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ABSTRÄCT

MEC}IANICAL DAMAGE TO POTATOES AT THE SOTL-MACHINE

INTERFACE AT HARVEST TIME

þV

Syed Iqba1 Ahmad

Potato production in t4anj-toba has changed markedly

within the past l0 years" Growers have completely mechanised

in order to cut down the production cost. This has increased

the importance of damage done to potatoes by the harvesting

and handling machines. Past studies have shown that the

primary source of mechanical injury is harvesting operations,

and approximately 30 per cent of the potatoes are rejected

for sale due to mechanical injury during harvesting.

The objectives of the study were;

1. To determine mechanical damage to potatoes at the

soil-machine interface 
"

2 " To determine mechanical damage to potatoes before

thev are l'i fte¡ frnm tho ctotllldr

3. To evaluate mechanical damage to potatoes by the

time they leave the potato harvester,

4 " To investigate the distribution of potatoes in

the hill with respect to the main pfant stem.

ii
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Data were collected from six potato grov¿ers in
l'lanitoba, who voluntariry agreed to assist in the study.
The damage study was conducted in 18 field.s with three potato

varieties. Four potato varieties were studied for potato

distribution in the hill "

Mechanical damage to potatoes was carculated for
each field at three harvesting stages. Approximatery five
per cent of the potatoes were damaged before they \À7ere lifted
from the ground. and nine per cent at the soil-machine j_nter-

f ace " The tot.ar damage done to potatoes by the time they

left the potato harvester averaEed about 29 per cent" The

weight of the tuber significantly affected mechanical damase

at t.he soil-machine interface and on the harvester. rt was

concluded from the potato distribution stud.y that there was

no significant inter-varietal difference in the distribution
of potatoes in the hilI" The tuber distribution was largery
affected by cultural practices, intensity of rainfall and

soil conditions. Practically aIr of the tubers ín all of
the varieties were found within a space of rB inches across

the row and seven inches deep j.nto the soi1, measured. from

the top of hilf.
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CHAFTER 1

INTRODUCTTON

1.1 Potato Damage Defined

Potato damage is any injury to potatoes caused by

agents other than disease, insects, or physiologicat

factors " Thornton classified potato damage into three

distinct types on the basis of shapes, sizes and causes of
injury (54) " The classification is as follows.

1. Shatter damage is t.hat which results in tuber

breakage due to forces which do not usualry leave large areas

of broken cells exposed on the tuber surface.

2 " Mechanical damage is that which results from

mechanical gouging or tearing of the tubers and produces

areas of ruptured cells exposed on the tuber surface.

3 " Internal blackspot i-s damage which has no exter-
nal symptoms but has a dark area under the tuber surface.

These areas are the resurt of forces breaking the cerls and

the subsequent enzymatic react.ions " This type of damage is
not present during harvesting but is found in storage due to
pile pressure on the underlying potatoes 

"

Since this study does not consider post-harvest

damage, the term mechanical damage incrudes both mechanical

and shatter damage.

1



1) Scope of the SLudy

Potatoes are the most important horticultural crop

in Lerms of tonnage produced and area planted in Manitoba

and Canada. The Dominion Bureau of Statistics (DBS),

preliminary estimate of the L970 potato crop in Manitoba
*

was 3"7 million cwt, a decrease of 2"6 per cent over last
year's crop(6). The acreage planted to potatoes increased

from 29,000 acres in L969 to 331000 acres in 1970 (6). An

unfavourable growing season and late planting contributed

to poor.yields which resulted in an overall reduction in
potato production in the L970 potato crop in Manitoba, For

Canada,DBS estimated 53"3 million cwt as compared with last
year's crop of 51"9 million cwt. Canadian pot.ato acreage

was 313,900 acres in 1970 (6) 
"

Mechanical damage to potatoes j-s serious, affecting
both the producer and consumer j-n that it represents a loss.

This loss is more serious than poor yields, since the crop

is grown, harvested and handled at great expense and is then

unsaleabl-e. The damaged tuber may also be a source of

infection to a sound tuber with which it. is in contact.

Elaborate storages are not proof against the danger of

damaged and infected tubers.

Mechanical damaqe to potatoes can be d.one before

lifting" A considerable amount of damage can be done to

c\n/t = 100 lb.



J

potatoes at lifting, and this is particularly so if the

harvester is not adjusted to suit trre prevailing'soil and

^r^ñ ¡nnÄ ì +-i ^.urt,p uurrLr-LLrQns" Green reported that the potatoes are more

easily damaged when Lhere is a relative movement between the
tuber and the carrying bed(14) " He explained that tuber
damage depends on the strength of potatoes ¡ their suscepti-
bility to damage, the nature of the movement, and. the number

of potatoes moved at the same time.

The probleni of potato damage exists and can occur

before rifting, ât lifting and after rifting. This brings
rosses to the grov/er and dissatisfaction to the consumer.

The main object of this study was to find out where the

most of the damage is being done to potatoes at harvest
time, that is, before lifting, ât rifting or after liftinq
under Manitoba conditions 

"

The distribution of potatoes at harvest time has

great influence on the design of new harvesters and perform-

ance of existing ones, The potato distribution pattern
reveals how wide and deep the potatoes gro!,/ in the soit.
This can help in determining the harvesting depth to avoid
ttll-lor rlemeno h¡z t-l-ra ], ---'^--pJ u¡¡ç rrar v =o Ler blade .

1"3 The Objectives

The specific objectives of this study \{ere:

I" To determine the overall mechanical damaqe to
potatoes at harvest time in }fanitoba in t920.



2. To determine the mechanical d.amage done to
potatoes at the harvester blade and to express this as a

nar¡anl.=na n1: the OVefall herr¡eql- .i ncr deyç! eçrr LaVE ur tIIe OVef aII **mag'e "

3. To determine the amounL of damage done to
potatoes before the crop is lifted. and to express this as a

percentage of the overall harvesting damage.

4 " To investigate the distribution of potatoes in
the ridge with respect to the main prant stem rocation.

.1.4 General Approach

Growers from Portage Ia prairie, Carberry, Carman and

Winkler indj-cated genuine interest and offered assistance for
this st.udy. rn accordance with the harvestj-nq dates of the

participating growers, a fierd schedule for this study was

prepared. It should be noted that no particular instructions
regarding harvester setting, travel speed or operating proce-

dure were given. A piece of land regardless of area, but

with uniform soil texture and planted to one variety of
potatoes was called a "field" " A total of IB different fields
were covered. For damage analysis three samples at four
different locations in the field were corlected. samp]e one

consisted of carefully hand-dug potatoes from the area behind

the tractor whee]s but in front of the disturbed soil at the
hl ¡¿la Qrmnl g tWO COnSiSte.l nf r¡rrt:{-nog ffOm the diStUfbedruus v! t/vLqgvEi

soil up to the start of the primary apron and sample three

came from the potatoes which went into the truck" Each sample

was washed, tested for damage and recorded. Catechol was

the chemical used for damage detection. potatoes were



classified as undamaged, slightly, moderatety and seriously

damaged. Weights and number of potatoes falling into each

category were recorded. Norland, Norchip and Netted Gem

were the varieties that \^/ere incruded in the damage study,

Five samples at five different locations in each fietd \,vere

taken to estimate the yield"

Norland, Norchip, Kennebec, and Netted Gem. were

included in the potato distribution study. Twenty-four

distribution samples were taken, that is, six samples per

variety "

1.5 The DeIímitations

This stud.y like other studies has its limitations "

The harvesting season lasted only one mont.h, from September

15 to October 15 " During this period Manitoba had

considerable rainfalL and freezing temperatures which slowed

down the harvest operations and affected. the yield. Tn

order to collect samples to evaluate damage before lifting
and at soil-machine interface, the tractor operator had to

stop for 5 to 10 mi-nutes. As his time was very important,

he was only stopped at the end of a row. Other sampling was

done when the LracLor operator was waiLinq for another truck.



2.r

CHAPTER 2

REV]EW OF LITER/{TLJRE

Potato Production in Manitoba

fn recent years potato production in Manitoba has

undergone rapid changes and development. The development of
potato handling machinery and shortage of labor for hand

picking, along with contract production for processing firms

have contributed tolards the establishment of potato pro-

duct.ion as a special enterprise. This has also encouraged

the growers to produce potatoes on coarse textured soil--a
texture more suited to the mechanical handling of potatoes 

"

Consequently potato acreage in Manitoba has increased to

33,000 acres in 1970, compared with 24,500 acres in Lg64r ârr

increase of 34"7 per cent(6).

2.1"1 Growing Areas

It is estimated that about 2"4 million acres of land

in Manitoba have soil and climatic conditions that are

suited to fully mechanised prod.uction of potatoes (50) .

Traditj-onally potatoes were grown on fine textured soils along

the Red and Assiniboine Rivers (see Figure 2. I) near

Winnipeg(¿e) " Improvements in potato handling equipment

brought the coarser soils of Portage la Praire, Steinbach

and Winkler under potato cultivation. In recent years the
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building of processing plants in Winnipeg, PorLage La praire,

Carberry and Teulon has caused an increase in the acreage

nf nnl-:1-noq ìn *haqo âraâ< /¿a\\=u / o

2 "L" 2 Potato Varieties

Many varieties of potato are grown in Manitoba, but

only those which appear to be grown for commercial purposes

are listed below (38 ) "

1" Red Warbasvery early; tubers red skinned, rough,

blocky with deep eyes; good cooking quality.

2" Norland**: early, tubers red skinned, smooth,

a{-{-ra¡l-i¡¡a ohal I o¡¿ erzc| - f=i r nn^L-ì-^ .t¡al i tv_ snr6rllgsue!sve¿ve, r¡¡s¿rvvr çJçst !qrr uvvJ\¿¡ty yUq¿¿çy, Þt/f UL

easily in storage "

3" Viking: early, tubers bright red, smooth and

attractive, good cooking quality; sets only a few tubers and

these can quickly go oversize.

4. Irj-sh Cobbler: medium maturity; tubers white

blocky, medium to deep eyed; good cooking and. chipping
nlr¡ I ì 'Frz

5. Ngrchtip**t medium maturity, tubers white and

round, good yielder and chipping quality" This is a ne\^I

variety grown only for two years in Manitoba.

6, Norgold: earIy, tubers netted, smooth and shallow

eyed, good yielder and good cooking quality"

**Varieties included in damaqe and distribution
studies "
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7" Red Pontiac: late; tubers red skinned, medium to
rlo¡n ar¡aÄ anÄ nnnrl r¡i a'ì Äar

B, La Rouge: late; tubers bright red, attractive

and blocky, medium to deep eyed, good yielder and good

cooking quality"

9" Netted Gem**: late, tubers netted, tubers long

oval, smooth, shallow eyed, excellent mashing and baking

quality.

I0. Kennebec*: late; tubers large, white, smooth,

thin skinned, shallow eyed, high yielder, good cooking and

chipping quality"

2 " 1. 3 Market Requirements

The strength in the potato market is due to a gro\^¡ing

demand by potato processing firms in Mani toba and a lack of

potato prod.uction in Eastern Canad.a and United States due

to dry growing season (32 ) .

2.1"3.1 Impact of Processing Industry

Manitoba had very little potato processing before

1956 (48 ) . By 1960, approximately I r 000 acres \,rere planted

to potatoes for processing. In 1961, SimploÈ Company planted

2,000 acres of potatoes in the Carberry district, to produce

dehydrated and frozen potato products " In the following

years, Simplot Company, two chipping firms, and. one soup

company in lt{anitoba purchased potatoes grown under contract

*Varieties included in distribution study on1y.
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by the provincial gro\,üers(48). Consequently in 1969 the

estimated acreage under contract was 20r500 acres, approxi-

mately 7L per cent of the total provincial acreage (31) . As

a result of the rapid growth of the processing ind.ustry

potato production patterns ivithin the province also changed.

Growers started potato production on medium and coarse

textured soils. They fully mechanised their potato produc-

tion i-n order to cut down the production costs and handle

larger volumes of potatoes grown under contract for the

processors (see Tables 2"L and 2.2) (48) .

2"I"3.2 Tab1e Stocl< Production

In 1969 Manitoba fresh market production remained
at^+-.i^ ^l- '7 A1 A ^ &1^ ..:.^ 1t ^ /
s.tal-c at t 14t+ crures, rrre Same aS in L968"?! The yields

harvested by the growers in L969 showed an increase of zs

cwt per acre over that of previous year. The firm prices

that had existed for the 1969 crop and the restricted
marketing situation for cereal crops resurted in increased

planting of potatoes for the fresh market in L97O (32¡ " The

estimated fresh market potato acreage in Ig70 was 8,483
^/acres.3/ Manitoba table potatoes are sold in saskatchewan,

ontario and some parts of the united states. rt is estimated

{-ha{- Lñ ìaêr ^ent of Manitoba table stock prod.uction movesI---

beyond the boundries of the province (48 ) "

a/^
=' Personal Communication with ManiÈoba Veqetable

Marketincr Corünission.
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2.1"4 Crop Yield

Potato crop yield depends upon the following factors
(1) ;

1. Time of harvest,

2 " Variety,

3. Soil fertility and moisture,

4 " Planting and cultural practices,

5. Growinq season"

In Canada t.he average yield per acre in 1970 \,vas

170.0 cwt, approxima.tely a 0.6 cwt per acre increase over

that of the previous year(6). In Manitoba due to l-ate

olantincr a.nd. an unfavourahle orowino seasôn the ã\*rtcl drr tlrlrd.vou_*_*_ *Terage

potato yield for L970 dropped to LL2 cwt per acre, a 19 cwt

per acre decrease as compared to the 1969 yield. An impor-

tant factor which contributes to low yield is harvesting

loss" Harvesting losses may come from potato leavings* and

nar-rra¡a -eiec:ted ôn ar-count of mechani eal i nìllrv.y\JLCf L\JçÞ J-çJLvuçu v¡¡ qvL/(JLtIlL (rI lil.ËL.LJ,q¡¡rvq¿ 4¡¿J urJ è

2 "2 Potato Cultivation in ir{anitoba

Today growíng potatoes is a highly specialised
1-rlrqi 11ê<c rêrr11i ri na 'l:rno ìi--rpital investment. If the enter-

orise js Lo be nrofitab] e- the farmer should have botht/l¿Uut/lvl4ggv¿v'

technical and business knowledge" Farmers must be prepared

to keep up wit.h rapid expansion in processing firms, improve-

ments in potato hand.ling equipment, and updated recorûnendations

*Leavings are ungathered potatoes during harvesting"
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for varieties, fertilLzer use and disease control

2 "2 "L Soil and Cl-imate

The yield of tubers and their appearance depend

largely on the texture and physical composition of soil.

The ideal potato soil is a rich, deepn friable, well drained

medium or sandy loam, free from stones, moderately acid, and

containing adequate organic matter. The potato crop requires

abundant moisture, but does not thrive in cold, water-logged

soil (5) . In }4anitoba there are many kinds of soits--from

orthic black to dark grey wooded. and pod.zol soils (38 ) "

IlnÄar #l'raco õahôrâ'l :^r^-^m'i ¡ qni I ñr^rrÐS SOiIS haVe COa1' Se,Y!vqÀ

mediumt oî moderately fine, and fine texture(38) " Today in
itÍanitoba potatoes are grown on all kinds of soil--for seed,

table stock and processing. Practically all of the }.{anitoba

soils where potatoes are grown are free of stones, a desir-
able condition(38).

The potato has made its greatest development in areas

where the average daylight. temperature seldom exceed.s 70o F

and where the niqhts are cool" Tubers form best when the

air temperature is about 60 to 650 F (5) . These conditions

exist in the parts of Manitoba where potatoes are grown.

For example, in the Red River valIey, South-west iríanitoba,

and the Assiniboine valley average temperatures from May to

August are 62"5o F, 61"5o F, and 600 F respectively(38).

The amount of rainfall and. its distribution durinq the

growing season markedly affect yield. In the best potato
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gro\^/ing areas in humid regions, total rainfall between

planting and harvesting should rangie between 12 and lB

inches. For best results it should be evenly distributed,
with about I inch per week throughcut t.he grouring season(S)"

Arthough seasonal precipitation for potato growing areas in
Manitoba varies considerably, the long term averagies of total
precipitation in the growing season from. Ir.Iay to August for
the Red River varley, south-west Manitoba and Assiniboine

valley are 10.5, I0"B and 11.0 inches respectively(38).
These are quite close to the figures for best results.
Moreover the precipitation in lt[anitoba i-s distributed from

2 to 3 inches per month from May to August (38¡ . This Ís
also a favourable factor for potato growing in Manitoba.

2.2.2 Maintaining Soil Fertitity

Potato yields are usually higher when crops are

rotated than when potatoes are grown on the same 1and year

after year" Sod crops in the rotation are beneficial
because they add organic residues to the soi1. AIso

rotating the crops discourages the development of diseases

such as scab, rhizoctonia, blackleg and wilts(38). potatoes

racnnn¿l r.ro'l I tO t.he additiOn nf ni.l-rnrren nlrnanlr^-'.- andurv¡r v! ¡¡r u! vy ç¡¿ , }/rrVÐlrrrul UÞ

potassium when these elements are in low supply in the soil.
unless soil test reconmend.ations indicat.e otherrvise, 60 to
B0 lb. of nitrogen and 30 to 50 Ib" of phosphorus per acre

should be added when potatoes are grohrn on loams and clay

textured soils. Twenty-five to 35 1b " pot.assium per acre
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should be added with the above rates of nitroqen and

phosphorus when potatoes are grown on sandy textured soils.
Fertilizers are added as a side band application at the time

of seeding (:e ) "

2.2.3 Preparing the Soil

soil is plowed in the fall to let the sod decompose

and release plant food for the next crop year. Soil is
generally worked to a depth of 6 to 7 inches (5) " Lighter
soils are usually plowed in the spring(5). Thorough curti-
vation in the fall and spring gets rid of many troublesome

weeds, ensures a good seedbed, and benefit.s the moisture,

aeration, temperature and available plant food material of
înê q^f I f Èìt

vv¿+ \r / .

2.2.4 Planting and Cultiva'bion

One important practice in potato production is the

use of certified or foundation seed. seed pieces are placed

from 9 to 15 ínches apart in rows spaced 36 to 40 inches

apart" varieties like viking and Norgold may be planted at
closer spacing" Ifide spacing is used for Netted Gem and

intermediate spacing for other varieties. seed is usuarry

planted 2 to 3 inches deep (38 ) " Potato seeds decay easily
if the soil is cold. Generally planting should be delayed

until soil surface temperature is above 40" F (38 ) .

The main reasons for cultivaLing the potato crop

are to control- weed.s, to aerate the soil, and to loosen the
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surface soil so that it \,vill absorb and retain rnoisture"

trar'lw fa'l I nlor¿'i no fnl'lnr^rert l-.rr franrra¡+ CUItiVatiOn With a!v¿¿vYvuu vJ

harrow can destroy the perennial weeds. Early spring cul-ti-

vation before planting and when the crop is emerging, con-

trols most earlv season weeds " Cultivation should. be

completed before hilling operations " After hilling , if it.

is necessary, weeds and disease may be controlled by

recommended chemicals (5) .

2.2"5 frriqation Practices

In Manitoba most of the potatoes are grown under dry

Iand farming. The moisture requirements of t.he crop are

supplied by the rain which the province gets during the

growing season from lt{ay to August. Uniform distribution of

precipitation during growing season has aided successful

poLato growing in the province. Farmers who gro\^/ potatoes

on lighter soils may irrigat,e their crop. An averag:e of

0.15 inches of water per day after planting until harvest is

reconmended(5). Preferrably a sprinkler system should be

used (5) 
"

2.2"6 Top Killing

The destruction of potato tops prior to harvest

reduces the work, bruising, and prevents losses from over-

sized potatoes (38 ) " In Manitoba harvesting coilrmences a week

after t.op killing. In 1970 tops \^/ere killed with a roto-

beater or with a chemical spray such as sodium arsenate for
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early maturing crops " The late maturing crop had the tops

frost killed durinq the second week of Ser¡tember"

2.3 Potato Harvesting and Damage

Potato harvest.ing involves lifting the crop with
mechanical equipment and separating the tubers fro¡n the soil
and vines (1) . Tubers can be damaged at every stage during

harvesL--before lifting, ât lifting and. after 1íftinq(14).
There are three main kinds of darnage that can occur to
potato tubers during harvest. First, the blade of whatever

machine is used f or digging can cut the t.ubers. Second,

light knocks and scrapes can remove part of the skin of the

tuber and. cause surface damage" ThÍrd, sharper knocks

produce deep, internal cracks in the flesh of the tuber. It
is the third kind of damage that has t.he worst lasting
ef fects (22) 

"

2.3.1 Potato Harvesting ín Manitoba

Potatoes are harvested by the following methods(48).

1. Digger, hand picking and sacks: with this
method the potatoes are lifted with a potato digger and later
picked by hand into baskets " The baskets are emptied into
potato sacks " The sacks are loaded into trailers or trucks

and haul-ed to the storacre "

2" Digger, hand picking and bulk boxes: this
method is similar to number one except that the potatoes

from the picking baskets are dumped into butk boxes mounted
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on trucks for hauling to storage.

3. Indirect harvesting: the potatoes are lifted
l-rr¡ = r^r'i n¿lT^\,7õ1 rìr : Äi aaar" A SeCOnd maChi ne ìjSltâl l rz ¿u uryyvr. 

^ Ðçuu¡¡u ¡rlqç¡rr¡tç uÐuqrI)

potato harvester follows. It picks up the potatoes from

the ground and. conveys them to bulk box for delivery to

storage. This method is generally preferred by the farmers
,.,L^* +ì.^ !^*^wrrelr Lrrç L\rpÞ are frost killed, and only practiced when

potato acreage is small.

4. Direct harvesting: potatoes are lifted, one or

two rows at a time, and conveyed. directly into the potato
l-rrrll¿ hnv l-rrz +he harVeStef " ThiS methOd is Vet:v oon, l.ar! ¿r¡¿È ¿rLç urÁvs ¿r v 9!J yvÈ/qJ

amongst the Manitoba growers and used for early and late
v!vvÐ ô

5 . Direct- indirect. harvesting: Lwo or more ro!^rs

of potatoes are lift.ed by a windrower and placed. between t.he

two undug rows. The harvester follows, lifts the two undug

rows along with the windrowed potatoes, and conveys the

potatoes ínto the butk truck for haulinq to the storage.

This method is popular with the big growers when the tops

have been frost killed or when the harvestinq season is
short

ft is reported that 42 per cent of the Manitoba gro\^iers

use method four(48). Thirty-five per cent harvest by method

one" Method two is used by 18 per cent and only five per

cent use method five (see Table 2"3).
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¿"J"¿ Harvestinq Time

The potato harvesting season in Manitoba usually

starts in August and continues until the middte of October"

The potatoes harvested early in the season are called "New

Potatoes" and are usually marketed immediatefy" The time

of harvest for the new crop is determined by the market

conditions rather than the crop maturity. The harvesting

of late potatoes or the main crop potatoes begins a rveek

after the tops have been kitled either by frost or by

artificial means " rf the first killinq frost does notr come

in early september, then the potato tops are killed mechani-

cally or chemically" The main crop harvesting season

extends from middle September to middle October.

2.3.3 Losses due to Harvesting Damage

Injury by mechanical means has been shown to be a

source of losses. Not only do damaged potatoes have to be

graded out before sale, but damaged areas serve as openings

for rot organisms which can destroy potatoes in storage.

The main sources of mechanical damage to potato tubers are

harvesting and the subsequent handling operations (45 ) "

Damage will detract from the value of the product

due to poor appearance (54) " The seriousness of potato

damage depends upon the length of storage, storage condi-

tions, the presence of disease organisms, and the use to

which the product is to be put. Damage in early potatoes

is not as important as in the main crop, since the new
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n.rl-ã+^êq rl .r not have to be kent hevond a few davs- Tn facl-.¿¡vu ¡¡uvu Çv vv Jlet/u peJv¿¡q q lew sqjÐó ¿¡¡ !quL,

skin damage may increase the appeal to the consumer as an

j-ndication of a genuine nev,r potato(15¡" Skinning of
na&^+^^^ *^-- È'a ìmnnr.l-¡nl- r^rhora rlrrz rn.f- qr¡q¡on.{-i l-r1a -r=- j a.{-ì aaI/uLcrL\JEÞ lud.y JJC .Ltttpul- Ld.I.tL wLrsrc ury ruL ,,/d.IJ_ejLIe!)

are to be stored for some months "

Mechanical damage has great influence on the rate of
loss of weight. in potatoes during storage" Damaged potatoes

lose weight more rapidly than undamaged potatoes (see Table

2.4) (18 ) . The greatest danger lies in the fact that even in
a sample of apparently unda.maged potatoes an occasional

slightly diseased or damaged potato may pass unnoticed and

form a nucleus for the spread of infection (17 ¡ " This is
especially true in bulk storages.

In addition to the direct loss to the srower addi-
ti-onal loss is absorbed by the potato industry. Fresh

market shipping operations must íncrease the number of
people on sorting lines in order to sort fresh market

potatoes " Processors must add people to trim lines to hand

trim unusable portionsof individual tubers. This increases
#l'ra nncÈ nf nI,rocessfng

2.3.4 Factors Affecting Potato Damage

Factors which contribute to the d.amage of potatoes

during harvest are as follows (I4 ,23 r33 r1IrI) :

1. Crop maturity,

2 " Soil conditions and. temperature,

3" Harvester setting and operation,
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Number and height of drops during harvesting and

5. Varietal resistance to mechanical damage,

6 " Tuber size "

Potatoes are likely to be bruised when they are

harvested in an i¡nmature state and generalry skinning is
more prevalent in early crop potatoes. Soil texture,
moisture and t.emperature also affect mechanicar damaqe Eo

potatoes. rf there is not enough moisture in the soj-I at
the time of harvest, fine textured soils produce clods and

coarse textured soils separaLe from tubers too quickly on

the harvester, thus increasing the amount of damage to
nat¡{-nac ^^1d tubers are more easily damaged" Usually the

soj-l temperature should be above 40" F to avoid excessive
Á¡mrna r1ho rlonilr nF {-ho hafVeStef blade, the Speed Ofvvì/ u¡r v! 9¿¡s ¡tq! v çÐ ug! ulq\

forward travel, and the speed of the moving parts of the

harvester influence greatly the amount of damage done during

harvest. rt has been concruded that there is no definite
relationship between the amount of damage done and the

forward speed of machine (1) . The harvester blade depth

setting deþends upon the soil type and conditj-on. It has

been reported that mechanicar injury to potatoes increases

exponentially as the speed of the conveyors on the harvester

increases(33). The height and number of drops through which

potatoes are allowed to fa11 also contribute to damage " rt
has been found that varieties differ in their resistance to
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mechanical damage (ff ) . The interesting point is that the

varieties may exhibit relatively smalr differences in their
resistance to static forces but dynamic handling conditions
produce large differences (11 ¡ " It is reported that the

wei-ghts of damaged tubers are 20 to 30 per cent higher than

undamaged tubers (1r33) 
"

2.4 Damage Detection

Suite often mechanical damage to potatoes is not

visible(39) " Chemical reagenLs can be used to make the

damaged portions of the tuber more dist.inguishable " I¡Jhen a

tuber is damaged-o either on the surface or j-n the deeper

layers, the enzyme tyrosinase is exposed. This catalyses

the oxidat.ion of naturally occuring tyrosine to give a

reCdish brown deconrposition product. This eventually pro-

duces the black color of melanin(:g) " The rate of this
chain reactj-on is slow and depends on the variety of potato"

Tyrosinase also catalyses t.he oxidation of certaj_n other

mono-hydric phenols such as phenol, paracresol and catechol

to produce highty colored quinones (39) . Catechol turns

black-red to purplish after 3 to 5 minutes when combined

with enzyme tyrosinase(54). All t.he mono-hydric phenols are

j-nexpensive and can be stored in air tight, light proof

contaíners for a year or longer" Any of these available can

be used for damage detection in potatoes.
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2.5 Damage Evaluation

The National f nstitul-e of Agricul-tura1 Engineerirg,

U" K. (NIAE) has developed a method for evaluatiirg the

severity of potato damage (34 ) " The potato damage is
assessed by the number of strokes required to remove Lhe

damage with a potato peeler set to remove L/L6 of an inch

for each stroke " Table 2.5 depicts in det,ail the potato

damage evaluation developed by Ì{IAE"

Table 2 "5

Evaluation of Potato Damage (34 ¡

Number of Strokes Required
to Remove the Damage by a
Potato Pee1er Set to Remove

Damage classification one-sixteenth inch per stroke

Slightly damaged

Moderately damaged

Seriously damaged

1

2

more than two

Note:

1. Sliced or cut potatoes are placed in seriously
damaged category.

2. Sometimes slightl-y d.amaged tubers are af so
called skinned. But in NIAE terms skinning means only if
the skin of the tuber is broken and Lissues beneath are
unbroken "

2.6 Damage Index

The damage index for a potato sample is a number

which combines the relative importance of various classes
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of damage. The damage index is used as a measure of the

economj-c irnportance of the total damage in a sample(1) .

Damage index may also be used as a performance rating
method for potato harvesting and handling equipment" The

damage index for any potato sample is obtained by multiprying
the damage percentages in the sampre with respective factors
and adding the results" Table 2"6 calculates the d.amase

index of an arbitrarv sample.

Table 2 "6

Damage Index

Damase Classification Factor
Dar¡on*¡na
.i* ^^**1^rrr Þca¡TLPJE Resul-t

Tfh,f^ñ-^^¡u¡ruorrlay ELr

Slightly damaged

Moderately damaged

Severely damaged

0

I

3

,7

93

4

2

1

0

4

6

-1

I7

Damage Index = L7

2.7 Damaqe Studies

Mechanical injury investigations have been made in
the past, and probably more will be made in the future"

These studies have helped to make the potato industry aware

of mechanical injury and of the losses involved, Hastings
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of North Dakota, in 1931 appears to have been the first to
i nrzcqt i craJ-e mer:han i ¿-e I i nilrrr¡ J- n nnf etr¡oq rirrri nn l-rar\'^õ+ /an \çu ¿rruvrrq¡rrvq¿ r¡¡J q!J uv yv uq Lver su! r¡¡y ¡¡qI vtr:¡ L \¿ó ) "

Results of extensive damage studies conducted in
Canada, U" S. A. and U. K. are reported here.

2.7.1 Results of Damage Studies in Canada

Studies as to the amount and causes of mechanical

damage done to potatoes have been conducted in the provinces

of Alberta, New Brunswick, Manitoba and Ontario" In Alberta

during the 1968 poLato harvest over 35 per cent of the total
potatoes produced were damaged (1) " ft was found that the

average weight of a damaged Luber was 20 per cenL higher

than an undamaged tuber. I't was concluded that there was no

definite relationship between speed of operation and damage

index (1) . In Alberta the damage done by the digging section

of the harvester \,vas found. to be greater than the damage done

at any other section of the machine. Potato damage results
at different stages of harvesting are depicted in Tab1e

2 "7 (36) 
"

In New Brunswick an average crop loss of 36 "7 per

cent with 7"I per cent attributed to mechanical injury
occurred (33).Potato damage, in New Brunswick was assessed

as skinning (injury less than 7.95 mm deep) o flesh wound

(injury greater than 7 "95 mm deep) and crack damage was

expressed as a per cent of the original sample weight (33 ) .

It was found that potato injury can be expressed in terms of
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Table 2 "7

Potato Damage at Different Stages of
Harvesting in Canada (36 )

Stage on Ilvl-n¡+ ^Ç rr^*^^^!^uç¡rL (,/r l.d.Ittdqcj
Harvester Harvester _ . . (pe{ cent by weight)
Speed (MPH) Conveyor

1.83

2"35

on prrmary apron 7
on picking table
on loading truck 3.5

on primary apron 26 "Bon picking table 15.4
on loading truck 28 "6

6"2
33"9
17.0

18"6
¿u"/

7"8
32 "L1A Ã

l-5,2

25 " 3

79
J=

45

31" 0
66.0
25"4
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trim loss bv measrlri no j- ha woj clhJ- nf J- ri m rê.rìri raÄ tee¡f¡lr Jvrr pJ ¿rreqourr¡¡y Ll¡ç wEJglrL (J! LII... ,J remove

flesh and crack damage and expressing it as a per cent of
the ori-ginal sample weight. rt was found that potato injury
can be expressed in terms of trim loss by a regression
ôñ11â{-'i nn ^-tr .t-}ra fnrm /?" \ .ç\juauf\Jlr \JI Ltls !(JIIr( \JJ / ;

where:

Y = C_ + C.X. + C^X.- -o -r I -2'-2

\¡ - Ä^*^-^ j.^ipv .l-rim 'lnqqr - uqrrrevç _LLtL-_-_

C^ = constant Irì

Cl and C, are regression co-efficients,
l-¿

xl and x. are the types of injury defined as cracks andI¿

flesh wounds.

rt was also found that trim loss is greatry affected by the

speed of conveyors, forward speed and population of stones

in the soil. The trim loss was found to increase exÞonenti-

ally as the speed. of the conveyors on the harvester increase,

while s]<inning increase linearly, see Figures 2"2 and 2"3(33) .

The records of the processing cornpanies in onta::io revealed

that 12 per cent of the potato crop is bruised in harvesting
(29) . In }4anitoba potato damage during a 1966 potato

harvestj-ng damage survey was estimated to be from 17 to 72"z

ñôr ¡an{- // O \
-H"r \r/ ¡r o

2.7"2 Result.s of Damage Studies in U" S" A"

HastÍngs founcl that on an average the digger injured

38 per cent of the potatoes(20). Sparks in L957, stud.ied
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mechanical injury at all stages of handling from field to

consumer (44) " He found that lt " 5 per cent of the tubers

\^7êrê i nilrrr.cl 1--¡l -' ^*^"-L 'lrrri ncr h¡rrzr-eJ- i nc enrl q'l-nrì_* Ðaqry enougrÌ c.*-*..r ___-*ng Eo

be classed as culls. In California it was found that there

was no difference in the amounts of damaqe done to potatoes

by hand and mechanical harvesting by the time potatoes were

in the storage (52) " There was less injury in the field with

the hand method but the rough handling of the potato sacks

in load.ing on to the trucks and in emptying aÈ the storage

caused a considerable increase in damage (52 ¡ . It was dis-
covered that harvesting potatoes into rvater reduced the

potato damage by more than 50 per cent(55). The estimated

mechanical injury into a conventional potato truck was l-0.2

per cenL and into a water truck it was 4"9 per cent(55).

Harvesting operations damaged 3B per cent of the potatoes

during L969 in Washington (28 ) . Harvesting operation is

considered to be the greatest source of mechanical injury

to potatoes (45 ) "

2"7"3 Results of Damage Studies-j-n U" K.

The amounL of damage done to potatoes was estimated

at different time intervals after harvesting(34¡. It was

found that 24 hours after harvesting potato damage ranged

from 2"4 to 4L"4 per cent" The main caLLSes of potato

damage during harvest v¿ere found to be the harvester blade

and glancing blows against digger chains and links (15 ) " It

is suggested Lhat to minimize damage, the soil separation
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area on the harvester should be increased while decreasincT

the aoitat'ion- rt is emnhasized that the main aim in desionI¡¡ LLUO!Y¡¡

of potato harvester should be a smooth flow for the potatoes

and the avoidance of sharp drops and sudden changes in speed

and direction (f 5 ) " It is estir¡rated that approximately 45

ñôr ¡an{- a€ ^ctatOes a1.e damaoed rlrrrincr hafVest in U. K"I/"r vr yv Þq uver qÀ ç vqtlrq:, çu uu! r¡ry

Potato da-mage results of 1965 studies in U" K" are depicted

in Table 2.8 (1) 
"

2.7 " 4 Potato Damage at Lifting Time

The relationship betrzeen poLato vine killing and

impact damage to potatoes was examined at harvest time in
U. K. (58 ) . The results of six chemical and two mechanical

treaLments on two different soils are as follows"

t. There l-s an ancrease in the water content of

tubers following the vj-ne killing operation.

2" Once this increase in water content has occurred,

the tuber dry matter percentage remains unchanged for a

period of at least three months after the vine killing

treatment where the tuber is left undisturbed in the soil.

3 " There was less damaqe to tubers harvested from

plots where the tops \,üere killed by mechanical means, when

r.nmnered J_n ,-hemical killino _ The 'l cas1- r^*--^ ^uf f ereduurrrt/arsu LU urrgl.LtI(Jo-I J\.LIIIlry è !rrs rçqÐ u L¿d-¡Ltd.9tj wd.Þ Þ

by potatoes harvested from plots receiving no vine killing

treatment "
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2"8"I fntroduction

The d.istribution of potatoes in the ridge at harvest

tj-me is an important feature affecting the design of new

potato harvesters and the performance of existing ones.

Bailey investigated the distributj-on of potatoes at different
depths and widths in the ridge (4 ) " He experimented with six
different varieties and also investigated whether inter-
varietal differences existed.

2.8.2 Reported Procedure

Bailey described a "co-ordinator" which he used for
maaqrrri na ^^-ordinates of pot-at-oes i n the ridoe lsee Fi orrrev!v¿¡rq uvÐ v! }/v uq uvçÐ !I¡ uJ__

2.4) " The co-ordinator consisted of a steel rair fifteen
feet long, marked at 3 inch interval-s. A horj-zontal bridqe

resLed. at one end of the rair and carried a spirit level and

a graduated scale. The second support of the bridge was so

arranged that the bridge could be l-evelled. The bridge also

carried a cursor which in turn carri-ed a vertical sridinq
member with a pointer at its lower end, and a graduated

scare. The horizontal- and vertical scales were so arransed

that the zero of the horizonLal scal-e corresponded to the tip
of the pointer being on the center line of the rair, and. the

zero of the vertical scale to the tip of the pointer being

on the level of the bottom of the rail.
To measure the co-ordinates of the potatoes, soil
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was removed until the top and the sioes of a tuber potato

were accessible. The co-ordinates across the ridqe and for
depth were taken for the top of the tuber. The tuber was

then removed and the co-ordinates were taken for its bottom

point from the impression in the soil" This procedure was

repeated for each tuber until no more tubers were found.

2 " 8.3 Reported Results

The co-ordinates of all the tubers and ridge profile
for the varieties were plotted" The outlines of the potatces

were drawn by hand to emphasize the concentration of potatoes

in the ridge. It was shown that for each variety the dis-
tribution of potatoes was not symmetrical about t.he center

line of the ridge (see Figure 2 "5) " The non-symmetricat

growth of potatoes about the center line of the ridqe was

attributed to the cummulative errors in steerincr the

tractors during hilling and cultivation. Graphical

representation of pot.ato distribution was arso reported (see

Figures 2"6 and 2,7) 
"
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CHAPTER 3

INVESTIGATIONAL STUDY

3. I Procedure

The procedure adopted to obtain data for this study

\,^7as as follows:

1. Selection of test sites,

2 " Collection of samples,

3. Testing for damage,

4" Damage classification, weighing and recording,

5. Potato distribution measurements,

6" Determination of crop yield.

3 " 1.1 Selection of Test Sites

At the potato harvester field day, held at Carman,

I¡lanj-tobar on September 4, I970r ân appeal was made to the

girowers present to co-operate in this project. Growers from

Portage la Praire, Carberry, Carman and Winkler voluntarily
agreed to participate in study. In accordance with the

harvest.ing dates of the participating girowers, a f ield
schedule for the study was prepared. A test area of uniform

soil texture and planted to one variety, was called a "fie1d".
It was d.ecided that the study would include as many fields,
soil conditions and t.ypes and varieties of potatoes as

possible. Eighteen different fields, with soil texture of

40



4I

fine, medium and coarse were included. lrletted Gem, Norchip,

Norland, and Kennebec were the varÍeties that were included

in the study" The farms from which data was obLained are

shown in Figure 3.1 "

3. 1.2 Sampling Proced.ure

Simple random sampling techniques were followed"

The following procedure v'/as adopted f or sampling.

1. To determine the damage done before lifting, the

sample consisted. of al-I the hand dug potatoes from the area

from the rear of the tractor wheels to the beqinninq of the

disturbed soil in front of the harvester blade (l'igure 3 "2) "

The sample was designated number one.

2 " To determine the damage done to the potatoes at

the soil-machine interface, the sample consisted of all the

hand dug potatoes from the disturbed soíI area ahead of the

primary apron (Figure 3.2).

number two.

This sample was desi-gnated

3 " To estimate the total damage done to potatoes a

sample of approximately t0 pounds v¿as drawn from the potatoes

which came off the harvester boom (Figure 3.3). This sample

was desiqnated num.ber three"

4" To estimate the crop yietd, five random samples

from five different rows \,rere ccllected.

5. Potato plants were selected at random for potato

distribution. Six plants per variety were surveyed and

four varieLies were included in the distribution studv.
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6 " No instructions to the operator with regard to

harr¡ester qettì ncr and .ìnêrâti ons \^7êrê cri -¡on l-hrnrrnhnrll the

data collectinq.

3. l. 3 Testing for Damage

Catechol was the chemical- reaqent used to aid in the

detection of mechanical damage to the potatoes " The catechol

was mixed with water at the rate of 2 ounces per gallon.

A teaspoon of liquid detergent was also added to the catechol

soluLion to act as a wetting agent. Testing for d-amage was

done in the field from where sanples were collected.

Potato samples for dam.age testing were washed,

t.,ai ^1.,a,{ =nA immersed in the catechol solution for about 2

minutes " Then the potat.oes \^/ere taken out of the solution

and allowed to drv for about 10 minutes. The bruises shov¡ed.

up as dark red or purplish stains on the potato surface

(Figure 3.4).

3.I.4 Damage Classification

Each potato was examined- for red stains and the

qorzari tr¡ of rtlâïr1âcrê \¡7âs ¡qqoqqori l-lr¡ neo'f incr r^z'ì l-h .ârr ¡rrl'i nerr¡v! s4¡¡sr J

potato peeler. Approximately L/L6 of an inch was removed

with each stroke of the peeler" The potatoes in each sample

were divided into four categories according to the severity
nf i nirrrr¡ l-hor¡ y^ãîãi r¡orl trE-'i nrrra ? ¿ \v! J u¡¡vJ !vvv¿vuu \!rYs!u ¿r=l

was as follows:

t" Undamaged,

The cl-assification
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2, Slightly damaged the stain was removed by one

stroke of the peeler (Figure 3.5 ) ,

3. l"loderately damaged - the stain was removed by

two strokes of the peeler (Figure 3 " 6 ) ,

4 " Severely damaged, - the st.ain rernained af ter two

strokes of the peeler. Cut, broken and crushed potatoes

were classed as severely damaged (Figures 3.6 and 3.4).

The v,reight and number of potatoes falling in each

na{-onnrrz 1¡7âtsê fgCOfded.vqevYvrJ vYvrv

3.1"5 Other Relevant Information Obtained

The followJ-ng information was also obtained:

1. Soil type and condition,

2. Weed growth,

3. Iuiethod of top killirg,

4, Harvester make, model and type,

5. Harvester blade type and operating depth,

6. Harvesting speed,

3 "2 Potato Distribution Measurements

The method used to determine potato distribution was

designed to determine the potato distribution at different

depths and distances from the main stem. The distribution

measurements were taken for four varieties--Norland, Norchip,

I.letter Gem and Kennebec.

3 " 2.1 Equipment

The list of equipment used for the potato distribution
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study follows.

1" Water pump and Internal combustion Engine

Assembly: the water pump delivered water at l0 garlons per

minute when the pump operatedat 500 revolutions per minute.
ml^^ nowerer] l-lv a three horsenntnzer enrri no È'lrrnrrnÈr¿¡¡ç Irulttl/ wo.Þ t/vvvçreu pI q

a three to one speed reduction. The engine was operated aL

1600 revolutions per minute. A pressure gauge and by pass

valve assembly were installed to control the water pressure.

2" Hose--Assembly: three-quarter Ínch diameter

hoses were used for inlet and outlet of the wat,er pump and

half inch diameter hose was used on the by-pass valve for
the return line" A fine screen fitter was used on the

suction hose to protect the water pump frorn damage. A high

pressure spray giun \,vas attached to t.he delivery hose for
directing the high pressure water.

3 " Steel plates : steel plates \.vere used to isolate
the selected plant from the neighbouring ones. Six steet

side prates, 20 inches long by 19 inches wide and 3/16 inches

thick were fitted with 3/B inch diameter by 26 inch long

rods on the 20 inch edges (Figure 3.7). Two plates were

pounded into the ground on either side of the selected

"^^!-+^ .-r ^.^r tn a donl-h nf ennrnv-i maÈa'l rz 1n 'i n¡l-tocI/\JuclLU IJIO.TILf uv q uçI/Lf1 (Jr a}l}1!u^¿rltqLçJl

A steel- cover plate 40 inches long by 20 inches wide

and 3/16 inches thick was placed on top of the two side

plates" The cover plate had 3/L6 inches diam.eter holes

dril-}ed on a 1 inch spacing grid pattern (Figure 3. B ) . The
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potatoes were fixed in their positions by driving into the

ground 3/32 inch diameter steel welding rods pointed at one

end. Small rubber stops were used on the welding rods to

nrê\/ênt J-hem ^---ì^^ #lrrnrrnh thp r-ô\/êr Olatg When SOil \^7aSy! u v 9¡¡ L ur¡ç¿tL yo'- Þ !llu Ll¡! u uy ¡¡ ullu vv v e! À

washed out.

4. Steel tape: a 6 foot steel tape vras used for

the measurements of the potato locations "

5. Sludge pump assembly: a hand operated sludge

pump equipped with 2 inch diameter plastic pipe on the inlet

and the outlet was used to remove the soil and water slurry"

6. Sledge hammer: a 5 pound sledge hanrner was used

to pound the steel side plates into the ground.

3.2 "2 Procedure

The tops of the selected plant were cut off with a

sharp knife. Two side plates, 10 inches from the main stem

on either side \'Jere pounded into t.he ground. The cover

plate was placed on the side plates in such a position that

the center of the cover plate was directty above Lhe main

stem. An identifiable welding rod was driven into the

ground to locate the main stem. The other welding rods \,vere

driven into the ground all around the main stern on a 2 inch

scrìr^re orid out to B inches. It was hoped that the welding

rods would fix each and every potato in position, on the

nìanf - "nhe h'iah nressìrre water (50 to B0 PSi, depending on
I/¿q¡¿ e.

soil conditions) was used to wash out the soil from the

potatoes (Figure 3.9 ) " The soil and water slurry was
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f,J

removed by the sludge pump from the washing area. The

washing was continued until all the potatoes on the plant

vJere clear of soil. Potatoes not pierced by a rod were
'ln¡={-aÄ l-.' '{*ìr¡ino ân arlflìtiOnal WeIdinO rofis rllirin1.r \^7âsh.i n¡¡_ur r v ¿rry qr¿ qus¿ J lvsÐ uq! r¡¡y vvqÐtr!¡¡y Þ

The welding rods which did not pierce any potatoes were

removed after washing" Figure 3.1I shows t.he potato distri-

bution after the washing was completed.

3.2.3 Measurements

The following measurements were taken and recorded

for each plant

t. Height of cover plate from top of hill (H)

(Figure 3.10),

2 " Hill height (h) , (Figure 3 " 10 ) ,

3. The co-ordinaLes of center of gravity each

potato along the row (Y), and across the rohT (X) were noted

from the cover plate, by counting the number of holes on

each axis from the central point,

4 " The distance of center of gravity of each potato

from cover plate (,2) , was measured with steel tape (Figure

3.10 and 3 " ll) ,

5. The length and cross-section of an average potato

in the sample"

3 " 3 Determination of Crop Yiel-d

Five different rows were selected at random for

yield sampling. On each row a length of 13"76 feet (see
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Annendiv El \^7as marked" POtatOes hand dllo frnm thi s lonnflr¿u¿¿Y sr¡

were identifíed as a yield sampl-e and weighed" The average

\,veight f or 5 yield sanples was calculated " The average

weight (Ib) was then multiplied by the appropriate yield

factor, depending upon the row spacing, to obtain the yield

in cwt per acre. Yield f actors for comrnon row spacing for
potatoes in Manitoba are listed j-n Table 3. t.

Table 3 " I

Yield Factors

Row Spacing (inches)
Yield Factors

(cwt/ acre-Ib )

36

?R

40

10"55

10.00

9.50



CHAPTER 4

RESULTS AND D]SCUSSTON

4. I Potato Damage Results

The percentage of potato d.amage in each category was

calculated on a weiqht basis from the data collected from

the eighteen different fields. The results are listed in

Appendix C. Potato damage was assessed. on a weight basis
ci n¡a nn{-¡{-nac ârô nrnÄrrna'f and mafketed Õn â \^7e.i ohJ- baSiS.x/v eq s vYU ¿Y ¡r ç

Potato damage represents a crop loss and therefore loss due

to mechanical damage is more accurately given on a weight

basis rather than on a number basis. In Chapter 4 slightly
damaged tubers \^Ii11 be considered as undamaged, moderate

and severely damaged as damaged, unless otherwise stated"

The results lisLed in Table 4.I show that on an

average field 35.33 per cent of the potatoes were damaged.

by the time they were delivered to the truck during the l-970

potato harvest in Manitoba" Potato damage ranged from 16 to

56"6 per cent of the crop" Nearly all the farmers who

co-operated used a pull-type, two row potato harvester with

the exception of one who used a self-propelled, two rolv

potato combine. The amount of damage done to potatoes rvhere

they left the potato combine was no less than for the puII-

type potato harvester" The potato darnage at harvesting time

59
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by the potato combine amounted to 20 "7 7 per cent (see Table

4.t). Practically a1I of the potato t.ops were kilIed by a

frost which occurred during the second week of September

L970. Therefore nothinq can be said about the contribution
to potato damage by mechanical or chemical top killing

methods "

Table 4 "I
Potato Damage Results when They Left

the Potato Harvester

t're l-cL

Number*
Potato Damage (per cent)

Damaged Undamaged Remarks

L4

9

T7

6

35.33

56.60

16"00

24.77

64 "67

43 .40

84.00

79 "23

7\rr^?^^^ ñ+*-^^ñvsravç uarrlcr9E

Maximum Damage

Minimum Damage

Ifrrr¡oc#oÄ l.rtz

potato combine

*See Appendix A"

4 . I.1 Vari-ation in Damase between the

Analysis of variance techniques were used to deter-

mine the variation in damaqe between the fields and

harvesting stages, (see Appendix D, Part I). The analysis

of variance i-s qiven in Table 4 "2 " The F-ratio for fields

is not significant; tabulated F(0.0S) = I"92 for 17 and 36

deqrees of freedom" The evidence is not in favor of field
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differences with respect to potato damage. The F-ratio

f or harvestino staoes*is s_i ^- ì ri ^-n+ .r---ryrr-Lrruo.rrL-, rabulated F (0 " 01) :

2"2I for 36 and L62 deqrees of freedom. The evidence is in
favor of harvestinq location differences.

Table 4.2

Analysis of Variance Table for Potato Damage

Source of Variation df S.S. M.S.S" F

Fields L7 5 t764 "62 339 " I 0 .4

Harvesting Stages 36 3,09I "76 855.33 B .07**

Replications in
Stages L62 L7 ,L1L "20 105.995

**Siqnificant at I per cent leveI"

To test the individual differences in d.amase between

the three harvesting stages, the Student-Neuman-Keuf's test
technique was used (see Table 4.3) " The test revealed that
the damage done before lifting v,ras significantly different

from the damase done at soil*machine interface. The total

amount of damage done to the tubers was significantly

differenL than the amounL of damage done to the tubers r-tp to

and including the soil-machine interface.

*Refers to sample locations for samples I, 2 and 3.
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Tab1e 4.3

Average Potato Damage at Three Harvesting Stages

Potato Damaqe
ttg¡qvgsli4g Stages (per cent by weight.)

Bef ore 1if t.ing 4 . B B

At Soil-machine Interface 9 "2L

fn the Potato Truck 28.68

4 " l- " 2 Potato Damage before Lifting
The mechanical damage done to potatoes before they

are lifted from the soil ranged from no damage to as high as

13.8 per cent" The main reasons for potato damage before

I i f l-i no were fOUnd to be careless harvester s.|- aori ncr - narro\^Zvu ue! u Çç9! LlLy I

row spacing, wide tractor tires and poor hilts" Many of the

damaged potatoes found in number orie sample were either
crushed or cut into halves " Crushed potatoes \{ere the

result of tracLor tire ridinq over the side of the hills "

rlllro clrarn cor¡¿lgfl COUItefS On eaCh Side nf .'|-ha nn.l-ai-.gu¡¡9 }/V Uq U

harvester cut the potatoes into halves. The farmer who

used â self-ornnaìIaÄ nn{-:+-6 COmbine V¡aS able tO dO l-eSS

damage before lift.ing than others using pul1-type potato

harvesters (see Appendix C). On the average damage done to

potatoes before lifting amounLed to approximately 5 per cent

of t.he crop.



63

4 . I. 3 Potato Damage at Soil--l,lachine Interf ace

The mechanical damage done to potatoes at the soil-
machine interface was found to be largely dependent on the

harvesting depth, machine setting and shape of the hill"

Iuiany of the damaged. potatoes in nurnber two samples were

either cut or severely bruised. The cut potatoes were the

result of a shallow running harvester b1ade. The primary

shaking chain of the harvester bruised the pot.atoes severely

at soil-machine interface. The total mechanical damaqe done

to potatoes at soil-machine interface ranged from zero per

cent to as high as 27"L per cent" The farmer using the

potato combine did less damage to the potatoes at soil-
machine interface by not damaging them before lifting (see

Appendix C). It was observed that many tubers were damaged

by sticking in the space between the harvest.er blade and

primary chain" The total average damage done to potatoes

at soil-machine interface amounted to approximately 9 per

cent of the crop"

4.L"4 Total Machine Damage

The damage done to potatoes on the harvester was a

function of the foll-owinq variables:

1. Soil- type and condition,

2. Harvestor ground speed,

? ¡/-rnn rri al f ,

4 " Miscellaneous "

Potato damage in fields having heavier soils was
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found to be less as compared to lighter soils (see fields 3

and 5, Appendix C) " The heavier soils with adequate moisture

formed a cushion for the tubers and did not separate quickly

on the shaking chains. This reduced damage due to agitation.
The harvesLer ground speed greatly influenced the amount of

damage done to potatoes " The machine which travelled faster
caused more darnage to the tubers (see fields 9 and 5,

Appendix C) " Crop yield combined with soiL conditions and

harrzester rrrnrlnd sneed rf iri : f f e¡.|- J-ha nntetn Ä:manas!luve e¿¿ç }/vuqçv uq¡LLqYçc

Mechanical damage to potatoes in high yielding fields was

found to be higher (see fields 10 and l-4, Appendix C) " The

resul-ts show that L6 to 56.6 per cent of the potatoes v¡ere

damaged by the time they left the potato harvester. On t.he

â\/êrâ.rê Èhc dam¡cre donc tn tUberS When thev l eft the harVeStereqvv! ç¡tçJ ¿9r ç

amounted to approximately 29 per cent of the crop"

4.1. 5 Damage Versus Size of Potato

From the data collected for the damage study the

average weight of damaged and undamaged tubers was calculated
anrl ¡nmnerorf at the three þarrzestì no sf ageS (see Table 4 " 4) ""*:"uu,

In all three varieti-es, the average weight of damaged t.uber

was found to be slightly less than the average weight of

undamaged tubers before lifting time. It was observed that
the h'i crcror nntatoes ctrô\^.I deanar :nÄ l-ha SmAII-er ones

shall-ower in the soil. Therefore, the smaller potatoes

received mechanical injury before lifting time. At the soil-

machine interface the damaged tubers were 22,5 per cent
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heavier than the undamaged tubers. The most obvious reasor¡

for this was that the heavier potatoes had difficulty in
getting onto the primary shaking chain and were ]:ruised

between the harvester bl-ade and the primary chain. Further-
môrê - qi nr'o 1-ha ha:r¡i ar nn{-a.|- nac nrar^r Ä¿¡!rv! u , Ð¿¡¡vu ç¿¿v y - -,, *Jepef , SOme Wef e

sl i r-:ed hv the ShalIOW funni nn hâr\7ôc{-ì nr¡ i-ll afie - Aq theo nJ I

potatoes went into the truck, the damaged tubers were 17.3

per cent heavier than the undarnaged tubers.

Table 4"4

Potato Damage and Tuber hreight

Average üTeight of Damaged/Average VJeight of Undamaged
(ln¡

Variety Before Lifting fnterface In the truck

Norland 0 "37 10.39 0 "44/0 "36 0.37 /0.36
Norchip 0 "30/0.32 0 "45/0 "35 0.3810 " 30

Netted Gem 0 "33/0 "36 0 "36/0 "3I 0 "37 /0.3L

4 "2 Potato Distribution Pattern

The resul-ts of the potato distribution investigation
for 4 varieties are depicted in Figures 4.1 4.I2. These

are the averages for six samples for each variety " Potato

distribution in the hill was found to be more depend,ent on

hilting, other cultural practices and rainfall intensity
rather than variety. Hilling and cultural practices displace



66

the main plant stem location either to the left or to the

right of the hill center, causing non-symmetrical tuber

distribution about the main stem. Heavy rainfall washed the

loose soil from the surface, thus leaving the tubers in the

top 3 to 4 inches of the soil " The variety did not affect
the distribution pattern of potatoes in the hiIl. ft was

found that heavier potatoes grow deeper in the soil than

the lighter potatoes.

4.2. I Norland Variety

Tubers for this variety were few and small in size 
"

The average numbers of tubers per plant was 9 " They gre\^/

within a 16 inch space across the row and to a 7 inch depth

in the soil (see Figures 4 "L and 4 "2) " The 7 inch depth is
the distance from the top of the hill to the center of
gravity of the deepest potato. An additional 1 inch must be

added to determine the average distance from the top of the

hitl to the bottom of the deepest potato" Figure 4"3

summarizes the results of Fiqures 4 "I and 4.2 
"

4.2"2 Kennebec Variety

POtatOeS fOr thiS VarietV tend. tn .rrô\^7 ¡¡z'i¿ior andY!vvv

shallower than the other three varieties. The averaqe

number of potatoes per plant. were seven. On the average all
the ootatoes \,Jere found within an 18 inch snâr:e ânrôss thevf/9vv

row and within 6 inch depth in the soil (see Figures 4.4 and

4"5). These tubers are white and round in shape" An
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additional I inch must be added to 6 inch distance to esti-
mate the averagie distance frorn the top of hill to the bott.om

of the deepest potato. Figures 4.6 surnmarizes the results
of Figures 4"4 and 4.5.

4.2.3 Norg-hip Variety

This variety had on the average 15 pota_toes per

plant" The tubers tend to grow close to the stem but deeper

than the ot.her three varieties " AIl t.he potatoes based on

#l-ra civ crmnla5 coll-ected were found within an lB inch sÐaceYv ¿ u¡r r¡¡ q¿¡ ¿ I ¿¡ ¡v¡ ¡ oyqç I

across the row and within an B inch depth in the soil (see

Figures 4"7 and 4.8) " Tubers of this variety are ellipsoidal
in shape and white in color" An addiJ:ional I inch must be

added to the B inch distance to estimate the averase distance

from top of the hill to the bottom of the deepest potato"

Figure 4 "9 summarizes the results of Fiqures 4.7 and 4 " B "

4.2.4 Netted Gem Varj-ety

This is a high yielding variety and the tubers have

good baking quality. The tubers somet j-mes grov'l so big that
they weigh over 1 pound. The average number of Lubers per

plant was nine. This variety tends to gro\,v wider than the

other three varieties and reaches a depth of 7 inches from

the top of the hill (see Figure 4"11)" AlI the potatoes can

be found within 20 inch spaces across the ro\^/ (see Figure

4.10). This variety yields tubers oblong in shape and

usually placed at an angle in the soil as contrast to other
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varíeties which have tubers lvinq flat in the soi1. An

additional t " 5 inches must be added to the 7 inch depth to

determine the average depth of the bottom of the deepest

potato from top of the hill " Figure 4 "I2 summarizes the

results of Fiqures 4.10 and 4.11.

4.3 Distribution Variation Among Varieties

Analysis of variance techniques \,vere used on the

measurement data to determine the distribution variation
between the four varieties (see Appendix G, Part I) both

horizontally and vertically" The results of the analysis

of variance are listed in Tables 4"4 and 4"5. The t.abulated

F(0.05) is 2"6 for 3 and 239 degrees of freedom. Upon

checking the F-ratio for both horizontal- and vertical distri-
bution, the evidence is not in favor of varietal differences

witn respect to tuber distribution from the main stem"

Although the F-ratio for horizontal potato distribution is
close to the tabulated F(0.05), individual differences

between two varieties across the row were tested by using

the Student-Neuman-Keu1's test. (see Appendix G, Part II) "

The test shows that the difference between Kennebec and

Norland va-rieties is significant at t.he 5 per cenL level"

In order to further confirm t.hat the four varieties
do not differ significantly with regard to horizontal potato

distrihution in the soil , a x2-Lest was performed- using

enumeration data (see Appendix G, Pa':t III) " The evidence

is again not in favor of varietal differences with respect
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Table 4 "5

Analysis of Variance for Horizontal Potato Distribution

Source of Variation df qcMcc11
v. V o ¡¡ o U . U. I

Among Varieties 3 31 " 54 10 " 51 2.26

Within Varieties 239 1,113. 12 4 "66

Total 242 L,L44"66

Table 4 "6

Analysis of Variance for Vertical Potato Distribution

Source of Variation df S. S. i{. S. S. F

Among Varieties 3 10 " 16 3.39 0 "254

Within Varieties 239 3,182"84 13"32

Total 242 3,r93"00
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to horizontal potato distribution in the soit.
Therefore it can be said, based on the samples

surrzeyed, that there ís no significant difference between

four varieties with respect to both horizoirtal and vert.ical
tuber distribution.



CHAPTER 5

CONCLUSIONS

From the results of this study, presented in Chapter

4, the following conclusions may be drawn:

1. On the average approximately 5 per cent of the

potatoes \,vere damaged before lifting. Tuber size did not
1^^'-^ ^-ç^c'.1 Õn nnta.l- o r1 âmâ.rê lrofnro I i fl-i nn #1-ro .IIdVe ctJly e! Leu L vr¿ yv Lq L\J us¡!!e: v Jf Op .

Potatoes were mostly damaged as a result of careless tractor
steering, narrow row spacingo wíde tractor tires and poorly

shaped hi1ls "

2 " On the average approximately 9 per cent of the

potatoes were damaged at the soil-machine interface. The

average rveight of the damaged tuber was 22,5 per cent

higher than the undamaged tuber. The heavier potatoes v/ere

damaged between the harvester blade and the primary chain

due Lo difficulty in getting onto the primary chain. These

hear¡ier not-a1--OeS V/efe SliCe.l l-rr¡ 1-ho ch:l'l^r¡7 rllnhina \¿¡yeStef! vÁ¡¡rr¿rY r

l-r'ì ¡¡la l-ra¡¡rrco {-harz ñrârr7 Äeenef th¡n the 'l ì crh.l-or nnt,llggg 
"u¿¿v r¡Yr¡ uç¿ yv uc

3. On the average approximately 29 per cent of the

potatoes were damaged by the time they reached the potato

truck" The average weight of the damaged tuber was L7 per

cent more than the undamased tuber. The reasons for this

were that the heavier potatoes were damaged at the soil-

machine interface and on the shakinq chains d.ue to their

79
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weight "

4 " The difference in the field conditions did not
have a significant effect on the amount of tu]:er damaqe.

The ar.rount of damage at the t.hree harvestíng stages
r^7âc qi nn'i f i^.nf 'l rz r1 ì f f oronl f Of each Stage, beCaUSe at9! 9¡¡ L !VT SQUI¿ Þ L(

each stage an appreciable amount of damage was being done.

5. Potato distribution in the hill was found to be

dependent on hilling and cultural practices and rainfarl
intensíLy. Potatoes for all four varieties tend to srow

within a 16 to tB inch space across the row, and 6 to B inch

deep in the soil "

6 " The results of the potato distribution study give

indications of how deep the harvester must be seL to avoid

blade damage to the tubers. For nicely formed potato hirls,
'lr¡r¡zae#inn Äonl-h qhnrrlÄ râncfe from 6 1-n B inCheS tO aVOiduu}/ e¡¡ o¡lvu¿u !qr¡Y9 llvrrl v uv

blade damage and provide a sufficient earth cusLrion for the

potatoes on the harvester.

7. Most of the potatoes for the four varieties grew

at a depth of 2 Lo 5 inches measured from top of hi1l"



CHAPTER 6

SUGGESTIONS FOR FURTHBR STUDY

Several studies have been conducted ín t.he past to
^"^'l '-^¿^ !1^^ r^*^-^ -! -----i orls sÈnoes nf nnl-.a l-n h¡rrzoq*i nnsvaJuaLs LrrË L¿d.Ittd.ge d.L VctI*_*_ vv e¿¿¡: o

The results indicate to the gro\Àrer the losses invorved and

also suggest methods for reducing mechanical injury" The

most important factor that has not been investiqated so far
is "cost". The cost of eriminating the last possible traces

of mechanicar injury may exceed Lhe varue of potatoes saved"

Maxj-mum yierd and minimum damage do not necessariry mean

maximum profit. It is important to compare the cost of
eliminating each per cent of mechanical d.amage and the value

of potatoes saved-, in order to form a business policlz which

matches the concept of acceptabre risk and profit return.
Therefore, it is suggested that in future the cost involved

in reducing each per cent of mechanical ínjury should be

studied.

It is also suggested'that this study could be

carried further by comparing the mechanical injury received.

by potatoes under recofitmended harvesting and handling

practices and prevalent potato handling practices. trlechani-

¡¡ I Äam>no J-n nn#¡{-nac ¿lrrri nd ñ^c+-h=erragl hanfll i nO and OnyvJ I J¿q! v 9J U r¿ql¡g¡¿¡IY u

the processing lines should also be determined under pre-

vailing }4anitoba conditions " This will help to answer the

BI
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question as to whether potato handling equipment needs

improvement and if so where and how much"

In this study an attempt rvas made to investigate
potato distribution without regard to cultural practices.
It is suggested that the effects of seed placement and

subsequent tillage practices and climatic factors should be

investigated by running experiments under controlled and

conventional- conditions. rt may al-so be interesting to study

the distribution variation between individual plants of one

variety under controlled conditions. Atthouqh it is con-

cluded from this study that under l'lanitoba cond.itions inter-
varj-etal differences d.o not exist with regard to potato

distribution, further studies would be worthwhile on

additional varieties.
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PART I

ñrm¡¡a Q.{-rrÄr¡ ñrt ¡uarrravs !) Luuy Dawa

Trial Vüeight* * Mechanical Damage (wt. /count)
Fields No.* (lbs)

I

3
A

I
2
J
Â

I
2
J
/1z

I
2
J

t
2
3
/1

13"13 L"3L/4
14.38 r.75/3
9.38 0 "38/2I1. BB I .3L/2

3.38 r.06/3
2 "69 0 "69/44"81 0"69/4
4.00 0.94/4

4.BB 0"25/r
s.BB 0"3L/L
4 "59 0.94/4
9 "75 r"63/3

B. BB L"50/s
7 "06 L"63/7
6 " 00 0.94/3
7"6e 0"44/2

7.2s 0.BB/2
5 . 38 I.L9 /2
B " BB 2.38/3
3. 81 0.00/0

4.38 0 "00/02.BL 0 "00/0
2 "3L 0.50/2
L "25 0 "L9 /L
s.00 0 "BB/23"63 0.00/0
3.38 I"L6/3
5 "2s I "00 /L

0.44/L 2.3L/4 1r"69/Zd
0 "44/L L.L9/3 11 " 8r/2e
0 " 00/0 0 "BB/3 B.L3/26
0 "00/0 0 "69/2 e "BB/4

0"re/L L.0e/2 3"00/9
0"00/o 0"00/0 5"6e/Le
0"00/0 0"47/L 2"78/r3
0 "Br/2 0.00/0 6.66/24

0 "44/2 0 "44/2
o "3L/2 0.00/0
0 "oa/o o. oolo
0 "00/0 0.00/0

0 "38/2
0.00/0
o .3L/r
0. ool0

0.00/0 0.00/0
0 "38/r 0 "00/00.00/0 0.00/0
0 "50 /L 0 .00 /0

0.00/0 0.00/o
0.00/0 0.00/0
0.00/0 0 "00/0
0 "00/0 0 "00/0

0"00/0 0"00/0
0.00/0 0.22/L
0.00/0 0 " 00/0
0.00/0 o " 00/0

on each fie1d"

L.3L/6
r"s6/ro
2.94/rL
2 . BL/L4

0.00/0 6 "25/L4
0 "3r/r 4.56/L7
0 "00/0 4.3L/L5
0.00//0 6"44/16

't
L

2

À4

I
1L
?
ALt

s.44/L0
4 "L9 /16
6 "L9 /L3
3 " 3L/r0

4.19/L5
2 "50 /5
L "63/7
o "BB/7

3.94/12
? ?( /l lr. ar/ LL

2.06/6
4 "L9/12

*There tüere four trials
**Q:mnl a r^¡oi nlr.|_ ic r^zai nlr{-ps¡r,yrv Yvv¿Y¡r vYurYr¡L

J-oc'l-inn fnr rl;*emage "

of sample collected before

SL = slightly damaged SE = severely damaged
ME = moderately damaged UD = undamaged
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PART I - Damage Study Data (Continued)

Trial Weight* * ¡{echanical Damage (wt. /count)pi-elds No.* (Ibs)

I

2

A

B

1
¿

3
A

9

I
2
J
A

1
2
3
A

'ìrl

I1

T2

13

7 "69

9 "25a o/4

6 "25
7 "94
6"44
o " +r+

5"50
3 "69
5.50

q 'to

6.63

6 "25
6 "94

8.63

o 1c¡

o.oJ
B " 38

z"óó
? aa
2 "38
5.38

/4 Ã^

L "13/2r"50/4
0 "BB/r
L"06/4

L"2s/3
L"06/5
2 .3L/ 6
2 "59 /s
L.2s/2
L"06/4
0 .50 /2
0 "63/2

0 .44/L
0 " 3r/L
0 "e4/2
o "63/3

0 "94/2
0 "3r/r
0 .00 /0
L .06 /2

o.o0/o
o "63/r
L .00 /2
0 "BB,/2

0 " 00/0
0 "38/L
o.oo/o
0 "Br/2
0 "38/r
0 "38/L
L"25/4
0.s0/2

0 "38/r
o "38/r
o "oo/0
0 "00/0

0 "Le /L0.38/r
L .50 /5
0 " Ar/L

o.o0/o
0.00/0
0.00/0
0.00/o

0 " 00/0
o.oo/o
0 "00/0
0.oo/o

0.00/o
o.o0/o
0 "00/0
0.00/0

o .00 /o
0.00/0
0 "00/0
0 "00/0

0.00/0
0 " 4r/L
0 "00/0
o "oo/o

0.oo/o
o "00/o
0 "oo/0
0.00/0

0 "38/r
0 "00/0
0 "00/0
o .4L/L

0 "38/L
0.44/L
0 "38/2
0 "22/L

0 "00/0
0 "25/2
0 . 00/o
0 "00/0

0.38/L
0 "00/0
0.00/0
0.00/0

0 "38/20.3r/L
0 "63/L
0 "50 /L

0 "38/2
0.00/0
0 "3r/L
0.00/0

0 "00/0
0 "50 /L
i LL/1
0.00/0

o "00/0
0.00/o
0.50/L
0.00/0

5 "75/20
7 "7s/2s
B .16 /L6
7 .50 /16

Ã Ã¿./1L
F r ^ /ô 

^J " IJ// ¿¿
2.38/LL
? 1 0 /or. LJ/ ¿

4 "25/Le
3 "s0/L01. 1" /1'
4"75/17

4 "63/L2
4"s0/L4
5 "56 /L4
4 "56/16

4 "BB/r4
6 " 3r/L3
5 " 44/2r
7 "00/20

B "25/2L
7 "00/L5
s "2s/20
7.43/L9

2 "63/13
3 "00/16
r "BB/LL
4 "3r/23
3 "L9 /r4
r"38/9
2 "BL/22
2 "A6/B

L4

I
,)
L

+

1
¿

4

I

Aa

1

J

+

15
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PART I - Damage Study Data (Continued)

". 1

Trial Vüeight-** Iviechanical Damage (wt. /count)Fiel-ds No . * (lbs )

;
aL

J
A

I
2
J
4

1
2
J
)1

L6

L7

1B

4 "94
5.50
5 " 3l
6 .56

6.13
o. uo

( qn

3 "69
4.94
4"94
6.19

0 "00/0r"06/2
0.56/L
0 "63/r
0 "6e/r
L"44/4
L "25/3
0 "63/2

0 "3L/L
0 "Le/40.25/r
0 "75/6

0.00//0
o .00 /o
0.00/a
0.00/0

0 "00/0
0 "00/o
0.00/o
o.oo/0

0.00/0
0.00/0
0.00//0
0 "00/0

0 "00/0
0.00/0
0 "00/0
0"00/o

o.a0/0
0.00/0
0.00/0
0.00/o

0 "00/0
0 " oolo
0.00/0
0 " 4L/L

4 "3r/L6
4 "3I/16
4"50/20
5 "BB/28

5 "3r/23
4 "63/16
4"44/rB
4 "75/20

3 "3r/26
3.BL/zs
4"69/22
5.06/30
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PART I

f),am¡na Q*rrÀr¡ n-+ -uqrrLayç uLuuy uavo-

Sam le No.

I! !AI

Fields No " *

Semnl a
lr,ôr 

^hfXXYru!Y¡¿L

(lbs )

]t{eChaniCa.i llem¡cra 1r¡f /COUnt )

2

I
2
3
A

I

I
L

J
t+

I
2
?J

4

6

6.00
1.BB
4 " BB

r1"75

¿"vo
3"50
4 .44
4"44

4 "25

7 "25
6.00

3 " 00
o. öð
5"44
q ?a

7 "94
6.13
4 "3Lq 7q

4 "L3
10.38

¿"++

6 .63
q ?R

A atr

9.BB
8.06

10 " 00
o " oJ

0 "38/L
0.63/3
0 "56/L
0 .3r/r
r.L3/3
0.BL/3
L "25/6
2 "BL/L3

0 "BB/3
0 "s6/2r.22/4
0 "so /5
o " 63/3
r"6e/4
L"o0/4
I .00 /2
0.BL/4
3 "L3/s
0.00/0
L"63/5

0.00/0
0.00/0
0 "00/0
o "69/r
0.00/0
o "L9 /r
0 " 00//0
0 .00 /0

0 "00/0
0.00/0
0 "00/o
0 "38/2

a " 44/L
0 "44/L
0 "3L/2
0 . Br/L

0.00/0
0.00/0
0 "00/0
0 "00/0

0.00/0
0.63/4
r.3r/2
0 " 44/L

0 " 00/0
0.00/0
o " 0ol0
a.3r/r
0 "38/2
0.00/0
0 "50 /2
0 "56/L

0 .44/r
0.00/0
0 "6e/L
L .00 /2
o "00/o
0 .00 /0
0 "00/00.38/r

o.0olo
0 "00/0
0 "e4/2
o. o0lo

0 "38/L
0.00/0
0 " 44/r
0 "38/L

0 "38/L
o"o0l0
0 "oo/0
0.00/0

f a 
^ 

/1 
^J.O5/ JJ

0 "63/2
3"00/2

10.3L/34

0 "69/6
2 .26 /14
2 "9 4/L\
r"06/7

^ 
11 /a¿"JL/O

5 "63/15
4 "BB/Ls
3 "69/L3

L .00 /2
4"44/16
2 "BB/e
5 "38/L4

7 "A0/28
3 .00 /B
4 "re/L0
7 "13/L6

s "38/r9
3 "56/4
4 "13/Ls
r"Le/4

4 "2s/L0
r"L3/B
4 "00/e
2 .69 /7

B "16 /22
6"44/rB
8.44/23
4 "63/L4

5

1

¿

I
L

I
2
3
A

3 "38/7 0.2s/L
0 "00/0 0.00/0
3.44/ro 0 "94/LL"L3/3 0.00/0

7
I

4

I
2
I

4

L.69/4
r"00/r
L "94/4
L " 3L/s

0 "BB/2
1^44/",
1 11 /')LøLJ/ a

r"63/3

0 " 00/0
0.00/i0
0 "00/0
0.00/o

0 "69/r
0 " o0l0
0 "38/r
0"69/2
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PART I - Damage Study Data (Continued)

Q¡mnla \Tn t

Sample
Ilechanical Damage (wt. /counL)

5L IIT¡J SE UD

't'rraI
Fiel-ds No, *

l^/ôrñh+Nx

(tbs)

10

11

I2

13

t4

1s

16

17

1
2
3
4

I
2
3
¿r

I
)
3
4

1
¿

Á

I
2
3
4

I
¿
1J

4

I
2
J

B"19
7.38

4.94
s "25
5 .25
h <l

6 "25
5"44
6"44

7"13
6.00
o.2t+
7.38

7 "94

7 "63
7 "L3

L.94
1" 19
) 1q
3.50

¿"vo
1.06
2 .69
1"75

6.75

7.3r
4 "19

4. tJ
7 "44
O. Jö

3.56
3.69

6 " 3I

0 "BB/2
2 "06/6
L "63/4r.53/3

L .re /3
0 .16 /r
0.75/3
0 .44/2

0 "38/L
0 "7s/2
0 "50/2r.38/3

L"06/r
0 "69/20.e4/r
0.84/2

0 "75/2
0 "00/0
0 "00/0
0 "00/0

0 "38/20.L3/r
0 .47/r
0 " 44/r

o "56/2
0 "25/r
0 "56 /2
0 " 44/L

r"38/3
0 "63/r
r"25/2
0 "38/L

0 "BB/3
o " 4L/r
I .00 /3
0 "38/3
0.e4/4
0 "94/2
0 " 34/r
0"47/2

0 "38/L
L "50/3
0 "BL/L
0.e4/L

0 "00/o
0.00/0
0.00rl0
0 "00/0

0 "00/0
0 .00 /o
0 " 00/0
0.00/0

0 "00/0
0 "00/0
0 " 00/0
0 "00/0

0.00/0
0 .00 /0
0 "00/a
0.00/0

o "00/o
0 "00/0
0 " 00//0
o. oolo

0 "oo/o
0 "oo/0
0.00/0
0 " 00/0

0.00/o
0.00/o
0.00/0
0.00/0

0.00/0
o.0ol0
0.00/0
0.00/0
o.o0/o
o "Le /L
0.00/0
0 "00/0

0.38/r
0 "63/20.3L/L
0.38/L

0.re/L
0 " 3L/r
0 "L9 /L
0 "7 5/2

0.25/L
L "13/3
0 " 63/2
L.BL/4

0 "5e /r
o "L9 /rL"r3/3
0.00/0

L"38/4
o . 00/0
0.75/2
L "re /2
0 " ool0
0 "38/r
0 "00/0
a.25/L

0.38/r
0 "00/0
o "69/3
0 "00/0

0 "00/0
0 " 3r/L
0.38/r
o "38/L

0.00/0
0.00/0
0.00//0
0.00//0
0 "25 /L
0 "00/0
0.00/0
L"L9/7

4 "06/17
4.13/L5
4.44/L5
r o t J/ LJ

3 .50 /rr
4 A.¿. /1 A.

4.2.s/22
5 "L9 /r4
3. BBl1s
4.L3/15
4 .56 /13
I 1^ /r 1J"¿¿/L5

5"44/LB
5 "L3/L7
s "06/17
6 .44/Le

5 "50 /L7
s.44/L4
Ã ? a ./"'ìr. J9/ AL

s "BL/24

L " 44/8
0.63/6
L.63/rL
3 "L9 /20

L"00/6
0 "6e/6
L "63/7
L "3L/7

5.25/20
I 1 - /a ôJ"LJ/L¿
5 "63/24
3 "50/L7

4"75/Le
4 "s0/2L
6.L9/29
5 "00/L9
2 "63/L4
2 "50 /7
s.25/24
4"44/3L

1
2

I
2
f

4

I
.)
L

3
4

IB
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PART Ï

f):m:rro .('l-lrärz n^J- -vq¡Lrqyç 9 uuuf, UAVQ-

çâmn | â t\t^uqrlly!ç r\v c ¿

'r'rtar
Fields No " *

S:mnl a
Tilai ¡l-r'{-**

(Ibs )

Mechanical- Damaqe (wt . /count )

SL I"iE SE UD

I

2

AT

5

1
z
I
J

/1

l.

Á

4

-L

2

/1

1
2
3
¿I

L2"BB
11.13
L4"63
L2 "56

6.38
a (rì
4 "94
6 " 06

a 1a
o " uo
9.06
o Ão

7 "06
5.25

6 "25
4 "94

s.06

6.13
7 .69
q 1?

4 " Bl
8.06
B.38
B " 06

6. BB
B " 00
1 0A

8.13

? o,4

5.13
7 .06
1 ôA

L "L3/2
^ 

r 
^ 

/F¿"L5/)
3"00/B
4.3L/B

o .L9 /r
0 .38 /L
o "13/r0.38/r

0 "50/2
0.00/0
o "38/L
0 "38/t
r "19 /2
o "38/L
0 "s6/r
L"00/L

0 "94/2
L"75/s
r.38/2
o.s6/r

2 .00 /5
L "3L/3
L"38/4
L "06/3
1 .\r /^
L " ¿)/ J

L "BL/6
2.25/7
L.s6/4

0 .3L/r
L"38/2
0 "so /2
0 " 00/0

0.38/r
0.00/o
0.00/0
L.06/s

L"L3/4
o .3L/2
L"25/3
0 "75/2

r"o6/4
0.00/0
L"63/2
L "L3/3

0 "s6/2t"0o/2
0 "Br/20.3L/L

0 " 44/L
0 "38/L
0.75/L
^ É ^ /^u.Ð5/ J

0.75/3
3 .44/7
L "63/2
o "BL/L

0 "78/2
0 "BB/2
0 "94/2
2 "BB/4

L.25/3
r.s6/6
2 .00 /7
L.16/3

11.4 4/2e
6"75/L6

r1"00/30
7 "BB/22

o " 6.3/r
0.3r/2
0 "re /7
0.44/2

0 "3L/r
o " 44/3
| | < /\

L.L¿/ ¿

0 "s0/3
3.69/15
2 "50/e
2 "00 /r0
L "BB/B

2 "L3/B
2"69/9
L.BL/6
0 "e4/3

r "L9 /3
3 "L3/B
2 .69 /ro
r"7s/r0

0 "BL/3
0 " 44/2
L"L9/2
2,3r/3

2.BB/L0
4 "34/13
4 .06 /16
3.L3/LL

t.44/6
0 "38/3
2 "56/r2
3 "06/r2

4 "L3/L6 L.13/4
5.75/L6 0 "L3/r
4 "19/L4 0.38/L
4.38/20 0 "00/0
tr

3
5
6

2 "Br/7
2"63/7
2 "63/9
L"75/4

2 "25/7
L"38/s
2 " 3L/7
3 "00/e

2"44/7
2.38/7
3 "e4/7
4 .59 /6
L"7B/7
L.BB /5
2"re/7
r"BL/3

0 "2s/L
o "Br/3
0 " 4r/L
¿"LJ/O

"38/I0 2 "L3/4
"44/L2 L"38/4
" Le /17 L.L3/5
.25/rB r"63/4

I
2

A

I
2
3
Å

aI

2
3
A

I

2

4

I
nz
3
4

3 "06/L0 r"63/4
2 "63/5 0.00/0
3.3r/LL 0 "75/24"e4'/L5 L.5O/4

'7
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PART I - Damase Study Data /ñnn.{- ì nr.aÄ \\ vv¡¡ s¿r¡ uuu ¡f

Sample No. 3

It{echanical Damage (v,rt./count)rIIA¿

Fields No " 
*

I¡7ainlr.|-**

(lbs ) SL ¡4E SE UD

10

11

L2

13

L4

l5

16

L7

I
2

l¿
¿

J
/1
=

l.
a

')

=

I
z
3
4

I
¿

J

4

I
I
L

J

4

1
I

2
J

4

I
¿

Aa

I
.)
L

/1

=

4

z
2
J

6. B1
5.19

8.31

6 "94
5 " 50
7 "3L
7 "25

6.50
6 " 56
6.BB
5 .25

7.50
7 "06
6. BB
8.31

4"44

5.81

8.00
J.ÈtÈt
4 " 00
7 "69

8.63
7.BB
6.L9
6"81

6.38

A tr.^

6.06
5.69
6.63

L"38/6
r.re / 4

L.38/3
0 "75/3

0 "69/r
r "50 /2
L "s0 /3
0.63/3

0 "so /2
0 "e4/2
0 "75/2
0.BL/z

0 "25/L
o"0olo
L"L3/3
0 "38/L

0 "63/2
r "L3/5
0 "75/3
L"so/6

L"BB/7
0 "66/2
L"r3/4
2.29/e

3 "BL/LO
3 "06/e
r .s6 /s
2 "38/6

3 " 3L/l
^ 

a 
^ 

/a¿"o5/o
3 "38/9
2"50/7

2 "25/6
0 "94/3
0 "00/02.06/6

2 "L3/6
L"56/3
0 .59 /L
0"69/r

1"BBls
L.6e /5
0 "2s/Lr.25/4

0 "56/L
0 "56 /2
0.BB/2
o "BL/z

0 "56 /2
L"6e/7
^ . - /^u.oo/ ¿

0 "BL/3

0.e4/3
o "BL/3
L"o6/4
o " 44/2

0.94/3
L"44/4
0.7s/2
0.38/r

0 "94/2r"00/3
0.00/0
o. ool0

1 11 /')
L.LJ/ J

2"06/7
0.44/r
2 "13 /7

0 "BB/3
0 "2s/L
2.BL/6
r "Le /3
2"06/4
L .56 /7
L"94/s
0 "63/2

L.o9/4
L"06/3
L"75/5
0 "63/2

o "6e/3
0 "s0 /2
L"6e/3
o "69/3

L "50 /6
0 .59 /2
0.63/2
0.6e/7

2"47/r0
0 "e4/2
L"L3/3
0 " 3Bl1

0 "BL/3
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PART II

Potato Distribution Data

Varietv * Norland
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PART II

\/ârf êf\7

PotaLo Distri]:ution Data
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PART II Pot.ato Distri]¡ution Data (Continued)

Variety = Kennebec
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PART ÏI

\/ârr ê.1--\7

Potato Distribution Data

IJorchip

f { '^rìï I t1ìrr3ai ì

Q=mn'l a

No.
h

lTn¡l-racl
\ !¿¡v¡¡vu /

lf

I I hñrìêq ì
\ À¿¡v¡¡l,v /

Potato _Co-ordinates from }{ain Stem

I I nñnôq I
\ +¿¿v4¡v!9 /

v17LU
I l1'ìa'rìrãql I ltl-h^^l\ r¡rvrr9u,/ \ !¿¡vItEÐ,/

6"0 9.5

8"0

-2 .0
-2.0_À n

-1. 0
¿èv

rl r\

0.0
0.0
¿"v
J.U
6.0

b"u
8"0
4,0
¿Dv

f.u

J.\J

o"u

-J. U
1ñ

l..u
- | "vofi

-J.v

-2 .0
-+ o u

-A n

-l-. u

-z"v

2"0
AA

4.0

'7Ô'

I "U'ln

-? n

À^
-2 .0

U.U
0.0
I.U
r.U
¿.v

-I. Urn
-2.0
-2"0
-f.u

-q. u

-1 n

-1.U
-f.unn

-6.0

-6"0

n í'ì

_L.U
'lô

JoU

1^

a^IcV

I.0

13"5
a- a

L5 "7
16 .0
15 .1
1? 

^JJ ô t

12"8

L¿"J
16"4
13"]

L5 "2

L4 "2
14.0
14"3
L2 "5
l? q

13"0
14 "2
L2.9
14.7
11 .5
l? a

14.8
L4 "615"r
L4 "2
L5.2
L2.2
'tÁ q,

t-4"I
L2 "3
L4 "3
tt {

1r"4
13.0
1r.9
L2 .9

L2 .4
13.9
1À aI+"L
L¿"4

6"0 11" 6



106

PART II Pot.ato Distribution Data (Continued)

Varíety = l'lorchip
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PART II Potato Distribution Data (Continued)

VarietY = Netted Gem
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PART II - Potato Distribution Data

\/ari efv = Ne1_ ted Gem
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APPENDIX C

Results of Potato Harvesting Damage
Study in }lanitoba 1970

Fie1ds SampIe* Stight Medium Serious

Damage Classifícation
lÞer r-renf /Arz - Wt. of Tuberi n Polrnd s \! vu¡¡su/

ñ^*^ ^^uo.¡Lro.9 s
Iìçaa
J!çç
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2
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20.86/0.46 2"23/0"27
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30 " 6 6/0 .40 3 "rB/0 "s9
47 "Bs/0 "34 L3.20/0 "39
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6.02/0.24 6 "63/0 "22
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I
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I pêT õõnf / A\f

Clas s ification
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I
2

I
2
¿

I
2
J

I
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J

1

Iz
J

J

2
3

I
aá
3

I

2
J

I
z
J

L7 "s6/o "34 0.00/0.00
LL"2L/0"28 o.0ol0.00
LB "L2/0 "29 18.92/0.35

L0.28/0 "33 0.00//0 " 00
L2 "Br/0.38 0.00/0.00
19.3s/0.48 2L"78/0.45

B "03/0 "46 o. ool0.00
12 "79/0 "s9 0.00/0.00
12.29/0 "37 20 "79/0 "34

8.52/0 "50 0.00,/0 " 00
2.46/0"38 0.00/0.00
5 "94/0 "35 e.33/0 "40

6.L7/0.¿,0 2"39/0"4I
15 . 9 3/0 .27 0.00/0 " 00
rB .9 0/0 "25 1B "26/0 "27

Le "79/0.2s o. ool0 " o0
25.0r/0 "26 0.00/0.00
25 "48/0 "49 ls "29/0 "s4

L0 "L2/0 "56 0.00/0 " 00
L5 "44/0 "52 0.00/0.00
32 "26/o "36 r0 "s7 /0 "35

L7 .23/o "40 0.00/o. oo
L3.2L/0.32 .0.00/0.00
43 "5L/0 "4L 6 "5L/0 "3e

7 "6L/o "L3 0.00/0.00
16 " 07 /0.30 r "3L/0 "19
42.13/0 "28 ll "L3/0 "43

1. 30/0.13 BL.14/0 .L3
r0.49/0"49 78"30/0.26
2r"9L/0 "32 41.05/0.29

L "7 4/0 "38 87 "9 B/0 " 3B
15.9L/0.38 7L"28/0 "2818.3L/0.39 40 .s7 /0 "23

6.7 4/0 "36 8s.23/0 "36
6.83/0 "38 80.38/0 "3L

23. B 0/0 "34 43 "12/0 "3r
2 "28 /0 "23 89 .24 /0 "23

11.83/0"41 B5 "7r/0"29
15 . 4 3/0 "32 69 .29 /0 "28

7.66/0.47 83.7e/0"47
9 "94/0 "3L 7 4 "L3/0 "L5

17.07 /0 "32 45 "78/0.23
2.7 4/0 "L7 77 .46/0 "L7

ro. Be/0 "27 64 "L0/0.1714.76/0.31 44.47 /0 "25

00"00/0.00 B9.BBl0.s0
5.36/0 "36 7e.r9/0 "24

14 "48/0 "31 42 "69/0.23

0.00/0.00 82.77 /0.38
0.00/0.00 B6 "7e/o "23e"4e/0"37 40"4e/0.27

L"6s/0 "4L 90 "74/o "4r
6 "5r/o .LB 7 6 "LL/0 "re

13. B 4/0 "21 32 "90/0.26

**Farmer used a lyTe-row self-propelled potato combine.
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PART I
Analysis of Variance as Applied to

Damage Study Data

trield No" Harvestinq kênl1^âf 1^ìac f ì ì rìr\çI/!!9qLMIÐ \r,JrÀ/
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*Entrj es i n renl tcatiOn column rr.l)rêsênt tha nêrev¿u¡LLr¡ tçytçÐçf¡L uftc Pç!
f:r.n.|. nf d¡m:rr¡,1 h^r--+^^^ /qnÄny-+^l. -*,1 qê\/êrêl r¡ rlamanori \ve¡¡L v! sGrrrqysu y\JLdL(JgÞ \1il.(JL,tg!dLgI) crtlL_
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27 .07 44 "37 134. B5

28 "6 1 9.83 55 " 20
ls.58 15.35 69. 86 35I. BB
sB. B6 3 4 "39 226.82
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1B
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O " J¿
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/ qo

3"16
48.58
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10.38
15"85
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12 "23
37 "2

3 " ö+
0"00
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47 "32oo 

^1

aa¿J¿ "OO

155.52

0.00 2L.2L
0 " 00 33 " 33

3I"73 44.88

0"00 0.00
19"59 0"00
1' 

^ô 
aô 

^ 
ÀJ+"¿¿ 5¿"VL+

0"00 0"00 0"00
0.00 7 "29 5.23

35.52 27.58 27 .09

tB " 97 0.00 40. lB
0 " 00 6.44 39 "77 22L"26

4I " s2 23.18 141.31

I0.96 0.00 r0.96
23.96 0.00 43"55 L74"70
35.50 18.43 120. t9

0 " 00 0 " 00
8"92 2I.44 L21.66

10.03 100"22

0.00 0 " 00
0"00 0"00

22 " 4r, 26 "33

0.00 0.00
6 "54 5 "2316"10 38"11

0.00 0.00
0.00 0.00
4"74 10.53

0.00 6"59
0"00 19"51

^1 ^a 
al À¿J"¿O ¿¿.+

0"00
0.00

64.01
64.01

3I "28 137 .7 4
oq a1
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Analysis of Variance

Source of Variation df MqqF'

v2
F{ar¡zroqrincr st_aoest2) tRt3-'l \ I I x(. t ^i.. s.s./df (2)/(3)r¡q!veÐur¡¿y puqyur \á/ !e \J Lt + + ,.i_i 

" ________i__Ã_

L) - L¿
A

Fields (1)

Ronêt'i t'i on s i n
Stages (3)

I(JLdI

Tr? c/ro-r\ ¿'-i.. - S"S"/df (L)/2\¿e Ll 
i

r ì q q /d?*Jrv.9./gL

4
II1^t-\ tÀ a\ f T T V2Ið(J)(4-I) L L L ^iit-ijk

c = (I I I x.,. )"/LB x 3 x 4'u L b llr'
IJÀ

Substitution of numerical values in above analvsis

of variance gives the following:

Analysis of Variance Table

Source of Variat.ion U ô U ô Ir ¿ U 6 U ô I

Fields L7 5764.6153 339"095 0.3965

Harvesting Stages 36 3079 t " 7556 855 . 3265 B .0195**

Repetitions in
Stages 162 L7L7I"L9B2 105.995

2r5 53727.s69LT'otal

**Siqnificant at one rler cent level.
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^^'i ^"r -r-'i -- r'r¡-n^¡ Tìâñâ-^ at three Har\¡esJ- ì no .Ç+. ar^rr--\-o.r(-Lrro-LJrrg ny:1 sgc ud.rrrd-ge dL- LIÌre(j r1cl.l-VËÞurt¿g ÐLclgeb.

Âr¡or:ñÂ ñêr ¡ent flamacre = Tnt: I nar ¡an{- flamaOe ô\/¡sf all-yç! vu¡¿u uq¡rlqYu vvç!

fields ancl replications,/No. of f ields x No" of replications.

(1) X.r = Average per cent damage
before lifting = 351.66/72 = 4.8842

(2) î, = Averaer""!'ír?ïî:"t?ï:iî
, \vv+¿

machine interface) = 662,86/72 = 9"2064

(3) X? = Average per cent damage
in the truck (total

machine damage) = 2064"7/72 = 28.6764
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PART II

Student-Neuman-Keul' s Test

VI=o/nn't S"p act, 'YL"z' "x

5 = r/tU5 " YY5 = L" ¿LJ5¿x 
-n-

qrcÌ r^ I - '',"77 for p.r = 2

o"o5 
t'l"2 I - Lo I t --- Pr

= 3.31 for p, = 3

/¡ \ /ìnmn-rì n4 !T¡rr¡aq*i nrr C.l-=xn¡ I :nÄ ')\ô/ \-U¡tLIJcrf r.tr9 rf,q! v uÐ urrry rJ UaVEÐ J a¡ru a

W = so(r:,n^) S = 2"77 x L"2L332 = 3.3609ll - '-I ¿' x

I r? | t

lÀr-A. l = LI"5ZZ¿
.-L¿

Since lX., X" I is greater Lhan \.¡/* therefore 1 and' J ¿' P
', -e^ a+r^ântlv.J iffêrent.á O-LV ÞIutlIIIUqr¿ur .v s¿!!ç!L

/È,\ l-nmrr:ri n¡r ËIa rr¡eq1- i no S1-acres 2. anå 3\!/ vv¡rtt,q!¿¡¡Y uuqYçr

W = cl (p-n^) 5 = 3.31 x L.2L332 = 4.0160892"p 'acx \.t- l'^2 / "x

lx^-x^l = 19.65
t/

Since lX" X" I is greater than VJ-- theref ore 2 and¿3p
3 are q'i crnì f i r:antl v di f f erent"

(C) From (A) and (B) , this can be concluded 1-hat I and 3

ãrê q'irrn'i f ir'¡n1-lrz d'ifforr-nÈ
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APPtrNDIX E

Cron Y'i-eld trstimation

Y = yield cvtt /acre

W = sample weight lbs

Rs = row spacing inches

yF = yield facLor

L = length of row to be dug feet

Tls'i no unìt factor

\tr L2 I 66 x 660 . ly = ;-;; X == X ;- X -----:-:::::- CWE/aCfeTUU KS L ACTC

W L2 x66x660
RsxL * -----t¡T--

Ass¡mi no Rs = 38 inches

W L2 x66 x660 66 x6"6xl-.2v 
- - 

- 

: | < I \tît L'- 38 x I00 3.8

W x f37.56
v=-L

Assuming L = 13"756 : L3"76 ft.

Y=WXIU

Y = !{ x YF by definition of yietd factor

YF = 10 for L = 13.76 feet

and. Rs = 38 inches "



, APPtrNDIX F

POTATO DTSTRIBUTION RESULTS

(Graphicalty presented in Figures 4 "L 4 "J'2)
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b/__:z up to i inches deep in hil-l measured from top of

hill to center of gravity of deepest potato.
¡/Y/ within a radius of i-inches with center at inter-

section of hill profile and main stem.
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Varietv: KEI.INEBEC
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Variety: NORCHIP
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Variety: NETTED GEM
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PART I

Analysis of Variance for Potato Distribution Data

A = potato co-orciinate--equaI to X for horizontal-

potato distribution and equal to Z for vertical
potato distribution

n = number of potatoes for which measurements were

taken.

Analysis of Varrance

Source of Variation df MqCEI

(1) Among Varieties (4-1)
4 - " (L)/
[ {^i")'- c s.s"/dr (z)

4 4 ni^ 4
(2) withinvarieries [(ni-r) i Ixi, I(^t.)'s"s./ð,r

r-¿ r-r J-J_ I-I Jl,l-

Total
l1 l ô
T .rZ
I t\. I V

¿l
J-L

4
f)nìl)\ ¿ L.: t L

I
ltt Y.: - \ ¿(1 \LL "l--l /

v ---T+
4r-
!l

Substituting nurLerical values, gives the following
r-l^1^^
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Analysis of Variance Table
(Horizontal Distribution)

Source of Variation df

Among Varieties 3 31.538 10.513 2 "257

Within Varieties 239 1113 " 118 4 "GS7

JU LAI 242 IL44.6s6

Analysis of Variance Table
(Vertical Distribution )

Source of Variation df ¿l o U . U . !

Among Varieties 3 10.157 3"386 0"Z5A

Within Varieties 239 3IBZ " B53B 13.317

Total 242 3L92.9928

Note:

Both F's are not siqnificant.
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PART IT

Student-Neuman-Keul I s Test.

This test was carried out to test. individual differ-

ences among varieties rvith recrards fo horizontal distribution

only.

X = average measurement. in inches along x-axis
X (Norland) = 2.147

X (Kennebec) = 3"267

X (Norchip) = 2"7L8

x (Netted Gems) - 2.436

Arranging all X in ascendíng ord.er,

X (Norland), X (Nettecl Gem) , X (Norchip) , X (Kennebec)

n1 = 238¿-
Pr is number of means involved in comparisons

J.

P1

Qo (Ptn, ) 

-> 

2 "77 3.31 3.63

Wp = lao (nrnr)l x S

S=/ xrz-f-l-Iï +T-T
;T;--¿ ra.. -K,r_l

R., and Þ nrrml'.a- cf measurements of two varieties-'l--'j'¡¿urlrvu!\

rocna¡J- i r¡a'l .tL¿ v vr_I Þ
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(A) Comparing' Norland and NeLted Gems

t

q0 (ernr) = 2"77, S = O.2B7I

Vüp = 0.79s3r lfi f:l = 0.28s

Since lXi - X, I i= not greater than I{p, theref ore
J

Norland and Netted Gems are not sionifìcantlv difforq¡¡.

(B) COmna ¡i nc. ÀTnr'l =n.t -h¡ 1¡lnrnh i n\u I ev¡rrl/q! ¿t¡y e\v! IattL¿ crIlL¿

P.ì=3R.=58R,=87ral-

g^ (P,n^) = 3"31, S = 0.2585-Cl, I ¿'

Vlp - 3"31 x 0"2585 = 0.85567
t- I

lXi X;l= 0"571
'J

Since lX., - X, I i-s not. greater than Vtp, theref orer J'
Norland and Norchip are not significant,ry different.

(C) Comparing Norlaqd and Kennebec

P=4R.=58R,-43
l- -l

c{^ (P.n.) = 3"63, S = 0.3071.O I¿'

lVP = L"LI477

lx. - X.l= I"I2'r_ l'
Since lf' - X. I is oreafer fhen T¡'In +.Ì¡a-ornra 'Fac'r-l"í "j I Y¿vuuur e¡¿qr¡ vìY¡ Ç¡rçIçIUIç: Lc:Þ L

^^.i '^.1-^ ^..! !1^.polnrs our rnat Norland and Kennebec are significantry
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different. But it is doul:tful_ that they are actually
dif f erent, s j-nce I'-ratio is not sicrnif icant.

1D\ Cnmn¡rinn lrloJ_{-orl llom ¡n¡:l Ntnr^]-'-i^\ul rrçuuçu sçlLL q¡ru t\uiurrlP

t

g (P.n^) = 2"77 S = 0"263*cI, l- ¿'

Wp=2"77 x "263:0"7284

lX. - X,l = 0"282' r l'

Result: noL siqnificantlv different"

(E) Çoi¡paring Netted Gem and Kennebec

Pl-=3 *i=55 *j=43

q., ("fn2) = 3.31, S = 0"3109

tr{P = L'029

lx. - X. | = 0.831' .r- I'

Resul-t: not signif icantly dif f erent.

/E \ ra^**^-.i *r .Ìrlnr¡hi n rnÄ KennebeC\r / vul*¡',ql .r,

P, = 2 R. = 87 R, = 43rr-l

s- (P,n^) = 2"77 S = 0"2847. .L ¿'

wP = o"7BB5

lx, x,l = 0"549'r- l'
ReSUlt" nnr cianìfir:an.|-lr¡ |ìffa¡g¡1 

"
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PART ITI
Statistical Analysis of Underground

Potato Distribution Using Enumeration Data

Classification: - Horizontal

R, =-> I in on each side of main stem
l_

R' 
-+ 

1.1 to 2 in. on positive side and 1.1 to¿

2 in. on negative and so on.
_-2X- test ivas only performed on horizontal notal-n

distribution 
"

Norizontal-

Region Norland Kennebec t\t^r^ h 1 ñ!rv!vr¿r¡/

Netted
Gem

Total
(ni" )

l

¿

')
J

/l

6

IO

L2

11
-LJ

4

2

I
I

U

n

10

10

6

1

J

I
{

2

I

0

<tt

L7

15

t1
'l
-L

Lr

7

I

I

0

23

-/

o

6

6

2

0

't
.L

1

ato

46

)1 ')

4t

L4

9

l-0

L

2

I

5B 43 B7 55 243
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x2 - Test (for Horizontal)

. ? r ,\. 2usins x" = () () nir/n;)/n ì - I)/n
j i J 'ô.

Let L n?./n, = A;
r¿l ¿l
l-

2)a.1Ar = Q3)'/86 + (L2)'/46 + (r3)'/43 + (Z)"/Zt + (+)¿/u
1^

+ (2)"/9 + (I)"/5 = L5"3324

))2))Az = (10)'/86 + (r0)'/46 + (6)'/43 + (7)'/27 + (3)"/L4

+ I/9 + 3/I0 + 2/5 + L/z = 7"9382

. ? .) ) ')A: = (30Y/86 + (r7)-/46 + (L5)'/43 + (rr)^/27 + r/L4
))+ (4)^/9 + (7)"/I0 + I/5 + L/z = Zg"ALOg

)))1.A¿ = (23)'/86 + (7)'/4ø + (9)'/43 + (6)'/27 + (6)"/r4
+ 4/9 + L/5 + I = L4.6492

ñ L5,3324 7 "9382 29 " 0109 L4,6492"_58--_-23-__--El-----T5__

= 0"2644 + O.LB46 + 0.3335 + 0.2663 = 1.O4BB

1X- = (0.0488)243 on 27 df

= I1.B5B4 on 27 df

From Tables
-r2*izt, 0.05 = 40 " I

Since calculated x2 is smaller than tal¡ulated X2-,

therefore they are not significant..


