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KAILASH NARAIN SHARMA ABSTRACT

In 1955 seventeen varieties of potatoes were grown in
four replicated plots at five locations in Michigan. Five
tubers of about the same size (U.3. Grade No. 1) were taken
from each plot at harvest., These constituted the samples
used for the studies on specific gravity, percentage of four
sizes of starch grains and chip color rating. By microscopic
analyses the starch grains in each tubers were classified zs
large - above 75 microns, medium -~ between 75 to 50 microns,
small - between 50 to 25 microns, and very small - less than
25 microns.,

Approximately 1,700 tubers were analyzed in these in-
vestigations.

Although there was a considerable variability between
the five tubers in each sample, at the Tive locations, each
variety in genersl:

1. Assumed a characteristic rank - high, medium, or
low in specific grevity;

2. Had a speciflic pattern of starch grain size;

3. Had a charccteristic rank in potato chip color.
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Zven in varieties, tubers:

1. With high specific gravity tencded to make lighter
colored chips tnan tubers low in specific grevity;

2. With a high percentage of starch greins larger than
25 microns, were high in specific gravity and made lignter
colored chips,

3. Mith high percentare of very small starch grains,
less tnan 25 microns, were low in specifiic gravity and made

darker chips,
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INTRODUCTION

" - - ~ these roots ought to be exempted from all suspicion
of lying heavy on the stomach of those who use them for food,
since every pound contains 11 1/2 ounces of water, and the 4 1/2
ounces of solid parts remaining, afford scarce a drachm of
earth," ---A, A. Parmentisr, 1781l. (10)

The potato is one of the most important agricultural pro-
ducts in terms of money value, 'As well as being used in several
forms as one of the staple foods for man it is utilized in
industry in various ways. The uses depend on the verious quali-
ties of the potato. The kinds of dry matter, such as starch,
sugars, and proteins and their proportions, are very important
and have a considerable effect on the food value and culinary
quality. The composition, as well as the amount of dry matter
in a tuber, depends upon several factors, such as variety,
climate, soil, fertilizer, culture, etc.

Quality is defined as a combination of factors which relate
to the external and internal characters of the tuber and it is
mainly considered in three aspects: (1) market quality, (2)

culinary or cooking quality and (3) food quality for nutritive
and health values. Color, flavor and texture of cooked potatoes
are characters for culinary quality. The texture of cooked
potatoes is measured by mealiness. A generally accepted index
of mealiness of the cooked potato is specific gravity. The

major variable fraction of the total solids of the tuber is



starch. Specific gravity may be used as a quantitative neasure
of starch content, and is commonly used to estimate the yiecld
of potato chips.

A linear relationship of specific gravity and starch
content has been established. Other investigations have shown
that the starch is in the form of discrete starch grains, with
a considerable range of sizes., However, very little information
is available concerning the effect of the various sizes of
starch grains on the quality characteristics of the potato tuber,

As a consequence, this study was made to explore the effects
of varieties and environment on the proportions of the various
starch grein sizes found in suspensions made from potato tubers
and the relationships of these sizes to specific gravity and

chip quality.



REVIEW OF LITZRATURE
Varietal Variability

The effects of varieties on measures of culinary quality

have been mentioned by many workers.

Within a variety. Gilmore (23) reported a variation in table

quality within a potato variety. Goldthwaite (25) concluded
from the results of analysis of several hundred individual
tubers that no two potatoes, whether of the same variety or
from the same hill, have exactly the same composition., John-
son and Boyle (28) found the percentage of dry matter in tubers
of the same variety varying from 21.07 to 27.18 and the per-
centage of starch from 14.65 to 20.76. Vanasse, ot al (43)
noted that variety and location of production have a statisti-
cally significant effect on the specific gravity - dry matter
relationship.

Between varieties. Willaman and West (48) stated that American

early varieties had lower contents of dry matter than had later
varieties, and a similar tendency was shown by the data of
Akeley and Stevenson (1). Burton (9) and Whitehead, et al (47)
reached the same conclusion in the case of British varieties.
Stevenson and Whiteman (39) showed that inherent differ-
ences among the varieties were apparent and that some varieti-
es tend to maintain better quality than others over a wide
range of conditionse They also indicated differential varie-

tal adaptation. They said chat if comparisons were to be
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made between two varieties, it must be known that they were
grovm under very similar conditions. Akeley and Stevenson
(1) also reached the same conclusion.

Akeley and Stevenson (2) discovered that the tendency
for the tubers of a potato plant to have a high or low content
of dry matter was heritable, and that the character for a
high content of dry matter was dominant over that for a low
content of dry matter.

Stevenson (38), after examining the varieties Parnasia
and Green Mountain, considered starch production to be the ex-
pression of a genetic character in the development of which,
environment is as important as the genetic factor. Akeley
and Stevenson (1) made studies on starch calculated from spe-
cific gravity, and found inherent differences between seed-
lings in the same progeny as well as between progenies and
between varieties,

Between locations. Metzer, et al (31) demonstrated statis-

tically significant differences in the composition of potato
varieties, and that potatoes from one locality differ in starch
and dry matter from those of another locality. Dunn and
Nyland (17) stated that the greatest differences in average
specific gravity were found between locations. Akeley and
Stevenson (1) mentioned that wide differences in the same

variety were found when grown in different parts of the country.

Specific Gravity
The specific gravity of the tuber has been used as a

rapid measure of the content of dry matter and of starch.



According to Burton (10) Von Scheele et al, gave Gheir
results on 560 samples, including a number of varieties and
found highly significant correlations and relationships be-
tween - specific gravity and dry matter; specific gravity and
contents of dry matter and content of starch. They noticed
"no differences in the relationships between specific gravity
and the content of starch and of dry matter in tubers from
different parts of the country or in different years," Fur-
ther "the relationships between specific gravity and the con-~
tents of dry matter and of starch did not differ significantly
in different varieties. The coefficients of the correlations
between specific gravity and the dry matter and starch cona
tents did, however, differ."™ Clark et al. {11l) pointed out
differences in specific gravity of tubers of different sizes,

Glynne and Jackson (24) and Shutt (35} also found a high
correlation between the content of dry matter and that of
starch. Dry matter and starch were found to be associated
with mealiness of potatoes after cookinge. Ffeeman (20)
claimed a significant correlation between the specific gravity
of a tuber and the mealiness of its texture when baked, as in-
dicated by his "toluene index". Asby (L) and Clark et al. (11)
obtained a high correlation between dry matter content and
mealiness of the cooked potato and Clark =t al (1l1l) suggested
that specific gravity was a practical method for making a

preliminary selection for mealiness,



Starch

The starch in the potato is in the form of discrete starch
grains of a counsiderable range in sizes. Since it is a major
proportion of the total solids, it is an important fraction in
quality studies.

Structure and content. Sjostrom (36) noted that potato starch
granules vary greatly. Commercially the starch of the highest
average granule size is graded best, if other qualities are
equal., The largest granules are usually egg-shaped, although
granules of oyster shape are not uncommon. As a rule they show
concentric striations, which often give them an ornamental ap-
pearance. Garner (22) showed that one axis of potato starch
particles is longer than the other,

According to Brautlecht (7) Rathsack found that the starch
content of the potato is at a maximum in the third layer or
zone from outside, when the potato is divided into seven zones,.
Total solids and starch are present in smaller quantities in
the skin than elsewhere in the potato.
Relationship of grapnule size with varieties. Johnson and Boyle
(29) gave the starch grain size of a number of British varieties
of potato. Their values for the average size of the largest
starch grains in the tuber varied from 1léux 7lu (var. Shamrock)
to 7lu x 5lu (var. Royal Kidney); and for the average size of
medium starch grains from 7lu x 5lu (var. Br. Queen) to 39u x
25u (var. Windsor Castle). There was no evidence of starch

grain size being a varietal characteristic,



Fitch and Barnnet (21) found from a microscopic examina-
tion of different potatoes that the starch granules differ in
size with different varieties., They further mentioned that
cooking quality differs probably owing to the difference in the
size and number of the starch granules. Veselovsky (44) sug-
gested that the qualitative composition of potato starch and
the percentage of large and small grains should be considered
varietal characteristics.

Barham, et al. (5) observed that varietal and environ-
mental factors affect the structure and size of starch granules,
The average size of the granules was eitner small or large, de-
pending upon the variety. He claimed that five hundred granules
seemed to be a sufficient number to measure in order to obtain
the average size and the size frequency. Meiss, et al. (30)
made a comparison of an average cumulative particle size dis-
tribution curve of white potato starch produced in Maine with
that produced in Idaho, Minnesota and Oregon and found notice-
able differences. Briant, et al. (8) using a hydrometer method,
obtdined'frbm'their starch sample a cumulative distribution of
particle size which followed a sigmoid curve,
Relationship of granule size with mealiness. Veselovsky (A44)
concluded that the size of starch grains for the most part de-
termines the quality of starch. Large-grain potato starch may
be readily converted into a soluble starch while small-grain
starch gives amoreviscous paste. He further established a

direct relation between large size of starch grain and hydrolys-



ing capacity, namely, starch grains longer than 50 microns
hydrolyze more rapidly than those smaller than 60 microns,
Szego (42) and Janieki (26) also stated that the viscosity of
a paste is directly related to the average size of the gran-
ules, that is, the smaller granules produce > a . more viscous
paste.,

Briant, et al (8) presented evidence that there was no
correlation hetween the mealiness of potatoes and the per-
centage of granules above 30 microns diameter., However, there
was a significant negative correlation between the percentage
of granules below 20 microns diameter and the mealiness of the
cooked potatoes, He concluded that the degree of mealiness of
a cooked potato may be associated with some of the physical
properties of the starch,

Radley (3L4) showed a close connection between the gran-
ule size and the gelatinization temperature, The larger
granules appear to swell at a lower temperature than the
smaller ones and require less heat {or the conversion of dex-
trine. Alsberg (3) pointed out that as potato starch grains
get bigger, the ratio of volume (or weight) to surface area
zets bigger. Therefore, large grains as they take up water,
inevitably swell more rapidly than small grains.

Sweetman (41) reported no important correlation between
size of starch and mealiness, r being +0.330 +0,123. Bar-
more (6), Sweetman (41) and Nash (33) demonstrated a direct
significant correlation between the content of starch and the

mealiness of cooked tuber,



Relatijonship of granule size with other factors. Whitten-
berger and Nutting (49) treating Green Mountain seed potatoes
with 63 ppm of either indoleacetic acid or indolbutyric acid
found almost no effect on the size of the starch granules in
the offspring tubers. According to them this is contrary to
Zika and Malcher and Zika (52) who reported that treatment of
potato seed piece with indoleacetic acid resulted in a con-
siderably larger average size of the potato starch granules,

Whittenberger and Nutting (49} were of the opinion that
the size of starch granule was related in general to the size
and probably to the age of the tuber. The average smallest
granules were obtained from the smallest of the youngest
tubers. The largest granules were found in the largest tub-
ers of full maturity. Johnson and Boyle (27) mentioned that
the starch grain size was smaller in small tubers than in
large ones. East (18) found that the starch grains were smal-
ler in immature than in mature tubers,

Vilikovski (45) stated that dry seasons reduced the size
of the starch grains and that potash fertilizer increased the

size,

Potato Chips
Several investigators have presented evidence that the
color of potato chips depends mostly on varieties, specific

gravity and content of reducing sugars.
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Variety. Wright and whiteman (50) and Wright, et al. (51)
stated that the guality of potato chips depends largely on

the variety of potato used. Stuart (40) and Denny and Thorn-~
ton (15} reported that the superiority of the Rural group for
the production of good color in potato chips was clearly shown,
cnd that these varieties were low in reducing sugars,.

Specific gravity. Cochram, et al. (12) claimed that the re-

ducing sugar content was found to vary inversely with specific
gravity. Wheeler and Salunkhe (46) emphasized that early
planting produced high specific gravity tubers and in turn
made light colored chips. Wright and Whiteman (50) and
Kunkel, et al. (29) found that the color of potato chips from
high specific-gravity potatoes was lighter than that of chips
made from low specific-gravity group. Mikuljskil (32) de-
monstrated that ripening of potato tuber is characterised by
an increase in the content of dry matter and starch and a de-
crease 1in the ratio of sucrose to reducing sugars,

Reducing sugar content. Denny and Thornton (14) showed a
direct correlation between the amount of reducing sugar in

the juice of potato tubers and the extent of browning when
chips were made from them, Dexter and Salunkhe (16) concluded
that the amount of reducing sugars seems to be one of the
causes for the formation of the dark brown color of potato
chips. Smich (37) also pointed out that the content of re-
ducing sugars determines the color of potatbo chips and hence

the quality of chips.



FATERIALS AND mtIHOUDS

Varieties and Locations
In 1955, seventeen varieties of potatoes were grown at
five locations in Michigan for the present investigations.

The varieties grown were:

l. Irish Cobbler 10. Waseca

2. Early Gem 11, Ia 961-1
3. Dazoc 12. Red LaSoda
L. Osage 13. Cherokee
5. Redburt 14. Sheridan
6. Pungo 15, Rushmore
7. MS 1363 16, Sebago

8. Ia 803=3 17. Merrimack
9. Redkote

The five locations together with kind of soil and dates

of planting and harvesting were as follows:

Date of Date of
_ County Town Soil Elanting Harvesting
Montcalm Edmore Mineral May 7 Oct. &4
Emmet Levering IMineral May 11 Sept. 21
Bay Bay City Mineral May 5 Sept. 16
Arenac AuGres Muck May 20 Sept. 30
Allegan Plainwell Muck May 9 Sept. 29

11
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The design at each location was a simple randomized plot
with four replications. Each plot was a single 20 foot row.
The distance between rows was 34 inches and between plants in
a row, ten inches., 3ixteen feet of row was harvested for

yield determinations,

Sampling

A fifteen pound sample of U. S. Grade No. 1l tubers from
each plot at each location was taken at harvesting time. From
each sample, five tubers of approximately the same size were
taken and were numbered individually by India Ink to keep the
identity for the following tests:

l. Specific gravity.

2. Percentage of starch grains of different sizes.

3. Chip color rating.

Specific Gravity o~
The specific gravity determinations were made on the
individual potato tubers. The weights in air and in water
were obtained and the data used in the following formula:

Specific Gravity = Weight in Air
Weight in Air - Weight in VWater

These weights were taken on a modified Hanson - "diet
scale™, a spring balance of 500 gram capacity. The platform
of the balance was removed and replaced by an iron rod to the
lower end of which a thin wire, 1/32 inch in diameter was
attached. The end of the wire was bent in the shape of a hook,

llach potalo tuber was placed on the hook for weighing. The
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balance was supported on a raised, horizontal, five-inch-wide,
wooden surface supported on three retort stands for free move=
ment of the potato tuber. The position for the "weight in air®
reading is shown in Figure 1. To take weight in water, a dcep
pan of water was so placed that the tuber was completely im=-

mersed as shown in Figure 2, The scale was read to. the near-

est half gram.

Starch Grain

Percentage of starch graine. FEach numbered tuber was cut in
half, One half was used fdr determining the percentages of
starch grains of various sizes; the other half was used for
making chips. From the half-tuber used for starch percentages
fine scrapings from inner and outer medulla were made. The
scrapingswere placed on a slide with a drop of distilled water,
and stained with potassium iodide—iodine solutione.

The slide with the stained material was placed on a ver-
tical projection microscope and the image examined on the
ground glass back of a camera. (Figure 3). An ocular with an
inserted micrometer was used for measuring the siges of the
starch grains. The ocular micrometer was calibrated with the
stage micrometer. One division of ocular micrometer was equal
to 12.5 microns.

A piece of cardboard with an aperture of two inches by
two inches was placed on the ground glass camera view finder
to standardize the area observed. The starch grains visible
in the 2" by 2" opening were classified into the following

- four groups.



Figure 1.

Modified Hanson *diet scalel a spring balance
of 500 gram capacity on a raised horizontal
surface supported on retort stands - showing
weight of the tuber in air.
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Figure 2.

Modified Hanson ’diet scalel showing weight
of the tuber in water.

15
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Figure 3. Projection microscope in vertical position with
camera fitted on the top*
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Group 1 - Large - above 75 microns (Fig. 4)
Group 2 - Medium - 75 to 50 microns (Fig. 5)
Group 3 - Small - 50 to 25 microns (Fig. 6)

Group 4 - Very small - less than 25 microns (Fig. 7)

In most instances the entire area under observation was
not covered by starch grains. As a result, the total area
covered by starch grains wos estimated at 100 percent and pro-
portion of this total which was occupied by the starch grains
of each of the above four groups of sizes was estimeted. This
estimated proportion of area is here termed "percentage of
starch grain".

Five readingsfrom different fields per slide were taken
and the average of these was used for each tuber.
Percentage volume of storch grain. The volume of starch grain
was obtained by multiplying the percentage of starch grain of
each size group (a) by the mid-point diameter of granule of the
same size (b). The percentage of volume for each group was

calculated by using _iLg;JL_). The percentage volume of starch
Slax b

grain was calculated for Montcalm County in order to sec wheth-
er the percentage volume has the same relctionship with speci-
fic gravity as the percentage of starch grain had with speci-
fic grovity. These calculations were made with the assumption
that all porticles of starch have a spherical shape.

Density of starch graine. Starch was extracted from two sam-

ples of the Cherokee variety from Montcalm County. The starch

was separated into three group sizes, large - above 60 microns



Figure 4# ©Potato starch grains (Magnification X 140)

A tuber with an unusually high proportion
of large starch grains (50$ Large, 25% Medium
15% Small, 10$ Very Small)#



Figure 5.

Potato starch grains (Magnification X 140)
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A tuber with an unusually high proportion of

medium starch grains (15$ Large,
15$ Small, 20$ Very Small)#

45$ Medium,



ure 0.

Potato starch grains (Magnification X 140)

A tuber with a high proportion of small starch
grains (0$ Large, 0$ Medium, 60$ Small,
40$ Very Small)*
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Figure 7.

Potato starch grains (Magnification X 140)

A tuber with a high proportion of very small
starch grains (0$ Large, 0$ Medium, 10S$ Small,
90$ ?ery Small).

21
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medium-60 to 30 microns and small-less than 30 microns.
These sizes were verified by examiniag the stsrch samples
under the microscope. The density of these three different

starch sizes from each of the two sam.les was obtained by the

picnometer method.

Chip Making and Color Rating

The half tuber saved.for potato chips was sliced, in
a rotating chipper, to a uniform thickness of 3/64 inch to
L/6L4 inch. Beginning with the cutside of the half tuber, the
first four or five slices were discarded, the next slice was
saved for the chip color test. Thus twenty slices per variety
from each locaticn were rated. All twenty slices of a variety
were threaded together. For identification, patterns of holes
were punched in the slice from the first tuber and the slice
from the twentieth tuber. They were washed in running tap
water to remove adhering loose starch grains. They were fried
in 'Primex' vegetable oil at a temperature of 385° F (196°C).
Frying was Jjudged completed when bubbling from chips in the
0il stopped.

Each chip was rated according to "Proposed Color Refer-
ence Standard!" of Coughlin (13} (Figure 8). Ratings are from
l- whitie to 10- dark. Chips falling within the 3 to 5 color
range were consldered desirable, those rated 1 and 2 too light

and those rated 6 to 10 too dark.
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Computations

The readings of five tubers per plot were added and these
sums used for calculations. Analyses of variance were calcu-
lated. Linear Correlation Coefficients were obtained between

Specific gravity (x) and Percentage of starch gréin (y),

Specific gravity (x) and chip ratiﬁgs (z), and

Percentage of starch grain (y) and chip ratings (z)

By means of covariance the coefficients of correlétion
between varieties and within varieties were calcﬁlated for
each county. Two-way tables of variety x location were set
up. From these there were obtained by covariance the coeffi-
cients of correlation between varieties and within varieties.
Scatter diagrams were made to show the relationship.

The three partial correlationg,(rxy.z, rXZ.¥y and ryzZ.x)
were calculated by the method suggested by Ezekiel (19).

Correlation coefficients for varieties were calculated
between percentage of volume of starch grain sizes and speci-
fic gravity and chip rating.

The density of starch grain size readings were exXamined

by the analysis of variance.



EXPERIMENTAL RuESULTS

Samples of fifteen pounds of potato tubers were taken at
harvest time from each plot of seventeen varieties replicated
four times at five locations. From each fifteen-pound sample
five tubers of approximately the same size were taken. The
data obtained in ?hese studies are given as the averages of
specific gravity, the percentages of four groups of starch

grains and the chip color rating from these five-tuber samples.

Specific Gravity

The comparative specific gravities of the different pot-
ato varieties are shown in the data from the individual coun-
ties given in Tables VII to XI, Waseca and Redkote had the
lowest specific gravity in two trials each while Merrimack
had the highest reading in three counties. The statistical
significances of differences exhibited at each location are
shown in Table I. All the F-values for "Varieties" were
highly significant indicating appreciable varietal differences
invspecific gravity. The differences between vsrieties were
also significant when the specific gravities from a1l the five
counties were combined (Table I). Early Gem, Redkote and
Woseca had the lowest specific gravity (1.056) while Merri-
mack had the highest (1.073). Table XII.

Differences between specific gravity of potato tubers in

different locations were partly indicated by the county

lae]
W



TABLE 1

ANALYSIS OF VARIANCE FOR SPECIFIC GHAVITY OF
SEVANTEEN POTATO VARLETIES GROWN IN 1955
IN FIVE LOCATIONS .

Source d.f, Montcalm Emmet Bav
M,S. _F M.S, _F M,S. _F
Rep. 3 262 1.6 65 0.7 39 0.5
Var. 16 131h 96 754 7,6%% LOL L,k
Error L8 117 99 82
Source Qefa Arenac Allegan
M,S. _F MeS. _F
Repe. 3 971 15.1%% 210 3.3%
Var. 16 660 10.3%% 707 1l.0%%
Error L8 _ 6L ' 61

_Source __d.f. All locations

MeSe B
Loc. b4 9514 Lly o 1%
Var., 16 2142 9o Pk
Error 6L 216

% Bxceeds 5% level of significance

%% Exceeds 1% level of significance
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averages. These ranged from 1,058 for Bay County to 1.071
for Emmet County (Tables VIII to IX). The average for min-
eral soil trials (Montcalm; Emmet and Béy) was no different
from that for the two muck soil trials (Arenac and Allegan).
The magnitude of variation in specific gravity that
night occur within a variety was indicated by the F-value for
"Replication™. (Table I). At two locations, Arenac and
Allegan, there were highly significant differences between
replications (Tables X to XI). Using five tuber saiples of
a variety considerable veoriations in average specific gravity

were observed in most of the verieties.,

Percentase of Sizes of Starch Grains
The starch suspensions exhibited starch grains of many
sizes. These sizes were classified into four groups - large,
medium, small and very small, The data on percentages of
starch grains are given by size group from tubers of individe
ual county. Tables VII to XII).

Group 1 = large - above 75 microns. Between varieties, the

differences in percentage of large starch grains sbove 75
microns were highly significant in each of five counties or
when all were combined (Table II). Early Gem had no large
starch grains at any location, while Osage showed the larg-

est average percentage of large starch grains (Table XII).
Waseca had no large grains &t two locations. Osage produced
the highest percentage at three locations. Pungo,31,5 in Font-
calm County, produced the highest single percentage of large

starch grains in the entire experiment.,
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TABLE II
ANALYSIS OF VARIANCE FOR FBRCINTAGE OF
STARCH GRALN SIZE GROUP 1-LARGE-ABOVE
75 MICRONS FROM SEVENTEEN POTATO VARIETIES
GROWN IN 1955 IN FIVE LOCATIONS

————

Source defe Montcalm Emmet Bay
MeSe F Mo S F MeS, F
Rep. 3 192 1.0 7,0 0.2. 73 0.8
Var, 16 2071 10.7%%k 1312 33,8%% 1481 15,7%*
Error 48 194 39 gL
Source def, Arenac Allegan
M.S, F M.S, F
Rep. 3 L28  2.5% 89 1.8
Var. 16 1003 o243k 1163 23 ,3%x
Error L8 122 50
Source d.f. All Locations
MeSa F
Loc. L 1761 Lel¥*
Var. 16 5289 12, 2u%
Error ol 435

% Exceeds 5% level of significance

%  Exceeds 1% level of significance
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Osage, Pungo, Ia 803-3, Cherokee, and Rushmore produced
a higher percentage of large starch grains than did GBarly
Gem, Dazoc, Redburt, Waseca, Red LaSoda and Sheridan at each
location (Tables VII to XII).

Location had a statistically significant effect on the
percentage of large starch grains as shown by the F-value for
"Locations"., Average percentage of starch grzin at Mcontcalm
was highest, 13.5, while Allegan County was lowest, 7.6
(Table XII). In tubers grown in mineral soil the average
percentage of large starch grains was higher than in those
grown in muck soils.,.

The variation in percentage of large starch grains in
the tubers of a given variety was noticeable. The F-value
for "Replication' at Arenac County was significant (Table II).
Group 2 = medium - between 75 to 50 microng, Varietal dif-
ferences in the percentage of medium sized starch grains were
evident from Tables VII to XI for the various counties, The
differences between v:riecties were nighly significant at all
locations as indicated by the F-values for "varieties'" in
Table IIT. Waseca and Early Gem had the lowest percentage of
medium starch graiﬂ;at two counties each while Osage had the
highest reading at three counties. When all counties were
combined and averaged, Barly Genm (6.4) and Osage (27.5) pro-

duced the minimum and maximum percentages of medium starch

grains respectively (Table XII}.
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TABLE III

ANALYSIS OF VARLANCE FOR PERCENTAGE OF
STARCH GHALN SIZE GROUP 2-MEDIUM-75 TO
50 MICRONS FRrOM SEVENTESN POTATO VARIKTIES

GROWN IN 1955 IN FIVE LOCATIONS

Source def. Montcalm Emmet Bay
MeSe r MeSe F MeSe E
Rep. 3 L2l 5.7%% 29 0.5 5 0.1
Var. 16 909 12,3%%k 628 1l.4%% 1372 26,7
Error L8 74 55 51
Source def. Arenac Allegan
MaSe F M.S, F
Rep. 3 514  6.9%% 286  L,3%%
Var. 16 1414 19.0%% 884 13 ,4%%
Error L8 75 66
Source d.f. All Locations
MeSe F
Loc. 4 307 0.9
Var. 16 3897 11493k
Error 6l 328

Exceeds 5% level of significance

w% Exceeds 1% level of significance
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Osage, Pungo, Ia 803-3, Ia 961, Cherokee and ilerrimack
pave comparatively hizher percentages of medium starch grains
when compared to Early Gem, Dazoc, Redburt, Waseca, Red LaSoda
and Sheridan at four locations excepting Emmet County or when
all the five locations were combined (Figure 10).

The variability in county averagss of percentage of med-
ium sized starch grains w:s not great. The average of mineral
soils, 18.3, was no different from that of two muck soils,
18,2 (Table XII). The differences in percentages of starch
grains of this group within varieties were indicated to some
extent by the F-valucs of "Replications™ in Table III. At
three locations Montcelm, Arenac and Allegan, there were high-
ly significant differences between replications,

Group 3 - Small - Between 50 to 25 microns. The differences
in percentage of small starch grains among varieties were ap-
parent from the data of individual counties (Tables VII - XI).
These differences were highly significant (Table IV). Waseca
produced the smallest percentage of small starch grains in
four couniies. There was a wide range in percentages from the
lowest, Werseca with 10.8% in Bay County, to the highest,
Cherokee with 27.5% in EBmmet County.

Within a variety, there was no great fluctuation between
percentages at the five locations. The analysis of variance
Table IV did not show significance for "deplications' and

"T,ocations".



TABLE IV

ANALYSIS OF VARIANCE FOH FPEaCENTAGE OF
STARCH GRAIN S1Z& GAOUF 3-3MALL-50 TQ -
25 MICRONS FROM SEVENTEEN POTATO VARISTIES
GROWN IN 1955 IN FIVE LOCALIONS

32

Source d.f.

% Exceeds 5% level of significance

%% Exceeds 1% level of significance

Montcalm Emmet Bay
MeSe _F M.S, r M. S, F
Rep. 3 50 1.0 5 0.2 15 Ouly
Var, 16 209  L.O%x 140 6.7 277 7 & 70k
Error 48 53 21 36
~Source d.f. Arenac Allegan
M.S. F MeSe F
Rep. 3 101 2.8 22 1.2
Var. 16 162  L.5% 87 Lo 8%
Error L8 36 18
Source defe 1 ation
MeSa F
Loc. L 286 1.9
Var. 16 272 1,8%
Error ol 151
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Group 4 -~ Very small - less than 25 microns. Varietal differ-

ences in the percentage of very small sized starch grains are
shown in the data from the individual counties or 21l combined,
Tables VII to XII. Osage tubers had the lowest percentage of
very small grainsin three counties. The statistical differences
between varieties are shown in Table V. The F-values for "Var-
ieties™ at all five locations individually or combined were
highly significant, indicating large differences between vari-
eties in percentage of very small starch grains. There were
wide differences between minimum percentage, Osage, 24.3% at
Fmmet, and maximum, Waseca, 86.0% at Bay County.

Osage, Fungo, Ia 803-3, Ia 961-1, Cherokee, Rushmore and
Merrimack were low in percentage of very small starch grains
as compared to Early Gem, Dazoc, Redburt, Waseca, Red LaSoda
and Sheridan which have higher percentages as seen from the
combined averages of all locations (Table XII).

The differences due to location on the percentage of
very small starch grains were not significant. These range
from an average of 47.2% for Montcalm County to an average of
53.9% for Allegan County (Table XII). Variation within a
variety in the percentage of very small starch grains was evi-
dent between replications as indicated by the F-values for
"Replications" (Table V). At two muck soil trials, Arenac
and Allegan, there were highly significant differences between

replications.
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TABLE V

ANALYSIS OF VARIANCE FOR PEACENTAGE OF
STARCH GitAIN SIZE GROUP f-VerRY SMALL-
LESS THAN 25 MICRONS FROM SuVENTE&EN FOTATO
VARLIZTIES GaOWN IN 1955 IN FIVE LOCATIONS

Source d.f. Montcalm Emmet Bay
MaSe F MeSe E MeSe F
Rep. 3 304 0.6 55 0.3 14 0.1
Var. 16 5672 1l.,2%% 2938 17.1%% 7095 32.6%%
Error L8 504 172 218
Source d.f. Arengc Allegan
MeSe _F MeS, F
Rep. 3 334L 12.2%% 908  L.8x
Var. 16 5926 21l.6%x 3557 18.8%*
Error L8 274 190

Source d.f. _All Locations

M, S, F
Loc. I3 2316 1.7
Var. 16 19676 1l 4 3%
Error oL 1378

% Exceeds 5% level of significance

% Exceeds 1% level of significance
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Chip Color Rating

There were marked vorietal differences in chip color rat-
ing of tubers as'seen from the data of all five counties con-
sidered individually or combined {Tables VII - XII). These
differences were highly significant as is evident from F-values
for "varieties™ (Table VI). Osage produced the lightest color-
ed chipsin three counties while Early Gem mede the darkest
chips in two counties. When comparing the average of all
counties Osage was rated 3.7, the best, and Red LaSoda rated
6.3, the poorest, in chip color (Table XII).

The effect that location had in influencing chip color
rating was indicated by the county averages. These range 4.7
for Bay County to 5.4 for lMontcalm County. The differences
between locations were highly significant (Table VI) although
comparatively small. The average chip color from the two
nuck soil trials was lighter (4.8) than the three mineral soil
trials (5.1)

The magnitude of differences of chip color r;ting between
replications was not very great as may be seen from F-values
for "Replications". These differences were not statistically
significant (Table VI).

The data from Tables VI - XII indicate that in Michigan
the varieties could be classified as generally light or dark
color for chip production as judged by chip color rating of

twenty tubers for each variety from five locations,



TABLE VI

ANALYSIS OF VARIANCE FOr CiuIP COLOR
RATING FROM SEVENTEEN POTATO VARILTIES
GHOWN IN 1955 IN FIVE LOCATIONS
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Source d.f. Montcalm Emmet Bay
MaSe F MeS, _F MeSe F
Rep. 3 0.7 0.3 0.7 0.3 1.3 0.7
Var, 16 3loly 12.6%%  G.6  Lo5%% 20,1 11.2%%
Error L8 245 201 1.8
Source d.f. Arenag Allegan
M,S. F MaSe F
Rep. 3 1.0 0.7 1.0 0.8
Var. 16 175 11.9%% 15,1 11.5%%*
Error 48 1.5 1.3
Source d.f. 1 cation
M,S, F
Loc. 4 39 7 o Ok
Var. 16 71 12, 7%%
Error 6l 5.6

% Exceeds 5% level of significance

%% Bxceeds 1% level of significance
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Light colored potato chips were obtained from Irish Cob=-
bler, Osage, Ia 803-3, Ia 961-1, Cherokee, Rushmore, Sebago
and Merrimack while Larly Gem, Redburt, M.3. 1363, Redkote,
Waseca, Red LaSoda and Sheridan produced undesirably dark

chips (Tables VII - XII).

Percentages of Volume of Starch Grain Sizes

The data for the four percentages of starch grain sizes
for all varieties for the Montcalm County trial were converted
into percentages of volume of starch grain sizes, and were
given in Table XIIT,

The means of the four sizes were in the descending order
of medium (31.0), large (26.3) small (22.3) and very small
(20a4).

Density of Starch Grain 3izes

Three different sizes of starch grainsseparated from two
Cherokee potato tubers showed that their density or specific
gravity varied according to size (Table XIV). The differences
in density due to these sizes were highly significant (Table
XV). From Table XIV it is evident that as the size of potato
starch grain increased, the density also increased. The aver-
age density of the different starch sizes was in the descend-
ing order of Large - above 60 microns, Medium - 60 to 30 mi~-
crons, and Small - less than 30 microns, the densities bheing

1.579, 1.556 and 1,531, respectively,



AVERAGE SFECIFIC GHAVITY (x), PuRCENTAGES
OF FOUR STARCH GRAIN SIZES (

TABLE VII

) AND CHIP RATINGS (z)

OF SEVENTEAN POTATO VARIETIES GROWN IN MONTCALM
TOGETHxR WITH THEIR

COUNTY IN 1955

COEFFICIEN

ts OF CORRELATION

38

Specific Percentages of
No. Varieties Gravity Starch Grain Sizes (v) Chip
tx? Large - Medium Small V.Small Rating
Above 75 75=50 50-25 Below 25 tz¢
microns microns microns microns
1 Irish Cobbler 1.062 18.0 26,0 21.8 3L4e3 5.0
2 Early Gem 1.056 0,0 11.5 21.3 67.3 6.1
3 Dazoc 10058 1+08 1603 25.0 BLPoO 507
4 Osage 1.059 2448 28.5 19.8 27.0 3.2
5 Redburt 1.052 1.0 7.8 16,8 The5 6e8
6 Pungo 1.068 31.5 22.3 17.3 29.0 6,0
7 M.S. 1363 1.054 11.0 2245 20,0 L6.5 6.9
9 Redkote 1.055 1608 1903 17.5 4605 509
10 Waseca 1.047 0.0 6e3 13,8 80,0 7.0
11 Ia 961-1 1.061 19.0 25.0 22.8 33.3 L,0
12 Red LaSoda 1.059 2.0 20.3 25.8 52,0 7¢3
13 Cherokee 1.070 23.3 2443 21.5 31.0 3.6
1), Sheridan 1,057 2.0 12,0  19.8  66.3 6.0
15 Rushmore 1.054 21,3 17.8 17.3 43.8 562
16 Sebago 1.059 15.0 14.0 19.3 51.8 L8
17  Merrimack 1.079 15.5 23.8 24,8 36,0 Lae3
Average 1.056 13.5 19.0 20,2 b7.2 Sals
rxy +0.525% +0,623%% +0,551% 0,078k
Tyz -0,702%% ~0,656%% =0.259 +0,73=%%
-0.571%
144

%« Exceeds 5% level of significance

73K

Exceeds 1% level of significance



TABLy VIiI

AVERAGE SFUCIFLIC GRAVLITY (x), PuHCENTAGES
OF FuUs oSTAdCH GealN 31Zs3 (y) Al CHIr RATINGS (g)
UF SsVENTEoN FOTATO VaIuTlies GROWN IN LiwET
COUNTY IN 1955, TUGHLHLR WiTH THSIR
COFF1CIaits OF COHnsLATION

No. Specifie Percentages of
Varieties  Gravity Starch Grain Sizes (v) Chip
<! Large - Medium Small  V.Small Rating

Above 75 75-50 50-25 RBelow 25 13!
microns microns microns microns

1 Irish Cobbler 1.079 73 18.0 25.0 L9.8 L.8
2 Early Gem 1,064 0.0 5e¢5 26,8 67.8 566
3 Dazoc 1.071 3.8 14.3 2545 5645 L6
L, Osage 1.076 R7e5 26.0 2043 2Le3 4,0
5 Redburt 1.063 0.5 15.8 25.0 58.8 53
6 Pungo 1.068 1445 20.3 21.3 Ll o0 6,0
7 M.S. 1363 1.070 9.0 18.5 19.8 52.8 5.1
g Ia 803-3 1.083 1G.5 23.2 2042 375 3
9 Redkote 1.067 173 23,8 21.3 37.3 5e?2
10 Waseca 1.061 0.0 7.0 18.5 The5 heT
11 Ia 961-1 1,069 1.8 13.0 24,0 613 LeO
12 Red LaSoda 1.068 Le5 16.0 2le5 58.0 547
13 Cherokee 1.074 1.3 13.6 275 5765 Le5
14 Sheridan 1,080 L8 1h.8 2245 58,0 4.8
15 Rushmore 1.073 18,0 18.0 20,0 Lk 0O o?
16 Sebago 1.066 6.8 16,0 22,0  55.3 laO
17 Merrimack 1071 1s 52 19,8 21.8 510 Lab
Average 1.071 8.5 16.8 22.5 522 La?
Ty $0.443  +0,505% -0.030 =-0.532%
Iyz, -0.296 ~0.,199 -0.159 40,261
Txz -O.Slhfl

% Exceceds 5% level of significance



TABLE IX

AVERAGE SriCLrIC GRAVITY (x), PusRCENTAGES

OF FOUR oTAuCH GRAIN SIZES (y)

AND CHIP RATINGS (gz)

OF SLVENTEsN POTATO VARLSTISS GRUWN LN BAY GCOUNTY
IN 1955, TUGETHER WITH THule COSFFICIANTS OF CORRZLATION

L0

Specific Percentages of
No. Varieties  Gravity Starch Grain Siges (v) Chip
tx? Large - Medium Small V,.Small Rating
Above 75 75-50 50-25 Below 25 17!
microns _microns microns microns
1 Irish Cobbler 1.061 740 17.0 17.8 5843 La7
2 Early Gem 1.052 0.0 5.8 14.3 80.0 6.9
3 Dazoc 1.059 1.0 10.8 22.8 65.5 Lie7
4L Osage 1,055 Rhe3 28.8 223 2L.8 3.8
5 Redburt 1.057 0.8 16,8 21.8 6048 6.2
7 M.S. 1363 1.057 17.8 2765 24,0 30,8 53
8 Ia 803-=3 1.061 20.8 260 23.8 31.5 Le3
9 Redkote 1.049 Te5 2040 2l 60 L845 5¢3
10 Waseca 1.051 0.3 3.0 10.8 86.0 6e8
11 Ia 961-1 1.065 12.0 255 253 373 3.7
12 Red LaSoda 1,057 0.0 5.0 21,8 73.3 6e5
13 Cherokee 1,066 21.2 233 23.0 325 Le5
1!, Sheridan 1.059 2.0 17.0 21.8 59.3 506
15 Rushmore 1,057 9.5 213 2143 4840 Sel
17 Merrimack 1.060 1743 2525 22.8 3ie5 Lgle
Average 1.058 10.1 19.0 21.3 1946 5oL
Ty +0.435 +0.437 +0,4 54,8% -0-h79iw
r ~0,776%% =0,79%% =~0,6606%% +0,8157 "
Y2 o
~0,63%xk
Txz

% Exceeds 5% level

w% Exceeds 1% level

of significance

of significance
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TABLE X

AVERAGE SPECIFIC GRAVITY (x), FuRCuNTAGES
OF FOUR STAi#CH GRALN 3IZik3 (v}, AND CHIP RATLNGS (g)
OF SEVENTEEN POTATO VARIETI®S GROWN IN ARsNAC COUNTY
IN 1955, TOGETHER WITH THEIR COEFFICIoNTS OF CURUELATION

No. Specific Percentages of
Varieties  Gravity Starch Grain Sizes (v)
rx! Large = Medium Small V.Small Chip

Above 75 75=50 50-25 Below 25 Rating
microns microns microns microns 171

1 Irish Cobbler 1.060 6.8 19.3 2l.5 5245 Lel
2 Early Gem 1.051 0.0 343 15.3 8l.5 509
3 Dazoc 1.064 11.8 18.0 19.8 5045 e
L, Osage 1.066 14,5 28,0 23,8 33.8 3.7
5 Redburt 1.054 045 Le3 14.0 81l.3 Selt
6 Pungo 1.060 19.0 2he5 21.5 35.0 349
7 M.S. 1363 1.056 13.3 2545 21.3 4LO.0 6.1
g8 Ia 803-3 1,065 19.5 28,5 23.0 29.0 349
9 Redkote 1.051 7¢5 13.5 2043 58.8 S5ely
10 Waseca 1.059 1.3 13.0 23.,0 6248 Lel
11 TIa 961-1 1.066 9.0 2lys 8 22,0 lelie3 ek
12 Red LaSoda 1.052 0.0 o8 16.3 79.0 6.3
13 Cherokee 1.065 12.3 27.0 2345 273 3.9
1), Sheridan 1.060 0.0 14.8 19.5 65.8 Le9
15 Rushmore 1,061 18.5 2he5 21.5 3045 3e7
16 Sebago 1,062 16.3 21.5 18.8 L3e5 3.9
17 Merrimack 1,069 11.0 2048  20.5  A7.8 L5
i;;rage 1.Q60 +o,?;2* +o%§é§** +§?é;2** 532223** Lab
r -0.,58%F =0,723%% =0,716%% +0,70L%*
ya 0. 789
Txz

% Exceeds 5% level of significance

sx  Exceeds 1% level of significance



AVERAGE SPBCIFIC GRAVITY (x), PaRCANTAGES

TABLE XI

OF FOUR 314ACH GRAIN SIZES (y) alD CHLP RATINGS (z)
OF SEVENTESN POTATO VARIETIES
IN.1955, TOGETHZR WILH THWIR COBFFICIENIS OF CORRELATION

AUWN AT ALLoGAN CUUNTY

L2

Specific Percentages of
No. Varieties Gravity 3 rai i
xt Large - Medium Small V.S5mall Chip
Above 75 75-50 50-25 Below 25 Rating
microns microns microns microns Al
1 Irish Cobbler 1.071 7.8 22,0 21,3 L9.0 Lelp
2 Early Gem 1.059 0.0 6.0 23.0 71.0 540
3 Dazoc 1.062 1.8 13.3 17.0 68.0 5¢7
L Osage 1.070 26.3 24.0 19.3 3045 3.7
5 Redburt 1.064 0.0 Le5 21.3 The3 5¢7
6 Pungo 1.064 8.0 19.8 19.8 5245 L.9
7 M.S. 1363 1,062 5¢3 18,0 22,0  54.3 6.0
8 Ia 803-3 1.060 6.0 20.3 21.8 52.0 Lol
9 Redkote 1.058 5.0 18.0 20,0 57.0 Lo9
10 Waseca 1.060 1.3 10.0 16.5 7243 5.8
11 Ia 961-1 1.063 6465 2.8 23.3 45.5 3.9
12 Red LaSoda 1.064 2¢3 10.8 2045 6645 5¢9
13 Cherokee 1.071 15.0 25.3 2440 35,8 L6
14 Sheridan 1.063 3.3 17.3 2243 5743 5.5
15 Rushmore 1.072 2440 2245 18.5 35.0 3.9
16 Sebago 1,067 9.8 18.5 21.0 50.8 LeO
17 Merrimack 1.081 73 26,0 21.8 15,0 3.8
Averazes 1.065 78 17.7 20,8 5329 La9
Tyy +0,558%  +0,599% +0,046 -0.635%
ryg ~0,725%% =0,828%% -0,045 +0.8L5%k
Lo, -0,626%%

% Exceeds 5% level of significance

3R

Exceeds 1% level of significance



L3
TABLE XII

AVERAGE SPECLFIC GRAVITY (x), PuURCENTAGES
OF FOUR STARCH GRAIN SIZiS (y) AND CHIP RATINGS (gz)
OF SEVENTEEN VARI&TILS COMBINED FiOM FIVE LOCATIONS
GROWN IN 1955, TOGETHIR WITH THEIR COEF¥ICLENTS
' OF CORRELATION

Specific Percentages of.
o varievies Gr§§%ty fa?ggsgaxﬁédiﬂm. Sméli V.Small Chip
___microns miceons nisrons micvens o ial
1. Irish Cobbler 1.067 94 2045 2le5 48.8 L6
2, Early Gem 1.056 0.0 bely 20.1 735 6,1
3. Dazoc 1.063 Le6 1445 22,0 58.9 560
L. Osage 1.066 2345 275 21.1 28,1 3.7
5. Redburt 1.058 0.6 9.8  19.8  69.9 5.9
6. Pungo 1.065 18.4 221 20.5 38.8 5.0
7. M.S. 1363 1.060 11.3 224 21k 449 549
8+ Ia 803-3 1.066 18.0 2L o by 22.1 35.7 L0
9. Redkote 1.056  10.8 18,9 20,6 49.6 5.3
10, Waseca 1.056 0.6 749 16.5 75.1 5.7
11, Ia 961-1 1.065 9.7 22,6 235 Llye3 3.8
12, Red LaSoda 1.060 1.8 114 21.2 65.8 6e3
13. Cherokee 1,069 lu.6 22,7 23.9 38.8 La?
1. Sheridan 1.064 Rely 15.2 2142 61.3 5.4
15. Rushmore 1.063 18.3 20.8 19.7 41.3 L4
16. Sebago 1.063 11.7 19.2 20,7 L8k Lol
17. Merrimack 1.073 1l.7 2342 2243 L2,9 _La3
Average 1.063 9.8 18,2 211 5049 La9
ryy #0.566% 40,71k +0,6790% =0,692%%
ry, ~0.756%% =0,802%% ~0,502% +0,799%* -
Txz =04 744

% Exceeds 5% level of significance

w% Exceeds 1% level of significance
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TABLE XIII

AVERAGE SPECIFIC GRAVITY (x), CALCULATED PERCENTAGES
OF FOUR VOLUMES OF STARCH GRAINS (y) AND CHIP RATING (z)
OF SEVENTEEN POTATO VARIKETIES GROWN IN MUNTCALM COUNTY
IN 1955, TOGETHER WITH THEIR CUEFFICIENTS OF CORRELATION

Specific Percentages of
No. Varieites Gravity ____ Starch Grain Sizes (v)
tx? Large - Medium Small V.Small Chip
Above 75 75<50 50=25 Below 25 Rating
microns microns microns microns A

1 1Irish Cobbler 1.062 34 37 19 10 5.0
2 Early Gem 1.056 0 30 34 36 6.1
3 Dazoc 1.058 10 32 33 25 57
4, Osage 1.059 L2 36 15 7 3.2
5 Redburt 1,052 L 20 28 48 5.8
6 Pungo 1.068 53 27 12 8 6.0
7 M.S. 1363 1.054 25 38 21 16 6.9
8 Ia 803-3 1.061 43 33 17 7 LeO
9 Redkote 1.055 34 30 17 19 5.9
10 Waseca 1.047 0 19 26 55 7.0
11 Ia 961-1 1.061 37 35 19 9 e
12 Red LaSoda 1.059 5 Ll 32 <2 73
13 Cherokee 1,070 42 31 18 9 3.6
14 Sheridan 1.057 7 29 30 34 6,0
15 Rushmore 1.054 43 27 16 1y 562
16 Sebago 1.059 36 25 20 19 L8
17 Merrimack 1,079 32 35 22 11 Le3
Average 1.056 2623 3120 2203 20ak Dele
rxy +0.522% +0,534% -0.,325 =0,603%%*
Tya ~0,689%% =0,266  +0,564% +0,681%%
rxz -0, 571%

% Exceeds 5% level of significance

w% Exceeds 1% level of significance
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TABLE XIV
DENSITY OF DIFFLReANT FOTATO STARCH GRAIN SIZES

FRrOM VARLETY CHEROKEE GROWN AT MONTCALM
COUNTY IN 1955

Starch Grain Sizes

Sample Specific
No. Gravity Large Medium Small
of tuber  Above 60 60 to 30 Below 30
microns microns microns
1 1.084 1.579 1.558 1.531
2 1.082 1.579 1.555 1.532
Average 1.083 1.579 1.557 1.531
TaBLE XV
ANALYSIS OF VARIANCE FOR DENSITY OF
POTATO STARCH GRAIN SIZi&S
Source d.f. M.Se. (RO
Total 5 0.000454
Between 35izes 2 0.001130 376
Within Sigzes 3 0,.000003

x% Exceeds 1% level of significance
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Relationship of Percentage of Sizes of Starch Crains
To Specific Gravity

Group 1 - large - above 75 microns. The between varisty

correlation for percentage of large starch grains versus
specific gravity was positive at each county, but was statis-
tically significant only at Montcalm, Emmet and Allegan
Counties {Table XVI)., The variety averazes over all loca-
tions (Table XII) when correlated also gave a positive signifi-
cant correlation, r = +0.,556, This means that as the per-
centage of large starch grains increased from one variety to
another, the specific gravity also increased (Figure 9).

The correlation within varieties was nighly significant
and positive between percentage of large starch greirs and
specific gravity in all five locations. The highest correls-
tion was +0.949 at Emmet County and the lowest was +0.658
at Arenac County (Table XVII). When all locations were put
together in a two-way table the correlation within varieties

was also highly significant and positive, r being + .523,

Group 2 - medium - between 75 to 50 microns. The between variety
correlacion between percentage of medium starch grains and
specific gravity was positive at all locations and also sta-
tistically significant, excepting Bay County. The variety
averages over all locations had a highly significant correla-

tion, r +0,719 (Table XVI). This may be seen in Figure 10,
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The correlation within varisties betuween percentace of
medium starch grains and specific gravity was positive and
highly significant at all locations, r ranging from +0,548
at Emmet County to +0.,822 at Montcalm County (Table XVITI).
The correlation within varieties from the two-way table of
variety x location also showed a highly significant and posi=-
tive correlation, r +0.766 {Table XVII).

Group 3 - sngll - between 50 to 25 microns, The between
variety correlation for percentage of small starch grains
versus specific gravity was positive and statistically signi-
ficant at three counties, Montcalm, Bay and Arenac (Table XVI
and Figure 11). At the other two counties, Emmet and Allegan,
they were not significantly different from zero. This shows
that at three locations specific gravity increased with the
percentage of small starch grains. The coefficient was posi-
tive and highly significant, r +0.679, when the variety aver-
ages over all counties were correlated (Table XII),

The correlation within varieties was positive at all
locations and significant at Bay, Arenac and Allegan Counties,
(Table XVII)

Group 4 - very small - less than 2% micronse. The percentace

of very small starch grains and specific gravity were negative-
ly correlated between varieties at all the five locations,
individually or combined. The coefficients of correlation
wore statistically signiflicant (Table XVI). This means that

as the percentage of very small starcih grains increased the

specific gravity decreased (Figure 12).
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The within varieties correlations betwecen percentzze of
very small starch grains and specific gravity at all counties
were negative, strong {(all greater than -0.810) and highly
significant. The correlation within varicties from the two-
way table of variety x locabtion was also highly negatively
correlated, r = -0,569 (Table XVII),

Relationship of Percentage of Sizes of 3Starch
Grains to Chip Color Rating

Group 1 - large - above 75 microns. The between variety
correlations between the percentage of large starch grains
and chip rating were negative at all counties, individually
and combined and were statistically significant at all but
Emmet County (Table XVI and Figure 13). Thus varieties with
a large percentage of large starch grains tended toc produce
light colored chips. When censidering the within variety
correlation the ccefficient was also negative but was signi-
ficant 2t only three counties, lontcalm, Bay and Allegan,
The correlation within varieties from the two-way table of
variety x location was significant and negative between the
two Factors. (Table XVII).

Group 2 - medium - between 75 to 50 microns. All individual

counties, except EBmmet, showed negative and highly significant
variety correlations between percentage of medium starch
grains and chip rating (Table XVI, Figure 1l4). The correle-
tions within variesties were negative and significan? only at

Montealm and Bay County, r = =0.647 and -0.531, respectively,
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COEFFLCLENTS OF CumaBLATIUN Fur VARILTILS BoTWhiN

SPECIFIC GRAVITY (x) AND EouCuNTAGE OF STARCH
BeTWreN rEnCuNTAGE OF STARCH GrALNS
AND BuTwWmiN SFECLIFIC GuAVIT
BY LOCATIUONS AND

GRAINS (
AND CHl

)
QATING (gz)
(x) AND CHLP RATING (g)

ALL LOCATIVUNS COmBINED

§y)

' A1l 1
Starch Grain Size 1r DMontcalm Fmmet Bay Arenac Allegan Locations
Table 7 Table 8 Table 9 Table 10 Table 11 Table 12

Group 1 - Large xy +0.525% +0.443 +0.435 +0.576% +0.,558% +0,566%
Above 75 microns yz =0.,702%% -0,206 =0,7765%5-0,589% <0,725%% =0,756%%
Group 2-Medium- xy +0,623%% +0,505% -0,437 +0.768%% +0.,599% +0,719%x
75 to 50 microns yz =0.656%c -0,199 =0,794%%<0,723%% =0,828 «0,802%x
Group 3- Small xy +0.551% =0,030 +0,548% +0,672%% +0,046 +0 4 67 P

50 to 25 microns vz =0.259 -0.159 -0.666%%=0,716%% =0.045 -0,502:%
Group 4-V.Small Xy =0,678%% «0,532% =0.479% =0,723%% =0,635%% ~0,692%%
Below 25 microns vz +0.732%% 40,261 +0,815%%+0,704%% +0,8L5%% +0,79Px*
Entire tuber xz -0,571% =0.514% ~0,639%%=0,78%c% ~0,626%% =0, 7LL%%

%  Kirceeds

ST nt,
pAe

Exceeds

5%
1%

level of significance

level of significance

1 The coefficients were obtained from the two-way tables
of variety x location rather than from averages of the
individual location correlations,
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The correlation within varieties from the two-way table of
variety X location between percent medium starch size and
chip rating was negative and significant (Table XII).

Group 3 -~ small - between 50 to 25 microns. The between

variety correlation for percentage of small starch grains
versus chip color was negative and highly significant at Bay
and Arenac Counties (Table XVI). The combined averages of
all the counties also gave a negative significant correlation
coefficient, -0,502 (Table XVI)., There was no sgignificant
correlation within varieties., (Table XVII)

As the percentages of large (above 75 microns), medium
(between 75 to 50 microns) and smell (between 50 to 25 mi-
crons), sizes of starch grains increased in the potato tuber,
the lighter were the chips as seen from chip color ratings
(Figure 13 to 15).

Group 4 - verv small = less than 25 micronse. The between

variety and within variety correlations between percentage
of very small starch grains and chip rating showed positive
highly significant correlation at all locations except Emmet
County, where it was positive but not significant. {(Tables
XVI - XVII, Figure 16).

Those varieties which had higher sums of percentages of
starch grains above 25 microns, naturally had the lower per=-

centage of very small starch grains - below 25 microns -
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and were lighter in chip color (Table VII to XII). Thece
varieties, which were lower in percentages of the three
large sizes of starch grains had higher percentages of very

small starch grains and were darker in chip color (Figures

13 to 16)0

Relationship Of Specific Gravity To Chip Rating

The between variety correlations for specific gravity
versus chip color rating were negative and statistically
significant at each of five counties or when all were com-
bined (Table XVI). From examination of Figure 17 it may be
seen that as the specific gravity of a tuber increased, the
chips became lighter in color, irrespective of location.

The correlations within varieties at all counties were
negative and significant. The correlation within varieties
from the two-way table of variety x location between specific
gravity and chip rating was -0.,475 and highly significant
(Table XVII).

Relationship Of Percentage Of Volume Of Starch

Grain Sizes To Specific Gravity And Chip Rating

From the variety correlation between volume of different
starch groin sizes and specific gravity, it was determined
that the percentages of volume of large and medium starch
grains have positive and significant correlations (Table XIII).
The other two sizes - suall and very small - had negative

correlaiions and only that for very small starch grains was
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TABLE XVII

COEFFICIENTS OF CORRELATION
WITHIN VARIETIAES B4TWEEN

SFmCiric GIAVLILY  (x) AND FarCoiTaGe OF STARCH Gualls (y),
BTwissN FraCuilaGe OF STARCH GRalNS (y) AND CHLP RATLING (z)
AND BuTwWseN SruCIFIC GrRAVITY (x) AND CHIF RATING (z) BY
LOCATIONS AND ALL LOCATIONS COsMBINED
. . 1
Starch Grain Size r Montcalm Emmet Bav Arenac Allegan All
Locations
Group l-Large xy +0.683%% +0,949%%+0, 75,55 +0,658%% +0,67L%x +04 523
Above 75 microns vz =0.563%% ~0,257 =0.312% -0.,174 -0.313% -0,282%
GI‘OUP 2-Medium Xy +Q, ‘822;;:* +0, 5@8;::::: +0Q. 573::0:: +0. 63 2w 0, 72 PR +0, 766;‘,;:::
75 to 50 microns yz -0.647%% -0.258 -0.531%%-0.058 =0.079  -0,260%
Group 3-Small xy 404273 +04243 +#0.403%%+0,302% +0,388%:x +O.233.
50 to 25 microns yz -0.213 -0.053 +0.109 -0.134 =0.051 -0.311%
Group 4=V.Small  xy =0.810%% -0,812%%-0,852%%-0,878%% -0,872%% -0, 569%k
Below 25 microns vz +0.911%% 40,266 +0,625%%+0,298% +0,508%% +0,391%%*

Entire tuber xz =0.720%% =0,332% =0,455%%=0,392%% ~0,403%% «04475%%

% Exceeds 5% level of significance
%% Exceeds 1% level of significance
1 The coefficients were obtained from the two-way tables

of variety x location rather than from averages of the
individual location correlations.,
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significant. On volume basls, as the percentages of larrce

and medium starch grains increased in the tubers of different
varieties, the specific gravity also increased and as the
percentages of small and very small starch grains increased,
the specific gravity decreased.

The same type of trend was noticed in the relationship
with chip color rating (Figure 19). The variety correlation
between percentage of volume of large starch grain and chip
color was negative and highly significant, r -0.689, The
correlation between percentapge of volume of medium size
grains and chip rating was negative but not significant,

The correlation between percentage of volume of smell and
very small starch grains and chip ratings were positive and
significant. The higher the percentage of volume of starch
grain of the two groups above 50 microns in potato, the
lighter the chips, while the percentage of volume of less
than 50 microns size, starch grains increased, the darker
will be the chips (Figure 19}.

Variety Partial Correlation Between Specific Gravity,

Percentages Of Starch Grains and Chip Rating

The variety partial correlation, between specific
gravity (x)-.and percentzge of starch grain (v) and elinminat-
ing chip rating (2), rxy.z, was significant only in one c:se
(Table XVI1I). The higher‘bhe percentage of large, medium

and small starch pr=in, the hicher the specific gravity as
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COBFFLCIENTS OF PARTIAL CORRELATION FOR V.RLISTIES
BiTwksN SPuCIFIC GRAVITY (x), PEKCSNUAGE OF

STAKCH GRAINS (y

AND ALL LOCATIONS CUMBINED

} AND CH1F RATINGS (z) BY LOCATIONS

A 1
Starch Grain Size r DMontcalm Emmet Bay Arenac Allegan A1l
Locations
Group l-Large Xy.z +0.,202 40,356 =-0.138 +0.,224 +0.194 +0,001
Above 75 microns xz.y =0.,334 -0.468 -0.530% =0.682%% -0,387 -0,710%*
VZaX =0.575 -0.,088 -0,787%%=0,269 -0.58)% =0,607x%
Group 2-Medium Xxy.z +0.406 40,480 -0.164 +0.467 +0.185 +0.306
75 to 50 microns xz.y -0.258 0,480 =0.534% =0,529% =0,290 =-0,402
VZaX =Q,407 40,083 -0,816%%-0,298 -0,725%%=0,571%
Group 3-Small Xy.z +0.508% -0,132 +0.285 +0.249 +0.022 +0,528
50 to 25 microns xz.y -0.531% =0,526% ~0,537% =0,596% -0,627%%-0,635%%
yZz.X =0,080 =0.203 —=0Q,537% =0,410 -0,021 +0,001
Group 4-V.Small =xy.z -0.465 -0.481 +0.103 =0.385 ~04254 =0,243
Below 25 microns Xz.y -0e150  =0,85%%=0,48%« -0,570% =0,020  -0,439
vz.X +0,572% =0,017 +0.826%%+Q,316 +0 7L +Q, 588%
% Exceeds 5% level of significance
#% Exceeds 1% level of significance

1 The coefficients were obtained from the two-way tables of
variety x location rather than from averages of the individ-
ual location correlationse
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seen by the simple (rxy) and partial (rxy,z) correlations,
whereas the higher the percentage of very small starch grain,
the lower the specific gravity (Table XIX).

. In partial correlation of rxgz,y, fourteen values were
significant, In general the small size starch grain gave
stronger partial correlation values than the other sizes
(Table XVIIiI). From Table XIX, it is clear that the higher
the percentage of large, medium and small starch grains.the
lower the chip rating from both simple (ryz) and partial
(ryz.x) correlations, whereas the higher the percentage of
very small grains, the higher the chip rating.

Out of twenty-four partial correlation values for ryg,x,
eleven values were Significant, three in large size group,
three in medium size group, one in small size and four in
very small size group (Table AVIII)}. 1In general the higher
the specific gravity, the lower the chip rating in both

simple (rxz) and partial (rxgz,y) correlations.



TaBLE XIX

(@)Y

AVERAGE COBFFICLENTS OF SIMPLe AND PARTIAL CORaBLATIONS
FOR VARLIGTIES BETWEEN SruClFIC GRAVITY (x), PERCuNTAGE

OF STARCH GHAINS,(y), AND CHIP RATINGS (z)

REGARDLESS OF SIGN.

Correlation Group 1 Group 2 Group 3 Group 4 Average
Large Medium Small V.Small

Simple - xy 0.517 0.608 Oe421 0.623 Qe 542
Partial - xy.z 0.186 0.335 0,287 0.332 0.285
Difference 0.331 0.273 Q.13L 0.291 0,257
Simple - vz 0.639 0,667 0,391 0,693 0.598
Partial - yz.x 0,484 0494 0.209 0.510 Q.424
Difference Q.155 0.173 0,182 0.183 0.17L
Simple - Xz 0.652 0.652 0.652 0.652 0.652
Partial - xz.y 0.518 0.416 0.575 Oo421 0.482
Difference 0,134 0,236 0,077 0.231 0,170




DISSCUSSION
Specific Gravity

From the data obtained in the study of the seventeen
varieties at the five locations individually or combined,
it is evident that there is a varietal difference in the
specific gravity of the potato tubers. Early Gem, Redburt,
Redkote and Waseca had lower specific gravity than the aver-
age at all locations whereas Irish Cobbler, Cherokee and
Merrimack had higher specific gravity. It can be concluded
that specific gravity is a varietal character., This is in
accordance with the findings of Akeley and Stevenson (1,2).

Highly significant differences in specific gravity
were found between tubers from the various locations. There
was no difference in specific gravity averages of tubers
grown on mineral and muck soils. The potatoes from the
Emmet County {mineral soil)} plots were highest in specific
gravity, followed in order by Arenac (muck), Allegan (muck),
Montcalm (mineral} and Bay (mineral).

There was also sizeable difference. in the spccific
gravity within a variety which shows that the specific
gravity of a potato tuber is influenced not only by the var-

jetal characteristic but also the environmental conditions.

68
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Percentaze Of Sizes Of Starch Crain

The starch content of a tuber is in granule form and
these granules are in various proportions of different sizes,
In this experiment, these sizes were classified into four
groups - large - above 75 microns, medium-- between 75 to 50
microns, smell - between 50 to 25 microns and very small -
less than 25 microns. It was found comparatively easy to
obtain consistent readings of percentage of large and of very
small starch grains whereas with the both intermediate sizes
estimate were lecss reliable. The proportions of the above
four sizes vary among the different varieties as shown by the
data, (Tables VII to XII)., Other workers, Johnson and Boyle
(28}, Fitch and Barnet (21) and Barham et al (5) reached the
same conclusion that starch grain size varied in potato
varieties.

Varieties could be classified into two groups. The first
group had a large percentage of large and medium starch grains
and a low percentage of very small grains. The othér graup
had a large percentage of very'small starch grains. Osage,
Pungo, Ia 803-3, Ia 961-1, Cherokee, Rushmore and Merrimack
can be classified in the first group while Early Gem, Dazoc,
Redburt, Waseca, Red LaSoda and Sheridan were in the group
with a high percentage of very small starch grains. Thus the
findings show thatrthevproportions of these different starch
grain sizes could be considered a varistal characteristic,

which is in agreement with the findings of Veselovsky (L4) e
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There were differences in the percentages of large,
medium and very small starch grains due to the effects of
location but only the variation in large starch grains was
significant. There were also noticeable differences in the
percentages of large, medium and very small starch grain sizes
in tubers within a variety. It may be concluded that the
Percentages of different starch grain sizes are influenced

not only by the varietal characteristics but also by the en-

vironmental conditions,
Chip Color Rating

From the observations of seventeen potato varieties from
five locations it is evident that the celor of potato chips
was a varietal characteristic (Tables VII to XII). This re-
sult is in accordance with those of Wright and Whiteman (50),
Wright, et al (51) and Denny and Thornton (15). Osage pro-
duced the lightest color potato chips. Chips from Irish Cob-
bler, Osage, Ia 803-3, Ia 961-1, Cherokee, Rushmore, Sebago
and Merrimack potato tubers were desirable where as Early
Gem, Redburt, M.S. 1363, Redkote, Waseca, Red LaSoda and
Sheridan made undesirable chips from color point of view,
Smith (37) is of the opinion that the color of potato chips
is a large factor in the guality of chips. Hence, the above
potato varieties could be classified as satisfactory or un-

satisfactory for potato chip manufacture,



71

Highly significant differences in chip color ratings
were found between locations. The averzge chip color uyro-
duced from potato tubers of varieties on nuck soil was light-
er than that from tubers produced on mineral soil. There
were sizeable differences in the color of chips from tubers
of any one variety taken from one locabion. Hence, it could
be inferred that the chipping quality of a potrto tuber de-
pends upon the variety of the potato and the environmental
condition where it is grown,

Relationship Of Percentage Of Sizes Of
Starch Grains To Specific Gravity

The percentages of the three larger - size groups,
(those above 25 microns) showed. positive correlations between
the percentage of starch grains and the specific gravity of
the tuber. As the percentage of starch grains above 25 mi-
crons in size increased in the tuber, the specific gravity
increased, irrespective of location., There was a negative
correlation between percentage of very small starch grains,
less than 25 microns in size, and specific gravity of the
tuber. This shows that as the percentage of very small starch
srains increases in the tuber, the specific gravity decreases
in the potato varieties. It is evident from this that the
specific gravity of the tubers was related to the proportions
of sizes of starch grains in the tuber, and that both are

varietal cheracteristics as discussed previously.
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The three different sizes of starch extracted fron
Cherokee potato tubers, showed different starch densities,

It is evident from the data (Table XIV) that as the starch
grains increase in size, their density also increases,.

Previous investigations by Burton (10) have shown high
correlation (+0.947) between specific gravity and starch con-
tent., Since the starch content is in the form of discrete
starch grains. The cresent results indicate that the pro-
portions of different sizes of starch grainscould be one of
the‘factors influencing specific gravity,

Comparatively speaking, tubers from Emmet County plots
had a high specific gravity bubt not a high percentage of
large starch grains. (Figure 9).

From Figure 20, it may be seen that Emmet County experi-
enced g dry summer. WwWhen compared to other counties it
had the lowest precipitation (8.45 inches) during the growing
season (Appendix 1). It had half normal the rainfall coupl-
ed with a higher average temperature than normal years,

The correlation within varieties showed highly signifi-
cant coefficients as was true in the case of variety means.,
This indiéates that even after the effects of varieties were
taken out, the within voriety residuals of both factors were
positively associated. This relationship indicates that
within a variety, apart from varietal influence, the higher
the percentage of large starch grains in the tuber the higher

the specific gravity of the tuber,
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For purposes of observation it was convenient to esti-

mate the proportion of the area occupied by st-rch grains of

various sizes. If one will assume that Ghe layer of starch

grains was one grain deep in each case, the proportionate
volume in any grain size could be obtained by wultiplying the
area by the average thickness of the grains of that parti-
cilar size. In general the correlations between a provor-
tionate volume of starch grain and specific gravity and chip
quality were virtually the same as when the area of starch
grains was used rather than the calculated volume.,

The correlations of amounts of large and medium starch
grains with specific gravity were positive whersas negative
correlations were found with chip color rating. The correla-
tions were opposite in the case of two smaller grain sizes
with these quality factors. This could be a more understand-
able relationship than a positive correlation hetween large,
medium and small starch grains with specific gravity, as was
found when area was used as the measure of quantity of any
starch grain size,

Relationship Of Percentage Of Size Of Starch
Grain To Chip Color Rating

The potato tubzrs having a large percentage of starch
grains from the three larger-size groups, produced lighter
chips, whereas tubers having large percentages of very small

starch grains produced undesirably dark colored chips. This
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is logical as chip color also depends on specific gravity
(46, 51, 29) and in turn specific gravity is related to the
percentage éf larger starch grains.

In general, the relationship between starch grain sizes

and chip color within a variety was similar to the relation-

ship between varieties,

~Relationship Of Specific Gravity And Chip Color Rating

In all locations, the generalization may be made that
the higher the specific gravity of the tuber, the lighter
the chip color. This is in accordance with the findings of
Wheeler and Salunkhe (46), Wright and Whiteman (50), and
Kunkel, et al (29).

Simple And Partial Correlations

From the data it may be seen that out of seventy-two
variety partial correlations, in sixty-five cases values of
partial correlations were less than simple correlations and
only three changed signs. This shows that when the effect of
the third factor was eliminated, the correlation of the other
two factors become weaker as compared to that when the effect
was not taken oute

In the partial correlation of rxy,z, in percentages of

large, medium and very small starch grains, the effect of
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chip color is considerable but less in small starch grain
size; the greater the difference between simple and partial
correlation, the greater the effect on chip color (Table XIX).

In partial correlation of ryz.%o the effect of specific
grovity is about the same in percentages of medium, small and
very small starch grains but slightly less in large size
starch grains. In general the signs of yz are opposite to
those of Xy.

When the correlations of ry, and Txz,y were compared,
no explanation could be found for high drop in percentages
of medium and very small starch grains as compared to large
size and speciazlly to small size grains. However, there was
vary littlé effect of percentage of small starch grains on
xz and on X as seen in xy. All signs were negative,

On the average, regardless of sign, specific gravity of
the potato tubar and color of the potato chip are more close-
1y related than either percentage of starch grain sizss with
chip color or specific gravity with percentage of starch
grains, whether, comp.ring simple or partial corrclations,
The weakest partial correlation is ryxy g of the large size
grouj«

fegarding sign, large, medium and small size groups
tend to react alike but opposite Lo very small size group
in relationships of specific gravity with percentage of

. . ) s . t N
starch grains with chip color rating. This shows that the
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percentages of stirch grains a bove and below 25 microns hove
a great effecct on specific gravity and chip rating.,
This agrees with the findings of size and density (Spe-

cific gravity) of starch greains.



SUMIAARY AND CUNCLUSIONS

In 1955 seventeen varisties of potatoes were grown in
four replicated plots at five locations in Michigan. Five
tubers of about the same size (U.3. Grade No. 1) were taken
from each plot at harvest, These constituted the samples
used for the studies on specific gravity, percentage of four
sizes of starch grains and chip color rating.

Approximately 1,700 tubers were analyzed in these in-

vestigations.

1. At the five locations, each variety, in general,
assumed a characteristic rank, high, medium or low, in speci-
fic gravity. There was, however, great variability in the
specific gravity of individual tubers of a variety at any
location, and considerable variation in the average specific

gravity between locations.

2. Starch grains in potato tubers were classified into
four size groups, large - above 75 microns, medium - between
75 to 50 microns, small - between 50 to 25 microns, and very
snall - less than 25 microns.

At the five locations, each variety, in most cases,
had a specific pattern of starch grain sizes., Some varicties
throuzhout ranked high in large and medium sized grains and
low in very small. Other varicties had precisely the opposite

proportions, 3till others were intermediate in rank in all

S1iZ@S,
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However, chere was a wide variability in the proportions

of the four siz:s in individual tubeis from any given plot and

considerable difference between location averages.

3. At the five locations, each variety had, in general,
a charact ristic rank among the seventeen varisties, in potato
chip color, some ranking consistently light, others consis-
tently dark,

There was considerable variability in the color of chips
from tubers of any one varicty taken from any location, and
a moderate to small (although highly significant) variation

between location averagess,

Le The proportions of the four sizes of starch grains
in a potato tuber were related to specific gravity.

The higher the proportion of large, medium and small
starch grains, the higher the specific gravity. The higher
+he percentage of very small starch grains (less than 25

microns) the lower the specific gravity of potato tuber,

5, Starch grains extracted from potato tubers and se-
parated into three sizes (above 60 microns, between 50 to 30
microns, less than 30 microns) differed in densities, the

larger sizes being denser than the smaller,

6. The potato tubers, having a large percentage of
largs - medium = smnll - starch grains, produced light colored
potato chips. The tubers which had a large percentace of very

h
small starch grains - less than 25 microns = produced dark

colored potato chipPsSe
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7« At all the five locations, vari:ties having tubers
3 ) - O . -

with a high average specific gravity produced potato chips

lighter in color than those with a low average specific gravity.

8. The percentages of large, medium and small starch

grains tend Lo react alike but opposite to percentare of very
small starch grains in relationship with specific gravity and
with chip color rating. This means that the percentages of

starch grains above and below 25 microns in size have a great

[

effect on specific gravity and chip quality.
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APIENDIX 1

WEBKLY FPROCIPITATION IN INCHES AT FIVE COUNTIES
IN MICHIGAN DURING MAY T0 SEPTEMBER

Month Montcalm Emmet Bay Arenac Allegan
Edmore Pellston Bay City Standish Gull Lake
May 6 0.31 0.69 0.06 0.0 0,03
12 0.13 0.06 0.10 0.15 0438
18 0.0 0.01 0.0~ 0.0 0.0
2l 1.30 0.14 1.06 0.92 O.51
31 230 0,98 148 3,19 Q.99
Total 4,08 1.88 2270 La26 191
June 6 0.0 0.71 0,10 0.03 0.25
18 0.02 0.0 0.0 0.0 0.0
2L 0.30 O.74 0.38 0.26 0,07
30 0.Q96 Q.9 0.0 0.0 0.92
Total 5.3 1.53 1.98 2437 Lo 75
July 6 0.68 0.01 0.85 0.65 0.20
12 0.1 0,30 0.0 0.0 1.72
18 OeR 0.82 1.0 1.13 0.69
2L 0.16 0,0 0.0 0.0 020
31 0.13 0,77 0.0 0,01 0.67
Total 1e37 1.90 1.85 1.79 3.48
August 6 Oogll' O. 59 0092 0.70 1. 13
12 0.0 0.0 0.0 0.0 0.13
18 0.85 0.0 1.04 1.26 0.12
21 0,08 0429 1.12 Ou.lly 0.01
31 3,73 0,94 1.85 3,65 1.89
Total 5,60 1.82 3.93 6.05 3428
ber 6 0.0 0.0 0.0 0.0 0.0
Septembe 12 0.03 040 0.36 0.08 0.58
18 0.56 0.40 0.26 0429 0.0
214‘ 0.0 0.0 0012 0.0 0020
30 0.37 Q.52 0.08 0.09 Qa75
6 1.32 0.82 Qb6 1.53
Total Q.9 1
Grand Total 17.14 845 11,28 14,93 L.95
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APFENDIX 2

SPECIFIC GRAVITY, PE.CuNTAGE OF FOUR STARCH GHAINS AND
AND CHlF COLOR RATINGS OF INDIVIDUAL TUBLKH FROM
FOUR POTATO VARIWIIES GROWN AT MCNTCALM
COUNTY IN 1955

(Varieties were selected in which the data shows the
degree of regularity or divergence that may be ex-
pected in five tuber samples of four replications)

—— —
——

—

Percentage of Starch

Plot Potato Specific Grains Chip
Variety No. No. Gravity Gr. Gr. Gr. Gr. Color
1 2 3 L Bating
Irish 115 1l 1.060 20 30 20 30 5
Cobbler 2 1.066 20 20 25 35 5
3 1.073 30 25 25 20 L
L 1.072 30 20 20 30 6
5 1.063 25 30 20 25 5
210 6 1.053 10 25 25 L0 5
7 1.082 L5 25 15 15 L
8 1.056 10 25 25 4LO 5
9 1.053 0 25 20 55 7
10 1.056 5 35 20 40 6
303 11 1.053 0 20 25 55 7
12 1.060 20 30 20 30 6
13 1.064 10 30 25 35 6
14 1.053 0 20 25 55 7
15 1.053 0 30 20 50 6
4,18 16 1.064 25 30 20 25 4
17 1.067 30 25 20 25 3
18 1.060 20 30 20 30 3
19 1.066 30 20 25 25 3
% oro% o2 B o2
.0
Early Gem 114 % %.ogz 0 5 13 3 2
3 1.061 0 20 20 60 7
L 1.060 0 15 20 65 6
;e 5 ok ¥ o8
1.0 0

216 g l.Ogl 0 10 25 65 7
8 1.056 0 10 20 70 7
9 1.051 0 5 20 75 8
10 1.060 0 10 20 70 7
305 11 1.058 o 15 25 60 5
12 1.056 0 10 25 65 5
13 1.063 0 20 20 60 L
1L 1.050 0 0 25 75 5
15 1.05 0 10 25 65 L



ArrENDIX 2 (continued)

Percentages of Starch

Plot Potato Specific Grains Chip
Variety No. No. Gravity Gr. Gr. Gr. Gr., Color
1 2 3 . L Rating
Early Gem L13 16 1.05 0 5 30 65 6
17 1.04 0 0 15 85 7
18 1.054 0 10 25 65 7
19 1.052 9] 5 20 75 7
20 1.057 0 15 20 65 6
Osage 112 1 1.062 25 30 20 25 3
2 1.060 30 30 20 20 3
3 1.064 e 30 15 15 3
L 1.058 30 30 20 20 3
5 1.059 30 25 25 20 3
208 6 1.071 50 30 10 10 2
7 1.061 30 20 25 25 3
8 1.066 25 30 20 25 3
9 1.063 50 30 10 10 3
10 1.049 0 30 20 50 L
304 11 1.051 0 30 20 50 L
12 1.054 20 30 20 30 L
13 1,066 30 30 20 20 3
1k 1.078 L5 30 15 10 2
15 1.055 5 35 25 35 3
410 16 1.065 30 30 20 20 L
17 1.052 0 35 25 LO 3
18 1.049 0 20 25 55 5
19 1.050 25 20 20 35 3
e BB R B
1.0 35 <
Rediote 110 3 1.022 25 20 20 35 L
3 1.059 20 20 20 LO 5
I 1.052 15 20 20 L5 6
5 1.057 15 30 <0 35 b
212 6 1.061 20 30 20 30 5
7 1.059 15 25 20 40 L
8 1.070 35 25 20 20 by
9 1.067 R0 25 25 30 3
10 1.059 10 25 20 L5 7
307 11 1.045 0] 10 20 70 9
- 12 1.030 0 0 0 100 9
13 1.030 0 0 0 100 8
14 1.048 0 15 20 65 7
15 1.051 15 20 20 L5 7
411 16 1.032 O 0 0 100 9
17 1.068 30 25 25 20 L
18 1,071 35 5 20 20 5
19 1.062 30 25 20 25 L
20 1,051 15 20 20 L5 7




