusiing
capabiitms and 11 withoud)

Theg data cofected and anaiyzed i this study found dnsd mean dally lemperstes had 3
significant effect (P<l.05) on hanrest pedd loss while vanation of lemperafure and humsdity
Iroughout I day (reoresentad by Stardsrt oevisbon) 8id nol sopea’ 1o MEve & sgnfcar

effect on the vanabity of percentage yield loss throughout the day

Fumther for e 22 combnges festen, of which nalt had suio-adjusting capabilities. the sulo-
wdjusiing ocombines had siightly loser vanation in yeid loss compared to the manual adjusting
caEpEhimEs, bul 1fvs was nol 3 significant difference. sialisicady, More imporardly (hough. § was
pasenved that e range of vanabon for the manual adiusting comiing types was much ower
than the suig-adjmtng tyoes. This indigates fhel suto-aduiting combine fypes sbll reed
calioration and mondonng 1o ensune at they are oparaing propery ip respond 1o changng
conciSont ard [oEpes.

Trare i not 3 stendard 5ot of combme safings that can be afinbuded to specfic loeses. Each
combine, cperating m parbicudsr conditions for 3 speciio crop, must be optimeed for the geen
envirgament Aulo-sdjusting capatiliies m new comones have the potential 1o efaciuely
respord Eo changing envronmental condiians, but Shey cannot just be 3et and forgoSen. Thay
aFauld be calbvaled reguiady. and i & imporisnt i ragulary messine Gasss B EnsLife
adjussmenss sre mads fo properly opomize hamvest wedd by reducing combng losses VWinds i
may alicw more frequent adusiment to changing conditions without the inefficences of
eonducting loss messurements manually. sulo-adjusl feature does not negate the reguirameant
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b measure. Further, it can be sasd it afny method to check for losass i beier than nol
checking 3t &t

i shiuld be noted thal mosi data collecied during this project was obisined directly from
producsers; therefore, the accuracy and consistency of this data greatly relied an the
calibration methods wsed by each producer. This showld be considered when assessing
the results of this proget.

2. INTRODUCTION

Canola produssdion s an essenfial pan of Canada's sconomy. A stody commissicnied by the
Canpis Councll of Canada reveaied 3t Canadian-grown candis contributes $26.7 bikon to the
Canadian sconamy, along wh 250,000 jobs [Canola Counal of Canada, 2048). Approocrnately
#3000 farms. grow canaia in Canada, the mapily of which are i Alberts, Sashaishewan, and
Mandcha {Cancia Council of Camada, 2016) Table 1 lsfs the majar canols-producing provincas
g Hee fotal 2016 and 2010 hatvesied anea for aach Figure 1 ilusirabes the density of cancia
produstion throughout Canada

rﬂfﬂﬂﬂ Wi Hardeshen dreg ol Canpa™ H Hardeahen Ames of Canpa™

[ ammemar 11,820,571 a¢ 4,824,100 naf 1,548 600 3¢ 4. 592,300 nzf
Aberts £.5%9132 ac (2 67E 700 ) §,478, 3000 a (2 530 900 ba

[Uies | nammMxQISON | ZEsMsmsmn

= peurmcy Qemage, 2037
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Figure 1. Canola growing region map (Swanstes Canada. 2023)

W¥&h such o bsrge frection of =rable land beirg dedicated to She annusl produdtion of cancla,
there is sigrificant pppomurdly for mereased procucion effclency by making technical resourtes
available to produpers for managemenrt decisons that decease osses. However, resaarch
resulits regarding yield lesses during canols preductan e surrenty insuficient to guide
produsar management prachces, Resesrch 5 essanyal o enhance the undarstanding of tectors
affeching hareest bosses and debsrmining methods o aid © alevisting some of the chalienges.
faced by producers,

Todal canols harvest insses can be divided indo thees main types: envirsnmenial loss. hesder
less, =nd combing loss. A reglona study concucied by Guiden o 3l In Westem Canada
revealed thad for the fieids snd producers iesied, She average iclal harvesi joas was 5.T0%
(Guiden, Snirfiifie. & Thomes, 2003), Envionmental losses poour pRor 19 cutling or gashenng.
Header losses coour duning swathing, picking up swaths, or whan straight cutting. Combme
Ipases oocur during combining snd refers bo grain $1ad has passed through Lhe combine and =
depcarded with the chaff ano siraw, Of the three harves? losses considensd, combing losses offar
the greaiesi coporursty for reduchon by operator adpistment. For the puorposes of ihs projed,
orly comiing psses wil be consddered and investigaded. with the goa beng to delerming now
much oancda loss = attnbuted o comoine loss

Tre 2018 sy revealed that smbsent iemperaturs, eiative numidoy. ano gensral wasthar
condibons had & signifcand impad on |oases expeienoed by prodoers (FARIL 2018). For the
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tesis comolebed. il was foursd that ambsent Iemperatures below T3.4"F (2Z2.0°C), relsthve
Furndity above 45%, snd clowdy weather al cavsed sgnificantly hgher combing fasses. The
penaral Tend of lower lemperaiures and higher refative humidity causng increasad losses was
identifed 1o producens. Ermdronmenial condilions nol anly change over the course of 3 harnes]
season, but aiso throughout each day of harvast it is importard for an operator to understand
how changing ambieni conditions impact the io0sses of 8 parficuisr combine and when
BOjUsmans 1o heir machng arg nesded

Fance iotal combine ioss s besn shown b0 be stalisticaly diffemnsn] scoording bo ambisnt
poncong (PAMIL 2018, the opponunty sxisis o contnol Iosses by sojustng combing sedtings.
Adjustments that can be made indude any combination of fan speed, roloricyfinder speed.
CANCHE CEarance Seve SEERRGS. ard ground speed. The challengs wilh manially sdjusing
combina Eeshngs 1o compansate for changng conditions i« the need to cheok osses at ragular
irdarvals 10 inform thatl desian. Then, with sach adasiment comes the nesd for andiher ipss
eheck to candem that ihe desirgd loss reductan has been sohigved . The 055 checs process
mual be repeaied for each combine in the fielid each day if an opfimized sefwup & to be realized.

Repoently, suic-adjusting separafion ard cleaning sysiemns imiroduced by the major combne
miafufaciuners may provide & dady apoortunily for prodobers ba rekain mans sesed by
sutomatcaly aciusling seTings (o eouce oeEes TyTughodt @ harves day. These
manifacturers have imested milBons of dollars into the derslopment and testing of their unique
conpd sysiems. in theory, hese conimd 5ySiEms Should iransiaie win 3 cOmDne cperalns being
fren to wse a “sed & @nd forget 7 process, whare the sombine perfoms the adjustments i
opimize 3 parbeuiar operating ==| poinl based on cumment ambient condions.

The chalienge far camola producers i ihe small seed sive and larpe amourd of meferial odher
man gran (MoG) o process. The relathe sesd waight compased fo Mol makes sedting a
comibena for camola mone chalanging than large-seed crops, ke comn. (f nombines with new
suto-adjusting lechnalogy can comoendsts io opfimize capacily whis reducing loeses in canols,
producers sand w0 reslre remendous gans. Ousnatyng the periormancs in emall grain. such
s panoia, will aliow produoers a way to potendally improve fisld performanoe and reduce
losses ThHis is pspecaly Imporienl 35 less eeperiemced combme operaiors gre nesced io 1l ihe
wood of increasingly scarme mopanence farm labour

The pbjectvas of @i progeet are prasentad 35 foliows:

1. Cumnlify the change in condifions dumng o brgecal Rarvest day and the effect on comibine
lmases whie MWH-H" =1

2  Measerre tha performance potentizl of combinas with auic-adjustng sattngs whis
harvesting canals
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3. MATERIALS AND METHODS

This profect can be separatad it thees distingt phases prosest planming ang preparston. fisld
testing, and data analyais and reporing. The taska and methedology complated for esch of
hesa phaces ame explaned i bhe follcwing sactions.

31 Project Planning and Preparation

The scope of this project tangeded a volumisry padicipation of #0 combines from scross iesiarn
Canada Producers in Saskatchawan |SH) ana Mantoba (ME) were targated doe their prosimity
to PAMI test sibes to most officendy utilize resources The high amount of effort required to
ealisgl combine |nsa data & highiightsd in the report Tor e 2018 survey (Appendix A} PARNI
promated the project by contacting interested producess from a3 datsbass compsied from
previous research prajects. such as PARM's 3018 combine loss szrmey and ofher sooial medis
ESMOSIRNG 10 eNgape producats. In 1ol apanamsiety 20 caniia peodunans remansrated
inieresd in paricipating. These producers were then pnorfzed by harves: tming, location, and
equipment bype to determing from which siles data would be collected.

A survey was Lmed to obisin prefminany information from producers. The survey reqoesbed
irfarmation such 3o farm loeaton, coriast informaton. comaine iype, carals varely. canolz
mones. and totad acres. This information was ihen used to ansura producers mat tha

rEquirements far the ressarch phosscl

# total of 22 combines were tesis from 2 total of 12 producers. Half (11) of the combines had
auto-adusing eapabites Harvest windows in 2022 were shod and milense and because only
o e coulkd be compleied per day, nat @ intenssted produces could be visied, Further, aach
combine i=aied Rad io operate for an eatite: day 1o cobect theee unigue Bming samplea for he

procecure; 3% such, late 5EnE or hafl days were not congucive 10 the testing. However, gven
with fewer combines fested than targeted, the dain set that was oolleced, evendy balaroed. and

provided quality dala io snalyre

32  Field Testing

Fieid {esting was canducted between Sepiember B and Dolober 11, 2022, throughout the
Saskpichewsn snd Manioos |fwas imponant a1 the colemed dars reprasent 5 £r0s5 seclion
of canola produpers inthe Canadian Prairies. This masnt ies®ng as many diffensnt brands and
fpes of combifes as passibie while ensufmg an even 238 of sule- and manualy sdusling
comomes 1o beiancs the data saf for analyss

321 |Biosecuwily and Salely Measures

Biosecurnfy and safety were extremely important aspects of field tesfing. A biosecurity protooal
wEs developed usng the Cancla Counell of Canaca fiadd entry poliey (Canols Councll of
Canada) and adapied for ihe specifics of this project. To avoid bo-contamination betwesn fest
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fdds, il was impotiant o lake the approprisie sieps io prevent Sianafer of crop contaminants,
FMCT 35 WeeD Saeds, NEECts. And pAlnogEns. Key points were meniifise for the bosecunty
protoool, and ncluded cnly enbenng faids on foot, using boot cowers, and spraying down
efiipmeni with disinfeciant.

Eafety is esseritial for ary project waork, snd field projecls sre no exoeplion and ofen reguine
MOFE SRSMMoN ue 1D SxIensive Work with sver-changng groups of producers and project
vobunteers. Fieid-work safety mestings were compleded with every produoer pricor io ocondiscfing
in-Field loes messunemend besting. The safely mesling induded discussions on machinsry and
the hazarts associaied with working around moving comiings. kazards sEsociamd wih using
detartfeciant, as well &8 sound levels. dust conditions, and warking slone.

&l of the above infarmatbion was shaned with the producer pror 1o beginnng fisld testing. Each
produter was Bzked in sign the £5ls sallecton shast 1o scknowieige thal e Bosecily
protoc, safety form, and testing protocs! Rad Deen reviewsd with tham

312 Eguipment

The combines tesied thnowghout iFe durafion af this project were provided by fhe producers who
yofunseened o partcipaie. Four diflerent manutaciunen were represeniad: Case [H. Class, John
Deure, amd Mew Hollard. For this siudy, anly the losses betwesn combines wih and withow
Huby Bdjurs! were comgansd. The combane insses batween combine manufaciurers wene npl

compared

Crop pans ane the primary ool wsed o messure combing eses The pans &2 dropesd o the
grourd from the rear of he combine. below fhe machine's separation and cleaning system,
wivere they collec] any refuse melsnsd exiling Bve maching (chall, sesd. &bc ). There srs & few
eommencialy Fusilabls systams hat producers oan purchase 1o measure @0d manage their oan
Ioates This propect used Bushel Plus tosa pans; here are e lons pan manufaciuress, such
B5 Seherpaing hoeever 4 was decided (hal ondy one pan lype wedld De used 8 minemize any
potental varisbiity i tha collecSon method. ard PAM| owns a sed of Bushal Plus loss pans

The Bushel Pius drog pan comprised a cover that wes directly afiached to the combing and &
drop pan thad i secured io the cover with magnets. Thes drop pan has ntenor dimersaans of
130 in {254 e by 5603 in (V50,8 em). wih a caich area of 211 ¥ {0,358 L The pans are

equEpced with remoie contols that alow release of the drop pan at the optimum ma cunng

cambine loss testing.
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e ] f B
Fegare 2. Bushel Flus drop pan. (mage scome: hitpdbusheiobes ca'bushel phes-narestioss-symem’)
The canols samples wens sollected from the pans and weighed with calbraded scalas Thess
weights wars fnen entared intg the loss equation shown i Section 4.2 4

323 Combine Losa Tesling

Exiernmive commusnication ocoured between PAME and the producers prior to any freld fesbing
Tres prowncsd PANI wich fe DesL opporunily [ Suscessiylly Wi 35 many of ine cooperaling
producars durng thair canola combireng window With ongoing changes to harvest schedulas
(dig® o aeal®ac], Fis constant ine of communicabon was essenlial 1o the supcsess of Ms
progmet Onos producens had communicated an estmated tmaframe for thedr canala hanmesting,
they wers added to ike schedule &s their estmated timeframe approsched, emails and phone:
Els wens sxshanged (o eoalirm the fimeng. T weahear and schadule aligned. [Re prodiucerns
receivad 2 call from the PAL deam tha day prior io testing. During thes call, iooation and srmival
e were confirmed.

The objecive of this methodology was to coflect dats at three Emes throughout the day far
Slﬂﬂlé- sambine i lh‘:&lﬁﬂl&".ﬂ-! et af Iﬂ"!ﬁﬁlhg efvinonmeantsl condilicng on eambins
lossas as wall as an operator's or maching's abity 1o adjust to curment condbons

T fpliowing procedure was comphaied at the beginnng of the harves: day, then repeaied mid-
aftmmoon and agam ot the end of the day.

&n in-feld sureey was compieted with the parficipatng producens [Appendic B). This survey
inciuded guestions related to
»  weathsr condtions (felatve humidsy, ambant ar empersiure, wind spead),
o crod information (seeding date, seading rate, canols vamety),
*  hamvest mathod (swatng. strasghi-cut).
# combing infarmabon (Mmake model, year. type, Fows),
* harvest information (yield, discharge width, canoda mosture contant),
* combine subt-adjusing capabdity (yes or noj, and
* combing seftings [fan speed, reforcylindsr speed. seve opening. ground spasd]
Paga T of 15



The weatner condions wens taken from Envirpamand Canada 5 wesingr app. wiich was used
n the 219 study as wed as oross referenoed with an in-Bedd, non-calicrated temperature and

RH meler

Froduoers were instrucied o operade a3 normal and were alowed to make adusiments {ether
gnEnlng suic-30jushng o W‘I"ﬂ manualy ) 55 they would gunng normal pperaton

¥hen this information was collecied, PAMI fieid-test pemsonne! chaerved the following tesd

et e TH

1. & phofo of the test combine was taken

2 The producer was ssked tn disengsge (he chopper and sprasder, i feasibly sossie

3 Fisld-est pesonne! worked wih the producer io safeéy atach a drop pan io thair comoing
The Droo pan was stbsched fo sdher the back axie ar belly of the combne. in & leoabon
wRere £annla eould ol B2 prematurely coliecied (always ensufing mal ike combna
oparator was saare of fald bast perscnna! iooation snd owt of the combine cab whiis
aitashing Be drop £an)

4 Each combme was Sowad 10 reach stesdy siate (20 seconcs) befors the remoss consmd
was wrsed o drop ihe pan.

5  ©Once the combing operator moved far enough away, feld-test personne! spproached he
tast aras to retneve tha drop pan

B The discharge widih of the sbaw and chal was messuned with 8 Stakes and {ape mesane
@nd recorded

Frw each comisne, Bires tesd repetibons were compisted.

324 Gample Collection and Loss Calculation

Afer sack repefion, ihe canols was carelully sepsrated from ihe sirsw snd chall using fans
and saves: Forlanger semple s2es, this was complsted in mutple 2eps. Tha canolz samples
froem emch repettion were stored in [abefled containers {0 be measured and weighed upon
sompianoer of 30 repelitans THS-'EWE‘E-“{E wEighsd using a Salibrated scake, ang the data
recorded on the in-field survey sheet The folowrng eguation was wsed to calculsie cancls
cornbine loss:

_ Collected Weight (5)_Dincharge Widehift) 1 asdn
Loss | o) =~ e e 775, CatWedeh R .—@--;&;{g

Whene:
Collecied Weight [g) Weight of canaia coPecied during loas st
iCatch frea () Ares of drop pan used for testing,
Discharge widdh (R Widih of dropped o sgread chafl and siraw. Measured in feld.
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Cut Width (8 Obtained fom producer; smaiher width o straight-cut header widih
Cangla Densiny 50 bvou

This melod used anly the weighl af the coflecied canpla sampie Lo deb=ming [0s5es] FowWewer,
it is imporiant o nota that thens ame other suitable mathods that use volume and seed count
Appendix B indudes PAMT s final repor from the 2018 on-farm survey. Within the report,
Appandiz A mcludes the Combing Seed Loss Guide, which decusses these omer mathoos
{Camola Council of Careda and PAMI, 2047).

13 Data Analysis

The data colected during 1he tests were statishealy anslyzed using anafyss of varance
[AMCAA] m R softeane. Shafstoal analkysis helps to delemine whether differenoes chaerved n
he dats ane dies o e measieed vanabies of du o random varsbdily. A siatisiically signifcant
resutlt means that the diference axhibded s highly likaly o ba due to the teatmant izelf. The
ioas dats was beaied for rormaity (Figure 3). Foe most of the variabies considered. an ANCVA
was compisied W oelerming ihe afect of s vanatle on the chsenved beses If 3 P-valus of
lexs than 0.05 was chsermed, then the nall hypothesis is rejeched with B5% confidence. The
P-valkue 5 3 caipuizied probabity End can ba used io condiude whelher Ihere b5 3 sialsicaly
significant difference betwean treatments. & Pvalus of less than .08 mears thene is 3 B5%
confadence fevel with ihe resuits. For sl statislics| ansiyss, 8 85% confidence level was used.

o 28

LagiBTE of oLz

= =1 fi 1 ¥

T i
Fagane . Test for saimality of date {STD % yield lo=s] for Ehe combines s,
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The ohjecive of fe project was to compare the variabdity in losses (hroughout & day. As such,
e sizngand daviglon from the theee tests trowghout the day for each combne was caiculaied
to represent the variabiity in changing condiSions throaughout the day. This slandard deviation
was then used Eor the ANDYA (o compane between combines Tor diffenent parameters. it should
b= noted that most of the dats coliected for this project = parbcularty the combing settings - was
chiained from producers and not measured by PAM| feld-besi personned; teerefore, the
accurscy of inis dais s dependent on the casoration methods used by each producer

4. RESULTS AND DISCUSSION

Thes pechon dsousses the msufts obiained from tha comibine joss tosting

41 Data Summary
Thez projedt colesded combae koss data from 27 combnes owned by 13 aéfferent cansla
producers aomss Saskatchewan and Manicha

Tre foliowing points desonbs the breakdown of tests completed on the combines:
s  Combine manufasiurerss: § sombine models: 14,

*  Swgihad loss e & Eiraight-ow Ioss BETE 14

s Aubo-adiusting canahiiSes: 11; manual sdjusting: 11.

Tabde 2 provides an overvew of the dats that was colected for all 22 combines tesied This
tabie prosides & high-lewel ovaryview of the farmng operations e ane represerded wihn 1his

Bt
Table 2 Genarsl data swmmary of 27 test combings.
Saeding Date DsAdmy Bdura
Cansa See8 Rt 183 1) 3858 5368
Row Spacieg, © o7 T T
siay ¢ Sun Cate T T
colwign npE swany seapay
Warvest Dals. ‘sEmzm P
Vinld, s (T e T
Lnutiire Comant % i 11
[ p—————— armn narzs
Pacant of Tt Yo Lot 2 35

The pszes expenenced by the 22 combines with dropped straw ranged from 001 bw'ac
8.7 kg™a) ugrie 108 bufas [TIZ.B kgtha), giving & range of 0.1% fo 10.0% of tolad yield loss
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due o combsne losses [ should be noled hat fhe joss valuss represent the averages loases for

gach combing over iree repeitons at 3 paniculss bme of day. Mode: thare were 3 fow
measuremant ponts that were axremaly high; however, the goal was io cofiect mal daia. These

painis were lesied fod outhiess bl were nol desmed io be

Table 3. Amdient conditions during testng.

i Yaame [ DT HazEwEm
- pibuzi |
|Mectmiametys | 02 | W
Ly Tempsiaume "o ] g

M should be moted that he combines wens not specifically opmized for the various Held
conpsons @nd Naves! iypes Combines wers 1esied 51 the seibngs determined Dy &&zh

47  Data Analysis Resulls
Thae dats colecied during Hee tEsle wens ainlisticaly ansiyred uting ANCNA A R softwane,

421 Emvironenental Conditsona

An ggjetive of shis project was to sssess the efect of areronmantal vanabilty witin & harvest
day on the yariabiky of combine losses a3 a percerdage of yeid. The standard deviadon from
e ihres besis inrpuphoul the day Tor each combing was calmudaed o represend ihe vanabilily in
changing condians throughout the day. This standard deviafion was then osed for the ANCYA
bo compare betwesn aombines,

The effect of varying relative humidity on combine loss variabifity throughout the day did not
Eppear significant scross B combines lesed

Tha rumiber of days ingo iesting il e | eary Seplember vs pasdy Dolober] aan did rol sppesar 1o
B significant |n an efor o igentdy a0 ohservable atfect on resuls 35 tha weathar changed
fhrowghout the harvest seascn, this venable was brought m 8o mormalce the dady mean
temperature [average of all lemparsture dals Inreugh the day rather (fian vanshity betwesn the
three 1est tmes) and daiy masn relases humidity valuss

Tre tamperaivne standand dewabon from the ihrea erts was reveesd (in an siempd 1o
reprasent fthe changing condiions as the day progressed) and did nod appear to be signifinart
Howewver, daily mean iemperalure was ihe only vanable lesied that appeaned ip be sigrificant
|P=0.05) Az daily mean fempemsbine increased, yald loss vanaton increased. Figure 4
ikusirates the sisndard deviation 23 8 peroentsge of loss (20 5 loaa] for each combine test
compared 1o caly mesn empeEiere Bubs Bng manual comiping types #re differeniaied,
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Fegars 4. Standard dewahon of % ioss acroes thres 1ast poists 0 3 day refabws o mean dady

temperature for each combine spl betwesn manual and aulc adstng combine types.

Trare also was rot a significard dfference [P=0 58] batwean saathed anc siraght cut
ocperabons which i sometimes & proceas mpacied by emaronmesdal condibions

422 Eguipment Operating Condizons

Thee study o1 2018 found hal opsratng condions sush &3 ground speed and gran fesd rame
find an impadd on losses. Thess parameters represent easy=to-adust factors fmpacting the
Ipamen thieshing capacty duning aperation.

Ground speed (mph} during the thres sty throughout the day did not sppesr fo be significant.
Tris vanable was atempied mubaly to reprasent whalher 3 combine oparator may be
ovarinading the threshing amma. The average gram feed rate (buwhri dunng the thres fests

thnoughoul the day alse did Aol 3ppear bo be sgnificant

[ should be noted fhat Aeet &fect is possshle, 88 multpls combnes were fested ot some of the
e OoerEors Sneslly communicale B mshs 30usenents 1o ground speed aven (T they ang
riok reguilarty checking losses on afl combines.

423 Mato-Adjusting Capabilties

The plier biective of (he project was bo ssssss e polentisl sule-sdiusing capatilities of new
combing modals to respond to changing enviranmantal condifions in crder (o educs KeEes
Thee =tandard deviation of the average losses sooss the three fesia was cnoe again used to
regrasent vanaban throughout the day, However, whan companng aula- v§ manuahadiusting
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combine bypes scross the datia set, there did not appear b0 be any significant difference
(P=0 50} with respRcs i averags yield loss (35 3 percentags of toia yeaid)

While there {5 no significant diference bebween Sulp-2djusing and manual-sdiusting capabiibes
fiar tha maan variabdity in percartaga of yield lpss for 2 single combina, there doss appear to ba
o |arge varabilfy in the observed varation as #lustraded in ibe box snd whisker graph in

Flgure &, whers the mean is ingicatad by e datk horzoata iine, the Feight of the box spans
tme sizndard deviafion. and the whizkers indicate the mmemum and meaoemer: valuees. YWhis the
manusl sdust mean varsdan = sightly highsr (nol significantly) than the sulo sdiusing typss
tested. the range of potental vanaton 15 much smalles. This indieaies that whils sutc-agiisting
capabiifies may be abie io adjusd bo changing conditions as wel as manus! sdusting types,
iney carmol e bindly relied upon (L. 3 "sel 7 2rud Toegel o mindced should nol be employed).

#
B
jl.l'.'u
@
. T £ I |
100
At My
Combine Typa

Figare 3, Box and whisker graph for standand dewviancn of % yeld loss for auts and manual adpstng
combing fypes

5. CONCLUSIONS AND RECOMMENDATIONS

The goal of thes project waa o confnue the survey style work of a sbudy compleded by FAMI in
2018, by Surther investigating the =fes of changing envimnmentsl Gondiions fmousghoul &
Rarvesi day and the capabiEhes availabie for adjusing to Mese changes.

Tha data coflected and analyzed n this sudy found hat mean dady temperahes had 2
significant effect (P<0.05) on harnesi yiedd loea while vanaton of lemperatire and humsdity
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thnowghout the day {represented by standard devistion] did not appear io have & significand
eflect on the variabdty of percentage yield loss throughoul the dery

Fursher, for the 22 combines fested, of which half had awvio-adjrstng capabilties, the auto-
wdjusfng combines had slightly lower vanation in yeld loss cospared o the manusl adjusting
capshiltes, hut s was not & significan difenence, stafshcsly. Mane imponantty isough, i wes
posereed ihal fe range of vanaton for he manual Bdiusling combing [yEes was much iower
than thi Auto-acjustng types This indicates thet aulo-adsting combns types sl need
caliration and moniforng io ensune at they ame oparating propery o respond to changng
condiions and loszes. The method of date collecton = nof sufficeent for furlher amalyzing the
debails of what condifions may have caused the larpe rmnge in variation for the aubs-adiusiing

fypes

There 15 not @ stendard sat of combing seSings that can be atinbuisd to speots losses. Each
combing. opemting in particudar condiions fior 3 speciio orop must be opfmized for e geen
enviranment. Auto-sdjusting capablilias in new combings have he polential io sfechively
respond o changing envronmental conctions, but they cannot just be set and forgotien, Thay
should be calbrated regufardy, and losses should be manually checked oocassonaly io ersune
e machine |5 oparating sudably. A wih 30 harves] Seenanios. you cannot mase mipmmed
managament decisions i you do not ioow what = happereng. |t = mporiant So reguiady
mEasUre 0sses 1o ensure BUusimEnts 3ne made 1o properly polmine harvest pald by reducing
combng lsses. Whils & may aliow mare fraquant adjusiment i changeng conditions. auso-
adjuesd feabures do nof regaie the requirement b measwe. Frther, i can be sad that sy
madned fo check for losses 5 befer than nol ehacking at all

i1l  Recommendstions fof Further Research

Tha next necemmanded phase for his research would be to complete a mom contofled, side-
bry-—side anatyses of the res=arch guestions in ik propeol. That &= (L would be valuable 1o
compars mandsl adusiing. suto sdjustng. and no adustng (a5 3 control) in the same field on
the same day io compane varfation in iosses for the same smbient condibons.
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Executive Summary

Canoia t2 an egsential crop in the Canadian Pramies. and canala iogses are an
unforhmade part of harves! haf must be managed by producers. Canola losses can be
categonzed ag egher envirpnmental iospes hegder iggses, or combing igsses
Envronmanial losses ooour pror io cuting or gathenng: hasder lpeses poewr during
swathing. picking up swaths. of when Straight culfing; and combing lesses odcur during
narvesting and refer to grain iost (decanded with the chalt and siraw) fram tha
saparation and cleaning sysiems. The Praine Agrcukurad Machinery Institube (P AR,
with suppor from Gancla Coundl of Canada [CLC), Saskatchewan Canola
Development Commission (SaskCanclal, Mardoba Cancla Growers Association and
drog pan manufacturers. Bushel Ples and Schergamn, 56t oul to coflect data on cancla
Combing losses acnss Wesem Canada. The target autience for this report = tha
Canola Counci of Canpda [CCC), but & s recommended Sat the mformofon be huther
dizzemingied 0 pioducers

The obisctive of this praject was o obfain a deeper underafanding of the source ol
COmDing Ios<es in canola by determining which parameless and vanahles are mos! lushy
fo haws an sffect. A secondarny goal was o confinue o provide awarenesss fo the
senoiness of combins osses and 10 educale poducsrs on methods far magsunng
ther ines. Lngses wil ahways et howewar, the goal is to cotimaze the procsas snd
teduce Inss

The canola hansest saason for thes peopect atredched from Awgost 22, 2018, throwgh o
Dciobet 18, W19, PAMI visiled 31 different producers across Albarta Baskalchawan,
and Maniicba and measred canola combine losses from & combines. 5o different
combine manufachurers were represanied dunng testing with a fotal of 40 dilferent
combins modeis

T ensure PAMI could obiain & e representalion of canot combing iosses beng
expenance by procucess across the Praines. producens wene encouraged o operade af
ther normal operating condifions during besling. PAMI ensured sinct bicesecunty
procedures were 1oliowsd 1o prevent the iranstes of orop contaminants, Such s weed
saeds, nsects, and pathogans

DOrop pans were used {provided by Bushed Plus and Schesgain] o maaswre the cancia
foss frpm the combenes. To ensare an accurate representation of producer losses was

obtained, £aCh ComDMme 1088 1851 was repealed Thres mes ior each coembng:

Foliawing the completon of e harves! ssasan, 1he colecied data was analyzed. OF e
50 combines tzsted, 44 usad the method of dropped straw for loss issbng, whie 6 used
the method of spread straw Due o the raduced loss measurement accuracy of the sw
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combines with spread straw, the results from these iesis were nol incliuded in the doga
arafyss An average combing oSS of 1.3 bulat (729 kpha) was determined for the £4
combinas tested with droppsd sfraw during thes project. Thes representad an average of
2.5% of otad yeeld %or tks group of producers. Results from loss les! repeliions ramgad
tom 02 bufac {11.2 kgéha) o 4.1 buiec (229 8 kpha), which transiales infoa 0.4%
10.7% fiotad loss of procuces yaeid.

Eiatishical anafyss of the dala determined that ambéant temperature, relative ramsdiy,
weather condiions, hanvest method (sealhed/staighl-cuth, canola varisty (shatier
resisianiinon-shaties resistand), and grownd speed all had @ sgnificant impact on the
combins loesas chseryed by the producers in this shady. The resifs showed that cancla
combing ipsges wese signdlicantly lowes (P-value = 0 001) during tesis complatad at
ament tamparature's above 144 F (230°0), and 8t relatre rumidity levals of less than
45% [P-value = 004). I was observed thal during (has projecd, the tests completed on
s Wil minimal ciold cover had significantly iower combine ipsees (Pavale =
Q000030 i was aien ohsenvad that the jasis compledesd on ewathed canala had
sgnificanlly lowes combing lo5ses compared 10 1238 conducied on siraighi-cul candda
{Puyaioe = [ 04] Mon-shattar resiotant canola vaneties tested duning this project also
showed sgnificantly iower combine lasses when compared o the shatier resistan
vanglies (Pvalue = 0.01). Ground speeds less than 4 3 mph (8.9 kmj were aso
aifributed o lower Deses (P-valuwe = 00005} however, there were minimal dats points
availabie in ihe higher range. While fhese résulls were delemined duning this Study,
addtional teshng is required to fuly understand the individual effects of each variabia on
foss.

Crverall, & was noted that weathar condébons are 8 key factor mfluencng combine
inszes and hat combnes should be 521 hased on these condions. [f = mporiant lor
prodocerns 0 reassess their combne fosses as condiions change throughowt the day
ard hanest season,

The goal of thes project was io gam a better undemstanding of combine losses n the
Prainies. In this regard. the project was a success. a5 the collected dala shows the wide
range of conditons espenenced by producers and the observed impact of thess
condilions on combine losses. Throughout this project. methods of measuning combne
inEzes were sharsd wilh producers. INpfmasan was aspersed o nal only e penducers
who paricipated buf aiso the producers who had volundesned but ware unabls o
participate_In tolal. combine koss infarmalion was disseminabed &0 over 130 peoducers
Thia propect was one of The first real-worid reeearch prajects aimed at ghadying (n-field
combine loeses, and its siccess should ancourage futfher reseanch in thiz arsa
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it should be noted that the majority of daia collected during this project was
chtzined directly from producers; therefore, the acsuracy and consisiency of this
data greatly refied on the calibration methods used by sach producer. This showld
b= faken into account when conskdering the results from this project
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Introduction and Background

Canota production & an essenial part of Canada’s econcmy. A siudy commessonsd by
the Canals Council of Canada revealed thal Canadian-grown cancla contribiubes

$26.7 billion to the Canadian economy, along with 250,000 jobs (Canola Council of
Canada, 2018). Approoamatedy 43 000 farms grow canala in Canada, the majority of
which are localed in Alberin, Saskalchewan, and Manitoba (Canola Councd of Canada,
2016}, Table 1 isis the magr candla producing provinces and e 1otal 2018 and 2019
harvesiad anea for sach. Figure 1 dlustrates the density of cancla production throughout
Canads,

Tabde 1. Harvested sraas of candla. by province.

Proyince % Harvested Area of Canods™ | 2915 Harvested Arsa of Canola™
Saskaichawan 12 244,000 ac (4,855,000 ha) 11,377,300 2¢ (4.604.200 el
Alberin 6,670,200 ac (2,703,000 ha) 5 B20, BO0 ac (2,355, 600 haj

Manasba 3,379,100 ac [1.367 500 ha) 1,206 600 ac (1,238,500 haj




With such & large fracon of ambile land being dedicaled fo growing cancda on an annual
asE i & paramount 1hat lechnical resouices e mace avaiiabie (o producers 5o thal
they can maks management decisions thal increass producion efficency and decraase
nsses However, thefe i curnéntly insuflicient ressarch results regarding yield iasaes
during canoia production io guide managemant practices. Research is essential 1o
enhancing the understantng of {aciors affecing hannest losses and cotemmining
methads 1o aid n alsvialing some of the chalienges faced by producers. Tolal canala
harvest losses can be dhdded imio theee main types: envisonmantai loss, header koss,
and combing loss. Emvironmental losses oocur priot fo cutfing or gathering, Header
ingzes occur duving swathing, poking up swaths, o when straght cutting, Combene
Iosses ocour duming conbining and refers S grain fhat has passed through Bhe combine
and ig digcarded wilh [he chall and siraw. A regional study condicied by Gulden el al. in
Western Canada revealed st for fhe belds and producerns fested, the averags tolad
harves! los= was 5. 79% {Qulden, Shirlffe, & Thomas, 2003). Fof the pumposes of this
project, only combing kbsses will be considersd ano mestgased with the goal besng 1o
determane how much canala fnss is afinbuged 1o combene icss.

The mam objective of this projact was to obian & deepser pnderstanding of the cause of
canala combine loeses by debermining which parameters and variables ane mast filuefy o
have an effect. The resulls from his prolect will help o educale and inform producsrs
aboud the fchors mist ikely to contribute Io increased combine loss levels. The second
urdedlying phective was o provide producers wilh mone inlormalion on how io measuns
ther combine |oss2s fnough hands-on. in-fielo demonstrations. The target audsanca for
fhis report & the Canola Gouncil of Ganada {GCG), but it is recommended thal the
imloemnaton be ey dSseminaien 10 producers.
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Frocedure and Methods

Thiz project can be separated nio three disiinet phases: progect planning and
praparation, field testng_ and data analyses and reporing. The {asks and methodalogy
compieded for each of thess phases are expianed in e lolowing sactions

31 Project Planning and Preparation

The niial scope of this projEct required the voluntary panicipation of 100 producess tom
across Albarta (AR, Saskatchewan (SK). and Manifoba (ME)L PAME obiended events to
promote the project and utlized socsal medks platforms. such a3 Twitier and Facebook
%0 broedcast project infumaton 5o the public. PAMI also relied on additional support
from the Canota Council of Canada and SaskCancla o promote the peoiect and source
partcipants, In foled, 13 canola producess registerad to paricipate

An ordng sufvey Was uS=d 1o abain preliminany inormabon fom producers Ths survey
sequested informaton such os farm location, contact information, combine type, conola
vanely. canola acres. and tolal acres and was wsed o ensure producers mel e
requrEments for ihe reseancn proect. Figure 2 shows the appeowmais locaton of he
131 praducers who sipned up for this project.

Figure 2. Loeatan of prodecer volurdesrs {imags mouroe: hips-waw poogls camapa’B 0
L0218, 1 Feidatee T 1 b M1 Im2 e DTl 04E wMDDEYROCEmON] Snkted)
Table 2 shirws the peovincial breabiown foe theses pmducess. The goal wos to ensure
that e bres oo of 12513 i eath provinDs Wit reprasematne of e tokal canels acre
braakdown in Wesiesm Canada
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Tabde ¥: Provinoa brealidown ol volunfesr producera.

Province | Total Producers  Percent of Total (%) |
_ Meew | om | A
Sazkslchewan B &

Manilcha | " 1

The project scopa called for ioss measuremenis io be conducied at 100 farm operatons
however, dug 1o the chadenging hanwesting condlions axpenenced across the Caradan
Praines in 2018, & fotsl of 50 combinas were teated. fromn & toisd of 31 diffarant canpds
producers. These 31 producers were chosen based on harvest ming, waather
condilions, and the akdly & socommodale testing dunng such a challenging Ranes
ssason. The harvest windows for many canola producers were far from sverage, which
Ied io many challenges when iryng to schedule field visds, and unfortunalely. due to
thess challengas, PAM| was nof shle to make mutipie inps o the sama location or wed
every single producer who signed up for fhe peoject. However, even with the undesirabie
orcumstances e reseanch izam el thal enough data was collecied o ensure that
the anafysis was sintishcally ralevant.

3.2 Field Testing

Fiedd tegting was conducied Beiween Auguest 22 and Octobsr 18, 2019, throughout the
shres pemine provinces. As outhinad in the project peoposal, i was importand that the
eollected dada represented a cross secon of canola producers in the Canadion Prairies.
This meant covenng & thres proances (AR, 5K and ME). testing &S many differant
brands and types of combines a5 possible. and festing in both straight-cut and swathed
canalg fisids

The ield-tasting phuse imvolved three key areas: osecunty and salely, loss
measuremant iesting, and dats colection. Each of thesa key points are dezcnbed m the
following sections.

3.2 Biosecurity and Safety Measures

Biosecurity and salety wara both extremely mporiant sspecis of fiesd testing. A
bogesunly pralecsl was devaloped u=ng the Canala Councl of Canada hield eniry
policy {Canpls Councli of Canada) and soapéad for tha gpacifics of this progsct Safery
was incorpoeaied info the projedd through the use of safety mestings that wers held
before avery held tes!

To avaid bic-contaminabon betwaen teal felds, i was imporiant o iake the aopropriate
=ieps fo pressent trenster of crop contammants. such &3 weed sseds msacts. and
pathogens. Key pomis wene identfed for e bisecurty protocol, and incided only
enrtering Tields on foot, sng bool covers, and spraving down equipment wilh
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disinfeciani. The Canola Counod of Canada's Fiald Endry Policy was followed (Canola
Councd of Canada)

Ealety = sasential for any project work: fisid projects ase no axcepdion and ofen require
mire Feniion cue 1o exensaE work wilh ever-changing groups of producers and
prject voluntearn. Fisld-work sadaly mestngs wers compiletad with every producer pnor
o conducting n-field ioss measuremeant lesting The salely masting molded
discussmns on machinery end he Razems agsocated with working anound moving
cominnes, hazards associaied with using deinfectar, as well as sound lewels, dust
condilions, and working along

All of the abowve informabon was shamsd with e producer poo o commancing fiesd
fesling Each produces was asked 1o =gn the dala collecon shest 1o acknawledge (hal
he beosecunty profocol. Safely torm, and i23ing probocod had besn revdewed with Bhem

322 Equipment

Drop pans afe the prmary 100l used b measure combine osses. The pans ane dropped
0 the ground from the rear of the comisne, below 1he machine's Eeparahon and ciBsring
system, and coliec! any refuse mabedal exting $he machine (chall, sesd edc. ). There ane
i B commescialy Fvailabie frsbamns IRal producers Can puntisse b measure and
manage thair own loeses This project ussd pans euppded by Bushal Plus and
Schengamn [Figure 3). The S shyles of pans differ sighlly. bud balh comply with e
methodology for collechng sccurpie comibing 1083 dain. Pang wers eiemaled bebwesn
felds:

The Bushel Plus drop pan comprised a cover fhal was directly attached o e combéne
ard a drop pan that is secured o fhe cover wih magnets. This drop pan has indedion
dimansaons af 1000 in (254 om) by 59.3 i {1506 cm), with & calch area of 4,11 f#
10,38 m'). The Schergain drop pan attaches desctly fo the combine. This drop pan has
riiefice dimensons of 11.5 i {222 m) by 660 0 (167 8 cm). with a calch area ol

5.27 fi¥{048 m7). Bosh drop pans are equipped with remose conirods that abiow the drop
pan o be refessed al e oplimum fime during combine losa iesling.

U . 1 i - § ?
Figure 1. Buanai Fluz drop pan fleft maga scurme: Dt /buaneiphe cabushe: plus-nanmstioan.
syeiom’} Schorgain drop pan (night; image source: hitos:ifsww schengein ca/prcing )
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Bofh commercial drop pan sats include measunng sysiems far weighing and/for
MeasuEing volume, however, for the purpose of (hes profec], the candla sampies wers
coliscted from the pans and weighed win calibrated scales, these weaights werns then
entered into Bhe loss egualion shown in Section 3.2.4.

The combines fested throughout the duraton of thes propect were provmded By all of {he
producers who valumesred 1o patcipate Sl GReren Mmanufactuners were iepresentad.
Caee [H, Clazs, Fenal, John Deers, Mew Holland, and Massey Ferguson. For tha
purpose of this study, the combine [osses bebween combine mamnulachirers vwete ol

companad

323 Combine Lozs Testing

Exiensiye communication oioumed betezen PAMI and the producers pnof 1o any Reld
tesSng; this pravided PAMI with-the: besi cpporiuniity of ssccesshully visiing as mamy of
fhe producers during their candla combining window  With ongoing changes io hanees|
schedise cue 10 weames, 1his constan line of communication was essental o fhe
suceess of this project. Once producers hisd communicadsd an eshmaled tmeframe for
thes candla hasvesing, ey wens adced |0 ihe schedule A5 hesr eshmaled timalrams
approsched, emails end calls wers exchanged fo confirm tha tming. B weather and
schedude lined up. The producers received 4 call Irom the PAM igam the day pricd in
fesang. During this call, location ang an approximate lest bme wese confirmed

B P sy Wik completed with e pamcipaling produces. This suivey Bicluded
questiona related o

» wedther condilions (relalive humadity, ambier & iemperaiuae, wind speed),

crop intermatan (seedng daie, sesding rase, canols varsty)

harves! method (awathing, sbraight-cull,

combane irdormaton (maks, moded, year, typs, hours),

harves! inlormabon (yisld, dechasge widih, camnoln mostune content), and

= combine sattings (fan spead. noboricyinder spead, sisve cpaning, ground spead)

Wren thes misimaton was coliacied, PANI feid-les personns observed Ihe following

les! procedure:

1. Take photo of combimne 1o be =sied.

2. Ask producer io disengage fhe chopper and spreader, if feasibly poasible

3 Work win the producer 10 safely aftach & drop pan 1o their combing, Drop pan shauig
be afinched o either She back axle or belly of the combine, dealy 0 a bcaton when
cangla cannod be premabunely cofedled, (Always ensure thal e comding operale =
aware of your focation and out of ihe combine caly while you sre ateching the dog
pan.)

4, ARpw combine operaior o reach sesdy stale (20 seconds) belove wsing the remole
ool b drop She pan

'l
L]

Page 0 of 20



5. Once the combére openator has moved far enough away, approach the st area and

IErieve he drop pan.
5. Mi=asure and recodd the dechange widkh of the siraew and chafl

For each combing, thres 2] repetibons wens compieied

124 Lample Callection and Loss Calculation

After mach repedition. the canola was corsfully ssparated from the strow and chaff wsing
tans antl seves For lager sample s@2es, Mis was completed in multple steps. The
canaln zamples from each repatition wese siored i lobelled comtamars to be measured
and weighed upon completion of all repetilions. The samples werd weighed using a
calibrebed seale. and the data recorded pn the in-fisld survey sheat The following
equafion was usad o calculale canofa combing oss.

fuy, _ Collected Weight (g} Discharge WidthiFry 1 s236005,
""E}‘—ﬁﬁrrﬁ@isr*'—&vﬂa&;—*: w— I o

Where
Crlisched Weight (g) Weight of cancla colected dunng loss teat
Calzh Area () Arsa of diop pan ussd Yor testing.
Digchargs width (7). Width of dropped or spreed cha® and svew. Weasursd i fisd
Cut Width |3} Obtamed hom producer; swaher widin o Emighi-cul headss width
Canola Dergity: 50 bibu

This method usad oty the weight of the colected cancia sampis to oetermins losses;
however. it = imporiant fo nofe that there are olher sufable methods hel use volume

ard 2se count Appendix A includes the Combine Seac Logs Guide, which decpsses
these ather mathods (Canols Council and FAMI, 2017).

3.3 Data Analysis
The data analysis ior this project was conducted using Miniad 18 Statistical Sofwarz
Biafizheal analyss helps fo determine whethar diffarences obearced in fe dats are dus
fo the measuned vawiabies or due to random variabilly, A slabeically Sgnifcant resull
means that the diference exhibied is highly likely b0 be dus b0 the freaimant iself. The
ioss dats was jesbed for normality. if the data sel was delermined 15 notl follow a nonmal
distribusion, a Box Cox ransfarmation was completed before compilating e data
analyss. For moet of fhe vanables considesed. an onakyses of varionce [ANOVA) wes
compleded o delemine ihe effect of ach vanable on he cbsened losses. T P-valie
af legs than 005 was obsarvec, then the mull ypohess = reecied win a 85%
confidence, The P-yifue & 4 calculadad probabiity and can be wsed to conciude whether
there |s a statistically signiican] cilerence between reabments: A P-value of less than
.05 means thame is a 35% confidence avel with the resulis. If necassany, a Tukey
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means separaton was conducied io dejarmine where the significant differencs exsted.
For ail statishical analyss, & 95% conhdencs level wag used

i should be noted tat the majorily of the data cofected for Fis peoggct — parbculadly the
comiing settings - was obtainad tom producers and nol measured by PAMI fisid-tesi
personnal; Semedors, the acouracy of this data & dependent on the calibration methods
used by each produces Mot svery producer was 3hie 10 provice & compesie dala S8 %0
the number of data poénds () in each data set may wary batwesn veriabeae. For each
amalyss the nember of data points. will be ncluded to show how many of the 1es!

repetmians (a8 o aach Sample group.

Thi dizchange meihod lor each 1251 was chosen by the produces. I e chopper and
spreader feature could be easly dizangaged, e producar was encowraged o drop the
siaw, hawevar, if the chopper and speeader was an aRarmmarket addiion or could nol be
easily gsergaged, the esl was compietad while spreading the siraw. The dsadvariage
of sgreading during hoas basting relates to ths unpredictabiity of the distributon of grain
threughoul e discharged material When dropping Be siraw, he rajeiy of he osses
will ba found withm #e dropped discharge width. When the discharged maserial in
spread, the deop pan colects anly a fraction of e 1olaf material discharged and wilass
the cancia is evenly disirbuied throughout the dschasge wiglh, he coliecied sampile
may mot be fruly represerdative of $1e enfine densdy of lost grain. During this prosect, 44
af the combing ie3is were compleied wih dropped malenal and & wene compleled wilk
spread material. For the data analysis. only ihe 44 dropped masenal combinge tesin were
aralyzed. Each of hese 44 combine tests involned 3 repesionz, for a folal of 132 data
poins

B fiedd project of i Sre (oveling & Bge peographical area) requred wo Neld-esen,
Tio ensure that this vanable s not impact the results, en ANOYA was complated o
icorfirm that thene was no significant diftsence belween measured icsses colloched by
gither field-ester belore confinung wish further analysis.

These are NUmeroiet vanabies tat can impac! (he 05582 expenanced when comisnng
canola For the purpase of this analysis, the vanables were spifi info three groups
emwoamenial varables, haresst and crop vanables, and eguipment varabies. The
2achons beiow desiribe he vanabies mal wars incluted n Mede groupngs and decuss
howr these vanables were ncluded in the datn analysia

334 Envirgnmental Variables

Environmenial vanables includs any weather or emyironmental conditions, as wefl as the
fme of day the test was conducied. The followng emesronmenial varables were
imvEstigakad 10 delenming el poleniial Impact on combing Bsges
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#  Harvest Timing {marming, 2Bsmoon, svering)

= Ambsent temperate

® Rl humdify

*  Wealer condibons (unny, parialy doudy, cloudy|
= Wind speed and wind direction

Haivesling imes wene separabed inlo three calegories: maring, aftemoan, and evening
Mioming 213 were categorzed o be any time befare 1200 pm , afiernocn basts el
between 12200 p.m. and 5:00 pom, and evening tests wers completed after 500 pm

Ambient temperatune was recorded using & calibrbed mandor, End the values were
categonzed as cool or warm, Cool was classfied a5 any lemperaiue below 73 £°F
123.0°C) and warm was classified as any temperature greater than or equal 1o 73.4°F
123.0°C).

The relagve humeadfy was also determened usng 8 cakbrated monfior, and the vaelues
were calegorized info wo groups (low. high). The Tow relative humidily group was
defmed a3 any value Bss than 45% and high was defned a3 amy valus greater than o
eounl o 45%.

The held-teaters made node of the weathar conditions pror to sach 1eat. Waathar
conditions were idenlified as either sunny, partindy chowdy. or cloudy_ The dafa was
paparaies info thase 1hes groups pnoe 10 analzng

Wind wis described by hivo calegones: speed and dinechion. For spesd, Beld-lesies
racorded the acfual speed uging the closest Envinonment Canada weathar station. For
fhe direcfion, he wind was calegonized as efher a cross wind, tad wind, head wind,
quariesty tall wind, or quariedy head wind. based on the direction of Favel of the
comibins durmg tesding

332 Harves! and Crop Variables

Harvest and crop condiGons redate fo dacissons the producer made regarding variety,
harvesi bype. and hanvest iming. The fallowing harvesl and crop varisbles were
imvesfigaled io geterming el poleniial iImpact on cominnes 0sses:

=« Harves! praccs. straight-cut or swathed

« Girain moisture content

= Yariely: shafier-resisiant or non-shatter resisiant

Producess determined whether o saight=cud o swath fhedr capola basad on the vanety
of canola seeded and 1he wealher conddions experianced dunng Rarvesl. Many of ke
registered producens had irstialy planned fo siraighit-cut thelr canola; however, due 1o
weather condibons, they made the deceion ba swath inslead. These decsions by the
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paricipating prodizcers caused disparty betwoen the iodal mumber of strmighi-cul iesis

compared 10 he 108l numbsr of swathed 12515,

The mesture corent of the gran was provided by the producer. i shouid be nited fat
gach progucer may have had & different method fior dedermining their cancia moishure

cordert at tme of haneest. As sech. the values obfamed from each producer seera
grouped me dry, Bugh. and damp, Oty was consdered 1o b2 any value s than

10.1%, tough was dedined a8 10.1% to 12.5%, and damp was any value greater than

12 5% {Canadian Grain Commission. #016)

A dozen differsnt varebes of canola wene fested durning this project. For the purpose of
this analyss, the vanetiss wele separaled N0 two groups depending on Reir Shalter

renisionee (shatter resistant, non-shatter resisiznt) Table 3 shows fhe proupngs

Shatter Resistant Cancla Varieties | Mon-Shatter Resistant Canola Varieties |
BASF Inliiger L2S5PCE BAEF InVigar L2524 '
BASF InVigr L233P* Pionoar PEITLE

BASF InWiger L5EHFCT | Paneer 4s3E

Fioees SEMIE Bredl Young 6074 R

Newera 2024017 Cibus Fsloa BBK°

DEKALB TRUFLEX DKTF 62 5C¢ Bunge HyHear 3

S[EASF M0)° Penesr 2010)° (Brevary Seeds 2010) Y(DERALS. 2078)" (31 Young 2019) 'iFaka

Sead 201 #i0urcan, s5 &, $1T

333 Equipment Varables

Thee goal of this project was io observe and coliect data from producarns dising tests that
represantad thair normal operating condfons. The fobowing equipment variables were

invesSigabad tn dederming fhair podential impact on combins losgen;

Combins ground speed
Girain feed rale

Fan spoad
Ratorizyinger spead
Concave Clearance
Upper sigve cpening
Lower SEve Dpening
Combing age

= - Separsior hoars
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Withen the disia set. ol of ihe above vanables were separaied mio groups for anatysss.
The rangas used for each of these calegonies are displayed In the Table 4

Tabde d. Eqeeprmant variabla rangas

Variable I LowRange | Middle Range | High Range
Ground Speed. mph fkmj =430y | - 4300
Girsin Foed Rate. bufhr (MTAv) <3500 {7.9) . 3500 (7.8
Fan Spesd, rpm fra). <72 (12) a2
PoyiniveSaedpmb) | <ot | - | 600
Concave Claarance, in mm) | =0ET@2W) g ' zmmm
Upper Sievs Opanng, in fmm) | <047 (11.84) | - BT
Lower Bieve Opaning, in fmm) <020 5.08) . 2 0.0 505}
Combina Aga « 2006 2006 - 2014 x 2015
S kst o S SR L. S N7 e SRR o

s best ps possible, e same combine satiings were maintined for 3l thres repeitions
far each combene. & showld be noted that the combine: manufacturer and typa
{comeentional ratary, or vbnd) was nol taken info scoount when Inveshigating fhese
setings:

The ground spaed and grain feed Tate groups were found based on ihe value at which &
mgnificant differance was abosrved. The grain feed rate was calculated using the

Sallwing equalion

Grain Fesd Rate (1) = Paid =) » Ground Spasd tmpk) « Cu Wieh (/1) 5280 )

43360 (L5

For fan speed, rolonicyinder spesd, CONCaVE CIEArance, UPDer SEva opening, and |ower
soeve opaneng, the aeerage observed value was used to st the ranges jor data anafysis.
The ranges for combie age and Senarslon hours wers dassrminsd based on g numbsr
of samples @ each grouping. ihes sought 1o oblan an even spit between the thres
roups.
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Results and Discussion

Thiz secuon wil dscuss the results ablalned from the combine loss Eng

41 Data Summary
This projact collacted combne loss dota from 50 combnes owned by 31 ditferant cancéa
procucers. localed over (hiee provinges. Figure & Shows [he 31 1831 localions

Figure 4. Tha 31 fwid teat locafora {image source: hiipafwwa goople caimans/ @51 171008 .
110. 1587586, Griate=3m 1 41 Mma11 1m 1 3ed) R

EHough 50 combings wess [esled, only 44 combénes from 29 pioducers were lesied
with croppad siraw, Az explaned in Section 3.3, $nce the results chitsnad trom
combines with spread straw may not be by representatve of actual losses. only
combines hat oropped siraw were usad for the data analvas. From this point on, &
resuits will be basad on e 44 combine tests that wene compeetad with dopped sirmy

SATpES

The foflewnng points describe the breakdown of fests compéeted on the 44 doopped straw
COmDinas
«  Saskatchewan: 30, Margoba: % Alberta: 5
» Comimne manufaciurers; &, comiene mogsis 35
« CaorreenSonal: 2; rofary. 39, hybnd: 3
+ Canola seed companies: 7
«  Canola waristies: 12 shafier resistant B, nor-shatier resistant &
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« Gwathed loss lests: 34, slraighl-cut loss bealks. 10
n  Diyland doss tests: 39, imgated kand loss ess: b

& [Bushed Plus drop pan loss tests: 21, Schergain drop pan foss bests: 23

Table 5§ prosndes an overnew of the daln fhat wes collecied for all 44 combmes fesfed.

This thle providas 3 hagh-lewel ouerigw of the Tarming openslions that are tepresanted

within thig progect
Tabde ¥, Gereral dala summary of 44 dropped siraw st pombines

Wariabile | Minimum Magimuin | Average |
Total Seeded Area oc tha) | | B00(283 | 60000 (24261) | 7TOR@E117)
Seeded Canola Area,acfia) | 1EO(73 | 14000 S8B6) | 261705
SeedmgDae | AW | mMaeld | 12Mae
Canca SeedRak bacoot | 2s@d | sise | 4560 |
Row Spacing, in jom)| | zopze 15038 1) 10,3 (262
Swathing Date | SAug19 26-Gec-19 F1-Mag-15
Swathes Width, & m) | ME@EH $0.0{12.3) 328 (B5)
SemyDae | Wagw | 51 | 28mi0
Stnlmn:uuh:-dnm anr 00@ 1 sapnza F|AM |
Harvest Dste zz-mwn 1B-Del-12 34Bep10 |
Yiekl. bo'ac (MT/ha) | 300017} 800 5.0 @opn |
Caloulated Loss, bufac fkgha) | D2{11.2 &1 (2208} 134728 |
Porcentat Toml Yisld Lost % | 04 o7 22|

&

The lasses experisnced by the 44 combines win dropped staw ranged from 0.2 bu/ac

{112 kgha) up io 4.1 bwfac (#2095 kgiha), giing a range of 0 4% j0 10 7 of 1ntal yield

ioes cue io combire kosses. Overald the avernge lonsas sxpanenced ware 1.3 buinc
(729 hgMa}, which represented an average of 2 6% of Iolal yisia for This group ol
producers. Figure 5 shows 3 hesiogram for calculafed combine bosses for il of the 44
dropped st combines fesbed  More fhan haif of the combines iested experienced

gverage iosses of 1 bwac |56 kg/hn) o less over the Brse held repatificns. 1 should be
notad that the figurs below tokes inbs account the everage iosses jor sach combae over

three repeliions
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il {LL, T EEER |
Aigrage Caltulated Combing Lodses [busc)

Figure 5, Hiziogram of everage caiculated combene icasos

4.2 Data Analysis Resulis

This séclion summarizes the iesufts and conclusans Tor &ach of the three vasiable
groupings: emargrmental, Rarves! and crop, and eguipmenl. As explansd m
Secfion 3.3, since the reaufis chismed from combines with spraad straw may noi ba

Wy represeniinve of Bohanl I0sses, only comBines with dropoed Sleas 18595 wele used
for the defa analysis

it shouid ba nosed ihat the combanes wens not optimized fior the wanous feld conditions
and haneest iypas. Combines were fesied at the settings determinad by each indnedual

producer

4.2 Environmental Variables

The impact of hanes iming 'was mvesfigated The resufts shiowed (hat the chasen me
aof day i0 combna cancia did not have & drect impad on ihe fosses sxpenanced, since
as fe hareast season progresses. the optmal tma of day for hanvesting changes: For

exampie, the condiions expenenced al 10000 am. in lale August can difter greatly bom
the awerage conditions experiencad ai the sama tme m |ate October. This leads fo the

nexi onafysz which imvestigaled the envimnmenta! condifions in more depth.

Throwghout the testing season, ambient temperatures ranged from 33.8°F (1.0°C) up o
B4.0F {23.0°C). Dala analyss revepled thal combang aases were Sgnificantly iower
during tests conducied at warmer ambent temperaturss (P-value = 0.001). The average
ins5es obssenved forf tests (n=96) completed af lemperalures bess than T3.4'F (23.0°C),
were found 10 be 1.4 buiac (T8 b kg/hai, white [he svermge 105365 Tor The warmer
femparatures (n=J6) were found to b= 0.8 br'ac (44.9 kg'hal
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Redatve humidiy ranged from 20% to 71% for o of loss iesis completed. Daia anafysis

feveaded thal lnsseg were significanly lower during tes1s conductsd at retalvity humigily
leveis lesa than 45% (Pvalus = 0.04). The average tosses for tests completed af rslaine

hurmnidty bevels bess than 45% (n=108) wera 1.2 bufac (573 kgfha), while the averags
iogses dor the 1esis conducted at hagher ratabive humedity levets (ne=24) were tound to be
1.6 bulac (85.7 kghal

Weather condiSons were noted by PAM &t the tima of testing. The Tukey iest revealed
that Iosses wese significantly different bebwsen cloudy and sunny weather conditions as
well as cloudy and partally cloudy weather conditons (P-vakie = 000003} The average
osses axpenanced during e tests compisted during cloudy weather condions (n=34}
were 1.7 bufac (953 kgha), The average losses expenancad during parially cioudy
wenther condiiono (n=60} wara 1 1 buac (61.6 kg/kal. Finally, the aversge sses
experienced duting sunmy weather conditions in=33) wese 1.0 bufat (560 kg'ha). Whils
some of these et fifsrences may nol $aem Bage on & prachcal scme. they S8l show
that weathar condiSons nead o be montarad and satings opémized an iha conditions
change

The: wird spesd during testing varied between 1.9 and 21,1 mph (3.0 to 34.0 kmj and
wird deection changed with each field The data analysis revealed, at during these
tests, wind speed and direction did not have a significart impadt on the losses
expenienced Mare testing |5 required o fully understand this variable and how it impacis
iosges

Oweral, e E=mperaiune, relahve humadily, and wealher condiions wese found o hinke &
sgnificant mpact on the losses expenenced durng testing. Thess three vanobies are
chasely connected 10 ong anather, Dusing 2sling, he cdudy day SveErage lemperatiine
was B3 AT (11875 wih an average refative humidity of 86 5% The partially cloudy day
avernge iemperature was B1.7F (16.5°C) with an average relatee bumidity of 34 4%
The sunny day average iemperasure was 72 5'F (22 5°C) with an average relative
hurmidity of 37 5% Based on the combine set-ups s tesied, hesa resulis revealed Tat
ixsses ars grealy impached by e conlinually changing envinonmenial Condilions
axpenanced duning hanest

4.2 Harvest and Crop Variables

The nanest and crop vanables inciuted he venesy of canola, the mosiure cortent st
time of harvest, and the harvest fype (swathed or straighi-cut).

For the &4 cambrines that used the dropped siraw method, saven ditferent canola sasd
companies ware reprasenbsd . with a total of 12 diffenend vasieties (Table 33 Within thesa
vansiies, s were marksled a5 shaSerresziant For the purpose of 1his project, dala
analysis was conciciad on the shafier ressiant and non-shather resistant vanety
groupings, The data analyse revealed thal the combine losses experisnced wilh the
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shatier recesiant yonedies were significanSy higher than fhe non-shatber resisiant
varsbes (Pvalue =001) The shatter resislant vansties (n=87) were found to havs
average losses of 1.3 buwfac (T2 B kpiac), while the non-shatier resssiant vanelas in=45)
wene found fo have méerage losses of 1.1 bufac (87 6 kpha). Due to e harest
conditions expenenced in 3l 2019, not all shatier resistant vanetes were siraghi-cut

Canola seed maislure contend vaned betwesn 65 and 17% lor all ol e 183t
condicied The moisiore condent vaiues obtaimed from each producer wene grouped
based an the Canadian Grain Commession ranges for dry, tolgh, and damp, as
described i Seetion 2.3.3 Based on hese groupings. na significant differences for
[osses were obeareed between the thres ranges.

Harvest Sype was defned ns effer ewadned or siraight-cut, and was determired apbely
by e producers prefared or necessitated praclices. A menfonsd in previous
gechons. dus i Ihe chalienges faced during e 2019 hanvest saason, many of he
producers who had planned to straight-cut fheir conola chose i swatfi. This lad o 34
producets Swathing and 10 producers Siaight-cuTing The Sals analysis revealsd hal
the swathed canods texts had significandty lower insoea that the siraighi-cut canola tesz
(Pvalue =0.04). The avernge losses sxperienced for the swathed fesis {f=102) were

1.2 bulac (67 3 kghaj, whie the average ibsses for e siraight-out iests (n=30) were
1.5 buiec (841 igha). & is impoetand o nole that the relotve percentage of todal losses
alfributed o comibine lnsses compared 10 aifher environmental of header inases may
differ subsiantially betwean hareest practices; however, this was out of scope for thiz
projEcl.

Althowgh this data shows thed the canola vanely had & ssgrificant impact on losses, theme
are many ofher variables in he background ihal may hiave 3l50 afecizd the esults. For
exEmpa the kength of ime el producers adowsd their canda 1o dry down may vary,
and the langth of ime bebsesn spraying desiccant and combining may vary. These
wanahées could easdy have impacted the resubs. Funher 2stng = regquirad W fully
understand how thess vanables mpact combine losses.

403 Equipment Yariables

Priar te 2nd during feld testing, many combine sefiings ware obtained tram the
producers. OF the variables colecied. the Rlawang were ineestigated foe their mpac o
foeges ground spesd, 1an speed, rotoccylinder spesd, cORCave CEATANCE, UPPST Bl
apening, lower sigwe opening, and combine age. In addiion, the grain feed rale was ako
irvesSigaled

Combine ground speed ranged from 2.0 %05.0 mph (3.2 o B0 kmit) for af of the

complesed lesis The data analysis reveaiad thal the loss tests conducied 3 a ground

spead of greaies than or aquad 1o 4.3 mph (8.9 kmuhj had significantly hagher losnes

compaiad the lesis concucked al ground speeds less Ihan 4.3 mph (6.9 §mh; P-value =
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0.0005), The average losses saperienced in fhe lower speed growp (n=123) wern 1 2
bwfac {67 .3 kpMa) while Me dveraps loddes expenenced faf The higher speed group
=) were 2 2 bufec {1233 kg'ha).  shouid be noled that only three combing tests,
with rang: iofal repelitions, weng complebed at ground speeds greaber thar of equal o 4.3
mph {69 km), adotonal fesing is required o tully undersiand The most eficent
ground spesd o manags losses and edficency.

Grain fsed mie iakes into aocount groond speed, cuttimg wicth, and crop yiefd and
provides producers with an indscation of Ehe fofal volumse they are processing with ther
comiiees. During this projact, the grain feed rate ranged from 2650 19 1,170 0 buhr
6.0 i 26.5 MTihr). The only delectable significant differsnce [P-valss = 00007}
aecured with grain lead rales sbove and below 3500 buhe (7.9 MThe), The average
oeses axpanencad by comiknes operating &1 gram feed rates of less than 350 buwhr
{75 MThr, n=b) wene 0.5 buac (28 0 kgha) and the avefage losses Sar combines
operaling &1 a gran leed rale of greater than 350 bumr (7.9 MTik: n=123) were

1.3 buiec (725 kgfac). The largs sampls insquakty betwesen e fwo groups shouid be
noted when kaking this cala nbo consideralion. The tad combines, wilth a okl of Six (a5
repatiiona, inciudead in the iow grain feed rats grouping expenanced 35 bl (2.0
MThaj yiesd. and wate operaling at 2.2 mph (3.5 km/h) and 25 mph 4 0 kmb). Thee s
4 balance between efficiency and lasses thal mast be managed. Adcfional iesting is
raquared fo fully understand his vanabis,

The combine gaitings inveshgabad during this project included tan speed, méoricyinder
speed, CONCAwE Chearncs, Uppes sevs opening, and lowes seve opening. Table &
SNores e mnimum, maxmum, And Gverage wilues obsenved Sor each of these

warabies.

Tablle &, Closerved combine setigs. =
Variabie Wi miam M xemum Average |
Far spead. APM (Hz) 500 3 1,000 [17) =nn
Rt Cyinde: Speed FPM Hot 407 1,100 (16} @ |

Concave Clearanca,in mm 020 (5.08) 2.24 (5650 D& 2210
Ll'p-pl-r &m np.mg ngmm | 0 24 (810) arem | _I!J'.r_|1:.|-9_1]_.
Lows: Sieve Opaning. mimm) | 00R(1S) | 0810285 | 02008 |

M significant difesences wons observed betweon any of T combine setimgs. While on
an mowiduat bass, these sefings can have 3 very deasts mpact on the losses 8

producer axparmnces, 6 o wids dafa sel, covering & larga range of harvest conditions, il
= fogical thai no one fan Spesd or CoNcave Seitng cEn be asnbutad o sses. The most
optenized sachngs will nevitahey diftfer depending on wanier condhions. crop condéons,

Page 30 of 20



and combine typa. In fufure studies, i is suggesied thal ihe recommended manufeciure:
Setangs be comparsd o the combine seflings used by procucess.

The caomibing age was defined by ihe year of manufaciure, and (Fes propect induded
comines manufactured between 1993 and 2079 For thes analysis, he combines were
oaparabed info three age groups. 1953 to 2005 {n=33), 2008 %0 2014 (n=5T), and 2015 0
2018 (n=42|. Based on Nese groupings, the older combines had sgnificanty iower
neses comparad fo both other ages groups {Povaloe « 00001). The oldsr combine
grouping had average losses of U8 bufac (44.8 kghal, the middie age grouping had
average 095 of 1.5 buac [B4.1 kgiha), and the nawer age grouping had averags
fosses of 1.3 bufac (72 3 kgha). These resuits highlight the mporiaonce of opdimizing a
combins for the condions no matker the age of (he squipmenl. I siss iImplies thal
aperator femikarsy with a piece of eguipment may be impostant; for example, a producer
whi hixs been wsing the same combing far marny years i mone in lune with how 1o
Bojust that pankcular combine in dilferent condiions io minimize lossas

Of e 44 combines used during ke analysis, 33 of B3 operalons wers shie 1o proviss
tha equipmant saparasor hours. Thres groups were created fo investgate this vaniabie
fess than 1,000 howrs (=27}, 1.000 o 1,988 hotrs {n=36), greater than or equal to
2,000 hours (n=35), No signicant differences were chaenved between these groups in
regards o combine lnspes.

Owerpll, the reswits obianed by analyzing the egupment vanadles revealed that sading

ard oplimizng a combing fat The condilions and crop ane essential and ke the bigges!
mpact on BEses
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Conclusions and Recommendations

Loesas are an ingvitable and UnfNUNAtE element fo every producer’s hanvest
Understanding the ditferent impacts on losses can help producers make more informed
decisions about the equipment they wse and Me practices hey follow. This project
focused on one of the three loes types: combne losses. These ars the lbases afinbuted
o grain that is discharged from fhe back of 1he combing. The chiective of this prosect
was to gain & beitar undersianding of thess lossas and how much they contribuis 1o ihe
fotal loss expenenced by producess.

An average combine iose of 1.3 bu'ac (T2 8 kp'ha) was determined for the producerns
during this progecl which represented an average of 2.8% of fofal yield for this group of
procucers. Coliecivesy, he progucers who voluritesnad for this project seeded 10,400 ac
{28,490 ha) of canola in 2015, Using the everage combine hoss defermined and
assuming a cancla price of 35 500y [3LTEMT). & total moneiary 1053 of approximatey
SETD 000 was experienced by tha group of parbcgpabing producers. On awerags, the
producers parficipating in this study expenenced losses of §12.35/0c [$30.52Ma).

The dats analysis compésied durng ihis praject revealed that ambient lemparaiune,
redative humickty, and geneml weaiher condilions nad a-significant impact on losses
aypanancad by produces. Far the feats compéeded, it was found that smbsand
femperatures below 73.4F (23.0°C). relative humidiiy above 45%, and cloudy wealker
all cauged signdicartly hgher comibine |nesss. These values will tifter with each sat ot
deta; however, fhe genaral trend of lower btempesatures and Righer relabree humidity
causing mcntased lasses should be noted by producers. Envimonmeantal and weame:
conditions shouwid be camshily monifored when harvashng, and combines shouwld ba oef
according o these condiions

For the tests completed m thia project. @ was found that hamnvest meshod {sbrasghi-cut or
Faathed] had & Sigrilcant impact on combine D533 The dala rom Wis study Showsd
that the swathed canola had significantly lowsr combing iosses when compared o
siraighl-cut. Thene a'e mamy ofher vamabies that could have mpacied this sl such
a5 harvest timeng. drying time. and canola varety, The daia from ihés shudy a0 showed
that shatter resistant canala had significanthy hegher loases when compared o ron-
shafies resestant variehes. 1 was also feund within this prodecl, Sal canola mosiune
content did nat have & significant mpact on combine losses.

This progct reveaied Mal there £ not & Standard 32t of combing Sefngs (natl can be
atiributed %o thed losses; Each combine, opermiing in particular condiiona for a specfic
ap mizs] b2 opbimized for ihe given environment. This study revesied thal increased
ground speed can have & negatye impact on combine lossas, however, mode testing is
requeed bo Bully understand fhis. Dwnng this project. a wide range of dfierent combine
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ages were investigaied. Through data analysis, the data cofected during (ks project
feveaied thal & new combing does ned nenessanly mean reduced combane insses A
wel-sei pider combine can expenence iower Iossas han & newer pooriy-aet combing.
Ar aralysis on the separaior hours revealed no sgnificant difference betwesn the
differant use proups. In gersral, she data analyzed during this sschon af hinfad owards
the importance of sefting a combine for the condibions af hand, no matier Se age or
p=

This praject highSghted the imposlance of oplimizing your comising for curment wealhar
condilions and using loss measyrement as & means of verifying combing sefings
Combire loss measurement can be complebed using equpment supplied by compansss
such a5 Bushe! Plus and Schesgain. b If procucers do not fave sccess o this
eguipment. ary pan ar tray can be wsed fo obinin 3 rough estimate of combine lopses.
Any melhod = betler than nod checking.

Foliowang the completion of §is projact. FAME has thres mscommandatons tor s
wark, It recommentded thal ths repon be condensed inbd & concise document thal can
be easily dismbted o producers, providing & summary of the meihods and resulis
obtained Sscondly, i @ recommended thal more reseanch be conducted in the area of
cominng ioss. Future projects should budkd on the resulis fram the project and focus on
specific variables identiied as having the polential to mpact combine losses. Producers
should be ashed which vanables they would like o ses nvestigalsd in mare depth. A
narrowed gcope with controlled parametens could provide more visibdity on cengin
variabées, furiher enhancing our undersianding of which vasiakiles truly impact combine
ingges The final racommenciation inchudes further resasrch on the other two types of
harvest losses: smarpnmandal lesses and haader losses. Investigatng all loss types
WOl provide & complebe peture al the D55 experienced by producers, ihereby
alkowing them make educated decisions on how o most electvely manags ther farming
aperation
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Appendix A

Combine Seed Loss Guide

& medhind for determining s2ed kss from your combine based an wsighl
virima_ or sead anund with chappes and srosacdsrs disennansd
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STEP 3 Femove chaff from sample
TI':J'J-
= Uem rourd nole gava
o Blow ot et bitwer end £ Jallon noil)

STEP 4 Detenmine weaignt [l volume (i) o s=ed count measurenmart

STEP § Calculals less inpan per =g i of pan fest, Coloction par &35 e any
3ize; Noweves, pan width equal 1o widih of siees i recommend (dvide
resLUs by T of coledtion pani

BTEP 6 SoioeiTahke 23 4 or 8100 bozs on 3 por acr Bass

Table 2 Weighing MWMethod - All Crops
12 s | e et T i oo s J e
Loas
X bl
ol 04 oS 08 [
7 i i LU 13 L5 1% 31 1 Ly 1|
g ad | &1 38 | a1 | %4 | 43 32 %
= o4 [ 28 31 | 87 | a4 | &8 | am | & 2|
g ] I 33 11 T &7 £y B2 70 78 7
P 13 a2 52 5i 73 £3 24 104 10
| L3 532 &5 73 5 e | 17 | e [T
g ! L3 E2 7B Bt e | 125 | 171 | 156 15
1i 73 Bl 15 | IZE | B | 184 | a2 i
21 £3 e | omie | ms | o167 | 127 | x= i

Trvfired whee nkons i rhls pha wiee s e Py i pars e o e hos 1oy B, Ak ok v i sl
rrmared oy ihevguars fud age o dhe gan lint

Tabla 3 'l.l'nlmrll Muuuuml nt Mathod - All Crops

B g meie e 2 bl

E Aa Ly A 15 1o ey LW 2 el
- A4 17 21 i 4 wd 143 42 23
s a3 15 31 EL dd g0 35 a3 ars
- L 1% a3 ELY 5d B3 13 &3 L0
Ly d4.£ F Y] rd B 54 Sla Liy
i % 13 La = : % £a 103 111 o] LS
L3 b1 | I B 103 Al 151 6 L1
3 E L7 LT A3 e LY s 15¢ L I 1a
4 [ ST YR EYFW SETTREETI TR TN T
89 [z Twe 2; Twcl os »o [ 2 20 30
i i LY T 178 mE nE 51 2 15
E il 114 Tl Pl T . | Iid Rl
!_ L) LE =l s Sed H11 -1 400 &3
- 3 W7 g D b B | ¥E F ] AL ED
TR T AR TR o WA W TG B SR B 1 56 L A TG O o P

et e e ssuare lootage o the pas il

Page 26 of 25



Table 3 Sed Count Method - Wheat
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APPENDIX B

IN-FIELD SURVEY FORM
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