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ABSTRACT

EXperiment

n

were conducted at Carberry, Hanitoba on
a uWellwood Loam soil to determine the effect of potassium,
megnesium, chloride,; sulfate and nitrate louns from four

sources of potassium and smmoniuvm sulfate at varying rates

on yileld and some processing qualities of potatoes., In 1963

X

and 1964 potassium and chloride ions were used in combination
with varying rates of sulfste ions., In 1964 an additional
trial was conducted using potassium, magnesium, chloride,
fate and nitrate ions at varylng rates,

The vield of tubers was not influenced by varyling the
source and rate of potassium,

Differences in sgspecific gravity resulting from treat-

ments were not great, but in one experiment chlorlide lonsg in

’ Fap
T

h

combination with sulfate ilons reduced specific gravity o
pvotato tubers below the check, In another experiment chloride
lons reduced specific gravity of potato Tubersg below the
check and potagsium nitrate,

Source and rate of potassium did not gignificantly
influence percent reducing sugars in the tubers, The effect
on color of French fries wag only slight., The French fry
color in one experiment with potassium chloride gave a lighter
colored French fry than potessium sulfate, In another experi-

ment the use of potassium nitrate gave a sgignificantly lighter

or of French fries than other treatments but not signifi-

o
O
=

cantly lighter Than the check,

11l
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There was no correlation between percent reducling
sugars and the visual color rating of French fries but there
was a significant correlation when the Hunter Color Difference
Meter was used., Highly significant correlations were
obtained bhetween visual and Hunter Color Difference Meter
rating of French fry color,

Source and rate of potassium did not significantly
influence texture or color of bolled tubers, Potassium-
magnesium sulfate in one case detrimentally influenced the
color of boiled tubers,

The reconditioning ability of tubers was not affected
by different rates of potassium, magnesium, chloride, sulfate
or nitrate ions, All treatments were unacceptable for pro-
cessing French fries at 38 = @DOFB but when reconditioned
for three weeks at 70°F and 60% relative humidity all treat-

ments were acceptable,
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factors affecting the processing quaelities of potatoes,

The project was conducted in the Carberry area where there
are over 100,000 zcres ideally sulted for potato productlon,
Processing quality is dependent upon many factors
snd those considered most important and within the scope of

this study were ag follows:

(1) Specific grevity which is directly related to the
starch content of the potato tuber and to the ratio
of raw to finished product was used as one Ccri-
terion of potato quellity,

(2) Percent reducing sugers and fry tests were used
ag indicators of the non-~enzymabtilc browning
reaction which is responsible for unfavourable
French fry color, It also affects the queality
of potato crystals and granules as well as
dehydrated diced and sliced potatoes,

(3) Texture and color of boiled tubers,




LITERATURE RBEVIEW

The Irish potato Solanum tuberosum L, has a high

potassium requirement, Potassium is essential for varilous
metabolic activities of the plant, especially the synthesis
of simple sugar%f?starch and in the translocation of carbohy- -
drates, Because the potato is essentislly & starch producing
crop its requirements for potassium are high, Should the
level of potassium exceed the amount required for optimum
vield it can be taken up by the plent in luxury amounts,
Carpenter (9) reported that the total potassium
content in one acre of potatoes was about 200 pounds per
acre, Approximately fifty percent was found in the tubers
and fifty percent in the remsining plent parts. The
Netional Plant Food Institute (4) reported that a 400 bushel
crop of potato tubers will contain 150 pounds of potassium
as potash (K,0), This veries with the soil type, season
and fertility of the soil,
In general, yield response to potassium has been
found to be related to the level of exchangeable potassium
in the soil, Tyler, Lorenz and Fullmer (46) showed that
where the exchangeable potassium level was less than 100
ppm potato plents were generally deficient and respond

to potassium fertilization, Between 100 and 150 ppm yield



response was uncertain, Above 150 ppm exchangeable
potassium, the response 1s unlikely and above 200 ppm a
yield response in potatoes to potassium fertilizer 1s
highly improbable, Timm (45) stated that where the level
of exchangeable potassium in the soil exceeded 250-300
pounds per acre increases 1ln tuber yleld were not obtained
with the addition of over 66,4 pounds per acre of potassium
and in some cases increased addition of potassium reduced
yield, Termen (43) also mentioned that the spplication of
nigh rates of potassium applied in a band at planting may
result in slight yield depressions,

Dickens, Harrop and Holmes (11) showed that the totel
yield of tubers was the same from chloride and sulfate
sources of potassium, Potassium chloride however consigt-
ently gave z higher yield of large tubers than potassium
sulfate, No yield differences due to source of potassium
were noted by Rowberry, Sherrell and Johnston (39) except
in two out of nine cases where potassium sulfaete or potassium
sulfate and potassium chloride mixture in a 1l:1 ratio
incressed yields over the potassium chloride treatment,
Terman (43) also showed that on the average, potassium
chloride and potassium sulfate resulted in the same ylelds
of tubers, In certain experimé%%%i}%%ﬁéﬁ%ium sulfate gave
higher yields than potassium chloride, but did not outyleld

potassium phosphate or potassium nitrate, Berger, Potterton



and Hobson (6) found that potassium chloride banded in the
row reduced phosphorus uptake which resulted in delayed

maturity, This in turn reduced the specific gravity and

yield of tubers. They concluded that potassium sulfate is
a better source of potassium then is potassium chloride

when applied banded in the row with phosphorus and nitrogen

fertilizer., They also found that potassium chloride

proadesst resulted in a lower concentration of chloride

ions in the banded phosphorus fertilizer; with reduced

anion competition, phosphorus uptake was increased, They
21so showed that in many Wisconsin soils, potassium-
magnesium sulfate appeared to be the best source of potassium

for increasing yields and improving quality.
SPECIFIC GRAVITY

The most important characteristics in the selection
of potatoes for processing are (1) 2 high specific gravity
or percent solids, (2) a low reducing sugar content, (3) a
good performance in & fry test, Kirkpatrick et al., (26)
stated that potatoes of high specific gravity produced

fpench fries which were crisper, mealier and less olly than

potatoes of low specific gravity. The practicability of
separating potatoes into two specific gravity groups in a
commercial chip plant was shown by Kunkel, Gregory and

Binkley (28), Yield of chips was higher and oill content lower



from the tubers which had = high specific gravity,

The yield of dehydrated potato products 1s directly
related to the specific gravity or percent solilds of potatoes,
According to Cording et al., (10) and Kueneman (27) the
higher the specific gravity the higher the ratio of raw to
finished product, High specific gravity in potato tubers
does not ensure that the dehydrated product will have a
desirable texture, but tubers with low specific gravity will
not meke a product of superior texture (40).

Several workers (14,30,31,32,35,41,45) have reported
that poteassium chloride reduced the specific gravity of
potato tubers to a greater extent than did potagsium sulfate,
Terman (43) showed that specific gravity of tubers from plants
fertilized with & combination of nitrate and phosphate sources
of potassium were similar to that of tubers from plants fer-
tilized with potassium sulfate. Jung (25) working with potagsium
chloride, potassium sulfate and potassium nitrate, reported
that fertilizer which contained no chlorine promoted starch
accumulation in the tubers, while sources contalning chlorine
lowered the starch content, Favorable effects of potassium
nitrate on specific gravity have been recently reported in
unpublished work in Connecticut, Floridas, Malmne snd Wisconsin
(23),

Latzko (29) considered that chloride compared with

sulfate nutrition reduced the production of carbohydrates,
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This coupled with & diminished conversilon and translocation
to the tubers, was held to be directly related to the reduced
starch content of potato tubers of chloride treated plants,
Dunn and Rost (12) concluded that the chloride lon caused &
lower starch content of potatoes fertilized with potassium
chloride in contrast to potatoes fertilized with potassium
sulfate, They noted the effect of chlorine on the higher
water content and drought resistance of tobacco, Terman
(43) stated thet potassium chloride causes & higher content
of water in potato tubers and sn accompanying lower content
of starch and dry matter. Gausman (16) noted that when the
culture solution contzined 600 ppm chlorine and the dry
matter weight of the tubers tended to decrease, Harrop (19) stated
that, although the reduction in specific gravity 1s not marked,
higher rates of potassium sulfate decreaged the starch content
of tubers., He suggested that the overall starch yleld 1s
probably related to the amount of potasgsium taken up by the
potato plant rather than golely to the effect of the chloride

ion on the metavolism of thne plant,

CHIP COLOR

Hoover snd Xander (21) revegled that the only con-
sistent correlation between chipping color and potato

compositional factors was in the occurrence and relative



concentrations of the reducing sugars, glucose and fructose,
Incréasing amounts of these compounds resulted in the rroduct-
ion of darker colored chips, Hendel (20) reported that non-
enzymatic browning in potato granules is approximately
proportional to the content of reducing sugars, Kueneman
stated (27) that the color of dehydrated diced potatoes,

either in the dry form or when reconstituted immediately

after processing or after storage; may also be greatly affected
by non-enzymetic discoloration, This is evidenced by the
development of dark yellow to reddish-brown color in dehydrated
diced potatoes, He maintained that dehydrated potatoes should
be prepared from raw material thet is relatively low in reduc-
ing sugar content if the product is to be free from non-enzymetilc
discoloration when first processed and is to remain reasonably
s0 1in storage,

Reconditioning is often necessary before potatoes will
make acceptable chips, French fries or dehydrated potatoes,
Terman, Goven and Cunningham (44) reported that certain var-
jeties which rated low in specific gravity were satisfactory
for French fries when stored at 50°F, but none were suitable
when stored at 36° or 40°, Heconditioning at 60° or 70°F
for 20 to 28 days lowered the reducing sugar content in all
lots of tubers sufficiently for the production of French

fries with satisfactory color, Other workers {22,35) also
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reported that reconditionling lowers reduclng sugar concen-
tration, Yamaguchl et al., (L7) showed that soil fertility

hed little apparent effect on color of chips made from tubers

[O)]

stored at Lo°R and that storage temperature of tubers appear
to be the most important factor in the color of potato chips,
Festwood end Wetts (13) stated that higher levels of

pplied potassium tended to lmprove chip color, Although the

jov]

difference was not significant, potatoes fertilized with
potassium chloride tended to gilve 2 slightly better chip
color than potassium sulfate, Murphy end Goven (34) stated
that if chip color is the most important criterion for
potatoes used for chipping, the use of potasgium chloride as
a source of potassium may be desirable, Gausmen, Cooper and
Struchtemeyer (17) showed that potatoes receiving high
amounts of chlorine had less energy-rich sugar compound,
This helps to explain why potatoes fertilized with potassium
chloride in contrast to potassium sulfate, results in better
chip color, Jacob (23) indicebed favourable effects of
potatoes fertilized with potassium nitrate on chip color

in Maine,



MATERIALS AND HMETHODS

The effect of potassium, msgnesium, chloride, sulfate
and nitrate ions from four sources of potassium and ammonium
sulfate at varying retes on potato yield and duality were
studied, In 1963 and 1964 potassium and chloride ions were
used in combination with varying rates of sulfate ions., In
1964 zn additional trisl was conducted using potassium,
magnesium, chloride, sulfate and nitrate lonsg at varying
rates.

The Netted Gem variety was used in all experiments
because it is used exclusively for processing at the potato
processing plant at Carberry, It is a variety of known high
quality for ¥rench fries and dehydrated potato products and
ig also the only variety which has 211 the desirable charac-
teristics required to make the diversity of products that
are processed at the Carberry plant,

All experiments were conducted on a Wellwood Loam (14)
s0il, This solil ranges in texture on the surface from very
fine sandy loam to clay loam but is predominantly loam,

Soil samples were taken from the plot areas and analysed
by the Provincial Soil Testing Laborstory, Department of
So0il Science, University of Manitoba, for nitrate nitrogen,
aveilable phosphorus and exchangeable potassium, The
modified Harper Hethod (18) was employed to determine the
quantity of nitrate nitrogen., The bicarbonate (0,5 NaHC03)

extraction solution, developed by Olsen et al., (35), wes
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used 0 determine available phosphorus, Exchangeable potass-
ium was extracted with 1,0 N cmmonium acetate (NHyOAc) at

pH 7 and determined by flame photometer as outlined by
Atkinson et 8l., (5). The Baird Atomic flame photometer was

used,

FIELD EXPERIMENTS

Experiment I (1963)

The experimental design was a randomized block with
five treatments and six replicates, EKEates of application were
a8 follows:

(1) one rate of potassium ionsg; 24,9 1lbs KF per acre

(2) two rates of chloride iomns; 0 and 22,7 1lbs CL~
per acre

(3) three rates of sulfate lons; 0, 75 and 150 1bs
50,~ per acre,

The potassium, chloride and sulfate lons were supplied
by fertilizer grade potassium chloride (KCl), potassium
sulfate (KZSO@) and ammonium sulfate ((NHp)2S0n). Nitrogen
(N) and phosphorus (P) were applied at the rate of 45 lbs N

and 60 lbs of phosphate (P05) per acre to all treatments.

Experiment IT (1964)

The experimental design was a Latin square with six
treatments. Rates of application were as follows:

(1) two rates of potassium ioms; O and 24,9 1bs KT
per acre
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(2) two rates of chloride ions; 0 and 22,7 lbs CL7
per acre

(3) three rates of sulfate ions; 0, 90 and 180 1lbs
S04= per acre,

The potassium, chloride and sulfate ions were supplied
by fertilizer grade potassium chloride, potassium sulfate
and emmonium sulfate, Nitrogen and phosphorus were applied
at the rate of 60 1bs N and 45 1bs of phosphate (P205) per
acre to all treatments.

Experiment IIT (1964)

The experimental deslgn was a randomized block with
nine trestments and six replicates, HRates of application
were as follows:

(1) three rates of potassium ions; 0, 24,9 and 49,8 lbs
Kt per acre

(2) three rates of magnesium ioms; 0, 16,5 and 33 1bs
Mgt per acre

(3) three rates of chloride ions; 0, 22,7 and 45.4 1bs
Cl™ per acre

(4) five rates of sulfate ioms; 0, 29.6, 59.2, 95,6 and
191,2 1bs S0y per acre

(5) three rates of nitrate ilons; 132.8, 150.3 and 167.8
1bs NOB” per acre,

The potassium, magnesium, chloride, sulfate and nitrate
jons were supplied by fertilizer grade potassium chloride,
potassium sulfate, potassium nitrate (KNOB) and potassium=
magnesium-sulfate (KZSOQ + Mgsa4)& Nitrogen and phosphorus
were applied at the rate of 60 lbs N and 45 1lbs of phosphate

(Pp05) per acre.
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Nitrogen in Experiments I and II was supplied by
fertilizer grade ammonium nitrate and ammonium sulfate, In
Experiment IITI all of the nitrogen was supplied by ammonium
nitrate with the exception of two treatments where potassium
nitrate supplied part of the nitrogen, Phosphorus in all
experiments was supplied by triple superphosphate,

Single row plots were 55 ft, long in 1963 and 40 ft,
long in 1964, with rows spaced 40 inches apart and seed
pieces spaced 14.6 inches apart within the rows, at a depth
of 2 inches., Fertilizer wasg applied at the same depth as
the seed pieces, in bands, 2 inches on both sides of the row,
using a V=belt attachment on an assisted feed, single row,

commercial planter,
YIELD AND QUALITY EVALUATIONS

(2) Yield of tubers = Yields were calculated by dividing
total plot yields by number of plants per plot and multiply-
ing by the zppropriate factor to give ylelds in terms of 100
pound bags per acre, Yields from Experiments I and II are
expressed as total and marketable yields, Marketable yields
as distinet from total yields were determined by running the
total yields through a commercial grader with openings of
1.,7/8 inches in the grader chain, Yields from Experiment III
are expressed as total yleld and yield of tubers four ounces

and over,
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(b) Specific gravity - Specific gravity was determined
by the method outlined by Akeley and Stevenson (1) and Blood
and Haddock (8)., Sodium chloride solutions rangling in
specific gravity from 1,060 to 1,115 at intervals of 0,005 were
used, Samples of 30 to 35 tubers chosen at random from each
plot were used for the determinations, The modal class &s
isolated by the specific gravity method was retained for
reducing sugars snalysis, French fry color and cooking tests,

(¢) Yield of dry matter - Yield of dry matter was
obtained by multiplying total yleld x percent dry matter,
Percent dry matter was obtained by converting specific gravity
to percent dry matter using tThe Simplot Conversion Chart,
obtained from the J. K. Simplot Co,, Cgldwell, Idaho,

(d8) Reducing sugars -~ Reducling sugars were determined
by the Dinitrophenol method as outlined by Ross (38).

(e) French Fry Color - French fry strips were cut
three-eighths by three-eighths inches and fried for two
minutes and forty-five seconds in vegetable 0il at 3500
Farenheit, Two or three potatoes from each plot were used
for the test, French fries were evaluated as follows:

(1) French fries from Experiments I and 1l were
evaluated for color by means of Chip Color Photo samples
obtained from the "Red Dot" Potato Chip Company of Wisconsin,
color was rated from 65 (dark browa) to 90 (golden brown).

(2) French fries from Experiment II1 were evaluated
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for color by means of the Simplot French Fry Golor Chart
obtained from the J. R, Simplot Co.,, Cgldwell, Idaho, color
was rated from 1 {(light brown) to 15 (dark brown).

(3) French fries from Experiment III were 2180 evaelu-
ated for éolor by the Hunter Color Difference leter, Color
aifference measurements by reflection were made on the Hunter
Color Difference Meter, calibrated with a color standard
naving L (lightness), a (redness) and b (yellowness) readings
of 75.2, 13.5 and 8,2 respectively, Total color difference
was calculated by Hunterlab total color difference formula
(2). The French fries were allowed to cool for five minutes
end arranged in the four by four inch optical cell, The
readings were taken eight minutes after French fries were
removed from the cooking oll,

(f) Eeconditioning studies - Reconditioning studles
were carried out as follows: random samples of tubers from
each plot in Experiment III were removed from cold storage,
(38-40°Farenheit), fried and evaluated for color by means
of the Simplot French Fry Color Chart, Samples were stored
at 700Farenheit and 60 percent relative humidity for three,
four and six weeks and then evaluated for reconditioning by
the Simplot French Fry Color Test, Four replicates were
uged for this experiment,

(g) Boiling tests = Boiling tests were performed by

placing two hand peeled potatoes from each sample specific
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gravity modal class into boiling water until cooked, The
cooked samples were evalusted by several judges for texture

end color, Texture was rated from 0 to 40 as follows:

(1) 0 very soggy
(2} 15 soggy
(3) 25 slightly mealy
(4) 35 mealy
(5) 40 very mesly
0 to 30 as follows:
) 0 poor
} 10 fair
)} 20 good
) 30 excellent
The mean values of the judges were used in the analysis of
variance,
The znalyses and the interpretastion of the results are
based on the methods described by Steel and Torrie (42) in

"Principles and Procedures of StatisticsY,



RESULTS AND DISCUSSION

EXPRERTHENT T (1963)

~

The effect of chloride and sulfate ions 2% different

end smmonium sulfste on total and marketable yield of potato

tubers is shown in Table I, The treatments had no signifi=

cant effect a2t the 5 percent level on total or merketable

yvield,
TABRLE I. The effect of chloride and sulfate ions
st different rates on total and marketable
vield of potato tubers,
Hate of application Vield
Treatment {1lb/zc) {cwt/ac)
X Cl S04 Total Marketable
KCL 24,9 22,7 23L,.7 206,6
KCLA{WHL ) 9S50 2b,9 22,7 75 233.6 204 4
KGl+(NH@}2$Q 24,9 22,7 150 25,0 211.2
KoS0y+(NEy) 0504 2,9 75 236.9 207.5
K280@+{NH@}2804 24,9 150 229,11 200,2
N,S, NeSo

4 factorial experiment (33) at the same location with
three rates of nitrogen, phosphste and potash (0, 30 and 60
pounds per acre) was conducted gimultaneously with Experiment

I, Potassium chloride was the source of potassium used in

=%

g of potassium

D

the experiment, The effect of different rat

on vield of marketsble tubers is shown in Table 2, The
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differences due to added potassium from potassium chloride

were not significant at the 5 per cent level,

TABLE 2, The effect of different rates of
potassium on yield of marketable tubers

Levels of Potassium Marketable Yield
(1b/ac) (cwt/ac)
0,0 182,3
24,9 187.5
L9.8 192,0
N, S8y

So0il test data shown in Table 3 were taken from the
1963 experimental area which included Experiment I and the
factorial experiment mentioned above,

TABLE 3, Hesults of soll test for Nitrogen,
Phosphorus and Potasgsium

Location NO3=N to NOBGN to

and Soil 2 ft, 47Tt Avail, P Exch,.K
Type {(1b/ac) (1b/ac) (1b/ac) (1b/ac)
Carberry

Wellwood

Loam 49 7L 24 502

According to the Provincial 3So0ll Testing Laboratory,
Department of Soil SBcelence, University of Manitoba (24) the
emount of exchangeable potassium (502 pounds per acre) would

be considered high for cereal graing and potatoes, The lack



of yield response to the addition of potassium is therefore
not surprising.

Chloride and sulfate lons at different rates had no
significant effect on specific gravity or yield of ary matter,
This is shown by the data in Table 4,

TABLE 4, The effect of chloride and sulfate ions

at different rates on specific gravity
and yield of dry matter of potato tubers,

Bate of Application Yield of Dry

{1b/ac) Specific Matter

Treatment K Cl 80y Gravity (cut/ac)
KCL 2.9 22,7 1,0966 54,30
KCL+(WHy, ) 550y, 2,9 22,7 75 1,0971 56,32
Y KCL+{Hy ) 2504 2h.9 22,7 150 1,0972 57.03
K 530+ (NHy, ) 580y, 2k .9 75 1.099% 59.03
K oS0+ (NHy ) 80y 2k.9 150  1.0996 59486

N,Sa NeSa

Neither chloride nor sulfate ilong at different rates
nad sny significent effect on texture or color of boiled
tubers as is shown by the data in Table 5.

The effect of chloride and sulfate lons at different
rotes alone snd in combinstion from two sources of potassium
snd smmonium sulfate on French fry color is shown by the
data in Table 6., The chloride ions gave a significantly (0,05)
lighter color of French fries thean tne sulfate lomns in two
out of three cases, Different rates of sulfate lons appeared

to have no effect on color of French fries,
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TARLE 5. The effect of chloride and sulfate ions
at different rates on texture and color
of boiled potato tubers,
Rate of Application
(1b/ac) . N
Treatment K Cl S0L Texture Color
XC1l 24,9 22,7 30,90 21.82
KCl+(NH4)zSOQ 24,9 22,7 75 31,90 21,92
KC1+(NHy ) 550 24,9 22,7 160 31,93 20,60
K260@+(NHQ)ZSOQ 24,9 75 30,87 21,55
K280@+(NH4)2804 2L, 9 150 33,17 21,83
Y1,S, N,S,

F s
"Higher numbers represent a more mealy texture and

2 better

TABLE 6,

color

The effect of chloride and sulfate ilons

at different rates on color of French

fries,

nate of Application

(1b/ac) French fry
Treatment X Cl S0y color”
K01 2h,7 22,7 82,33 a
KCL+(1Hy, ) ,80y, 2l .7 22,7 150 82,67 a
KCL+{NHy ) 5S04 2l 7 22,7 75 79.33 ab
K80+ (1Hy ) 550y, 2k, 7 150 78,33 b
K80+ {(NHy) 5801 2k 7 75 77.67 b

*  Higher numbers represent &
%% Dete not identiflied by the
significantly different at

fultiple hange Test)

lighter color,
same letter (a,b) are
the 5% level (Duncan's
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EXPERINENT IT (1964)

Nelther potassium, chloride nor sulfate ionsg at diffe-
rent rates had any significant effect on total or marketable
yield of potato tubers, as is indicated by the dats shown
in Table 7.

TABLE 7. The effect of potassium, chloride and

sulfate iong at different rates on
total znd merketable yield of potato

tubers,
Rate of Application Yield
{(1b/ac) (cwi/ac)
Treatment K Cl S0 Total Marketable
KCl 24,9 22.7 196,3 176 4
KC1+(1Hy,) 50, 2k, 9 22,7 180  202.7 180,8
K01+(NHM)ZSO@ 24,9 22.7 90 1984 1764
K50+ (NHy) 580y 24 .9 180 187.9 163.6
Kp30p+(NHy ) 550y, 2k, 9 90 174,9 152,1
Check 0.0 191.5 163,7
n,s, NS

S0il test data from Experiments II and IIT plot area
are shown in Table 8, As in Experiment I, the Provincial
501l Testing Laboratory, Department of S01l bdcience, Univer=
ity of Manitoba (24) would consgider the amount of exchenge-
sble potassium (468 pounds per acre) high for cereal grains
and potatoes, The lack of yield response to Tthe addition

of potassium is therefore not surprising,
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TARBLE 8, Hesults of soil test for nitrogen,
phosphorus snd potassium, 1964,
PQ; FOEN
Location and to 2 ft, toe 4 {t, Avell, P, Bxceh, K
So0il Type (1b/ac) {(1b/ac) {1b/z¢) {(1b/ac)
Carberry
Wellwood Loamn 21 29 23,2 L68
The resu of potassium, chloride and sulfate lons
2t different rates alone and in combinetion from two sgources
of potassium and ammonium sulfa on specific gravity and

matter 1ls shown

by the data in Table 9.

TABLE 9, The result of potassium, chloride and
sulfate long at 4iff vent rates on
specific gravity and yileld of dry
matter of poteto tubers,
Rate of Application Yield of Dry
Treatment {1b/sc) Specific Matter
K C1 S0),  Gravity {cwt/sc)
Check 0,0 1,0831 a* 41,38
¥, - WL - 4] - ] o ; I
£2504+{AHQ}ZQQ@ 24,9 180.0 1,0816 a2 b 40, 0kl
ECL 24,9 22.7 1.0811 2 b 41,66
) +{NH4}ZSQ@ 24,9 20,0 1,0810 a2 b 37,00
KCI1+{NHy ) 550, 28,9 22,7 90.0 1.,0801 b h1.63
KC1+{£HQ}?§QQ 24,9 22.7 180,0 11,0799 b L2,52
N8
# Data not identified by the same letter {(a,b)
are significantly different at the 5% level.
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The tuvers from the check had significantly higher
specific gravities than those from the treatments having
both chloride and sulfate lons, The differences however are
not large being a reduction of only 0,64 percent in terms of
total solids content from the highest to the lowest specific
gravity, The treatments resulted in no differences in the
yield of dry matter of the tubers,

The spplication of potassium, chloride, and sulfate

jons at different rates alone and in combination from two

sources of potassium and smmonium sulfate did not significantly

influence the texture and color of boiled tubers, as shown

by the data in Table 10, Harrop (18) stated that to determine

differences in texture by panel assessment the differences
in dry matter must be in the order of one percent, Convert-
ing specific gravity to dry matter the differences in
Experiment II would be less than one percent and thus 1t 1s
not surprising that no differences in texture were noted,

Application of potassium, chloride and sulfate lons
at different rates did not influence the color of French

fries as 1s shown by the data of Table 11,

EXPERIMENT III (1964)

The effect of different rates of potassium, magnesium,
chloride, sulfate end nitrate loms from four sources of

potassium on total yield and yield of tubers four ounces and
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TABLE 10, The effect of potassium, chloride and
sulfate ilons at different rates on
texture and color of bolled tubers,

Rate of Application

(1b/zc)
Treatment K Cl S04 Texture® Color*
Check 4 0,0 31,01 18,05
KCL 24,9 22,7 20,01 18,21
KC1+(NHy ) 550y 24,9 22457 90 30,83 18,10
KCL+(NHy ) 550y 25,9 22,7 180 30,63 17,60
K50+ (195, )} 550y, 24,9 90 30.33 17.38
K550+ (18, ) 550y, 24,9 180 30,63 17,45

N.Se NS

% Higher numbers represent & more mealy texture and
better color,

TABLE 11, The effect of potassium, chloride and
sulfate ionsg at different rates on
golor of #rench fries.

Rate of Application French

(1b/ac) Fry

Treatment K Cl S0 Color”™
Check 0,0 0.0 0 82,50
KC1 24,9 2247 0 82,50
KZSOQ+(NH4)ZSO@ 24,9 0,0 180 81,67
KCl+(NH4)2§04 24,9 22,7 90 80.83
KGl+(NH4)2$O@ 24,9 22,7 180 80,83
K2804+(NH4)2804 24,9 0.0 90 77« 50

NeSe

* Higher numbers represent z lighter color.
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over is shown by the data in Teble 12, Statistical analysis
of the data indicated that the treatments had no significant
effect on totel yield or yield of tubers four ounces and
over,

In no case was the yield significantly increased by
the addition of potassium, This is not surprising since
s0il test data shown in Tables 3 and 8 indicate thet the
soil was high in exchangeable potassium,

The effect of different rates of potassium, magnes-
ium, chloride, sulfate and nitrate lons from four sources of
potessium on specific gravity and yleld of dry matter of
potato tubers is shown by the data in Teble 13,

The tubers from the check treatment gave a significantly
(0,05) higher specific gravity then the meen oI the specific
gravities of the tubers from &ll the sources and rates of
potassium combined (Appendix 10}, The application of potass-
jum nitrate resulted in tubers with & significantly higher
specific gravity than those from plots recelving potassium=-
magnesium sulfate and potassium chloride, Tubers from the
potassium chloride, potassium-magnesium sulfate and potass-
jum sulfate plots did not differ significantly from one
snother, Different rates of potassium had no significant
effect on specific gravity of potato tubers (Appendix 10),

The reductlon in specific gravity of potatc tubers

by different sources of potassium appears Lo be due to the
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asgocliated lon and was greatest with the chloride ion,

This is indicated by the data in Table 9, where the chloride
lons in combination with the sulfate ions reduced specific
gravity below the check, but sulfate or chloride ions alone
did not, This is also shown in Table 13 where pobtassium
nitrate has a higher specific gravity of potato tubers than
potassium chloride and potassium megnesium sulfate, Rader,
White and Whittaker (37) showed that the salt index from
potassium chloride and potassium-magnesium sulfate is higher
Than that of potassium nitrate and potassium sulfate, It
could be that the higher salt index caused a reduction in
specific gravity of potato tubers,

The effect of different rates of potassium, magnesium,
chloride, sulfate and nitrate ilons from four sources of
potassium on color and texture of bolled tubers is shown
by the data in Table 14,

The treatments did not slgnificantly influence the
texture of boiled tubers, but the application of potassium
chloride and potassium sulfate had a significantly better
color of boiled tubers then the potassium-megnesium sulfate
treatment, Thus it would appear that the masgnesium ions in
conjunction with the additional sulfate ions were adversely
affecting the color of bolled tubers,

The effect of different rates of potassium, magnesium,
chloride, sulfate and nitrate ions from four sources of

potassiun on percent reducling sugars and French fry color
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potato tubers is shown by the data in Table 15, As indi-
cated by the data in the table neither percent reducing
sugars nor French fry color of potato tubers was signifi-
cantly influenced by the treatments,

The enalysis of covariance involving percent reduclng
sugars and color of French fries gave correlation values
of 0,035 for the error component and 0,530 for the treatment
component, These values are not statistically significant at
the 5 percent level indicating that for this experiment there
was no association between these measurements, However, the
treatment having the lowest percent reducing sugars gave
the lightest color of Freunch fries snd the treatment having
the highest percent reducing sugars gave the darkest color
of French fries, Differenees between treatments in percent
reducing sugars and in color of French fries were small,
This is probably one of the reasons why & poor correlatlion
was attained, Also, IFrench fry color evaluation wag done
several weeks after the determination of percent reducing
sugars and it 1s possible that slight changes in percent
reducing sugar occurred during that period accounting for
the lack of a significant correlation,

Analysis of covariance was calculsted involving
reading obtained from the Hunter Color Difference ieter and
visual rating of color of French fries and percent reducing

sugars, The correlation values are presented in Table 16,
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TABLE 16,

Correlation between Hunter Color

difference meter values and visual

32

rating of color of Fremnch fries and

percent reducing Sugars,

Comparison Replicates Treatment Error Total
Visual rating vs, st s sodt
51 reading 0.93 0.57 0,627 0,64
Vigual rating vs. % % %
gt preading 0,85 0,51 0,37 0,46
Visgsual rating vs, o i
1Hht reading 0,55 045 045 0,43
Vigual rating vs, ses s
total color diffe- 0,87% 0,49 0,62 0,61

rence
% Reducing sugars s

vs, "L" reading 0,64 0,69 0,09 0,28
% Reducing sugars -
vs, “a' reading 049 0,58 0,14 0,28
% Reducing sugars

vs, "b* reading 0.73 0.63 0.12 0,09
% Reducing sugars

vs., total color

difference 0,64 0,64 0,06 0,26

5 percent level of significance

#t 1 percent level of significance



Significant correletion velues vere optained for error

and totel components in all comparisong of visusl rating of

color of French fries with objective evalustions of L, & and
b reasding snd total color difference. Significant correla-

tion values between L readings and percen
were obtained for total component and trestment component,
end for total component between & resding end percent reduc-

ing sugars, Hunterlab evalustions were done at the same

time zg visual retings., Correlation between percent reduc-
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U

ing sugars and the Hunterlap rating indic

inalysis of variance were run on all objective color

rating data of French fries. Significant differences wWere

D
@]
<
i
i3
o]
ot

obtained for I resdings and total color differenc
The effect of different retes of

potzssium, megnesium, chloride, sulfate end nitrate lons
from four sources of potassium on objective color rating

rad

of Hrench fries by L reading and totel color difference

\

-

is shown by the data of Tsble 17,
The order of potagsium sources was the same for the

e gave the 11

(’i’

s nemely potassium nitra]

w
Iy
o
=]
L
5

of French fries followed by pobassium-nmagnesium sul

tassium chloride and potassium sulfate, None of the vpotassium

ave & lighter color ¥rench fry than the check,
The spplication of potassium nitrate resulted in &

significantly lighter color of krench fries ag indicated Dby
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the L readings and total color difference than the potassiun
sulfate and potassium chloride treatments, Although the
potassium-magnesium sulfete treatment gave a significantly
lighter color of French fries Dby total color difference than
potassium chloride, this difference was not detected by the
L readings. Application of different rates of potassium

ned no effect on color of French fries as determined by L
readings and total color difference,

Since emmonium nitrogen can be rapidly oxidized by
soil organisms bo nitrate nitrogen 1t would seem that the
absence of chloride and sulfate lons and not The presence of
the additional amount of nitrate iong had a beneficial effect
on color of French fries, The megnesium lons 1n combination
with sulfate ions did not differ significantly from The
potassium nitrate trestment, Since sulfate lons gave &
sorker color of French fries it may: be that the magnesiunm
iong offset some of the detrimental effects of the sulfate

ions.

RECONDITIONING mAPERIMENT

The effect of treatments on color of French fries
from tubers held &t 38Q to LOPF 2nd then reconditioned for
three, four end six weeks (Table 18) on color of French

fries wag not significant,
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To be acceptable for processing, French fry samples
should have s rating of 9 or less, with only & small per-
centage in the 10 to 12 range, A&ll samples teken out of
storage at 38-40°F, were unacceptable for making Freunch
fries until they had gone through a three week period of
reconditioning, Only a smell decrease in lightness of color
of French fries was noted from the three to four week period
of reconditioning, After four weeks of reconditloning little
or no change in color of French fries appeared to take place,

The effect of different treatments of potasslium sources
on color of French fries becomes of lesser importance when
compared with the effect of temperature, This is evidenced
by the small differences in color between Tertilizer treab-
ments as compared to the large differences in color of
french fries petween tubers held at 38-40 degrees F, and

tubers reconditioned at 70 degrees F, for three weeks,



WRY AND CONCLUSIONS

vield response to the addition of
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potassium fertilizer was obtalined in any experiment. This

is not surprising as in both years the flelds tested had

nigh exchangeable potassium, It would appear that the
uge of potassium fertilizers for incressing yields of pota-

toes on o Wellwood Loam soil testing high in exchangeable
potassium 1s not justified.

The reduction of specific gravity of potato tubers

The addition of potassium nitrete resulbed in the least
reduction in specific gravity of any source of potassium

but was not superior to the check, Although certein treat-

-(3

ments reduced specific grevity slightly in no casge 4dld this
result in tubers unsuitable for processing o

nor were yields of dry matter influenced by any potassium

Although the tubers were snalysed for percent reducing

sugers in sxperiment IIT significant differences were not
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tected, However, potassium nitrete appeared tO glve the

etween visual
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color reting of French fries snd percent reduclng sugars
was poor, The small differences between treatments in

h
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M

visual color reting and percent reduclng sugars and

ceveral weeks intervsal between the two evaluations mey have
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cauged The poor agsoclation, However, close association
was obtained with visuval rating of French fries znd Hunter
Color Difference lieter rating of color of French fries,
Some assoclation was also obtained with percent reducing
sugars and L and & reading of color of French fries by
Hunter Color Difference lieter,

Visual color ratings of French fries was not consist-
ently affected by different ions snd usually no real
differences were detected, except in Experiment I where the
chloride iong sppeared to give & lighter cclor of Freunch
fries than sulfate lons, Objective ratings by L reading
and total color difference reading of color of French fries
in Experiment 111 showed potassium nitrate to be superior to
potassium sulfate and potassium chloride but not superior o
potassium magnesium sulfate., However, the treatment with
no potassiun gave the best color of French fries when
measured by L rating and total color difference.

Texture and color of boiled tubers was not affected
by different rates of potassium, magnesium, chloride, sul-
fate as nitrate lons except in Experiment 111 where megnes-
ium and additional sulfate lons appeared to give & poorer
color of boiled tubers,

No difference in reconditioning sbility due o
potassium source were noted, When potato tubers were

processed into French fries directly from 38aQOOF storage
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all treatments gave an unacceptable product. Tubers from
211 treatments were accephtable for processing of French
fries after three weeks of reconditioning at 70°F, and

60% relztive humidity, Very little change in color of
Trench fries occurred after longer periods of recondition=-
ing., The reconditioning experiment also indicated the
tremendous influence of storage temperature of potato tubers
on color of French fries as compared with the small diffe-

rence due to treatment effects,
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APPENDIX I, Anslysis of varience for the effect of
chloride and sulfate ions at different rates
on total and msrketzble yield of potato tubers.

Source of Total Yield Merketable Yield
Variance D, F, M3, M5,
Heplicates 5 1,168,33 1382,88"
Treatments & 225,73 98,30
Error 20 435,20 481,65
Total 29
CoVs 8.87% 10,66%

# 5,00 percent level of significance

APPENDIX 2. Analysis of variasnce for the effect of chlo-
ride snd sulfate ions at different rates on
specific gravity end yield of dry matter of
potato tubers,

Source of Specific Yield of Dry
Varliance D.F, Gravity Matter
M3, M.S,
Replicates 5 16,31 77,07
Treatments L 11,75 29,33
Error 20 6,51 25,19
Total 29
C.V, 2.60% 8,76%

¥ 5,00 percent level of significance



APPENDIX 3,

fnalysis of variance for the effect of
chloride and sulfate lons at different
rates on texture and color of boiled

potato tubers,

Source of Texture Color

Variance D.F, M,2, MoSe
Replicants 5 15,01 8,56
Trestments by 5.35 1.78
Error 20 18,21 L,63
Total 29
CaVe 13.45% 10,03%
APPENDIX 4, Analysis of variance for the effect of

chloride and sulfate ions aft different
rates on color of French fries.

Source of

Variance D,F. Mevs
Replicates 25,48
Treatments L 35,70%
Brror 20 9.99
Total 29
C.V. 3.95%

* 5,00 percent level of significance,

b7
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PPENDIX 5. Analysis of variance for the effect of
potassium, chloride and sulfate ions
at different rates on total and market-
able yield of potato tubers,

"y

4
L

Source of Totel Yielad Marketable Yield
Variance D.EF. Me.Se JU
Rows 5 1,579,417 1,101,10
Columns 5 1,131,96" 1,286,32%
Treatments 5 590.78 666,23
Error 20 371.81 325.43
Total 35
C.Ve 10,05% 10.72%
% 5,00 percent level of significance
e :LGOO 1] 1 it ]

APPENDIX 6., Analysis of varisnce for the result of
potassium, chloride and sulfate lons
at different rates on specific gravity
and yield of dry matter of potato tubers,

Source of Specific Gravity Yield of Dry
Variance D.F, .9, Matter
' M8

Rows 5 73,434,03 60,78%
Columns 5 86,184 ,03% 65, 46%
Treatments 5 82,184 ,69% 23.57
Error 20 28,319,44 16,48
Total 35
C.Ve 2,07% 9.98%

¥ 5,00 percent level of significance,
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APPENDIX 7, Analysis of variance for the effect of
potassium, chloride and sulfate ions at
different rates on texture and color
of boiled tubers,

source of Texture Color
Varisnce D F, M,S, Mome
Rows 5 3,58 49
Columns 5 3 l46% 16, 84%x
Treatments 5 <O 7
Error 20 1,08 52
Total 35
C.Y, 3.40% 4,01%
* 5,00 percent level of significance
W% 1500 i i i "

APPENDIX 8, The analysis of variance for the effect
of potassium, chloride and sulfate at
different rates on color of French fries,

Source of

Variance D.F, MoeSs
Hows 5 92 ,16%%
Columns 5 43.36%
Treatments 5 20,69
Error 20 11,68
Total 35

C.V, 4,22%

* 5.00 percent level of significance
#¥% 1,00 n u u #



APPENDIX 9,
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Analysis of variance for the effect of
different rates of poteéssium, magnesium,
chloride, sulfate and nitrate long on
total yield and yield of potato tubers
four ounces and over,

Source of

Total Yield Yield of tubers four

Variance DF, Moo ounceﬁ ind over
loe

Beplicates 5 3556 7H k57.33
Treatments 8 309,08 180,92
Check vs, Rest 1 361,59 218,92
Source 3 L2k, 08 319,17
Rate 1 490,56 15,06
Source x Rate 3 116,07 85,41
Error Lo 250,99 21751
Total 53

CoVe 6.31% 11,29%




APPENDIX 10, Analysis of variance for the effect of
different rates of potassium, magnesium,
chloride, sulfate and nitrate ions on
specific gravity and yleld of dry matter
of potato tubers,

Specific Yield of Dry

Source of Grevity Matter
Variance D.F, MoSe M.S8e
Replicates 5 2557 Qi 12.85
Treatment 8 831,55% 12,75
Check vs, Hest 1 1804 84 32 4l
Source 3 1358,75*% 12,69
Rate 1 42,20 19,01
Source x Kate 3 242,50 Lo17
Erroy 4o 361,49 12,86
Total 53

GV, 2.37% 8.99%

¥ 5,00 percent level of significance
*a l - 00 i 44 141 #
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APPENDIX 11, 4Analysis of variance for the effect of
different rates of potassium, magnesium,
chloride, sulfate and nitrate ions on
texture and color of boiled tubers,

Source of Texture Color
Varlance D F, M5, MeSe
Replicates 5 8,29% U8
Treatments 8 3,70 6,61
Gheok vs. Rest 1 9.07  6.90
Jource 3 5,34 14 ,66%
Rate 1 341 006
Source x Rate 3 037 Ny
Brror Lo 2,56 3.90
Total 23

CaV, 5.18% 10,86%

* 5,00 percent level of significance
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APPENDIX 12, Analysis of variance for the effect
of different rates of potassium,
magnesium, chloride, sulfate and
nitrate ions on percent reducling
sugars and French fry color of
potato tubers,

Percent
Reducing French fry

Source of Sugars color
Variance D.F, MoSe MeDs

Replicates 5 7,337, 94 1 Lk
Treatments 8 3,893,37 49
Check vs, Rest 1 3,559.26 028
Source 3 7,594,51 o 2k
Rate 1 26,11 1,69
Source x Rate 3 1,593,60 A1
Error Lo 3,839.94 o O

Total 53
C. Vg 10,5% 18,65%




APPENDIX 13,
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Analysis of variance for the effect of
different rates of potassium, magnesium,
chloride, sulfate and nitrate lons on
rating of color of French fries by L
readings and total color differences.

Total Color

source of I, Reading Difference
Variance D.F, M.Se M.8a
Beplicates 5 7,02 8,01
Treatments 8 845 9 Ll
Cheok ws. Eest 1 9,81 9.79
Source 3 13,00% 15.49%
Rate 1 .00 .06
Source x RBate 3 6,27 6,43
greor o .25 bk
Total 53

C.Ve 4,03% 39.57%

% 5,00 percent level of significance
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APPENDIX 14, Analysis of variance for the effect of
different rates of potassium, magnesium,
chloride, sulfate and nitrate ilons on
color of French fries from potato tubers
held at 38=400F, znd after reconditioning
potatoes for tnree, four and siX weeks,

L2y
£

French Fry (Color
at 38-40°F-after reconditioning

Source of 3 wks 4 wks 6 wks
Variance D.F, M.S, M.S, MeSa Mee
Replicates 5 6,28%% 1,30 S 1,21
Treatments 8 75 .83 1,45 1.59
Check vs, Hest 1 0,08 .ok ob 2,8k
Source 3 1.38 1,08 1.42 1.86
Hate 1 .00 1.13 2,00 03
Source x Rate 3 059 075 1,76 142
grror s .76 .67 1,16  .ob
Total 23

C, V. 7,20%  12.83% 20,00% 17.73%

¥ 5,00 percent level of gignificance
%3 l ° 0 O 4 4] o ]



