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THE EFFECTS OF NITROGEN, PHOSPHORUS, AND POTASSIUM
FERTILIZATION ON TFE QUALITY ARD CHEMICAL
COMPOSITION OF POLE BEARS

INTRODUCTION

The growing of pole beans for canning and freesing is a major
industry in Western Weshington and in the Willamette Valley of
Western Oregon, Iuch expangion of acreage has occurred since
World War II. |

The well-being of the industry is dependent om a high yield
pwmofahighquﬂityproduct. Publications of both the
Oregon and Washington Agricultural Experiment Stations have pointed
out the necessity of correctly fertilizing the crop to secure
large yields {9, 15). More recently, the Oregon Agricultural
Experiment Station has undertsken a conprehensiv; study of the
yield responses of pale beans to several nutrient elements.

This work has now progressed sufficiently that ohe can sstimate
the needs of pole beans for nitrogen, phosphorus, and potassium
to produce maximm yields.

During the course of the research on the effect of ferti-
ligers on yleld, several interested processors and growers have
inquired about the effect of the various feriiliser elements on .
the quality of the bean crop. There have been claims, for example,
that the use of potassium improves the quality of processed beans,
and also results in a minimm of deterioration when beans are

stored during periods of peak harvest. For those reasons many



growers use potassium as dpm of their soil fertility progran,
even though resultant yield incresses have often been insufficient
to justify the expense,

A study of the effect of fertilizers on the quality of camned
and frozen beans was initiated in 1952, Although growers'! and
processors' inquiries have centered about the effect of potassium
on qnalit}, the study was organized to ineclude the effects of nitro-
gen and phosphorus as well,

In this study ®"quality® is defined as an ®"integration of those
factors in a food which affect its utilization by the censumer®.
To implement this definition, mmerocus factors having relationship
to quality of beans were evaluated. These melnded objective
determinations of color, seed content, crude fiber, and resistance
to shear; and subjective grading of color, texture and maturity,
and sbsence of defects. The latter infarmation was @plmted
by subjective scoring of appearancs and flaver.

*Chemical composition® as used in this study refers to the
nitrogen, phosphorus, potassium, calcium, magnesium and total ash
content of the beans, Determinatioms of the first three elements
were made to see if fertiligation had significantly affected the
composition of the beans in respect to these elements, Calcium was
determined because of its nutritional importance. Determination
of magnesium was made because ite behsvior is often similar to



tha;t of caleium. Total ash content was determined as an aid to
interpretation of data from determinations of the several individual
elements,

The results of two years' study are reported in this disserta~
| tion.



REVIEW OF LITERATURE

A survey of the literazture was undertaken in 1951, The decision
to accept the project, the methods used, and the interpretation of
the results were affected to a considerable degree by pertinent
findings in the literature.

Bagic Concepls of Role of Potassium in Plant Nutrition

There have been many attempts to establish the role of potassium
in plant mtrition, Mulder (39, p.10) credited to Hoagland the
statement that “at one tims or another almost every important
physiologicai process in the plant haa been attributed to potassium",
Hewitt (30, p.25) pointed out the fact that apparently nc one has
been able to definitely establish the role of this element. He
did state, however, that it was his opinion that potassium, and
to some extent calcium in complementary fashion, serves to maintain
cell organiszation, hydration, and permeability. In this way,
enzyme systems are affected. Cooil and Slattery (17, p.432) observed
that condensation of carbohydrates was restricted in low-potagsium
plants. This was interpreted by Hewitt (30, p.25) to be due to
. an effeet of potassium on entymes. Reduced condensation activity
resulted in accumulation of simple sugars., Naturally higher molec—
ular weight carbohydrates are limited under such conditions. As
early as 1907 Reed (44, p.520) made this observation, Several
workers have found carbohydrate changes due to potassium, but
they do not always agree. Cregory (27, pp.565-568) reported that



potassium deficiency in barley lowered reducing sugar and led
to a very low total sugar content. He further stated that the
effect of potassium deficiency is largely dependent on the pres—
ence of other cations, particularly calcium and sodium, Gregory
also found that potassium affects nitrogen metabolism, potassium
deficiency being characterized by (a) a marked increase in soluble
nitrogen, and (b) a very rapid break-down of protein during senes-
cence of lsaves, He held that potassium is not primarily associ-~
ated with protein synthesis but is necessary for maintaining the
protoplasmic complex, and in the absence of potassium proteolysis
occurs. This was interpreted by Hewitt, cited earlier, as an
effect on ®cell organisation, hydration, and permeability”.
Potassium abserption has been observed to be related to the
absorption of other cations by plants. Liebig's concept was cited
by Bear, Toth, and Prince (3, p.380) in a discussion of this point.
They stated that a modern statement of Liebig's concept would be:
‘"under uniform conditions for growth, except for limited varia-
tions in the relative amounts of the several cations in the mtrient
media; the sum of the Ca, Mg, K, and Na expressed as milliequivalents
of dry matter is a constant for any given plant variety". According
to these same authors, the highest degree of constancy is found in
the terminal leaves. York, Bradfield and Peech (54, pp.53-63)
found this relationship to be generally true, although there often
was divergency resulting from potassium fertilisation. This led



them to conclude that potassium appeared to play a dominant role in
regulation of absgorption of cations in plants,

Drake and Scarseth (20, p.201) stated that relationships between
potash fertilisstion and the growth, quality, and composition of
different crop plants were similar. In tobacce they found that as
the percent of potassium oxide increased, the percent of calcium
oxide and magnesimm oxide decreased, Their data showed that calcium
axide and magnesium axide percentages were above 1% in potassium
deficient plants, whereas magnesium oxide dropped to a level of
about 4% and ealcium axide dropped to below 1% in plants of suf-
ficient potassium content. Potassium axide percentage increased
from about .25% to more than 2% with inereased fertilisation., Hoagland
(31, p.164) pointed out that "Many researches have shown that altera-
tion of soil or culture medium to increase potassium absorption
reduces absorption of calcium and magnesium. Increase of calcium
and magnesium also reduce potassium absorption, but the effect
is far less marked." |

In a genersl review of the dfect of mineral concentration
on the chemical composition of plants, Beesan (5, Pe429) stated
- that there seems to be general agreement that the phosphorus content
is either unchanged, or lower, where potassium has been supplied
a8 a fertilizer, _Thia’ review further pointed out that high spplica~
ticns of nitrogen, particularly ammonium sulfate, have been associ-
ated with a lower calcium concentration,



Potassium Deficiency Effects on Flant Composition and Structure

Burns (14, pp.314,315) studied the effect of nitrogen and potas-
sium deficiency on the composition and structure of tobacco stems,
Percentage dry weight, percentage of parenchyma, and percentage of
carbohydrates were depressed due to potassium deficiency. Nitrogen
deficiency, on the other hand, was characterized by an increase
in the dry weight content of the pith and an increase in the carbo-
hydrate content of pith and cortex. The percentsge nitrogen in the
pith and cortex was low in these plants, However, the percentage
potassium was very high in the cortex. FPlants lacking potassium
had a lower percentage of potassium in pith and cortex, but a higher
nitrogen content. The potassium and nitrogen deficiency was so
severe in this experiment that growth was severely retarded., Burns'
observation that increase in carbohydrate content resulted from
nitrogen deficlency was perhaps first pointed out by Kraus and
Kraybill (36) and has been the conclusion of many investigations
made since that time.

Nightingale, Schemerhorn, and Robbins (40, p,12) observed
that young tomato plants grown under conditions of potassium
deficiency exhibited stiff, woody stems with high starch content.
Thus, a depressed carbohydrate content does not always occur as
a symptom of potassium deficiency. Tomato plants receiving high
amoants of potassium exhibited symptoms usually attributed to
high nitrogen conditions such as soft, succulent stems and delayed
fruiting.



The degree of potassium deficliency may govern the effect of
potassium on carbohydrate accumulation, ascording to Nightingale,
Schermerhorn, and Robbins (40, p.33)}. They pointed out that potas—
siua may be essential for carbon dioxide assimilation, and therefore
carbohydrate concentration mey be low, Hmer, 1f nitrate assimila-
tion is inhibited through lack of potassium, carbohydrates may
accumalate,

Janssen and Bartholomew {32, pp.255, 259) called attention
to the effect of concentration of potassium on the production of
carbohydrates, Tabulmr data in their report indicated that dry
welight, sugar, and starch percentages did not necessarily inereass
with increased potassium., More potassium was absorbed from nutrient
solutions containing large amounts of this ion than was actually
required for the needs of the plant. They concludsd that the
greatest percentsge of sugars and starch occurred in solution
cultures of two and three parts per million potassium, which was
below the concentration of maximm abgorption of potassium. Their
data also indicated a difference in species requiremsnt for potas-
sium. Soy beans and oats responded well In solutions up to ten
parts per million, while cotton did best on mutrient solutions
containing two to three parts per million.

Effects of Potassium and Other Futrient Elements on Crop Quality

Beeson (5, p.424) cbserved that most fertilizer experiments

have been concerned with erop yield rather than with erop quality.



Methods of determination of quality have also been slow to develop.
Beaumont. and Chandler (4, pp.37,38) studied the effect of
potassium on the firmness and keeping quality of apples and peaches
over a period of six years. Firmness was meagured with a pressure
tester, Their data indicated that freshly harvested frults grown
on trees fertilised with nitrogen were slightly firmer than those
from trees which received potassium or potassium plus phosphorus.

After storage, the fruit grown on trees receiving nitrogen and
five pounds of potassium chloride per tree were the softest, being
softer than those receiving nitrogen and ten pounds of potassium
chloride per tree. The differences were small,

Peaches from trees receiving only nitrogen were more firm when
picked than were peaches from trees receiving potassium or potas-
sium plus phosphorus. After storage, the fruit from trees receiving
nitrogen slone and nitrogen plus five pounds of potassimm chloride
per tre:c were less firm than those receiving nitrogen plus ten
pounds of potassium chloride per tree, or those receiving nitrogen,
potassium, and phosphorus. It thus sappeared that potassium was an
aid in keeping peaches firmer during storage. Again, the differences
were relatively small.

Gourley and Howlett (26, p.156) discussed the frequent lack
of responss of tree fruits to potassium and phosphorus., They sug-
gested that much of the potassium may be reutilized. The large
root system of trees plus storage reserves were cited by these

writers as reasons for the many failures to secure yield responses
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to potassium and phosphorus. They stated that many orchardists have
for years used only nitrogen, and even in the case of nitrogen, there
were conflicting results. Most nitrogen experiments reported an
ineresse in fruit sise, but a reduction in mumber of truits. Thus,
the overall effect on yleld was not slways faverable, and the
effect of nitrogen on color was usually unfavoerable. Hence, some
compromise often had to be made between eolor and yield. Boynton
(10, pp.279-280) presented an excellent discussion of the nitrogen
problem on MeIntosh apple in New York, He stated that:s

"Hitrogen iz more apt to limit the productivity of spples
under sod conditions than any other mutrient. It has also been
realized that apple trees receiving heavy doses of nitrogen ferti-
lizer may produce fruit of markedly less color and quality than
trees not receiving added nitrogen.” 1In some experiments, even
though the size of the apples was inecreased by nitrogen, the yield
of fancy fruit was less., This was due to the marked effect of
nitrogen on ¢olor. Growth phenomena that were most importent in
determining yield occurred early in the growing season. Thus, a
relatively high nitrogsn status of the tree, favoring high yleld,
was desired early in the season, and a relatively low nitrogen
status, favoring high fruit quality, was desired late in the season.

In an investigation of factors influencing yield and quality
of peas, Boswell (8, 352) studied potash in particular. Orowers
at that time (1929) were of the opinion that large amounts of



potash caused peas t¢o mature very rapidly and to produce a product
that was hard and starchy., Boswell reported that he could find no
consistent response to miriate of potash in respect to yield, rate
of maturity, er quality. This work was carr.ted on for five years
at various locations in Maryland,

~ Sayre, Willsman, and Kertess (45, pp.45-57) reported some
interesting work on potassiwm effects on peas in New York. There
“:s a conviction among growers at that time (1929) that potassimm
chloride fertilisation caused tough peas. Fertiliszer plots were
established in the field and were followed by nutrient solution
experiments in the greenhouse. Judges could find no significant
quality differences in the product in the 1929 experiments. The
experiments were repeated in 1930, the data indicating that (1)
when potassium content of peas increased, calcium content decreased,
and {2) higher calcium content resulted in tougher peas. Marked
differences in calciux and potassium content of pea plants was found
in greenhouse experiments established as a part of this study. A
high calcium content in any part of the plant was always accompa-
nied by a low potassium content, and vice-versa (p.57).

Hester (29, pp.306=307) reported a similar case in scotch
peas being used for soup manufacture., The soil in which the peas
were grown had a pE of between 7.0 and 8.5 and was very high in
replacesble calcium and magnesium, and very low in replaceable
potassium. The peas were difficult to cook, sometimes becoming

harder after cooking. UGreenhouse tests indicated a yleld and a
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quality response to potassium. Peas on potassium-trested soil were
more pleasgingly gresn and cooked more apidly than peas from the
check plots.

Canners have known for years that blanching peas in hard water
causes toughening. This is due to intake of calciwm and magnesium
and may be corrected by use of treated water or addition of sodium
or potassium to the wmater used for blanching and quality grading.
Comnon table salt is a practical treatment. "

Hester (29, p.300-304) stated that the two most important
factors which influence the quality of tomatoes are soll and
climatic conditions. He showed fruit quality data to illustrate
a good, fair, and poor season, Fruits harveated during "good®
seasons were characterised by higher total solids, higher sugars,
higher titrable acids, and higher ascorbic acid content. Soil
type influenced yield and quality of tomatoes, Sassafras loam
producing better quality tomatoes than Edgemont stony loam. This
influence of soil types was believed by Hester to be primarily
a question of difference in fertility factors. In the way of
specific effects Hester pointed out defoliation of tomatoes
caused by potassium deficiency. Exposed tomatoes were sun-burned.
High ecalcium spplications often brought about loss in quality
due to magnesium deficlency. The sugar content of such fruits
was low.

Workers at Ohio State University conducted a three-year
study on the effect of fertilizers on the quality of table beets.
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The results were published by Blaclkmore, et al (7, pp.545~548).
The elements studied were nitrogen, phosphorus, and potassium, at
different levels and in different combinations. uthongh the plots
were not replicated and some of the quality observations were purely
descriptive, the results reported are of considerable interest.
Red table beets from the mimus potassium plots were “woody" and those
from the minus phosphorus plots had little flavor., Those from mims
mitrogen plots had a strong, bitter flavor, Phosphorus and nitrogen
spplications had the grestest effect on yleld, this being expressed
as an increase in sizse of the beets. Starch was lowest in the
double potassium plot, which received 160 pounds per acre of potas—
sium oxide. The nitrogen content of the beets was lowest in the
minus nitrogem plots. Phosphorus was a little higher in beets from
the plots receiving the highest phosphorus treatment of 400 pounds
per acre of phosphoric acid. There was a wide range in potassium
content, this being much lower in plots not receiving potassium
and smch higher in plots receiving high amounts of potassiuwm-con-
taining fertiliser.

Patton, Gorrell, and Brown (42, p.226) measured hardness
of these beets, using a penetrometer on cooked slices, Hardness
of beets is a common horticultural problem, Although the results
showed considerable variation, the writers stated that beets from
plots _which did not receive nitrogen and potassium were the least
tender, as measured by the psnetrometer. These fertilisers resulted

in a yield response in both an early and a late planting.



Perhaps these effects on beets can be attributed to known
effects of nitrogen and potassium on succulence and carbohydrate
content, In vegetables this gffect has been found in leaves, stems,
tubers, hypocotyls, and roots, according to literature already
cited.

Storage Time and Temperaturs Effects on (reen Beans

Parker and Stuart (41, pp.299-312) conducted a study on the
effect of temperature of storage and time of storage using two
sieve sizse groupings of beans, They did not directly measure
quality changes or grade changes, but determined such chemical
constituents as sugars, starch, pectin, protein nitrogen, non-
protein nitrogen, and hemicelluloge. While these factors do not
meagure quality directly, soms of them have quality implications,
The variables in this study were as follows:

(A) Size of beans: Sieve sizes No. 2 and 3 vs. sieve

sizes 4L and 5
(B) Time and temperature of storage:
Lot 1. Sampled fresh
Lot 2. Stored at 82.4° F., sampled at 48 hours
and 91 hours
Lot 3. Stored at 40° F., sampled at 48 hours and
95 hours
Lot 4. Stored at 36° F,, sampled at 48 hours and
95 hours
Chemical changes of the beans in the various lots were as follows:

(a) At 82.4° soluble nitrogen fractions increased in the
small beans, but protein nitrogen increased in the large beans.
This indicated proteolysis in the small beans, while somewhat

normal protein synthesis continued in the large beans.
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(b) At 36° and 40° the protein nitrogen fraction of both
small and large beans increased slightly, while soluble nitrogen
fractions remained the same or decreased slightly, This indicated
that nitrogen metabolism was stabilized by these storage temperatures,

{e) The percentage loss in weight was much greater at 82° F,
storsge than at the low temperatures (p.298). There was no notice-
able difference between mmall and large beans in this respect.
Although respiration was high, the data on carbon dioxide evolution
indicdted that 99% of the weight loss was actually due to water
loss.

{d) Sugar changes were also very important, Percentage
sucrose was greatly increased during the first 48 hours at 82° F.,
then decreased slightly at 91 hours. Reducing sugars were much
higher in the fresh beans and decreased stesdily when the beans
were held at 82° F, When the beans were stored at low temperatures
the total sugars, reducing sugars, and sucrose inereased throughout
the storage period.

{e) Starch decreased very rapidly when the small beans were
held for 48 hours at 82° F, There was some increase in the J1
hour ssmpling. In thes case of the large beans, the original starch
content was higher and a gradual, slower decrease in starch occurred
at 82° F,

(£) Storage at low temperatures (36° F. and 40° F.) did not
alter the starch changes in small beans, The loss in starch percent-

age was greater than 60%. The loss in starch in large beans stored
at low temperatures was much more moderate (up to 25%).
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Quality Measurement of Green Beans

The United States standards fer canned green beans (51) gives the
following credit to the quality factors listed bolm

Factor Maximom Score Limiting Rule
1, Clearness of Liquor 10 4 or below—D grade
2, Color 15 11 or below—C grade

9 or below--D grade

3. Absence of Defects 35 26 or below—C grade
2. or below—D grade

4o Maturity 40 34 or below—B grade
28 or below—C grade
22 or below—D grade
The United States standards for frosen green beans (50) are
set up alightly differently. The scores, subjectively determined

by professional graders, are as follows:

Factor Maximun Score Limiting Rule
1. Coler 20 | 17 o below—B grads
15 or below—L grade
13 or below--D grade
2, Absence of Defects 40 35 or below—B grade
31 or below—LC grade
27 or below—D grade

3. Texture and Maturity 40 31 or below—L grade
2] or below—D grade

Rows and Bonney (45, pp.621-628) developed the seed-weight
mathod for determining green bean maturity and the alkali digestion
method for determining crude fiber. They also develcoped a method
for determining the toughness of bean strings. Their data indicate

the relationship of these values to grade. They found .08% fiber



40 be the maximum for standard grade. The maximum seed percentage
for standard grade was 6f. Furthermore, not more than one tough
string per two ounces of beans was allowable in atandnrd grade,

These methods were widely used. However, the technique for
crude fiber was found to give variable results, To clarify the
situation, the Federal Food and Drug Administration (52, pp.3727,
3728) redescribed the methods in detail.

Kramer {33, p.60) has stated that the important factors of
quality for green and wax beans are maturity, fibrousness, and
color. Although there are varistal differences, in general,
maturity may be determined by the proportion of seeds to pods.
This proportion is on the weight basis. Kramer cites the official
alkali digestion method as suitable for fibrousness. The Federal
Food and Drug limit on fiber is .15% determined by this method.
Kramer mentioned his blender-fiber method as being more rapid, and
in a later paper (34, pp.32-33) presented details of the method,

Gould (24, p.68) suggested that the maximm seed tolerance
for grade A should be 8%, by weight; for grade B, 16%; and for
grade C, 25%. In respect to percentage of fiber he suggested
that the maximum for grade A should be .05%; for grade B should
be 10%§ and for grade C, .15%. A4ll percentages are on the fiber
weighed in the dry condition; the pods being de-seeded and weighed
in the wet condition.

In a later paper (25, p.42-44) Gould presented deta on fiber
as affected by variety and maturity. In his experiments, variety

17
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was more important than maturity in determining the fiber level,
The effect of maturity was also conditioned by variety. The beans
of some varieties became fibrous earlier than others, and some
wefotorefi&mthmothefaam.aﬁdentmtyme. The
Mges reported by Gould from Ohio~grewn beans were much
higher than those from Oregon (1, p.24).

The paper of Ouyer, Kramer, and Ide (28, p.308) presented
some very interesting correlations between several different
quality measurements on fresh and canned beans, Soms of these

are ag follows:

% Seed, Fresh beans vs. £ Seed, Canned beans r of .900
% Seed, Fresh beans va. ¥ Noisture rof ,555
% Seed, Canned beans vs. ¥ Moisture r of -.881

£ Seed, Fresh beans vs. Organoleptic maturity r of -.790
£ Fiber, F.D.A, Xethod va. Organocleptic maturity r of -.620
% Seeds, Canned beans vs. Organcleptic maturity r of -.647
£ Fiber, Blender Mesthod vs. Organoleptic maturity r of -.933
% Fiber, F.D.A, Method vs. % Seed, Canned beans r of .869
% Fiber, Blender Method vs. £ Seed, Canned beans r of .837
£ Moisture vs. Organcleptic maturity r of =754

Shah and Worthington (47) used the Hunter Color and Color
Difference Mster for objective determination of color in straw
berries, Wiley (53) used the same instrument for measurement
of color in prunes.

Krsmer (35) developed the Maryland shear press for use in
determining resisgtance to shear. This property is believed to

be related to organoleptic quality in some food products,
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MATERIALS AND METHODS

Production of Beans Used in this Study

The pole beans were grown at ths Beach farm of the Horticulture
Department, two miles sast of Corvallis, Oregon. The crops of both
1952 and 1953 were grown on Chehalis silt loam, which is widely
used for pole beans in the Willamette Valley. The variety used
was Associated 231, a high-quality pole variety., Crops were grown
with sprinkler irrigsation, and culture was such that good growth
was obtained, Yields were commensurate with the fertiligzer practice
naed. .

In the 1952 plots 28 different treatments were used. These
were replicated five times, in randomised blocks. Basically, the
design was factorisl; with three levels of nitrogen (0-~50-100 pounds
N per acre), three levels of phosphorus (0-120-240 pounds P05 per
acre), and two levels of potassimm (0-100 pounds K,0 as KC1 per acre).
Four extra treatments of potassium as the sulphate were added and,
also, four miscellaneous treatments. All these treatments, together
with ylelds and sieve size dats, are to be found in Appendix Table
1 of this dissertation.,

The treatments chosen for studies of quality and chemical
composition formed a 2 x 2 x 3 factorial experiment with four
replications in a randomizsed block design. The nitrogen levels

weres O and 100 pounds, as N; phosphorus levels, O and 120 pounds
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as P,0; potassiun levels, O and 100 pounds as K,0. There were two
sources of potassium, the chloride and the sulphate. In addition,
a treatment designed to test the effect of sulphur was included,
This treatment was mads up of sulphur-free dismmonium phosphate
and was applied to furnish nitrogen at 100 pounds per acre and
phosphoric acid at the rate of 120 pounds per acre.
Ths 1953 field plots differed from the 1952 plots as followss
1. Potassium chloride was used as the only source of potassium.
2, Phosphorus levels were O, 60, and 120 pounds of P05 per
acre.
3. A1l plots received a unifora application of 50 pounds of
K per acre {calcium cyanamid) prior to plowing under the
cover crop.
4+ Levels of potassium used were O and 60 pounds of K0
P& acre..
The basic design of the field fertility experiment was a
2 x 3 x 2 factorial, with two extra treatments and six miscellaneous
treatments. The factorial treatments were two levels ¥ (0-5C pounds
N per acre), three levels phosphorus (0-60-120 pounds POy per acre),
and two levels of potassium (060 pounds K,0 per acre). Thess were
replicated five timss, in randomised blocks. All are to be found,
together with ylelds and sisve sizes of harvested beans in Appendix
Table 3.



The treatments chosen for studies of quality and chemical
compogition form a 2 x 2 x 2 factorial design with two extra treat-
mants and four replications, randomized block design. Kitrogen
levels were O and 50 pounds as N3 phosphorus, 0 and 120 pounds as
P;053 and potassium, O and 60 pounds as K;0. Extra treatments were
100-0-0 (N ~ Py0s ~ K,0) and 100-120-0,

Handling and Processing of the Beans

Harvesting always began in the early morning. After plot
weights were taken, the beans were brought to the Food Technology
building and graded into sieve gizes 1, 2, 3, 4, 5, 6 and larger.
This grading was done on a mechanically cperated grader., After
weights of the different grades were taken, beans of sizes 4 and 5
were combined to form the "4 and 5" combination used in this study.
Sieve size 3 was studied by itself, The small beans of sizes 1 .
and 2 and the large beans of size & and larger were not studied.
Beans to be stored were placed in net bags and transferred to the
36° F. storage room. The storage period was six days in all cases.
"Fresh" beans wers processed the day they were harvested, in all
cases,

Nechanical snipping followed grading. As the bsans passed
cut of the snipper, crooked and migshapen beans were picked out
and weighed., Percentage by weight was recorded. The beans were
then cut to one-inch lengths and passed over a screen to remove

as many fragments of seeds and end-cuts of pods as possible.



Washing and blanching in steam followed. The blanching time for
the 1952 pack was four mimites, Since some sloughing of the epi-~
dernis was noted, the time was cut to three mimites for the 1953
pack, Immedistely after blanching, the besns were cooled with
cold water; then transferred to a stainless steel packing table,

‘l‘ypoLplainti.nmofBle.msisomﬁliodto?}
ounces and a 30 grain salt tablet added. The cans were then filled
with water and heat exhausted to a center temperature of 180° F,
The cans were next closed and processed for twenty minutes at 240° F,
Afterwards, they were water-cooled and placed in storage at 60.°-65° F.

Beans to be frozen wers put into cellophane liners fitted into
NMarathon cartons. The fi1l was 9% cunces, After heat sealing, the
packages were placed in an air blast freeser at -15° F. overnight,
then stored at -5° P,

Beansg from four replications of each fertility treatment were
kept separate throughout processing, so that the data could be
evaluated statistically. Samples were secured from pickings made
both early and late in the harvest season.

During 1952, 520 lots of beans were packed for quality and
chemical composition studies. The handling and preocessing groups
included the followings

(1) Sieve size ~ sise 3 and si;zo 4 and 5 combined

(2) Harvest season - early and late
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(3) Storage - processed while fresh and processed after
storage for six days at 36° F,

{4) Process - canned and frosen
The number of lots packed under each of these groups of lots

are listed in groups as follows:

Mumber Sleve Harvest Storage Process

of lots Sise Season Condition Uged
52 3 early fresh canned
52 3 early fresh frozen
26 3 late fresh canned
26 3 late fresh frosen
26 3 late stored canned
26 3 late stored frozen
52 4 and 5 early fresh canned
52 4L and 5 early fresh frozen
52 & and 5 late {fresh canned
52 4 and 5 late fresh frozen
52 4 and 5 late stored canned
52 4 and 5 late stored frosen

Since the supply of the sisze 3 beans in the late harvest was
very limited, only two replications were possible; thus reducing
the lots packed in those groups to 26.

The mumber of lots pacled under each of these groupings in 1953
was 400, listed as follows:

Fumber Sieve Harvest Storage Process

of lots Sise Season Condition Used
40 3 — fresh canned
40 3 — fresh frozen
40 3 - stored canned
40 3 — sta ed frozen
40 4 and 5 early fresh canned
40 4 and 5 early fresh frozen
40 4 and 5 early stored canned
40 4 and 5 early stored frosen
40 L and 5 late fresh canned
40 4 and 5 late fresh frozen



The supply of size 3 beans was not sufficlent to obtain lots
from all fertilizer treatments at any one harvest period. Therefore,
they were not ¢lassified as to time of harvest.

The handling and processing of the product was sufficiently
good that high quality was maintained, as indicated by Agricultural
Narketing Service Orades,

Quality Determinations Made on the Processed Beans

Quality determinations were started about four weeks after
packing, Frozen beans were thawed by boiling for eight minutes,
then were cooled in a refrigerated room before being exasmined for
quality.

Color determination - Colar was objectively determined with
the Hunter Color and Color Difference Meter (23)., The color was

evaluated by three readings, the "R4", "a®, and *b*, ¥RA* is
luminous reflectance at 45°. Its increase indicates a higher
degree of reflectance. It can be converted into Nunsell ®"value®,
but this was not done since the *Rd" readings are meaningful without
conversion, However, the Hunter "a" and *b" readings have no
meaning until they are converted into some psycho-physical system
such as the Munsell, In this system “a" and "b*" sre coordinates
for Munsell "hue® and “chroma®, In this atudy, readings were

taken as "a" and *b™ and statistical analysis of these readings
were made, However, any significant changes were interpreted in

terms of Munsell *hue” and “chroma®,
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Rational Burean of Standards plate SKC-15 ("Kitchen Green")
was used as the color standard, There was no information on
methods 6 be used for beans; therefore, mstheds had to be devel-
opaed in this investigation.

Blending of beans was trisd, but since it was necessary to add
water to the beans for proper blending, the oolor_vu4 diluted,
Water ratic was thus s variable in this procedure. Color deter-
minations on the whole pieces, placed in clear plastic exposure
dishes, sppeared to be mare satisfactory; sc this procedure was
used,

Another problem was whether the cut bsans should be placed
side by side in the dish in orderly arrangement or should be poured
in, to fall in random fasghion. A number of preliminary eolor
determinations were made using both methods of arrangement. It
was found that the variances of readings made by the two methods
were not significantly different, Certsinly, the systematic
arrangement did not reduce variation among readings. Therefore,
randon arrangement was used. _

Variation among individual readings was known to be considerable,
hence it was necessary to take several readings on each gample, Four
readings per sanple were made in 1952, as followss

Two 3* x 2.5" x 1.5 plastic dishes, mstched to give equal Rd
readings, were filled with beans. Ligquid brins from the can, ar
water used for thawing, was added to fi11 the dishes. Two Hunter
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readings for R4, "a®, and "b® were taken on each dish, the rectangular
dishes being turned between the two readings. Beans were then poured
back into the original container. The dishes were then refilled and
a second set of readings taken, The average of these four readings
for "Rd", ¥"a%, and "b" constitute a single observation.

In 1953, a simpler method was devised. Beans were poured
into a clear plastic sandwich tray of the dimensions, 13" x 4.5"
X 4.5%. Five readings were taken - ons from the center and one
from each of the four corners. The average of these five readings
constituted a single observation statistically.

Seed determinations - Pods were de-sesdsd by hand, and the

weight of wet seeds per 100 grams of wet pods determined, according
to the method of Rowe and Bomney (45, pp.621-628). This deter-
mination provided the source of de~geeded pods for the crude fiber
determination, which requires 100 grams of de-seeded pods. Seed
results are thus not "percent®” but "grams of seed per 100 grams
of de-geeded pods”. Determinations were mades on the canned product
only.

Crude fiber determinations - The alkali digestion method of

Rowe and Bomney (45, p.621) was used, with use of the interpretation
made by the Federal Food and Drug Administration (52, pp.3727-3728),
and with suggestions from Arat {1, pp.12-13). The essentials of the
determination are: (1) pulping of a known weight, usually 100 grams,
of de-seeded pods (2) digestion in 50% sodium hydroxide solution



for five mimites (3) rapid stirring with a malted-milk mixer for
five mimtes (4) pouring the resultant slurry onto a tared screen
and washing it free of alkall and digested material, The remaining
residue is the fiber, A

With some practice this determination ean be made with fair
precigion. Transfers must be made without waste, overflow of the
container must be avoided, and all of the sample must be brought
into contact with the alkali, Care in washing appeared to be more
important than the amount of water used or time spent in washing,
This is in contrast to Arat’s remarks on ths subject (1, p.l4).

Fiber dsterminations were run on the camned product in 1952,
onlye.

Shear press readings - Difficulties were encountered in
establishing a method for using this instrument. It was recognized
that the fill of the saxmple bax probably would influence the
readings, and for this reason a uniform £111 of the bax was adopted.
Preliminary determinations indicated that variations in readings
could result from letting the beans stand after opening. Therefore,
camned beans were put through the shear press soon after the cans
were opened. Cooked beans from the frozen ssmples were cooled at
34° F. for several hours before shear press readings were made,
to equalize the temperatures of the various lots. However, in
spite of these precautions, unexplainable differences in ghear
press readings often occurred.



A.JLS. determinations of grade - The term "A.N.S.* refers to
the grading service of the Agricultural Marketing Service, an agency
of the United States Department of Agriculture, All samples were
scored for "color® and for "texture and utnr'jlty' by an official
grader at the regional A.N.S. office in 3alem, Oregon, Certain of
the 1952 samplss were scored for "absence of defects®. Samples
were always coded, and the official A.K.S. grader did not know the
" identity of the samples. After grading had been dons, the scores
for these factors were assigned to the sppropriate treatments and
replications. These data were then statistically analyszed.

Evalustion by panel - This type of evaluation was dons by

preference scoring, followed by statistical analysis of the re-
sulting scores. Factars used were “appearance” and *flavor®.
Scores were controlled to the extent that only five scores were
permitted, with the untreated plots being set at O, *Slightly pre-~
ferred® over the untreated was 13 "moderstely preferred®, being 2.
"Slightly less preferred” than the untreated was represented by
the score of ~1; "moderately less preferred® by the score of -2,
The panel was composed of members of the Horticulture and
Food Technology departments. Only the 1953 lots were evaluated

in this manner,

Chemiecsl Determinations Made on the Frozen Beans

Chemical determinations were made for: nitrogen, phosphorus,

potassium, calcium, magnesium, and total ash.
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The beans used in the analyses were held in the froszen condition
and were from the same frosen sample lots used in quality studies.
Technique of preparation has been described.

The packages of frosen beans were weighed on a balance with a
sensitivity of 0,1 gram, then opened, and the package and contents
placed in a laboratory forced draft oven at a temperature of 750 -
80° C, About 24 hours were required for drying in this manner,
Package and dry contents were then re-weighed., Dry material was
then ground to a suitable dsgree of finensss in a laboratory mill
and afterwards transferred to glass screw-top bottles. The empty
package was weighed and by deduction of package weight the wet
weight and dry weight values were determined, thus obtaining percent-
ag.;hynightofthebomundinthoam]yus.

4All dry samples were opened and subjected to five hours at
75° C., before analytical samples were weighed from them. This
wag to insure that the samples used in the analysis would be
of the same moisture content,

The elements nitrogen, phosphorus, and potassium were deter-
mined on a single wet-ash solution. Approximately one-tenth gram
of dry bean tissue was weighed on cigarette paper, the actusl weight
being recarded to the fourth decimal, The folded paper and sample
was then thrust into a 50 ml., Erlemmeyer flask and 2 ml, of concen-
trated sulphuric acid added., The sample was then digested on an
electric hot plate under a ventilated hood, using 30% hydrogen-



peroxids as the axidizing agent. Not more than five drops of
peraxide were added at one time, to avoid oxidation of the nitrog-
encus compounds, Marbles were placed on top of the flasks to
prevent loss of sample fragments by spattering., Twenty-four to
twenty-six samples were digestsd at the same time. With each set
a8 %reapgent blank” was digested. In addition, a *known" sample
containing definite amounts of nitrogen, phosphorus, and potassimm
added from standard solutions; and a "combination" sample containing
about half the normal amount of bean tissue plus half the amount
of nitrogen, phosphorus, and potassium added to ths "known" sample
were digested. Thus, it was possible to check on contuinatioﬁ
by use of the blank and recovery from a "inmown" alone and from a
"knomn®™ in the presence of bean tissue. |

Hitrogen determinations - The nitrogen method used was
nesslerisation as modified by Lindner (37, pp.76-89). The Nessler
solution was that of Umbreit, Burris, and Stauffer (49, p.191)
which is easier to prepare than that described by Lindner. Read-
ings were made on a Klett-Summerson colorimeter, using a No. 42
filter, Although Lindner (37, p.79) suggests a Wrattem No. 49,
tests with the Beckman Model DU spectrophotometer indicated that
maximum absorption ocecurred at a lower ‘vavn-lcngth. Therefore,
the No, 42 filter was used. Sensitivity of two on the Klett
scale was equal to one microgrsm of nitrogen from ammonium sul-
phate standard solutions,
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Phosgpliorus determinations - Total phosphorus was determined

by the Fisk-Subbarow method (22). Readings were taken on the
Klett-Summersa colorimeter. A red filter, No. 66, was used. The
standards were made up from potassium dihydrogen phosphate and two
milliliters of sulphuric acid were added to each 100 milliliters of
standard, The acid used in making up the ammonium molybdate solution
was reduced to compensate for the acid used in digesting the samples.
Potassium determinations - This element was determined on the

Beckman flame photometer attached to the Beclkman DU spectrophotometer.
Suggestions !’ron the two papers of Brown, Lilleland, and Jackson
(12, 13) were very helpful. Hydrogen was used as fuel, and readings
were talen at 768 millimicrons wave-length. The standards used
were made up from potagsium di-hydrogen phosphate and contained
approximately the average amounts of caleium and magnesium expected
in bean tissus. Two milliliters of sulphuric acid were added to
each 100 milliliters of standard solution., One part per million
of sodium was also added. This follows the balanced solution
systen suggested by Brown, Lilleland, and Jackson (13, pp.18,19).
After many preliminary determinations, proper adjustments of
slit width and sensitivity were found. MNaximum sensitivity was
found to bs impractical since the readings then varied with minor
pulsations of the flame, Sensitivity was reduced and slit width
adjusted to fit the readipga to a suitable range,
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Calcium and magnesium determinations ~ Total ash, calcium, and

magnesium were determined together, using dry-ashed material., Two
grams of dried, ground bean tissue were weighed into 50 milliliters
tared beakers., They were then ashed 156-18 hours at 932° F, A
powdery, very white ash resulted., After cooling in a desiccator, the
beakers were re~weighed and the percent total ash computed. Weights
were made to the fourth decimal place with an accuracy of ,0002 to
«0004 grams,

The ash was moistened with distilled water. Five milliliters
of concentrated hydrochlariec acid were then added and the contents
of the beakers evaporated to dryness on a hot plate, with cover
glasses being used to prevent loss from spattering. A second
treatament with three milliliters of concentrated hydrochloric
acid was then made and the contents again evaporated to dryness.

The residue was moistened with distilled water and 1.5 milliliters
of concentrated nitric acid, After the beakers had been filled with
distilled water, they wers allowed to stand for 24 hours before being
filtered and diluted to volums,

Determinations were made on the flame photometer used for
potassium, ioadinga fa ecalciuvm were taken at 554 millimicrons,
and for magnesium at 383 millimicrons wave-length. Trials were
made at other wave-lengths but sensitivity was greatest at those
indicated. The filter slide of the instrument was fitted with a
didymium filter to reduce interference from sodium, which exhibits
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maximum intensity at 589 millimicrons. Standards contained about
the average amounts of potassium, and calcium, or magnesium expected
in plant tissue solutions of that dilution. Ten parts per million
of sodium were added, and also nitrie acid to compensate for that
added in preparation of the tissue samples,

After a number of preliminary determinations were made, proper
adjustments for sensitivity and slit width were obtained. Recovery
of magnesivm was normally satisfactory, There was often difficulty
with calcium recoveries, however. It was found that addition of
phosphate to the solutions would greatly depress the apparent
caleimm reading, thus phosphate addition was avoided in preparation
of the standard solutions. However, the tissue solutions contsined
phosphorus compounds appropriate to the treatments concerned.

Statistical Methods

Conventional methods for analysis of variance were used. In
1952, the twelve treatments forming the 2 x 2 x 3 factorial design
were considered first, If the "interaction" mean square was signi-
ficant, a search was made for the sources of this variation, Once
they were found, the appropriate tables were made. Next, the mesn
squares of the main effects wers tested againgt the interaction
mean square.

If the "interaction” mean square was not significant, the msan
squares of the main effects were tested against the pooled mean

square of error plus "interaction®,



Mesns of quality and chemical determinations of the sulphur-
less plots were compared to those of the 100-120-0 ireatment
{containing sulphur) directly. If the difference between the
means of the two treatments was greater than the least signi-
ficant difference of the mesns of the individual treatments in
the whole experiment (of 13 treatments), then the difference was
so indicated and a table of these means was set up.

In 1953, the procedures were modified by changes in design.
The basic design was 2 x 2 x 2 factorial, with two extra treatments.
The significance of the difference between means of individual
treataents was first considered. If significant differences were
found, then least significant difference values were calculated.
These values were of moat use in consideration of the two extra
treatnents. The second phase was the analysis of the 2 x 2 x 2
faetorial section, which was done in the same manner as in the
analysis of the 2 x 2 x 3 factorial experiment of 1952,
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RESULTS

Each quality factor and chemical component is considered
separately in the presentation of the results., Certain abbre-
viations are used in presenting the data, N, P, and K are common
chemical abbreviations for these elements. The cipher *0O" indi-
cates no fertilisation with that particular element, "1™ repre—
sents level one, which is 100 pounds nitrogen per acre in 1952 and
50 pounds nitrogen in 1953 in the case of that element (N), or
120 pounds phosphoric acid per acre in the series (P). When used
with reference to potassium, in 1952, level *1" indicates treat-
ment with potassium chloride at the rate of 100 pounds per acre
of potassium oxide, Level "2" indicates corresponding treatment
with potassium sulphate supplying 100 pounds of potassium oxide
per acre. In 1953, level *1* of potassium indicates treatment with
60 pounds of potassium oxide per acre.

The team "L.S.D.™ is that of Tukey's "Least Significant
Difference” between means, *N.S.D." is the abbreviation used
for *Ro Significant Difference.” The fractions #.05* and *.01%
refer to those probability levels.,

Chemical composition is expressed in percentage of dry weight.
Crude fiber values are in percentage of wet weight, Other values
used are self-explanatory.
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Tln Effects of Nitrogen s and Potassium Fertilization
on the Mitrogen Content of

1952 Crop ~ Nitrogen determinations were made on six groups
of beans in 1952. Results are tabulated in Tables 1-6. The data
in Tables 1 and 3 show that nitrogen fertilisation increased the
percentage of nitrogen in both size groups of beans of the early
harvest. Simlilar effects of nitrogen fertilization were evident
in size 4 and 5 beans of the late harvest which were stored at
36° ¥, for six days before processing. There was no significant
effect of nitrogen fertilization on the nitrogen content of size
3 beans of the late harvest, regardless of storage treatment
before freezing, or on the nitrogen content of size 4 and 5 beans
of the late harvest, frogen while fresh (Tables 2, 4, 5).

The main effects of phosphorus ferbiliution on the nitregen
content, expressed as percentage of dry weight, were significant
in only two of the six groups. The nitrogen percentage was signi-
ficantly increased in one group and decreased in the other. Both
groups were size 3 beans (Table 1, 5).

Main effects of potassium fertilization on the nitrogen content
were not significant (Tables 1-6).

Significant interactive effects of Nx P and P x K on the
nitrogen content of "4 and 5" beans of the late harvest are indi-
cated in Tsble 4. In the N x P interaction, nitrogen fertilization
significantly increased the nitrogen content when phosphorus was



not uséd. In the P x K interaction, the combination of potassium

sulphate (K-2) and phosphorus fertilization resulted in significant

reduction in nitrogen content of the beans,

Table 1

Percentage Nitrogen Content of Size 3 Beans
{1952 Barly Harvest, Frozen While Fresh)

Means of Individual Treatments

Level ‘ -
=0 K=1 =2 X-0 K=1 1=~
= 3.39  3.44 3.43 3.19 3.32 3.2
Nl 3.55 3.59 3.57 3.43 3.42 3.40
_ Means of Main Effects _
Level N-Means P-Neans K~Means
0 3.33 3.51 3.39
1 ' 3.51 3.33 3.46
2 3.40
f.5.0, (.05) 062 TJ062 N.S.D.
L.S.D. (.01) +084 084 N.S.D.
Tnteractive effects not significant ‘
Table 2
Percentage Nitrogen Content of Size 3 Beans
(1952 Late Harvest, Frozen While Fresh)
Means of individual Treatments
Level P=0 — Pal
, R=0 E-1 =2 X0 K1 k=2
=0 343 3.54 3.47 3,58 3.51 3.37
N-1 3056 _2048 3051 3052 3046 3053
. _ Means of Main Bffects
Tevel N-Means ~ P-Means K-Means
—3 ) 30E 3056 5-52
b 3.51 3.50 3.49
2 3.47

Main and interactive effects not significant



Table 3

Percentage Nitrogen Content of Size 4 and 5 Beans
(1952 Early Harvest, Frozen While Fresh)

Means of 1ndividual Treatments

Level — P=0 1
=0 XL -2 =0  K-1 k=2
N-1 3. 56 2.48 3051 3.52 zo’ 3052
. Means of Main Effects .
fevel N-lleans P-Means K-Means
) 3.32 341 3.39
g 3.44 3.35 i 3..1.2
L.5.0. (.05) <104 ¥W.5.D. %‘2‘.3.5."
L.S.D. {.,01) N.S.D. N.S.D. N.S.D.

Interactive effects not significant

Table 4

Percentage Nitrogen Content of Size 4 and 5 Beans
{1952 Late Harvest, Frozen While Fresh)

Level ’ P=0 P=1
' =0 k=1 =2 =0 ~ k=1 =2
= T 3.26 3.25  3.54 — 3.46 3.32 3.2
N=1 3. 3.38 3.44 3.34 = 3.42 3.24
_ Means of Main Effects
fevel N-Means P-Means _ — K-Neans
-0 3.28 3.34 3.34
1 3.37 3.32 3.34
2 3.30
__Means of N x P Combinations
P=0 P=1
o
Nel




Table 4 (Cont'd)

Means o_:!' P x K Combinations

=1 =2

3.35
3.23

Table §

Percentage Nitrogen Content of Size 3 Beans
{1952 Late Harvest, Frozen After Storage)

“Heans of Individual Treatments

Level , 5 BN = S
¥ 1 =2 X=0 =1 =2
=) 361 3.66  3.51 3.65  3.62  3.63
Lo 347 3.57 _ 3.62 3,62 3.7% 3.2
Means of Main Effects _

Level ~R-Neans _ Y-Hoans K-Means
0 3.6 3.57 3,59
1 3.63 3.66 3.65
2 ' ) 3,62
L.5.0. (.05) N.S.D. 07 N.S.D.
LeSDe {01  N.S.D. NeSeDe NeS.De

Interactive effects not significant
Table 6
Percentage Nitrogen Content of Size 4 and 5 Beans
{1952 Late Harvest, Frozen After Storage)
Means of Individual Trestments
Level 0 el
_ , X0 =1 =2 ) =1 =2
B0 346 346 %4 347 343 3.44
N-1 3,51 3,51 3.65 3,42 3.5 3.48
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Table 6 (Cont'd)

Means of Main Effects

Level N-lleans P-lisans K-Means
0 3.4 | 3046 344
'-é _ 3.50 3.46 345

LE5.71.05) <06 “N.S.D. il %‘gb": .D.

L.S.D, (.01) .08 > NSD, - N.S.D

Tnteractive effects not significant

1953 Crop - Significant differences due to fertilizer trestment
were found in only one of the three groups studied (Tables 7-9).
Kitrogen fertilization resulted in an increase in nitrogen content
of beans of this group, which were from the early harvest of sise
4 and 5, frogen while fresh (Table 8). On the other.ham,tnitrogm
fertilization resulted in no significant increases or decreases in
the nitrogen percentages in the other two lots (Tables 7, 9).

Neither phosphorus nor potassium fertilization had significant
effects on the nitrogen percentage of the harvested beans (Tables 7-9).

Table 7

Percentage Nitrogen Content of Size 3 Beans
(1953, Barly Harvest, Frozen While Fresh)

Means of individual Treatments

Level — -0 Pl
_ -0 - =1 =0 . -1
R 3.03 302 312 303
N-1 3. 26 3.15 3013 e BQa
N2 3.2 3,23 |
_ _ ___Means of Main Effects (Factorial Treatments)
Level N-leans P-Means ~ K=Means
_ 1 3.19 o15 3.15
Ihdividusl treatment differences not =i cant, main and interactive

effects not significant



Table 8

Percentage Nitrogen Content of Sige 4 and 5 Beans
(1953, Barly Harvest, Frozen While Fresh)

Neans of Individual lreatments

Level — P=0 Pl
N0 2,95 3.02 2,97 3,03
1 3.35 3.18 3,19 3.25

M2 3% :
f-quo (002) — 0573 roSo . (oﬁ) —‘.—m

Means of Main Effects (Factorisl Treatments)

_3.17

Tevel _ “N-Means ~ P-Means K-lMeans
—0 2.9 340 3.08
1 3.19 3.08 3.10
£.5.0. (.05) 095 ¥.5.D. N.S.D.
LeS.D. {,O1) +128 N.3.D. N.S.D.

Tnteractive effocts not significant

Table 9

Percentage Nitrogen Content of Size 4 and 5 Beans
(1953, Late Harvest, Frozen While Fresh)

YMeans of Individual Treatments
0] .

Level Pl
=) -1 =0 -1
=0 T 3.2 3.3 3.19 3.20
=1 3.4 3.19 3.16 3.41
Ne2 3,20 ' 3.40 |
Means of Main Effects {(Pactorial Treatments
—0 3.23 3% 3.19
1 3,22 _ o2l 3,26
Tndividual treatment differences not afgxﬂ%icmt,» main and interactive

effects not significant
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The Effects of Nitrogen, th s, and Potassium Fertilisation on
the Phosphorus Content of %e Beans

1952 Crop ~ The data in Tables 10-15 show that nitrogen fertili-
zation reduced the percentage of phosphorus in the bean tissue, This
effect was significant in all groups excepting the size 3 beans of
early harvest which were frozen while fresh (Table 10). In that group
the difference required for significance was short by .00l percent.

The data in Tables 10-15 also show that no significant increases
or decreases in phosphorus percentage could be attr':!.buted to phos~
phorus or potassium fertilisation as main effects. However, in one
group the effect of potassium fertilization on the phosphorus pﬂcerrb-k
age was dependent on the nitrogen fertiliser used, being significantly
depressive when nitrogen fertilizer was used but having no signifi-
cant effect when no fertilizer was used (Table 11). The group in
which this interaction was noted was the size 3 beans of the late
harvest, which were frozen while fresh.

Table 10

Percentage Phosphorus Content of Size 3 Beans
(1952, Early Barvest, Frozen While Fresh)

¥eans of Individual Treatments
Level P=0_ P=1
— X0 X=L k=2 — X0 1 )= 1
=) 3L <394 e 394 357 <38 305
Nl 375 31 355 368 350 358
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Table 10 {Cont'd)
Means of Main Effects

fevel N-Means "~ PMeans K-Neans
=0 377 <378 <368
:1z _ <364 364 «376
A5 PR 00, ) IR VA i 7A w&'.s.n.
L.S.D. (,01) N.S.D. N.S.D. N.S.D.

Tnteractive effects not significant

Table 11

Percentage Phosphorus Content of Size 3 Beans
(1952, Late Harvest, Frozen While Fresh)

— Neans of Individual Treatments

Level — P=0 )
=0 k-1 =2 K0 K=1 =2
0 423 430 432 455 450 o434
Rl 426 oW1 .396 0394 o384 .38
Means of Main Effects -
Level N-leans ' P-leans K-Yeans
-0 438 WALS 425
1 «394 <418 AT
2 ’ ' o411
iogoDn ;.55) ow v mo Nogoﬁo
L.S.Ds (.01) <035 N.S.D. N.S.D.
Means of N x K Combinations
X0 _ E-1 k=2 __
= 440 533

‘m L {
L:g QDQ (. - g Y S QD. (0.0_1:1 a——— :-O-TS




Table 12

Percentage Phosphorus Content of Size 4 and 5 Beans
(1952, Early Harvest, Frozen While Fresh)

Means of Individual Treatments _

Level. _ =0 — P=L \
_ X=0 -1 -2 =) =L k2
= «392 385 <392 383 <376 373
N-1 +390 «396 348 _+385 «365 +370
Means of Main Effects
1 C W372 o372 ' «380
2 - ’ - - ) - 371
.50, (.035) L 009 <009 N.S.D.
L.S.DQ . .m n.s.n. — R.S.D. N.S.D.
ctive effects not significant ' )
Table 13
Percentage Phospharus Content of Size 4 and 5 Beans
(1952, Late Harvest, Frosen ¥hile Fresh)
“Means of Individual lreatments
Level 0 . ol
| — 0 KX =2 X0 F1 K2 _
=) LT 400 42T <435 416 J427
Bl +»380 +383 o388 + 376 <383  L363
Means of Msin Effects
0 <420 39 . oL
1 .37 « 400 396
2 ;" ) 0402
1.5.D. (.05) L010 ¥.5.0. N.S.D.
L.S.D. {,01) o014 NeS«De NeS.De

ve elfects not significant



Table 14

Percentage Phosphorus Content of Size 3 Beans
(1952, Late Harvest, Frozen After Storage)

Means of Individual Treatments _

Level g ) Pl
B.=3 Tl X-'-;f_ ' =0 K-l ~ K2
=) 4 AL <455 230 X 451
Nl <383 o 402 »388 «366 «397 < 406
Moans of Nain Effects

Tevel “N-leans P-Neans K-leans
0 432 YAL) 402

1 <392 «410 <408

2 ) o 425

e3.D. (405) L012 K.S.D. N.S.D,
L,OSQ'D.‘ (001) 0017 Rosono NoSoDc

Interactive effects not significant

Table 15

Percentage Phosphorus Gontent of Size 4 and 5 Beans
(1952, Late Harvest, Frosen After Storage)

“Means of Individual lreatments

Level -0 )
=0 =L =2 =0 K-l =2
. =] 415 393 <48 <436 <215 oy}
K- o404 4389 .38 360 384 392
Means of Main Effects —
Tevel ’ “N-leans ’ P-lieang X=Means
) ‘ 422 402 o404
1 .385 <405 ‘.2392
£.5.0. (.05) JO15 N.5.D. X.S5.D.
L.S.D. {.O1) 020 N.S.D. N.S.D.

Tnteractive effects not significant



1953 Crop - Significant differences in percentage of phos~
phorus as affected by nitrogen, phosphorus or potassium ferti~
lization were noted in only one of the three groups studied (Tables
16-18), In this group, Size 4 and 5, early harvest,; the use of
phosphorus fertilizer increased the percentage of phosphorus by a
small but significant amount (Table 17).

Table 16

Percentage Phosphorus Content of Size 3 Beans
(1953, Progen While Fresh)

¥eans of Individual lreatments

Level —¥0 _ Pl
£0_ -1 ) ' -1
= o459 40 473 <461
N1 o469 450 <487 496
N2 <493 o459
— Means of Main Effects (Factorial Treatments)
Level N-Means P-Neans L-leans
0 <406 <462 4z
2475 «479 2469

Muﬂmieracﬁvocff—ctsmﬁsigniﬁcanb

Table 17

Percentage  Phosphorus Content of Sige 4 and 5 Beans
(1953, Early Harvest, Frozen While Fresh)

Yisans of Tndividual Treatments

Level ) B0 1
N-O o445 o437 o457 455
N1 o462 420 <465 o457

N-2 <459 423
i‘ o§.D0 ;.6;) —— m mo &volj —
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Table 17 (Contt'd)

Means of Main Effects (Factorial Trealments)

Tevel " N-Means ~ P-Means K-Means
S SR D
L 2 L ] L ) o ) N .s.' L 2 %@7 N L ] L ] L ]
L.S.D. (.01) N.S.D. .012 N.S.D.

Interactive effects not significant

Table 18

Percentage Phosphorus Content of Size 4 and 5 Beans
(1953, Late Harvest, Frozen While Fresh)

Level ‘ ) — P-1
X0 -1 K0 =
) Wyl ) Wil Yz
-1 Wizs « 460 «490 «486

N2 469 o473
Meang of Main Effects {Factorial Treatments)

fevel N-lieans “T-leans , X-Means
"‘o o484 475 vy -

AT 2486 o482
ﬁdivmnaf treatment differences not aigﬂﬁcant, main and interactive
effects not significant




'l'he Effects of Nitrogen, Phosphorus, and Potassium Fertilisation
Potassium Content of Pole Beans

1952 Crop ~ The data in Tables 19-24 show that phosphorus
fertilisation significantly affected the percentage of potassium
in five of the six groups studied. A significant reduction of
potassium content occurred in the sige 3 beans of the early harvest,
which were frozen while fresh (Table 19); and also in the size 3
beans of late harvest, which were frogen after storage (Table 23).
In the third group of size 3 beans (late harvest, frozen while fresh)
a significant K x P interaction was noted, In this interaction a
significant reduction in percentage of potassium occurred when
phosphorus fertilizer was applied without nitrogen. This reduction
did not occur when nitrogen was used in combination with phosphorus
(Table 20).

In the size 4 and 5 beans, phosphorus fertilisation resulted
in effects somewhat dissimilar to those found in size 3 beans.
In the late harvest group, frozen while fresh, the use of phosphorus
caused a small but significant increase in potassium content (Table
22). In beans of the same harvest, but frozen after storage, a
significant N x P interaction was noted. Significant depression
of potassium content by phosphorus fertilisation was evident at
the N-0, but not at the N-1 level (Table 24). In the early har-
vested group of size 4 and 5 beans which were frozen while fresh,:
a significant interaction of P x X was noted, with potassium sul-
phate fertilisation (K-2) causing a significant increase in
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percentage of potassium when it was used in the absence of phos-
phorus fertilisation (Table 21).

The use of nitrogen was associated with an interactive effect
with potassium in size 4 and 5, late harvested beans, frozen after
storage. In this group, nitrogen fertiliszation significantly
reduced the percentage of potassium (1) when no potassium ferti-
lizer was used snd (2) when potassium sulphate was used (Table 24).
An alternate interpretation of this interaction is that potassium
chloride fertilization (K-1) maintained a significantly higher
potassium content in the presence of nitrogen treatment than was
maintained by potassium sulphate (K=-2) or by the absence of potas—
sium (X-0).

The effects of potassium on the percentage of potassium found
in the beans were limited to the interactions already noted (Tables
2, 24).



Table 19

Percentage Potassium Content of Size 3 Beans
(1952, Early Harvest, Frozen While Fresh)

' Means of Individual Treatments
Level P-0 Pl

Rl KL K= =0 K=l =
=] 2.07 2.3 2.15 2,02 1.95 1.9
N 2,12 1,97 2,09 1.89 1,78 1,99
— — Means of Main Effects .
Level . N-Means P-lleans K-Means
s} 2,06 ' 2,10 2.01
1 2.01 1.97 2,03
S : ' 2,06
m. (.05) iioSo [ .5@ E.SOD.
E.D. (.01) ’ x.SoD- olm NQSOD.

Interactive effects not significant

Table 20

Percentage Potassium Content in 24 i.ots of Size 3 Beans
(1952, Late Harvest, Frozen While Fresh)

Means of Individusl lreatments
0 ‘

Level Pl _
. = I S S ) = . & W
K-0 2,20 2,41 2.26 2,04 1.92 2,06
N-l 2,05 2,34 2,08 2,06 2.3 2,15
—_— _ Means of Main Effects _
Level N-Means P-Means K-Means
—0 2.1 2.22 2,08
1 2.14 2,07 2.2
2 2,14
Means of N x P Combinations
P-0 P=1
=0 2.29 2,00
R-1 2.15 2.14
N LoSois \e 7 "'W I;OS.D. (.017 — m

¥ain effects not significant



Table 21

Percentage Potassium Content of Sigze 4 & 5 Beans
(1952, Early Harvest, Frosen While Fresh)

Heans of individual Treatments

Level 0 - Pl
X=0 K-1 k-2 =0 k=1 k=2
0 2,05 2,05  2.32 2,22 1.98 1.91
=1 ) 2,07 1.94 2,22 1,92 2.15 1.98
Means of Main Effects _
Tevel N-leans Pleans X-Neans
0 2.09 2,11 2.07
1 2.05 2,03 2.03
2 2.11
. Means of P x X Combinations
k=0 =1 -2
i) 2.06 1.99 2.27
Pl 2,07 _2,06 _ 1.95
L.S.‘D. 005) — 0168 L.S.D. (001) —— .226
Main effects not significant
Table 22
" Percentage Potassium Content of Size 4 & 5 Beans
(1952, Late Harvest, Frozen While Fresh)
Neans of Individual Treatments
Level RO _. 1 N
| ) k=1 -2 X-0 -1 k=2
w5 3.0 2.4 2.03 19 1.95 2%
=1 2,00 2.13 1.96 1,92 2,01 1.95
Means of Main Effects _
Level “N-leans P-Means K-Means
) ~ 2,02 1.85 1.97
1 1.99 1. 2.07
2 1.98
I.5.D. (.05 ¥.5.D. 00 083
L.S.D. (.01) N.S.D. «093 o1ll

Interactive effects not significant
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Table 23

Percentage Potassium Content of Size 3 Beans
(1952, Late Harvest, Frozen After Storage)

llens of Individual Treatments

Level _ P=0 ' _P=l _
K0 E-1  K=2 — K0 Kl -2
) 2,31 2.15 2.32 2,06 1.96 1.91
N=l 2,14 2,33 2.16 2,01 2,15 2,08
_ — Means of Main Effects _

Level K-Means P-Msans X~-Means
0 2,12 3.23 a 243
1 2,14 2,03 2,15
2 2,12

£330, (.05) N.5.0. ~.125 — ¥.S.D.

L.S.D. (.01) N.S.D. 177 : N.S.D.

Tnteractive effects not significant o ' '

Table 2/
Percentage Potassium Content of Size 4 and 5 Beans
(1952, Late Harvest, Frozen After Storage)
Neans of Individual Treatments

Lavel T
=0 K1 k=2 -0 -1 =2
0 2.11 2.12 2.25 2,00 1.95 1.99
Nl 1.95 2.12 2,01 1.93 2.14 1.97

Means of Main Effects N

Level N-lMeans P-lleans K-Means
0 2.07 2,09 . 2.00
1 2,02 1.99 } 2,08
2 2,05

¥eans of N x P Combinations

N0 2,16 . 1.98

N1 2.03 __2.01
L.5.D, (L05) — .093 _ L.5.D. (.01) —.125
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Table 24 (Cont'd)
Meang of N x K Combinations

K~2

B 3.0 5.0 22
1.94 2.13 1.99
L s.n 05) — Q116 1.5.D. (,01) — .155

ects not significant

1953 Crop - The data in Tables 25-27 show that phosphorus
fertilisation resulted in an inorease in the percentage of potassium
in two of the three groups studied. These effects were in size 3
beans and in size 4 and 5 beans of the late harvest (Tables 25, 27).
However, the tendency of phosphorus to increase the potassium
content appeared to depend upon the nitrogen level. In the extra
nitrogen treatments (N-2), the use of phosphorus fertilisers
significantly reduced the percentage of potassium (Tables 25, 27).

Nitrogen fertilisation in the 1953 crop resulted in no other
significant changes in the percentage of potassium. The use of
potassium fertilizers caused no significant increases or decreases
in the percentage of potassium in the bean tissue.



Table 25

Percentage Potassium Content of Size 3 Beans
(1953, Frozen While Fresh)

Weans of Individual Treatments

Level _ P-0 _ P-1
-0 K=1 — k=0 -1
=0 1.95 1.92 2.0/ 1.9Z
N-1 1.98 1.85 1.96 2.14
Ne2 2,11 1.95 _
L.S.D. —(0057 -~ .14 LoS.ﬁo ioﬁl —— .20
__Means of Main Effects (Factorial Treatments)
Level N-Means — P-Means K-leans
) 1,96 1.92 1.98
1 1.98 2,02 1,96
L£.5.0. (.05) ~ N.S.D. T o095 W.S5.D.
L.S.D. {(.,01) N.S.D. N.S.D, N.S.D.
Tnteractive effects not significant
Table 26
Percentage Potasasium Content of Size 4 and 5 Beans
(1953, Barly Harvest, Frosen While Fresh)
Means of Individual Treatments _
Level P=0 P=
=0 T =1 =] =
R0 1.94 2.00 197 1.93
N-1 2,02 1.95 1.9 1,98
N"z .88 1.89 3
_ __Means of Main Effects (Factorial Treatments)
Level N-Means P-lMeans ___K-Means
) 1.96 ~1.95 1,98
1.97 1.95

A 1.9
Individual treatment differences not significant
Main and interactive effects not significant
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Table 27

Percentage Potassium Content of Size 4 and 5 Beans
(1953, Late Harvest, Frozen While Fresh)

Yeans of Individual Treatments

Level —_ R0 . !
X=0 K=l = T Red

B0 1.87 2,01 ~1.89 1.98

E-1 1.86 1,81 1.99 1.95
B2 1.98 1,78
L.5.D, (,05)  — .050 ' TeSeD. (s01) — oOBL

Means of Main Effects (Factorial Treatments)

fevel ~ N-Means — P-Neans ' ans

0 — 1.94 1.88 ’ 1.90

1 1,90 1.95 1,94
£.5.0. (.05) N.S.D. . 066 . WN.S.D.
L.S.D' (.01) N.Sono N.S.D. N.S.D,

Tnteractive effects not significant -



The Effects of Nitrogen, Dhosphcoms, and Potassium Fertilization
on the Calcium Content of “Pole Beans

1952 Crop - The data in Tables 28, 29, 30, 31, and 33 show
that phosphorus fertilization significantly decreased the percent-
age of calcium in five of the six groups studied. The only ex-
ception was the group size 3 beans, late harvest, which were
frosen after storage (Table 32). In this group, phosphorus ferti-
ligation resulted in a decrease in the percentage of calcium; but,
although the decrease was large, statistical analysis indicated
that the difference was not significant. Perhaps this may be
attributed to the fact that there nr’e only two replications in
this group. |

Nitrogen fertilisation significantly increased the percent-
age of calcium in three groups (Tables 30, 31, 33). Thus, the
calcium percentage of all of the size 4 and 5 beans, regardiess
of harvest or storage treatment, was significantly affected by
the level of nitrogen fertilization. In addition, there was an
interactive effect of nitrogen and phosphorus fertiligation in
the late harvest of size 3 beans, frozen while fresh (Tsble 29).
The data show that the depressive effect of phosphorus was at
least partially dependent on the level of nitrogen fertilization.

Potassium fertilization resulted in significantly increased
calcium content in only one of the six groups. This was in the
size 4 and 5 beans of the late harvest, which were frozen while

fresh (Table 31). Potassium chloride (K-1) was associated with
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the increase. That the kind of potassiuvm fertilizer used has an
effect on calcium content is also indicated in the P x K interaction
data of Table 23. These data indicate that potassium chloride
fertilization had no significant effect on the percentage of calcium
regardless of the level of phosphorus fertiligation., On the other
hand, potassium sulphate usage significantly decreased the percent—
age of calcium at both levels.

Table 28

Percentage Calcium Content of Size 3 Beans
{1952, Early Harvest, Frozen While Fresh)

Yeans of Individual Treatments

Level , B
=0 =1 =2 =] -1 Kl
B0 328 <410 <351 273 <320 o281
N—l .427 0425 0344 ' . 0'290 . 0276 ‘277
Heans of Main Effects

Yevel H-leans ~ P-leans X-leans

. '—3‘ . ﬁ ) .oﬁ . 330

]2. 340 «286 .;5-8
.50, (.05) N.S.D. 030 "‘2"'1@.5.3.
quoDc (.01 5.3.0. .Olé N.S.D.

Interactive effects not significant
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Table 29

Percentage Calcium Content of Size 3 Beans
(1952, Late Harvest, Frozen While Fresh)

¥eans of individual Treatments

Level — B0 I S
K~0 =1 K-2 X-0_ -1 k=2
N-1 o449 420 349 +383 .388 383
_ ’ ' ___Means of Main Effects _
Level ~N-leans P-Neans K-Means
~0 326 o416 <381
% 395 . «305 <361
TS0 T.057 ¥.5D. 2059 N-5.5.
L.S.D. {.01)  N.S.D. 084 | N.S.D.
| ¥eans of N x P Combinatio
1 S 406 385
L.5.5. {J05) — 086 _ L.S.D. (L01) — .093
X0 E=1 ' — X2
P-g W27 o391 <298
P-—- . . 2 03& 0281
L.S.D. 06-5} S— .6& j? LDS.D‘ 003:)- ——— ;ils :

Main effects not significant
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Table 30

Percentage Calcium Content of Size 4 and 5 Beans
(1952, Early Harvest, Frozen While Fresh)

— Neans of individual Treatments _
Level ' P-0 _t J P-1
_ — X0 =1 k-2 k=0 k1 =2
ﬁ-—O‘ ® m 0343 ° 282 o%i .253 ° 254
B-1 +333 371 323 «259 270 «250
Means of Main Effects
Level , N-Neans — P-leans “K-Neans
-0 . 282 324 286
1l 301 258 «309
2 «279
.50, (.05) 2020 <020 NeS.De
L.S.D, (.01) N.S.D. «027 N.S.D,
Interactive effects not significant
Table 1
Percentage Calcium Content of Size 4 and 5 Beans
(1952, Late Harvest, Frosen While Fresh)
~ Means of Individual Treatments
Level -0 Pl
=) .2 N ) -1 k-2
B.=Y <349 I 7 N V7 <292 o324 74
N-1 «375 o434 «393 «329 329 348
Means of Main Rffects
Level “Neans PMeans =TT
) o <328 <377 <336
32. 368 <319 «365
. o34
L£.5.D. (.05) .018 018 6'5
'L.S.D. {(JO1) o024 «024 «030

Interactive effects not significant



Table 32

Percentage Calcium Content of Size 3 Beans
(1952, Late Harvest, Frozen After Storage)

X0 RN L.~ X0 =1 K2
B3 <368 304 .39 20 335 252
N-1 <408 ‘ 2315 <348 2349 312 «339
Means of Main Effects —
Level " — N-Means “P-Neans K=Means
0 o317 T <353 | 39
1 345 «309 316
2 _ »328
n and interactive effects not significant
Table 33
Percentage Caleium Content of Size 4 and 5 Beans
(1952, Late Harvest, Froszen After Storage)
Means of Individual lreatments
Level P=0 Pl
X0 &1 K2 X0 k1 %3
) <315 <342 333 258 296 283
N-1 0345 374 .328 «J15 + 322 «J10
_ ’llcana of NMain Effects
fevel ' N-leans P-Means “X-Neans
g 332 301 I3
LS50 057 015 ' 015 i
L.5.D. (.01) .022 022 ‘ N.3.D.

Interactive effects not significant
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1953 Crop = Calcium determinations were made on three groups
in 1953, but data are presented on only the two groups in which
significant differences are found (Tables 34, 35). Both of these
lots were of size 4 and 5 beans. In the early harvested group,
there was a significant reduction in the percentage of calcium in
the bean tissue as a result of phosphorus fertiligation ag a main
effect (Table 34).

Although the main effect of phosphorus fertilisation was not
significant in the early harvested beans (Table 34), the effect
on the percentage of caleium in the late harvested beans was signi-
ficantly depressive (Table 35).

The main effect of nitrogen fertilisation on the percentage
of calcium followed the same pattern as that of phosphorus ferti-
lization.

Table 34

Percentage Calecium Content of Size 4 and 5 Beans
(1953, Barly Harvest, Frozen While Fresh)

Means of Individual Treatments

Level 0 Pl
=0 =1 X=0 K=l
N1 323 Jm .32 .303

N2 7 2289
L.5.0. ((05] — 0L L.5.D._(CO1) — 014




Table 34 (Conttd)
Means of Main Effects (Factorial Treatments)

fevel ~ N-Means P-lieans K-Means
0 316 317 <323
I S— o312 o311 <306
L.S.D. {.05) N.S.D. E.S.D. N ¥R
L.S..Do ( 001) ﬂosoDo N.&D. NoSqu

Interactive effects not significant
Table 35

Percentage Calcium Content of 40 Lots of Size 4 and 5
Second Harvest Beans

Means of Individual Treatments

Level P-0
X0 K=l ) .1
¥0 <355 345 <319 <335
N-1 «301 <312 ' «293 <309
N=2 o321 o321
Means of Main Effects (Factorial Treatments)

Level “N-Heans “P-Heans K-lMeans

1 ?156 331; 'ggl
L.S.Do (0557 ij o% . e delle
L.S.D. (.01) .028 N.S.D. N.S.D.

Tndividual treatment differences not sigmificant
Interactive effects not significant
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The Effects of Nitro en Pho ho and Potassium Fexrtilization
on the Nagnesium Content of Po.

1952 Crop - The data in Tables 36~41 show that phosphorus
| fertilization significantly depressed the percentage of magnesium
in all six groups of beans studied.

Nitrogen fertilization increased the percentage of magnesium
in two groups. They had no relationship in size or harvest since
one was of the early harvest size 3 bean, froszen while fresh (Table
36) and the other of the late harvest size 4 and 5, frosen after
storage (Tabls 41). Another effect of nitrogen can be seen in the
significant N x P interaction found in the size 3 beans of the late
harvest, frosen while fresh (Table 37). The depressive effect
of phosphorus fertilization on calcium content was very greatly
reduced by the use of nitrogen fertilizers in that growp.

Potassium fertilisation had a significant effect on magnesium
percentage in only one of the six groups studied. This response
was an inorease due to use of potassium chloride, occurring in
the early harvest of the size 3 beans which were frozen while
fresh (Table 36). Differences due to potassium sulphate were
not significant in this or in any other group.



Table 36

Percentage MNagnesium Content‘ of Size 3 Beans
(1952, Early Harvest, Frozen While Fresh)

Means of individual Treatments

Level PO Pl —
X0 K1 =2 k=0 X=1 k=2
N0 352 . 3@ .378 «339 «350 343
F-1 395 407 404 334 360 345
Means of Main Bffects
0 .358 .387 <355
1 374 345 <376
2 367
L.5.0. (.05) JO12 . 012 015
L.S.D. {(.01) 016 .016 .020
Tnteractive effects not significant
Table 37
Percentage Magnesium Content of Size 3 Beans
(1952, Late Harvest, Frozen While Fresh)
Yeans of Individual Treatments
Lavel ~P=0 Pl
R=0_ =1 =2 0 =T k2
N-1 »380 2363 360 . &317 .385 o374
_ Means of Main Effects
Level N-Means ans “X-Neans
5 .ﬁé tﬁg ' 0342
% «366 «306 .342
£.5.D. (.05) N.S.D. .000 Wzl.s.n.
L.S.D. (.01) N.S.D. N.S.De N.S.D.
Means of N x P Combinations
P=0 P-1
= 39 +254
N-1 373 «359 .
L.5.0. (.05) == 033 L.S.D. (JOL) — 046




Table 38

Percentage Magnesium Content of Size 4 and 5 Beans
{1952 Early Harvest, Frozen While Fresh)

Heans of Individual Treatments

Level P P-1
=0 k=1 k-2 | =0 1 k-2
B0 <350  .363 w348 <323 .323 el
K-l o 347 390 «390 «329 «318 «320
. Means of Main Effects _
Level . H-MHeans P-Means ~ K-Means
0 336 « 365 .337
1 o349 34 <348
2 N _ 2342
L.S.D. (.05) N.S.D. 006 N.S.D.
L.S.D. (.01) N.S.D. 008 N.S.D.
Interactive effects not significant '
Table 39
Percentage Magnesium Content of Size 4 and 5 Beans
(1952 Late Harvest, Frozen While Fresh)
Means of Individual Treatments
level PO Pl
) I = e . W
=0 <355 353 <338 <285 333 . 286
N-1 +353 <332 +325 +325 «320 .328
— Mezns of Main Effects _r
Level N-lleans P-Means K-Mleans
0 <325 <347 339
1 335 313 «340
2 _ I _ 321
L.S5,D. {,05) N.S.D. 017 N.S.D.
L.S.D. (.01) N.S.D. 023 NeS.De

Interactive effects not significant



Table 40

Percentage ¥agnesium Content of Size 3 Beans
(1952 Late Harvest, Frozen After Storage)

¥eans of Individual Treatments
Level ' BT
=) =1 k=2 =0 k-1 =2

= T o34 <350 + 300, 206,283 .28

N-1 o347 2334 2309 312 2327 310

N Means of Main Effects .

Level N-Aeans P-Neans K-Heans
B3 * 304 *330 2316

35 323 «297 .32{
EggoD- (. SI i§0§. L 4 .Gﬂ ii.§0§. '
L.S.D. (.01) N.S.D. 027 N.S.D.

Interactive efiscts not significant

Table 41

Percentage Magnesium Content of 3ize 4 and 5 Beans

(1952 Late Harvest, Frozen After Storage)

Yeans of Individual Treatments
0 P~

Level _ _ P-]

X=0_ k-1 K=2_ =0 =1 K=2
= 323 337 2323 287 283 38T
R-1 358 «350 2331 «316 320 «295

Means of Main Effects _
Level “R-Means ~ P-leans X-Jeans
—0 <305 337 o320
1 328 297 322
2_ _ _ 307
£.5.D. (.05) 004 .004 N.S.D.
LeSeDe (,O1) 006 .006 N.S.D.

Interactive effects not significant
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1953 Crop - Eagn;sim determinations were made on three groups,
but significant differences dus to fertiliger treatments were noted
in only one group. This was a main effect of nitrogen fertilisation
in reducing the percentage of magnesium, occurring in sisze 4 and 5
beans of the late harvest, froszen while fresh (Table 42).

Table 42

Percentage Magnesium Content of Size 4 and 5 Beans
(1953, Late Harvest, Frozen While Fresh)

Means of Individual Treatments

Level ) — . Pl
. 0 BT 0 X1
N-0 <330 319 <318 317
N-1 «292 oJ22 292 «291
B2 o). . om
__leans of Main Effects (Factorial Treatments)
Level N-Neans P~Means K-Means
.Ti ) 032?; 0536 0312308
[ .2 4 hd

iosoﬁo (.@) .m aidehle ii.goﬁo
L.s.D. (.01) N.S.D. N.S.D. N.S.D.

Interactive effects not significant
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The Effects of Nitrogen, Phosphorus, and Potassium Fertilisation on
the Total Ash Content of Pole Beans

1952 Crop — The effects of the various levels and combinations
of fertiliser treatments are shown in Tables 43-48. The data
indicate that the total ash content of all the groups was signi-
ficantly reduced as the result of phosphorus fertilisation.

Nitrogen fertilisation significantly reduced percentage total
ash in only one group, which was the late harvested 4 and 5 size
beans, frosen while fresh (Table 46). A significant N x P inter-
action was 8slso noted in the late harvest of size 3 beans, frozen
while fresh (Table 44). In this interaction the depressive effect
of phosphorus fertilisation was significantly lessened by nitrogen
fertilisation. These were the only significant effects of nitrogen
shown by the data.

Pertilisation with potassium chloride (K-1) resulted in signi-
fiocant increase in total ash content in the late harvested 4 and §
size beans regardless of storage treatment (Tables 46, 48). A
similar increase was noted in size 3 beans of the early harvest,
frosen while fresh (Table 43).

The effects of potassium sulphate (X-2) were limited to a
significant inorease in only two groups, and in both cases the
increase was of\ borderline significance. Both groups were of size
4 and 5 beans (Tables 46, 48).

Ho other significant effects of potassium were indicated by

the data.



Table 43

Percentage Total Ash Content of Size 3 Beans
(1952 Early Harvest, Frosen While Fresh)

Level

: : "0 -1 -2 ~ E=0 "KL =2
) 5.19 [ 5) 8,35 5. 5.9 5.
3—1 6.40 6;59 6.15 5.& 6.02 5.83

: .' Means of Main Effects

Level ¥-Neans PNeans X-lisans
0 ~ 5.5 6.0 — . 6.05
1 6.13 5.88 6.31
2 . _ - . ' ‘ 6.06
£.5.0. (.05) N.S.D. 143 178
L‘ S.D. ( '01) no S.D. .191 > ® 238

Interactive effects not sign:l.ﬁcant

Table 44

Percentage Total Ash Content of Size 3 Beans
(1952 Late Harvest, Frozen While Fresh)

Neans of individual Treatments

Level ) L ,
= N = ) S = S
B =] 6.33 5.53 6.58 5.65  5.56 5.88
N-) 6.14 6.35 5.95 Se77 5.98 5495
_ - Neans of Main Effects _

Level N-Means “P-leans K-Neans

6.08 % 5.97

1l 6.02 5.80 6.10

2 6.08
L8, (.05) N.S.D. <312 ~ H.S.D.
L.8.D. (.01) K.S.D. o465 N.S.De.

Means of X x P Coxbinations
P00 P=L
N0 6.48 5.69

N-1 6,14 _ .90
L.5.0. ((05) — .193 r—‘zr*).s.n. LOL) == ,298



Table 45

Percentage Total Ash Content of Size 4 and 5 Beans’
{1952 Early Harvest, Frozen While Fresh) :

———

Neans of Individual Treatments

Level PO ) _ Pl :
=0 K1 j &%) =0 =1 =2
%0 6.1l 3.2% 6.39 5.58  5.48 5.75
K-1 6.19 6.38 6,06 5.48 5,99 5.73
, Means of Main Effects o
) 5.92 .23 5,84
1 5.97 . 5066 6.02
2 ' ' 5,98
.50, (.05) N,8.D. ' <154 ' N.S.D.
I‘.ISOD. '001) K.S-D. ) X 0205 N.S.D.
Tnteractive effects not significant '
Table 46
Percentage Total Ash Content of Size 4 and 5 Beans
(1952 Late Harvest, Frozen While Fresh)
Level B0 - — 2=
=0 K=1 T2 =0 -1
0 5,89 6,18 6.03 5.48 .65 5.58
© Bl 5+56 5,91 5,82 54,30 5.64 5457
_ Means of Main Bffects '
Level” “N-Neans —PNeans _ L-Neans
) 5.80 5.90 555
:é 5.63 5.53 5.84
Log'o'ﬁo L @ 5) om .m 20!
L.S.D. (.01) N.S.D. 0224 «270
Tnteractive effects not significant '




Table 47

Percentage Total Ash Content in 24 Lots of Size 3 Beans
(1952 Late Harvest, Frozen After Storage)

Means of Individual Treatments

Level ’ 35 — Bl
_ 0 ¥ - K2 0 &1 K2
=~ 6,56 6.4 6.8 6,08 5,86 5,86
M1 6,32 6.51 6,02 5.87  6.43 6,08
_ _ Means of Main Effects
Level N-leans Yoleans ¥-Heans
1 6,20 6,02 6.30
2 _ 6,19
L.3.7.71,05) — ES.D, o243 - ¥.5.D.
L.8.D. (.01) N.S.D. 37 N.S.D.
Interactive effects not s cant ‘
Table 48
Percentage Total Ash Content of Size 4 and 5 Beans
(1952 Late Harvest, Frozen After Storage)
“Veans of Individual Treatusmts
| =0 - - L=
10 -1 =2 -0 -1 =2
B.=:] 5,92 6,27 6,37 5.9 5.75  5.74
N1 5.80 6.17 5,85 555 .89 S.72
- - Means of Main Effects _
Lovel N-leans _ —_ Polisans X-Means
-0 5.95 - 6,06 5.7%
1l 5.83 5.73 6,02
2 . _5.92
L.5.5.7(,03) ¥.5.D. 143 — | 178

L.S.D. (.01} N.5.D. +192 2238
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1953 Crop - Total ash deterninations were made on three groups,
but significant effects from fertilizer treatment were found in
only two groups. Both grouwps of beans were of size 4 and 5 (Tables
49, 50). In beans of the early harvest, phosphorus fertilisation
significantly depressed the percentage of total ash when ussd at
the 100 pound nitrogen level (Table 49). In the late harvest,
nitrogen fMation significantly dscreased total ash content as
2 main effect (Table 50).

Tabls 49

Percentags Total Ash Content of Size 4 and 5 Beans
(1953, Early Harvest, Frozen While Fresh)

» Means of Individual Treatments
Level “Pel , , Pl
=0 -1 =] K=1

™) 5.50 5,68 5.99 E /4

;::1! g.gi 5.44, 5-2 5.87
rogoﬁn (oﬁ ‘:'- 0376 ) . ‘ 5;5.5..!.m) —— OW

Neans of Main EBffects (Factorial Treatments)

Fevel " N-Means “P-lNeans K
0 .75 5.67 5.83

ARV

1 [ 3 5-§5 . 50®
jaln and interactive effects not significant




Table 50

' Percentage Total Ash Content of Size 4 and 5 Beans
(1953 Barly Harvest, Frozen While Fresh)

: “Meang of Individual Treatments
Level 0 Pl
=~ .09 5.18 596 627

) 5,66 ’ 5.95 5.8%. * . 6,00

) ) 5,70 | 5.1

Means of Main Bffects (Factorisl Treatunbcz
Tevel 2 " P lieans
1 5,86 6.01 6.10
£.8.p. 1.05) <253 K.3.D. N.S.D.
N.S.D.

L.S.D. 5.01) N.S.D. N.S.D.
Indi treatment differences not significant
Interactive effects not signifiecant
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The Effects of Hit rogen, Phosphorus, and Potassium Fertilization
on the Seed fontent of Pole Beans

1952 Crop = The data in Tables 51-56 show that phosphorus
fertilisation significantly increased seed content in five of the
six growps studied. The excepticn was size 3 beens, sarly harvest,
ourned while fresh (Table 51), However, there wes a significant
ExPinteruﬁuninthhgrwp, in‘hiohthomofphouphomc
si@iﬁcanﬂy inereased seed content whon nitrogen was not used.

Hitmgen fert.ilixation caused a aigniﬁcm reduction in seed
con‘tmbinﬁo grmps. Qnomaizo4and5bomofthom]y
harvest, canned while fresh (Table 53); the other was size 3 beans
of the late harvest, also canned vhile fresh (Table 55). No other
.signiﬁcant changes attributable to nitrogen fertilisation were
indicated by the dats in Tables 51, 52, 54, 56.

The use of potassium fertilisers did not significantly affect
the seed content of any of the groups studied (Tables 51-56).

Table 51

The Oram Weight of Seeds per 100 Grams Pods of Size 3 Beans
(1952 Early Harvest, Canned While Fresh)

hn- of Individual Treatments

Level - 1 _
=0 F{ ﬂ " k=0 -1 %)
= —2.85 2095 347 3.0 3.4
N1 2,71 3,50 3.Q}: 2,91 2.81 2,45
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Table 51 (Cont'd)
" Means of Main Effects

-0 ~ 3,01 . 3.88 2.86
1 282 2.95 3.05
Heoans of ¥ x 2 Combinations
!23 — oL
"ﬁ- os " 3.34 S
2.
ingo - (o@j —— oiﬁ m%{ GE) E .
Meang of ¥x X Conbimﬁ _
' ' | 3] = ’i‘-‘im )

P P e R

Hain effects not significant

'_rable 52

OGram Weight of Seeds per 100 Orams Pods of Size 3 Beans
{1952 Late Harvest, Camned While Fresh)

JNeans of Individual Treatments
Level _ ‘“!Ebr )
— =0 R=l .2~ 1
‘iﬁ""—fm W 3.05 2.35 2.9
2,91 1.88 1.83 2,26 2:27 2.88
_ Means of Main Effects

0 ' 2.38 2.12 , 2.56

1 2.34 2,60 2,12

2.39
L.goﬁo Hos.ﬁo . .% iogoﬁg
L.S.Ds ( N.S.D. 40 N.S.D.

fntoraetivo ects not significant
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Table 53

Oram Waight of Seeds per 100 Grans Pods of Size 4 and 5 Beans
(1952 Early Harvest, Canned While Fresh)

_ 0 = R1 =2 | |- Z I =) =2
| 4,26 5.15  4.85 495 5.4 407
-1 4.28 425 467 3,78 4e52 474
. Means of Mzin Effects . ‘
Level “N-lisans ' ~ X-Means
0 4.8 YA 4.32
1 4.20 , 465 4.9

2 a . 4ed8
L35, (.05) 363 N.5.D. N.S.D.
L.S.D. (.01) 486 N.S.D. . _____E.s.D.
Interactive effects not sigmificant

Table 54

Grax Weight of Seeds per 100 Orams Pods of Size 4 and 5 Beans
(1952 Late Harvest, Camned While Tresh)

"Neans of individual Treatments

Ieavel “ Pl Pl
" X0 K=l 2 ) -1 -2

=l 2.58 3.17 241 v 3.29 3.45

. Means of Mainkf
Level _ N-leans “Tiieans “K-Msans
I 3.19 2.88 3.05

i 3.01 3.32 3.332
g 3.3- zoasj ) i.g.n. 053- %0§ .ﬁ‘
L‘S‘DQ s .01 J NQSQD' !22 NQ SQD"
Inte [ve effects not cant .



Table 55

Grn'ei.%m of Seeds per 100 Grams Pods of Size 3 Beans
1952 Late Harvest, Canned Whils Fresh)

Level ‘ PO — Ta)
X0 K-l =2 j ) Tl =2
= ~1.93 2.0 1.80 2,53 3,80 274
-1 1,89 1.1 1,70 2, 1,96 2.3
_ Means of Main Effects _
Teovel R-lleans P-Means K=Means
1 1.99 2.44 2.07
2 2.13
£.5.D. (.05 <151 151 N.S.D.
E:‘,S’D. (001 oaz om ‘oSoDo

Interactive effects not significant

Table 56

Gram Weight of Seeds per 100 Orams Pods of Size 4 and 5 Beans
(1952 Late Harvest, Canned After Storage)

Yeans of Individual Treatments

Level D , Pl

“X=0 -1 ] X0 X1 2
50 ' 3,10 2,91 3.1 3.3 3.27  3.28
A=l 232 2,39 2,7 3,58  3.04 3,50

Means of Main Effects
Tevel “W-Neans _ — P-Neans T-Neans
):i 2.92 3.29 2.22

L35 10%) ¥.3.0. % 3

L.'S.D. 001 l.s.oDo X : N.S.D.
mn effects not significant



1953 Crop - Nitrogen caused a significant reduction in seed
content of size 4 and 5 beans of the early harvest (Table 58).
A second effect of nitrogen was shown in late harnstedbeana of
the same sise in which the use of 100 pounds of nitrogen resulted
in a significant reduction of seed content, iunnaodin the
sbsence of phosphorus (Table 59). Fotassimm fertilisaticn was
followed by a significant reductlon in seed content in the same
eroup. | |

These were the only significant cbange; in seed content r\o—x
sulting from fertiliser treatment (Tables 57-5%).

‘-rablo 57

Orams of Seed per 100 Orams Pods of Sise 3 Beans
(1953, Camned While Fresh)

~ Neans of Individual Jreatments '
1 I = S

Level
= ) X0 =1
B>y 247 2,98 2.8 2.56
Bl 2,67 . 2._35 2.53 . 2.74
N2 2.99 . 2.66 .
__Means of Main K fects (Factorid Treataents

2.73 2.76
Iﬁdivi&nai treatment dff?&ema not nfgﬂ:ﬂcmt; main and interactive
effects not uigniﬁcant o




Table 58

Grams of Seed per 100 Grams Pods of Size 4 and 5 Beans
(1953 Barly Harvest, Canned While Fresh)

~ Pl

Level " Y=0
B~ 4405 453 %e 50 423
E-1 427 4.09 - 3.90 422
F-2 | 3.89 | 3.2 |
| Means of Main Effects (Factorisl Treatments
0 %0 4e2b 4,18
1 | 12 4 __keS54
£.3.0. (.05) 3:1.6 1‘?5. D. N.S.D.
L.S.D. (.01)  H.S.D. ¥.8.D.. R.S.D.

ve ects not si

Table 59

Grams of Seed per 100 (rams Pods of Size 4 and 5 Beans
(1953 Late Harvest, Canned While Fresh)

Noans of Individual Treatments

I L - S
L35, Go3) = 253 IS0, L) — A3
~ Msans of Main Rffects (Pactorial 'ri'cat-entsz

) f:?: | i‘:‘?“z 7
2. 7 [ 3

X.3.D, %‘é‘

N.S.D. §.S.D.




The Effects of and Potauiun Fertilisation
on the Shear P Preu Boading! anned "Tole Beans

1952 Crop = Significant differences in shear press readings
resulting from fertiliser treatmsnts were found in only two of the
six groups studied. In both groups phosphorus fertilisation resulted
in a significant redustion in the force required to shear the beans
as measured by the shesr press. Onogm’_npmofshoBbumet
the early harvest, canned wiile fresh (Table 60); the other was of
size 4 md 5 besns, early harvest, camned while fresh (Tsble 61).
In the latter group a significant increase in shear press readings
resulted from potassimm fertilisstion. Both salts, chloride (x-1)
and sulphate {X~2), were indicated as significantly effective.

1953 Crop ~ Shear press readings were taken on five groups of
canned besns., However, no signifiscant differentes from fertiliszer
treatment were found, so the dasta are not presented. The readings
varied between 22 and 27.5 kilograms (per square inch) shearing
force requiremsnt.



Table &0

Shear Press Readings of Size 3 Béam
(1952 Early Harvest, Canned While Fresh)

8

) = . Y X =0 k-1 -2
5 —B.E .0 L3 %3 ®.3 B8
K-l 73.8 82.5 80,0 58.8 73.8 T2.5
Means of Main Effectst |

Tevel Wlsans _ T Moang T-lsans

’Io5 ’goa ﬁoa

§ . 72,5 68,0 34.3
Es ’150‘ ; ‘B : H‘SOEQ 6.@ aDelle
E'SODC L g' ) '.,S.n. 7.@_ NOS.DO

ive elfects not significant
Table 61
Shear Press Readings of Size 4 and 5 Beans
(1952 Late Harvest Beans, Canned After Storage)
Level R .
=0 — 2.5 2.5 8.8 70.0 2.5 80,0
liam of Nain Effectst

Level W-leans Neang T-Xeans
0 .0 W15 nes

1 74.0 . 73.5 T7.0

- 78,0

1:53050 so I,§. . m 405
LISoBQ Lc S.‘B. xo S.D. H.S.D’.

%Shearhvurudingsminpmnﬂsp&sqmroinch



The Effects of Nitro Pho, and Potassium Fertilisation
ot Fress Beadings of Froren Fole Deans

1952 Crop = Shear Press Readings were taken on all six groups
of beans, but significant differences in resigtance to shear resuliing
fron fertiliser treatmsuts were noted in only three groups. In both
sizes of the early harvest beans, frosen shile fresh, the use of
phosphorus fertilisers significantly reduced shear press readings
(Tables 62 and 63). A signifieant increase from nitrogen ferti-
lization was also noted in size 3 beans (Table 62). 4 different
effect was noted in the size 4 and 5 beans of the late harvest,
frosen after storage (Table 64). In that group, phosphorus ferti-
lisation resulted in a significant increase in shear press readings.

Ro other significant effects of nitrogen, phosphorus, or
potassium fertilisation were indicated by the data.



Table 62

Shear Press Readings of Sise 3 Beans
(1952 Barly Harvest, Frozen While Fresh)

D= 82X  55.8 329 BT 521 545
1 59.5 564 . 9.9 - 52.8  85.6 . 6l.5
. : ~___Means of Main Effects» -

1 | 59.3 54.5 5.1
8 A ) R 7 S rave | ‘%ﬁ';.l)’
Table 63
Shear Press Readings of Size 4 and 5 Beans
(1952 Rarly Harvest, Frosen While Presh)

Neans of Individual Treatments
Level ] .
= 589 54.0 515 ~50.3 51,0  49.8
Means of Main Effects
Y 52,5 ' 58,5 54.5
1 55.4 51.5 glzng
~an o) V.50, 397 550

L.S.D. (.01 N.S.D. N.S.D. N.S.D.
m_mbﬁ?ecﬁ not signilicant
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Table 64

Shear Press Readings of Size 4 and 5 Beans
(1952 Late Harvest, Frozen After Storage)

Level ' A Pl - Tl

: ] B SRS ] Yo ¥l X2
B . 5.0 8.8 5.6 611
K-l 6.3 63.3  63.8 6,1 6.1  70.8

62.2 82,8

67.6 66.8
‘ 65,2
459 K.S.D.
ﬂnS-D« H.S.D'

1953 Crop = Shear press readings were talsn on all groups, but
cigniﬁmtdiffmu;nudsﬁanuto-hmmeindicatedin
only:‘twgrmptofbeans. Both groups were of sise 4 and 5 beans,
frozen while fresh; and responses were noted in both harvests.

Significant ¥ x P interactions were indicated in both groups
(‘fabhe 65, 66). In both groups, the tendency of nitrogun ferti-
lisation to depress the shesr press readings was affected by the
phosphorus fertilisation level since this depression did not ocour
when phosphorus fertilisers were used. Adﬂ]ﬂ?xkiutcm‘tlion
uahominthooarlyharustgrmp(‘rableﬁ). The tendency of -

pouuim ferulmt.ton to ai.gnifieanﬂy dq:rm shear press roadingl
was shown to be dependent on the phosphorus fertilization level.
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Table 65

Shear Press Readings of 40 of Size 4 and 5 Beans
{1953 Barly Barvest, Frosen Whils Fresh)

“Neans of Individual Treatments
Level Pl
Nl 40.1 33.8 45.3 48.4
He2 48,0 _ 47.1
Means of Main Effects (Factorial Treatments)
Lovel ¥-ibans Pleans i
) %5.31 72.09 45,24
1 41,88 45.09 41.75
_ %10 of Nx P conbin:tiona )
B~ 4725

R T 1) B Y m‘%

Tabls of P x K Combinations
0

F-1

K-l

513 2%
38. % ou

L.g.ﬂ. y — . .' .rSo £ & N j 3§
mﬁﬁﬁﬂfmu and main effect ?-foreneu not

significant



Table 66

Shear Press Readings of Sise 4 and 5 Beans
{1953 late Harvest, Frozen While Fresh)

=

Level “ — D
ED =T 0 -1
= 50.% 434 3.4 424
s 8.0 3.8 49.4 494
mt (065:, }_" ‘0” _ :ascﬁr | i'a ) ... ] 607(
Meang of Main Effects (Factorial Treatments
LoveT ¥euns FVaans e s
I ' 47.38 77.63 %6.53
1 45.13 44.88 _ _45.97

Table of ¥ x P Combinations




of Nitro and Pot.auim Fertilization
"'ﬁ' 5:." a ot anned Pole Beans

‘l8|§’

1952 Crop - Objective evaluations of color were mads on all
groups of canned beans, using the Hunter Color and Color Difference
Meters but signifiecant differences in readings due to fertilisation
were found in only four groups. The use of potassium fertilizers
resulted in signifisantly lower "a* readings in sisze 3 beans of
the early harvest, camned while fresh (Table 68), This was true
of both forms of potassium fertiliszers used. In the case of the
*b® readings, only potassium chloride (X-1) was associated with a
significant reduction (Table &9). In the absence of significant
change in "Rd" (Table 67), ihis would indicate that the use of
potassium chloride fertiliser had resulted in besns of more yellow
and of less green huwe. Less chroma (lesser degres of saturation
ef color) is also indicated. Potassium sulphate fertilisation
resulted in beans of more yellow (and less green) lme while the
degree of saturation remained sbout the same.

In the size 4 and 5 beans of the late harvest, also canned
fresh, the effeet of potassiuvm was again evident (Tables 71, 72).
The use of both forms of fertiliser was associated with a signi-
ficant reduction in both *a" and "Hb™ readings. In ths absence
of significant change in "Rd® (Table 70), this indieates that the
beans weare more yellow (and less green) and that there was & lesser
degree of chroma.
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. A third color response resulting from potassium fertilisstion
was noted in the sise 4 and 5 beans of the late harvest, canned
after storage (Tsbles 73, 74). Use of potassium chlaride signi-
ficantly inersased "Rd® and "s¥, which indicates an incresss in
reflsotion and & change in hue toward green (from yellow). Use
of potassium sulphate, on the other hand, was assoeisted with a
significant increase in "e* only (Table 74). In this same gromp,
phosphorus fertilisation significantly decreased."s®, which in
the abaence of signifieant change in "RA" or *H¥, indicates a
shift toward yellow, from green.

‘Mitrogen fertilisation significantly ineresased *Rd® readings
nm:ncsmwﬁohuw,mmm
(Table 76)s Use of phosphorus had the ssme effect. In the absence
of changes in ®sa® and "b" readings, this indicates an increase in

r.meﬁono
Table 67
Hunter "Rd" Resdings of Sise 3 Beans
(1952 Barly Harvest, Carned While Fresh)
Level ] _ 1
= 25 8 3L 9.3 “9I0 . 8.96  9.32
N - _9.37 9,01 9.4 10,08 8.72 9.18
' ‘ o ’ Means of Main Effects :
fevel ~ N-leans “P-Neans X-Means
—0 . 9.28 ~ 9.33 947
1 ) 9.3 9.23 3316

2 . . .
Haln and Interactive elfects not signilicant



Table 68

Hunter "a” Readings of Size 3 Beans®
(1952 Rarly Eu-vest, Cammed While ?resh)

=) 507 5.1k 4e57 502 L8 5.00
Bl 5097 . 490 4O . 5,45 - 4.88 5.10
S Nezns of Main Effects . -
T 497 R p % W T 5418
5400 | 5.06 o
| . F,8.Da . N.S.D. «243
: ects not signifieant
# A1l Hunter g% preadings are mims
Table &9
Hunter "»* Rsadings of Size 3 Beans
(1952 Barly Harvest, Canned While Fresh)
Level ] ) _ P
K=0 =1 k-2 -0 Y =2
0 19,30 15.15 14.78 1510 1Z.52 15.01
Ml 1483 14,28 1474 _15.58 1445 14,97
» ‘Mesns of Main Effects
fevel W-Neans ~ P-Neans K-lNsans
~0 ‘ T 1497 1.8 15.20
1 T & 14494 14.60
© 2 , 14.87
I35 Gosy . R.S.0. . T.3.0. " e3bl,
4 R ] ] NQS‘D"‘ . .622




Table 70

Hunter "R4A™ Readings of Size 4 and 5 Beans
(1952 Rarly Harvest, Canned While Fresh)

| X3 = ) D~ IS = SN =N
%0 168 10.82  9.85 10.20 10,06 10,09
Heans of Main Effects
i 10.25 10.23 10.21
2 | . 10,03
¥aIn and interactive eZfeets nol signilicsnt . .
Table 71 .
Hunter *a® Readings of Size 4 and 5 Beans
€1952 Rarly Harvest, Camnod While Fresh)
“Neans of Individual Treatmenis
Level , .
) o] ) A T2 =0 k-1 B2
.~ 5.56  5.27 %92 518 5.06  5.09
Nl 5.39 5404 5,10 D32 3.93 4+93
Means of Main Effects .
1 5.10 5.11
2 - 5,01
£.5.D. .50, T a9

Ha‘,s‘-nb ) . ) om




Table 72

Hunter "b* Readings of Size 4 and 5 Beans
(1952 Rarly Harvest, Canned While Fresh)

v “Means_of Individual Treatments
| ~X=0 L -2 =0 K=l =N
w0 1628 15.0  15.17 15,38 15.60 14.68
N1 15.75 15,11 15441 15,82 15,61 15.48
Means of Main Effects
Level " N-llsans “Y-leans Y-Neans
-0 15.53 15,8 15.90
é 15,53 15.46 15-:{1
L.3.0. (.01 ¥.S.D. N.S.D. N.S.D.
ractive ellscts not significant ' '
Tsble 73
Bunter "Rd" Readings of Sise 4 and 5 Beans
(1952 Late Harvest, Camed After Storage)
“Reans of Individual Treatments
= 945 9.72 9.8 938 9.55 9.2
-1 8. 9,72  9.62 9.07 10.24 9.40
_ Means of NMain Effects
1 5‘3! ;.i ;.z
31 9.5 9.48 9.81
E. 3;3& !053) iogcﬁu n.ogoﬁo %‘
LOSCDO ( .m-_) B N&S.Do ) ) N.S. 1. ) &

Tnteractive effects not significant



Table 74

Bunter "a® Readings of Size 4 and 5 Beans
(1952 Late Harvest,.Canned After Storage)

92

Level '
%0 BB 3.35 5.42 o N R,
Rel 482 S5.25_ _ 5.15 4e37 5.50 456
. Means of Main Effects
1 4.94 490 5.32
2 5,06
eS,.D. "~ N.S.D. T8, Py A
K.S.D. «306. «376.

L.S.D. .01

ects not significant

Table 75

Hunter "b*' of Size 4 ard 5 Beans
(1952 Late Harvest, Carmed After Storage)

iq_m“u _
f:[_ =] 0 Ff B~
-1 14.52 15,09 _15.35 1_-4-59 12-28 1475
_Noans of Main BEffeets
ﬁnf ¥-Nsans Y leans T-Noans
1 14.99 15.02 15.22
2 14,96
Main i

and. Interactive elfects not significanmt . .



Table 76

Bunter "Rd" Readings of Sixe 3 Beans
(1952 Lats Harvest, Canned After Storsge)

“Neans of Individual Troatuents
Level P Py .
W ‘ “'m 8.57  8.51 8,55 i A W
8.60 8,98 863 935 9.87 9:45
» , Means of Mein Effaects e
i Gel1 9.04 g.gg
8.0, (.05 293 ' o3 N.5.5.
L.S.D». .OI .292 nQSfD' . X EO S!DO
m&'&{, efTeots not signilicant

1953 Crop = Objeetive color readings were taken on all groups,
using the Hunter Color oad Color Difference Mester; but significant
differences dne to fertilizer treatments were found in only three
groups. . .

Phosphorus fertilization affected color readings only in the
size 4 and 5 beans of the early harvest, canned while fresh. In
that group, it significantly reduced the "Rd* and ®a® readings
(Tsbles 77, 78). The fact that the ™" mads.ngs were not signi-
ficantly changed (Table 79) indicates that the effect was a reducticn
in reflection and a shift in hue from gresn toward yellow. |

Nitrogen fertilisation was associsted with significant changes
in the color of both sisze groups of beans camned after storage.

In the gize 4 and 5 beans, the use of Nitrogen fertiliser signi-
ficantly inereased YRd* and "a® readings (Tables 83, 84). In the
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absence of a significant change in "b" readings, this indicates

an increage in reflection and a shift in hue from green toward
yellow, In the size 3 beans, thc use of nitrogen resulted in a
significant inerease in "b* readings (Table 82). The differences
in "R4" and "a® attributable to the main effects of nitrogen
fertilisation were not quite large emough to be signifieant (Tables
80, 81). The ®b* change (Table 82) indicates an increase in
chroma; also, an increase in reflsction would probably be observed.

Table 77

Hunter "R4A" Readings of Sise 4 and 5 Beans
(1953 Early Harvest, Cannsd While Fresh)

— Neans of Indlvidual Ireatments

Level PO " Pl
k-0 — Kl =0 K=Y
=) 9.13 8. 8.36 8.21
B 8.59 : 8.87
i.gopo (E) —— W terdedle o S emsd . [ :
: Means of Main Effects (Factorisl Treatments)
Level ‘ — F-Neans Y-Neans
1 _ 8,60 8. 8.
L350, (.05) N.3.D. 327 K.s&ﬁ. .
L.S.D. {.O0L) K.3.D. 443 K.S.D.

Interactive effects not signilieant



Table 78

Hunter "a" Readings of Sisze 4 and 5 Beans
(1953 Pirst Harvest, Canned While Fresh)

' Neans of Individual Treatments
Level RN

.
k=0 B2 0 ) Y
) 5,28 5430 474 4. 7L
:—; g:gz \ 5.02 55% 4e99
R ) TP — s =
m f Main Effects (Factorial Treatments
7o SR === s e
T
L35, 1.08) 237 | <225 7.3.5.

I‘I S‘BQ 301 ‘. S.D. N j.ﬂ N. S.n‘
Im%w effects not significant '

Table 79

Hunter *b" Readings of Sise 4 and 5 Beans
{1953 Barly Harvest, Canned Whils Fresh)

Neans oTMviduiTﬁ'uf'unﬁ‘

Level

= . S = —ET
i .4 3.0 %93 2.8
13.82 12,66 13.03 12.59

}2.12 1%.78

Means of Main Effects (Factorial Treatments)
~ P-lsans

1 13,02 .'75 12,90
aln and Interactive effects not significant '

Level
=
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Table 80

Funter *Rd" Readings of Size 3 Beans
"~ {1953, Canned After Storage)

~ %smmtnm
= 5% 3 5.98 8.39 6.76
N=1 6,80 6.-.’78 7.19 7.05
B2 6,95 7.25 _ —
Means of Main Effects LFactm;l Tros
) 8.59 S ~5.65
1 6.96 6.84 6,88
Tndividual Treatment differences not significant
Kain md interactive effects not significant
Table &1
Hunter ®"a® Readings of Sise 3 Beans
{1953, Canned After Storage)
— Neans of Individual Treatments
x5 108 73 . 75
1 hel2 433 beb3 4e25
N-2 4.30 _ 4e57 .
Means of Main Effects (PFactorial Treatmn‘tsg
Pevel ~-Jeans P loans
) .19 ‘ 430 tg

4 425
ﬁﬁmm vﬂ%&meos not signmificant
Main and :an:etiu differences not significant



Table 82

Hunter *b® Readings of 3ize 3 Beans
{1953, Canned After Storage)

Lavel PO v Pl ,
R 535 LRy ALY
R-1 12.33 128 12,73 12.55
¥-2 . 12,33 ———— , 12,55 )

v Means of Main Rffects {(Factorial Treatasnts)

LQSQDt . col - § . ﬁtSIDO. _. H.S.B' . N- soD‘o

{ve elTects not signiflcant
Table 83
Hunter "Rd® Readings of Size 4 and 5 Beans
(1953 Barly Harvest, Canned After Storage)
v ——Nous o Todividua) Troatasits

B~ A A A A 22 7.9
R+l 8.02 7.88 8,16 8.35
B2 8.3 748 ,

Ueans of Main Effects (Factorial Treatments)
? T o 5

55, (.05) ) B T —i T

L.8.D. {(.QL) NeSeDe K.S.D. - l.:S.D.

Interactive elfeets not significant



Table &%

Hunter "a® Readings of Size 4/ and 5 Beans
(1953 Barly Harvest, Canned After Storage)

~Means of Individual Ireatments

Level _ -]

B ) %55 %eO% 455 %e56
N1 4.99 5,10 5,00 5,02
N-2 5,06 4057

Meanis of Main Effects (Factorisl Treatments)

Yevel ~ Plleans ~ Y-Neans

] 2.87 %76

7.6

Lo s_-D. g im. ! lo S-Dl N‘prQ B u.S.D.

ve effects not significant
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The Effects of Nitrogen, Phosphorus, and Potassium Fertilization on
the Hunter "Rd*, "a®, and *b" R of Frosen Pole Beans

1952 Crop - Objective evaluations of color were made on all
groups of frosen beans, using the Hunter Color and Color Difference
Neter; but significant differences due to fertilizer treatments
mnohdinonlyﬁogroupa. In the size 3 beans of the late
harvest, frozen while fresh, phosphorus fertilisation significantly
decreased Eunter "b* readings (Table 88). In the absence of signi-
ficant change in "Rd" and "a" (Tables 86, 87), this would indicate
sdemaaeinMandamchhangeinhne, toward green from
yellow,

In the size 4 and 5 beans of the late harvest, frozen after
storage, phosphorus fertilisation resulted in significantly lowered
#a* readings (Table 90). The reduction in *Rd® readings was not
quite large enough to be significant (Table 89)., In the absence
of significant change in "b® (Table 91), this indicates a shift
in hue from green toward yellow and, perhaps, some reduction in
reflection.
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Table 86

Hunter *Rd" Readings of Size 3 Beans
{1952 Late Harvest, Frogen While Fresh)

Table 87

Hunter ng® Readings of Sise 3 Boaﬁs
{1952 Late Harvest, Frosem While Fresh)

Level 4 ) )] % |
, , =0 1 B~ | 3
'-1 6.61 6.27 6.12 6.2§ 6.48 i .98
, , Means of Main Kffects
Level ' ¥-Ne:ns ' ~Pleans ' — L-Reans
] LA ] 632 6.30
1 6.48 6.9 6.76

6.1

2
¥aln and interactive offects not sigmilicant
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Tabla 88

Hunter "b® Readings of Size 3 Beans
(1952 Late Harvest, Frosen While Fresh)

' ' _ ] ieam of—mmta ,

B)  10.48 10,43 10.33 _ 10.;L 9&8: 10,13
S T e = T
=5 ' — 10.35 10,31 ——10.38

1 10.27 10.11 10.49
' . 10,06
.m . !.DSQEQ
352 N.S.D.,
Table %
Hunter "RA™ Readings of Sisze 4 and 5 Beans
(1952 Late Harvest, Frozem Afier Starage)
Level R0 % §
=) B0 6,70 6.52 5.08  b6.52 %]
Bl 6,70 7020 6,68 6345 659 6.48
NMeans of Main Effects :
’-E 6.6-1 6¢?5 ’ 6.&
: 6,68 6.54 2.;72
IaTn and Interactive ellects not signilicant —
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Table 90

Bunter "a® Readings of Sisze 4 and 5 Beans
(1952 Late Harvest, Frosen After Storage)

“HBeans of Individual Yreatments

Level _ ‘
| Y0 =1 =2 ~ 0 1 -2
B~ 5.59 T.88  6.56 T 6.42 B3l 6,07
Bl 6.87 6064 6,62 6.15 6,18 6,58
Means of Main Rffects
Level ~ N-Jeans “Y-Heans T-Reans
=0 ' 645 6.6 651
2 ) ) .§_6]
Egm :D' ‘il '16135 N.S.D. J;g . Kso.
J L) 0“ .. m; adly L J oo Me
Tabl-o 9
Hunter "b™ Readings of Size 4 and 5 Beans
(1952 Late Harvest, Frozen After Storags)
¥oans of Individusl Treatments
i = 1054 10.32 10,08 iﬁ i3 10.06 1010
N1 Q.74 1_0‘.68 _ 10.25 10.]; 10,40 10,26
_ Neans of Nain Effects :
Lavel YReans — Yleans T-Roans
] ~10.26 10,26 16.23
1 10.25 10.25 , 10,36
2 10,16

#ain and Interactive effects not signdificant
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1953 Crop ~ Nitrogen fertilization was the only fastor which
significantly changed color. In size 3 beans, frosen while fresh,
nitrogen fertilisation significantly increased *b* readings (Table
94). In the absence of significant changes in *RA" and "a® (Tables
92, 93), this indicates an incresse in chroma and a slight shift
in e from m toward yellow, as a result of nitrogen ferti-
lisation.

In two groups of size 4 and 5 beans, the use of nitrogen was
agsociated with a significant increase in %a® r.adinga (Tables 96,
99). In the first group (late harvest, frosen while fresh), there
were no significant changes in the other resdings, although the
differences botween "b" readings approached significance (Table

97). A shift in hue toward green and a possible increase in chroma
/ is thus indicated. ) ”

In the second group {early harvest, frosen after storage),
the use of nitrogen resulted in incresse of both "a" and ¥b" readings
(Tables 99, 100). mffu'enm in "Rd" were not great enough to be
significant (Table 98)., These shifts indicate a greater degree of
saturstion (chroma), with 1ittle change in hus, The eolor of the
nitrogen fertilized beans would thus appear lighter.

Significant N x P interactions affecting "Rd" and "a® readings
occurred in the size 4 and 5 beans of the early harvest, canned while
fresh (Tables 101, 102). |
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In these interactions, the tendency of nitrogen fertiliszation
to increase "Rd" and ®a* is shown to be dependent on the levsl of
phosphorus fertilization, since the increase ocourred only in the
presence of phosphorus (P-1). |

The color change indiocated by inerease in "Rd® and *a", without
change in *b* is an increase in reflection and a shift in hue toward

green,
Table 92
Hunter "RA4™ Readings of Size 3 Beans
(1953, Frosen While Fresh)
Level =5 .
B0 j -~y =0 -1
B~ . 6.96 _ 5,70 7,00 6,95
M-l 7.36 % 7.13 6.83
-2 _T.42 T.41 , .
' ~_ Neans of Main Effects (Factorial ‘rroatman g
7.00 6.98 , 6,80

meatnmt differences not significant
Main and interactive effects not significant
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Table 93

Hunter ®"a* Readings of Sisze 3 Beans
(1953, Frosen While Fresh)

Level PO
_ ) i~ — %0 1
= 8.99 8.99 9.30 8,85
Nl 8.77 9.10 9.17 9.02
N2 8,94 . 9e4d
_ Neans of Main Effects (Factorial Treatment.
ndividual tratun?%i!?mes not s foant :
Hain and interactive effects not signifieant
Table 94
Hunter "b*®" Resdings of Size 3 Beans
(1953, Frosen While Fresh)
Level . _ ~ Pl _
) — 11,05 : 1.2 11.53 11,38
Bl 12,04 11,56 11.74 11.49
B2 11.52 1.78
Means of Main Effects (Factorial Treatments)
ﬁa‘, ﬁ .ﬁ.

I.S‘D. NQS’oDo
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Table 95

Hunter "Rd" Readings of Size 4 and 5 Beans
{1953 Late Harvest, Frozen While Fresh)

Level » ol .
—_— =3 1 =) B~
) “7.33 787 .34 7.26
-2 7459 7.98
Means of Main Effects (Factorial Treatments)
< by 7] Tﬁ 4B

1 7, 7,40 | 7429
ma‘gmm. ot slgalficant

Table 96

Hunter "a* Readings of Size 4 and 5 Beans
(1953 Late Harvest, Froszen While Fresh)

W X1
8,47

.S:IH) =2

8.;% , »8,%_

H&s‘ D. .}52
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Table 97

Hunter *b* Readings of Size 4 and 5 Beans
(1953 Late Harvest, Frozen Whils Fresh)

Neans of Individual Treatments
T

Level ] v
=) 11.9% 11.52 11,78 11,33
). 55§ 11,99 12,11 12.34 11.62
B2 12,04 __u.m |
Neans of Nxin Rffects (Factorisl Trestments
R —
v ) 1X,74 v 11,
InHvidual treatment diiferences not signiflicant '
Main and intersetive effects not significant
Table 98
Hunter "Rd® Readings of Size 4 and 5 Beans
{1953 Barly Harvest, Frozen After Storage)
| Jeans of Individual Trestments
b.) -1 0 — =)
B =) €62 8.33 6.9 6.0
B} 6.60 7.05 6.73 6.81
B2 714 6266 _
- Means of Main Bffects (Factorial Treatments)
Level — N-Nsans —— Pleans “X-Neans
) ~ Ge5L .60 68X
1 6,80 6.71L 6,70
o7&l treatment dillerences not significant

Main and intersctive effects not significant
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Table 99

Runter *a" Readings of Size 4 and 5 Beans
(1953 RBarly Harvest, Frosen After Storage)

_Means of Individusl Treatments _

=0 Pl
T Rl L N~ 1

R0 8.1 . 8.3 8.66 7.98
Bl 9.0 8.79 8.68 8,61
R . 9,18

«De (o — JOL1 _ , mr — .355 ,
Means of Main Effects (Factorial Treatments
Level N-Noans F:én_i Eﬁ
1 | 8.77 | 8.> 8
r.a;; —F — Ay
L.S.D. «510 H.S.D. N.S.D.
Toteractive effects ot | signilicant
Table 100
Bunter "b® Readings of Size 4 and 5 Beans
(1953 Barly Harvest, Prosen After Storage)

Level =0 K1 ]

R0 107, ' 10.72 — 10,70 10,82
Kl 11.22 1.2 10.83 11.2b
N2 11.18 11.07 .

, ~ Means of Main Effects (Fastorial Treatmen

1... 11%1%7 % .Eg.'

T troatment A fferences Hot sigxiﬁcm
Interactive effects not significant
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Table 101

Hunter "R4* Readings of Size 4 and 5 Beans
(1953 Early Harvest, Frozen While Fresh)

B~ Todd, 5% - 737 .2
Bl 7.93 7.29 7.67 7.89
B=2 7.60 T34

_ Meang of Main Effeets (Pactorial Trutmntsz

] 7.8 ' T 707

1 T.69 T 54 7.63
Table of ¥ x P Combinations
)] Y
e, 755 7.78
Z s-ﬁ z 63)— ﬂ . L.S 050 t.M) s .w
Table 102
Hunter "a* Readings of Sisze 4 and 5 Beans
(1953 Barly Harvest, Frosen Waile Fresh)

Level Ry Pl

| X0 E X5 . i

B =] 907 . 9.12 ' 8.56
Nel 9.03 8.91 9.72 9.54

B2 9.18 8.89 _

Neans of Main Effects Ermm !’rutmntas

Lovel Y-Neans ' '

0 905 9.13 T 9.35

2 9.30 9.23 _9.10
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Table 102 (Cont'd)

Table of K x P Combinations
P-0 R

™) 9.28 T 8.83
N=1 ] 8,97 ' 9.63
mb ° —— :ﬁg ] Eogoﬁc i s - g
ireatment diflerences not sign

Main effects not significant

Table 103

Hunter "b® Readings of Size 4 and 5 Beans
(1953, Frozen While Fresh)

Level _ _
) 2.5 — 12,45 12.30 1.5
=1 12.55 12,10 12,31 12.82
). %] 12.36 11.64
Means of Main Effects (Fa.etorial Tmtmnts
-0 w ﬁ.—ﬁ 1239
1 12, 12,29 _ 12.28
Individnal trectment erences not significant '

Main and interactive effects not significant



The Effects of Ki horus, and Potassium Fertilization
—m—r—%mﬁ%.%mrm—m ecture and Taturity
e

1952 Crop =~ Four groups of beans wera graded by the A.M.S.,
but significant differences dne to fertiligation were noted only
inthe,sh?Amds'bmvmichmaamodanMe. In
ﬁatmﬁeu«dn@mmﬂywmmsm
for texture and maturity, wheress the use of potassium chloride
(X-1) was associsted with s significant inerease (Table 104).

The scores for texture and maturity of all beans were in the
medium grade A rangs., Average scores for all groups are listed
in Table 105.

Table 104

A.M,S. Seores for Texture and Maturity of 3Sise 4 and 5 Beans
(1952 Late Harvest, Cammed After Storage)

Heans of Individual Treatments

Level oy ——
= N = S B = IS ~ . =N
Rl 34.5 373 zr 0 _35.5 37,0 38,0
Msans of Main Effects
ToveY )2 ~TTEN Y Xours Y Yerns
=3 ¥7.67 AT 333
; \ 36.58 37.08 3’;‘73

L.3.D. i iﬂl! 668 N.S.D. 817
ve ' :



‘Table 105

Average A.M.S, Scores for Texture and
Maturity of Four Groups of Canned Pole Beans

___Canned Fresh 1 —Canned | :
e el ol

1953 Crop « Four groups of beans were graded, but significant
differences were found in only two groups. In the size 3 beans which
were camned while fresh, phosphorus fertilisstion significantiy
reduced the score for texture and maturity (Table 106). Phosphorus
fertilisation was associsted with the same significant effect in
the 4 and 5 sise beans of the late harvest, which were canned after

storage (Table 107).
Amalyeis of the variance of individual treatments showed that
&ma;wmdum(pz)mmm;nmmt
 inerease in score far texture and meturity when used in the abrence
of phospharus. In the factarisl anslysis, nitrogen fertilisstion
caused increase in this scare, om the main effect basis (‘rabh.lfﬂ).-
Since these scores are very important in grade svaluation,
the average scores for all groups whieh were graded have been
presented (Table 108).



Table 106

A.M.S. Scores for Texture and Naturity of Size 3 Beans
(1953, Canned While Fresh)

Weans of Individual Treatments

| =0 =L 0 j ]
0 38.30 37.50 37.50 37.50
%1 37.75 37.75 37.25 37.00
B2 37.35 375 .

~Means of Main Bffects é?aetorm m:tnentag
-0 37.63 ¥1.75 ~37.03

1 . . ; 5;._@'

'.D. * %G », . . L] .DQ

L.S.D. (.01) N.S.D. «50 'N.S.D.
troataent diflerences not signilicant

Interactive effects not significant

Table 107

AK.S, Seores for Texture and Maturity of Sise 4 and 5 Beans
(1952 Early Harvest, Canned After Storage)

1 ‘ 656 6,00 .
L35 (.05) L.{T 2.44 ' %3%‘
L.8.D. {.01) _ ¥.S.D. N.S.D.

Interactive effects not aigniﬁcaﬂ:



Table 108

Average A.lU.S5. Scores for Texture and Maturity
of Five Groups of Canned Pole Beans

“Feosen While Fresh

Frozen After Sto
Size 3 3 Size ! ::5"_

3'5"3—""_3'—"’353“' '
> First ﬁ'i':.fmn

32 Second Harv,

:
37.40 ¢ 36.35
s

37 . 53 3 340“ 3~ 360”

3 3

o o o Jou Joo oo
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Thn Erfect.s of Mtro and Potassimm Fertilisation
cﬂ%ﬂaﬁgﬁ e core for Texture and Maturity

1952 Crop - Four groups of beans were graded, but significant
differences dus to fertilisation were found in only one group,
This difference was a reduction in secors for texture and maturity,
uthorugltofphosphorufﬂmntien, and occurred in 4 and 5
size besns, stored before being frosen (Table 109).

The scores of the 1952 beans which were frosen while fresh
were in the medium grade A range. B;mm,thsm:nttlla
stored product were either border-line between A and B (36), or
in grade B (32-35). Average scores for all groups graded are
lhtodin'rlbhlio.

Table 109

A. M3, Scores for Texture and Maturity of Sisze 4 and 5 Beans
{1952 Late Harvest, Frozen After Storags)

miian. mmmu

Level

B =] 3.5 36,0 34.3 33.5 353 %5
w1 0 3o 3 30 350 3.0

Means of Main Effects

Tevel ~ N-Means TNeans - KJisans

=5 30T 308 50"
é ‘ 35.42 34.25 35.87

30 (05) N.3.D. 1.0 ﬁ;g.g;

L.3.D. (.01) N.S.D. N.3.D. - H.8.D.

Tnteractive effects not significant
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Table 110

Average A M.S. Scores for Texture and Maturity
of Pour Groups of Frozen Pole Beans

—_ Frozen After Storage
Size 3 & oize 4 and 5
;4
36042  § 34083

ot 0 oo Joo fo0

1953 Crop - Five groups were graded, There wers no significant
differences dus to fertilisation found in any of the groups. The
average scores were in the grade A range, which is 36-40 in the
AJM,S. system, The average scores for the five groups are presented
in Table 111l.

Table 111

Average A M.S. Scores for Texture and Maturity
of Five (roups of Frosen Pole Beans

‘ffrosen While Fresh
Size 3 Size 4 and 5
ﬁmt:ﬁm tSecond Harv,
k3 4
t
3

~ Frozen After Stor
Size 3 1 Sise 4
=§eeond H’arv

37.83 z 37.15
} 1

36.95 4 360%

38.19

@ oo oo [os [oo o0

'
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The Effects of Nitrogen, Phosphorus, and Potassium Fertilization on
the Agricultural &t Service Score for Color of Canned Pole Beans

1952 Crop ~ Four groups were graded. Significant differences

dne to fertilizers were found in two of these groups. In them,
phesphorus fertilisation significantly reduced the scores for color
in sise 4 and 5 beans, of both fresh and stored lots (Tables 112,
113). Potassium fertilisation resulted in a change in scores for
color in these same groups, with the fo;!n used showing slightly
different effects. In the stored group, both the chloride and
gulphate of potassium were associated with increased scores for
color (Table 113').‘_ In the fresh growp, potassium chloride was
associated with a slightly decreased color score, as compared to
the plots receiving either potassium sulphate or no potassium
treatment (Table 112).

The average scores for color of the other groups were: 13.96
for "Size 3 Beans, Frozen while Fresh", and 14.04 for "Size 3

Beans, Frozen after Storage®,
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Table 112
A, M,3, Scores for Color of Size 4 and 5 Beans

(1952 Late Harvest, Canned While Fresh)

Means of individual Treatuents

X=0 =1 =2 =0 KL 3
=) 1Z.0  12.0  15.0 15.0 14.5 1.0
N-1 15.0 14.0 15.0 14.0 14.0 14.0
_ Means of Main Effects o
Tevel N-Neans Means ' K-Neans
-0 14,42 15.50 T 14.50
1 14.4 14.25 14.12
“ 2 _ 14.50
Lagiﬁo ( 005) Nogoﬁo iﬁ .16—
L.S.D. (.01) N.S.D. .18 23
Table 113
A.M.S. Scores for Color of Size 4 and 5 Beans
(1952 Late Harvest, Canned After Starage)
— Means of Individual Treatments
Level P-0 ' Pl
X0 =1 k-2 =0 k=1 =2
] 13.35 1.0 15.0 12,5 I3 14.0
N1 14.5 14.0 14.5 13.0 Y4.5 13.
‘Means of Main Effects
Level K-Means P-Means X-Neans
~0 T13.92 14.25 13.37
1 14.00 13.67 14.25
2 — . 14.25
rlogon'o ( .05) vﬁo S.Do .425 .535-
L.S.D. {,01) N.S.D. 601 736
— k=0 =1 T R=2
=1 12.75 14.50 13.75
LoS-ﬁo !.557 ——— % Lis.ﬁ. zoﬁ, — IQ@E
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1953 Crop - Five groups were graded, and significant differences
due to fertiliger usage were noted in three of them, In the size 4
'a.nd 5 beans which were canned while fresh, the combination of 100
pounds of nitrogen (N-2) with phosphorus resulted in a significant
decrease in the score for color (Table 114). In the same group,
the potassium fertiligation also significantly lowered score for
color, Scores for color in both stored lots of 4 and 5 size beans
were incressed by nitrogen fertilization (Tables 115, 116), The
increase in color score represents a change from grade B to grade
A, according to the }.M.S. systenm,

Table 114

A M,S. Scores for Color of Size 4 and 5 Beans
(1953 Late Harvest, Canned While Fresh)

“Means of Individual Treatments

Level P=0 Bl
) -1 ~ k=0 =1
“H=0 14.25 14,00 14.75 ~14.00
H-l‘ "'14.50 14.25 14.50 14.25
14.50 14.00 “
IT.S'ET( 05) — 45 L.5.D. (LOL) = LOL
Means of Main Effects
Level ~ N-Means P-Means _ K-Means
3 g5 73 i
1 14.
o Welle ( ﬁ o elle [} OD. .%-
L.S.D. (.01) N.S.D. N.S.D. N.S.D.

Interactive effecta not significant



Table 115

AM.S. Scores for Color of Site 3 Beans
(1953, Canned After Storage)

Means of individual Treatments

Level 0 — — Pl
_ K0 K-1 K=0O =1
. ary) 13.50 13.75 13.75 13.50
N-1 14.50 14.00 14.25 14.25
R=2 14.00 14.25
__Means of Main Effects (Factorial Treatments)
Level H-Means P-leans K-leans
=0 13.563 13.94 ~14.00
1 ' 14425 13.94 13.87
rogo ‘.‘T.ﬁ) 'W ﬁogono Rogoﬁ'o
L.S.D. {.01) N.S.D. N.S.D. N.S.D.

Individual treatment differences not significant
Interactive effects not significant
Table 116

A M, S. Scores for Color of Size 4 and 5 Beans
(1953 Early Harvest, Canned After Storage)

~Means of Individual Treatments
Level N ) - Py
[ -1 — X0 =1 _

=0 14.00 13.75 13.25 13,75
Kl 14.25 14.50 14.50 14.50

R=2 14.75 14.25
L.3.D. {.,05) = 1,07 T.5.D. (LOL) — 1.44

Means of Main Effects (Factorial Treatments)

Tevel N-leans P-leans K-leans
0 13.69 17.13 14.13

1 Yo 44 ‘ 14.00 14.00
1.5.5.(.05) . N.S.D. N.S.D.
L.S.D. {.01) «65 .N.S.D. NeS.D.

Interactive effects were not significant



The Effects of ,Kitmﬁen: Phosphorus, and Potassium Pertiliszation

on the Agricul: eting Service Scores for Color of Frozen
Pole Beans

1952 Crop =~ Fertilization had a significant effect on scores
for color in only one of the four groups graded. This was an effect
of phosphorus fertiliszation in reducing score for eolér, which
occurred in the stared 4 and 5 size beans (Table 117).

The A.M.S. scores for color were in the A range (18-20) for
the groups of beans which were frozen while fresh. However, the
scares of beans which were frozen after storage were in the B
range (16-18). Average scores for color for the four groups which
were graded are tabulated (Table 118).

Table 117

A.M.S. Scores for Color of Size 4 and 5 Beans
(1952 Late Harvest, Frozen After Storage)

_Means of Individual Treatments

P=1
X0 K=1 -2 K0 . S
=5 1%.5 138.0 18,5 158.0 5.5 15,0
Nl 17,0 17.5 17.0 17.0 17.5 16.5
Means of Main Rffects

Tevel "~ N-lesns P-Neans ~ K-Means
-0 ) 18,58 ‘ 17.42 16.62
1 17.08 16,25 1712
2 ' 16.75
[.5.D. (.05) N.9.D. 2925 N.5.D.
1.5.D. {.01) N.S.D. N.S.D. N.S.D.

Interactive effects not significant



Table 118

Average A.H.S. Scores for Color of
Four Groups of Frozen Pole Beans

Prozen While Fresh Frosen After Storage

—
Size 3 1 Sise 4and 5 1 Size 3 :  Size 4 and 5
: : :
18.46 lgom 3 16.92 3 16083
s $ 3

1953 Crop -~ Five groups were graded. No significant differences
due to fertiligation were found in any of the groups. Because of
the importance of these scores in grade evaluation, the averages
are presented in the following table,

Table 119

Average AM.S. Scores for Color of
Pive Oroups of Pole Beans

— Frozen While Fresh “Frozen After Storage
Size 3 ize 4 and 5

T FArst Harv.iSecond Narv.
18,85 s 17.98 3 18.40
3 3 _

“Bize 3 : Size 4 and 5
3 ﬁ ond 'Ve
17.38 ¢+ 18,05 ‘

H

0 o0 90 Jon Joe
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The Effects of Nitrogen, Pho horna, and Potassium Fertilization
g:_ tho eul ce Seore for Absence of Delects

1952 Crop = Four groups of beans were graded. Signifieant
d4fferences due to fertilisation were found in only one group.
Phospharas fertilisation significantly decressed scores for "ab-
menfdpfecﬁ' in sise 3 beans of the late harvest, frosen
after storage (Tsble 120). This was the only significamt effect |
indicated by the data. | -

Although significant &iferences from fertilizer treatments
v&efonndinonlythhgmp, 1tmnctodthatstor1ngthe
beans before freesing resulted in their receiving a lower score
for "absence of defects™. This was very noticeable in sise 4
and 5 beans (Tsble 121).



Table 120

A, ¥.5. Scores for Absence of Defects in Size 3 Beans
(1952 Late Harvest, Frosen After Storage)

Means of Individual Treatments

Level , '
X0 k=L =2 =0 =1
i~ 28.0 32.0 38.5 38.0  32.5 4375 5
Nl 36.5  32.0 33.5 30,0 25,0 - 32,0
_ Means of Main Effects
Level R-Means — P-Neans X-lYeans
1 31.50 29.67 30.88
2 _ 33.12
1.5.D. (.05) N.5.D. T 3.61 ‘N‘z.s'.ﬁ.
L.S.D. {.01) N.S.D. . KeSeD. KR.S.D.
Interactive effects not significant
Table 121
Average A.M,S. Scores for Absence of Defects
in Four Groups of Frogen Pole Beans
Frozen While Fresh ? —Trosen After Storage
Size 3 : Size L and 5 t _S:l.seB 3 Sise4and5
I ) )
37008 4 36.22 4 36.22 4 096
2 ¢ 3 _




The Effects of Sulphur on the Chemical Composition and Quality of
Canned and Frosen Tcle Beans

1952 Crop ~ As was discussed in the introduction, there was
an extra treatment added to check the effeect of suiphur on yisld,
Since the phosphate fertilizers used contained sulphur, the extra
treataent was fertilised with sulphur-free dimmmonium phosphate.
Thi-treatamt supplied the same amount of nitrogen, phosphorus,
and potassium (100-120-0) and was camparable to the regular
(100=120-0) treatment, The latter is dasignatod as the “sulphur®
treatment in this dissertation; whereas, the extra (100-120-0)
treatment, fertilised with C. P, dismmonium phosphate, is desig-
nated as the "sulphur-free® treatasnt,

Beans from this extra "sulphwr~free® treatment were evaluated
for quality and chemical composition as were those in the regular
2 x 2 x 3 factorial system, exsept that they were not graded by
the Agricultural Marketing Service. The data from the "sulphr®
and *sulphur-free” treatments were tabulated and differences
evaluated for statistical significance.

A significantly higher percentage of phosphorus was found in
the sulphur-free treatment of thres groups of beans (Table 122),
two groups of which were of late harvest, frozen after storage.
"rheys.nelndadbothmndbom-_. The third group was size 3

125
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of the early harvest, froszen while fresh, In addition, the means
of the phosphorus percentage of the sulphn--free treatments in the
fresh~-frozen beans of both harvests were higher; although the dif-
ference was not great enough to meet requirements for significance
(Table 122},

Table 122

Rffect of Sulphur on ?oreenttge of th
in Frozen Pole Beans (1952)

i | . 8 I 4 i (=
s ) T_Size 4 5
31 ] . ] ]
K s
2 0.3&
| 3 om
K . +036
S.Do ‘ 012 $ gz E.S.B.: H.S.DQ-' 0049




The Effects of Nitro horus, and Potassium Fertilization
onfha?feremtgggozt ll_i;ahapenPodsinPoleBoann

1953 Crop =~ Percentages, by weight, of misshapen and crooked
beans were determined for the 1953 crop only. The data showed that
potassimm fertilisation as a main effect significantly increased
the percentage of crooked and misshapen pods in the size 3 beans
(Table 124).

In the size 4 and 5 beans the main and interactive effects of
fertilizers were not significant, but soms of the differences be-
tween individusl treatments were significant (Table 123). Ferti-
lization with nitrogen, when used with potassimm and phosphorus
fertilizers (note combination N-O, P-1, K-l vs. N-1, P-1, K-1),
resulted in significantly increased percentage of crooked and
misshapen beans. It was also indicated that the association of
nitrogen fertilisation with increased percentage of crooked and
misshapen beans was dependent on the phosphorus fertilization
level in the N-2 series (100 pounds nitrogen). Percentage of
crooksd and misshapen beans was significantly increased by phos-
phorus fertilisation in the N-2 series (Table 123).

The main effects of nitrogen fertilisation in the size 4 and 5
beans were not great enough to be significant, although inspection
of the means of individual treatments showed that there was a con-
sistent increase in percentage of crooked and misshapen beans in all
groups in which nitrogen was used (Table 123). The variation among
determinations was relatively high, making proof of significance

more difficult.



128

s Table 123
Percentage of Crooked and Misshapen Pods in Size 4 and 5 Beans

Yoans of Individual Ireatasnts

Level S R .= NN . ‘ T '

=0 = X0 Kl
) 835 3755 : 5.55 N " 8.18
. % 6.50  5.80 6. 7.68
N2 . 5,28
LS5, {03y  — 1.28 —L.5.D. 1.611 = L%

Mesng of Main Effects (Factorial Treatments

—3 3.9 805 5.16

6,40 ' 6.29

S '
Ein and Interastive effscts mot iigniﬂ:

'rabhm
Poreentagoofcroobdmdﬂns!npmf'odsin&seij

— Nsans of Individual ]reatments
-0

Level | >y
o 5,08 5.02 .25 7.8
N2 5,90 | 7,30
_ Means of Main Rffects (Factorisl Treatments)
fevel W-lloans P-Neans T-Neans
] | 2% 5.92 5.92
1 6.8 , 6,61 6.69
£.3.0. (.08) - ¥.3.D, N.3.D.

L.s.0. (o) X.S.D. N.5.D. N.S.D.
trea erences not sigmificant

ﬁain and interactive effects not significant
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 The Effects of Nitrogen, Ph%om, and Potassium Fertilisation
on the Crude Fiber Content of Canned Fole Beans

. 1952 Crop ~ Crude fiber determinations were made on all canned
lote of the 1952 crop. The data indicated no significant differences
had resulted from fertilizer treatments in suy of the groups studied,

© Since crude. fiber content is a very important quality factor,
thtmgopereentagesofcmdaﬁbcfwndinﬂnmim groups
have been presented in Table 125. '

Table 125

Average Percentage Crude Fiber in
Six Groups of Canned Pole Beans

Early Harvest Tate Harvest

Camned Fresh 1Canned After Storage

Sise 3+ Size L and 5 3 Bise 3 & Sise 4, 5
t t t

0146 k | 0198 “’A -9149 r 0253

Hze3: Sse A3

LA ¢ <0177

’e
w o wimiesfe

L.




The Effecis of Mitr osphorus, and Potagsium Fertilization
5o Panel Prefersme Somres Ter Piaor of Conat oo Trosen Saats
2045 Fola Desns

1953 Crep - Fo significant differences in protmneo scores
for flaver of canned beans were indicated by statistical analysis
of the data, However, in frosen beans a gignificant interaction
of P x K was found, in which it was shomn that the use of potassium
fertiliser signifieantly depressed scores for flavor preference when
phosphorus fertilisers were not used (Table 126).

Table 126

Panel Preference Scores for Flavor
of Frozen Pole Beans

Level 0 > .
B =) 000 —0635 =303 <345

?;é 0363 ) "'0363 '1? -'273
m. (.65) .'z—g .691 : !:.3.5. '%v-& >- oﬁ :

| Neans of Main Effects (Factorisl Treatments
-0 =1z =159 045

1 =023 _£.023 -.182

v Means of Px K Oe-bimti%g{

Main etfocta not lignificant
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The Effects of M1 Phosphorus, and Potassium Fertilization
on Preference Scores Woﬁmimmiﬁoé
and Sans ‘

1953 Crop = The data in Tables 127 and 128 show that significant
differences in pansl preferenes scores far appearance ocowrred as s
result of fertiliser treatments,

Potassium fertilization ngniﬁcantly depressed the preferencs
scares for sppearance of canned beans, on the main effect bagis
(Table 127). This was the only significant result of fertilizer
treatment indicated by the data in that group,

Potassium fertilisation also sppeared as a signifieant facter
affecting the preference scores for appearance of frozen beans
(Table 128). In a P x K interaction, a tendency of phosphorus
Iu'tiliutiog to inereass the panel preference score in the sbsence
of potassium, was significantly counteracted by potassium ferti-
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Table 127

Panel Preference Scores for Appesrance
of Camned Pole Beans

Level 0 , ). |
R~ =L =0 | =
. =] ' — JO00 =127 ' 182 ) )
Nl . 82 -e273 #.363 <091
H ‘ 036_3 '-091 : ) .
JMeans of Main Effects (Factorial Treatments
== —=X55 . VA =1 |
1 ' +«091 .ézg' -, 250
m; (igg ma sdeidle .&.
L.S.D. (01 N.S8.D. NuSeDs 04

:

. treatment dilferences not significant
Interactive effects not significant
Table 128

Panel Preference Score for Appsarance
of Frosen Pgle Beans

Jeans of Individual Treatments

Level -0 =y
_ =0 ' K1 X0 =L
BN 000 o454 182 =182
Nl o454 454 1.272 «182
B2

T TE e — B i P e I

_ Means of Main Effects sFactorhl_ rru@:tgm

—
=T P & VAR — o341 A
1 591 .364 227

B Iémaf?xxcowimtim
=0 o223 s B
L3T 6278 R T T
) i * (Jd ;“n& [ ] cant . [ > - 9
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The Effects of Nitro Phosphorus, and Potassium Fa'tﬁiution
on the Total Solids nt of ‘Fsle—ieans

1952 and 1953 Crops - The M@MWNMﬂ
determined on all groups of frosen beans prior to chemical analysis.

No significant differences in total solids content were found to
have resulted from fertiliser trea;hcnts

However, the sverage percentages of the mu-al groups are
presented for use in conversion of chemicel data from the dry
weight to the frozen weight basis (Table 129).

Table 129

Pbreeﬁtago Total Solids Content of Fresen Pole Beans
(1952 and 1953 Crops)

_ 1952 %
Early t 1ate s Ear t Late

¢ Harvest : Harvest
S”uer 3{-.[,-{

7033 3 056 s 0_69

3 4

Haxrvest s  Harvest
STse J ¢ Size 45 1 Size 3 : Size 45
Y 3 ]
8.62 3 8.92 3 7093 4 7096
3 i $

» o0 winie wln




DISCUSSION

g_h_g Effects of Ritroﬂ? ; orus, and Potassimm Fertilisation
on the Chemical Composition of lole Beans |

In general, the effects of fertilisation with the elements
nitrogen, phosphorus, and potassium on their cwn individual percente
age compositions were relatively small. The effects of fertilization
with one specific nutrient selement on the percentage composition
of other elements were much more noticeable.

Nitrogen - Fertilisation with nitrogen resulted in an increase
in nitrogen content of all of the size 4 and 5 beans except one
group. The exception was the late harvest of 1953. Storage treat-
ment did not affect this general oondifion.

Nitrogen fertilization resulted in an increase in nitrogen
content in oniy one group of size 3 beans., In thres other groups,
phoapt;oms fertilization either depressed nitrogen percentage or
conditioned the response from nitrogen fertilization.

The increase of nitrogen content of the beans, which was
brought about by nitrogen fertilization, was less than five percent.
However, the fact that the nitrogen content of the larger-sized
beans was maintained at a higher level by nitrogen fertilisation
may have implications concerning other findings reported later
in this dissexftation.
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Phosphorus - The percentage composition of phosphorus was
inoreased by phosphorus fertilisation in only one of nine groups
studied. This does not at first seem compatible with the large
yield response obtained from phosphorus fertilization during 1952
(Appendix Table 2). However, these determinations were made on
the bean pods, late in the growth cycle. Dean and Fried (19,

p.45) state that the effects of phosphorus fertilisation on ab-
sorption of phosphorus by the plant are much more noticeable early
in the growth cycle. This generality applies to many crop species,
An inereased phosphorus content from phosphorus fertiliszation,
therefore, should not necessarily be expected in tissues collected
late in the growing season.

Nitrogen fertilization resulted in significantly decreased
phosphorus content in beans of the 1952 crop. This year was
characterized by a positive yield response to phosphorus ferti-
lization with no significant change in yield froam nitrogen
fertilization. In 1953, although nitrogen fertilization resulted
in no significant effects on the phoiphoms content of the harvested
beans, the effect on yield was a2 small but significant increase.
The possible relationship of these two effects is of interest.

Cullinan and Batjer (18, p.54) noted a sharp decrease in
phosphorus in peach whips receiving liberal quantities of nitrogen.
Boynton and Compton (11, p.l5) after finding a reduction in phos-
phorus content of apple leaves as a result of fertilization with

nitrogen, considered dilution to be at least in part responsible,
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Increase in dry weight of leaves induced by nitrogen fertilization
caused a decrease in percentage composition of phosphorus, according
to this theory. This explanation seems applicable to Cullinan and
Batjer's results also, but if such an explanation were applied to
the 1952 results reported in this study, one would need to pre-
suppose that an increase in dry weight had occurred as the result
of nitrogen fertilisation. If this actually did occur, it did net
contribute to yield of beans., Although dilution is a possibility,
the dilution effect would heve to be considerable since the reduction
in phosphorus percentage averaged about ten percent.

Significant effects of potassium fertilization on the phosphorus
content of the beans occurred only in 1952 and were limited to a
single group of beans. The effect was a depression of the phos-
phorus percentage, which was apparent only in the absence of
nitrogen fertﬂisation. As was pointed out earlier, the effects
of nitrogen fertilisation on phosphorus content were conditioned
by the crop year, this being an example of an effect found only
in the 1952 beans,

Phosphorus percentage was the only factor of chemical com-
position or quality showing significant effects from sulphur
fertilization (Table 122). A higher percentage of phosphorus
was generally found in beans fertilized with sulphur-free diam-
monium phosphate, This condition is comparable to that found by
Ergle and Baton (21, p.648). Their data indicated that cotton
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plants gromm in sulphur-deficient nutrient solutions had higher
quantities of phosphorus, magnesium, and calcium in their tissues,
Thee;e were called “"extra" accumulations by these writers but no
explanations for the effects were offered,

Potassium - Potassium fertilization had very little effect on
the percentage composition of that element in the beans. The signi-
ficant effects found were limited to interactions with phosphorus
or nitrogen in two groups of size 4 and 5 beans, Potassium levels
were spproximately two percent of the dry weight, im both the 1952
and 1953 crops.

The effects of phosphorus fertilization on potassium content
of the beans appeared to be conditioned by size of the beans, the
crop year, and by interactions with nitrogen. These interactions
occurred frequently in both sizes of beans and in both ecrop years.
In such interactions, the tendency for phosphorus fertilization
to reduce the potassium content depended on the level of nitrogen
applied, In general, although not without exception, the effect
of phosphorus in reducing the potassium level was greatest when
no nitrogen fertilizer was applied.

Main effect reductions of the potassium percentage by phos-
phorus fertilisation were limited to size 3 beans of the 1952 crop.
Such inverse relationships have been reported before, although the
effect has usually been that of depressed phosphorus content
resulting from potassium application. Mulder (38, p.116) relates



this to a depressive effect of potassium on magnesium, which he
believes to be more directly related to the absorption of phos—
phorus. Others, such as Carolus (16, p.358) have noted this

effect, but the reverse condition appears to be more rare.
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The effects of nitrogen fertilisation on the potassium content

of the beans were linitcgl to the interactive effects with phos-
phorus already described, Perhaps this may be explained on the
basis of the reduction of phosphorus content by nitrogen ferti-
Lsation, o

Calcium - Phosphorus fertilization was associated with a
marked decrease in calcium content of the beans, particularly in
the 1952 crop. This association is of considerable interest
since in the course of the investigations reported here it was
found that phosphate ions would cause depreasion in the apparent
calcium readings of the flame photometer. This condition had
not been reported previously, but Baker and Johnson {2, pp.465-
468) made such a report in March, 1954, approximately the time
that the same finding was made independently in these experiments,

Since phosphate was present in all solutions, this means
that all of the calcium values were depressed by this condition,
Baker and Johnson's data (2, p.466) indicate that this depression
was perhaps as much as 258, This also creates the possibility
that the reduction in calcium content associated with phosphorus

fertilization could be a technical artifact, However, phosphorus
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fertilization increased the percentage of phosphorus found in the
beans in only one of nine groups; thus, the possibility of a technical
artifact is practically eliminated., It is concluded, therefore,
that phosphorus fertilisation actually did result in a marked decrease
in calcium content of the beans, ‘
~ This condition is not commonly mentioned in the literature.
However there have been a few instances in which phosphorus has
bee;l found to affect calcium absorption adversely. In some green-
house tests with low calcium soils, Bishop (6, p.243) found that
when super-phosphate was used in rates wp to 2000 pounds per acre,
the calcium content of plants usually showed a decrease until the
highest applications were reached. Beeson (5, p.4H) cites Stale
(48) in a discussion of this same condition. In his work on high
potash soils, it was found that phos_phoms fertilization resul‘bed'
in a decrease in the calcium content of hay.

A possible explanation for this reduction in calcium, induced
by phosphorus fertilisation, is found in the fact that calcium
and phosphorus can form many compounds with a wide range in Ca
to P ratios. The treble super-phosphate used in these experiments
contained 21¢ calcium oxide and 45% phosphorus anhydride (Appendix
Tables 1 and 3). In the soil, the addition of treble super-phos-
phate could result in the formation of compounds containing a higher
Ca to P ratie than originally present in the super-phosphate itself,
The source of this calcium would be the soil, which would result



in less calcium being available to the plant. Reduced calcium
absorption could then be expected., A similar reaction forms the
basis of the cormercial use of sequestering agents.

A high concentration of phosphorus has been shown to retard
the uptake of iron by beans, Rediske and Biddulph (43, pp.584~586)
determined the quantitative aspects of this retardation. .

The effects of nitrogen fertilization on the percentage of
calcium were almost entirely limited to size 4 and 5 beans and
were conditioned by the crop year. In 1952, nitrogen fertilization
significantly increased the calcium content of all of the size 4
and 5 groups, but in 1953 the only significant effect was a depres-
sion in the calcium content of one of the groups. Some of the
increases may be technical artifacts since the phosphorus content
was generally reduced by nitrogen fertilization during 1952, Thus,
phosphorus interference in the flame photometric determinations
of calcium may have been reduced by nitrogen fertilization.

The effects of potassium fertilization on calcium content
were few, and they were conditioned by the year, Although potas-
sium fertilisation has been noted to cause significant depression
of calcium in many experiments (54, p.486), such effects were
linited to one group in these experiments,

Magnesium - The results from magnesium determinations were
very similar to those of calcium, including the observation that
apparent magnesium readings can be depressed by phosphate inter-

ference, However, the observation that phosphorus fertilization



significantly decreased the percentage magnesium in all groups of
the 1952 crop is believed to be substantiated on the same basis
as calcium, No depressive effects of phosphorus fertilisation
on magnesium were found in the 1953 beans. Perhaps this has some
relationship to the observation that yield effects of phosphorus
fertilization were limited to the 1952 crop.

Ritrogen fertilization resulted in an increased nmagnesium
percentage in three groups during 1952, while in 1953 a decrease

14

was found to have resulted from nitrogen fertilization in one group.

Results were thus dependent on one year, and are possibly related
to the fact that a yield response to nitrogen occurred in 1953
but not in 1952 (Appendix Tables 2 and 4).

Total Ash - Phosphorus fertilization reduced the percentage
of total ash in all groups of beans in 1952, This effect is
believed to be related to the reduction of calcium and magnesium
percentages by phosphorus fertilization. In the 1953 crop the
effect was not so noticeable, again showing relationship to the
calcium and magnesium contents, _

The effects of nitrogen fertilization on the percentage
of total ash were limited to three of the nine groups studied,
Reduction in total ash occurred in two of those groups, both of

which were size 4 and 5 beans, This may be a dilution effect.
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In general, fertiligation with potassimn chloride increased
the total ash content during 1952. This type of effect from potas-
sium is well-known. York, Bradfield, and Peech (54, pp.53-63)
demonstrated an increase in cationic content from potassium ferti-
lizgation in alfalfa and corn. Although the inecrease in cationic
content is often related to excess absorption of potassium, this
condition does not appear to be spplicable to the results obtained
in these experiments since potassium fertilisation did not increase
the potassim content of the beans to any appreciable degree.

The yield data from the 1952 crop showed that potassium
affected yield adversely (Appendix Table 2). This response is
similar to the one found in Sericea by York, Bradfield, and Peech
(545 p.60). Their analyses indicated an inverse relationship
between yields and the sum of the cations..

Potassium sulphate fertilization did not appear to have as
great an effect on total ash as did fertilization with potassium
chloride., These two forme wers noted to have dissimilar effects
on other factors.

The potassium effects noted were limited to the 1952 cropj;
no significant differences in total ash attributable to potassium
were found in the 1953 beans. Thus, the conditions described

were related to the crop season.



The Effects of Nitrogen, Phosphorus, and Potassium Fertilization
on the Quality of Pole Beans

Seed content - Phosphorus fertilization resulted in an increase

in seed content in almosat sll of the beans of the 1952 crop and,
also, significantly increased the yield. In 1953, there were no
significant phosphomé fertilisation effects on seed content, and
no significant increase in yield occurred. Apparently, there is
a strong positive relationship between yield and seed content.

Nitrogen fertilization often resulted in a reduction in seed
content, usually in size 4 and 5 beans, These have been shown to
have had a higher nitrogen content. It would thus appear that
nitrogen fertilisation often resulted in a delay in maturity, as
expressed by the degree of developmnt of the seeds and the higher
nitrogen content of the tissues. Also during 1952, nitrogep ferti-
ligation had the effect of decreasing phosphorus percentage, which
could be related to seed development as noted above.

Potassium fertilisation effects on seed content were limited
to one group of the 1953 beans, in which a reduction in seed content
was observed,

The seed contents of all groups of beans were below the limits
Gould (24, p.68) suggests for grade A beans, and most groups re-
ceived maturity scores in the A range (35-40), when graded by the
Agricultural Marketing Service. However, there were some groups
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which were border-line between A and B in maturity score, suggesting
that phosphorus fertilization eould increase seed content sufficiently
to be limiting in score for maturity.

Shear press readings - Ro consistent relationship of the data

from shear press readings and quality of the beans could be cbserved.
Readings often appeared to be inversely related to seed content,
as shown by the effect of phosphorus fertilization in significantly
depressing shear press readings. This would indicate that processed
beans of higher seed content may have less resistance to shear than
those of lower seed content. However, this relationship was not
consistent, indicating the possible existence of other complicating
factars.

Color of canned beans - The effects of potassium on color

were quite prominent in the beans canned in 1952, but not in those
canned in 1953. In the 1952 crop the effects were conditioned

by the storage treatment, Significant reductions in ®"a" and/or
"b® readings were noted to result from potassium fertilization

in beans processed while fresh, whereas significantly increased
®*Rd" and ¥a® readings were obtained from beans processed after
storage. Thess latter effects were limited to the larger sised
beans, Significant effects on grade were limited to the stored
beans, with potassium fertilization significantly increasing the

AM,S. score for color of size 4 and 5 beans, canned after storage.
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Although potassium fertilization significantly altered objective
color readings in freshly processed beans as noted above, these
changes were not reflected in changes in A.M.S. color scores.

The effecte of phosphorus fertilization on color in 1952 were
limited to beans which were canned after storage., In size 4 and
5 beans, the effect was a decrease in "a® only, which was assoclated
with a decreased A.M.S. color score. In size 3 beans, phosphorus
fertilization resulted in beans of higher "Rd™ readings, but this
had no significant effect on the A.M.S. color score. In the 1953
crop, phosphorus fertilization resulted in decreased "R4" and "a"
readings in freshly canned beans of the early harveat, but AM,.S.
color scare reductions were noted only when the 100 pounds of
nitrogen treatment was combined with phosphorus,

Mitrogen fertilisation was observed to affect objective color
readings of three of the four groups which were canned after
storage, The effect was an increase in one or more of the color
readings, usually indicating an inerease in reflection or in
color concentration resulting from nitrogen fertilisation., In
1953, these reading increases were associated with an increased
colar score for both groups of beans canned after storage,

In the range of "Rd“, "a", and *b" of these samples signi-
ficant reduction of any one, or a combination of these readings
usually was associated with a significant reduction in A.M.S.
color score. Conversely, an increase in color readings usually
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was associated with an increase in color score., There were some
exceptions, which are believed to be cases in which the difference
in color as determined by the Hunter Golor and Color Difference
Meter were not great enough to have commercial significance,

The effects of nitrogen fertilization toward maintainming a
higher color score in beans stored before canning are particularly
emphasized. The effects of phosphorus fertilization were often
the opposite to those of nitrogen fertilisation. The effects of
potassium fertilization on color of stored beans, when significant,
were similar to those of nitrogen fertiliszation.

Color Q_f_fmenbeana-rherom-macam in which

the co]_.or, as determined by objective measurement, was significantly
affected by fertiliser treatments, but these color differences
were reflected in A.K.S. color scores in only one group. This
lack of association may be due to the faet that the A.X.S. grading
system permits a wider tolerarice in color of frozen beans than it
permits in the c¢olor of canned beans.

The only significant changes in color of frosen beans noted
in the 1952 crop resulted from phosphorus fertilization. Only
two groups were involved, and in them phosphorus fertilization
resulted in lowered *a® readings in one group and in lowered “b*
readings .in the other. Lowered A.M.S. scores were associsted with
the lowered "a® readings; which occurred in size 4 and 5 beans,
frozen after storage. Stouée was shown to hayve some relationship
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in respect to which the "a® coordinate was lowered, since significant
lowering of *b™ occurred in freshly frozen beans. Storage was also
related to sensitivity of the A.M.S. color score, since significant
change in this score occurred only in the heans which were frosen
after storage.

The only significant changes in color of frozen beans noted
in the 1953 crop resulted from nitrogen fertilization. Readings
of one or more of the three objective ngasuremnta wers increased
in four of the five groups studied in 1953, These color changes
were not refle ¢cted in the A.N.3. color scores. Again this may be
due to the fact that the A M.S5. grading system permits a wider
tolerance in color of frosen beans than it permits fn the color
of canned beans,

The color effects of nitrogen and phosphorus fertilization
were shown to be opposing effects in frozen beans, with nitrogen
fertilization resulting in increased objective color readings
and phosphorus fertilization resulting in decreased objective
color readings. Increased readings, indicating increased reflect-
ance and/or more green hue and/or higher degree of color saturation,
are thought to indicate greater chlorophyll content. The effect
of nitrogen is perhaps related to the fact that nitrogen is a con-
stituent of chlorophyll. Its effect in significantly reducing
pheasphorus content of the beans may also contribute to the dif-
ferences in color resulting from nitrogen versus phosphorus ferti-

lization.
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The effects of phosphorus fertilization on color may he
related to depression in magnesium content, causing limitation
in the amount of chlorophyll. A second effect of phosphorus ferti-
lization may be that of reducing iron uptake and translocation as
pointed out by Rediske and Biddulph (43, pp.584,586). This can go
so far as to cause chlorosis,

Potassium fertilization did not result in any significant
changes in color readings or color scores of frozen beans, although
it was quite prominent in affecting color readings of canned beans,
This might merit further investigation.

Texture and maturity - Effects of fertilization on texture

and maturity were limited to the size 4 and 5 beans processed after
storage, with one exception. Phosphorus fertiliszation was the
strongest influencing factor in these scores, causing their signi-
ficant reduction in both canned and frozen beans. The effects of
nitrogen were indecisive, and those of potassium were limited to
only one group.

Some explanations of these findings may be related to Parker
and Stuarti's work on changes in chemical composition of beans after
harvest (41, pp.301,309,311-313)., Changes which would be likely
to affect texture and maturity scores were (1) continuation of the
seed ripening process (2) synthesis of protein in the beans, accom-
panied by hydrolysis of the pods, and (3) changes in pectins to
water soluble forms, reducing crispness, If seed ripening occurred

at a faster rate in phosphorus fertilized beans, this could
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contribute to a lowered texture and maturity score. In addition
to a higher seed content, faster deterioration of the pod would be
very likely to occur since this metabolism would be occurring from
mterle.ls translocated from the pods. |

Absence of defects - A.M.S. scoring for this factor was

limited to the 1952 pack. Phosphorus fertiliszation was assoclated
with a significantly lowered score in one group of stored beans.
This is anocther examwple of reduction in a quality factor in stored
beans, resulting from phosphorus fertilization.

Crooked and misshapen pods - These determinations were limited

to the 1953 crop. Potassium fertilization significantly increased

the percentage of crooked and misshapen pods in size 4 and 5 beans,
Nitrogen fertilization appeared to increase the percentage of such

beans in the size 3 group. These effects are thought to be related
to seed £fi11. Crooked pods often result from this condition.

Preference scores for appearance and flavor - These determina-

tions were limited to the 1953 crop. Canned beans from potassium
fertilized plots received significantly lower preference scores
for appearance, Potassium fertiliszation was also a factor in the
frozen bean appearance scores, in which a tendency of phosphorus
fertilization to0 increase the panel score was significartly counter-
acted by potassium,

Potassium fertilisation resulted in depressed scores for

flavor preference, when phosphorus fertilizers were not used.
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The bages for these effects are not known, nor is the com~
| mercial significance of these panel scores known. They are dif-
ferent from A.K.S. scores, which are accepted by the trade to the
extent that they can form the basis for private loans and sales
transactions.

However, these results do point out the advisability of sup-
plementing A.M.S. grades with panel scoring, since by this means
other effects may be uncovered,
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SUMBARY ARD CONCLUSIONS

A study of the effects of nitrogen, phosphorus and potassium
fertilisation on the quality and chemical composition of pole beans
was mads over & two year period, Quality factors included (a)
objective mesasurements of seed content, color, cruds fiber and
shear press readings (b) subjective scoring for color, texture
and maturity, and absence of defects by the Agricultural Marketing
Service, and (c) subjective scoring of appearance and flavor by
a staff panel."v

The conclusions reached were as follows:

1. Nitrogen fertilisation significantly increased the percent-
age of nitrogen in the larger sized beans., The amount of increase
was less than five percent. ‘

2. The effect of nitrogen fertilization on the nitrogen
content of the smaller beans was either not significant or was
conditioned by phosphorus fertilisation.

3. Nitrogen fertilisation significantly depressed the
phosphorus content of the 1952 crop, but not of the 1953 crop.

4o Nitrogen fertilisation often resulted in reduced seed
content, particularly in larger sized beans.

5. Canned and frozen beans from nitrogen fertilized plots
usually had color of greater reflectance ahd/ar often were more
green in hue and higher in chroma.
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6. Witrogen fertilization resulted in higher A.M.S, color
scores of the 1953 beans carmed after storage.

7. TPhosphorus fertilization did not significantly affect
the phosphorus content of the beans.

8. A tendency of phosphorus fexrtilization to reduce the
potassium content of the beans wasg often conditioned by the level
of nitrogen fertilisation.

9. Fhosphorus fertilisation significantly reduced the percent-
age of calcium in the beans.

10, Similar effects were noted én‘na'gneaium, but these were
limited to the 1952 crop. |

11. PFhosphorus fertilization resulted in a significantly
lower total ash content in beans of the 1952 crop, but not of
the 1953 erop.

12, Fhosphorus fertilization significantly increased the
seed content of the beans of the 1952 crop.

13. Froszen beans from phosphorus fertilised plots usually
had color showing lower reflectance and/or often were more yellow
in hue and lower in chroma, but the differences in objective
readings were assoclated with lower color scores in only one group.

- 14. Phosphorus fertilisation often resulted in reduced
texture and maturity sacores of beans stored before processing.

15. Potassium fertiligation did not increase the potassium
content of the besns.
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16. Potassium fertilization often increased total ash content
of beans of the 1952 crop, with the chloride form showing the greatest
effect,

17. Potassium fertilization resulted in some change in color
of canned beans measured objectively, but these resulted in changed
A.¥.S. color scores in only one group.

18, The flavor of froien beans grown on potassium fertilized
plots was less preferred by a panel of staff members, but the effect
was conditioned by the level of phosphorus fertilisation,

19, Potassium fertilisation resulted in processed beans which
were less preferred for appearance, as indicated by a panel of staff
members,

20, Potassium fertilisation significantly increased the percent-
age of crooked and misshapen beans of 4 and 5 size in the 1953 erop.
In size 3 beans nitrogen appeared to have the same effect.

2l. The crude fiber content of the beans was found to be very
low and to be unaffected by fertilization treatments in 1952,

22, Sulphur treatment in 1952 was shown to have resulted in
decreased phosphorus content of the beans. No other chemicsl or
quality effects were indicated by the data.

23. Phosphate was found to cause marked interference with
the determination of ealcium and magnesium by flame photometry.

In general, nitrogen fertilisation contributed to improved
quality in the beans, especially toward improvement of color and
lmr.tng of seed content, Phosphorus fertiligation often reduced
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quality from higher seed content, less desirable texture, and
through the development of a color of less reflectance and more
yellow hue, The desirable effects of nitrogen fertiligation and
the undesirable effects of phosphorus fertilisation were accen-
tuated by storing the beans before processing.

Significant effects from potassium fertilization were few,

- with the most important being lowered preference scores for appear-

ance of canned and frozen beans, and lowered preference for flavor
of frosen beans, The latter effect was conditioned by the level
of phosphorus fertilisation.

These conclusions are limited to the conditions of these
experiments..
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Appendix Table 1

Effect of Various Rates, Kindsz, and Amount of Fertiliger
on the Yield of Pole Beans (1952)

Treatment (1bs. per Yield in ~ Sieve Sizes - Percentage
acre of N~P0c-K20)# Tons per acre 1-2-3 #4 #5 #6 & over
heck~No er 9. 39 28 22 ES O
0-120-0 11.91 34 27 23 16
0=240-0 11.79 35 28 2 15
0-0-100 8.89 42 27 23 8
0=120-100 11,04 34 29 22 15
0=-240-100 11.04 29 26 25 20
. 50-0-0 9.00 35 26 23 16
100-0-0 8.33 45 28 19 8
50-120-0 12.17 35 27 22 16
50--240-0 12.33 36 26 A 17
50-120-100 12.05 33 26 22 19
50-240-100 11.70 31 2 23 20
100-120-0 11.83 34 28 24 14
100=240-0 12,2 36 2 a4 17
100-120-100 11,2 37 28 23 12
100-240-100 10.96 33 25 23 19
50-0-100 g8.31 34 2 2 19
100~0-100 7.97 45 2 2 6
Sidedress 1004 N 9.87 35 2 22 18
Sidedress 100-120—0 10,00 ’ 35 27 22 16
100# N)(NH
(’H 8.45 - 39 27 18 16
50-128-550 $us 2-25#
N sidedresses 12,05 37 25 19 19
100-120-0 as diammonium
phosphate £ NH N03 12.99 39 27 20
100~120-100 plus
minor elementsgittne 10.39 37 2 A 15
100~120~100) KQSOL 12.32 36 29 24 11
100-0-100 ) as a 8.24 FA S 28 20 1
. @=0=100 ) source of 9.12 42 29 19 10
34 26 24

0-120-100 potash 11.66 19
ﬁT‘(‘ES‘)l. .D. evel) T.I7
L.S.D. (01 level) ~ 1.56
iﬂéﬂeu otherwise stated, ammonium nitrate, trebie—superphosphate,
and muriate of potash are sources of nutrient. All banded at planting
time, unless otherwise stated.
*wSufficient (xm, )go to supply double the amount of sulphwur
found in treble-superphosphate used to supply 120# P05 per acre.
###Di-ammonium phosphate contained 0,001% sulphur as (s0,).
wuxRlfinor elements were 50 MgS0,, 25# each of ¥nS0;, ZnS0;, and
Cus0;, and 10# borax per acre.




Appendix Table 2

The Effects of Nitrogen, Fhosphorus, and Potassium

Fertilisation on Yields of FPole Beans (1952)
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Means of Individual lreatments

Level ' 5] '
_ P-0_ P1 P2 PO P-1 P2
§-0 9.62 11.91 11.79 8.89 11.04 11.04
B-1 9.00 12.17 12,33 8.31 12,05 11,70
K2 8.22 11.83 12,21 7.97 .21 10.96

Means of Main Effects

Tevel ~ N-Neans P-Heans “K=Means
) 10,7 8.68 11.00

1 10,92 11,70 10.34

2 18;% 11,67
£.5.0. (.05) . 0.48 0.39
L.5.D. (.01) 0.64 0. 0.52

Tnteractive effects not ;ignﬂfcanf
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The Effects of Rate and Time of Application of Fertilizers
on Pole Bean Yields (1953)

Treatment (1bs, per Yield in Sieve Sizes - DPercentage
acre of N-Po0s~K50)# Tons per acre 1-2-3 #4 #5 §#6 & over
Check-No fertiliser 10,33 29 2, 24 23
0=60-0 9.65 13 23 22 23
0-120-0 10.66 N 2B 2% 20
06060 10.42 30 23 23 24
0-~120-60 9.78 30 23 23 24
0-0-50 9.97 33 25 23 19
50-0-0 10,53 35 25 23 17
50-60-0 11.38 30 2 23 25
50~-120-0 11.39 33 2, 23 20
50-0-60 10.44 30 25 2, pal
50=-60=-60 10.83 30 23 22 25
50-120-60 10.39 37 3 A 17
50-120-0 plus 2-25# N

sidedresses 10.96 n 2, 22 23
50-120-0 as diammonium

phosphate 10.85 N 2 24 26
100-0-0 from NH,KNO. 10.87 36 2 2 17
100-0-0 from (Nf;)3s0, 10.12 3% 252 2
100-120-0 11.08 33 25 23 19
50-60-0 plus 60f Po0g

deep placed 10.96 29 23 2 26
43-88-60 plus 4~15§ N

sidedresses 10,57 31 23 2 26
50~120-0 sidedressed 45

da§g after plant: 10.25 35 2, A 20
Lo{ eblle 00 1n& 095
L.S.D. (.01) 1,26

#A11 plots received in addition a uniform application of 50
pounds N/acre {(as caleium cyanamid) prior to turning under cover crop.

Unless stated otherwise, ammonium nitrate, treble-superphosphate,

and muriate of potash were the nutrient sources.

planting time unless otherwise stated.

A1l banded at
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Appendix Table 4

The Effects of Nitrogen, Phosphorus, and Potassium
Fertilization on Yields of Pole Beans (1953)

¥eans of Individusl lreataents

Level k=0 K=1
=0 Pl 2 P=0 -1 -2
N-1 10.53 11.38 11.39 1044 10.83 10.39
Means of Main Effects
fevel NNeans ~ P-Neans X-Heans
1 10.83 10.52 10.31
2 10.
L.3.D. (.05) 0.39 ' T."s":.i‘n. — N.S.D.
L.S.D' (.01)_ 0.52 N.S.B. NaSoD’c

Tnteractive effects not significant



