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INTRODUCTION

The Menitoba Potato Breeding Program was begun at the
University of Manitoba in 1942, for the purpose of developing potato
varieties suitable to Manitoba conditions, and for improving the
quality of potatoes grown in the province. By 1946, several Promise
ing selections had been made. A number of varieties had also been
introduced by the United States Department of Agriculture, the
Dominion Experimental Farm Service, and private potato breeders in
Canada. In order to obtain a measure of the cooking quality of such
selections and Qf recently ihtroduced varieties under Manitoba conditions,
the study reported here was undertaken during 1946 and 1947.

‘ The soil of the University of Menitoba experimental plots is
Red River claye This soil is not representative of all areas of the
prevince where potatoes are a crop of economic importance. Therefore
it became necessary to determine the differences in degrees of
cocking quality of the vafieties and selections when grown in areas
outside of the Red River Valley. No experimental work had been done
in the provinece, prior to this date, to determine whether or not
differences in cooking quality developed when the same variety was
grown in different areass |
| In carrying out this.studyo information was spught on three
general phases of variety performance:

l. The comparative cooking qualities of varieties and sele

ectionse
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2. (Comparisons of the cooking quality of the same variety or
selection when grown in different areas of the provincee

3¢ The relation between total yields and cooking gualitye



REVIEW OF LITERATURE

Good cooking 'quality is iargely a relative term, because
certain gualities in a coocked potato may be'aesiredaby some people
while different qualities might be regarded as important by others.
Therefore the standards of cooking quality which potato producers:
and potato breeders should endeavor to attain must be the standards
which are desired by the mmjority of consumerse

In order to determine what these preferences are, Hotchkiss,
Wood and Findlen (11) made a survey of the qualities by which
housewives and institutional buyers in the United States judged the
excellence of cooked potatoese Mealiness was considered the most
importanf factor, with whiteness next in order of preference.

Rinear (23) made a similar survey in which 1,653 people were
interviewed. Sevenity-one per cent considered mealiness most important,
1lel per cent desired a tuber which remained very white after boilinge
Flavor was: important to 0.6 per cent of the people interviewed and
only 0e8 per cent preferred watery potatoes.

A definition of mealiness is given by Iangworthy, of the
United States Department of Agriculture, quoted by Bewell (L) as
follows:

* In this country, the chief test of excellence is mealiness,
which means that, when cooked, a potato should form a crystalline-
like mass, with almost distinet starch-like particlese This
quality depends largely upon the amount of starch present. If
it is abundant and evenly distributed throughout the tuber, the

cells burst ofen in cooking, and a light, flaky, uniform mass
resulis.t
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Sweetman (32), on the other hand, found that cooking of the
petato tuber resulted in separation of the eells, without bursting.
The greater the ease with which the cells separate, the greater
the mealiness of the cooked products 5weetﬁan.(33) alsc stated
that the tagte of a cooked pbtato us partly due to solanin, ash
constituents, and sugar. Flavor is a composité of taste and odor,
and the odoriferous components are not known. Stevenson and
whiteman (31) in a discussicn‘of cooking quality, pointed out
- that "e..0s starch content and other chemical constituents, texbure,
flavor, and color of the flesh, must all be given consideration
in any estimation of qualityed

Child and Willaman (6) were among the firsi workers who
attempted to determine what made a potato tuber mealy when cockeds
They investigated the correlation between the texture (mealiness)
of the cooked tuber, and the amount of dry mabtter whiech it containede
They found that in both boiled and baked potatoes, there was a high
positive correlation between mealiness and amount of dry matter.
Nkaliness was determined by judges and the content of dry matter
was determined by drying the tubersme Bewell (L) stated that a
vhight dry matter content of thirty per cent wasAaSSociated with
good guality while poor gquality in the tubers was associated with
a dry matter content of fifteen per cents

Various workers have developed methodé by which the dry matter
content of the tubers could be determined more rapidly and with greater

‘ease than by drying the tuberse. Clark, Lombard and wWhiteman (7)
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vdgveloped a method of determining the dry matter content of potato
tubers by the use of sodium chloride solutions of known specifie
gravitye. They used eleven sclutions ranging in specific gravity
"from 1060 to 1.110 in intervals of 0.005. They compared this method
of determining the specific gravity of tubers with the method of
weighing tubers in air and water and found a positive correlation
of 0.9567 between results obtained by the two methods. They calculated
the regresgsion coefficients for mealiness and specific gravity of
potatoes grown in Maine during 1937 and 1938 and found the highly
significant positive regression of 0.4715 of mealiness on specific
gravity. Haddoek and Blood (12) developed essentially the same method
and they found that this method was satisfactory for determining
mealiness if a sample of at leasi fifty, and preferably one hundred,
tubers were selected at random from the variety to be tested. They
reported that varieties which had the same specific gravity in the
raw state were similar in coocking qualitye

LeClerg (15), Dunn and Nylund (9), and Bewell (I.) have also
determined the relation between dry matter and specific gravity of
potato tuberse LeClerg reporied a positive linear correlation coeff-
icient of 0.81 1o 0,85 between specific gravity and dry matter content
of Louisiana grown potatoes. Soil and climatic conditions did no%
change the relationship of specific gravity to dry matter. Dunn and'
Nylund found a positive correlation coefficient of 0.8686 between
specific gravity and dry matter content of potétoes grown in Minnesota.

Bewell reported a positive correlation coefficient between dry matter
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and spécific gravity of 0.823 £.055,

The relation between specific gravity of potato tubers and the
percentage of starch which they contain, and the relation between dry
matter and starch content has also been determined. Goldthwaite (10)
has found a fairly constant ratio of starch to dry matter of 1:l.25
in potato tuberse Metzger, et. al. (19) observed a positive correlation
coefficient of 068586 between percentage of starch and dry matter
content in Coloradc potatcese Blood and Prihce (5) point out that
Von Scheele and co-workers in Germany have reported a positive |
correlétion coefficient of 0.9L7 between specific gravity and
starch content of the tuber. They quote Vbn Scheele as follows;i;t It
may be assumed that the Starch content of single sawples may be obtained
with an error of 11 .5% vy means of the determination of specific
gravitye? Akeley and Stevenson (1) have pointed out that since the
greatest part of the solids content of the potato is in the form of
starch, and since there is a high correlation between specific gravity
and starch content, it is possible to estimate one from the other
with a fair degree of aceuracy. The authors presented a table which
gives the percentages of starch which correspond ito various specific
gravitiese.

Thére is not unanimous agreement on the relétion of starch
cdntent to mealiness. Smith and'Nash (26) reported that the percentage
of starch, and the starch: protein ratio did not affect the mealiness
of potatoes. Whittemore and Kuschke (37) stated that during 1928

and 1929 in Rhode Island the most mealy potatoes contained the least
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starche The consensus of opinion, however, seems toc be that mealiness
in potétoes is correlated with the specific gravity of the raw tuber,
and that mealiness contributes to cooking qualitye. In the words of
’Cobb (85, # Evidence from cocking and chemical tests seems sufficient
to conelude that good cooking guality is closely associated with
high starch and dry matiter content of the tuber, and low nitrogen
contente!

Most workers have found that the specific gravity of potato
tubers is affected By various factorse .Le01erg (16) reported that
hoth variety and environment played an importantvpart in the
development of dry matter content of potaﬁoes during two years of
experiments. Green Mountain exceeded seven other vearieties in dry
matter content but he also observed significant differences in behavior
among varieties in different years. Therefore, scome varieties behaved
in a differential manner in response to environment. Haddoek and
Blood (12) have tested potato varieties in New Hampshire for cooking
qualities and have noted that the quality of varieties varied from
field to field if conditions differed. Some varieties, however,
notably Green Mountain and Red lMelure, §ossessed relatively higher
guality then other varieties, regardless of envircnmental conditionse
Stevenson (30) reported that the variety Parnassia, which produced
eighteen to twenty per cent starch in Germany, gave & mean reading
of 13¢5 per cent when grown in Maine. Potatoes were grown in three
counties in New York by Nash_(20} and differences in cooking quality

were attributed to variety and environment. ZEnvironment had an
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-effect in that potatoes which ﬁatured under the coolest conditions
were relatively more mealye. Metzger, ets. ales, (19) found that in
Colorado;grown potatoes, the percentage of starch, dry matter, protein,
and ash varied with locality, with variety, and with the year in which
the tubers were produced. Potatoes grown on irrigated land were
higher in starch and dry matter than those growm on dry land. Akeley
and Stevenson (1) noted that early varieties as a group tended to be
lower in starch content than later varieties.

Clark, Lombard and Whitemen (7), LeClerg (15), and Sweetman
(33) have reported that specific gravity is ndt correlated with
the weight or size of the tubersa.

Several workers have attempted to analyse the environmental
_ factofs,which produce good cooking quality in potatoes. Ashby (2)
believed that temperature and water supply had the greatest effecte
In a warm, dry climate, heavy soil provided the optimum temperature
and water conditions and in a moist climate, these conditions were
supplied by a light soile. Wager (35) after three years work in
England, found that the average content of dry matter in potatoes
depended upon the available water content of the soile During wet
seasons, tubers were relatively lower in dry mattere. In any one
season, fen and blackland soils gave the lowest dry matter content
and the highest dry matter content was produced by potatoes on
sands, gravels, and light loams

Regarding the effect of temperature and rainfall, Cobb (8)

found that temperatures varying from 65.5 degrees Fahrenheit to
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67 degrees Fshrenheit during July, August, and September produced
betlter cooking quality in potatoes than when they developed under
temperatures varying from 7.5 degrees Fahrenheit to 79.4 degrees
Fahrenheite. HNoderate rainfall during those months produced better
guality potatoes than excessive rainfall.

smith (25) observed that potatoes grown under very hot and
very dry conditions were slightly meély to ®soggyvy and did not break
apart during boiling, nor blacken after cookinge

Smith and Nash (29) noted that potatoés planted earliest and
harvested latest contained the most dry matter. Those harvested on
the latest date had the highest specific gravity, but tended to
blacken more after cooking than those which were harvested earliere

Smith and Nash {29) and Nash and Smith (21) found that a
relationship existed between light conditions during the latter
part of the growing season and the specific gravity, dry weight,
color, and the mealiness of the beiled tubers. Periodic shading of

4
(4

he plants reduced the specific gravity, dry matter and mealiness.
Where nitrogen had been added to the shaded plots, blackening of
the tubers after cocking was increased.

Smith (2L), (25) and Smith and Nash (27), (28) have found
that soils of pH 5.6 to 6.05 produced tubers with the highest

dry matter and starch content. Tubers grown on soils varving in
J L) P

pH between 7+92 amd To1l6 were of a more attractive color and broke

p
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east in cookings In other experiments 1t was noted that soil
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.36 preoduced tubers of lower guality than soil of higher
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or lower pHe Tubers of the highest'Specific gfavity were secured
from soil which had a pH of 7.88e. In ancther test of the effect
of soil reaction, the average specific gravity inereased as the
soil pH rose from 11e88 to 7+19. Cooked tubers blackened the least
when produced on soils with higher pH ranges.

Blackening of tubers after boiling is a very undesirable
character which appears to be controlled by both environmental and
genetic factors. Low levels of available potash in the soil, low
soil pH, low moisture content of the tﬁbers, and high nitrbgen content
of the soil have been reported by Smith and Nash (28), Tottingham
and Negy (3L4), Bandemer, Sciable and Wheeler (3), and Mader and
iader (18) to cause glackening of ccoked tubers.e

Varieties have been observed by Rieman, Tottingham and
MeFarlane (22) to vary in the amount of blackening shown after
boiling the tubers. After five years of trials at nine locations
in Wisconsin, they reported that consistent differences in the exXpress-
jon of this character existed in twenty three varieties. Triumph and
Chippewa were whitest when boiled, Rural New Yorker and Russet Rural
were darkest when beilede

The review of literature indicétes that veriety characteristics
are important in determing specific gravity of potatces, but that
envirommental factors alter or mask the expression of genetic
character to varying degreess. The specific gravity of raw tubers
was found to be a rapid and reasonably accurate measure of dry

matter content, starch content, and mealiness of potato tuberse



Cocking quality is influeneced by many environmental and genetic

factorse



MATERIALS AND METHODS -

Experimental plots of potato varieties and seleétions were
grown in eight areas of Manitoba during 1946 and. 1947« Trials were
carried on at Balmoral, Morden, Portage la Prairie, Steinbach,
Sprague, and Fort Garry during both years and an additional trial
was conducted at Benito in 1946 and at Melrose in 1947« The potato
is a commercial crop in these areas, either for table stock or for
certified seed productions The soil texture of the experimental
field at each station where an experiment was located is shown in
Table T

During 1946, ten named variéties and six numbered selections
were ineluded in the trials at all stations: except Sprague, where
ten named varieties and four numbered selections. were includede
During the following year, six named varieties and ten numbered
selections were compared at all of the stations. A 1list of the
varieties and selections which were placed in the triais each year

is given in Table IT.

Irish Cobbler was used as a sitandard variety with which to
compare the other varieties and selections. This variety was
chosen because 1% is planted more widely than any other variety
in the province, yields Wéll,and has good_cooking and keeping quality.

Jdentical experimental designs, field sizes, ahd culturél
procedures were followed each year. All of the trial grounds were

placed on summerfallowed land. They were ninety-itwo and one half
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TABLE I

STATIONS AND SOIL TEXTURES ON WHICH POTATO VARIETY TRIALS WERE CCNDUCTED

e

1946 : 1947
Station Soil texture ; Station Soil texture
Balmoral very fine sandy ; Balmoral very fine sandy
loam H loam
Renito clay loam® : Melrose clay
N@rden‘ sandy loam : Morden sandy loam.
rortage :‘ Portage
la Prairie clay s+ la Prairie 8ilty clay loam
Steinbach fine éandy loam* : Steinbach sandy loam®
Sprague sandy loam# : Sprague loam®*
Fort Garry clay i Fort Carry clay

#Authorts estimate of the soil texture. Detailed soil maps of the
areas are not available.

NOTE: The Fort Garry plot was located on the University of
Manitoba experimental groundse ‘ :

.feet long by fifty-Tfour feef wide and covered approximately one-

ninth of an a;re. The 1946 field trial at Sprague covered an area

six feet narrower. The randomized block design, as recommended by
LeClerg and Henderson (16) for sixteen varieties, was employed at

each station. Three replicates were used and each consisted of sixteen
single row plotse The plots were planted three feet apart with the

plants fifteen inches apart in the plot rows.. fach replicate plot



VARIETIES AND NUMBERED SELECTIONS TNCLUDED IN THE FIELD TRIALS

—

e ]
e r——

Lok6

Canus

' Bovee

Irish Cobbler
Pontiac

Red Warba
Warba

Netted Gem
Bliss Tr;lumph
Gold Nugget
Rasota
Pawnee

Minn 47.38
181=M7

279-M9

ID-1

134-19
1hh-114

NOTE:

Columbia Russet

Irish Cobbler

Red warba:

Netted Gem

S e S s i i)

Netted Gem was: included only in the trials: at Sprague.

Cenus, 279-M9, and 134~19 were not included in the trials at Sprague

during 1946.
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contained twenty four plants and was thirty feet in length» This
length of plot row was found to be suitable by Westover (39)e The
thfee replicates were placed end to end tc give a seventy~two hill
row, ninety feet in length. A guard row was plahted at each side
of the field, three feet from the outer plot, and a guard hill was
planted at each end of every rowe

A The seed stocks used were produced at the University of
Manitoba, Fort Garry, during 19&5 and 1946. Seed tubers of uniform
size, which could each be cut into four seed pieces, were selected‘
from all varieties and selectionse They.were treated with Semesan
Bel to a2id in the control of common scab and rhizoctonia before they
.Were taken to the country points for plantinge

All of the plots were planted during the last week of May,
1946 and 1947 A planting depth of four inches was used throughouts

The plots were harvested during the last ten days of
September, 1946 and 1947. The total yields were recordeds One forty=-
five tuber sample of each variety and selection was collected at all
stations. These samples were brought to the University where the
specific gravity of the tubers. was determinede

The specific gravity of each sample of the tubers was deter-
mined by the method of Clark, Lombard and Whiteman (7). Sodium
- chloride solutions were made up in two and one half gallon earthe~
~enware crocks. TFifteen solutions were used which ranged in specific
gravity from 1.0550 tc 1.1250 in intervals of 0e0050¢. Each forty=-

five tuber sample was divided into three fifteen tuber lots and the
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average specific gr&Viﬁy of each loct was ascertained;

As indicated by the research summarized in the review of
literature, the specific gravity of the potato tubers ié directly
associated with fthe mealiness 6f cooked potato tubers, and therefore in
the cooking qualitye. For this reason, the degree of mealiness of
the varieties and selections included in this experiment are asswumed
to vary directly with the variations in the speecific gravity of the
tuberse.

The data secured at each station were analysed by separate
analyses of variance, and necessary differences between varieties
were ¢alculated at the five percent level. The Chi-square test for
the homogeneity of the error variances among stations was made by the
method outlined by Hayes and Immer (13). Data from all of the stations
except Sprague were then combined into one analysis pf variance and
the neceséary differences among stations and among varieties were
calculated at the five percent level. Jince the same varieties and
selections were not used each year, the sets of data for 1946 and
1947 were treated by separate analyses. Because the same varieties
and selections were not tested at Sprague, separate analyses of
variance were made on the 1946 and 1947 data.

The relation between total yields and specifiec gravity of
the potato tubers ﬁas investigated by determining the following
correlationse Simple correlation coefficients were calculated from
the 1946 data, from the 19,7 data, and from the data for 1946 and 1947

combined, between rates of total yield and the average specific
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gravity of all potatoes procdueced at each station. Correlation
coefficients were also calculated from the total yield and specific
gravity data of Irish Cobbler, Canus, Pontiac, Red Warba, and Warba,
vsing the results of the two years. In order to determine the éffect
of year on the correlation between yield and specifiec gravity, the
significance of the difference between the correlations of rates of
total yield and specifie gravity for 1946 and 1947 was determined.
The corresponding coefficients of linear regression were calculated.
The methods outlined by Goulden (11) were used in the statistical

examinations of the datae



EXPERIMENTAL RESULTS AND DISCUSSION

Is SBPECIFIC GRAVITY AND STARCH CONTENT OF TUBEKRS

OF VARIETIES AND SELECTIONS

The result of the Chi- square test of the homogeneibty of the
error variances at all stations indicated that the variances at the
different stations were not homogeneous. Therefore, if the sets of
data from each station were combined into one énalysis of variance,
the tests of significance used to compare the averages of specific
gravity among varieties and among stations would not be strictly
accurate. Since the error variances of the stations were of such
magnitude (the majority were low) that the significance of differ-
ences would be under-estimated rather than over~estimabted, the combinedA
analyses of variance were carried outs

These analyses showed that highly significant diffefences were
present among stations in the development of specific gravity levels
of all potatoés. Also, the average specific gravity of each variety
and selection differed by highly significant amounts. Highly signifi-
cant variety by station interactions were obtained which indicated that
all varieties‘did not exhibit the same relative development of specific
gravity at every station. The outline of the combined analyses of
variance comparing the averages of the Speqific gravity at stations
and among varieties is shown in Table.III.

The’feadings of specific gravity of the tubers of all varieties

and selections were converted to the pefcentages of starch in the
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TABLE III
OUTLINE OF ANALYSIS OF VARIANCE USED TO ANALYSE SPECIFIC GRAVITY COF

VARIETIES AND SELECTIONS IN 1946 and 1947

¥ (calcey -~ F (reqd)
— DoFs 1946 1947 52 level 17 level
Station . 5 1,88 1078 3611 5606
Error (a) 12
Variety 15 122 183 1476 2420
variety x station 75 8 10 137 1.56
Error (b) 180'
Total 287

- oo on em oo o e w

tubers, using the sqale of wvalues established by Akeley and Stevenson,
(1)s In the tables to follow, the specific gravity and the corres-
ponding percentage sfarch are presented side by side or in consecutive
tables.

The averages of the specific gravity of the potatoes produced
at each station each year are tabulated in Table IV. Although the
| data for the two years could not be compared statistically, it is
appaerent from this table that no station produced potatoes which
were consistently high oxr low in starch content during the two yearse
The percentage of starch varied from 17.20 per cent at Balmoral
in 1946 to 12.18 per cent at Fort Garry in 1947. All of the stations

except Melrose and Steinbach differed significantly from each other

H
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in the averages of the specific gravity of all potatoes. Therefore
during the two years in which the trialé.weré conducted the soil
texture did not appear to afféct the specific gravity of the potato
tuberse. |

The overall averages of the specific gravity and the percent-.
ages of starch in the tubers of each variety and selection are given
in Table V. The percentage of starch varied from a high of 1720 per
cent for ND-i in 1946 to a low of 12.66 per cent for 178-3 in 1947.
The specific gravity of Gold Nugget and ID-l exceeded the specifiec
gravity of Irish Cobbler in 1946e In 1947, Irish Cobbler was exceeded
in specific gravity 5y Columbia Russet, 18216, 1.8-99and 134—19.
Mere than half of the varieties and selections were lower than Irish
Cobbler in specific gravity, as may be seen from the table.

TheISpecific gravity data for 1946 and the percentages of
starch in the tubers of the varieties and selections, except in those
" grown at Sprague, ére shown in Tables VI and ¥II, respectively. The
necessary differences and calculated "F" values given in Table VI were
calculated from the separate analyses of variance of fhe data from
each statione. These analyses showed that the specific gravities of
varieties ahd»selections differed among themselves by highly significant
amounts at every station. No variety or selection consistently exceeded
Irish Cobbler in gpecific gravity of the-tubers, but at the same time,
the specific gravity of this variety was surpassed by one or another of
the varieties and seleetions at every station. It might also be pointed

out that the specific gravity of Canus, Pontiac, Kasota, and 181-M7



- D] =
TABLE IV

AVERAGE SPECIFIC GRAVITY OF POTATOES IRODUCED AT EACH STATION

96 TNT-

Specific: Starch Specific Starch
Station Gravity Percentage Gravity Percentage
Balmoral 1,0953 17020 1.0862 15.14
Benito 1.077L 13.30
Melrose 1.0805 1500
Morden . 1.0945 1710
PoL.D. 1.0800° 13,90  1.0879 15462
Steinbach 1.0825 140 1,080 13.98
Fort Garry 1.0847 11190 " 1e0722 12.18
Sprague® 108l 1lLe70 1.0808 1610
Necessary
difference (57 pt.)# 00009 00007

% Not included in the analysis because different varieties were used.
i/l Necessary differences do not apply to the yields at Sprague.

NOTE: DP.L.P. in "Station' column is an abbreviation for Portage
12 Prairie. ’ '

was significantly lower than that of Irish Cobbler at all of the
stationse. |

The highly significant variety by station interaction, shown by the
analysis of variance of the data combined over all stations excepi
Sprague, may be illustrated by Red Warba, 134~19, and Minnesota 4738,

which produced specific gravities greater than that of Irish Cobbler
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TABLE V
SPECIFIC GRAVITY AND PERCENTAGE STARCH OF TUBERS AT AIL STATIONS FOR

EACH VARIETY AND SELECTION

106 3 TOn'7
' Specific A s , Specific %
‘variety Gravity Starch & Variety Gravity Starch

I. Cobbler 1.0894 15.86 I. Cobbler 1.0873 15.38

Bovee 1.0900 16,10 : Cole Russse | 1.0015# Joebis
Canus 1.079h % 13.70 ; Canus 1.0811% 1lLel0
Pontiac 10759 13610 :. Pontiac 1.0776% 13650
Red Warbe 10867 1538 ; Red Warba 1.0839% 170
Warba 1.0857% 15.1l ; Warbea 1.0832%* 1 e50
B. Triumph  1.0785% 13650 : 178=-3 1.0737% 12666
G. Nugget 1;0930# 16.76 ;' 182—m16 1.0900# 16,10
Kasota 1.0809% 1410 : 292-}2 | 1.0803% 13,90
Pawnee 1.0865% 15,14 : 129-10 1.0776% 13,50
Minne L7.38 1.08E7 15.86 : 148=8l 1.0872 15638
181-M7 1.0790% 15470 : 148-99 | 1.0915# 16450
279-M9 1.0828 1L650 :f 27913 10874 15.38
ND~1 1.09L6# 17620 ;- 279-M7 1.0751% 12,90
134-19 1.0872%  15.38 : 134-19 1.08934#  15.86
1l -11 1.0837% W70+ kellk 1,0812% 14,10
Necessary :

difference 3

(5% level) «001L 3 »0012

# Significantly higher than Irish Cobblere.
% Significantly lower than Irish Cobblers
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TABLE VI

SPECIFIC GRAVITY OF VARIETIES AND SELECTIONS AT SIX STATIONS IN 1946

Station
Variety galmoral Benito lMorden PeloPo Steinbach TFort Garry
I. Cobbler 1,100k 1.0817  1.0990  1.0813 1.0853 1.0881
Bovee 1.0985 1.0828  1.,0977  1.0839 1.09094 10857
Canus 1.0889%  1.,0720% 1.0828% 1,0751% 1.0761% 10790
Pontiac 1,0881%  1,0670%  1,0801%  1e0711%  1.076L% 1.,0723%

Red Warba 1.0943%  1.078h%*  1.093h% 1.0823  1.0801%  1.0915#
Warba 1.0943%  1.078l% 140952  1.0793  1.0812%  1.0859

Be Triumph  100828% 1.0734%  1.0801% 10773  1e0773%  1.0797%
Ge Nugget 1.1067# 1.0880# 1.0965 1.0884# 1,0876 1.0923#
~ Kasota 1.0891%  1e0766%  1,0869%  1,0726%  1.0797% 1.080L%
Pawnee 1.0982 1.0803 1.0945 1,082 1.0805% 1.0826%

Minne 4738  1.1063#  1.0734% 1.0006%  1.0866#  1.0792% 1.0957#

181117 1.087h%  1.0726% 1.0826%  1.07h2%  1.0769%  1.0802%
279=M9 1.0930% 1.0790  10857% 1.0779  1.0790%  1,0820%
ND-1 1.1049ff 1.0801 1.1080# 1.0881l#  1e0947# 1.0917#
134-19 1.0977%  1.0783%  1.0931% 1.0839  1.0885#  10817#
1l 1,0028%  1,076h%  1.0870% 1,0769% 11,0836 10853
Necessary

difference

5% point 060026 0.0031 0.,00L6 0.0012 060032 060030
F value .

(calce) 63631 21e16 2«99 1245 2017 3l 695
T value required for significance at the 1% level ---= 2,70

# Significantly higher than Irish Cobbler.
% Significantly lower than Irish Cobblere
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TABLE VII
PERCENTAGES OF STARCH IN TUBERS.OF VARIETIES AND SELECTIONS AT SIX

STATIONS IN 1946

—_Station
Yariety Balmoral  Benito JMorden PeloPo  Steinbach TFort Garry

I. Cobbler 18620 130 18,00  1hel0 14.90 15.62

Bovee 17.80 14450 17.80 14,70 16432 15.14
Canus 15686 12.18 150 12690 13.10 13670
Pontiac 15462 11,07 1390 1194 13410 12.18
Red Warba 16.98 13650 16476 1L.30 13.90 16450
Warba 1698 1350 17+20 13.70 1610 151l

Be Triumph 1k 50 1242 13¢90.  13.30 13.30 1390

Ge Nugget 19.70 15662 17640 15.1h 15.62 16450
Kesota 15486  13.30  15.38 12,18  13.90  13.90
Pawnee 17.80 13.90 16,98 1l .30 1390 1L .50

Minne 4738 19.50 12.42 16632 15.38 13670 1740

181-M7 1538 12,42 14650 12.66 1330 1390
2799 16,76 13,70 15,4  13.50  13.70  14.30
ND-1 " 19630 13490 19690 15.62 1720 16654
134-19 17.80 1350 16,76 | 14470 15.62 1) .30

144 -114 16,76 13410 15,38 15,30 14,70 1.90
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at some stations, while at other stations, the specific gravity wes
lower. The specific gravity of Irish Cobbler at Benito was practically
the same as at Portage la Prairie, but for seven varieties and
selections, namely; Canus, Pontiac, Red Warba, Bliss Triumph,

Minnesota 47.38, ND-1 and 134-19, the Specific gravity was higher at
Portage lLa FPrairie. ' Other varieties and selections revealed the same
behavior, but the interactions were most appareht in the examples
mentioned abové.

The 1947 readings of specific gravity and percentages of starch
of all varieties and selections at six stations are presenﬁed in
Tables VIII. and IX, respectively, together with the necessary
differences and "F" values calculated from the separate analyses of
variance of the data from each station. These analyses showed that
'the vérieties and selections differed by highly significant amounts
in specific gravity at each station. The specific gravity of Irish
Cobbler is not exceeded by any one variety or selection at all stationsSe
However, one or another of the varieties and selections did produce a
greater specific gravity at all stations except the University. Pontiac,
178-3, and 279-17 were surpassed in specific gravity by Irish Cobbler
at ail stationss Other varieties illustrated the highly significant
interaction of variety by station by the production of a higher specific
gravity than that of Irish Cobbler at some stations, while in other
areas the opposite relationship existed. For example, 148-8L
was higher than Irish Cobbler at Balmoral, Mbréen, and Portage la

Prairie, while it was lower at lMelrose, Steinbach, and Fort Garry.
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Other varieties and selections did not differ from Irish Cobbler at
some stations, but dropped below this variety at others, as shown
by the table of resultse.

The specific gravity readings and the percentages of starch
iﬁ the tubers of the varieties and selectionsAgrown at Sprague during
1946 and 1947 are presented in Table X. ND-1 in 1946, and Columbia
Russet and Netted CGem in 1947, gave higher readings of specific’
gravity than did Irish Cobbler. The specific gravities of the other

varieties and selections may be seen from the table on page 2%
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TABLE VIII

SPECIFIC GRAVITY OF VARIETIES AND SELECTIONS AT SIX STATIONS IN 1947

carvesee
ot

Station

Variety Balmoral Melrose MNorden PeLo?o Steinbach Fort Garry
I. Cobbler 1.0865 1.0849  1.0949 1.0902 1.0863  1.,0808
Canus 1.0853 1.0739% 1,0917  1.0857%  1,0766% 1,0763%
Cole Russet 109137  1.0786% 1.1069# 100971#  1.0975# 1.0774%
Pontiac 1.0822%  1,0756% 1.0866% 1,0850%  1.0732% 1.063L%
' Red Warba 10873 1.0838 1.09h8 1.081L% 1.0838 1.0721%
Warba 1085, 1.0807% 10949  1.086%  1.0796% 1.0740%
178-3 1.0731%  1.0737% 1.082h% 1,0807% 1,0687% 1.0628%
182=1116 1.0920#  1.0885# 1.1032# 1.0958# 1.0871 10761
292«}12 1,0838 1.0861  1.0887% 1.0802%  1,0760% 1.0670%
148-8) 1.089 1.0820% 11,0989 1.0939#  1.0818% 1.0772%
14.8-99 1.0965# 1.0889# 1.10294 1.0988# 1.0850  1.0767*
279-103 1.09184 1.,0852 1.1011# 1.0913 = 1.0841 1.0712%
279=M7 1,0772%  1.0681% 1.0863% 1.0776%  1.,0740% 1.0675%
134=19 1.0040#  1.0885# 1.0966 1.0939% 1.084h2 1.,0785
hh-11h 1,0828%  1.0773% 10009  1,0830%  1.076h# 1.0757%
Necessary

difference

5% point 0.0035 00025, 0,00kl  0.0022 0.0027  0.0027
F value ‘

(calcs) 25685 5910 2l 06 76627 56666 Lhlezli
F value required for significance at the 1% level ==-= 2,70

# Significantly higher than Irish Cobblere.

# Zignificantly lower than Irish Cobblere.
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TABLE IX
TERCENTACES OF STARCH IN TUBERS OF VARIETIES AND SELECTIONS AT SIX

STATIONS IN 1947

——— = — — —— =

SLET10oN

Variety palmoral —IMelrose lMorden PoloP. steinbach Fort Garry
I. Cobbler 15614 1690 17620 16010 15610 14410
Col. Russet 16032 13,70 19.70 1760 17.80 13.30
Canus 14490 12,66 - 16.5) 151l 13,10 12466
Pontiac 14}30 13410 15438 14690 12.42 10,22
Red Werba 15.38 14070 1720 1110 11470 12018
Warba | 11490 1410 1720 | 14,90 13;70 12,66
1783 12.42 12,66 1k 30 13,90. 11.47 10.22
182-116 1665 15.62 18.86 17440 15.38 13,10
292-)2 170 15.14 15.86 13.90 13.10 11.07
129-10 13.90 12,18 16,32 1541 12666 9e7h
148-8l 15.86 14630 18,00 16,98 1130 13430
148«99 1740 15.86 18,86 1800 11190 1330
279-m3 : 16654 1190 18.42 16,32 15 .70 11.94
- 279-M7 13,30 11427 15614 153450 1266 1127
134-19 16,98 15062 1760 16,98 1k 670 13650

1hh-11h 14450 13,30 16.22 1/ .70 13.10 13.10
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TABLE X

SPECIFIC GRAVITY AND PERCENTAGE. STARCH OF TUBERS FROM VARIETIES AND

SELECTIONG GROWN AT SPRAGUE

i

e

1955 : IOL7
Specific 4 ¢ Specifie %
Variety Agnavity Stareh 3. Variety Gravity Starch
I. Cobbler  1.0906 16432 ; I. Cobbler 1082l 14430
Bovee 1.0908 16432 :~ Cole Russe 1.0979# 17.80
Pontiac: 1.0746% 12490 . Pontiac 1.0766% 13,30
Red Warba 1.0898 - 16610 : Red Warba 1.0806 14610
Warba 160865 % 15e1L i Werba 1.0851 14690
Go Mugget 1,093l 16.76 : Canus: 1.0771% 13630
Netted Gem 1.085% 1670 : Netted Gem 1.09364 16,98
Kasoba 1.0776% 13450 P 178-3 1.0682%  11.27
Pawnee 1.0861% 15614 :. 182=116 1.0816 1630
Be Triumph 1.0717% 12418 : 292-N2 1.0753% 12690
Minne 4738  1.0829% 1l.50 : 129-10 1.0813 1l «70
181-17 1.0749% 12690 :l 1488 1.0829 14 e50
ND=1 1.09LL# 16498 :? 148-99 1.0839 14670
b2l 1.,0827# 1l 650 :f 279=13 1.0800 13490
. 2797 1,0726% 1242
: 13419 1.07h1% 1266
Necessary :
difference . &
5% level 0.,0031 : 00049
P (calcs) L5420 i “Fr (calce) 18433
e (59 level) 2009 :; ipn (597 level) 2,00

# Significantly higher than Irish Cobblere
* Significantly lower than Irish Cobblere.
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Iie RELATION BETWEEN YIELD OF POTATOES AND SPECIFIC GRAVITY

OF THE TUBERS

The station yield totals and the average speeific gravity of
all potaﬁoes produced at the stations are given in Table XI. A
significant negative correlation was obtained between bushel per
acre yield and the average specific'gravity of the tubers grown at
individual stations during 1947. Similarly, highly significant
negative correlation coefficients were found for 1946, and from the
data for the two years combinede. The correlation coefficients are
given in Table XIT. The total yields and specific gravities of the
five varieties which were ineluded in the trials at all stations
during the two years are shown in Tables XIII, XIV, and XVe Highly
significant negative correlation coefficients were secured for
irigh Cobbler, Red warba, and Canus, and sigpificant negative
correlations were obtained from Werbs: and Pontiace. The correlations
which were calculated are tabulated in Table XVI.

The negative correlations within varieties between total yield
and specific gravity, and between the rate of yield at stations
and average specific gravity indicates that the specific gravity
of potato tubers varies inversely with the variations in the total
yielde

The coefficients of linear regression of the average specific
gravity on the total yields at each station for 1946, 1947, and

for 1946-1947 combined, were found tc be negative and are shown in
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TABLE XI

STATION TOTAL YIELDS AND CORRESPONDING AVERAGE SPECIFIC GRAVITIES OF

TURBERS
Yean Station _Yield (bg/A) Specific gravity
1946 Fort Garry 286629 1.0847
" Benito L5428 1.0774
" Portage la Prairie 387036 10800
L Steinbach 40737, 1.0825
G Balmoral 1108 10953
1947 Fort Garry 550631 1.0722
" Melrose 3152 - 1.0805
f Morden 16601 1.0945
L] Portage la Prairie 284 .11 1.0879
" Steinbach 251420 10804
1 Balmoral 262,01 1.0862
TABLE XIX

CORRELATTION COEFFICIENTS AND COEFFICIENTS OF REGRESSION FOR SFECIFIC

GRAVITY AND STATICN TOTAL YIELDS

Year Correlation coefficient Coefficient of regression
1946 ~0,9738%% «0600004986
1947 ~068691 % -0.00005156
19161917 ~009132% %, -0,00005018

#% Significant at the %9 levelo
% Significant at the 57 level.
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TABLE XIII
TOTAL YIELDS OF IRISH COBBLER AND PONIIAC AND CORRESPONDING SPECIFIC

GRAVITIES AT EACH STATION

Jrish Cobbler Pontiac

Year Station ___Yield (bu/A) Spe gr. Yield (bu/A) Spe gre
1946 TFort Garry 309632 1.0881 291 oly1 1.0723
"  Benito 541,8+90 1.0817 518.78 1.0670
" portage la Prairie }65.02 1.0813 132477 1.0711
" Steinbach ' 43814 1.0853 119433 1,076l
" Balmorél 115.35 1.100L 167679 1.0881
" Sprague 139.78 1,0906 143681 10746
1947 Fort Garry 610441 1.0808 606437 1.063L
" Melrose 110676 1.0849 378649 10756
*  portage la Prairie 342419 1.0902 303473 10850
U Steinbach 306653 1.0863 2l .02 1.0732
kR Balmoral 303615 1.0865 359661 1.0822
*  Sprague 658473 1.082) 615.08 1.0766
" Morden 185.53  1.0949 182.87  1.0866

Table XII. Similarly the regressions for the five varieties,
calculated from the data gathered over the two years, were negative
and earg reported in Table XVI. Graphs of the regression equations are
presented in Figures 1 and 2.

The test of the significance of the difference between the 19h€

and 1947 correlation coefficients for rates of station yield and
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TABLE XIV

TOTAL YIELDS OF WARBA AND RED WARBA AND CORRESPCHDING SPECIFIC GRAVITIES

AT EACH STATICN

Warba Red Warba
Year ~ Station Yield (bu/A}.Sp.;gre vield (bu/A) Sp. are
1946  Fort Garry 231465 1.0859 320,05 1.0915
" Benito 150,08  1.0781 502,66 1.078)
# Portage'la Pfairie 37766 1.074L3 L5293 1.0823
" Steinbach 162,50  1.0812 517 600 1.0801
" Balmoral 111.32 1.0943 99422 10943
U Sprague 115.58 1.0865 153.22 1,088
1947 TFort Garry 55390 11,0740 660.82 1.0721
" Melrose 210.38 10807 278690 1.0838
" Portage 18 Frairie 282633 1.0846 31&.60 1.081L
" Steinbach 215 o1l 1.0796 260615 10838
" palmoral 176410 1.085L 229,90 10873
" Sprague 58l 8L 10851 DA 6eTL 1.0806
" lorden 16e57  1s0949 15666 1,0948

" specific gravity gave a P value greater than 0e5e¢ This indicates that

the correlations did not differ significantly in different yearse

yielder will produce tubers with a low specific gravity.

These results do not mean that a variety which is a heavy

indicate that, within the same variety, an increase oOr decrease

They do

in yield per acre is accompanied by a certain decrease or increase,

respectively, in the speci

fic gravity of the tuberse 4S shown in Table
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TABLE XV

TOTAL YIELDS OF CANUS AND CORRESPONDING SPECIFIC GRAVITIES AT EACH

STATION -

Year Station _Yield (bu/a) SDe &Ts

1946 , Fort Garry 316601 1.0790
" Benito hh6e21 - 1.0720
" Portage la Prairie 358.85 1.0751
f Steinbach 379600 1.0761
" Balmoral | 96.80 1.0889
1947 Fort Garry 503652 1.0736
x Melrose 299611 1.0739
u Portage la Prairie 219682 1.0857
" . Steinbach 278630 1.0766
" Balmoral 250607 1.0853
" Sprague S5TheT5 1.0771
" Morden 156l 10917

X371, page 31, end in‘TableFXVI, page 35, the amount of decrease in specific
gravity with every increase of one bushel per acre in yield varies from
0.00005156 units for the 1947 station total yields to 0,00002295 units for
Warbae If the change in yield from one siation to another amounts to one

nundred bushels per acre, the specific gravity would change by 06005156
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TABLE XVI
CORRELATICN COEFFICIENTS AND COEFFICIENTS OF REGRESSICN FOR SPECIFIC

GRAVITY AND VARIETY TOTAL YIELDS

Yeriety Correlation Coefficient Coefficient of Regression
Irish Cobbler . =0e7h90%x -0.00002978
Pontiac ~0e6089% ~ =0,0000288)
Warba , =066203% | =0600002295
Red Warba | ~0 o 866 ~0+00003017
Canus_ =078l 8%* ~0600003706

#% Significant at 17 levele
% Significant at 5% levele

L R Y T

~and 0,002295 units, respectively. In terms of percentage of starch in
the tubers, the difference amounts %o 1.3 per cent and O.l per cent,
resypectivelye.

The.point.distribution showing the relationship between specific
graviby is presented in Figure 3, page 38. This distribution diagram shows
ver& little or no evidence of non-lineariity in the correlation between yield

and specific gravitye
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SULDARY

Teterminaticns were made of the specific gravity of the tubers of
sixteen potato varieties and selections groﬁn in eight areas of Manitoba
during 1946 and 1947. Analyses of variance carried out on the data
combined from all s%ations showed that, during each year, ﬁighly gignificant
differences existed among the averages of the speeific gravity produced
'by all varieties combined at sach station.

Highly sigmificant differences were npresent among the averages
of theVSpecific gravity of all varieties and selectionse During
1946, the specific gravity of the tubers of MD-1 and Gold Nugget
was significently higher than that of the tubers of Irish Cobbler,
while during 1947, the specific gravity of Irish Cobbler was exceeded
by that of 148-99, Columbia Russet, 18z-Mlb, and 134-19. During
1946, the specific gravity of Bovee and Minnesota L7.38; and during
1947, the specific gravity of 279-M3 and 148-8L, did not differ
significantly from the specific gravity of Irish Cgbbler. In 1946,
the following varieties and selections were significantly exceeded in
snecific gravity by Irish Cobbler; Red Warba, Warba, Pawnee, Kasota,
Canus, Bliss Triumph, Pontiac, 134~19, 1LL-11L, 279-M0, and 181-W7s
In 1947, the following varieties and selections were sigunificantly
exceeded in specific gravity by Irish Cobbler; Red Warba, warba,

Canus, Pontiac, Ihl-l1L, 292-7M2, 129~10, 279-M7 s and 178=3s Highly

significant interactions of variety by station were revealed which
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indicated that varieties and selections whiech produced the highest
level of 8pecific gravity at ceértain stations would not necessarily
produce the highest level at other stationse:

The individual analyses of variance made on the date from each
station showed that the varieties and selections differed in specific
gravity by highly significant amocunts at every statione

A negetive correlation between total yield and specific gravity
was found within the varieties, Irish Cobbler, Red warba, Warba,
Canus, and Pontiac, and also between the rate of total yield at each
station and the corresponding average specific gravity of potatoes
produced at each stations The amount of change in specific gravity
was found to vary from 0.00002 to 000005 units of specific gravity
for every change in yield of one bushel of potatces per acre.

The rate of change in specific gravity with change of yield

did not vary from 1946 to 1947
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