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Abstract

The meter4ng aspect of potato planter perf@rmance was

‘investigated‘in a set of experiments de51gned to determine

. the: nature of plCK type meterghg mechanism 1nteraction Wlth

Q..
seed po@ato pieces.vlnconsistent delivery of seed pieces was
identified;as‘the'primary factor'behind the non-uniform

tterns that‘have been.identified with suppressed

inferior crop QUality.‘Seed'piece size andsshape

were, Hetermined to be critical factors in- planter i

@

rforman e*and seed piece yield potential ’ L
In order to characterize the nature of pickﬁtype
planter metering performance a laboratory exper iment Was‘
- . . ‘

conducted to study the effect of metering rate7 and seed’ .

“‘piece shape and stze in reﬂation to metering errors

Metering\rates of 3, 6, and 9 plants/s were studied tn :

’ fcombination with 45 g and 60 g seed pieces haVing 1, 2 or'3

. A\ .
cut surfaces Higher metering rates were found to

significantly decrease the occurrence of metering errors in

the picK-typelplanter studied Compatibility between seed

o,

‘material and the picK type metering mechanism was also
'affected by seed shape and 51ze. Blocky 3- cut pieces

~fresulted in fewer metering errors when compared to the more

——

“pieces ﬁasulted in poor metering perfcrmance at metering
'fgvrates below 6 plants/s Consecutive metering error ‘
oL distributions are presented for the performance factors

-f;studied to fac1litate the assessment of petato-yields as



ting patterns. - = . ‘ '.‘ :
"As a further step to understanding and 1mprov1ng potato Lo

‘planter performance, the des1gn and development of a planter»

\mon1toring system was undertaken The M6809 . | >\~, | >

o \

microprocessor controlled potato planter mon1tor, with 2k of
ROM and 2K of RAM successfully employed a dual sensor

‘_event-tr1ggered system~to detect the occurrence of metering

N

errors Perfdrmance feedback to the operator 1ncluded
immediate v1sual 1nd1cat1on of meterlng errors for each

-planter row 1nterm1ttent visual dlsplay of performancel*

¢

Estat1st1cs for each row visual 1nd1cat1on of drlve tra1n'

and sensOr mal un¢t10n and aud1o 1nd1cat1on of defectlve

<

meter1ng elements The monltorlng system performed to }

| expectat1ons on a potato planter s1mulatlon unit. Sensor o '/‘f"'
pos1tlon1ng was determined’ to be, cr1t1cal for' rél1able P

.performance

ERC- N

LR



. . . .
) ! . v [

Acknowledgements'

The author would l1ke to express grat1tude to the
people who contr1buted to th1s thes1s The gu1dance and - R

encouragement prov1ded bxﬂProfessors Ken Dom1er W1111am

s . Andrew, and derry Leonard was deeply apprec1ated As
o growers. dack and Laverne Lewis offered an 1nva1uable i | -
perspectlve and 1 thank them for the generoslty they & 3
: extended . 7h f‘, k .l' '\ 'L‘fr"',”. - ‘us'; .;{
| h The fac1lit1es'and f1nanc1al a551stanoe offered through
the Department of Agricultural Engineerlng contr1buted
greatly to this worK The Department of PTant Sc1ence was_‘
| Kind enough to allow the1r potato pTanter to. pe used for B
B experimental work ) \?‘ C ,*@‘i o ”"fl?:,vT” |

I w1sh to acknow]edge feTTow graduate students for th

.‘,-"$

v gomradery and\shar1ng of 1deas and know how Spec1a1
recognit1on is extended to Ron Larson who ass1sted 1n thef
1nitial stages of the potato pTanter mon1tor s des1gn and

. deveTopment o | | ‘”‘ S f‘
H;@j' N,/"The author 1s grateful to hls fam1ly and fr1ends for

ey

S the tolerance and understand1ng they extende& eSpecxally

Yvonne, and Keith for the Joy he~has brought to our J1ves '\ﬂ"
' ‘.,.“ o sl s o _‘\' ‘, S S T " A :“‘,'-': . S ! ';-'
AR B R PR o B A . S
T e : o




T i L

1.

Chapter

Table of Contents
T Y ', Page

n

INTRODUCTION‘4.zﬂ;f..f.:..nfgsb.f.gl,...tf.;..t;r:.;.1

LITERATURE REVIEW .o\ lotiin i D5

2,1

f“2 2

Seed Potatoes. .;Q..,g.h...f.;;L.ri..:..f,'"'

Potato Growth Parameters‘tl.;;;.,,;r...ll}h?;r.,JQ t.

' 2 2 1 Populat1on Dens1ty ..ﬁ,,t“ ........ f;,..f;;:+0"f

‘_j2 2. 2 Econom1c Assessment of Growth Parameters ;2]

=

2.301 Grad1ng 30
2. 3 2 Cuttlng .f}lw.ir.{.a}(:J.f..wrf..m!:;{;;:}QS"‘”}u'.

2.2.1,1; Seed Rate .;.F.;:;.;t;;pug..;.rl:ii'ﬁf'
2.1.2 Main Stem Dens1ty r.;{ﬂ...:tt,...tg
.?;t,3“5eed Condi ti n1ng‘5::a;.f...}§}f.t7
] . T
2

21,8 Sebd S126 . erii i 1e
.1.5 Seed Shape<. ‘ o

f252.1 6 Planting. Pattern ..3Jf...ﬂ..t,g;ﬂ24 R

‘.Seed Handl1ng ..{;..,{;.:i...,?ﬁﬁ..l;. ...... 3..Ly730‘

ﬂ2 4. 1 Types ,.,,;for;bam. ..... u..tt@..:;.;.AO o f;
2.4.2 Safety T VI - SRR
.‘:Plant1ng Operatlons ‘ft}tﬁ.;;. ;,;,;;(;;;;;P;46¢v“

rj‘Planter Performance,g ..... i,.ﬁl}%.g]ﬁr{.,t;,.,;..Ae ,:},;~f%

',2;2 6 1 Irregular Seed Spac1né%§{d,,tl;}.j;;ﬁ;;vr;507f‘V-”5ﬁ

';“ 2 6 1 1 Measures of Un1form1ty‘.;.3;};.i.5tf*

2.6, 1 2 e
T2, s 1. 3TjP1anter Type :3?";~éw-1-§{f§553ng,iéé
\?2 (F 1 4;}P1dnt1ng Speed .ﬂ54;$§5:;.iif;.f;bsfaeinfﬁ:
2 5 1. SQrSeed S1ze and Shape ;}’:;,;E?f{jtééffaf}-

.fAccuracy Standards ...i};;,f;Qﬁ..54

s“; -




2.6. 2 Seeding Rate ,;,;N;J.,..Q,int.Qvfj; ...... 60

+

" 2.6. 3 Meter1ng Performance .r.;.}.Q.y;;...{..ferZ

—

2. 6. 4 Placement Performance e ',.L.}‘ ....... 64

2.7 Planter Mon1tor1ng and Instrumentat1on ci.......B6

3 2 Equ1pment and Exper1menta1 Fac1l1t1es ;.q ...... '.68‘

3.3 Exper1mental Procedure e VR LT
3.3.1 Seed Preparat1on .;.;..;}.t..l“ ..... T
,/3 3.2 Planter Preparation and Instrumentation .72

3.3.3 Collect1on of Meter1ng Data :..:.,.{..,...75

'3.3. 4 Data Analys1s ;.T..;;;..;.;;}.;......,.L,.76e

. 3.4 Exper1mental Results and Dlscuss1onf.ﬁs.;t..,...??
| 3 4 1 Seed Piece Attr1butes PP -
3. 4 2 Meter1ng Results ...,Z..,.,?,J.....;..78

- o 3.a, 2 1 Relation of Seed Shape to Meter1n?
L ' ‘ v , Errors e et e e

'g§>“‘\3,4d2.2‘ Relat1on of Seed Slze to Meter1ng
o o Errors L.l ,ﬂ,..; ...... 84

U o n"*3.4\2:3 Relation of Meter1ng Rate to . L
' % | _Meter1ng Errors .., ..., ,,.,r,.,84

j.i4Q”~, POTATO PLANTER MONITOR- ...L;z;t;,w;.,.g,;xlﬁ;;,ﬂtv

41 Introdtiction ..;;;;;Qg;.;;L,:;jﬁ.g.;f;gt;;.ﬂ.&;ggzj"‘

3. - ASSESSMENT OF PICK-TYPE PLANTER METERING. ERRORS .. . . .68
3.1 ObJect1ve ..... e i, :,;{....f....;:1.68 o

. ?;1-4 1 1 ObJect1ve ,f,;{:tr;;.,.;@Q}ﬂﬂl;f,};;};;.;;92 E nlyflﬁ

"4, 1. 2 Des1gn Criteria ;f;l;},;;;tg;.}}:.j;ﬁflf;194ﬂ3""t

el T AR

LY

', ”lf5w;}”' viii

f‘fi;xtje 4 2 Hardware ...,;f.;,;_“t{u.ga,gtg;..:;f};}gg..u}f.QSf}‘:ﬁiiﬁi
| 4 2 1 Circu1t Descr1pt1on;...}lﬁg,j{f;f?:t;;;gzgéé:?ilfz~1;
;J;Lt ;4 2,11 Microprocessor Board' ,5;:;:;;};;.95;1'1;7‘,ﬁ
| af;ﬂ4 Q‘Pdf Input Dev1ces .;‘};t;:ﬁ;;?{;;jtéfbs{;ﬂfif%f




1n1tiadization’..;;.;;.:,..g...:112‘ -

E;Ma1n Program R PR PR ,...118 Lo

" IRQ Serv1ce Routines ...........118. -

. oy

Metering Update .,:..y.;.;,.f;..JZO'
Statistics Update‘.;.,Q:EH..QQL.12? 
Mode Change .........l....... .. 127
'iRow Change E.E..:.:.Q;;f.;..,...rzg
Display Refresh ........0.......129
‘ " Code .Conversion EZ.E,.;...;...ﬂ;132';‘Y“
/. 4.3.2. 10 Malfunct1on1ng Sensor Check ....134:
4.4 Potato Planter S1mulator ..;}..m:.n..,r.,.;,;.1135‘
;'ﬂ.4 S‘Performance Analys1s ...;:E;L}Q),L' ....... ,}.7;,135v
4'5 1 M1croprocessor Board and Software ::,:;.25381
4 5 2. Input Dev1ce Evaluation .,{,;,;;;:L;,..,;139
| 4 5. 3 Output Dev1ce Eva\uat1on ;LEEL..J.,;,EE,f14OH
"E4 6 Des1gn Dlscuss1ons .;;.;..:;,.,,ﬁf.g.,),);;,..;141 o

 SUMMARY. AND CONCLUSIDNS,,fiuEmu;;.;:.};.,;{ﬁﬂ,,),ﬂ.145;y*v '

-

‘iLRECOMMENDATIONS FOR FURTHER 'STUDY ....i.......o.0..148 -
_ REFERENCES :... ,;;.;:;;r;;E;:;;;,.ﬂ,.E.i;;:,ly,;g.1soj7 E
‘";jf jAppEND1x A METERING DATA ANALYSIS PROGRAM -,... ,}}17g5;j7};:§;
s . APPENDIX’ B. METERING DATA<.;3,:;..,,;i;;:,uE:g;.;f;jjstﬁ,aufff
’=~E}}jb{}j'ApPENDIx c: MONITGR COMPONENTS TP P IR I LR




T e

11, APPENDIX D. MONITOR CIRCUIT DIAGRAMS ..............188
12, "APPENDIX E. MONITOR PROGRAM .......................200
. 13. _APPENDIX F. MONITOR MEMORY MAPS ...................220

ooy

.
o '
o . .
o - R -
'
"
- S
-
'
T v '
- ’ }
! ~
: . .
s . '
. N
. . v
s . .
b o
4




‘Table
2.1

“ AT NUNOR DORERLCRIO f.i...56
’ ‘3.1 ‘ Meter1ng trlal summary :.;..uu.i.;..{tt;m.u..f....t173
3.2 " D1str1but10n of consecut ive meter1ng o o
; ’ errors for cut seed expressed as the . . L

3.3

‘percent of total metering errors -, ... . .......

List of Tables . ¢

A review of potato performance accordlng | '
to planter type ..

-------
]

"-,f,‘ | I At‘sPage.

%D1str1but1on of consecutive meterln%
errors fér whole seed expressed as the
‘ hpercent of total meter1ng Errors ...........ole. .80
o . 3.4 .'Analys1s of variance for cut ‘seed L .
P metering trials .....0. .00 0. o0 .. e N e 82
B ——— . “ ‘ ! L. \' .
.. 3.5 ‘Analysis of variance for whole seed | i
' ' .-~ metering tr1a15 ..... e e e el 82
: . ‘ B - ~ ’ | '
.o o v‘ ) ‘e ‘ﬂ ,“ . L~ ‘:'.'fi\.‘
V @ ' 1 . ‘i .\\ “"(:
\ \ o o \ ‘ ‘\-}
°© d ‘ .‘ ‘i‘)ﬂ o
. ! T . - R
o . . | -9 i
o , ‘ NG oot
Co ! , : X R B
\ - . (/_”‘\ L , ,.“- N g q
. .. . - E o : o '1, . X |
. } L 7brd .
: - . ' PRI : v .
. v . ' - . ) ;;. ‘xi_‘ o o




List of Figures
Figure . Y Page
2.1 .Predicted yield/population denS]tK :
- response curves for total and marketable
Kield in Russet Burbank (Lynch and :
owberry, 1977a) e e e e i e 15

2.2 Effect of main stem number per seed piece

ield of different sizes of Russet '
- BurganK (Iritani and Thornton 1984) ...... e 21 -

2.3 Economic assessment of the marketable ’

yield response curve (Jarvis et al, 1976) .......... 29
3.1 McConnell pick-type planter e e L...69
3.2 Pick-type metering mechanism ............ ... ... 69
3.3 Picker wheel action and sensor \

positioning ......... ... .. .. i, P 70
3.4 Cut seed attributes a) Seed piece shape

b) Seed portion ....... e FEREERPRR e 73
3.5 ‘Sensor system ........ S e 74
3.6 'Seedvshape effect on metering performance. .......... 83
3.7 Consecutive metering error d1str1but10n , :

‘for seed shape ...... e i eme et e e e 85
3:8 Seed size effect on.metering performance ........... 86

3.9 Consecutive meter1ng error . d1str1but1on '
.- for seed size ............... DR 87

3.10 Metering rate effect on consecut1ve
- metering error d1stribut1on for cut seed ....... .. ..89

3.11. Meteriﬁg performance of whole versus cut
S seed .......... e T - 1

3.12 Metering ‘rate effect on consecutive °
metering -error distribution for whole"

oseedh Ll e PR PO 91
4. 1'”«Tﬁ”"potato p\anter monvf‘ring process ..r,..:...f...93
M.2Ji Block dlagram for potato planter monitor '
T modules .u.uguininn.. RS O P 97
4.3  Monitor disp1ay unit ..... S .98
4.4 Potato planter monitcr block diagram R 100




| page
4.5 Potato.planter honiton program flowlchart ......... 113
4.6 IRQ seryice rgutine flow chart ...........,. PR L..114
4.7 Initialization 'routine flow chart . ... ... ... ...... 115
4.8 IRQ polling routine flow\éhart .«..;;.‘ ..... ST ]19~
4.9 Metering update flow chart ........ . ... .. . iiuun. 121
4,10 Statistics update flow chart .......... . .. .. inn.. 124
4,11 .Statistics calculation flow chart ................. 126
4.12 Mode change flo@ chart ... ... e, 128
4.13 Row change flow chart ............. e 130
4.14 Display refrésh.flow chart ..... e e e e e 131
4.15 Code conversion’F]dw chart .. ... .. 133
4.16 Potato planter simulation unit ................ ....136
4.17 Potato ptlanter §imu1ator sensor ‘ |
positioning ....... e e e e e 137
¢
- '
o . '
o J _

*xXiid



1. INTRODUCTION
The‘Andes regioB of ,Peru and Bolivia betheh altitudes
of 1,200 and 1,800 m is thought to be the potato’'s ndtive
home. History's first record of the potato, Solanum

tuberosum, coincidés with the Spanish conquistadors presence

A .

S

in Peru around 1524. The potato was first introduced to
'Spain somewhefevbétween 1565 and 1580 and from there spread
througheut the European continent reaéhing England by 1586
In the years.spahning 1650 to 1840 the potato became ‘a vital
part of the Northern European diet, a fact brought to bear
when tHe Irish potaté famine struck during the 1840's. The
first recofded evidence éf the potato enten{ng Canada was . in
1623 ‘at Pdft Royal, Nova Scotia where an English trad%ng
ship-presented a barrel of pétatoes'to Acaaian settlers
(Thornton and Sieczka 3980). Since that time, pgtato
productionhas flourished on Canadian soil.

On a world scale, potata_production is increasing
rapidly in tﬁe-tropics and sub-tropics.and is declining
gradually in temperate zones (van der Zaag’and Ho;ton 1983) .
Per caplfa potato production estimates indicate that Eastern
‘Europe‘(including Russia) is the largest conSuming region
But, unlike other regions, much of their crop is used as
fodder . WB?TE_EBngﬁﬁbtfon;patterns-indicaté that 45 percent :
of the potato crop is uﬁiliied for humanfconsumptibn;'31

percent as feed stock, 14 percent as seed, and 2 percent for
. SR :

Starcg;(van~der.2aag and Horton 1983). . co SN

‘ -t



Five year qurages of Agriculture Canada (1985).
statistics between 1380 %a/nd 1984 indicate that the total
area under pbtato producf}on in Canada is approximately
112,169 ha‘with an average yield of 26“2't/ha. The‘yéarly
pr9ducfioq of 2.9 million'tegnes of potatoes has an |
é;timated;farm value of 306.1 million dollars. Apprdximdtely‘
78.2 percent of-Canada”s potato production takes fdace east '
of Manitoba with Prince Edward Islénq accounting F§:.28.6
peréént of the mational toéé}. Alberta produce§ only 7.3
pércent of the national total but has the tﬁird highest
~yield per unit area (26.6 t/ha).. - '
The potato produces more edible energ; and brotein per

unit area than most other crops and has a high level of |

. daily energy andfbrotéin production (van der Zaag 1976).

\h This high énergy output is coupled with‘a very large energy
‘ ‘input requirement that is exceeded only by that ofy irrigat'ed
rice. Today’'s production methods involve complex and highly
specialfzed activities that haYg evo;Qed over many years.

Improveménts in prpdqgtion practices have occurred in two.~
ways: through reduction of productioﬁ costé persunit area
while mafntaining yield, or by incréasing yfe]d'without
-increasing.production‘cpstg per qhit afea. Eafly potato
nésearch centered around cultivar trials, plant nutritfon;'
disease?free seéd produétion~and the;efééct‘of spatial
Eelationshipé,on yield. In the 1950's the demand for :
processedApotato phodUCtS}‘suéh és'Frehch,fries'and,chips

(crisps), began to emerge and producers were encouraged to

[4

—



'adopt market- specific production praotices Plant density
concepts became more significant as grower deSire for higher
yields and consumer demand for product quality grew. Three

. factors of ‘note in Glotzbach’s (1973) assessment of,European
production trends between 1960 anq' 1970 during which time
yields rose and area in production decreased were: changes.
in the production methods‘particularly'in the control‘of
weeds and potato blight by‘chemicalsi the use of improyed
varieties and the use of highyquality seed. -

Aside from harvesting, stand establishment is the mos t
expensive production operation for many crops. This is
especially true where indiVidual seeds must be isolated and
placed at regular 1ntervals (Harriott 1970) Since the late
.1960’5. potato planter performance studies have concentrated
on improving irregular planting patterns and the rate of.
seed delivery as part of an overall desire to improve :
utilization of the agricultural resource base. As production“
"methods‘intensified the availability of agricultural 1abour
and the ability to maintain a high work rate became .'i‘,
_ 1qprea51ngly important To meet these demands, planter |

"designs shifted from slow speed hand fed planters to.
high speed automatic units

Plant stand surveys 'in the late 1960’s (Andrew 1968)
identified poor planter performance as typified by
.inconsistent delivery of seed and 1rregular planting
-patterns. to be a maJor stumbling block for yield . i—‘-
~fimprovement As the relationships between crop and planter

Q\ ' ' . . . N : ',44 H i’ -
(3 o . . Lo
: : . .



per formanée became c1earer, researchers began;to 1nyestigate
now properties‘of seed‘pieces affected yield from‘botn an
‘agronom1c and plz:ntmg operatIons po@t of view Andrew and
Domier (1978) believed the\qual1ty and yield of potato coulq,
be 1mproved if relat1onsh1ps between pptato seed seed "Y
pieces, and plant1ng technqu%s we%e better understood |
darvts (1978) advocated that "any attempt to improve yleld
for otherw1se 1ncrease the eff1c1ency of the product1on
‘pngcess must be made w1th the requ1rements and¢11m1tat1onsj
of mechanized systems in mind." e y | o :
In light of the current understanding of potatc‘ ' |
planting cperatidns,;three objectives were set for thié’
‘ prOJect ' | | |
1. To review plant1ng parameters s1gn1f1cant in -
establishing un1form'and desired planting dens1ties and |
Ec assess tne“ETantiné density relationsﬁip to yieﬁd:‘

S 2. To investigate the effectijhat metering rate, seed

. piece size and_ seed‘piece shabe have on.éick-type'
p]anter performance, and R
‘3. Io des1gn a planter mon1tor1ng and data acqu1s1t1on
'“ffbsystem capable of prov1d1ng performance feedback to
operatcrs and_for better,evaluatjon of plantlng

- operations.. . ) - ia



2. LITERATURE REVIEW

/

2.1 Seed Potatoes .
Unlike many other vegetable crops, potato crops are -
usually established by vegetative propagation Iherefore

seed potatoes refer to the fresh of the prev1ous generation

Due to the w1dely held preference for planting seed potatoes ',

rather than potato seed or true seed the term seed Will be
conSidered synonymous to seed potato One of the main
reasons for not seeding true seed centers(around the
‘potato s diverse genetic constitution whieh represenﬂs a
'jcombination of l60 wild spec1es and 20 cultivatedlspec1es
lThornton and Sieczka 1980). No farmer can afford the
K uncertainty assoc1ated w1th such diversity on today s
‘ markets o ‘ | |

Next -to the Netherlands, Canada is the largest seed
potato exporter in the worid w1th a distribution network
extending to more than fifteen countries (Cameron 1984)
‘vCanada s cold w1nter climate offers some control over the
dispread of 1nsects and diseases Long- warm ‘summer days and

‘short cool nights offer 1deal conditions for high quality

A

»seed crops The . Canadian seed production system has SlX ;g.-’~
1§,4 )

,controlled and inspected tiers starting w1th pre Elite I and“

10 through ‘to’ Elite 1, II and III to Foundation Certified
H:eand ending w1th table grades (Agriculture Canada 1985)
a565 licensed cult1Vars listed by Agriculture Canada (1985)
{;YRusset BurbanK (formerly Netted Gem) is by far the most “'A:'
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o Vpopular Productlon est!mates for 1984 1nd1cate that Russet
lBurbanK accounted.for 37 percent of Canadlan grown seed .
Developed in 1872 by Luther Burbank Russet Burbank %akes
Ioutstand1ng chips is the standard for French fry1ng.‘bakes
v well boils well, ‘stores Well and 1s an all-time favor1te

If 1s not surprising therefore to f1nd a large proportton of

‘Nort mer1can potato research to be centered around Russet

Burba b

Seed pot#&oes are often the single'highest’inpUt cost

for‘potato producers‘ In South Amer1ca and’ trop1cal Afr1ca.._

‘ seed potatoes represent 20 to 40 percent of product1on“
costs in Asla, 30 to 55 percent and central Amerlca 50.:
’,percent European and North Amer1can producers spend |
'approxwmately 20 percent of input costs on seed 8 to 16
,percent on- labour. and . 66 percent for other agr1cultural
.1nputs accord1ng to van der Zaag and Horton (1983) Allen s
'l”f(1978) estlmates of seed“costs in England are . sl1ghtly L

E -——

Zﬁ% o h1gher at 30 to 50 percent of total grow1ng costs Seed

I

qual1ty 1s therefore a pr1me<con51deration in: the proggctlon :“

cycle As1de from belng disease free qual1ty parameters forflv~

j‘seed lots 1nclude thelr phys1ojbg1cal age and s1ze
AN d1$tr1but1on (Svensson 1977; L1dgett 1983) |
‘Vgld"‘; o The long standlng debate on the relat1ve merxts of

plant1ng whole seed versus cut seed OPlglnates from R

v~ .

,__._.

"‘t]'fundamental d1fferences 1n North Amerlcan and European

3

,’}~- thought of cuttlng whoJe seed seems outrageous. The major

. .

3f;'v'f,»_ product1on systems To many European potato growers,;the'a5;9,;f¥

,.( : . ‘:’v- '

Lode

] ea——
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. cr1t1c1sm of cutttng seed is the potent1al for spread1ng
‘.disease by means of contact with a contam1nated cutt1ng |
'mechanism Problems assoc1ated w1th seed cutt1ng have been '

-overlooked 1n I1ght of the two maJor reasons for cutt1ng _

seed.,

dFirstly, the maJor1ty of North Amer1can potatoes are .

B grown' on llghter 'soils (sandy loams silt. loams) that warm‘
‘up rap1dly in spr1ng and have good drainage propertles
-Wetter, European so1l cond1t1ons are more llkely to cause

*:cut seed to decay prematurely The second reason\has to do

-

with the prim1t1ve state of .the North Amer1can seed

'industry f.' . - : i' ’& : 'b o - o

Canadlan seed 1ndustry standards apply to all prov1nces ‘

‘whereas Un1ted States standards are set jn each state
'.‘Although Canada 1s noted for qual1ty seed no - des1gnated

f Seed producing areas are def1ned and control over the suppiy o

of seed is. nonex1stent This 1mpl1es two th1ngs to the seed

'grower 1) the crop might not meet seed standards and 2)
 c1t does, 1t mtght be surplus to seed requ1rements (Rowberny t?

H{and Howells 1979). 1fy,‘r,

. In both cases the most appeal1ng alternat1ve 1s to

'f_fd)spose of the crOp as table stock and th1s requ1res a
"lﬂﬁminimum slze of approxtmately 110 g- Seed of th1s s1ze 1s

J7ftoo large to plant and must be cut lnto two._four or s1x "{“

_.~——-

6

';ijpieceé using a mechan1ca1 seed cutter Rowberry and Howells ¥fffl?ﬁg

"”"“e1979) concluded that given these °°"d*t‘°”s ‘t SeemEd

‘




;towards planttng whole seed |
| Molnar (1978) argued in favor of plantlng whole seed
pversus cut seed His f1nd1ngs indicated whole seed had af
,greater total and marketable y1eld compared w1th cut seed of‘
kthe same we1ght class Total y1eld refers to the total

| harvested y1eld whereas marketable y1eld is the port1on oF
total y1eld that falls w1th1n the standards set for . ) '.‘
‘d\fferent grades of marketable potatoes The increased |
product1on of smaller potatoes was seen as advantageous
espe01ally for_séed‘product1on, even though‘th1s would

~ necessitate alteratlons in planting practices,ﬂSUch as
/1nstall1ng smaller cha1ns on potato harvesters and’ slowing
'down the harvest1ng operat1on Andrew and S1lva (1983) |
demonstrated that cut end p1eces from whole Russet BurbanK
-fpotatoes had a marketable y1eld super1or to’ whole seed

| tubers Rempel s (1978) report agrees w1th th1s trend
~Although Molnar (1978) pred1cted a s1gn1f1cant shift from
cut seed to whole seed on the Canad1an pra1r1es, the changer:j'
T3 any,‘has been slow to emerge b R | R
: The attentlon g1ven to the descr1pt1on of Seed material
““1n planter performance studles ranges from nonexlstent to o

’twexcellent Studles W1th poor or 1nadequate descr1pt1ons of

jfseed maKe compar1sons d1ff1cult Unfortunately th1s aspect rp;,,w

;hfjiof planter performance has fallen v1ct1m to lack of :5»

‘ ﬁgfexper1mental standards

Svensson (1973) argued that product1v1ty of potato seedrifgfft

'Aff‘would be 1mproved by encourag1ng homogeneity w1th1n seed

e A
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lots Similarly. Thornton et al (1983) suggested un1form1ty
.within seed lots would allow planters to perform more.

gconsvstently Jf;‘ :
T:2 2. Potato Growth Parameters N '
The complex nature of potato growth‘has been | l “g,
“1nvest1gated from many angles w1th the ob3ect1ve of | ‘
;1d/nt1fy1ng s1gn1f1cant growth parameters and thElP
-relat1onsh1p to tuber y1eld It 1s not the author 'S
1ntent1on to detaIl all growth relatlonsh1ps as they are now
understood Rather, 1n pursu1t of a more complete . S
h-understandlng of planter performance, an apprec1at1on of the '
“potato’s agronomlc relationshlps 1s necessary to reallze the |
’extent to wh1ch the planting process pred1sposes product1on
tpotent1al ;?’1“‘ . 3‘ _ o ‘it“ o
| A brlef exam1nat1on of potato morphology and anatomy s :' ;
Qnecessary to apprec1ate product1on relatlonsh1ps The potatoit
: ltuber is: an underground stem that cpntains . all the- v
7:character1st1cs of a normal stem Potato seed tubers possesstpf

s

;da number of buds or potent1al grow1ng pownts. that are

| ft;grouped together 1n eyesathat tend to be concentrated at ther‘
Iﬂ';f.ap1cal end of the tUber (furthest from the seed) The buds @:
'tgifat the apxcal end of a tuber exert aplcal domlnance and
u*i;normally sprout f1rst at the end of dormancy These buds are; T.flf;l

‘t?f:often referred to as the aptcal complex Ap1cal domtnance 1sf;ofﬁff{i

r"*altered:when a seed tuber is*cut 1nto p1eces The ap1cal 'f;t° jfgxi

1 ’fcomplex no ]onger exerts control over the whole tuber and




fthts'encourages5sprcut‘developmeht'from alt‘pfeces‘ Cut seed |
- Vtherefore has more ma1n stems per unit we1ght than Whole
Ry seed Thornton and S1eczka (1980) suggest ma1n stems from
cut  seed pleces tend to haveoa more un1form rate of
"emergence , h: o S ,(”“[ ) 5 _
’ . The number of buds that deve]op 1nto stems depends also

,on the size’ and-cond1t1on of the’ parent tuber (Allen 1978)

B Ind1v1dual stems rely on the parent juber to sustain growth’ e

for some t1me after emergence Once stems become
establlshed. compet1t1ve 1nterference for grow1ng space and ‘
.agronomwc resources takes over. - .
| 511va and Andrew (1985) po1nt out the diff1culty 1n_
ach1ev1ng un1form potato crops Up to 14- fold d1fferences in:
tuber y1eld per h1ll were observed by these authors Control
over p]ant1ng dens1ty has proven cr1t1cal for establlsh1ng
h1gh y1eld1ng potato crops

f 2 2 1 Population Dens1ty

Plant1ng dens1ty can be man1pu1ated by alter1ng row or

*w1n row spac1ng, seed p1ece s1ze or shape or seed |
bcond1t1on1ng Therefore the un1t of dens1ty approRriate for B
‘, 0 .

a‘descrleng the potato [ y1eld response needs to be ‘

, ',[establlshed The most useful measures of p%antqng density

”ffrom Allen s (1978) perspect1ve were the number of ma1n ;«fhjfi‘*

fstems/ha and we1ght of seed/ha Ir1tan1 et al (19835

“‘-jcons1dered main stems per un1t area to be of 11m1ted value f]ﬁﬁj;

4

*7?f¢\as a measure of dens1ty uhless seed rate was also stated SR

\ 20 . : T ~’».‘



‘den51ty experlments (Allen 1978) Boyd ‘and Lessels'

2.2.1 (1 Seed Rate . .o

Seed rate (t/ha) is the‘wetght of seed planted'per;

1

‘unlt area and 1s equ1valent to the number of tubers

planted mult1plied by the average seed p1ece we1ght

This 1s the un1t of dens1ty most fam1l1ar to growers

and has been used as the den31ty scale in many eXlStlng f‘

»

\

‘(1954) demonstrated how h1gher seed]ng rate 1ncreased

[

y1eld Their: results also revealed d1st1nct y1eld

response curves for d1fferent s1zed seed grown in. plots

‘w1th 1dent1cal seed rates. . - I s

0

A trad1t1onal method of assess1ng potato crops is

'lthe plant stand survey which compares the actual number

: of plants to the 1ntended number of plants w1th1n a

sample area The resultlng rat1o ‘expressed as a :
L
percentage. 15 termed the plant stand A plant stand

survey conducted by Andrew (1968) over two years on 26

Y

vl.Alberta farms revealed plant stands rang1ng from 37 to »f'
‘ 1‘.93 pencent Wlth an average of’74 percent Further |
(l”analysis o# Andrew s 1968 stand survey was presented by
HftAndrew~(1971) and revealed that 60 percent of the .
fm factprs respon51ble for reduced plant stands were"ﬂ
'\jfattr1buted to m1ss1ng seed pleces An add1t1onal 19

N ":;tpercent of factors assoc1ated with poor plaﬁt stands

L

'”“fﬁifell into the wrong spac1ng or m1splaced p1ece ~ﬂfﬁf}}fﬁ*f**7“

;“hﬁcategory dames et al (1975) used aer1al photography

A

Afﬂfto assess plant stands in New Brunsw1ck and found ‘an ?ft l\

o




’ ‘kaverage’of‘32hpercent(mtsses‘fOt'the‘IOOC mlsses‘
1nvest1gated 88 percent were attr1buted to m1ssing .
seed S1eczKa et al. 's (1986) three year plant stand;
study aga1n conf1rmed the fa1lure to deltver seed asx

" the maJor reason for m1551ng h1lls and reported the
“average plant stand in New York State to be 83 percent
*These studles appear to 1nd1cate that seed rates are .

substant1ally less than 1ntended

L
. 2

2. 2 l 2 Ma1n Stem Dens1ty , e |
Holl1day (1960) suggested that the main stem be "’
conside ed‘the true unit: of‘potato plant populat1ons.‘A“
ma1n-sj§m Was'dEfined blerijthe‘(lgssl as a stem |
'-grow1ng d1rectly from the seed tuber. A pos1t1ve

relat1onsh1p between the number of main stems per un1t

""area of so1l surface and y1eld was noted by Reestman‘

and De Wlt (1959) Another 1nterest1ng observation from S

-

‘llth1s study occurred at w1de plant spacwngs where y1; d -

-

‘1ncreased w1th the number of ma1n stems per seed tu

g and the total potato sK1n surface area. Results

1nd1cated a’ l1near relat1onsh1p ex1sted between number<*téﬁ o

s of.ma1n stems per tuber and the tuber sk1n surface

y.r{,area Both Bleasdale (1965) and Holllday (1960) claimed

a liv;the stem number per seed p1ece was directly cﬂ‘”f s

y

L fiproport1onal to the number of eyes per seed plece and

'"[{not related s1mply to sK1n surface area as suggested by jr"

"ffReestman and ‘De W1t (1959) WUrr (1974) also reported a

”‘f;ﬁ11near relat1onship between number of ma1n stems per SR
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seed tuberfénd the humber of sprouts before plantihg.

Al]en and Wurr (1973) d1scussed me thods of

Al

5 record1ng main stem dens1t1es in grow1ng crops and

[

cohclude that d|fferences between above—ground stems

(ipcludes auxili‘ y stems) and matn stem counts were
very small and un 1Kely to affect the relationship

‘between y1e1d'and ain stem density. A study by Iritani

’--/

et al (1983) conflrmed this relatlonsh1peﬂ'

o)

Bleasda]e (1965) cla1med that the number of ma1n

© stéms per unit area 1nf1uenced potato size

. :f-'
J%‘

distribution. Main stem densities from different sized

Y]

seed tubers showed a continuous relationship for both

total and graded yield whereas seed rates from

.different,sjzed seed produced distinct yield response

Ny

WUrr (1974) establ1shed a relat ip betweeh
R R ‘{f

graded y1eld and main stem density. ASAha1n stem

Idensity increased, the total number of‘tubers was found

Ny

to lncrease but the number of tubers per main. stem, and

the average tuber size, decreased due to greater

,1nter stem compet1t1on The number of main stems

produced'by each seed tuber was found to be

*

cult1var—dependent. WUrr. therefore, asserted that the
laréer the grade of potatoes over which y1eld is |
cons1dered ‘the Iower the ma1n stem populat1on requ1red
to g1ve max1mum y1eld in that grade However, Lynch and

Rowberry (19773) reported that low main stem dens1t1es

’
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resulted 1n a higher proport1on of deformed tubers.
Lynct and Rowberry (1977a) studled two rec1proca1
polynomial models for predicting main s;em
density/yield relationships over a wide rahge of
densities (1.8-20 plenfs/mz). The Bleasdale and

Thompson (1966) mode

y*=a+fe o f201)
where y = y1eld/plant ‘ - _ \
@ = stems/m2

.a, B, g = fitted parameters

appeared to .give the mdét reasoneble representation of
'the main stem density/yield relationship;-Perameters a
and B were associated wﬁth individual seed tuber s{ies.
Lynch—and Rowberry (1977a) demonstrated that seed size
did not influence fhe.a end B”parameters in cut and

'whole seed lots and thus, they cOncluded that yield is
"éci‘fynct1bn of main stem denswty Holl1day (1960) "

qth1f1ed\the ex1stence of an asymptot1c re]at1onsh1p B

‘between the main stem—dens1ty and total yield, and‘a

parabolic helationship'betweenhmarketable yield end

main stem'denSity These findings were-verified.by

c Lynch qhd Rowberry (1977a) ‘and are illustrated in

ngure 2.1, The ¢ parameter in the Bleasdale and

Thompson model was thought to characterize the
: . .
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The t1t]e of F\gure 2.1 is "Predicted y1e]d/populat1on
density response curves for total and marketable yield in
Russet Burbank (Lynch and waberry, 1977a)". This figure has
been removed beéause of the unava:ilability of copyright
permission. — (‘Page 15) - | |

”
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'relationshipibetween marketable and togib yield since
it represented a ratio of the weight of plant‘parts to

the weight of the whole plant relalive to changes in

‘planting density.vA;value of one‘forvé represented the
total yield response whereas a oyvalue‘of-QuS uas .
associated‘with the marketable'response.ilhe marketable

- yield response for grgging conditions on the University
of Guelph’s experimental farm as defined by Lynch and
Rowberry (1977a), was 8.1 main stems/m? (Figure 2.1).
Shot ton (i976) also presented a marketable yield
response'curve that contormedlto the Bleasdale and’
Thompson (1966) mode.

Wurr and Morris,(1979) found small tubers gaQe
:greater main stem densities per weight of tubers |
planted hut the resulting marketable yield was not
distinguishedﬂfrom total yield.ﬁHoweverg,they pointed
out that the number of main stems produced from
identical seed varies in different growing areas and

rsuggested that causes of variation of main stem number

per seed tuber be given a high research priority. Lyncht
and Rowberry (1977b) suggested ‘that high planting

'den31ties reduced the rate of tuber growth due to:

increased intra hill competition for. available mineral-

and carbon assimilates A growth analysis study by

"Collins (1977) found that in plants w1th 1dentical
il‘spac1ng. the growfh rate of - tubers from plants w1th two

‘:o and four main stems were higher than those of 51ngle



)

main stem‘plahts. Thevresulting number of main stems
and the average-tuber weight oroyed‘tofbe higherﬂfor
plants with four main stems.i |

Jarvis and Shotton (1971) realized that.
theoretlcal constderat16ns of main stem dens1ty were of

11mited use unless the actual number of main stems

produced in.the field could be accurate;y pred1cted.‘

2.2.1.3 Seed COnditioning

\'Manipulation of seed tuber behavior can influence

' both the quantity and quality of yields.'The"term

pbysiological age is often associated with seed

conditioning and has been deftned‘as "the'physjological‘

state of & tuber at any given time" (Iritani and.

" Thornton 1984).-Seed‘material‘isiliving plant tissue.

and, therefore, ages with time. The physiological age |
of seed potatoes influences emerdence main stem -
number. growth rate matur1ty. tuber slze and

ultimately,.crop yield (Knowles et al. 1985) Although -

_the relationsh1p between’ physiolog1cal ‘age and ma1n

“stem dens1ty is recognized the lack-of a preé1se IR

def1n1t1on and criterla for measurement make th1s_‘

concept d1ff1cult to quant1fy The ag1ng factor used by;

lF1shman and Talpaz (1984) and Flshman et al (1985)

- .the1r potato growth model was der1ved from commerc1al‘

\

1‘field data but showed considerable var1ation from crop '

to crop A possible explanat1on for 1ncons1stent

derivation of the ag1ng factor ‘was attributed to its 1
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: senswt1v1ty to cultwvat1on pract1ces ’
Iritani and Thornton (1984) suggest that - the rate

vof aging depends on the grow1ng env1ronment of seed,

storage env1ronment, and field‘cond1t1ons durlng

germ1nation Ir1tan1 et al. (1983) found the number of .

lma1n stems per seed plece 1ncreased wlth higher storage o

and germ1nat1on temperatures and w1th “later plant1ng
~dates. Knowles et al. (1985) erorted that ap1calAA

‘ dominance‘ shoot vigor, percent plant stand and total
tuber y1eld all decl1ned as seed tubers progressed 1n
age past five months )
. In Europe pre sprouted seed often is used in
Europe to’ encourage early crop emergence Expér1ments
conducted by—Shot ton (1973) demonstrated a y1eld
1ncrease of. 3. 5 to 8 t/ha us1ng pre- sprouted seed
Sprout damage 1s thus cons1dered an Bmportant planter
performance parameter 1n Europe | | <
Chem1cal appl1catlons to seed mater1al can be used
'h to augment or suppress the number of ma1n stems per h
seed. Appl1cat1ons of napthalene ac1d1c aC1d (NAA) at .
-100 mg/L to e1ght and twenty mpnth old seed, tubers was . o
Treported to. 1ncrease y1elds by 8 and 1 t/ha - -
| respect1vely (Knowles et aI 1985) NAA appl1cat1ons to
. younger seed 1ncreased y1eld of larger tubers by
‘freduc1ng the number of shoots per tuber Holmes et al |
v(1970) studled the effect of growth regulators on _,"“ll”
i'ap1cal dom1nance and found that treat1ng seed w1th

V- B 4

<
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'gibberelic acid 1ncreased yield of seed-sized tubers by
Lup to percent due to an increased main stem number.

‘_‘Slomnycki and Rylski (1964) stated gibberelic acid

affects whole and cut ‘seed- d1fferently because K

gibberelic acid uptake through skin occurs at a much

lower rate than through exposed flesh
R

2. 2 1 4 Seed Size ‘

\ Many early potato experiments were concerned w1th
the growth response of different seed tuber 51zes '
"Recent seed size research has focussed on the effect :

that seed. mass per main\stem has .on graded yields The

vdegree of seed s1ze varrability 1n commercial’ planting

‘ operations and the limitations of seed cutters have led
'ghsome exten51on programs to focus on the value of
reduc1ng 51ze variability (Schotzko et al 1984)

. Wurr (1974) and " Lynch and Rowberry (1977a) |
ﬁsdescribe the relationship whereby larger seed pleces
l'give a greater number-of main stems per: seed piece

:Iritani et al (1972) studied the relationship of yield
*"to seed Slze, spac1ng, and main stem numbers u51ng

R

iRuSset Burbank potatoes Identical main stem denSities :

',7from different seed 51ze spacing combinations were

"aﬁffound to give variable proportions of u.s. No lj""f

f.‘fdpotatoes (112 g and over) and under51zed potatoes

’:ﬂf Larger seed spaced further apart averaged fewer main |

F“%{fstems/unit area but produced a high marketable yield

,;;7fsuperior plant stands and larger sized plants.;A highly



.igp051tlve correlation (0. 98) was establ1shed between
. . l’ Pl N
: we1ght of seed plece/matn stem and total yteld The

y1eld of dlfferent tuber ‘grades as 1nfluenced by ma1n

\
l : B

stem’ number per seed ptece (F1gure 2 2) was reafftrmed

by subsequent research (Irltan1 et al 1983) Entz and

\.,
LaCro1x (1984) also found that crops grown from ]arger
3

seed pteces with w1de plant spac1ng had a h%ghero

marketable yield. B S - "\‘_-
The 1n1t1al rate of plant growth depends on the

size of the seed p1ece and ‘the rate at wh1ch the seed

l-plece substrate is utlllzed-(Mtlthorpe and Moorby

| 1979) In a growth analys1s exper1ment Dawes et al

(1983) showed that once planted seed p1ece wetght

xdecreased l1nearly with time reachlng a’ 2 a re51duallf

| mass 30 “to 40>days later Dav1es (1984)‘stud1ed seed-"d

piece reserves as a l1m1t1ng factor in potato sproutg

growth H1s results 1nd1cated that as the number of‘

sprouts per seed tuber 1ncreased the dry we1ght per R

31'sprout decreased due to. 1ncreased 1ntersprout

‘<compet1t1on W1ersema and Cabello (1986) conducted

’fhﬁresearch on comparat1ve performance of d1fferent s1zed

’ ;-seed tubers Increas1ng seed tuber wetght decreased the

“:ifgt1me requ1red for 90 percent emergence, 1ncreased the [}’

t“‘,"number of ma1n stems per plant 11ncreaséd the number of

’3ﬁtubers per plant but decreased tubers per ma1n stem-f?*“ﬁu“”

;fand 1ncreased total ylelds Rowell et al (1986)

'Tddreported that use-o( 40 g to 60 g tubers resulted ingﬁh};gyd

_‘_,.,__—



° The title of Figure 2. 2 is. "Effect o¥ mam stem number
g per seed p1ece on yie]d of dwfferent sizes of Russet Burbank
;(Imtanm and Thomtcm 1984) * This fvgure has been removed
because of the unava1lab1l1ty Qf cdpyright perm1 ss1on -

(Page 21) C
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”.2 2 1 5 Seed Shape i

,‘ylelds 50 percent better than true potato seed possibly

Zdue to d1fferences in early growth and emergence

A seed p1ece survey by Andrew and S1lva (1983)

, presented a. range of average seed plece we1ghts for'

. d1fferent types of seed p1eces found 1n seed lots on’

Alberta farms For Russet Burbank seed w1th one cut

8

7": surface had a we1ght d1str1butlon between 34 1 and 66 O

g, seed w1th two cut surfaces were between 39. 4 and

'80 g g, and seed hav1ng three cut surfaces fell between

-

Al 8 and 90. 3 g A seed plece survey conducted by
\Schotzko et al (1982) in Wash1ngton State found 15 5
‘percent of pleces we1ghed less than 28 g. Ihe

:recommended Seed plece size for Alberta cond1t1ons is:

42 to 56 g (Andrew et al. (1976) The 1mportance of

'lfdef1n1ng seed p1ece s1ze d1str1but1on rather than
: average seed s1ze was stressed by Schotzko et al

. (1984).

The pract1ce of cuttlng seed potatoes d1ssects the o

~nsphep1ca] to ell1ptlcal shaped whole tuber 1nto a‘rh:'
-‘ﬁnumber of more blocky Shaped Seed p1eces As the size,

:of the seed tuber 1ncreases, the number of seed

ﬁ'fﬂybplece decreases (P1tts and?Hyde 1985)

darv1s et al (1976) concluded that spac1ng

,'wtrgﬂﬁflrregular1ty is best def1ned by the coefflcient of

e

-

5:fp1eces/tuber 1ncreases 1f an average seed plece s1ze 1s L

"‘ma1ntained However, the average sK1n surface area per



"T‘”ﬁff,51lva and_Andrew (1984)

fﬂft}Andrew et aI 1983) A cutt1ng 1ndex developed by

7
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var1at1on (CV). consequently the CV 1s the most often

| used planter performance stat1st1c As def1ned by Steel
and Torrie. (1980) 1n equatlon 2. 2 the Cv represents a
‘:‘quantlty that provides a relattve measure of var1at1on

'1ndependent.of.the un1t;of measurement.

L=si00 T )

= coeffic1ent of variat1on
= sample. variation
z sample mean

where C
8
x

ffAndnew and Silva (]QBé)‘investiQated the tnfiuence‘
, of Seed‘portiOn on'main stem‘number ?Ihe‘term portion?‘
ﬁkreferred to p]ace of or1g1n on the parent tuber and by,
T1mp11cat1on, the number of cut surfaces or shape of

"seed p1ece W1th Russet Burbank potatoes from three

exper1menta1 s1tes, the average number of ma1n stems on

:”itplant stand were 52 5 percent and 66 7 percent L

A“fwrespect1ve1y for 3 cut pleces compared to 33 0 percent

“~¢iespec1ally relevant cons1der1ng that product1on costs

'fﬁfor low y1eld1ng and h1gh y1eld1ng h1lls were s1m11ar ?

1ncluded a factor wh1ch

-ﬁ cut (endJ pleces was 3 3 compared w1th 2. 4 ma1n stemsfv

, “’Cfor 3- cut p1eces The coeff1c1ent of var1at1on (CV) and‘ f;;‘tq

*”Euand 95 0 percent for 1 cut p1eces These stat1st1cs aref;rtr;:h

LA ,
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;d1m1n1shed seed lot quallty as the number of cut\‘p,_

Wsurfaces 1ncreased Andrew et al (1983) 1nd1cated that"

. a greater proportlon of hlgh y1eld1ng pieces could be W'

,ach1eved 1f more attention was g1ven to adestment of

. cuttlng equ1pment Cutt1ng related aspects of seed

shape are d1scussed 1n section 3.3.2.

"2 2.1, 6 Plantlng Pattern o . g

Row and plant spac1ngs are chosen 1n light of many'l

‘-growth 1nfluence1ng factors The ideal plantlng patterng

would encourage v1gorous and un1form crOp development\
'by prov1d1ng the spat1al arrangement of plants most
§u1ted for opt1mal ut1l1zatxon ~of agr1cultural 1nguts
-However def1ntng and ach1ev1ng the 1deal plant1ng
pattern 1s 1ndeed a d1ff1cult task

Trad1t1onally. row spac1ng was chosen for“

conven1ence and compat1b1l1ty w1th the planter s power‘

source Row-wmdths of 700 mm were used with: horse o
i‘powered cult1vat1on but modern cult1vatlon methods
5:‘requ1re 760 to 910 mm row spac1ng (darv1s and Shotton

"‘f1972) darv1s (1972) compared 760 and' 910 mm row.

:spac1ng and found total y1elds to be approx1mately ;fv"

vfrfequar but marketable yleld was sl1ghtly hlgher at 910

'3qmm spacrng due to less wastage from tuber green1ng

“‘VdW1th 910 mm rows harvestlng work rates improVed bY

IVQl]fﬁw1der row spaclng saved t1me dur1ng planting and

‘““5716 7 percent and sllghtly lower levels of tuber damage';fbﬁﬁ

, fﬁ%ﬁwere recorded North and Proctor (1973) noted also thatdf;ffﬁ




e

tfharvestvng operat1ons and requ1red lower depth of t1]th
‘tto form the f1nal r1dge . “ |
Cho1ce of plant spac1ng is usual]y cons1dered 1n -
7conJunct1on with other populat1on dens1ty parameters
fRecomnended in- row. plant spac1ﬁg 1n Alberta is 230 to
h460 mm w1th wider spac1ng be1ng more su1table where
‘fert1l1ty and/or m015ture are 11m1t1ng factors (Andrew
‘et al (1976) W\lson (1970) 1nvest1gated plant .
vspac1ngs between 300 and 510 mm, in Ma1ne and found
'tota] y1eld decreased as, spactng 1ncreased Marketable
.yleld rema1ned relattvely constant due to an increase .
%‘1n tuber s1ze and a decrease 1n tuber number .
. Two contr1but1ng factors to 1rregular seed
‘placement are fa1lure to deliver seed and 1naccuratef‘,"‘
‘F‘“placement of seed The dlscuss1on in sect1on 2 2. 1
t‘establ1shed the extent of. mtss1ng seed p1eces in
'commerc1al crops D;scuss1on under sect1on 2.6 4@
,Ihhexam1nes the causes of 1rregular seed placemenﬁ

e
»sect1on cons1ders the 1mpact of 1rregu4ar seed

Thtstj‘f -
prlacement on y1e1d ” s , |
| Blodgett (1941) stud1ed the reductlon 1n crop o
. "?yield due to d1seased op\mlsslng plants He establ1shed :@,rn't
'wfﬁthat p]ants adJacent to gaps\ caused by m1ss1ng seed .‘
#ﬂﬁexerted a yleld compensat1on effect In a 51mulated gap "'f*

dfstudy reported by Andrew et al (1970) and Preston‘tfiﬁ'f:'

N,v.(1g71) total and No o1 y1elds from p]ants adJacent to

: '1t,¢;qas many as three consecut1ve gaps were progress1vely




. ‘percent plant. stands 1n New Brunsw1ck crops resulted in .

& e
v .

) . o i ‘ ', l . . i
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greaber No add1t1onal compensat1on was observed for 4.M

( i

5 ‘or, 6 consecut1ve gaps Thus, y1eld reductlon due to

”m1ss1ng plants was not found to be proport1onal to the

percentage of plant stand loss. Y1eld compensat1on was'

8

a result of 1ncreased tuber size, not tuber number

_‘Ihis was ev1dent as total and marketable y1elds per

unit area were lower when the number of consecut1ve '
gaps was 1ncreased However the yleld of No, 1 potatoes "’
‘1ncreased sl1ghtly wlth 1. or 2 baps and. then decreased |
“ gradually up to 6 gaps. dames et al (1973) and dames'

- et al. (1975) assessed yleld reduct1on attributed to

missing plants byvexam1n1ng losses-due'to reduced\plant

stands Theég973 study concluded that 90 80 and‘70

0, 5.6, and 11 1 percent reduct10n 1n y1eld

v B
"

respect1vely L

darv1s et al (1976) 1nvest1gated dlfferences 1n

'f‘total and marketable y1elds attr1buted tp spac1ng | ‘
‘d1rregular1ty at. CVs of 0 20 40 and 60 percent “at N° rﬁ}a

' *d;three dlfferent populat1on dens1t1es Total y1eld ‘v;j{ff
| j‘“decreased and marketable y1eld fell by 1 7 t/ha when
.{'“l'jthe v was 1ncreased from 0 to 60 perébnt As the CV
bi1ncreased.so dld the proport1on of large tubers 'du’
.[bAlthough y1eld depreSSIOns were not large they were

'bathought to be econom1cally sugn1f1cant Pascal et al

;'f(1977) and Entz and LaCro1x (1984) d1sagreed stating

‘ﬁlitﬁ%hat a: CV as hlgh as 75 Perce”t d‘d n° reduce yﬁeld

. S
N '
D
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Some sites in RobertsOh and Pascal's (1974) study

squestedijrregu]Er plenting patterns may even‘be
be;eficial to yield. Davies‘(1954)~en4*80yd and
‘essells (1954) demonstrated jrregular spacing had a
negative effect on yield only at very‘widé‘mean

d that

spacfhgs‘whjle Sieczka et al.,Li%
non-uniform distribution of sied depresseq yield only
when Cv exceeds IOO“Bereent. |
R t;veasdale and .Thompson (1966) :'stvudied the impact |
of one, two and three“plants in the same hill end
cencluded that seed;clumpihg had littie effect on
yield. " | o .o
Therefere, non-uniform planting patteﬁﬂs appeeﬁmtb
have the mosI s{gnfficant impect when planters'preduce
a _consistent pattern of consecutive planting errors.
This reduces both effective planting s;de and‘%héaﬁ.
compensation effect of,plents,edjaeent to mfsses. Hfrst
et al, (1973) and dames et al. (1975) pointed out the |
jqporfance of defining‘a frequency distrjbutidn.for
consecutive'misses since yield redectioﬁ is affunctioﬁ

t

gbf the frequency in_each’ consecut1ve miss class

Jf

,._. ~

2.2.2 éeonOmic AsSesséent;of'GrOWth Parameters.

Schotzke et al.’ s..(1982) réview of the eeonomics of
seed snze and spac1ng assessed the value of atta1nable
y1eld‘ as defined by van der Zaag (1984), lost due to

non- un1form planting pi/}erns on Wash1gnton State potago f\ |

v
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farms at $400/ha. Using Alberta Agricultuﬁe'; (1982)
economic assessﬁent of fresh potato préduction,ﬂzﬁis
represents an increase in the return to manégement of 59
percent, . o~ |

Shéfpe and Dent (1968) studied the economics of
planting density. The planting deﬁsity for optimum economic
returns occurred at the point Qhere theg9ost‘of‘establishing-
a main stem and the mérginal va lue prOQUCi equalled one-
another. Costs per main stem are rejated to the price of
seed and the ayeraée number Of main stems per $seed piece
whiéhg‘in turn, depends on the weight distribution of whole
seed tﬁbesﬁ. seed conditiqning, and'cutting. Schotzko et al.
(1984) discussed the economic impact of Russet Burbank seed
size and gpaéing using a typical prqcegsqr contract. Their
economic assessment of yield proceeded in chh the same
mannér as Sharpe and Dent’s (1968) analysis.

Jarvis et al. (1976) pointed out that small variations
in ﬁain stem densities which produce maximum yields have
little effect on marketable yield due to the flat-topped
nature of the marketable yield response curve (Figure 2.3,
point A.) However,.tﬁe ability to compensate for Qmail
variations in main stem density is more SensitiQe at a lowér
 density which defihes.the‘point of maximum ecopomic Feturns
(Figure 2.3, point 8).lIhis'ca$e“becomé$ even moﬁe critical
if the established'main‘steh dehsity is less thén intendéd
(Figuré 2.3, point C), as appears to‘bé the case\on many .

Nor th American'potato farms.

IS



The title of Figure 2.3 is “Economic assessment of the
marketable yield response curve (Jarvis et al, 1976". This
figure has been removed because of the unavailability of

¢ .

copyright permission. - (Page 29)
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2.3 Seed Handling ~ | . ‘
‘The degree of variability in seed size andAShape
.togetherrwith the dynamic nature of interactions between -
‘seed and\both planter and growing environment make  seed .
piece uniformity a primary obJective of the cutting process
(Thornton et al. 1983).‘Mass production of seed pieces can
be viewed ;s two separate operations:,the grading of whole -
tubers according to size, and the cutting ot each size in an
appropriatenxanner.

\
\

2.3.1 Grading .

Potatoes are often‘graded on potato butters to’
facilitate the dptting ot seed tubers according to size.

‘ Grading is also Useddto separate_potatoes into the market
grades established by processors and marketing |
organizations.. The\potato s vulnerability to damage and its
~diversity in size and shape imppose a strict set of demands
on_ the grading procgs )

Most on- farm gra ers and potato cutters have ‘a series
of parallel rollers with variable. apertures capable of "
fseparating tubers«ﬂnto small, medium or large sizes The |
maJor problem with roll\sizers is that s121ng is done by the

. smaller tuber dimension

'ather than the larger ‘one (Pitts-
~and Hyde 1985) “As the pr portion of. large tubers 1ncreases,:
}the load factor on. the cutter’ s sizing rollers also |
f_increases This reduces the efficiency of separation and

, 1ncreases the amount of tuber damage (Klenin et a} 1985)

\ .

\

\

v
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The maximum feed rate for roller graders was given by Klenin
et al. as 3.0 to 5.3 kg/s per metre of width. Grader

capacity was defined as

q=36q8 = . YL (2.3)

where q = capacity of the. grader (t/h)
: qo = maximum feed rate (kg/s-m)
B = width of the gpading surface (m)

1y

N

A
Zhao et al. (1986) stressed the. ‘impor tance oflsiier
1roller spacings for effectlve separation ofvseed tubers. ‘A
simulation model destgned to study the effects of - dtfferent
cﬂt w1dths and roller spac1ngs 1llustrated the sens1t1ve

;nature of sizer roller adJustments For the chosen o

proportion of, des1red seed (28 to 84 g) decreased by 5. 4

| epercent and the over51zed.seed 1ncreased by a 31m1lar amount

" when" s1zer roller spac1ngs were 1ncreased by 6 mm.

| The shape of the potato is the most cr1t1cal pﬁrameter
‘.when conSIdering roller spac1ng (Zhao et aI 1986) ohnston :

v'“(1970) correlated whole tuber d1ameter w1th wezght and found

the relat1onsh1p to be cult1var dependent Webster s (1970) .

‘.‘shape 1ndex (equat1on 2 4) was s1gnif1cant at the 1 percent -

level when used to d1scr1m1nate between cult1vars

a

- .. B ‘
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Tuber shape‘index'=-

‘where T1
~Tb

\

three tuber axes. and,

o

tuber length
tuber breadth

accurate‘ihdex for cult1var shape;'

therefore g1ves a sl1ghtly more j

L (2.4)

'Brown s (1973) shape 1ndex (equat1on 2. 5) is based on all .

—

¢

Tuber shape index = Lmai;%miﬂ ; T - (2.5)
! : ! < e ey 12250

‘where Lmax =
. " lmin =

max imun length of c1rQumference
minimum length of CIrcumference
Ce = equator1al c1rcumference ‘ -

McRae_(1985) rteewed'worK by Kolchin and SémekhunoY'(lS?S)g'

who concluded‘that tubers-sorted by'weight had:a scatter of

» tubers were sorted by l1near d1mens1ons

'llnear d1mens1ons smaller than the scatter of welghts when

Goryachk1n (1974)

also supported the 1dea of sort1ng tubers by we1ght rather

- than sortlng by l1near d1men51ons

‘ McRae (1985) presented an equat1on for potato volume as

e

el ,,',7(‘2. 6)
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potato volume

where V = ‘ .
K = 0.524 for a true ell1pso1d
a = length l
‘b = breadth. _
c = thickness

Pitts‘and Hyde l1985)‘StUdied two ellipsoid-based'models to
fpred1ct volume ~one considered all three axis and the other
fassumed the two larger axes to be equal They concluded that\u
the volume of a whole tuber can be calculated w1th1n f1ve .

' percent 1f the tuber length and w1dth are Known

I B PO 3
" where V = tuber -volume
a= 1/2 major axis -

b 1/2 minor axis f\-

R

, The Canadlan seed tuber s1z1ng schedule in‘blace~as”ot
1983 had three size des:gnat1ons “A"lﬂ"B ‘ and Contract T-f
‘tﬁ31ze "A"‘31zed tubers ranged from 113 340 g for round

tcult1vars (e g Norch1p) andt413 454 g for lOng CU]tlvars e

’**(e g Russet Burbank) "B"ts1zed tubers ranged from 42- 113 gf_¢7”

"vl‘for both round and long cult1va s Contract s1ze was def1ned’ef)r

fgas any s1ze range agreed to by the b yer and seller The

. T
,proposed 51z1ng regulatlons presented by L1dgett (1983)

-: 1fWOU]d see tuber s121ng reported accord1ng to l1near &-Mﬁ-ft~’

-ifd1menswons (based on the ablltty to bass through d1fferent

"”’fl~s1zed square mesh) rather than we1ght Equ1valent s1zes for ‘lﬁw“

e



the new . long cult1vars would see “A"‘sizes as 50 80 mm and
‘“B" %1zes as 40- 50 mm. “A" sizes for . round cultivars convert
to 60 90 mm and "B“ s1zes t 40 60 mm Another 1nterest1ng
) aspect of the proposed changes is a m1n1mum seed s1ze of 25
-mm for long cult1vars and 28 nnlfor round cult1vars (L1dgett
| 1983) These‘d1mens1ons‘represent welghts‘around l4,g and
present an'unexploredﬁmarket'for.small.seed’: o j
| ‘Pascal et al. (1977) and Thornton et al (1983).found
“closely graded whole seed resulted 1n a more un1form | |
' pplant1ng pattern Plant1ng graded seed (45 55 mm) was _,lﬂﬁﬂf',

»

) recommended by Eddowes (1986) for accurate seed spac1ng and
ipdepth of placement S : o '_ ‘_‘ —f’i
Sands and Regal (1983) 1ntroduced the concept of the
‘ ;tuber we1ght grad1ng funct1on to descr1be the. d1stributlon'
of we1ghts of 1nd1v1dual tubers The grad1ng funct1on 1s a
ﬂcumulat1ve probab1l1ty d1str1but1on functlon based on the
B ’assumptlon that tuber welghts, in a population of mature \';
1,potatoes. are. normally d1str1buted As such the grad1ng |
‘rfbffunct1on can be descrrbed by the populat1on s mean ahd
'f?‘jjstandard devxat1on Each grad1ng funct1on has a - : I
S;~:correspond1ng probab1l1ty dens1ty funct1on wh1ch can then be |
‘3tused to predict the fraction of y1eld between any\two 7fﬁl?i
'Iiwelghts ‘cxxld ~" ﬁ e _‘.“ il”"_jif(; ,}fé;“hi;}.ﬁ
3 The beneftts der1ved from the grad1ng process should.“
v htf also cons1der the cost of tuber damage dUe to handl1ng

(McRae 1980) R
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“ 2. 3. 2 Cutting ( |
Seed cutters were cla351f1ed by French (1958) as
‘automat1c or non automat1c Automat1c cutters are self
'feed1ng and were further class1f1ed as "B" spl1tters or
u~imult1ple srzer cutters Non- automat1c mach1nes requ1re an
;‘operator to pos1t1on tubers pr1or to cuttlng Most potato‘”
growers USe high speed mult1ple s1zer seed cutters to "
»;‘accommodate the cutt1ng of large seed tubers 1nto 2, 3 4,
or 6 p1eces, dependlng on the tuber 512e ' ’
y Nomenclature for seed p1ece shape tends. to vary and
T:'hoften reflects Ihe researcher s focus Andrew and Silva?
“(1983)“descr1bed seed pleces as’ whole aplcal end basal
:37‘}1end, center cut 3-cut - and quarter, all: wh1ch 1mply a shape
'fi}ﬁﬁor pos1t1on of or1gin on the parent tuber P1tts and Hyde
-Vf{(1985) ‘were concerned w1th opt1m1z1ng cubt1ng pattern for
' fdifferent s1zed tubers and chose seed piece names based on
Hhow many pieces a spec1f1c cutt1ng pattern produced 1= cut
."“l5“2 cut \and 4 cuta\\]l namlng schemes relate a pattern of :

rgﬁﬁw5ﬂ1ncreas1ng eut surface area and decrea51ng sk1n surface (~

‘rea or. a change 1n shape from sphero1d to blocky Each

1th3the plantnng process These relat1onsh1ps ffpﬁ

tribut1o of Seedip1ece%§hapes and s1zes w1th1n
\lberta potato Farms. (Afdrew et al. 1983)




‘w.observat1ons by Boyd and Lessells (1954)’who'noted
ons1derable d1fferences 1n welght of seed planted from farm
»to farm Large ungraded whole seed contrlbutes toward lack |
“"of seed p1ece un1form1ty (dohnston 1970 Hauck et al. 1982)
,1t‘as does the type of cutter and spac1ng of s1zer rol]ers ?i“
I(Andrewet al. 1983) - __ e | _,/1
Accord1ng to French (1958) seed p1ece qualwty depends"r;j~h
on the un1form1ty of seed p1ece s1ze and the 1ncwdence of -
| seed p1eces w1thout eyes Leach et al (1972) recommended :
that tubers over 280 g h‘¥ be used for seed and, if.they
‘~,were hand cutt1ng was recommended French (1958) reported Qr“’
that the cost of cutt1ng seed depends on the percent of |
'overs1zed tubers Red Pont1ac tubers cut 1nto six p1eces' '
; were found to. be devo1d of eyes 5 percent of the t1me

‘,whereas tubers cut 1nto e1ght p1eces had a 25 percent i ;71{..d

:‘.eyeless rate Therefore.‘larger.llonger,:and less un1form

i seed decreases the homogene1ty of seed p1ece s1ze and shape o

‘-R(P1tts and Hyde 1985) Andrew et al (1983) reported these ?h;"'

cond1t1ons 1ncreased crop var1ab1]1ty ;u; rﬂ[:ﬁ'
‘_ . “ . . g ‘\

0pt1mal cutt1ng patterns’?’r dxfferent tuber s1zes were fgff

V':r?der1ved by P1tts and Hyde (1985)“;As the?number of seed

“f p1eces cut from one tuber 1ncreased from 2 to 7 the cut

o surface area to sk1n surface area rat1o 1ncreased from O 53

| 'to 1. 51 The volume of a seed p1ece as def1ned by P1tts and

th_Hyde (1985) 1s g1ven 1n equat1on 2 8 .:fszgfﬁr{fillfftyi;j:;f
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where SPVOL seed p1ece voluﬁb . e
. . "X high =z right erd, of SSEd p1ece S e
E R ik low = left end of seed piece - 4 o U
‘ ‘ "N = .the number of cut syrfacgs B SEETRUE I A
- a= 1/2 major axis o R
‘b= 1/2 m1nor ax15o y&;j‘; R R THETE WA

’Hyde (1985) 16 g1ven in equat1on 2. 9 4 fﬁ o 57',
CsA = L b 2= ,xmgh'
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produce plants lacking v1gor and therefore sliver removal

devices should be used in conJunction with the cutting

I 4

*P;Ln‘operation (Thornton et al 1983) ‘_f - 7} M

Zhao et al (1986) investigated two methods of reduc1ng‘

the variation in cut seed Size modification of seed
\'Vfcutters, and elimination of‘UnderSized seed pieces They

‘thfound that inureaSing the w1dth between cutting blades
.”ﬁféiincreased the percent of de51red Russet Burbank seed pieces )
"rfttto a max1mum after whicb the,proportion of de51red seed |
’dk:dropped off rapidly The criteria used to define desired
I;:}iseed pieces was based solelﬁ on weight (28 84 g) and ignored
ﬁtf‘!any shape effects AdJustments to sizer roller spac1ngs were‘
Ashown to alter the 51ze’distribution of tubers approaching
the cutting mechanisms Although the optimum combinations off
cut w1dth and 51zer roller spac1ngs produced 90 percent
deSirable seed for an assumed seed Size distribution the

R

\ optimum cOmbination was noted to change w1th cultivar amd'

o

““ﬁsize distﬂfbution of*seed stOck Andrew et al (1983)

fsupported the v1ew that growers can increase the proportion‘

*of'desirable seed by adJusting cutting equipment according

”Lto'seed lot size and shape Implementing optimum settings in-

‘? practical s1tuations lS difficult due to a combination of
}Lﬁhuman error, 1nFlex1ble cutter deSign and the lack of (e
.proper 1ndicat%r mechanisms for 51zer roller spac1ngs (Hauck

‘The'second part of Zhao et al 's (1986) study examined

Eth”’p0551bility of pneumatic separation of under51zed seed

.,“.



"pqeces Both percent lpss of des1red seed p1eces (28 84 g) o

‘and percent separat1on of unders1zed seed p1eces were '
|

'f tmeasured as a funct1on of‘a1r veloc1ty 1n w1nd tunnel

~‘\]for hea11ng cut/surfaces and has the added advantage of

'fexperiments For the size dlstr1but1on of seed p1eces "4
Studied the best results were achleved at an. a1r velocwty
. of 24 4 m/s where 80 percent of the unders1zed seed was‘ |
3separated w1th less than 4 p rcent of" des1r2ble seed lost. - .
‘Factors wh1ch proved s1gn1f1cant to %eed term1nal veloc1ty o
»were the helght of end p1eces,‘and mean d1ameter of half -
‘preces The term1nal veloc1ty of 1ddle p1eces (27 QQm/s)
' lwas well above theuoptlmum separat1qh veloeqty (24 4 m/s) .

Seed cutt1ng 1nvar1ably is. done\a< the Atorage site.
eJther at the tlme of plant1ng or pr1or to phant1ng to allow
suff1caent time for seed p1eces to suber:%e 1n\storage
‘Suber1zat1on refers to the heal1ng process\that takes place
_;on freshly cut seed p1ece surfaces Cuttlng eed at the t1me lf

,of planting 1s acceptable 1f so1l COﬂdlthnS are fa@orable

\ i ‘

‘ e preventing cut seed from rott1ng in: stonage should a stretch”*‘”ﬁ

;fjiof 1nclement weather 1nterrupt planﬁ?/; operat1ons xyhorntonfﬁtlf

ff%iidand Sleczka 1380) T1mm et aI (1973) concluded that healthylﬁfﬁ‘

'”lfseed pweces W1th un1form resp1rat1on rates could be producedfff"
Jfﬁif seed potatoes were cut well 1n advance of plant1ng to 'jfﬂgw“

W*Vf{]allow for suber1zat1on to take place The1r recommendatlon

“”1dfor cut seed storage was a shaded and vent1lated env1ronment* \fa

WIth a temperature of 25 C to 30 C Thornton s and S1eczka s;

(1980) recommendatlons are sl1ghtly d1fferent as they S jQJiy
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‘z:“

lsuggest suber1zat10n is best ach1eved by holdlng cut seed
‘ffor three to f1ve days at temperatures between 12 8 C.to .
‘d18 4 C wlth a relat1ve humldlty of 85 percent Properly cutfp
‘and stored seed p1eces are reported to keep for two or threeﬂd

;weeKs w1thout 1051ng v1gor (Rowberry and Howells 1979)

‘f‘ij a funglc1de is requ1red the appl1catlon ls usually f“

-1n powder form. and s appl1ed as pleces leave the cutter or

e 1n the f1eld Just prlor to plantlng One of the factors

’

%&i{lbuted to 1rregular planter performancells the tendency
for seed pieces w1t greater cut surface area to st1cK to‘
one another and to planter components (L1Khyan1 et al |
1981) Research on the 1nteractlon between seed dellvery‘

systems and freshjy cut versus suber1zed'seed plece does not‘

?

appear to have been stud1ed o o - . : Vf{'

\\ r'\l
. R

p N

Commerc1al potato crops 1n Europe and Vorth Amer1ca are,

";planted by mechan1cal planters whtch open the 5011 place

23 VoL QB .

'fthe seed at the des1red depth and spaC1ng. and then cover
liand f1rm the seed bed Planters usually have two, four, or fﬁ

p s1x rows Some one and two row planters use a three po1nt

{

‘"71tractor h1tch and utll1ze the tractor power takeoff to dr1veff

"‘the meter1ng mechanlsm However most planters rely on

'rjground drtven wheels to power the meter1ng mechan1sm
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Planter Operatlon maintenance, and addetment are more:
sign1f1cant to planter performance than the type or make of
f”f planter tAndrew and Preston 1969). The basic component s of
| ‘'the potato planter as outlined by Breece (1975) are:
carrying and drive wheels seed hopper; fertilizer hopper:

i,

' fertilizer disk opener: fertttti

feed mechanism; pﬂatform;
furrow opener shoe cover1ng d1sks.‘markers. and plant1ng
and feeding mechanlsms. A hrlef examination of planter
components will provide an overview of the planter’s
:function. C /
.Towed planters have two drive wheels that provide power
. to the”fertilizer and planting mechanism. Wheel hubs are
usually bolted to the drive axle with shear bolts to avoid
damage to the p]anter should the meter1ng mechanism Jam

. Carrytng wheels are ogﬁen found on six ahd e?gh ?G:}

. , pLanters. The flow of seed from the hopper to picker chamber
is controlled by adjustable gates. A plattorm on the back of
many plantersﬁprov1des a space for an operator to mon1tor
planter performance and to carry out duties dictated by
planter des1gn _Furrow openers con51st of a set of opeﬁ1ng

3 disks and a wedge shapé% opener shoe mounted on an
undercarr\age wtth hydrau11c depth control. Planting action
creates a furrow 75 to 100 mm wide in the seed'bed A set oft
covertng disks for each row are located on the rear of the
planter These disks cover the seed and hill the row

* according-to pitch and height' adjustments relative to furrow

— - ) .o 5

openers.
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Potato planters are most ofteh c]assified_accordfng to
their metering or feeding mechanism. Reference categoriesl."
| based on operator labbur requirements, refer‘to pjanters as
- manual, semi-adtomatic, dr aufbmatic (Jarvis 1978). Metering
hechanisms are class;¥ied broad;y as positive or
non-posi tive mechanisms'(Madnderd1983) depending'on/Whether
seed is individually'selected and released.or merely
dispersed.

Early hand-fed planters required an operator for each
row to select a potato.from trays or bulk hoppers before
~dropping the seed down the planting tube. Plantidc rate was
goverﬁed by grodnd speed and operator work ra}e.‘ |
Improvements to hand-fed Unfts"included COnveyancerdevices
with comparfments that transferred seed to the soil surface
at regular'interva]s. Spacing was a function of'both
operator efficiency and conveyance speed relative to grodnd."
speed. & ‘ ‘ '

Cup-type planters select seed frdm the seed reservoir
with cups mounted on an endless chain‘or belt. A% the belf:
‘or chain travels through the planting tube,. seed is conveyed
toward the so11 sur face on . the back of the preceding cup
Early planters used steel cups while some recent models

of fer plastjc cups.and 1nserts to meet d1fferent sizing

requirements. The cups. on manyﬂearly models.wereldesigned to .

. . . ) ' ) . ®
pick up only one seed In sdme models, a compensat1on
‘ mechanlsm was used to release seed when a m1ss was

encountered. Later models had larger cups capable of picking

T
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up more than one seed.'Extra seed Waspdisplaced.baokvto the
seed reservoir with a removal device. Further developmentsl
inc luded two to four‘rows of cups for each row.plantedt This
al lowed the belt to travel at slower speeds and resulted in
super1or meter1ng performance Spacing was determined by the
speed of the belt or chain relative to ground speed.
| Flat-belt planters d1rect the flow of ‘seed from the
hopper to a metering %echaniSm which feeds tuberS‘onto»a set
of horizontal belts. The belts then discharge the tuber
backwards onto the.soil surface. Spacing proved to be a
function of feed rate onto the belts and consistency of
de11very |
, Moulded-belt planters funct1on 1n a similar manner to
flat-belt pianters The belt consists of a ser1esk§f mou 1ded
. cups eaoh capable of holding one tuber. Operators are )
required on the planter to ensure~proper filling of cups;'
Tuber unit planters combine both'cuttfng and plantingl
'.tasks Belts travell1ng at d1fferent speeds align whole
tubers before they are cut and then d1spense the result1ng
pieces. | ‘ ‘.\~
Pick-type planters usually have two - vertically-mounted‘
'p1cker whee’s for each row. The six to e1ght p1cker -arms on ,
.a p1cKer wheel each have a set of p1cks that pierce seed-
'p*E§ES‘ES'the arms rotate through the seed reserv01r When
picker arms approach the plant1ng tube, a cam act1vated

strxpper pushes the seed plece off the picks allowing. the

seed to fall down the plant1ng tube and 1nto the furrow



Variation in pick length and arrangement offers some

flexibility iniacoummodating;different seed characteristics.

Spacing is controlledvby varying‘plcker wheel speed relative‘

to ground speed A potentlal problem with th1s type of
planter 1s the spread of d1sease from successive puncturlng
of seed pleces '

The new fully automat1c Smallford Setronlc potato
planter developed by the Scottish Instxtute of Agr1cultural
Eng1neer1ng (Carruthers et al. 1984) comblnes many existing -
design concepts and adds microprocessor control to the seed
delivery sysfem. Plant spacing is push-button selected and

achieved. by'microprocessor control of the hydraulic motor

driving the plant1ng belt in relatlon to ground speed Three,v

sets of belts are used for each row. A feed belt travels
through the hopper in a direction perpend1cular to‘the'
pfurrow filling the six moulded‘cUps'arranged.across its !
width. The set of,stx seed~tubers'areﬁthen transferred
intermittently onto . a planting belt'traveling toward‘the -
back of the planter. Each tuber falls 1nto a separate fltght
on a plant1ng belt and then is transferred to the polnt of

’release Photo cells at. the po1nt of transfer between feed

and plant1ng belts detect empty cells wh1ch then are filled

~‘when make-up belts on the downstream Slde of the plant1ng
belt are act1vated An lnfra red detector above the make up
unit ensures that a tuber is avallable by 1ndex1ng until a |

tuber is detected
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2.4.2 Safety~ | | |
Safety concernsvsurrounding potato planters are focused
‘on planter operators and their prescr ibed tasks ,
Semi automatic planters require the.operator for each row to
pick and place the seed into the metering mechanism whereas~
utomatic planters are more likely to have an operator
standing on a rear mounted platform acting as a
trouble- shooter and communication 1ink to the tractor‘
driver. In Murphy s (1980) unsafe behavior model
relationships between operator conditioning, rare event and
decision making‘are outlined Operator conditioning relies
on the pr1nc1ple of reinforcement The belief that an
accident will not occur encourages the operator to make the’
deciSion perceived to be of greatest utility For the
planter operator this could mean ensuring a constant seed
.feed by disrupting bridging action with a poke stick or ;‘t

knocking doubles from metering elements, or perhaps by

fishing stones from the seed reservoir bowl as the’ planter

h,proceeds down the field. Prairie Agricultural Machinery

<Institute (PAMI) evaluation reports E1077 (1978a) and E1178A
(1978b) both mention the 1mportance of us1ng a su1table poke‘
stick to av01d 1nJury to the operator .

’ Monitoring systems on field machinery enabhe operators;

to shift their attention away from 51mple tasks which can be

¥ jtedious and time consuming De51gn 1nnovations "to 1mprove

the degree of personal safety during operation and .fhehal

: ’Lapplication Qf products and materials are part of the o

i
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agr1cultural eng1neer s respons1b1l1ty (Dav1s 1980)
_:Electronic mon1tor1ng of problem areas would reduce the need
ﬁfor planter operators and therefore, acc1dents are not as
l1kely to occur. - '(‘ - - R - ) T~
2.5 Plantingidperations‘

) A ‘majority onNorth American potato farms plant'potato
p1eces cut from whole tubers using p1cker arm planters
(S1eczka et al. 1986) The ab1l1ty to perform at h1gh.“‘y
-planting rates w1th a m1n1mum—labour requ1rement accounts
for the p1ck type planter S popularlty Cup-type planters
f_are ga1n1ng in popular1ty and are ‘the planter of ého1ce on .:'g

most seed farms where d1sease control and regular plant1ng

“.rpatterns are - cr1t1cal European producers prefer cup-type or_

,belt type planters to accommodate the plant1ng of whole and,
often, sprouted seed ‘ |

'_ Date. of plant1ng varles between reg1ons and years‘p'
videpend1ng on so1l m01sture. soil temperature and target -

“market Suggested m1n1mum 501l temperature at plant1ng depth ‘Z

vls 7 c (Andrew et al 1976 Thornton and S1eczka 1980) Coldf_b7‘

~and wet cond1tlons may contr1bute to seed p1ece decay and

”:result in poor plant stands Dates for planttng 1n Alberta.:

-yvary from early to late May depend1ng on local COnd1t10ns

f-pH1gh market pr1ces for early crops prov1de 1ncent1ves for 5gf35ﬁ

producers to accept the r1sk of early plant1ng andklnten51vef,fgi

o management techn1ques



Careful solvareparathn‘is'neceSSary,to‘provjde

~favorable growlnggcondltjons’and facilltate-ease of soil

<

separation during harvest operations Pre-planting :
cultivation ls done Just prior to plant1ng Cult1vators with
vertically rotatlng blades are often used because they have
good depth control and prov1de the de51red quallt1es of a
f]ne textured seed bed w1th small aggregates (Poesse et al.
1973) | | ~ :

Insuff1c1ent plantlng depth results Jin tuber green1ng

'1f tubers are exposed to sunl1ght Suggested depth of

: plant1ng is 80 to 130 mm be/Pw level ground (Andrew et al

1976) If the hEIth of the hill is con51dered. seed tubers
should lay 150 to 200 ‘mm, below the top of the h1ll (Thornton'
and Sieczka 1980) Irregular depth control 1s often a
problem w1th w1de planters on h1lly terra1n |

From the farm management perspect1ve potato plant1ng

".is noted for 1ts slowness compared to other crops. The

~

1mportance of plant1ng rate is. emphas1zed by the negat1ve
effect delayed plant1ng has on y1eld Increased plant1ng
rates enable machlnery and labour to be rea551gned to other
seasonal demands The hlgher potent1al output of: modernzﬁﬂ

planters requ1res that more attent1on be put to’ H‘s“

non product1ve act1v1t1es;such as ref1lllng the hopper :iyff;f,.”~”

(darv1s 1978 Rowberryfa‘d Howells 1979) In Br1ta1n.

tradltlonal methods of f‘ll1ng the planter s seed hopper can”ﬁrdfff:

‘°7:account for up to 50 percent of plant1ng t1me Maunder

(1983) stud1ed seed handllng systems 1n Great Brlta1n Seed




“J‘g'f"f:‘t‘-; Lo ;_‘\§‘ ."“‘*t ; ;’(u4g‘ﬁltf
:1n bulk contaﬂners resulted in. planter f1ll1ng rates of 3 5
| man min/t whereas handl1ng seed in trays tooK 10 20 » |
- man m1n/t North Amer1can f1ll1ng practices usually make useu“
pof a self unload1ng potato truck and a towed transfer"
fconveyer mounted at r1ght angles to the trucK's d1rect1on ofy~
“travel . — | g |
The labour force requ1red‘to run a smooth plant1ng
‘?operat1on 1s dependent on- the capac1ty and labour demands oft
i plantlng mach1nery together w1th the size. and type of farm |

operat1on and management style Shotton s . (1976) evaluatlon :

'of d1fferent types of potato planters mentlons an i

*

"‘riasso€1at1on between planter type and labour usage However

. fd;tfrestabllshed whén plahter des1gn sh1fted from hand fed to
n’:{lautomat1c un]ts‘ S1edzka et al (1986) stated that “the

rffgpr1mary reason for poor plant stands was the m1splacement or

‘“{“ﬁi?fa1lure fo plant seed p1eces'" W1th 1ncreased WOPK rates and

vtdue to thp d1vers1ty in ménagement styles and labour costs :‘ if
' i'the type of planter d1d not determ1ne labour requirements |

,?df m1n1mum labour requ1rements for the'planter are f-f
4cons1dered,,clearly an advantage lles thh larger. more
Y e T ST
”Xautomated planters ;" R "

“‘I

hi2 6 Planter Performance ;‘_ﬁ”f;f f:;‘3}f‘f‘-7»Jf;’ﬂm*;«fhxﬂa-x_

'ﬂ‘Concern over planter performance became f1rmly

'.J‘.“: R

..

e \ ATTEN ,C‘--l'

P et °". s,
7“~¥faster plant1ng speeds ﬁnew planter.desrgns createdl
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11973) saw performance data as a means to compare machines

and as a, reference p01nt for dec1s1on maklng Adword1ng to
_-“,ﬁu‘ ‘
' Maughan performance assessment shoqu study the ab1l1ty to:

. A«." . : .l-,\ & o N

segregate ind1v1dual seeds from the seed reservo1r and the

0

suitah1]1ty of sowl work1ng paﬁ!s\_Maughan conolndes 1t 1s,

however, unw1se to study one of the aspects w1thout due

\... (L TR P

cons1derat1on of the other :'fsfnu-ﬂfﬁfﬂﬁ D[@ “S;l

y . " ’ '
OO0 s ‘ I

v
The approach to planter performance stud1es has evolved‘f‘

through the years Stud1es by Pascal and Provan 1969)
darv1s and Palmer (1973l andxﬁbbertson an& Pasca (1974)
correlated planters and planter tr1aJs w1th y1elds. Although o

~measures of planter performance were g1ven coﬁtrol over o
”;;variations 1n plant1ng, grOW1ng, and harves& pbases of ﬂV:, L
filproduct1on were very difflcult and results often were- 'v"';g;

i “‘_ . . ‘ IO:.
"‘jncons1stent or 1ncomplete Studles by Pasca? and fangley “f
M;1(1971) dbhnson and Vogt (1973) Carruthers (1975) Klassen‘ (jy

"gft(1977 1980) M1sener (1979, 1982 gy lehyani et. ai. (1980)

-----

1fﬂand Sleczka et al (1986) used seed pos1t10n 1n the furrow

u
.‘l

”ﬂas a bas1s for performance compar‘sons Know1hg the pattern

‘ ‘ﬁ°fof seed distr1butlon enabled yleld response to be 1nferred °f¥ff}~¥;

?ffjfrom studwes on growth response to spat1al arrangement

Halderson (1981) suggested a-su1table approach foc @ﬂf’gl:!




j‘the plant1ng process where 1nteractlons between seed

' fstat1st1cs and methods of asse351ng‘spac1ng un1form1ty |
'{fjappear in planter performance l1terat”re These 1nclude he

“3{ oeff1c1ent of var1atton (CV) parttal frequency;ff

' hﬁfﬁfbased ‘on’ performance l1m1ts. and graphlcal renditlons of o
: ‘ffsuccess1ve seed spac1ng These measures are :ased on th}v
'“ltffd1str1but10n of spac1ngs between success1ve.‘eed pieces and

:ﬁ?-fjthus are a’ comb1ned measure of“metering and placement

S s0
:the planter to' 1ts 1ntended resting’ p01nt in the furrow o
HHyde et al. (1979) and Hyde and Thornton (1980) collected

3 meter1ng performance data uSlng stat1onary planters driven
' by a var1able speed electr1c motor The dynam1cs pf seed
.placement ‘were presented in a paper by Bufton et al (1974)

Andrew and Dom1er (1978) and Pttts and Hyde (1985) suggested

“that cons1derat1on should be g1ven to an 1ntegrated v1ew of

l-\‘
‘. 'l

"planter - and planter operatlng cond1t1ons determlne fnﬁf]ﬂlil }5f

"performance darv1s (1978) stated that "an awareness of the

'M nature of the general problems aSsoctated with the potato

‘ , ) 'l . l,,‘.: e

._crop 1s a necessary adJunct to the plann1ng of any research ‘ﬂf?l

~dand development prOJect on the crop ,j}?'w

“ .'.‘2 6 1 Il‘r‘egular Seed Spacmg O
One of the trad1t1ona1 measures of planter performance

",1s the un1form1ty of the plant1ng pattern Several d1fferent

)

tr1but1ons based on 1ntended spactng}da'performance 1ndex

"”ﬁperformance




L 2.6.1.1 Measures of Uniformity“‘:a" ' f}f 7~mrrrf
‘tl“'ﬁ"‘I‘ : Jarvis et al (19767-noted that w1th hand fed’ and

l" ,

ﬂ'cup type planters,.gaps between plants had a normal

\

SR d1stribut1on and, therefore, 1rregular1ty of spac1ng Hq‘;‘",

d7:could be deflned 1n terms of - the standard error of meah ;ﬂrétp
‘iv spac1ng except when the degree of 1rregular1ty 1s h1gh ﬂ:ﬁ§~
\and mean spac1ng is low. The standard dev1atlon of a vn7~‘«m°
mean is often called the standard error (Steel and B
iTorr1e 1980) darv1s et al. state further that
.assessments of crops planted at d1fferent mean spac1ngs
“w1th the same planter suggested the standard error of
fathe distr1but1on of spaCIngs var1ed w1th the mean
V:spac1ng although th1s 1s not clearly establ1shed
e'fHowever, other stud1es do not support the cla1m that
f"the standard error of the spac1ng varles w1th mean
:spac1ng For 1nstance, M1sener (1979) found that an
‘_.m"]1ncrease 1n plant spa01ng decreased the frequency of
‘nﬁfpdoubles and sk1ps for cup type and p1ck type planters
"njf¥L1khyan1 et al (1981) demonstrated that plant spaC1ng
o Jtd1d not s1gn1f1cantly alter cup type,.and p1ck type, ‘m‘f.rfu‘”

"“fiﬁf7planter pepformance

If spac1ng errors do not necessar1ly vary w1th the o

“entlcal plant spac1ngs Th1s 1s so i
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L Langley (1971) arruthers (1975). and the Pra1r1e ,
igAgf1cultural Mach1nery Inst1tute (PAMI) (1978a, 1978b

52

PﬂLCVS, glven a constant standard dev1at1on of spac1ng
t‘;Th1s po1nt can be 1llustrated us1ng data from ‘
Qihucarruthers s (1975) planter tr1als Both mean spac1ng

and CV for planter tr1al runs are recorded Know1ng

these‘statlst1cs. ‘the standard dev1at1on o$ the spac1ng

'ycan be calculated using equatpon 2.2.‘For\Pentland_Dell
-ngraded'to 32-37‘mm}‘a spaclng of'363imm éave.a CV‘of
:37 5 percent and a standard dev1at1on of 114 mm
‘However ‘an almost 1dent1cal standard dev1at1on of '2

“mm at 390 mm spac1ng gave a CVv of 29 2 percent

Although the standard error of seed placement 1s

',vtrtually 1denttcal for both tr1als the CV 1nd1cates
‘the 390 mm spac1ng 1s more un1form, and th1s 1s clearly S

‘*ijnot the case 'ﬁv'

Performance stud1es by M1sener (1979) Sieczkaheti

l'aig (1986) Pascal and Robertson (1975) Pascal‘and ',@

‘;19780, 1979 1980) also used CV as a measure of spac1ng ngf

. y ‘um form1 ty

Ltkhyanrret al (1980) and PAMI publlcat1ons‘lff“'

ﬁfl1978a.v197eb 1978¢, 1979, 1980) report 1rregular
'1"?fspac1ng as. a frequency d1str1bution using spac1ng

h?categor1es Four spac1ng categor1es are cons1dered
Arf;;doubles. s1ngles m1sses and double m1sses L1Khyan1

tﬂbet al (1980) def1ned doubles as seed pweces less than

:T;f;half the 1ntended spac1ng away from the preced1ng




sy
- . . :
o plece singles are. between half and one . half the
;1ntended spac1ng, m1sses occur at one, and a half to .
: twice the 1ntended spac1ng, and double mlsses at
greater than twice the 1ntended spac1ng M1sener s
(1979) def1n1t10ns d1ffer A mlSS 1s def1ned as a gap |
'equal to or’ greater than tw1ce the 1ntended spacvng and
‘a double as a gap less than 70 mm. Aga1n caut1on has‘
"~to be exerc1sed whed9u51ng~these stat1st1cs to compare
,planter tr1als w1th dlfferent plant spac1ng In. the
| def1n1t1on of a s1ngle the acceptable dev1at1on from =
Athe mean w1ll change by halFAthe change in the 1ntended\~
"T: spac1ng Thus,'larger 1ntended spac1ngs w1ll have a |
‘llgreater number‘of 51ngles and doubles and fewer misses
| fand double m1sses L1Khyani et al. (1981) acknowledged‘ |
B {thls, stattng that the d1fference between 59 9 percent
‘ lsingles for p1ck type planters and 44 2 percent s1nglesrr
~ifor cup type planters can not be cons1dered s1gn1f1cantif[ﬂu
-hbecause different spac1ngs were used The def1n1t1ons
T“fof the above ment1oned spac1ng cEtegor1es are o | ‘
3;fincon51$tent 1n PAMI potato planter performance ';H t#ﬁdfszu
vhlfreports Th1s makes performanoe compar1sons d1ff1cult Ry
l"ffG A study conducted by dohnson and Vogt (1972) used |

'(fifga performance lndex to evaluate planters Th1s 1ndex

«7iy%penal1zed the planter for wrong spaCIng and del1very Of

0 w‘ Y

“7ffmore or less than the 1ntended number of seed
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1

Performance stud1es by Klassen (1977 1980) glve a

| graph1cal rend1t1on of success1ve seed spac1ng The “

',‘was plotted for consecutlve seed pleces prov1ded an x‘

effectlve method of 1llustrat1ng placement pattern but

‘is stat1st1cally 1nconclus1ve

2. 6 1 2 Accuracy Standards . g\‘_"‘k o v
- Arb1trar1ly establlshed standards for plant1ng
| ﬁ;un1form1ty -have been used to set acceptable limits to

spac1ng var1ab1l1ty In Sweden the recommended ﬁ'
J o

ﬂplantlng accuracy (Larsson 1§%Q‘m§llows for a max1mum

Bine
<

'of 2 per cent’ gaps. 5 per cent doubles and a CV for
'?plant spac1ng 1n the 20 to 40 per cent range A CV of
{less than 40 percents1s the acceptable level of seed

lf

placement un1form1ty in PAMI 'S, (1978) evaluat1on

~,"ﬂreports dohnson and Vogt' (1973) suggested that 90

‘percent of seed should be w1th1n 76 mm of 1ntended

bspacing and that 95 to 105 percent of the 1ntended |

' 't'operat1ons surveyed by dohnson and Vogt not a s1ngle

‘bdxoperatlon met these standards Exper1mental work by

hfdames et al (1973) suggested that a seed1ng rate

machlev1ng a; 90 percent or: better plaht stand is ””ﬁ -

o S e

‘Q‘satxsfactory

o pattern generated when the d1stance between seed p1eces

i}

lsd o

\“ufamount should be del1vered Of twelve plant1ng ' 1?3 w,,Tf
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.‘é.6.1.3 Pianter Type
Planters‘vary in their ability.to maintain
consistant plant spacing. Table 2.1 lists planter

performance (CV), in the literature cited according to

Val

'planter type -~

Pick- type planters tend to plant fewer doubles and
at low spacwngs have less mlsses ‘compared to cup-type

planters (Misener.@ld79). Investigations by Shotton

(lé?G)Iindicated th % high delivery rates are possible'
with belt-type planters but often at the expense of
g\\ater variation in seed spacing. Jarv1s and Palmer
(1973) compared y1elds from cup- type and belt- type
planters to hand fed planters Comparéd to hand- fed
planters. darv1s and Palmer (1973) found that cup- type
planters reduced yields by 1.6 t/ha and, belt- type
planters_were associated with a 276 t/ha yield

reduction. - 4 . -
) - b "

2.6.1.4tPlanting'§peed, o L

The effect of speed on row crop planting‘patterns
varies w1th Seed mater1al and, the type of meter1ng
f mechanﬁsm (Hofman et al 1986) . &n evaluatlon of 8
planters over 196 trial runs(?y Misener (§979)
"*”demonstrated that ground speeds from 4 to 8.8 km/h ”
‘reduced accuracy of cup planters but p1ck typeﬂplanters
: did_npt exhib1¢ the same sensitivity to speed. Averages
.from 64 trlal runs conddcted by Likhyani et al. (1981)

.supported these findings and although an 1ncrease 1n
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Table 2.1 A review of potato planter perfordeZe accordmng
to planter type

Planter type ' Seed CVi%) Source
! type range average ‘
Hand- fed Whole 15-53 33.1 English Agr\cultural~
' : Deve lopment and Adv1sory
Service (1975)
‘ whole 20-30 Jarvis (1978)
Belit-type whole ‘55-86 Pascal and Langley
' \ (1975)
R
Whole 20-30 Jarvis (1978)
Moulded-belt rWhole 24-55 35,6 English Agricultural
‘ - .Development and Advisory
Service (1975}
Flat-belt Whole 29-90 46.9 ° English Agricultural
Development and Advisory
Seérvice {1975} .
Tuber-unit Cut 48-71 Misener (1982)
Cup-type Whole 15-41 33.1 English Agr1cultuﬁal
: Development and Advisory
Service (1875)
whole 15-25 darv1s T(1978)
Whole " 66.0 Prairie_Agricujtural
Machinery Institute
(PAMI), (1979)
&ut 59-87 " Misener (1979)
- ’ ’ -
Cut 64.0  PAMI (1979) -
Cut 70.9 . Likhyani et al. (1981)
jPick-type;w‘l Whole“48-695 gieqzka,et‘al. (1986)
"  cut 31.0_  PAMI (1978a)
Cut 28.0 PAMI (1978b)
.Cut. . 38.0  PAMI ‘(1978c)
Cut -~ 55-69 - Misener (1979)
Cut . - . 61.0 Likhyani et al. (1981)
~es  Cut  43-70 -  Sieczka.et al. (1986)

-
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uspeed from 5 km/h to 8 km/h was not Significant ‘the
number of singles increased by 2.2 percent for G
'pick type planters but decreased by 10 2 percent with |
‘ cup-type planters. The pick-type planter s apparent
performance“TmprovementwWith higher speeds was
attributed to the greater penetrating force exertedkby
the picks. » ."

Laboratory-studies by Hyde and Thornton (1980)
reported.that cup-type planters tend to deliver more
than the intended number of pieces at logw ground
speeds- The pick- type planter examined by Hyde and
Thornton showed' no effect of speeds below 5 km/h but
increasing the speed to 8 km/h resulted in a
significant increase in seed spacing.

In planting trials conducted by Sieczka et al.
(1956), three‘pick-type planters were obseryed at
various ground speeds under 6.5 Km/h. Although planter
operatipn'varied\considerably, no distinct pattern
" emerged. One planter.was‘tested:for uniformity‘of

spacing with whole seed. At 4.5 km/h, the CV was 48

- percent but at 6 5 km/h the CV increased to 69 percent.

:This decrease in uniformity was" attributed to seed
bouncing off picker arms rather than being properly
pierced and released '

T A performance study on a belt- type planter uSing

'{whole seed (Pascal and Langley 1971) indicated that

increaSing speeds from 7 2 to 10 4 km/h increased both
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spacing CV'ana mean spacing. The belt-type planter
developed by the Scottish Institute of'Agricultural
Engineerjng, as described by Carruthers (1975), was
also reported to increase mean spacing at higher

speeds.

2.6.1.5 Seed Size and Shabe

Observations by dohnsoH and Vogt (1973)‘ihdica§e
that planter performance cép be affected by the
geometric characteristics of seed pieces, espeéially.
when using cup- type planteré. The‘first.descriptiod of,
cut seed piece shape related fo piantér‘débformance
appears in a study by Likhyahi et 37. (1§§1). Hand cuf

-

potato pfeqesl from Norland (round) and Russet Burbank

4(long) cultivars, weighing 40 g and 60 g had shapes

described as end pieces or center cuts..
~ Most pepfofmance studies describe‘seedfas whole OF‘
cut and if cu@} whether cut by hand or by machine. | .
Studies which fail to give an accurate accpunt of seed
charécteﬁisticswi601uded.Klassen (1977;‘1980). and the
1968 and 1969 trials repbpted by Sieczké ét al. (1986).
In trials conducted during i970“and.1971[ Sieczka et -
al.:(1986) recoq?ized;the.importanéecof controlling .
seed‘size and'uséd‘ﬁahd-cht~tuber pieces Weighing,57 g.
Johnson and Vogt?41973)‘u§eq seed biécés ﬁeighing N -

greater than 56 g‘and acRnéW]édged that'éize.pnd‘shape‘

of ‘seed pieces had an undetermined influence on their

. results. Hyde et al. (1979) gay¢ a tuber meah‘weigbtfof'

L
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“\

:36.4 g.and noted seed was smaller than desired for.
cup- type planter tr1als Mean we1ght and standard -
',devlation of cut seed’ are- g1ven by Hyde and Thornton'
(1980) as 42 g and 18‘g. Misener (1982) gave a
descrlption of seed pieces used for each’planter'
tested. Mean weights ranged from 33 1g to 50.1 g and
standard dev1at1on ranges from 12. 0 to l7r§

Carruthers (1975) categorized whole seed according
. to cultlvar shape (flat round, oval, long ovall‘and
grade (:32- 44‘mm' 44-57 mm; and 32-57 mm). ‘Pascal and
Langley (1971) used tubers graded either to 34-42 mm on
42- 51 mm and descrtbe cult1var shape as round or
long-oval. o ‘“ ‘ | 4

The PAMI potato planter evaluation reports 51079'
(1978a), E1178A (1978b), and E11788 (1978¢) use seed .
with'an.average weight'of 40.0 g' PAMI report number
_ 50579 (1979) deals w1th cut and whole seed w1th ag
average wetght of 60 g. In- PAMI report E0480 ‘1980)'[
'average cut seed we1ght-was 70 9. Ai1PAMI trials used
»Russet BurbanK potatoes | | | N
Misener (1982) noted the 1mportance of mafch1ng

'seed plece and cup ‘sizes on cup type planters after

.,obierylng a decrease 1n m1$ses and doubles w1th larger |

- seed. A p1ck type planter s. level of spac1ng un1form1ty o

P

'appeared to be not as sensltlve to seed s1ze Tuber

‘i.‘unit planters produced more m1sses when plant1ng large‘

‘.whole tubers L1Khyan1 et al.’s (1981) 1nvest1gatlon onj,5

L I
]



the effect of seed plece s1ze and shape found.no
s1gn1flcant d1fference in performance between 40 g and
60'g seed pleces The shape of seed p1ece proved to‘be
‘h1ghly s1gn1f1cent w1th end cut p1eces averaging 59.8 .
percent singles as opposed to 43. 8 percent for center

| cut pleces Both Klenin et al. (1985) and Pitts and

: Hyde f1985) stated that 1rregular seed placement is
greater for seed p1eces w1th non- un1form size ‘
distributions. . - o . R

Effect of whole seed size on spac1ng un1form1ty

w1th belt type planters was proven tq be 1ns1gnlf1cant
'by Carruthers (1975) Pascal and Langley (1971) also“‘
reported that whole tuber shape had .no apparent effect
.on mean spac1ng for belt type planters M1sener (1982)

suggested that accuracy of seed placement 1mproves 1n

cup and p1cK type planters when plant1ng whole seed In

Siecczka et al ’s (1986) plant1ng trlals whole seed
”tubers planted w1th aa p1ck type planter gave the best
,‘seed1ng rate but also resulted in the least un1form

seed d1str1butlon pattern The seed shape and plant1ng 4

speed 1nteract1on 1s dlscussed futher in: sect1on 2 6 4

-t under placement performance

""2 6 2 Seed‘ing Rate

The ab1l1ty to del1ver the de51red amount of seed over f;;

"} a g1ven area is more 1mportant than the un1form1ty of seed

"*Spao1ng (S1eczka et al 1986) Seed rate (t/ha) Can be usedifi;

R




.“'Viy:events to total meter1ng events

‘v1f¢f¢fgreater than intended The f1ve PAMI potato planter

""”*Sievaluat1on Pepoﬂts (19783' 1978b

61

. to measure a plantens ab1l1ty to meet the des1red seed

L spac1ng if the average seed size is known.

-.Factorsasuchtashwheel.sllp on drlve wheels;‘lange'
" numbers of misses‘and doubtes‘ broken on damaged metertng
,elements, and br1dg1ng action 1n the’ hopper or feed

“‘mechan1sm all contr1bute to‘dev1at1ons from desired seed‘

. rate. Consequently, the actuai'average Seed'spaeing often” .

d1ffers from the 1ntended spac1ng Theoret1ca] seed1ng rate

“is def1ned by equatlon 2. 11 g1ven by Hunt (1986)

e
.

P J0000NR . 20)

2. r (1-s).w:

the number of seed . p1eces/ha"

" where P = L
N = the number of metering elements per
'+ revolution of the metering mechanism
R = the ratio of revolutions of the metering
mechanism: for . every revolut1on*of the
" drive wheel L
r.= pffective radius of dr1ve whee (m) '
‘s = drive wheel slippage (dec1mal) , ,
‘WS eff1ct:ve row w1dth (m) ' S

»

'T‘fThe actual seed1ng rate can be calculated‘by mult1pl1ng the

"*fyftheoretical seed1ng rate by the rat1o of successful meter1ng

5. .
¥

The res“]ts fr°m p‘a”ting surveys by SIeczKa (1986) and L

o v
J::Klassen (1980) 1nd1cated that actual seed spac1ng was 40 mm

*t97ac, 1979

o



30 ‘-20 5 -10 15 mm All but one evaluat1on 1Qd1gated oY
$ gf'ff that average spac1ng 1ncreased w1th speed Hyde et al. |

(1979) noted that mean seed spac1ng 1ncreased with speed

\‘

L lower p1cker bowl levels and locatlon of p1cks closer to the
plCKeP wheel The plant stand surveys dtscussed 1n sectlon |

B 2 2.1.1 lend support tB the fact ‘that seed appllcatlon rates'

are generally lower than 1ntended

0.'- . v

2. 6 3 Metering P’erforméncen fdfggﬁjﬂ' yl“f‘u'Ml

A .
If factors contr1but1ng to. 1rregular plant1ng patterns

are. part1t1oned accord1ng to p]anth funct1on then a LJ"“

separate analys1s of meterlng and placement performance 1s

‘.

1n order Express1ng meter1ng performance as a funct1on of

meter1ng rate is qu1te acceptableh,however, relat1ng »
metertng performance 1n terms of ground speed means llttle

T w1thout stat1ng levels of other(sggn1f1cant plant1ng

parameters j;l‘f‘?fg_ﬂn,,‘frfwv "h;rﬁhg‘ . }H;z,f:‘«

o Four methods of assess1ng meter1ng perfonmance‘are |
reported 1n the l1terature c1ted Burema et al t$975) used

a movxng st1cky belt bedow a mounted precis1on planter to ;ﬁ;

gather spac1ng data Slow mot1on 16 mm mov1eshwere used by

fﬁl51eczka et al (1986) to observe the plant1ng prqcess Hyde fi

."

"‘%~j etval (1979) used a photo cell and l1ght source.at the drop
k 16 lobed cam wa‘ attached

;:chute to detect a fall1ng seed”f'
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" statist1cs to be collected - =

| Compat1b1l1ty between meter1ng*elements and seed
‘ materlal’1s of primaryfimportance to regular seed dellvery
P1cK arrangement was determrned to be 51gn1f1cant by Hyde ethha‘“
(1979) The three dl.ferent plCK arrangements studled o
produced dev1atlons from the 1ntended spac1ng of -9. 0 mm,
6.7 mm, and 23 201 mm, dohnson and Vogt (1973s fOUnX
three p1ck arrangement to del1ver 97 percent of 1ntended
“lsﬁ?eed compared to 88 percent for a two p1ck arrangement
.hk? Klenin et al. (1985) found that opt1mal clearance between ;
a p1cker spoons and the s1de plate of - the feed hopper dependedt.
on the mass of the seed tuber Clearance between the outer -
edge-of the metering elements and the bottom of the feed |
hopper influence the amount of seed plece damage
Recommended clearance values were 3- 5, mm _
Hyde and Thornton (1980) exam1ned sprocket and roller
1dlers and three d1fferent 1dler spr1ng tens1ons on cup type]fpxif
| planters Both 1dler types deltvered less seed as spr1ng |
.‘}h‘} ten51on was 1ncreased Th1s was espec1ally ev1dent w1th the ffj'h
- sprocket 1dler. whlch agltated the cup cha1n more A
v1gorously . 51"%:fﬂffi;;?f7ﬂﬁ°fhf{:{ﬁtf;hp o
» The level of seed 1n the seed reservo1r showed a A
pos1t1ve correlatlon w1th the amount of seed del1vered per ;ﬁfbffﬁ

‘1979 Hyde and Thornton 1980) Klenin_ﬁif?f

unit t1me (Hyde et alf

avoid excess ve'seed“damage ‘aused by h1gher levels
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“y The value of apply1ng the K1nemat1cs of plant1 g unlts
to planter des1gn is stressed by Bufton et al (1974) as he

states where a forward speed 1s requ1red wh1ch ach1eves an

acceptable rate of work opt1m1zat1on of the Seed release '

cond1t1ons 1s only 11ke1y to be ach1eved by spec1flc drill
des1gn to overcome ‘the problems posed by meter1ng mechan1sms

be1ng unable to sat1sfactor1ly meter seeds at h1gher

- per1phera1 speeds

¢

2.8, 4 Placement Performance .
Seed d1sp1acement after'1mpact w1th the so1l surface

d%pends on the nature of the so1l surface .we1ght and shape )~

"“.g of the seed p1ece. lmpact veloc1ty. and 1mpact angle (Bufton

et al 1974) A]though an analys1s of placement performance

for seed potato p1eces does not appear 1n the 11terature

o c1ted sugar beet seed was among the seeds 1nvest1gated by f;

Bufton et aI

The 1nteract1on between seed veloc1ty and the ang1e of

'h 1mpact 1nd1cated greater seed d1splacement w1th Iower 1mpact

o packediversusssheared so11 surfaces

angles (relatwe to the so1l sur@ce) and htgher seed

l
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gl't”fd;‘ The horizontal component of seed VelOClty is. the ma1n
:fffactor behlnd seed p1ece roll and 1s equal to the hor1zontal
"'component of the metering mechan1sm s perlpheral veloc1ty ‘
}iand the Ve]OClty of the planter Pascal et al (1977) A |
l‘:substanttate the problem of greater seed p1ece roll at h1gh }",'
'pplantlng speeds If the so1l work1ng parts of ‘the plant1ng
f,mechan1sm were des1gned to trap the seed p1ece at the p01nt o
" of 1mpact seed roll would be negl1geable | t
“' The KlnematICs of p1cker plantlng un1ts, as prq’.pted o
by Klen1n et. al (1985), are used to relate des1gn"
‘Vparameters to f1eld operat1ng cond1t1qns The K1nemat1c" _
w‘f1ndex is. def1ned by Klenln et al. (1985) as the ratlo f theT"
”"*rlinear velocity at the extreme po1nt of the meter1ng g o

l

wmechanism to the speed of the machlne (equatlon 2 12)

et

[]]
oo
N

.‘,:<<|‘_c R

L .“‘;>‘/ ‘
I T :

) 22y .;,'(2712)‘ |
Th7f“K1nemat1c 1ndex ST e (/)fﬂ, R
'u= Tinear velocity at extreme pozn e

U;;joiymeter1ng mechanism = -

‘& ground speed of : the: planter
length. of planter arm. SR
umber - of -metefing elementsr»
lantwspacing B

‘{g and.planter sbeed

'the number of cups or fllf,
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: meter1ng mechanlsm at the po1nt of release’ 1s equal and.
'"hOppos1te to the speed of the planter thus; the horlzontal M’
"component of seed veloc1ty 1s zero This cond1t1on m1n1mlzes
the tendency of seed p1eces to roll upon 1mpact w1th the
‘L‘SOll | | o |
‘2;7‘Planter Monitorlng‘aﬁﬁ Instrumentation
L The production‘of‘agricultural commoditles depends-on
;the eff1c1ent use of resourcesr As cr1t1cal resources become
-more expens1ve producers need to assess alternat1ves and
fdeterm1ne the 1mpl1cat1ons of alterlng the product1dh system .
(Smlth et al. 4985 Holt and Schoor 1 1985) |
A h1stor1cal rev1ew of 1nstrumentat1on on agrlcultural
anfequ1pment by Wllson (1983) noted that,‘unt1l recently. this
,subJect had gone v1rtually unnot1ced and was not | |
‘hpartlcularly well documented The evolutlon of planter
B ',:",mstrumentahgand momtormg systems were gwen as | ‘
fexamples of progress ln th1s f1eld Mechan1cal sw1tches
| act1vated by fall1ng seed have now been replaced by :
?2 1nfra red l1ght em1tt1ng d1odes photo trans1stors and
‘ifmagnet1c and capac1t1ve prox1m1ty sensors Analogue c1rcu1ts,:
'T*;ﬂare now often supplemented w1th d1g1tal c1rcu1try Flash1ng

.“ﬁ}fﬁjlamps, needle gauges, and warn1ng buzzers are no longer the

p,lexclusive means of 1nd1cat1ng mach1ne performance 0ngo1ng

‘~Afand user requested performanceflevels now can be\transm1tted

;to the operator through an array of output deV1ces which

nclude alphanumer1c?d1splays {y#7ﬁlﬁy§«u,




~

‘ period of

‘ control o

gCarruthers et al (1984) used an array of photo cells to

oy

87"

Modern mon1tor1ng and control systems are based on

m1croprocessor ab1l1ty to: analyse a serles of events over a

‘1me W1lk1ns (1979) d1scussed m1croprocessor
is1on planters ' , | | | |

' Thornton et al (1983) assert that an optlmal set of L
plant1ng parameters are diff1cult to 1dent1fy cons1der1ng '
the comb1nat1ons of planter operatlng‘ ond1t1ons and the ‘
var,; able nature of potato growth response Performance

fe bz ck was 1dent1f1ed as a means of encourag1ng ‘

4 sat1sfactory performance levels PAMI evaluat1on report no.

. 50579 (1979) recommended that manufacturers provide’ the

optlon of a plant1ng mon1tor to accommodate the needs of a:
‘one- person potato plant1ng operat1on A m1croprocessor

controlled mod1f1ed belt type potato planter developed by '

detect and replace empty cells w1th potatoes from a

. secondary del1very system

‘ Other examples of electron1c aSs1stance 1n pOtatO 1

plant1ng operat1ons 1nclude seed flow and hopper level

lndicators (PAMI 1980), a m1croprocessor ass1sted system forl}»f .

grading potatoes (Carlow 1983). and an automatlc load

contr“l system for conveyors (Hyde et al 1983)




"3. ASSESSMENT. OF PICK-TYPE PLANTER: METERING BRRORS

. ‘ a - Y S R o S Lo
) ._:3 1 Objectl\/e o B \" .5/'

The obJect1ve of thls exper1ment was to determane how :
'“llmeter1ng rate, and seed plece sxze and shape affect

'meterlng performance of plCK type planters

i _ﬂ
i

t
\

f3 2 Equtpment and Experimental Fac1lt§hes {‘;“
Laboratory plant1ng trl{ls>were conducted at th

Un1vers1ty of Alberta s Agrlcultural Englneerlng Research

‘\‘

\"

'Stat1on at Ellersl1e l3:ﬂlf“f; * '

‘;d . A McConnell 555 s1ngle row, grand dr1ven p1cK type:;n
| vﬁ~pplanter (F1gure 3 1). manufactured by McConnell Mfg Co>f‘d'hl
‘f‘lnc Prattsburg, New YorR formed the eXper1mental unltff;“f
"glhe p1ck type meégrlng mechan1sm had a pcheP wheeJ w1thx N

: s1xteen plcker arms Each plCKeP arm had two steel plcksy
(F1gure 3. 2) that plenced eed p1eces as the‘p1cker wheel |
‘tfﬁrotated through the seed/reserVOIr Seed was released by the i_
fﬁ:cam-act1vated str1pper dev1ce on each arm y v" d""‘ L

?l?lfzf ‘The data collect1on system cons1sted of, an IBM Personal
‘hl'JComputer,'a Datataker model DT100 data logger manufactured ,
o Ffby Data Electron1cs gAust ) Pty Ltd and a sensor sxstem fdyft
-Ecapable of detect1ng successful and unsuccessful metertng S
!M:h;?evegfs P1cker wheel act1on and sensor posit1on1ng are p;l,Tdt‘

"frw-fv:1]]ustrated 1n Flgure 3 3 i, ‘j“.' ;},n..
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Sensor system
8. Potato sensor

b. Metering event
sensor

~—— Picker Arm ?

‘Magnet

« Seed reservoir
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3.3 Exper imental. Procedure
‘A" total of 105 laboratory metering triaks were
conducted using a Mcconnebl‘pick~type planter, mounted on

blocks and powered by a var1able speed electric motor. Two

exper1ments were conducted. The flPSt exper1ment assessed

metering performance of cut seed us1ng a3 x 3 x 2 factorial

experimental design (randomized complete blooK.‘with five

’ replieations) Three. metering rates. were investfgated in

comb1nat1on w1th three seed p1ece shapes dand two seed piece

{‘s1zes Moderate to h1gh meter1ng rates were chosen w1th 3,

6, and 9 p]ants/s represent1ng field speeds of 3 8, 7.6, and

11 4 Km/h at 30 cm plant, spac1ng Seed shapes and sizes: were

chosen to be representative of seed found on Alberta potato :

farms. Shapes having one two or three cut surfaces were

1nvest1gated in comb1natwon w1th A’/d SIZes of 45 g and 60
o /
Q? o L L '

the:éxperimental layout fEr Xhole seed meterlng tr1als'

was based on a single criter1o cla551f1catlon for groups
of data with equal repllcat1on Meter1ng performande of
50 100 o] whole seed at meter1ng rates of 3 6. and 9 .

as determlned“

6 seed lots we1ghxng 45 Kg (+5 th.,Each seed lot

represented a seed shape and s1ze comb1natvon A seventh :

. o - o "‘f' i R N . . *
—.-.1-—- f._J L . ‘€ B t:’ﬁ P . (NN N :” L A' <t @ ’
. . . o et - R o . K . -

R - 4
/ R -43

t L

Seed Preparation e lv k e.i' d- s
hole Russet Burbank ‘seed tubers w1th a mean we1ght ofhi

178 g ;kd a standard dev1ation of 68 7 g were hand cut lntof

o



2 |
‘seed lot we1gh1ng 45 kg ($2.5 g) consisted of whole tubers
between 50 g and 100 g. Seed piece shapes are described as
1-cut, 2-cut or 3-cut to reflect the number of cut surfaces
as 1llustrated in F1gure 3 4 (a). Figure 3.4 (b) shows the
portion of the;parent tuber from where seed pieces of a
particular shape originated. Seed piece shapes were cut to‘
.445 g and 60 g (+2.5 g) sizes br1ng1ng the number. of seed lot
'treatments to 6. ‘Each whole seed tuber and the result1ng
pleces were 1nd1v1dually we1ghed with a scale hav1ng
accuracy to 0.1.g. Seed dimensions def1ned as;var1ables ln
equation 2. 8 (Pttts ‘and Hyde (1985)) were measured with an .
accuracy of 2.5 mm. ‘ |
3.3L2IPlanter Preparation anp Instrumentation w
“The planter was mounted on blocks and the wheels werei

removed A sprocket and cha1n drive assembly with a 5: 1, o
o reduct1on ratJo was 1nstalled between ithe dr1ve wheel hub ':' t
1fand the output shaft‘of a 10:1 redhctton gear box powered by -
a.0.75 KW var1able speed electrlc motor (model 2£D 01154 |
‘Leeson) rated between 0 and 1750 rpm A baffle board was
cplaced below the p01nt of seed re@kase to deflect falling .)

‘seed lnto a collect1on box used to recycle seed for metering,m;b-
: tr1al repl1cat1ons "\ 3' ‘f ,,1; - ”.‘h;;;ff‘;ft" ‘fft:ﬂvftﬁ

Metei'hg errors were detected us1ng a dual sensor. ’»n,jf;f

\event tr1ggered system Sensor system positionlng and mode‘,: ,:

of operat1on are 1llustrated in F1gures 3 3. and 3 5 A

modulated 1nfrared through beam photoscanner'lmodel MCS 651
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_,‘ ' Figure 3..4 Cut seed attr1butes T e e
iy -‘a)" Seed piece shape ~ T vl ot L
b) Seed port:on R R YL
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g‘ Warner Electr1c Marengo IL.) funct1oned as the potato
sensor and was mounted so’ that the l1ght beam 1ntersected ‘:.’“j;fe

- - !

the plane,of gicker wheel rotatwon atrr1ght angles and
passed halfwa; between theAtWO p1cks on ‘the plcker arm ;5 .‘ﬂsd
'Permanent ceram1c magnets 13 mm in d1ameter‘and 7 mm th1ck |
' .were bonded to' the base oﬁ each p1cker arm,‘ w1th the south

. pole fac1ng outward along a 11ne‘eXtend1ng from the m1d gg

"‘q‘po1nt of the p1ck's length to the p1cker wheel hub A ‘“tfg;ff”i

3ll‘create a pulse indicattng the occurrence of a metering event

S iy
‘ "Qat prec1sely the moment that p1cks on the p1cker arm passed

'Sprague 3019T Hall Effect sw1tch (meter1ng event*sensor) was S

®

$
o pos1tioned so the 1ead1ng edge of a pass1ng magnet would

'“;through the potato sensor '§* l1ght beam A gap of 4\mm"L*'

' gbetween the meter1ng event sensor and the magnet gavefvery

”prec1se mgter1ng event SIQnals. The sens1t1v1ty of the Q;di.
,metering sehsor was 1mproved by bond1ng another magnet'
;,h;poﬁe t0va 5 om th1CK’Plashc spacer wh1ch dn. turn was 7fﬁ

5\”




3 3.3 Collection of Metering Data: -
. N . . . | A
v After a randomly chosen seed ‘lot was. placed 1n the seed

r

. hopper data logg1ng 1nstructlons were sent from the IBM PC

to the data logger Once the var1able speed eJectric motor d‘g\r
» Ve,

' was set to the des1red meter1ng rate a contact tachometer

(Tak Elete. model 1707 Power Instruments Inc ) was Used to
COnf1rm picker wheel speed Loggtng of meterlng data |
:‘a, commenced when the data log SWltCh was engaged As the }fgf«»j;_‘

’»

magnets On pa551ng meter1ng elements s1gnalled meterlng
events.,logtc c1rcu1try on ‘the’ ltght sensor was polled to jfr: :
determtne 1f a potato p1ece was engaged (beam brngn 77loglc L
l) or 1f a metertng error had occurred (beam intact *logtc

0) Log1c voltages then were logged Any br1dgtng actaon

that threatened to d1srupt the flow of seed was broken up

w1th a stlck to ensure a constant feed rate After a

"'ff; mtnlmum of 100 meter1ng event’#the data log swttch-was 'l;‘u'




‘provides a d1screte but less effect1ve character1zat1on of

seed mater1al | o

\ g\u'” ft: A meter1ng data analysis program wr1tten 1n BASICA

(Appendix A) was used in conJunctlon w1th an IBM PC to

f'were d1sregarded to el1m1nate 1ncons1stency wh1ch'may have

‘,\

resulted when the data logger was engaged Each 11ne in the'

:,- . —

data fl]e contalned a "1 or. a "O“ wh1ch represented e1ther,
; 6% succeszul or unsuccessfd? meter1ng event The total

number of meter1ng eVents and the number of successful and

£ unsuccessful meter1ng events were determined A d1str1but1on

e

oF consecut1ve meter1ng errors was: estab]1shed by record1ng

‘.‘. Lo . ﬂ

t;,,

¢
R the number Of consecutlve m1sses preced1ng each successful

Yo LR
. : b

metertng event

. ,. . o : s . .',.' "A.Aﬁ.

Pl

3. 4 Experimental Results and Discussion Q;d: ;,Y‘QQQ;,Q‘J

Sensor p051t1on1ng effects were not'verhf1ed beyond

ana]yse data fiJes. The f1rst three data po1nts 1n eachxf1le -

A,




."”ﬁif;and Table 3 3 (summary of Append1x B4)ﬁsets,°Ut the

3 a. 1 seed Piece Attributes‘ - "f{ SRR R

-seed p1ece volume (equatlon 2. 8) cut surface ;

‘2 9) and the sK1n surface area (equatlon 2. 10

Kf=3 4 2 Metering ReSu]ts :‘{r‘f,stgs;rv.trg‘ipx~ |

'ﬁmeter1ng errors or the percent of total meter1fg"events

.
- Seed p1ece d1mens1ons were analysed to determ1ne the

»

_ea (equation-

: as defined'

7‘by Pttts and Hyde (1985) Unfortunate]y dlmenSIOns recorded T

'dw1th +2 5 mm accuracy d1d not pred1ct seed p1ece weight

accurately as determlned by the product of pred1cted seed

“”p1ece volume and.the potato s spec1f1c grav1ty Consequently

- cut and sk1n surface area calculat1ons were of 11ttle va]ueh_,

o
o

A summary of cut and whole seed metenlng trlal results'"

wéare presented 1n Table 3 1«£§ummary of Appendix B1 and B2

respect1ve1y) Meter1ng pethrmance was’ measured 1n terms of

B

' "7fﬂffwh1ch werevunsuccessful Table»3 2 (summary of Appendix 83)
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Table 3 -1 Meterlng performance sumﬁéry

Percent of meter1ng events whlch,were unsuccessfu] *

LR

Seed,attributes

,Size«(g);ﬂ Shape“l

BT | ~27cut*
Lot 3ot

C2mcut .

‘"eewholefﬁwu Qﬂ55 4

Meter1ng rate (plants/s)

3 0

6.0

-ﬁs?26 6
co. 29, 7
.25, 9.

g3, 0.
-38°7"

28.3

"'* Average’fop 5 nep]1cat1ons yﬁ; SRR
= of 1100 meter1ng events for each rep]1cat1on)




LIS x SR

S : - 80 . -
N .

R K ST “.0 - ‘
L g ‘ 3

‘ Table 3. 2 DIstr1but1on of consecut1ve meter1ng errors for
‘V.“ G o cut seed . L

” : .=; ‘ N ' J o
;. SR Perceili of total’ metering events Which were unsuccessful *

' ‘ Tvr I " ’,

_’ Meter1ng rate :'

. . iy
L / . I3

‘F’ ( ;"( consecutive meterxng errors ft AU
a2 4.5 6 7T 8 9.0

- N

, 3 p]anﬁs/s 12,7 - 7.6 .
- "6 plants/s - 12.4 5.2
thlants/S‘ 1.8 (3.1 v

SSéd shape ‘.;jf““f - h D L

N N
cow’
oo =
oqé,ff
oo~
coo
N<-X-F
coo.
OO

. 1= cut o
/““"2 -cut’

3 cut

O W
oo
T RE N
Noo
- NI
W =3

.
U0
OO0

OO —
ocooco
Toon -
oo
cox

iv\'
Seed s1ze

15’ g: g
3;: ; 60 9 B

. L4

L7 3{73Q1.9f:0.6" .
.8 5.8, 3:3, 2.2

L* Average for .5 repllcatlons»;‘ep_y”»
(m1n1mum of 100 meter1ng event53, o




'”5en;:at an anglg normal to the penetratmng R lc

Ty

tnteractiOn-proved to'be insigni?iﬁant The lack of

”‘s1gn1f1cance of the seed shape and size 1nteract1on

when compared to the h1gh levels.of s1gn1fwcance shown

, from other sources of experlmental erfor. suggested .

‘that seed shape and s1ze affect meter1ng performance in

»

. .an 1ndependent manner The only second order | i f“b‘

-

‘1nteractfon (meter1ng'rate X shape X, slze) was

?.ls1gnif1cant at the p = 5 percent tevel. Meter1ng rate 2

'S

"for whole seed was establ1shed‘to be s1gn1f1cant at the_\‘

& .
= 1 percent level as summarlzed 1n.the ANOVA in Table'

L

ﬁwjlr Meter1ng errors tended tc decrease as the number ‘

,

'b of cut surfaces 1ncreased or as seed p1eces became
bmore b]ocky Th1s trend is- 1llustrated \n F1gure 3. 6 {ff.fﬂ .
~”and may be due to a greater probab111ty of a flat | S

f~gV_surface presentlngt1tself s1multaneously to both p1cks'"“

Seed

‘pieces Wit“krounded surfaces (eg 1 CUt p1eces) laY’ng‘f;;ff'ﬂ
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2  )'§*f”' .
- Table 3. 4 Anal%sis of var1ance for cut, seed metering
trials o , R :

‘Soyrce of variation. =~ df 85 . "-MS ' F

ﬁ ]OCKS coe

Shape . -
L ‘ B ="Metéring’ rate .
;f; H1v":;\ ' (: ' 55 9 2!(3 '

L ‘

4 7,353 1,838 -.:'57./ e R
2 © 3,268 1,634 . 5075 =x
2 .4,885 2,433 75.5 xx .
€ 0,05 905 . 28.1 ad:~
2

2

4

6

@ >
n Il n-

I“
a
b-
c P oV : .- N
R, 2,192 " 548 7.0 x@ "
Y £t I gs‘ Lt

2 ..1+,094 . 547 "17.0,
- 342 .- 'g8e 0 2.7
68 2,399. . 32

. Total mﬁ;,-'v . : 89 92,488 °

| ‘H fac B R
TARC - (an )
‘ l‘

L]

A
" [vo]
(@)
ﬁ-
| s o

1
8
1
1
J
)
1)
)
)

).~ e e e
UAAAA
'\ilu nonou A|_|-f'u n o

a-1
artlic-
{b=1)(c-
b-1){c-
1 1 c-

- _A_.A..A—t_a 1

L Rx s1gn1f1cant at p =0
* gignificant at p =" 0.
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Figure 3.6 Seed shape effect on metering performance
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3-cut pieces (Figure 3.7). The frequency of consecutive

. O

metering errors was consistently lower for 3-cut pieces

)

e e

when compared to 2 cut and 1-cut pieces.

\ . .
3.4.2.2 Relation of Seed Size to Metering Errors

Results indicate the larger: (60 g) seed performed
poorly at 3 plants/s when compared to the 45 g seed
However metering errors for each size were comparaole
above metering rates of 6 plants/s (Figure 3. 8). The
explanation for this trend is, simply, that larger and
heavier seed tends to fall off the picks easier’ than
smaller and lighter seed, especially when picKy \
penetration is shallow. Poor performance of larger and ‘
heavier seed is partially due to an unbalanced
distribution of seed weight on the picks which may lead
to premature seed release.

Figure 3.9 presgnts tne-distribution of
consecutive metering errors for both 45 g and 60 g
seed. Aside from the one consecutive metering error

category.l45 g pieces had fewer continuous misses.

3.4.2.3 Relation of Metering Rate to Metering Errors

Metering rate had the most distinct influence on -
N

metering performance On average, cut seed metering

errors were 35, 22 and 18.percent for planting rates

of 3, 6, and 9 plants[s'respectively. Figures 3.6. 3.8,~

and 3.9 illustrate thé correlation between higher

metering rates and fewer metering errors. Faster picker
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15.0 ) -y “ : 2 ' 2 Ty “L ‘J“
3 4. 5 6 7 8 9
' . Metering rate, plants/s o

" Figlre 3.8 Seed size effect on metering performance
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SR metering errors at 3 plants/s\was caused by

i . : v : 3\‘

| v ",'\v‘»' — . wo . o ' N .
! \‘.' B 0
f ‘\

“ wheel velocity increased the penetration force exerted

by the picKs and resulted in a deeper and more secure«fh‘

i
engagement of the seed\piece The consecutive metering

‘\error distribution for all cut seed trials is 9

———
i T

S : "summanized in Figure 3. 10 and"learly showg

'}]cqnslstqpt 1mprovement in metering performaﬁce.as

g\

. .‘ ' ' . ( N ~L
' Qy-The analysis of variance for whole)seed trials

'~me\ering rate 1ncreased

,pregented in Table 3. 5 indicates that the metering rate
‘ ”.is a significant factor for metering performance Whole

4_'tering errors decreaséd,as metering rate’ 3.

'lincreased However metering rate effects are more
pron nced for whole seed versus cut seed (Figure

3. 11) The exceptionally high value of 55. 4@perceht

| sﬂ‘insufficient penetration of the relatively heavy
AT potatoes (50 to 100 gl whlch led to many premature o
: g o

\“,regeases A similar 51tuation was observed on hsgh
,speed film by SieczKa et al (198&) ThlS appearsito

Q_support the significance of the metering rate x Size

"Jijinteraction for\cut seed

) “,'v',"

=5ff‘¢:$ The consecutive miss distribution for whole seed
L i '1 .
IR l
3 %ﬁin Figure 3 12 provides a more deta1led assessment of y_‘f ;
“iwhole seed performance \ :-‘ T jj’*f ;‘;“vu ' jf-*'
'. o .{ ;;._k_‘ ..". ' o ‘ ot l" . " ‘;u ‘.‘,_ ..'.' \,‘ .
. A | ﬂ‘ f“ ‘\ ,.'Ii!“‘ : -
. . c \ o !

.

Lol o . ,“.
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__; capable of providing performance feedback to operators

| v . Vo
Ao [ PR

oo US4 POTATO PLANTER MONITOR
! | " R I ‘.‘; “,(,‘”‘ o L , Lo Ai
4 1 lntroduction o A l

Although growers realize that potato seed attributes

and planter operating conditions affect planter performance. ‘«'

R a reliable means of accurately assessing performance in the

field‘does not seem to exist Today, operators are still
seen riding on the planter to ensure adequate performance
Although this raises safety concerns, operator superViSion

provides a means of detecting mechanical problems as they

occur and enables visual performance assessment One person

planting operations have used elaborate mirror systems to ;
monitor performance with some success However, direct
awareness’of cup and plCK type planter performance could be
possible through a monitoring system The planter monitoring
process.‘illustrated in. Figure 4. 1. encourages growers “and
planter operators to improve planter performance by aVOiding
undesirable interactions between seed potatoes,.the planter

“and Operating c0nditions o T -

4. 1 1 Objéﬁ*ive | |
: . The obJective of this chapter is to discuss the deSign
?‘ and development of a potato planter monitoring system -

s“

H

i )
R
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a1, 2DesignCr1ter1a o
B Improv1ng potato planter performance has been .a
“fpriority in the potato mach1nery 1pdustry for the ]ast
fiftebn years' From the d1§%usslon on the effect:of
jkpopulation dens1ty in seot1on 2 2.1, the av01dance of
»"consecutive meter1ng errors caused e1ther by a d1srupt1oh
of‘seed flow, on'an.1ncompat1b1ljty w1th1n‘the-plant1ng
operattoh,‘isfmore important than the accuraby_of‘seed,".
Q,placement. ""' ‘ | f“’ - S o ‘A:
‘ég% Gauthier'(1§85) assessed requﬁrements‘of intelligent
field management 1nformat1on systems in. two ma1n categor1es
xfunct1onal and lnformat1onal £equ1rements Funct1ona]‘ |
"‘requ1rements 1ncluded ma1nta1ning data con51stency and
val1d1ty, ab1lk1y to handle a var1ety of 1nformat1on sources"
and transmlss1on methods, the\ab111ty‘to adapt to the
surround1ng env1ronment and‘proyiSion for displayingathe N
."1nformation conta1ned in memory . Information”requirements
rwere subd1v1ded 1nto attr1but1ve and h1stor1c categor1es
Field management 1nformat1on systems also need a means, of
,alter1ng system attr1butes in. order to ma1nta1n system
fleéxibility. . | | |
| ~An accurate*informatton'haseican’be'maintained only-so
| flong as . correct 1nformat10n 1s rece1ved from the sensors
';Indication of sensor malfunct1on allev1ates the llkelnhood
'jof erroneous information that may lead to performance o
degradation equipment damage or safety hazards Tyleeff'ojt
(1986) presented a model based approach to- 1nstrument‘ =




¢ c . . o o . , . C
‘ i n . IG{'«: C oo o ! ' . oA,
‘fa1lure detect1on ¢ C l ‘ : .

\
w's
|

Cons1derﬁnq the requ1rements and llmltat1ons of the

A

potato plant1ng process,’ the follow1ng mon1tor de51gn

criter1a were put. forth

1.’ Immed1ate vnsual 1nd1cat1on of oonsecutlve meter1ng
| ‘ errors for'eaoh row. |

2.‘. Intermlttent vlsual dlsplay of planter performance

stat\stlcs for each row. ‘ R : o

3. . Visual‘ind1Cat1on of drive train and sensor
malf,unlction‘., .. o K .‘ | e

"4, .Audio indieatlon of'defecthé metertng‘elements.

a .

5. Compat1b111ty w1th cup and p1cK type planters
6;A<,Eff1c1ent operat1on under field cond1t1ons

| ‘lhe mon1tor1ng system developed from these crlter1a‘was
tested under 51mulated cond1t1ons in the laboratory
Unfortunately a field prototype was- not tested However
sect1on 4.6 outl1nes some des1gn details worth cons1dering ‘
"should’further mon1tor development take place., |
| 4. 2 Hardware " 3_' : *‘ o I lg o SRR o

W . : R ]
. , \0
! | ’

The potato planter monitor ‘s c1rcu1t cons1sts of three

e
. _—
—

!
3

dlst1nct parts the m1croprocesso* board ‘the sensor system
a@!’the dlsplay un1t For f1eld appl1catlons. each planter .
l‘row has a sensor system mounted 1n the appropr1ate posit1on’ ‘
| w1th sh1elded power and 1nput/output wtres lead1ng to a ‘“u""
fsensor Junct1on module oﬁﬂth;\planter Detatls of sensor

system operat1on as d1scussed 1n sectlon 3 3 2 should be
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understood in order to appreciate the iollow%ng discussion.
4 Eigure 4,2 i]luStcates how monitoring system modules
function in relationjto one another. The monitor module 1in
‘.the tractor cab’ conta1ns the mlcroprocessor[dcard display
unit and input dev1ces used to select the mdn1tor s mode of
operation, Sensor 51gnals, from each row, are re]ayed
through the junction'module to the moni tor module; The
tractor’s twe]ve volt electrical system provides an
independent power supply to the monltor module and the
junction module. P

Four sources oi performance feedback aré availabie from
.the display unit (Figure 4.3). Each vertical array of LEDs
corresponds to one of the planter’s metering mechanisms. The
tour yellow metering LEbs operate in a up-down‘tashion to
1nd1cate the number of" consecutxve misses that have occurred
in the last four metering eventsw‘The top and bottom status 4—
LEDs are red and indicate potato sensor and meter1ng event
sensor‘malfunctlon respectnvely.‘The bottom status LED also
serves’as a drive train malfunction indicator A green
row- select LED was p051t1oned between thé malfunct1on
indicators to 1nd1cate the row correspond1ng to the
statistics on~the alphanumeric d1splay One of five -
1performance statist1cs can ‘be d1splayed ‘on the s1ngle line,
‘sixteen characten l1quid crystal d1splay unit (LCD). The
buzzer. mounted on the back of the display un1t servesxto

1nofcate a defective metering element. . .
'A ,‘- ) I (;\ .
. : o
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Display
Unit

{-ccccccees

icroprocessor <:

Board

Monitor
"Module

aend

Power

oo

Junction

Module

|,

Figure 4.2 Block diagram for

i

Row 6 -
Sensor system

Row 1
..... .| Sensor system

Y

potato ﬁlanter moni tor rfgodules
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LCD display

Status LEDs

[ Red ]
[Green] o
% MISSES . 16 [ Red ] —~—
u‘ n : Metering LEDs
[Yellow] '

Mode select

Buzzer disable

Defective element buzzer
Row select

Row autoincrement

Figure 4.3 Monitor display unit.

\
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" 4.2.1 Circuit Descrﬁpfion | Lo R
A composite view of hardware function 1s 1]lustrated in
the blocK d1agram presented in Figure 4.4. A complete llst
of the monitor’s electron1c ‘components is’ found in Appendix-
C. Operatiqg characterisgﬁcs 5?/the monitor’s 1ntegrated
‘circuits ean be found ij‘Motorola‘Semiconductor Products

Inc. reference manuals.\

4.2.1.1 Microprocessar Board

""At the.heart of the monitoring system is a M6809

microprocessor‘with 2Kk of read pnly memory dQPM) and 2k

of random access memory (RAM) . The M6809 is an eight
bit microprocessor with a 16-biti address bus and an
eight-bit data bus . Monitor ci euit‘development took
place on a perforated circeit béard thet was meunted'on
an.aluminum fra components /were set in sockets

to facilitate c onent 1nfer¢hangeu The wire wrap

- technique was used o make the required connections
; ‘ between socket pins. - ‘ :

Incoming 5.0 v /ivee) and ground (Gnd) wires were
attached ‘to the Vcc or Gnd bars running the length of
the underside of the'mfcroprocessor board. A 150‘uF'
capacitor was positidned between the-incoqing end of'
the Vce and Gnd bars to reduce ‘power supplyl
fluctuations. De;eupling capacitors-(io uF) were’

- "positioned betweeh the Vcc and Gnd bars at 25 mm
intervals. This provided a steady 5 v potential across

the processor board.
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A 51ngle 3 58 MHz crystal ebnnected to ground v1a

au“_

two 27 pF capac1tors produced the external clock
51gnal The crysta] was connected to the EXTAL and XTAL
- pins on the’ M6809 m1croprocessor in order to actlvate

.the'the ‘M6809’ s ‘internal osctl]ator at four times the

crystal frequency (14.31 MHz)@@CircuLt‘detajls are

given in Append1x d? , ~ - .j§
Several plns of the M6809 ‘were unused . i '
Consequent]y their vo;‘age potent131 was set to Vcc
through 4.7-KQ pull-up resistors to ensure.proper
m1croprocessor funct1on The nonaCtive'controijpinSJ
were the- Fast Interrupt Request (FIRQ*)Q;HaIt (HALT=*), -
Direct Memory Access/Break (DMA/BREQ* ' and"Memory o

Ready'(MRDY)ﬁ Refer‘to Appendix D1 for microarocessor

—— o
i

circuit deta1ls | , ‘ : Co NL
A reset c1rcu1t (Appendtx D1) was 1mplemented to
elim1nate mult1ple pulses due to contact bounce A
normally open momentary push button switch was
connected via two cascaded inverters (7414 Hex
.Schmitt-Trigger lnverteaj to the reset pin on the (
M6809 A pu]l up: res1stor of 10 kflwas connected to the .
1nverter dnput thus y1e1d1ng a normally h1gh voltage

When the reset button was depressed the voltage

) potent1al on the reset pin W | awn to ground and the

microprocessor’s reset' instrugbjon were executed
. Buffers were installed on the data, address and

_ control lines to prevent logding cqu1t1ons Data l1nes
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were buffered w1th aniQCtal bus transc1ever (74L3245)

and address and control lines were buffered with octal ﬁhh
buffers/line drivers/line receivers (74LS244) e,_ -c
buffered control lines on the M6809 were. the E and Q
clock signals bus status (BS) bus available (BA) ahdh,
read write (R/W*) lines The E* pin on, the data line
buffer was grounded to permit continuous data line
-access’ The DIR pin -on the data line buffer was Coa
. connected to the buffered R/W* l-‘me to control the '-
direction of data transfer ‘Whe Ei* and E2* pins on the ‘
address‘and control line buffers were grounded to |
tensure.continuous access to these lines. Appendix D1
. contains details for‘circuit buffers. | l .
.Buffered address lines A12 to A15 were‘decoded-by
‘a 74L5154 four to Sixteen line decoder demultiplexer
The decoder operated on- the E clocK cycle through a ::l“'
NAND gate (7400 two input p051t1ve NAND gate) ‘Decoder :
| output prov1ded s1xteen select lines (SEL 0 - SEL F) ,
» which effectively divided the 64K of addressable space\
into sixteen 4k blocks. Refer to Appendix D2 for the
address decoding circu1t diagram All addresses in the
fbllowing diSﬂUSSion are in hex1dec1mal notation '
The’ 2716 erasable programmable read only memory
(EPROM) was connected to operate in the' addressable
| range of F800 to FFFF To address this memory block ﬂ$
further decoding was necessary and was accomplished by

: c#mparing the SEL F line and the address line At with
L _ s o ' "

l:tlf?etffffifjﬁ;,ixyiff;f.]?'ffgtg:\‘}jj;tyh;;yiIa
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- a NANngate The output from'the NANQ\gas connected‘to 'W
.the output enable pin (G*) on the EPRO

v

Thu$ the EPRDM
| '" wds selected when the‘address on the: address bus fell
')ytr“g'f . 'between F800 and FFFF. An additional EPROM address ‘:r‘
- E space (FOOO F7FF) was prov1ded for future program -
:expan51on Address decoding for this EPROM wasl- o
accomplished by comparing the SEL F= and Ali* lines
o w1th a NANDigate The resulting stgnal was fed to the

|
‘fwa"‘G* pin of the second EPRDM Hence, the two EPROMs were

,\‘;*_‘ )

ﬁ_,contained 1n a continuous address space Refer to ;‘

_ppendix 03 for the EPROM c1rcu1t diagram |
LA qégs 2048 word by eight blt high speed static
“CMOS RAM prov1ded 2K of memory The 6116 chip has a “'
.}l i ,t ' : Tow. power requirement fast access time, is TTL
compatible, 'and is compact in. design: The RAM's addressi
‘range spanned memory locations DOOO D7FF Address lines |
AO-AB were decoded to select one of the rows in the
- RAM' s’ 1nternal matrix while address lines A7 A10*were.
\

. ‘used to select the matrix columns A by a high to low - |

\ transition on SEL D line prov1ded the 6116'RAM's chip'

f‘ﬁﬁ' - o 'select 51gnal Data transfer to or from RAM memory. v1a‘5
o0 ' the buffered data bus was controlled by the rea /write“‘
‘fﬁ’f ta'_g .line Refer to Appendix D4 for the RAM circu1t diagram
llfy o Two 6850 asynchronzis communications interface
-A';;.éiiy‘f,: ;adapters (ACIAs) were'C nected to the monitoring
Hﬁéaffj' L ‘system for the purpose of serial communication Wlth a fr

ﬂji~d"..‘ E 1nrm1crocomputer The host ACIA was located in the memory

A} P N .
D P
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. space of EOOG to E00S wh1le the termxnal ACIA occup1ed
Haddresses EQOA to EOOB Address decod1ng was based on -
‘}Q@ SEL E signal and address lines A0 to A3. The data
bus was connected 'to both of the ACIAs as was the R/ W
l1ne and the 1nterrUpt request (IRQ) l1ne Unused pins
Vss, DCD*‘and CTS*_mere grounded External access to
the ACIAs was prov1ded through a D-9 connector
Appendix DS 1llustrates the ACIA 01rcu1ts Although
‘serial conmun1catlon'1s not supported'by current system
jsoftware, the necessary hardware is in place ‘and .could
be useful for download1ng ‘the d1str1but1on of
consecut1ve misses for each row to a m1crocomputer
This would-fac1l1tate a detaxled assessement of planter:
| performance in terms of establ1shed plant1ng dens1by
,relat1onsh1ps e |
Per1pheral 1nterface adapters (PIAs) were used to
provide a means for parallel commun1cat1on between
| external devices and the m1croprocessor system A
-.sensor system and a correspondlng vert1cal array of |
l'ﬁyseven light em1tt1ng d1odes (LEDs) were assoc1ated w1th
ifeach row PIA The mon1tor1ng system accomodates |
planters w1th two to 51x rows and therefore row PIAs
| are labeled PIA1 to PIAB An add1tlonal PIA was needed
to read the microsw1tch values that are used by the
"‘!;operator. to set the number of planter rows and the f:5
"v(number of metering elements for each row Row PIAs were”
| “:tffass1gned addresses 1000 2000 6000 and the o

104
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vtmtcrosthch PIA occup1ed the address 7000 Thel‘
correspond1ng(select lxnes. SEL 1 to SEL 7, were
connected to the respect1ve PIA’s CS2* p1n Address'
decod1ng'was completed by connect1ng the address lines
A0 and Al to RSO and R51 respect1vely The unused ch1p
.select p1ns CSO and CSl were connected dlrectlyfto
Vcc Data- bus connect1on fac1l1tated the transfer pf
1nformat1on from the sensors andfto the d1splay LEDs
Refer to Append1x DG For the row PIA c1rcu1t dtagram,
and Append1x D7 for the m1crosw1tch PIA c1ncu1t
diagram. o ‘ o , |

‘ The MC6840 Programmable T1mer Module (PTM)
'prov1des the m1croprocessor sysfem Qlth three t1mers L
Since the PTM has data 1nbut and output requtrements,h}"
the eight data“ bus l1nes were connected to the PTM The. 
,'PTM occupied memory locat1ons EOOO E007 This PTM was ‘jh
selected by the SEL E line. which was cohnected to thew
PTM's CSO=* p1n Address l1nes AO Al A2. and the ‘f; ‘Q
1nverted A3 l1ne were connected.to llnes RSO RS1 R§2’5‘
"and CST1 respectlvely, to complete addreSS1ng '
'requ1rements Control l1nes R/W* E RES* and IRQ* were
connected to the1r correspohd1ng PTM p1ns Two of the . .n

'three on- board t1mers (tlmers two and three) were f

“"]cascaded to g1ve a f1ve second*timeout s1gnal Timer‘;f\‘

‘aone assumed an 1nternal clock funct1on The per1od1c

“ff1ve second t1meout 1n1t1ated a meter1ng stat1stic

T“pj”rupdate and refreshed the LCD display Append1x DB ‘

! S -~

Y e o
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| COntafns.detailsiof the PTM circuit.

‘I4LZA1 2»InputhDevloes S ,;1,f:'
Two e19ht bit microsw1tches were used one to-
"ﬁ1nd1cate the number of planter rows, the other to set
dthe number of metering. elements per row. Port A of the
‘m1crosw1tch PIA corresponded to the number of rows‘and
tport B was used to 1nd1cate the qumber of meter1ng
elements per row. P1ns on. the "on” s1de of the
microsw1tch were cdnnected to Vcc P1ns on the‘ ‘off’
s1de of. the mlcrosw1tch were connected’ through a 10 KQ
“res1stor, to ground before being tied to either A or'B ‘H
o port p1ns on the mlcrosw1tch\PIA Refer to Append1x D7 |
‘for c1rcu1t details »wh-‘t' ‘ '
The dual sensor, event trqggered System d1scussed,,~‘
) under sect1on 3.3. 2 was used to determ1ne metering
htstatus. The output 519nal from' the Hall effect switch

'*(3019T' Sprague) or meterlng event sensor, was passed 15

.v,through two 1nverters to obta1n a JTL- compat1ble logic

‘ts1gnal (Append1x D10). Thls s1gnal was in turn fed to
the CA1 p1n of the PIA correspond1ng to the ;
) _1nterrupt1ng sensor H1gh t low trans1t1ons on the CAl
lhpin signalled a meterlng event and 1nterrupted the =
“hfm1croprocessor to 1nd1cate the need for a meter1ng o
7f‘fupdate : ‘ ”

A photoscanner (MCS 651 ser1es Warner Electr1c,

Ce

";';Marengo, IL ). was used as the potato sensor (Append1x

5109) and determ1ned the meter1ng status. The
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‘. respectively. Tws

'change funct1on
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photoscanner used a modulated 1nfrared l1ght beam that

_ was, lmmune to external sources of l1ght and ‘had.. an

operatlonal range of 50 cm. Both the photoscanner
transm1tter‘and rece1ver had a5V power supply ‘

requirement The output from‘p1n 1 of the receiver

‘ampl1f1er was pulled up with a 4.7 kQ res1stor and fed .

through a NAND gate act1ng as. an 1nverter ‘The .'

'~result1ng Slgna] was passed to p1n‘7 of portyA on'the

row PIA correspond1ng to the potato sensor Thus, a

" broken beam produced 5 0 v (log1c 1) and an intact beaml
resulted in 0.0 V (logic 0). = o |

A

- Five operator input dev1ces were lncluded 1n the
operat1ng system\\:hree momentary closed push button

sw1tches were

sed for the reset mode change and row
‘The mode change and¥row change
c1rcu1ts are 1ll strated in Append1x D11, and 012

toggle,§w1tches were used, one for'

“the row autojnc ment function and the other'for'the L

4 2.1.3 Output Devices

‘buzzer disable functionr"ﬁ" b;%

: Three types of output dev1ce were used in the . :

u'mon1tor module an alphanumeric d1splay un1t vert1cal

.arrays of seven LEDs to 1nd1cate meterlng and status N

1nformat1on and a buzzer These dev1ces are

1llustrated on the monitor d1splay un1t 1n Flgure 4. 3

A one l1ne by slxteen characten,.top view, f1ve by;f-'

lﬂseven dot matr1x alphanumer1c liqu1d crystal display

&

'e




(LCD) module (Pr1nted ClPCUTts Internat1onal PCIM 200) .
 was used to d1splay messages and performance‘ o “ ﬁ‘
stat1st1cs A perforMancé stat1st1c correspond1ng to |
one of . f1ve modes of é;eration was d1splayed constantly
when ‘the planter was 1n operation For example a
typ1cal d1splay wOuld be ' % MISSES 16’ ‘where ' EMISSES'
1s the descrlptor and 16’ represents the performance.
stat]st1c The LCD d1splay module employed lTow power
'tCMOS clrcultry and was connected dlrectly to the M6809
‘data'bus Sixty four commonly used ASCII characters
formed the character set and could be passed d1rectly
from ‘the data bus through the module’s 51xteen
character buf fer and onto the d1splay‘l1ne. The.display
:vwaslautomatically refreshed; temperature compensated-
and had fully'adjustablehcontrast. Contro] instructions f
allowed the dlsplay to be Operated in‘various modes . .
fThe module requtred th1rteen pin- connect1onsf e1ght of
whlch were data l1nes Other l1nes were Vcc ground

and the CS= p1n wh1ch was connected to the SEL 0 p1n of

'the address decoder. plaC1ng the dev1ce at - the address -

'i.OOOO The Memory Wrtte p1n (MWR*) -was connected to .the -

WR/W* llne of the M6809 The rema1n1ng pin, memory read

f(MWR*) was connected to Vcc 1n order to deact1vate thet

”"5_:memory read funct1on Refer to Append1x D13 for the

r‘;dlsplay circuut d1agram

The meter1ng and status LEDs were connected to the -

a,B s1de of row PIAs through a: hlgh voltage
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‘open colleotor output buffer/llne dr1ver (7407N) In
“‘forder tor 1llum1nate a LED the dr1ver had to be"
suppl1ed w1th a low vo\tage from PIA data port p1ns
@w. o Output lines 0 through 3 on the PIA were connected to ﬁ}t
| | the four yellow meterlng LEDs to thlcate the number ofr.x
“ﬂQ;dcurrent consecutlve meter1ng errors. Output lines 4 and;
6 were connected to the red LEDs wh1ch were used to i
1nd1cate a malfunct1on1ng meter1ng event sepsor or
, ’potato sensor .The middle: status LED was green and was‘
e termed, the row seleot LED. Performance stat1st1cs on -“:"“
L _‘the LCD corresponded to.the row. w1th the 1llum1nated -
row select LED The current flow1ng through the LEDs
was llm1ted by. 479 reststors Th1s prov1ded adequate
1llum1natlon wh1le ensur1ng LED longev1ty —LED anodes‘l
were connected to the Vcc and the cathodes were 3‘ |
!connected to the dr1ver whlch prov1ded the ground o
needed to turn the LEDs on All LEDs were rectangular
xln shape and W&cﬁ visible 1n an outdoor env1ronment
The defect1ve element 1nd1cator,was‘a 5 vo]t"f

Ve

buzzer (Rad1o Shack 273 068) The buzzer producedta

[

“sound loud enough for the operator of a tractor to

'vhear The buzzer was connected through output line

the 8 s1de of the row. PIAs and was drlven by an open"'

t

. collector l1ne dr1ve/\1dentical to the ones used forVfofft

Sepe

the LED c1rcu1ts Thus the buzzer was act1vated whenyfw‘”“u

2

the PIA output was low "f fgffu;~% ; .fd;f;

A
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4.2.1.4 PowerlSUpply

’ Although a 5.0 V switching regulator was,
"considered for field"operating condltions, laboratory
testlng was doné w1th a Hewlett Packard 62368 power

supply unit set to 5.0 V. o \

4.3 So#tware

Program software proylded the 68089 mlcroprocessor with
instructlons for the mon1tor1ng algor1thm in an effect1ve
. and well defﬁﬁed manner .
"' The - potato planter mon1tor program was written 1n
Motorola 6809 Assembler Language A1l programs assoc1ated
'w1th thls prOJect were assembled using the" UNSP M6809ASM
assembler 1mplemented on the MTS system at the Un1vers1ty of
Alberta, The result1ng ob ject code was downloaded. to EPROMS
‘uslng a“UnipaK System. 19 Data I/b unit. Program and hardware
debugging were’ done w1th the assistance of a Hewlett Packard

nmdel 1615A logic: analyzer and the potat?i;ugpter s1mulat1on
sf

unit. The assembfed monid tor program as d in Append1x
E, occup1es 1.8 K of ROM and is des1gned to funrtlon with’

two to s¥x sets of sensors.

4 3 1 Memory Structure

o Memory strUCture can be. thought of as the ordered
‘ arrangement of program and memory addresses The six
identifiable d1v1s1ons in the potato monltor-s memory

stqucture'are: device ‘addresses (Appendix F1), program
e / : ¢ .
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. gdd%gsses in ROM (Appendix Fé). system vectors in.ROM

| (Appendix F3), ROM data addresses {Appendix F4), program
. variable ‘addresses in RAM (Appendix F5) and RAM data blocks
for each row (Appendix F6). Program-variable address
assignments and descriptions areion fines 13 tq 89 of the:"
program listing in Appendix E. Alphapetic listing of
varﬁable names,’togéther with the line numbers they were
referenced on, are listed 1n‘the‘cross reference section of
Abpepdix E (assembler page nﬁﬁbebs 17-19) . |

Due to identigal p;ogram épd memory requirements for
‘each row befhg moﬁitored, a. structured, top-do@n‘programming
approach waglemployed and relative addressing was used
extensively. Base addresses for roQ P;AS"weré arranged‘af
address intervals of‘1060. Similarly row dataiblocks in RAM
werq/;rranged in addré;s\intervals of 0100. Thi; allowed one
blo%hof program code to process the input and output
reqﬁirements for two to six rows and made the iterative
performance~statisfic ca]éukatfons more effic%ent“

System serViée routine addresses for the interrupt
request funttion (IRQ),.non maskable interrupt (NMI), and
reset (RESET) wgfe ;ssign;d to ROM addresses FFFO-FFFF. If
the pins coffesponqing to these‘microproCé;sér functions
recogn{ze a t#%nsithn in logic vbltage. tHe processor is
diverted to .the appropﬁiate jnte;nal instructibns beforé.

program flow is directed to the function’s address;

111
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4.3.2 Description .

The program listing in Appendix E is commented
extensively and'flow‘charts are utiliéed in the.following
discussion as an aid fo understandiﬁg program logic. For
general questions related to 6809 Assembly language \
programming, the reader is referred to Leventhal (1981).

- -

Upon a reset condition, the monitoring system executes

" an initialization sequence and then simply waits for

e s

1nterrupt signals (Flgure 4:5). When 1nterrupts occur, one
of . four options are pursued: a metering update, a etatistics
and display gpdafe, a mode change tq al}er the type ef |
statistic on display, or a row change te alter the row -
currently d1splayed on the LCD A fifth mode for d1splay1ng
the distr1but1on of consecutlve metering errors was only

partially implemented and thus remains lnoperable. The\IRQ

serviee routine is used to identify system needs and directs

‘program flow. The general overview of the IRQ service

routine presented in Figure‘4.6 illustrates the

'interrupt-driVen nature of the monitoring program. .

- 4.3.2.1 Initializatipn

The flow .chart for the inifialization routine is

set out in Figure 4'7 In1tlal1zat1on of the LCD
display 1nvol;ed sett1ng parameteeg’;lth1n the d1splay
itself. This fac1l1tated passage of ASCII characters
feom microproceseor registefs to the'display buffer
thrbuﬁh‘a single memory locatien.hTen display -
initiplizat%pﬁflags (listed in hexidegjma] notation)

\,
a
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were sent to the d1splay in the followtng order.

. ‘J-1. 68 reset blank d1splay

¢ 2. 6B set visible cursor | . ":F -
3. Gl.set bl1nK1ng cursor o | |

-4, BPset cursor l1ne ‘ A

: : @%7 Séfreset bllnklng d1splay'

;‘.6. 'Sg'auto 1ncrementlcursor

7. 67rsettup for anrement

8. SElreset rapid‘load

Voo, 00\olanK characters S 7?

10. BA clear display |
‘“ The subroutine short delay, SDELAY ' was used to h
. g1ve the d15play ample t1me to set up.-After the flags
.were sent to. the d1splay, the d1splay was cleared by -
C :the subrout1ne CLRLCD‘ | _
. To display a message a ser1es of ASCII characters
"t were fed to the LCD display Wi th a short delay after
’ each character to allow for latch time. The greet1ng
. message.‘"spmATo M0N1T0R$"‘. was d1splayed on the LCD
.1mmed1ately after a reset condltton ' IR
A PIA reset was necessary to 1n1t1al1ze the PIAs
'i1n the1r d1rect1on of data transfer and to 'set 1n1t1al
,'operatlon cond1t1ons Row PIAs were 1n1t1al1zed w1th
h'f'%aport A as 1nputs and port B as outputs w1th the CA1
{Nljticontrol ltne enabled Therefore, a trans1t1on on l1ne"

" ijAl would cause an 1nterrupt in the system when a ;

‘*3]afmeter1ng event ocurred S1de B was 1n1t1ally set to-F¥

LY
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. row.

'yll7 N
in order to shut an the meter1ng LEDs off. The = :‘ -
‘WmlCPOSWltCh PIA was 1n1t1al1zed with both 51des as
‘f.jnputs, port A corresponding}to‘the number of rows, and"‘
. pgrt'B the number of metering elements per row.

. A memory 1n1t1allzat10n rout1ne cleared,all RAM
locat1ons pr1or to planter operat1on The RAM “" [: s
locatlons, start1ng with D000 and ending with D7FF were
sequentially set to OQ.-Program;yar1ables then were:
initialized: . -
Microswi tch settt;gs were.read and their‘values |
‘ were stored according An in1t1al memory offset for

-the number of consecutlve misses per element was

- calculated by adding- 10 to the number of elements per

-

The prlmary tasK of - the PTM reset was to

1n1t1allze the timers to produce an 1nterrupt every
five seconds for purposes of the stat1st1cs update and
d1splay refresh Ttmer latches 2 ‘and 3 were loaded w1th
dec1mal values 44642 and 50 respect1vely Timer 2 was.
" set for’ 16- b1t operat1on cont1nuous mode output .
‘enabled 1nterrupt mask set and 1nternal ‘clocK.. Tlmer 3 ,:
'was set: for external clock 16- b1t operat1on. |
contlnuous mode w1th both the 1nterrupt and output

Jvenabled All tlmers were preset unt1l a meter1ng event

~occurred

=B



'd1splay masK 11011111 (b1nary notat1on) was sent. to

of the lnterrupt serv1ce rout1nes were engaged As such

118

4 3 2 2 Ma1n Program

The main program was engaged on the f1rst meter1ng

event after start up PTM t1mers were started and thel‘

‘port B on PIA1 to 1llum1nate row one’ s row- select LED.

The pr1mary purpose of the main program was to

have 1nstruct1ons for the processor to execute 1f none

the 1nterrupt driven main program conta1ned a CWAI

. 1nstruct1on which enabled 1nterrupts and stacKed all

regtsters in ant1c1pat1on of ‘the next 1nterrupt Dnce
an 1nterrupt occurred and was serv1ced program control

returned to the.ma1n program.

',4 3.2.3 IRQ Serv1ce Rout1nes

. The IRQ 1nterrupt serv1ce rout1nes performed a

~!number of funct1ons 1nc1uding user generated row and |

" mode change requests meter1ng performance updates,‘ ’
:statist1cs update and sensor ma1funct1on tests Upong
'aenter1ng the IRQ serv1ce rout1ne, 1nterrupts are
‘d1sabled by sett1ng b1ts 6 and 4. of the cond1t1on ‘code.
”Vregister F1gure 4 8 prov1des a flow chart of the IRQ
"poll1ng rout1ne Each device connected to the IRQ l1ne fj:
dwas polled 1n sequence to 1dent1fy the source of the H

’:interrupt Btt 7 (B7) of the 1nterrupt1ng PIA’s status

'Ffreg1ster was set Upon 1dent1fy1ng the source of the

vr1nterrupt the program flow was d1rected to the

‘--{appropriate servxce routhne. Row PIAs were checked
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.f1rst to determine if a meter1ng event had occurred If.
. a. meter1ng event was not - 1nd1cated the m1crosw1tch PIA
‘'was polled to see if a. row change had been requested

1)
’

Barring successful 1dent1f1cat1on of an 1nterrupt1ng |
-‘dev1ce,'the program defaulted to. the statlst1cs update
and display refresh rout1nes A return from 1nterrupt
,(RTI) 1nstructton ‘was placed at the end of every
1serv1ce rout1ne to direct program flow back to the malnu‘
program o R ,ff | | '

- When a meterlng event was detected the base‘,

~address of the data blocK conta1n1ng the row’ s meterxng
.statxst1cs was - loaded into the x regxster and the base
‘address of the 1nterrupt1ng PIA 1s loaded ‘into the Y o
treg1ster Th1s allows relatlve address1ng to be used in

hthe meter1ng update rout1ne

«

. 4.3.2. 4 Meterlng Update | |
Meterlng :pdate log1c is 1llustrated in Figure

4. 9 When a meter1ng event 1s 1nd1cated a checK 1s made

to determlne whether a’ prev1ous meter1ng event has

| ocurred 51nce the . last statist1cs update IF not

.l potato sensor malfunct1on test is performed In th1st

Lfmanner all potato sensors are checked for proper

‘funct1on once every f1ve seconds Further comment on o

"vdefectlve sensor checKs can be found 1n sect1on

‘_::.-:'.4 3. 2,10, T “‘.:

Program variables affected by the meter1ng update:l‘

hr}Vrout1ne are def1ned on l1nes 78 to 89 of the program
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‘w1th the 1nterrupt1ng meter1ng element ShoulS%the

‘successive meter1ng errors be greater than fo

e B i122

"

l1st1ng (Append1x E). The memory offsets from data :

- block base addresses also are listed. A meterlng update

addresses only the data block aSSOClated w1th the

"1nterrupt1ng PIA. The current events counter (CNEV) is

-

.1ncremented before a check for a successful meterlng 3
}‘event is performed (b1t 7 of port A = 1), If a meter1ng'
.terror has occurred the current meterlng error counter

V(CNMISS) 1s 1ncremented and a check 1s done on the

9

lunumber of consecut1ve misses (MISLED) If less “than

four of the yellow meter1ng LEDs are 1llum1nated the

top unlit meter1ng LED is turned on and ‘the number of

‘mlsses dlsplayed (MISLED) is 1ncremented A lookup

‘table was used to determ1ne the LED mask which

represents the number of consecut1ve meter1ng errors

"If.a partlcular te ng element cons1stently

‘fa1led ‘a buzzer was sounded This necess1tated Keeplng

track. of how each element in the meter1ng chaln

| performs Var1able NEXTEL conta1ns the offset from the
V\data block’s base. address to the memory locat1on |

f‘lcontaining the count of consecut1ve m1sses‘assoc1ated,\

the -

Jjbuzzer is, turned on, otherw1se the the number of f”'”

.'consecut1ve m1sses for that element 1s 1ncremented

If bit 7 on port A of the 1nterrupt1ng PIA is zero i"

a successful meter1ng event 1s 1nd1cated The number of;‘

”g consecut1ve m1sses d1sp4ayed on the yellow meter1ng
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. : o : fo C oy vag
f B B | ' N ' .

 LEDs.are checked and if gneater than zero,_the top most

h1llum1nated LED is turned off.

' .
A successful meten1ng event 1nd1cates that the

|

1nterrupt1ng meter1ng e]ement 1s functlon1ng properly

‘and,,therefore the consecut1ve mlss count for that

~element is. zeroed The offset to the memory locat1on of‘

;‘the next element to be mon1tored 1n the 1nterrupt1ng

Y5 3 2 5 Stat1st1cs Update B f‘fpp[q;

y 3”subrout1ne CALC (FIQure 4 11) F1ve statlst1cs are

-l

row is then decremented lf a complete Cycle of the f

metering ¢hain 1s 1nd1cated ‘the offset»(NEXTEL) s |

“reset to po1nt to the memory 1ocat1on correspond1ng to

0

the next expected meterlng e]ement
The mon1tor1ng system could only d1splay meterlng

performance stat1st1cs on the 1co drsplay one - row at a

: time This requ1red the row select ‘mask @LEDROW) to be

and ed w1th reg1ster A to preserve the row select"

‘d1nd1cator (green status LED) At th1s pdﬂnt the status ,'

word in. reg&ster A oontalns current meter1ng and system

Vstatus 1nformat1on for the 1nterrupt1ng row Meter1ng

\

'and status LEDs then were’ updated by send1ng the

contents of reg1ster A to the:1nterrupt1hg PIA's B data

port

Upon an 1nterrUpt from clocK 3 of the PTM (every 5]-

"'fs) the stat1st1oal update took place as 1llustrated infu
%5F1gure 4 10 Data blocks for each row were. updated 1n

, 73j an 1terat1ve manner by the statist1cs calculation

e
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Y

derived in the calculation routine: planting rate,
curfent*percent misses; total number of events, total
number of unsuccessful metering eyfﬁks, and total
number of successful metering events. The statistics
update routine performs the additiondl function of
checking for a malfunctioning metenihg event sensor.
After performance‘stgtistics have been updated and
sehsdr checks performed; the LCD display is refreshed
with updated values and PTM timef 3 is reloaded to - |
count down the'time‘to the next quate.k

Planting rate is expressed fﬁ plants/min and is
calcplated by multiplying the current number of events
by 12, the number of updates in a minute. The 2 byte
~ result is stored in PLRATE.

The current percentage 6f mete;}ng‘errors is
calculated by dividing the product of the current
.~ nufmber of events (CNEV) and 100 by the current number
of mfsses (CNMISS) . |

The total number.oﬂ‘gbents (TEVENT) was updated by

adding the current number of events (CNEV) to the total
number qf events. The address of TEVENT was loaded into
“the X régistér énd,ENEV was loéded into the’L‘reg{ster
in breparation for the addition subroutine call. If the
planter was operating and no'meterfng eveﬁts occurred
in the last five seconds, variable CNEV would be zero
~and,” thus, a:mglfuhctioning metéqing sensor was

assumed. Metering sensor malfundtion was(indicatedvby
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\ illuminating the bottom red status LED while successful

"malfunction teste ensure malfunction indicators. were

‘\turned off. Section 4,3.2.10 contatns further‘sensor
malfunction discussion. After returning from the
addttion routine. the current‘number of misses is

| .
\ - - . [y &
zeroed in preparation for the next calculation routine

\ )

. call.

'\ The addition of current number of misses (CNMtS)

to the tota1‘number of misses (TMIS) proceeds*in a

simikar fashion with current‘number of‘miSSes betng-

zeroex after returning from the addition routine?
A\running total of the number of potatoes planted

is calcUlated by subtracting.the total number of misses

from the\total number of events.
4.3.2.6 Mode Change
The NMI serv1ce routine was entered on]y after the

push button switch for a mode change caused the NMI*
pin of the processor to go Tow. Thls 1nd1cated a user
request to change the performance stat1st1c on the
mon1tor s,LCD display. Routine log1c is presented in .
the mode changiaflow chart in Figure 4. 12. The mode
counter was updated before the statistic for the nexti
mode was d1spla ed Thus a wrap around to the first
.mode occurre; when succe551ve mode ‘chiange reqUests'

' exceeded the numb r of modes Mode number ass1gnments

”‘and labels were: 0\- "% MISSES" t "NO. EVENTS"' 2 -
’*f“NO.dMISSESf. 3 - "NO. PLANISf. 4 “POTATD/MIN“' Once

A
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the new.mode was selected, the processor would execute

" the subroutine‘DISPLY to display the correct

per formance informat ion on_ the LCD.
. ’ ' . /

4.3.2.7 Row Change

- The row change rout1ne updates program varlables
and system status upon a user request to d1splay the
selected performance stat1st1c from another row A
wrap around strategy similar to the one dlscussed in
sect1on 4.3. 2 6 was used The. flow chart in F1gure 4.13
sets out rout1ne tasks The current row’ s row- select
LED\1s turned off and the row- select LED of the new row
is 1llum1nated PIA and data block base addresses are

updated before return1ng from the subroutine call

"

4.3. 2 8 D1splay Refresh ‘\

The. purpose of rout1ne DISPLY was to d1splay the
correct descr1ptor. for example “POTATO/MIN" and the,
correspond1ng performance stat1st1c (F1gure 4. 14) ‘This
requ1red the proper str1ng of ASCII characters to be

-assembled in succe551ve memory locatlons before bexng

, dumped to the LCD ASCIT codes for mode descr1ptors ."
o were arranged in. the f1rst ten memory locat1ons after

the var1able DUMP The subrouttnes HEXVAL and CONVAL {

were then called to obtaln the correct A§’II codes

"~represent1ng the value of the performance statist1c

ot

The next six. ‘DUMP memory locat1ons were f1lled with the

o ‘resultjng,ASCIIioharacters After the LCD was cleared
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by the CLRLCD routIne, the ASCII character erebsent
~ to the d1splay at 0. 78 ms 1ntervals /j:y i

‘:‘ The purpose of the CLRLCD subrout1ne was to send
“flags 8A and 00 to .the. LCD in order to Clear the :
‘dlsplay and enable the transfer of ASCII characters for
| d1splay A short delay was used to ensure character |
codes were transfered properly

The short delay subrout1ne (SDELAY) s1mply

'decremented a counter caus1ng a 0. 78 ms delay before

freturnlng to the call1ng program

4, 3 2. 9 Code Convers1on |
HEXVAL was the subrOut1ne that chose the' correct
“;performance stat1st1c 1nd1cated by the MODE counter.
'Program flow deta1ls are shown in F1gure 4 15 e
‘ value chosen was stored ina two byte var1able called
<TaVALHEX |

The subrout1ne CONVAL converted the hexadec1mal

w*.representatlon of the performance statlst1c to be

d1splayed 1nto an ASCII charactef strlng \The selected '
' two byte hexade01mal performance stat1st1c was |
‘mtranslated*to f1ve dec1mal counters by means of
‘succe551ve compar1sons of the value\1n VALHEX to ;T'V

“.;multiples of the base ten The counter values then were 3

”if;]converted to ASCII character codes and lead1ng zeros: ‘ﬁ‘57~e7"

rlfpwere replaced W1th blanks by rout1ne LDZERO ASCII

R Qcharacter codes then were appended to the last occupwed

7fmemory locat1on of var1able DUMP The dec1mal counters o fj;i

o -
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then Were'cleared for\the neXt conversion:

4 3 2 10 Malfunct1on1ng Sensor Check | | '

. Both the potato sensor (photoscanner) and the
meter1ng event sensor (Hall Effect switch) have |
;‘malfunctlon checks assoc1ated w1th them A meter1ng
l;event sensor malfunct1onlls assumed 1f a meter1ng event
has not taken place s1nce theglast stat1st1cs update
Although th1s mode of operat1on will ind1cate a problema’
‘when the planter stops operating, the operator | |
‘obvlousl? w1ll be able to d1scr1m1nate between a halt
and}gkp&gplem s1gnal g;‘ ”g‘ ‘

R
;prder to detect a malfunct1on1ng potato sensor ,

Ia checé'was made to ‘see 1f the des1g1nated photoscanner
lhad an output slgnal of '+5 V (beam 1ntact) The‘»
desig!nated photoscanner refers to a photoscanner from

l a non- lnterrupt1ng row that theoreticalﬂy is o |

zunobstructed Base addresses for the PIAs and the data o

'v”blocks correspondIng to the des1g1nated photoscanners

were ass1gned in the 1n1lizat1on rout1ne (sect1on R
i ,’ .

u4 3. 2. 1) to each data block ln varlables beginn1ng

Aﬂ7hw1th LKDAT and LKPIA respect1vely Subrout1ne FAIL

,Leperforms the sensor malfunct1on test by check1ng for a‘

' d-ff’O' (fa1l) in b1t 7 (photoscanner output) of port A of“

: Hﬁfthe des1gnated PIA If ar potato sensor malfunctIon 1s

"th;detected the top status LED (red) is. turned on.

,‘Af"otherw1se the LED 1s turned off Refer to sect1on

‘ h"ﬁ?4 3 2 4 for the potato sensor malfunct1on algor1thm
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4.4 Potato Planter Slmulator

The two row potato planter s1mulat1on unit shown in
Figure 4 16 was constructed for program debugging system3
performance assessment and demonstrat\on purposes ‘lwof
’horlzontal axles were’ al1gned verttcally and the1r p1llow
'blocK bearlng mounts were fastened to- an angle 1ron frame(
On each axle were two sprockets ‘one for each row An
endless Gha1n w1th six equally spaced metal cups was
1nstalled between the vert1cally allgned upper. and lower
sprockets SenSors were mounted on an adJustable arm that‘
' extended past the path of the meter1ng cha1n Ceram1c
l permanent‘magnets, 13 mm in d1ameter and 7. mm th1ck were‘“'
bonded to the lower edge of each cup w1th south poles fac1ng
ioutward Sensors were pos1t1oned such that meter1ng status
could be determ1ned in the fnanner d1scussed in sect1on A
3.3. 3 Figure 4.17 presents the pos1t1on of monitor sensors
Styrofoam cups were used in place of real potatoes and could ‘
‘vbe arranged to slmulate a pattern of m1sses The 0. 18 KW,
varlable speed electr1c motor prov1ded power to the

4/‘

jSlmulat1on un1t

..‘/ |
"4 5 Performance Analysxs 4 _ |
: A detalled performance assessment of the potato planter
_tpmonitor1ng system was not undertaken however, general |

observat1ons were noted and areas for 1mprovement are ?ijf\‘
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i

4. 5 1 Microprocessoh Board and Software .
The ‘basic microprocessor system and sof tware performed
to a satisfactory level. S1mulated plant1ng rates of 700
' plants/min produced very predictable feedbeck.ﬂMetering
.« rates past 800 plants/min bedan to reflect system loading

conditions, and resulted in a small proportion of misses

901ng undetected. The cause of system instability above 800

had

T plants/mtn was attributed to both chain slap on the
simyletor unit and actual system' loading conditions.
However, eaoses of metering rate limitations were not
determined directly. Accurate monitoring of planter

' performance under simulated conditions can be maintained up
N N A -

equivalent ground speeds of 9 km/h for two rows, 6 km/h

lfo"four rows, and 3,Km/h,for six rows assuming a 30 cm
p\egt ing. Improvements to input/output\algorithms are
~ discuss in section 4. 6 and, if implemented, would improve
' 'F" the monitortng system’' s operating eff1c1ency |
‘ i All performanc&ﬁstat1st1cs calculat1ons were carr1ed
| out as expected. The metering rate cetculat1on takes aﬁf1ve
second display cycle to stabilize after eaoh row change
feqbest Metering'rate eccuracy could be“improved if the
— metering events from each row were summed every f1ve
seoonds. The resultxgg metering rate would represent the
planter‘s metering rate rather than the metering rate for a
single row. | | ’ ’
Input. and output fgnct1ons and assoc1ated hardware

<
_performed well over an estimated one hundred thousand test
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-
and demonstration metering events. Mode—cHange and
row-select functions operated smoothly and the, autoincrement
‘ and buzzer sWitches functioned properly.
. 4.5.2 Input Device Evaluat ion

A1l system input devices performed their-designated
function. The metering eventrsensor on row 1 of the
simulation unit was:&onfiguned with a ceramic hagnet backing
as discussed in section. 3.3.2 whereas the raw 2 metering
event sensor had a 13 mm diameter by 25 mm long a luminum
I,n1ckel alloy magnet back1ng Row 1 tolerated a .
sensor -to-magnet spacing of roughly 5 mm whlle row 2 had

- .

double the spac1ng tolerance. -

- The potato sensor per formed exceptionally we]l .and

L

operated to its rated '50 ém range. Under actual fjeld
conditions, lens obstruction from dust or seed chips is
possible. A “chalk brush” test covered the lens with a
substantial layer of chalk dust yet the sensor unit still
per formed to design expectations. ' S

| Metering and potato sensordconfiguration in relation to
" one another is an important espeot“to the ove:al] design
perspective. The sensor mounts on theypotato planter | .
simulator could be adﬁusted in the x, y‘énd'z planes. Maghet
: attachmept to metering elements posed another challenge
&brthy of mention. Considehing'the'}epeatediihbacts.of .
potato seed in the seed redervoir and possible bodd fracture _
due to the harsh Canédian.winters. bolting magnets to the

-
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“metering elements seems more advantageous than a bonding :
solution. . |
Microswitches met ‘the need for a means to set planter
configurations. Although a more sophisticated 1npgt device
~wpuld look nicer, placement of microswitches‘jnside the

monitor unit is worthy of consideration since parameter

settings are rarely altered.

4.5.3 dutput Device Evaluation

The output devices discussed under sections 4.2.1.3 .
performed well and gave a clear, straightforward |
representation of the planter simulator operation. The
imetering and status LEDs could be located in the operator's’
peripheral vision~and by pure color discrimination, Ithe
performance of the planter would be known w1thout looklng
directly at the mon1tor* The 1nformat1on on the LCD d1splay
would be secondary during field operations but would provide
useful infornation at a glance._lhe mode-select function
would enable the operator to choose among perforﬁance |
,'statistics according‘to the typelof information desired.
Having a row aotoinCrementfoption alloﬁed-the percentage of
misses to be displayed for each row'in an alternating
.fashion.vlhis function was thought to be of value since it
presents performance information fo\¥tne total planting
system without diverting the operato ?slattentlonh“§§
o Both;metering event sensor and potato sensor |

malfunctions were detected‘without,fail{ Indicators for
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v )
metering sensor malfunction served a dual purpose since the

‘signal'producing magnets on metering. elements were a

component of the last moving part in the drive chai
lall drive train malfunctions will be indicated the
meterlng event sensor malfunction LED. !

The one drawback ot the LCD display was that/of the
long (0;78 msl settup time needed for each chara ter. A
sl1ght refinement to system software could prev nt the,

. unnecessary repetition of 1dentlcal dlsplay segments The
current delay caused by character transfer contr1buted to
system load1ng at hlgh meterlng rates. '

The current monitor unit was suited for a two-to
six-row roujplanter. A dash mount would require a top-view
LCD whereas a ceiling mount obviously would be sulted-to_a_"
bottom—view LCD screen.' h

The buzzer, unduestionably, would alert operators to
the problem of a defectlve element in the meterlng chaln At
t1mes the buzzer was annoying but could be 51lenced with the
buzzerﬁdlsahle toggle switch. The case of two potatoes .
.becoming_lodged in a‘cup"or the occurrence of bent picks are
aspects‘which.thefdefective element test is designed to
detect. , ‘
4.6 Design._ Discussions

| Although the potato planter mon1tor1ng system ‘met the .
flrst five de51gn cr1ter1a llsted in sect1on 4.1 2 the ‘

sixth des1gn cr1teria ‘ef*mc*ent operat1on under field 'r
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condltions was, not d1rectly met since the mon1tor1ng system
-was not field tested. Improvements to the ex1st1ng \

monitor g system would enable. the potato planter moni tor to
be used as a means for assess1ng potato planter performance ‘
on ex1st1ng cup and pick- type planters. The follow1ng '
‘d1scuss1on outlines the author s suggestlons for system -
1mprovements o I - '

| Perhaps the b1ggest drawback to the system is the

1imi ted capacity”for fleld‘data acquisition. A row spac1ng‘
" of 90 cm and a plant spacing‘of 30 cm glves each_potato

2 " Therefore, a-

plant a grow1ng area of 0.27 m
. quarter- sect1on of potatoes requ1res nearly 2.4 m1ll1on seed
| pieces. In order to tabulate the meter1ng status for all

| meter1ng events, program varlables hav1ng totals. greater
‘than can be represented by two bytes (65 536) should be
'expanded to three bytes. Computat1onal rout1nes need to be
adapted accordingly. A mon1tor1ng system’ based on a three
;byte system will accommodate up to 16.8. m1ll1on meter1ng
events, or data for approx1mately 450 ha whereas the present'
two byte system w1ll handle only 1. 75 ha ‘of meter1ng data.

’ Improvement of the d1splay refresh rout1ne to avo1d the
ucostly 13 ms delay every 5 s would 1mprove the, system s‘ |
toperating eff1c1ency Although th1s delay does not appear to
 be overly sign1f1cant the system performance can be |
affected Th1s applles especially to the defect1ve element

'ftests wh1ch rely on the cons1stent logg1ng of meter1ng -

v‘,status
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The suggestion is made-that?additional modeg be
'implemented; such as ground speed and t1me rate of area
- covered. Th1s would greatly enhance the mon1tor s‘.
capab1l1t1es. |

A number of hardware improvements are needed 1f ‘the
monltor1ng system is to prgceed to the productlon phase ‘The
l‘des1gn and development of prlnted c1rcu1t boards wou ld

'enhance system flex1b1l1ty, ease hardware assembly

,.:requ1rements, and allow for component 1nterchange The

follow1ng c1rcu1t modules are suggested a board for the
bastc m1croprocessor system, add-on 1nput/output boards for
each row, a d1splay bOard and a «sensor Junct1on module o
. board. A’ keypad -for operator 1nput would be more |
\aesthet1cally pleas1ng than the push buttons currently used
and would have - the added ben1f1t of prov1d1ng the 1nput'
‘hardware for add1t1onal user options . ‘

‘ A f1ve volt switchlng regulator is suggested for the
'mon1tor s’ power circuit, o g‘ o d‘,!‘- o

Installat1on'of a non- volat1le RAM w1th a battery

\back -up power c1rcu1t would enable the meter1ng performance '

. .

data to be reta1ned 1f the mon1tor was removed from the

ltractor ThlS is an 1mpoﬁ%ant add1t1on s1nce growers may .

\

m*?’choose to- download their performance data to a b S R

-_m1cro computer for further analysis ‘5t;;" . _
‘ The most 1mportant factor for suqcessful implementat1on ,;
' of the mon1tor1ng system 1s the accuracy of sensor |

- placement Development of a sensor mount1ng system wh1ch

.l.l'
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‘;‘allows stable: sensor pos1tlon1ng relat1ve to one anothen in’
N‘the X, y,‘and z planes is necessary 1f the dual sensor, |
r‘event triggered system is to be effect1ve Sensor system

mounts must prov1de a flexible means of attachment to ‘the
;/6ﬁanter s frame Rellable data acqu1s1t10n also depends on

the stab111ty of the meter1ng mechan1sm Pch type planters‘
‘do not present th1s probliem, however an idler may be

requ1red near the sensor system mounts on cup- type planters

'1f chatn or belt v1bration is to: be avo1ded



| 5 SUMMARY AND CONCLUSIONS
The need for a means of asse551ng potato planter _
' performance is based on the quant1tat1ve and QUal1tat1ve |
'1mprovements to potato ylelds that can be ach1eved with a jf
‘un1form plant1ng pattern The seed - meter1ng mechan1sm
1nteract1on TS spec1flc to the type of meterlng mechan1sm

| seed p1ece attr1butes,‘and the operatlng cond1t1ons dur1ng

R ;plantlng Control over- seed p1ece attrlbutes, such as s1ze o

.and shape depends on the s1ze d1str1but1on of whole-seed
tubers and the manner in wh1ch they are cut |
Seed attr1butes affect main stem dens1ty and the

un1form1ty of plant1ng patterns 1n an 1ndependent manner
: The shape and size: ‘of seed p1eces play a Key role 1n
determlnlng the un1form1ty of planting pattern, the number
. of stems per seed p1ece and the number of stems per un1t
area. Therefore seed attr1butes strongly 1nfluence the f
A yleld and s1ze d1str1but1on of harvested tubers ‘
| \ The cr1t1cal nature of the plant1ng process calls for’
p;potato planter performance exper1ments to produce mean1ngful;
,results Separat1ng the meter1ng and placement aspects of

\

‘ffplanter performance w1ll help researchers and growers to

o understand better how plant1ng parameters 1nfluence ylelds R

"";Planter performance experlments should contain a full

\

Hdescr1pt1on of seed matertal used and W1th stud1es on
’»placement performance the standard dev1at1on of seed

a'placement should be reported The CV stat1st1c 1s a useful

.}.measure of placement performance as long as the mean seed kfﬁg; o
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spacing is close to the 1ntended seed spac1ng Compar1sons
made otherw1se are mislead1ngﬁ%rom a performance B |
perspectlve C ‘,f . ‘.'.41j‘g";

If planter performance stud1es reported the

'-"d1str1butlon of consecutIve meterlng errors, the effect of‘

‘“f‘plant1ng pattern on y1eld could be assessed Gz taK1ng 1nto R
Aaccount the varlable yield compénsat1on effect exerted by .

" plants adJacent to a number &F m1ss1ng plants

After careful con51derat1on of the exper1mental

'“procedure and the stat1st1cal analys1s, the follow1ng :
l:conclusions were drawn |

Assessment of potato planter meter1ng ‘and placement wﬂ‘

],performance can ‘be carr1ed out 1n an 1ndependent manner

2, Compat1b1l1ty between p1cK type meter1ng mechan1sms

| ‘and seed materlal 1mproves as me{2r1ng rate 1ncreases from 3.

h‘plants/s to 9 plants/s and as the number of cut surfaces on -
jthe seed p1eces 1ncreases from one to three Therefore a ‘”a;<

.fplck type planter s meter1ng performance responds favorably

'ﬂ:rto hlgh metering rates and blocky seed p1eces .

'};meter1ng errors 1n an 1ndependent manner, however, a strong

sf 3 Seed pleces we1gh1ng 45 a produce fewer meterlng <4J f
“errors than 60 g seed p1eces at meter1ng rates up to 6 L
'gtplants/s 1n p1ck type planters B | |

4 Seed p1ece shape and s1ze affect the occurrence of

"-}interact1on ex1sts between seed shape and meter1ng rate..and

’huifseed p1ece s1ze and meterlng rate
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5. Cut 45 g and 60 g seed pleces have a more cons1stentl

A

. meter1ng performance compared to 50 100 g whole seed tubers "nv

. when us1ng a p1ck type planter. espectally at meterlng rates

below 6 plants/s o ':?“ e Tfy S ,h‘

| The follow1ng conclus1ons are t forth for the design
and development of. the potato planter mon1tor1ng system

‘ ‘1; The dual sensor event tr1ggered system prov1des an :
‘; effect1ve means of dete"tlng meter1ng errors for cup and »“l
pick- type potato planters ‘ . |

v 2 Sensor p051t1on1ng 1s crltlcal for accurate s
~determination of meter&ng errors Secure sensor mounts‘and
“the ab1l1ty to adJust sensors in all three planes are :
acr1t1cal aspects of mon1tor1ng planter performance 1n a h
)rellable manner | L .% B |
o 3. The potato planter monltor1ng system is capable of
prov1d1ng valuable performance feed back to operators
Ind1cator mechanlsms that relay the number of consecut1ve
| m1sses for each row, dr1ve tra1n malfunct1on senspr

malfunctlon and performance stat15t1cs such as meter1ng rate
'and percent of meter1ng errors, all contrlbute toward the'

*jefflclency of the planttng operatton by 1mprov1ng the

,qual1ty of 1nformat1on avavlable to the operator

4, Data logglng capabll1t1es of the potato planter f_ﬂjﬂ»*'

‘5»mon1tor1ng system ¢an establ1sh the pattern of consecuttve

o fﬂmeterlng errors and thereby prov1de growers w1th the

'ﬁ,Vperformance 1nformatlon needed to accurately assess the

"’ylactual populat1on dens1ty effects on y1eld _ffﬁfglj'"‘w




6 RECOMMENDATIONS FOR FURTHER STUDY ~
I Separate f1eld exper1ments for potato planter meter1ng
and placement performance 1s encouraged A four row or .

six row planter w1th a monltor1ng System would serve as an

excellent exper1mental un1t for". f1eld meter1ng performance
exper1ments A suggested method of’ conduct1ng potato | |
placement experlments 1s through a ser1es of ‘high- speed 16 ‘
;‘mm f1lm cllps DIg1t1al character1zat1on of the placement "
1sequence would ass1st in determ1n1ng the effect of placement
parameters , | | | |
Further experlmentat1on on the effect of seed p1ece
) shape and size w1ll help def1ne how seed pieces. and meter1ng
mechanlsms lnteract 1n terms of meter1ng performance b‘ ‘ -
fExper1mental procedures could be 1mproved if a photoscanner.
| was, p051t1oned below the point of seed release Th1s‘would
"‘allow the number of seed p1eces to be counted as the fell
l-and would enable researchers to determ1ne the actualxg ed
'ffrate and the number of doubles h"f ‘,: j“" . "\ »l
t j Planter performance 1nvest1gat1ons and y1eld response
‘llﬁstudIes us1ng small wholé tubers (40 70 g) would prov1de L
vvaluable 1nformatlon for assess1ng the costs, ben1f1ts and

”‘;alterat1ons t° plant1ng operatxonsuand potato mach1nery that

n;are requ1red for potato productlon w1th small whole seed

,‘. . N

ExpreSSIng meter1ng performance as a. funct1on of seed '

'jgplece surface area ratlos may prove to be advantageous ;A, gwéf;i;w

“-fsk1n surface area to total surface area ratlo,_or a sk1n ,fUV‘VV“ '
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surface area to cut surface area rat1o can be used to Lo

def1ne both seed shape and seed size ‘effects on a meter1ng

-performance cont1nuum Another facet of seed attr1butes thath“
may be worthy of 1nvest1gatlon 1s the relat1onsh1p between |
psurface area rat1os and the total and marketable y1elds
”Establ1sh1ng seed p1ece ylelds and planter performance 1n

]rterms of seed attr1butes would. serve as a good start1ng
Spo1nt for a potatO‘plant1ng modelu By 1mp1ement1ng plant1ng
»parameters of greatest ut111ty to the grower.'

~under - ut111zat1on of agr1cultural 1nputs can be avo1ded and

I

‘“y1elds w111 be enhanced accord1ngly
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8. APPENDIX'A. METERING DATA ANALYSIS PROGRAM .




1265, .

'": 335
340;

’

'Prograq;name HITMISS BAS

10 - :
20 ‘Purpose: . 'To analyse potato planter meterlng data
S0 ’Programmad for;IBM PC '
60 '‘Langusge: BASICA .
K 70 , ’Programmer : Edward J. Hauck .
' 80 "-—---—-———---—------—----—---——--—-—--—---—-—-~————-7~--—~ --------------- "
90 ’ " . . , \ ,
100 ¢ ** MAIN PROGRAM"‘
102 ‘ . o .
104 GOSUB 200 ‘ ’  Program inftialization ' R
105 ’ * CUT SEED METERINd DATA *
" 106 FOR M=1 TO 3 R o Metering rates 1-3 (3, 6 and 9 plants/s)
108 .FOR H=1 TO 3, i Seed shapes 1-3 (1-cut, 2-cut and 3- cut)
110 FOR Z=1 70 2 * Seed size 1-2 (45'g and 60 g) » . o
112 FOR R=1 T0 S '’  Replications.t-5 ° ' ‘
113 FILES = "M‘+RIGHT$(SThs(M) 1)+'H"+RIGHT$(STR$(H) 1)+02"+_

‘ . RIGHTS(STR$(Z),1)+" .R"+RIGHTS(STRS(R), 1) : C v
114 GOSUB 300 ‘' 'Data fille analysis (% meterlng errors and . oo
. 118 ‘- and d1str1bution of qonsecutive mlsses) ' .

117 NEXT‘R .
122 NEXT 2 ..
128 NEXT H
134 NEXT M ~
. 136 ¢ o . ‘ ’ '
.. 137 o : . WHDLE SEED METERING DATA °,‘ '
138+ FOR M-1 TO 3 _+ . Metering rates 1-3 (3, 6 and 9 plants/s)
- 140. . FOR R=1 TO & : ‘ Replications 1-5 ‘
v 14 . .FILES = 'M'*RIGHTs(STRS(M) 1)+ "HO"+". R'*RIGHTS(STRS(R) 1 ,
142 GOSUB 300 . * . Data file analysis (% meter1ng errors and
143 S distrtbution of consecutive mlssea) '
145 . NEXT R ' ' e - . o
‘150 (NEXT M - = = e S : ‘ ag : '
‘ 152 - GOSUB 80O . | ' . oo Output tor percent metering errors
154 GOSUB 900 Lo Output ‘tor consecutive metering errors -
'f56 . LOCATE 12. 25: PRINT ”FINISHED # :PRINT -CHR$(7)
158. END -f\ . ST o Y
160 .. fmem-mmesssoesssoooseonT bbbl it bbb bt ittt bl il hal i bl
O 7 - O EE Lo
.200 ¢, s¥ program initihlizatidn 2
. 205 e oo T
' 210 CLS . o Co T
+ 215 DIM 0P$(110 5) CMISS(11O 70) . ' v T . EIRRTT
220 M= 1:H = 1 2% $:R = 1:NO = 1 :
225 FILUES = "":L.FILES = ** . ‘ k £
230 TPU1S tf"File Misses: Hlts Events %Misses" o ‘ AR T
235 PU1S. =\ o\ AR AN 0#0 L ﬂ# AR ,W*.f R e vy g
240 PU2S = '\ ’ ’ AV b i Ce : R ST
245 TPuBAs =" Frequency distribution of consacqtlve matering errors” .. o bo0e
250 .TPY3BS = " 1.0 2. 3.‘ 4.:5 § -‘7 .8 Q T L TP
. 285 .. TPUSCS -.' 11'.12 ‘13h 14 15 ’ _J2O“u5
1260 PUB$ - N L

TN TR T AN L.
RETUR’N

LOGATE 12, 30:PRINT'. -Cruncning‘
LOCATE 14, zo pnxnr 'Last file:



380" OPEN *I".#1, -a‘-¢FxLEs ‘ '
385 INPUT#1,EVENTS: INPUTH1.EVENTS: INPUTAH I, EVENTS. <
360 INPUT#1,EVENTS S ) et :

. 365 IF EOF(1) ‘THEN GOTO 410 ‘
370 ,IF VAL(EVENTS) = 1 THEN HIT = HIT + 1:GOSYB 1000 ELSE IF VAL(EVENTS) = 0_ :

THEN MISS = MISS + 1:CONFLG = 1:CON,MISS’ = CON. sts+1 ELSE GOTO 360
Y ~ 378 IF 1% = 100 THEN GOTO 390 N &
- , T 380 I%sI%+1 *‘ . A N
1 ' 385 ' G0OTO 360 . . ‘ v : ) ‘ ’
‘ ' 390 INPUT#1,EVENTS . ‘ Lo
398 IF €0F(1) THEN GOTO 415 ‘ C e
400 'IF EVENTS = *A" OR EVENTS - 'o- THEN 1%-1%*1 ‘ . !
408 ~'GOTO 390 . , o o
410 . GOSUB 1000 ' ‘ , ' e
‘ . 415 - CLOSE 1 : C -
- . 420 QOP$(NO,1) = FILES:OP$(NO, 2) = STRS(HIT) ops(No 3) = STRsCMISS) o
o ‘ OP$(ND,4) = STRS(I%) OP$(NO,'S) = STR$(MISS*100/1%) T
425 'NO = NO +..% S . v
435 L.FILES = FILES . "“ .

800 ' t. **  Output foﬁ‘percent,‘gtering errors
. 808 LT | | |
N - ‘810 OPEN.*0",#1, 'RESULTS" R - T « ‘ : .
‘ 815 PRINT TUP1$ v LTt e S :
. 820 FOR N=1 TO NO-1 .~ ' ‘ o
.825 ' ULPRINT USING PU1S: OPS(N 1): VAL(OPs(N 2)) VAL(OPS(N 3)) VAL(OPS(N 4)):_ g
T T VAL(OPS(N.S)) Lt
830 PRINT USING PU1S; ops(N 1): VAL(OPS(N 2)): VAL(OPS(N 3)): VAL(OPS(N 4)); (T“
s A VAL(OP$(N.5)) ;:VAL(OPS(N,5)) B A
835 . PRINT#i aRS$(N, 1);- - ops(N 2) " '-oes(N 3) ;% 0P$(N 4) Tl
. 840 NEXF N . o ‘ . K L Lo
845 CLOSE 1. . AT B o o ; S
asoﬁ RETURN “]ﬂ . IR T 1}

——_—q---—----- e e e i s o 2 e o

e " Output for cdnaecutive metering errors .. ' -
Y = ' .
_,,OPEN -o- a1, 'HISTRING' : e el S ‘ Vo
M'PRINT TPU3A$ PRINT TEUGBS PRINT TPUGCS o L c e
N=1"TO NO=1 ' . _ RN o ; R R
PRINT#! oPS(N,. 1)’ ' ' ’ ' B oo
V.PRINTﬁi USING. PUSS CMISS?N 1); CMISS(N 2) CMISS(N 3) CMISS(N 4)
i CMISS(N 5):; CMISS(N 6% CMISS(N 7); CMISS(N 8) ;CMISS(N;9); CMISS(N 10)
PRINT#i USING PU3S; CMISS(N 1); CMISS(N 12); CMISS(N 13) ;CMISS(N; 14) ; .
; 16) CMISS(N 17) CMISS(N 18) CMISS(N 19) CMISS(N 20)
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U B1. Cut Seed Meter1ng Data : | |

S The following data sunnmry preSents the cut. seed

i metertng trial results..  Each:data point’ ‘represents one of
five replications for each set of exper1mental var1ables

"

| Percent of meter1ng events wh1ch.were unsuccessful *
.\ 1 :
Seed piece attr1butes g7 Metering rate- (plants/s)

" “Shape . S1ze (9) . 3.0 6.
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é2 Whole Seed Meter1ng Data : x') S S
‘} R The data l1sted below swmnan1zes whole ‘seed" ‘.\en”f Co
‘L &eter1ng results. Each data point represents one of L
gy‘ﬁ?‘ the five exper1ment rep]1cat1ons S

. Percent of metering errors wh1ch were unsuccessful * ‘

g [

‘.‘:;l . f; Meter1ng rate (plants/s) o f4' H‘f‘ ‘,‘ﬁ

oo o ' o me o ' ‘

SR IR S IR e, 0o 9.0
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. metering errors for cut seed metering trials™ .
' 7 '

Consecutive metering ‘errors
4 . .5 6

Percent of total metering errors
3

The following data set represents theﬂdistrﬁbhtion‘of
consecutive metering errors expressed as a percent of total -

" B3.
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Whole seed-metering trial data listed below represents
the distribution of consecutive metering errors expressed

as a percent of total metering errors.
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" Potato Planter Monitor Components = .

escription ' Code Purpose
' Number ‘

| ' ‘
Components for the microprogessor board

M6809 8-BIT Micro- |.U1 f _MPU" - executes M6809
processor P ‘1nstruction set o :

, . | |
741s245N| Qctal bus 1 U2 Buff for data lines |
transceivers | 1 e , .

741.5244 | Octal buffer | U3-U5 Buffers for address

line drivers 3 and control lines _
- /receivers o . ' '
74154N 4-1ine to u7 Facilitates division of
16-1ine de- 1 | addressable memory into
multiplexer , 16 - 4K memory blocks
- . -‘ o ' i *
27164JL 2048 word x us,us Provides one 2K _
8 bit 2 reprogrammable ROM’ -
erasable prom| e ‘
6116P .| 2048 word x utl a\ Random access memory
. 1 8 bit high | 1’| for program variables,
speed static | |- | and system stacks (2K)
CMOS RAM | ! A :
MC6850 | ACIA U13,Ui4| Facilitates serial
2 . 3 2 communications
MC6821P | PIA Ju1g Facilitates physical-

| .logical interface with
peripheral devices

MC6840‘ PTM -~ U15 Provides 3 programablé B .
- : 1 timers, used for 5 s _ -
- ‘ | statistical and display
. : K updates
7400N Quad 2 input | U10 NAND logic function i
‘ NAND gates . . 1 decoding : R
740502 | Quad 2 input | U12 - | Allows for 2 of 4 -
- NOR .gates 1. decoding
7404N Hex inverter | U29 - Inverts logic signals
. : . 1
7408N [ Quad 2 input | U30 Row change request

AND gates 9 circuit

LTy

~cont...




| ra™

17 -

L}
- Y
Monitor Components (cont...) |
. ‘ ‘ “ o : : . A t\ b
Name | Uescription Code Purpose
. " er . '
7414N Hex Schmitt- | U6 |
o trigger ' 1 ) o
| inverters - ' '
Crystal - ? e
MPO368 | 3.57 MHz . | Cf Provides ¥mput signal
' "| crystal ' 1 for M6809 clock signal
‘ (E and Q) ,
Capacitors | -
150 uf Incom{ng en | Smooths power supply
of Vecc and 1 o
Gnd bars | _
27 pf lnlcrystél ¢t . | Sine wave 0/P
I : circuit - ‘2 -
-10.0 uF | Between Vcc Decouﬁiing
_ . | and GND bars 9
1.0 uF | In reset R1 Switch debbuncing
| téreuit ‘ 1
2.4 nF | Row change R4® - TSwitcH'debouncﬁnq
Resistors , ‘ N .
1 kQ "‘1/4 w R2-R4 : Pull-up resistors .
: ' o 17 | in microswitch and
‘photoscanner c1rcu1t
' o “row select debouncing
2.7 KQ 1/4 W R4 Row seélect switch . .
-‘ _— 1 debouncing —
4.7 kQ | /4 W "R1,R5_ | Pullup resistors for
! ' = 6 | IRQ, FIRQ, HALT, NMI,
BMA/BREQ, MRDY, on MPU
‘ L IR .and row select circu1t
10.kQ | 174 W  « | R1,R5 | Debouncing cifcuit, o
‘ I crystal circuit, :

'and PTM to Gnd circuit

. cont.
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'quitorkbomponents (cont...) -
| L I
“Name | Description [_Code Purpose
' / Number S .
"Input devices _ B 1
Micro- | 8 bit.micro’ | 52,53 | Allows input ‘pf ‘
switches| switch = - 2 ' | number!.of rows and
‘ ' -~ " . |, number: of elements/row ' .
‘ ) R for the planter N R
Pulse Normally open| S1, S4 ' Reset aqo dis lay modeﬁh “; ff
- switches| - | S5 3 change. ‘row cl ange O I
Toggle :‘on-off L 56,57 Used to. enable row ;%ﬁ
switches o 2 | autoincrement)function B
‘ ‘ ‘ and defective element .
), B . . indicator (buzzbr)
Qutput devices ' | - | . .‘5}1 Rl _
PCIM200y| PCI alphanum-{ T9 - FaCiLitates the ; L e
\ eric LCD dot | 1 d1spfay of’performance S
matrix module ; information' S o -
Buzzer Small Radio | Ti0 .. Ind1cates defective L ,
- - Shack-buzzer N metering element - N
Connectors S I L 1_ | g R
D9 9 pin male D9 *Serial cammunication KV~\7“‘:
R K ' ' 1 | port f» S B
.40 pin | Right,angle; u22,U23 Mlcroprocessor anrd ';_ :
male, board 2 to mon1tor connection o \
- mount - 1 ! ‘ K :
40 pin- | Ribbon clamp .|U22,U23 | Microprocessor bdard
R female N . ...2 | to monitor connection
16 pin Male IC A T S "\Seﬁgor connection to
o ‘ ribbon ADE microprocessor board
. ‘connector ‘ v ' ‘
b |
-1 Sockets “ K :
| 40 pinss | 'u1r,u1s MPU PIA socket
B N cont--fs




cord

: Moni tor- Components (cont.. . )
Name .| Description T Code . Purpose
N ‘,'Téﬁﬁ%ﬁr‘ S
| 28 pins U5 | PTM socket
LS5 | > R
oo 1 . SRR ‘ |
- 24 pins’ U7 Demultiplexerésocket .
‘ . U8 . |.EPROM socket.® "™ '
. .. Ugjxwh‘\EPROM 'socket .

Misc.

ﬁoard.

Board.
stand w

Wire:

- wrap-

wire :

iR *Ribbon’
, wire -

Power

l

20 pins .
\ia pins

| 14°pins

»

v

vPerforitedf

" IC board
A1 board:

holder with

legs top and

—bottom
Plast1c SRR
coated

40 p1n

’sﬂb,

ktﬁ{bin]f]rq

w1th banana
E_!QS

A\

Uty
U13,u14
u2-Us -

.4

R1-R5
RN

‘R1,U8
| uio,u12
u17’ s

| Fair
‘| bit

"'30,cm

130 em-

r4

j_Vcc and Gnd connection-}{7  -

_socket p1ns

\RAM socket
\ICIA (x %) socKeéts

£ K .
‘Buffer socKets
ICs and resistor - v
bank sockets - ‘&

AR . v,
ICs and resistor

- banKks sockets

oy ~ , . "

For microprocessor
system and display .

-Allow for c1rcu1t

‘assembly and prOVﬁdec

Dty

Connect1ons between

e
[N

COnnects ma1n board

“to display board : ;.L

fConnect ensors to
“*:gnmin bo&\k

—l——

cont
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*~ Monifor Componerits (cont.

Name

Descripﬁion )

Code ]
e

|Invertersqy

© | (7407N)

’ﬁlectniC)

Components for each row

mbnttcred& '

| MC6821P

(7404N)

~

Drivers

NAND

ates
?7400&)

2 Input
inverter gates|:

THex buffer/

PIA

A

‘drivers with
open collec-
tor high
voltage O/P
gates co

2 Input NAND
gates :

Lo

Input deV1ce ,

fModulated IR
through beam.
‘photoscanner

MCS 651
(Wanner

UGS3019T

)Sﬁrague -

all Effect“

V‘":-";_»'switch |
Output de:¥ces L

LEDs

M

/aw

Re gular

yellow

e B

ute

u2g -

u20,u21

17T

N1

N2

g.'L1ff
L1

L1 -

8

(tvmalfunction

ﬁj/resistors for L

"‘.
S

, Detects occurence f,.f&
‘of metering event '

A -
o
5

'\ .

»Indicate sensor

f7fRow dfsplay indicatorv“

Y

. L |
# et

/Current limiting
D}‘

‘_ ' . ". ‘ ..‘"; I~
PQrpoeef
Facilitates ﬁﬁysical-»
logical interface with
peripheral devices \\;
Used to geherate o
logic level 0/P from
‘Hall Effect’ .sensor
Drives LEDs .and buzzer
Used to- generate
" logic level '0/P from
j photoscanner~
‘ ; ‘ -8 ..
,Potatc seﬁsdh‘aj’lk-- t

.T;Indicate consecut1vev- 1
') metering misses

.'qweqﬁt+35*

T T S
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\'Monftor CompbngﬁféﬁTEOQti.l)&f

-

\

Name

"vpescrfption“_

: Code

- .~ Purpose

| 4.7 k@

Misc.

Wire

wraps
wire

-1/

.

\PMSﬁé‘
, qbated

|

s
Coud

40 pins

Number -

L]

RS

)

o

Fair-

bit *

u16

,1.‘

“Pullup fo# IR photo-
scahner circuit; :

3

Connections
- socket pins

PIA sdckét

between

.
Yim

A
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‘D5. ACIA Circuit

¢
' ‘ o~ w ™ o~ — uw
o o » o o o
a o a a o a | .
Y'Y ‘ YY) ¥0 —in
| o o
v Fomy
N
vin
N
) )q — L0
’ Ilv . ‘ “l
| ﬂ4 : nﬂ.l -
3T i | eREEd g
o 5 | T g
2 ' AN = .
#8582 casszaas 83,888z samsanas

- gqj dﬂﬁJﬂJﬂJ- .'. -,;-6. ﬁ.q.JJamﬁmdz

VI2

. 4
. J ENRE I —_—— - . LI
A LJ»J‘ \AAAAA AA : : o .

. »‘.“0‘ ':uu AAA ‘
*WES.JQaussaaaaasa o -




194

AN

t

Row PIA Circui

D6.

LR
er——— BT
<0 13 L 5T
rx <M/d 10SU3s
d..nloMM> TAQl - , o~cuomJ
.N.lIAQO : I\V [~
d||A 1¢] fuawausauo)ne
b d oY : 7
- 294 oL T
b—sa -7
T—<2d T
IR N I
‘ ] 1 CN .
3 s W] 73 ]
oo YWt . ]
H 111 B 3 Cllrope [T [
T W r o7 T g
\ ) St I A Js 5
BT FTW—Tr— 5 2
5T ST %loznE 3
) S § WAL ) T K4
zen oy < -

289

182

L8d
98d
Sqd
bad
£ad
28d
i9d
084

LYd
9vd
Svd
vvd
g£vd
Zvd
Ivd

ovd

AN
9

aIn

%] 24

osofrz——=2®A
safgz—< S4
vafer—< P
safor—< &4
zafry—< ¢a
tafze—=< 14
oafgr—=< 0d

Josuas juana
ﬂ GITIWEREIN

o=




195

Microswitch PIA Circuit
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F1.

Monitor System Memory Map

9221

’NIM service routine

ddress Device ’
0000 PCIM 200 LCD
1000-1003 | 6821 PIA (Row 1)
2000-2003 | 6821 PIA (Row 2)
3000-3003 | 6821 PIA (Row 3)
. 4000-4003 | 6821 PIA (Row 4)
2000-5003 | 6821 RIA (Row 5) .
- 6000-6003 | 6821 PIA (Row 6) P
7000-7003 | 6621 PIA (Micr osw1tches) A4
80Q0-8007 | 6840 PTM .
000-D7FF | 6116 RAM
"E008-E009 | 6850 ACIA
EOOA-EQ0B | 6850 ACIA
‘FOO00-F7FF 2716 EPROM _
_FB00-FFFF | 3716 EPROM
(]
-F2. Pr m Memory Map
Address- Routine | Description
F800-F92E STKINT Initialization
FO2F-FQ94B | - Main program .
.F960-FA39 IRQ IRQ polling routine ‘
_ FA3A-FA48 MALTST Potato sensor malfunct1on test
FA49-FABF | METUPD ~ | Metering update '
FACO-FAEF UPDATE Statistics update .
FAFO-FB46 | CALC Statistics calculations
FB47-FB4F | ADD - . Addition
FB50-FB65 *DIVISN Division
FCJ0-FC23 | CMODE Change modes |
| FC24-FC6C |. DISPLY Display refresh
+FCBD-FCBO | DELTRW Change rows =5 2|
FCB1-FD3C | HEXCON Code conversion LD
*| FD3D-FD4D LDZERO | Strip leading zeros fﬁ
- FD45-FDS8 | CLRLCD | Clear LCD __. . N
FD59-FD64 | DELAY Delay
FD65-FD6F - | DUMP Characterﬁ_Jgg to LCD
: F3. System Vegtor Memory Map .
~Adfiress | Description —
) R o . - 4
FB800-F94B | Reset '
.| F960-FBB5 | IR) service routine
. FCO0-FD6F -



F4. ROM Data Memory Mapﬁ‘

Ak
. 222

Address Description
FD70-FD79 | 'Mode descriptor addresses '
FD7A-FD7F Data' block addresses for po@ato sensor
: - | malfunction test .
-FD80-FD8B5 PIA addresses for potato sensor
‘ : malfunction test
FD86-FD8A Offsets from data block base addresses
: for performance statistics .
FD8B-FD8F Consecutive miss metering masks
FDS0-FDD1 Mode descriptors
. FDD2-FDDC Flags for LCD initialization
FFFO-FFFF System vectors

F5. RAM_Memory Map-

Description <.

D740-D7FF

Address
D000-D039 | Program variables (excluding variables
in data blocks).

~D100-D1FF Row 1 data block

D200-D2FF Row 2 data block

D300-D3FF | Row 3 data block"

D40Q-DAFF Row 4 data block

D500-D5FF | Row 5 data block

D600-D6FF Row 6 data block

D700-D73F | User stack ,

{

System stack

F6. Data Block Memory Map

s

Address Description

D#00-D#10 | Data block variables (see 1ines 78-89 in
the program listing in Appendix DJ}-

D#11-D#FF

Metering element consecutive miss data

# - Data block row number



